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The Sendai Framework for Disaster
Risk Reduction 2015-2030 (‘the Sendai
Framework’) was one of three landmark
agreements adopted by the United Nations
in 2015. The other two being the Sustainable
Development Goals of Agenda 2030 and
the Paris Agreement on Climate Change.
The UNDRR/ISC Sendai Hazard Definition
and Classification Review  Technical
Report supports all three by providing
a common set of hazard definitions for
monitoring and reviewing implementation
which calls for “a data revolution, rigorous
accountability mechanisms and renewed
global partnerships”.
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HAZARD TYPE

Identifier

Hazard Cluster

Specific Hazard

Page Number

METEOROLOGICAL AND HYDROLOGICAL

MH0001 Convective-Related Downburst 29
MH0002 Convective-Related Lightning (Electrical Storm) 31
MH0003 Convective-Related Thunderstorm 33
MH0004 Flood Coastal Flood 35
MH0005 Flood Estuarine (Coastal) Flood 38
MHO0006 Flood Flash Flood 40
MH0007 Flood Fluvial (Riverine) Flood 43
MH0008 Flood Groundwater Flood 45
MH0009 Flood Ice-Jam Flood Including Debris 47
MH0010 Flood Ponding (Drainage) Flood 49
MHO0011 Flood Snowmelt Flood 51
MH0012 Flood Surface Water Flooding 53
MH0013 Flood Glacial Lake Outburst Flood 55
MH0014 Lithometeors Black Carbon (Brown Clouds) 57
MH0015 Lithometeors Dust storm or Sandstorm 60
MHO0016 Lithometeors Fog 62
MH0017 Lithometeors Haze 64
MH0018 Lithometeors Polluted Air 66
MH0019 Lithometeors Sand haze 69
MH0020 Lithometeors Smoke 71
MH0021 Marine Ocean Acidification 73
MH0022 Marine Rogue Wave 75
MH0023 Marine Sea Water Intrusion 76
MH0024 Marine Sea Ice (Ice Bergs) 78
MH0025 Marine Ice Flow 80
MH0026 Marine Seiche 82
MH0027 Marine Storm Surge 84
MH0028 Marine Storm Tides 86
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MH0029 Marine Tsunami 88

MHO0030 Pressure-Related Depression or Cyclone (Low Pressure Area) 92

MH0031 Pressure-Related Extra-tropical Cyclone 94

MH0032 Pressure-Related Sub-Tropical Cyclone 96

MHO0033 Precipitation-Related Acid Rain 98

MH0034 Precipitation-Related Blizzard 100
MH0035 Precipitation-Related Drought 102
MHO0036 Precipitation-Related Hail 106
MH0037 Precipitation-Related Ice Storm 108
MH0038 Precipitation-Related Snow 110
MH0039 Precipitation-Related Snow Storm 12
MH0040 Temperature-Related Cold Wave 14

MH0041 Temperature-Related Dzud 116

MH0042 Temperature-Related Freeze 118

MH0043 Temperature-Related Frost (Hoar Frost) 120

MH0044 Temperature-Related Freezing Rain (Supercooled Rain) 122

MH0045 Temperature-Related Glaze 124
MH0046 Temperature-Related Ground Frost 126
MH0047 Temperature-related Heatwave 128

MH0048 Temperature-Related Icing (Including Ice) 131

MH0049 Temperature-Related Thaw 133

MH0050 Terrestrial Avalanche 135
MH0051 Terrestrial Mud Flow 137
MH0052 Terrestrial Rock slide 139
MH0053 Wind-Related Derecho 141
MH0054 Wind-Related Gale (Strong Gale) 143

MHO0055 wind-Related Squall 145

MH0056 Wind-Related Subtropical Storm 147

MH0057 wind-Related Tropical Cyclone (Cyclonic Wind, Rain [Storm] Surge) 149

MHO0058 Wind-Related Tropical Storm 152
MH0059 Wind-Related Tornado 154
MH0060 Wind-Related Wind 156
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HAZARD TYPE

Identifier Hazard Cluster Specific Hazard Page Number

EXTRATERRESTRIAL

ET0001 Extraterrestrial Airburst 159
ET0002 Extraterrestrial Geomagnetic Storm (including energetic particles 162
related to space weather, and solar flare radio
blackout [R Scale])
ET0003 Extraterrestrial UV Radiation 164
ET0004 Extraterrestrial Meteorite Impact 167
ET0005 Extraterrestrial lonospheric Storms 169
ET0006 Extraterrestrial Radio Blackout 7
ET0007 Extraterrestrial Solar Storm (Solar Radiation Storm) (S Scale) 174
ET0008 Extraterrestrial Space Hazard / Accident 177
ET0009 Extraterrestrial Near-Earth Object 179
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HAZARD TYPE

Identifier Hazard Cluster Specific Hazard Page Number

GEOHAZARDS

GHO0001 Seismogenic (Earthquakes) Earthquake 182

GHO0002 Seismogenic (Earthquakes) Ground Shaking (Earthquake) 184

GHO0003 Seismogenic (Earthquakes) Liquefaction (Earthquake Trigger) 187

GHO0004 Seismogenic (Earthquakes) Earthquake Surface Rupture, Fissures, and Tectonic 189
Uplift/Subsidence

GHO005 Seismogenic (Earthquakes) Subsidence and Uplift, Including Shoreline Change 191
(Earthquake Trigger)

GHO0006 Seismogenic (Earthquakes) Tsunami (Earthquake Trigger) 193

GH0007 Seismogenic (Earthquake) Landslide or Debris Flow (Earthquake Trigger) 197

GH0008 Seismogenic (Earthquakes) Ground Gases (Seismogenic) 200

GH0009 Volcanogenic (volcanoes and Lava Flows (Lava Domes) 203

geothermal)
GH0010 Volcanogenic (Volcanoes and Ash/Tephra Fall (Physical and Chemical) 207
Geothermal)

GH0011 Volcanogenic (Volcanoes and Ballistics (Volcanic) 210
Geothermal)

GHO0012 Volcanogenic (Volcanoes and Pyroclastic Density Current 213
Geothermal)

GH0013 Volcanogenic (Volcanoes and Debris Flow/Lahars/Floods 216
Geothermal)

GHO0014 Volcanogenic (Volcanoes and Landslide (Volcanic Trigger) 218
Geothermal)

GH0015 Volcanogenic (Volcanoes and Ground Shaking (Volcanic Earthquake) 221
Geothermal)

GHO0016 Volcanogenic (Volcanoes and Volcanic Gases and Aerosols 223
Geothermal)

GHO0017 Volcanogenic (Volcanoes and Tsunami (Volcanic Trigger) 226
Geothermal)

GH0018 Volcanogenic (Volcanoes and Lightning (Volcanic Trigger) 230
Geothermal)

GH0019 Volcanogenic (Volcanoes and Urban Fire (During/Following Volcanic Eruption) 233
Geothermal)

GH0020 Volcanogenic Subsidence and Uplift, Including Shoreline Change 237
(Magmatic/Volcanic Trigger)

GH0021 Other Geohazard Ground Shaking (induced earthquake, reservoir fill, 240
dams, cavity collapse, underground explosion, impact,
hydrocarbon fields, shale exploration, etc.)

GH0022 Other Geohazard Liquefaction (Groundwater Trigger) 243

GH0023 Other Geohazard Ground Fissuring 245
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GH0024 Other Geohazard Subsidence and Uplift Including Shoreline Change 247

GH0025 Other Geohazard Shrink-Swell Subsidence 250

GH0026 Other Geohazard Sinkhole 252

GH0027 Other Geohazard Ground Gases (CH4, Rn, etc.) 255

GH0028 Other Geohazard Riverbank Erosion 258

GH0029 Other Geohazard Sand Encroachment 260

GH0030 Other Geohazard Aquifer Recharge (Systems Failure/ Outages) 262

GH0031 Other Geohazard Submarine Landslide 265

GH0032 Other Geohazard Rockfall 268
GH0033 Other Geohazard Landscape Creep 270

GH0034 Other Geohazard Sediment Rock Avalanche 272

GH0035 Other Geohazard Tsunami (Submarine Landslide Trigger) 274
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Hazard Cluster

Specific Hazard

ENVIRONMENTAL

Page Number

ENO00O1
EN0002
EN0003
EN0004
ENO0005
EN0006
EN0007
EN0008
EN0009
EN0O010
ENOO11
EN0012
ENOO13
EN0014
ENOO15
ENOO016
ENOO17
EN0018
ENOO019
EN0020
EN0021
EN0022
EN0023

EN0024

Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation

Environmental Degradation

Environmental Degradation (Forestry)

Environmental Degradation

Environmental Degradation

Environmental Degradation (Forestry)

Environmental Degradation (Forestry)

Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation

Environmental Degradation

Household Air Pollution

Air Pollution (Point Source)
Ambient (Outdoor) Air Pollution
Land Degradation

Soil Degradation

Runoff / Nonpoint Source Pollution
Salinity

Biodiversity Loss

Deforestation

Forest Declines and Diebacks
Forest Disturbances

Forest Invasive Species
Wildfires

Desertification

Loss of Mangroves

Wetland Loss/Degradation
Coral Bleaching

Compressive Soils

Soil Erosion

Coastal Erosion and Shoreline Change

Permafrost Loss
Sand Mining
Sea Level Rise

Eutrophication

280
283
286
289
293
295
297
301
304
306
309
312
315
318
321
326
330
332
335
338
340
345
348
352
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HAZARD TYPE

Identifier Hazard Cluster Specific Hazard Page Number

CHEMICAL

CHO001 Gases Ammonia 355
CH0002 Gases Carbon Monoxide 358
CHO0003 Heavy Metals Arsenic 360
CH0004 Heavy Metals Cadmium 363
CHO0005 Heavy Metals Lead 366
CH0006 Heavy Metals Mercury 369
CH0007 Food Safety Levels of Contaminants in Food and Feed 372
CH0008 Pesticides Pesticides — Highly Hazardous 376
CH0009 Pesticides Residue of Pesticides 379
CH0010 Persistent Organic Pollutants (POPs) Hazardous Pesticide Contamination in Soils 381
CHO011 Pesticides Insecticides 385
CHO012 Pesticides Fungicides 389
CHO0013 Persistent Organic Pollutants (POPSs) Dioxins and Dioxin-like Substances 393
CHO014 Persistent Organic Pollutants (POPs) Microplastics 395
CHO015 Gases Phosphine 398
CH0016 Gases Chlorine 400
CH0017 Hydrocarbons 0il Pollution 402
CH0018 Hydrocarbons Benzene 405
CHO0019 CBRNE (Chemical, Biological, Chemical Warfare Agents 408
Radiological, Nuclear and Explosive)
CH0020 Other Chemical Hazards and Toxins Asbestos 410
CHO0021 Other Chemical Hazards and Toxins Aflatoxins 412
CH0022 Other Chemical Hazards and Toxins Fluoride - Excess or inadequate intake 414
CH0023 Other Chemical Hazards and Toxins Methanol 417
CH0024 Other Chemical Hazards and Toxins Substandard and Falsified Medical Products 420
CHO0025 Fisheries and Aquaculture Marine Toxins 423
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BI0001
B10002
BI0003
BI0004
BI0005
BI0006
BI0007

B10008

BI0009
BI0010

BI0011

BI0012
BI0013

BI0014

BI0015
BI0016
BI0017
BI0018
B10019
B10020
BI10021
B10022
B10023
B10024
B10025
BI0026
B10027
B10028
B10029
BI10030
B10031

B10032

Hazard Cluster

Specific Hazard

BIOLOGICAL

Fisheries and Aquaculture
Insect Infestation
Insect Infestation
Invasive Species
Invasive Species
Human-Animal Interaction
Human-Animal Interaction

CBRNE (Chemical, Biological,
Radiological, Nuclear and Explosive)

Mental Health
Food Safety
Food Safety

Infectious Disease (Plant)
Infectious Diseases (Plant)

Infectious Diseases (Plant)

Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal

Infectious Diseases (Human and Animal

( )
( )
( )
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Disease (Human and Animal)

Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal

Infectious Diseases (Human and Animal

Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal

Infectious Diseases (Human and Animal

( )
( )
( )
( )
Infectious Diseases (Human and Animal)
( )
( )
Infectious Diseases (Human and Animal)

( )

Infectious Diseases (Human and Animal

Harmful Algal Blooms
Insect Pest Infestations
Locust

Invasive Weeds
Invasive Species

Snake Envenomation
Human-Wildlife Conflict

Biological Agents

Suicide Cluster
Antimicrobial Resistance

Foodborne Microbial Hazards (including human
enteric virus and foodborne parasite)

Bacterial Plant Disease
Fungal Plant Disease

Viral, Mycoplasma and Viroid Plant Disease Epidem-
ics

Anthrax

Airborne Diseases

Blood Borne Viruses

Waterborne Diseases

Foodborne Diseases

Sexually Transmitted Diseases (Human)
Neglected Tropical Diseases (Human)
Vaccine-Preventable Diseases (Human)
Vector Borne Diseases (VBD) (Human)
Viral Haemorrhagic Fevers (Human)
Antimicrobial Resistant Microorganisms (Human)
Animal Diseases (Not Zoonoses)
Zoonotic Diseases

Diarrhoeal Diseases (Human)

Prion Diseases

Hepatitis B (Human)

Hepatitis C (human)

HIV and AIDS (Human)

Page Number

427
430
433
436
440
444
447
450

452
455
459

463
466
469

472
474
476
479
481
483
485
487
490
494
497
500
502
504
506
508
510
512
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BI0033
B10034
BI0035
BI0036
BI10037
BI10038
BI10039
B10040
B10041
B10042
B10043
BI0044
B10045
BI0046
B10047
B10048
BI10049
BI0050
BI0051
BI0052
BI10053
BI10054
BI0055
BI0056
BI0057
BI10058
BI0059
BI0060
B10061
B10062
BI0063
B10064
BI0065
BI10066

BI0067

BI0068

BI10069

B10070

BI0071

Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal

Infectious Diseases (Human and Animal

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)

Infectious Diseases (Human and
Animals)

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
Infectious Diseases (Human and Animal
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Animal)

(

Infectious Diseases (Human and Animal)

COVID-19 (SARS-CoV-2) (Human)

514

Cholera (Human) 516
Cryptosporidium (Human) 519
Paratyphoid fever (Human) 521
Typhoid Fever (Human) 523
Hepatitis A (Human) 525
Escherichia Coli (STEC) (Human) 527
Listeriosis (Human) 530
Shigellosis (Human) 532
Avian Influenza (Human and Animal) 534
Pandemic Influenza (Human) 537
Seasonal Influenza (Human) 539
Cysticercosis 541
Leptospirosis (Human) 543
Plague (Human) 546
Leprosy 548
Chikungunya 550
Zika Virus (human) 552
Diphtheria (Human) 554
Measles (Human) 556
Meningococcal Meningitis (Human) 558
Pertussis (Human) 561
Polio (Human) 563
Smallpox (Human) 965
Varicella and herpes zoster (Human) 567
Yellow Fever (Human) 569
Dengue (Human) 571
Malaria (Human) 573
Crimean-Congo Haemorrhagic Fever (Human) 576
Ebola (Human) 578
Lassa Fever (Human) 581
Tuberculosis (Human and Animal) 584
Middle East Respiratory Syndrome (MERS) (Human) 587
Monkeypox (Human) 589

591

Rabies (Animal and Human)

Severe Acute Respiratory Syndrome (SARS) (Human) 594

Rotavirus (Human)

African Swine Fever (Animal)

Vector-borne diseases (VBD) (Animals)

596
598
601
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BI0072
BI0073
BI0074

BI0075

B10076
B10077
BI0078
B10079
BI10080
B10081
B10082
BI0083
B10084
BI0085
BI10086

B10087

BI0088

Infectious Diseases (Human and Animal)

Infectious Diseases (Animal)

Infectious Diseases (Human and Animal)
(

Infectious Diseases (Human and Animal)

Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal
Infectious Diseases (Human and Animal

Infectious Diseases (Human and Animal

( )
( )
( )
( )
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Human and Animal)
Infectious Diseases (Animal)

Infectious Diseases (Human and Animal)

Infectious Disease (Aquaculture)

Infectious Diseases (Aquaculture)

Brucellosis (Animal)
Classical Swine Fever (Animal)
Contagious Bovine Pleuropneumonia (CBPP) (Animal)

Contagious Caprine Pleuropneumonia (CCPP)
(Animal)

Foot and Mouth Disease Virus (Animal)
Lumpy Skin Disease (Animal)

New World Screwworm (NWS) (Animal)
Newcastle Disease Virus (Animal)
Peste Des Petits Ruminants (Animal)

Q Fever

Rift Valley Fever (Animal)
Trypanosomosis (Animal)

West Nile Fever (Human)

Rinderpest (Animal)

Trypanosomiasis (Human)

Shrimp disease (bacterial) - Acute Hepatic pancreatic
necrosis

Oyster Disease Aquaculture

603
606
609
612

614
617
619
622
624
627
629
632
634
637
640
643

645
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HAZARD TYPE

Identifier Hazard Cluster Specific Hazard Page Number

TECHNOLOGICAL

TLO0O1 Radiation Radioactive Waste 649
TL0002 Radiation Radioactive Material 651
TL0003 CBRNE (Chemical, Biological, Radiation Agents 654
Radiological, Nuclear and Explosive)
TL0004 CBRNE (Chemical, Biological, Nuclear Agents 657
Radiological, Nuclear and Explosive)
TLO005 Construction/ Structural Failure Building Collapse 659
TLOOO6 Construction/ Structural Failure Building, highrise, cladding 662
TL0007 Construction/ Structural Failure Structural Failure 665
TL00OS Construction/ Structural Failure Bridge Failure 668
TL0009 Construction/ Structural Failure Dam Failure 670
TL0010 Construction/ Structural Failure Supply Chain Failure 673
TLOOTT Construction/ Structural Failure Critical Infrastructure Failure 676
TLOO12 Infrastructure Failure Nuclear Plant Failure 679
TLOO13 Infrastructure Failure Power Outage/ or Blackout 682
TLOO14 Infrastructure Failure Emergency Telecommunications Failure 685
TLOO15 Infrastructure Failure Water Supply Failure 687
TLOO16 Infrastructure Failure Radio and Other Telecommunication Failures 690
TLOO17 Cyber Hazard Misconfiguration of Software and Hardware 693
TLOO18 Cyber Hazard Non-Conformity and Interoperability 695
TLOO19 Cyber Hazard Malware 698
TL0020 Cyber Hazard Data Breach 700
TLO021 Cyber Hazard Data Security-Related Hazards 703
TL0022 Cyber hazard Disrupt 705
TL0023 Cyber Hazard Outage 707
TL0024 Cyber Hazard Personally Identifiable Information (PIl) Breach 709
TL0025 Cyber Hazard Internet of Things (10T)-Related Hazards 712
TL0026 Cyber Hazard Cyberbullying 715
TL0027 Industrial Failure Natech 717
TL0028 Industrial Failure Pollution 719
TL0029 Industrial Failure Explosion 723
TL0030 Industrial Failure Leaks and Spills 727
TLOO31 Industrial Failure Soil Pollution 731
TL0032 Industrial Failure Fire 734
TLO033 Industrial Failure Mining Hazards 738
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TL0034 Industrial Failure Safety Hazards Associated with Qil and Gas Extrac- 741
tion Activities

TLO035 Waste Disaster Waste 745
TL0036 Waste Solid Waste 747
TL0037 Waste Wastewater 749
TLO038 Waste Hazardous Waste 751
TL0039 Waste Plastic Waste 753
TL0040 Marine Marine Debris 757

TLOO4T Waste Electronic Waste (E-Waste) 759

TLO042 Waste Healthcare Risk Waste 762

TL0043 Waste Landfilling 764
TLO044 Waste Tailings 767

TL0045 Waste Waste Treatment Lagoons 770

TL0046 Flood Drain and Sewer Flooding 772

TL0047 Flood Reservoir Flooding 775

TLO048 Transportation Air Transportation Accident 777

TL0049 Transportation Inland Water Ways 779

TLOO050 Transportation Marine Accident 781
TL0O51 Transportation Rail Accident 784

TL0052 Transportation Road Traffic Accident 787

TLO053 CBRNE (Chemical, Biological, Explosive agents 791
Radiological, Nuclear and Explosive)
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HAZARD TYPE

Identifier Hazard Cluster Specific Hazard Page Number

SOCIETAL

S00001 Conflict International Armed Conflict (IAC) 794
S00002 Conflict Non-International Armed Conflict (NIAC) 796
S00003 Conflict Civil Unrest 798
S00004 Post-Conflict Explosive Remnants of War 801
S00005 Post-Conflict Environmental Degradation from Conflict 804
S00006 Behavioural Violence 807
S00007 Behavioural Stampede or Crushing (Human) 812
S00008 Economic Financial shock 815
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1. Introduction

This reportis a Supplement to the UNDRR-ISC Haz-
ard Definition and Classification Review - Technical
report released in July 2020. Aligned with the list
of hazards published in the Technical Report, this
Supplement comprises of a description of each of
the 302 hazard information profiles (HIPs), devel-
oped using a consultative process by scientists
and experts across the globe.

Responding to increasing calls for ‘a data revolu-
tion, rigorous accountability mechanisms and
renewed global partnerships’, the UNDRR-ISC
Hazard Definition and Classification Review -
Technical report and its Supplement provide an
important resource to support the implementa-
tion of disaster risk reduction and risk-informed
investment, aligned with the Sendai Framework
for Disaster Risk Reduction 2015-2030, but also
the Sustainable Development Goals of Agenda
2030, the Paris Agreement on Climate Change and
the Addis Ababa Action Agenda on Sustainable

Hazard Information Profiles - Supplement to UNDRR-ISC Hazard Definition & Classification Review - September 2021

Financing. It provides a common set of hazard
definitions to Governments and stakeholders to
inform their strategies and actions on risk reduc-
tion and management. Specifically, the report and
this supplement could support the development
and updating of national and local disaster risk
reduction strategies and loss databases, as well
as integrating disaster risk reduction into national
statistics, legal, accounting and regulatory frame-
works and public and private policy, financing and
investment decisions.
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2. The Project

In May 2019, the UN Office for Disaster Risk Reduction (UN-
DRR) and the International Science Council (ISC) established
a Technical Working Group (TWG) to identify the full scope of
hazards relevant to the Sendai Framework for Disaster Risk
Reduction as a basis for countries and other actors to review
and strengthen their risk reduction policies and operational
risk management practices.

The role of the TWG was to develop technical recommenda-
tions on the scope and definitions of hazards related to the
Sendai Framework. The results of this international collabora-
tive effort were presented in the UNDRR-ISC Hazard Definition
and Classification Review - Technical report, released in July
2020. A key recommendation from the Review was the need
to engage with the scientific and international community to
foster greater alignment and consistency of hazard defini-
tions used worldwide (Recommendations 1, 3 and 6).

3. Hazard Information Profiles

Aligned with the UNDRR-ISC Hazard Definition and Classifica-
tion Review - Technical report, the HIPs are divided into eight
hazard types. Each hazard type is further divided by cluster
type and covers a variable number of specific hazards:

+ Meteorological and Hydrological hazards with 9 hazards
clusters and 60 specific hazards

+ Extraterrestrial hazards with 1 hazard cluster and 9 specific
hazards

+ Geohazards with 3 hazard clusters and 35 specific hazards

+ Environmental hazards with 2 hazard clusters and 24 spe-
cific hazards

+ Chemical hazards with 9 hazard clusters and 25 specific
hazards

+ Biological hazards with 10 hazard clusters and 88 specific
hazards

+ Technological hazards with 9 hazard clusters and 53 spe-
cific hazards

+ Societal hazards with 4 hazard clusters and 8 specific
hazards

Building on these recommendations, this Supplement pres-
ents a first comprehensive attempt at compiling available
definitions and information on each of the 302 hazards
identified in the Technical Report in a concise and structured
format.

The development of the profiles involved a wide range of
scientific experts from:

+ United Nations agencies and scientific networks

+ International scientific organisations and other disciplinary
unions

+ Universities, education and training bodies and research
institutes

+ Government scientific agencies
+ The private sector and the insurance industry

Overall, more than 100 authors were involved in the compila-
tion of the profiles and over 130 reviewers from at least 100
organisations were involved in the peer review process.

Note: According to the UN General Assembly Resolution
69/284, the term ‘anthropogenic’ or ‘human-induced’ hazards
in the Sendai Framework, does not include the occurrence or
risk of armed conflicts and other situations of social instability
or tension which are subject to international humanitarian law
and national legislation (https://www.undrr.org/terminology/
hazard ). As such, the report authors recognise that hazard
terms related to violence and conflict included in this Techni-
cal Report are outside the scope of the Sendai Framework. In
view of the calls for stronger coherence across the disaster
risk reduction, development, climate change and humanitarian
agendas, all of which have risk and resilience as underlying
concepts, societal hazards were included as part of all-hazard
considerations and ensure commonly agreed definitions for
any hazard and risk.

Each Hazard Information Profile includes the specific hazard
by name, hazard type, hazard cluster and hazard number and
the following box outlines content of each HIP:
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The Hazard Information Profile Structure

The TWG developed a common template for each hazard information profile comprising four sections:

a) Name and Reference

This section includes a reference number (assigned for the purpose of information manage-
ment for this project), hazard type, cluster type and name of the specific hazard.

b) Definition

A definition of the hazard, sourced from an authoritative source (such as the UN agency
responsible for providing guidance on the hazard), that reflects scientific consensus on the
issues addressed, and that is of broad international relevance. For hazards where no UN
level definition exists, definitions were extracted, and when necessary adapted from the
most accepted and up-to date academic and scientific sources. The reference(s) for the
definition is cited.

c) Annotations

This section comprises several sub-sections:

+ Possible synonyms or alternative denominations to enable usage of the profiles in
relational databases. Equivalents in languages other than English have not been
systematically proposed but would be helpful for the uptake and use of the HIPs
worldwide.

-+ Additional description elements which expand on the primary definition of the hazard.
+ Where relevant and available, globally used metrics and numeric limits.
+ References to key relevant UN conventions or multilateral treaties.

+ Examples of drivers, outcomes and risk management practices or processes providing
more concrete information on the contexts and possible impacts of the hazard.

+ A set of key references from publicly available scientific and institutional sources to
support facts and statements made in the HIPs.

d) Coordination Agency or Organisation

The TWG drew on their expertise and networks to identify the UN or international organi-
sations that provide technical guidance on the hazard under consideration. The TWG ap-
proached these organisations to identify relevant resources and to identify experts to lead or
contribute to the development and review of each hazard information profile for the purpose
of this project. For many HIPs, this was a clear process but for some HIPs, a coordinating agency
or organisation is still to be identified.
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4. The Hazard Information Profile Development Process

The HIP development process was managed by a small
project team from the UK Health Security Agency (formerly
Public Health England. UK) and Flinders University, Australia,
overseen by the TWG Chair, in close consultation with the ISC
and UNDRR.

Authors were identified by the TWG and invited to draft HIPs,
often in collaboration with other experts. A peer review pro-
cess by subject matter experts was managed by the Chair of
the TWG together with the Chair of the Integrated Research
on Disaster Risk (IRDR) and the ISC. The HIPs were finalised
by the project team and the TWG Chair. A list of contributing
authors and reviewers is included in the annex.

Figure 1: Iterative Hazard
Information Profile
Development Process

Hazard
Information
Profile written by
subject matter
author(s)

Subject matter
author(s)

identified

The final output of these efforts is a compilation of existing
hazard information across the wider spectrum of hazards
identified in the Sendai Framework and the other 2015 UN
landmark agreements. It is intended to serve as a baseline for
further review and refinement with a view to harmonise hazard
information across sectors and organisations and enhance
understanding and collaboration between the scientific com-
munity and organisations that have the mandate to provide
technical guidance on the hazards under consideration.

Hazard
Information
Profiles reviewed
by subject matter
experts not
involved in writing
original document

Each HIP finally
agreed by the
Chair of the
Technical
Working Group

Iterative
development
and review
process
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5. Key Learnings
Development of the HIPs has been a significant undertaking
which has led to key learnings as follows.

* This process was made possible through the close col- * During the development process, further changes to the

laboration between a wide range of organisations. This
was an important exercise in what is necessarily an itera-
tive process. It also demonstrates the breadth of expertise
needed given the number of hazards identified and the
constantly evolving science underpinning hazard charac-
terisation. The authors have used a variety of scientific and
other sources to develop robust and usable hazard profiles.

Hazards are complex, multidimensional phenomena or
processes thatrequire expertise from arange of disciplines
to be described accurately. For example, the definition and
characterisation of heatwaves required information from
meteorologists, climate scientists, public health scientists,
and an understanding of the several definitions used across
countries (MH0047).

For approximately one third of the HIPs, a UN agreed
definition was not identified. For these, a working definition
was drawn from the scientific literature with expert inputs.
For example, the definitions for most geohazards come
from the scientific literature; the glacial lake outburst flood
definition (MH0013) come from a scientific publication that
is also routinely quoted by a United Nations organisation;
and the definition of airburst (ET0001) came from a Lexicon.

current hazard list were suggested. For example, following
discussion with experts, some hazards have been renamed
to reflect more accurately the hazard of concern. For ex-
ample, the technological hazard ‘privacy and data security
for citizens-supporting human mental health’ was reframed
as ‘cyberbullying’ which took into consideration the sig-
nificant impacts of cyberbullying on the mental health of
people including the young (TL0026). As part of the peer
review process it was suggested that some HIPs may need
to be split to enable further granularity in any future follow
up. For example, the HIP on violence (SO0006) may be split
to reflect different types of violence, such as gender-based
violence in conflict, domestic violence, etc. Additionally, it
was agreed that suggestions for additional hazards can be
considered for future iterations in collaboration with organ-
isations and authors engaged in this process.
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6. Next Steps

This process has prompted rich conversations within and between organisations and groups regarding the need for standardised
hazard information that is supported by the latest scientific evidence. The level of engagement, interest and enthusiasm to
contribute and use outputs of this process provides a basis for future collaboration between these organisations and experts.
These have been identified in the six recommendations of the Technical Report.

Recommendation 1: Regular review and update

The development and regular review and updating of a standard set of classifications
of hazards, and the development of an agreed process of identifying and defining
hazards is a critical foundation for risk-based decision-making and action. It is rec-
ommended that the hazard list be reviewed by the proposed end-users reflecting the
needs of those involved in disaster risk reduction, emergency management, climate
change, and increasingly sectoral actors pursuing sustainable development. The
latter being consistent with the stipulation of the Sendai Framework that the reduc-
tion of disaster risk is an all-of-society and all-of-State institutions engagement. In
particular, it will be important to have a more detailed scientific review of the list and
hazard information profiles (HIPs) for those hazards that are not currently routinely
included in disaster risk management, such as societal hazards.

With this review, it will be important to maintain the development of the HIPs, includ-
ing the hazard definition and any additional scientific description. This involves devel-
oping the ownership of hazard definitions by bodies that have an intergovernmental
process for agreeing on wording and definition for standardisation, with continuous
engagement from the broader scientific community; and for these coordinating insti-
tutions to regularly review and update the list and hazard definitions. Risk by nature is
dynamic — hazard definitions and terminologies must adapt to such a reality.

Recommendation 2: Facilitate the development of a multi-
hazard information system

Enhancing the classification of hazards and facilitating access to the definition and
description of hazards will be important. The next step should be the continuing de-
velopment of hazard definitions as online resources, encoded following linked-data
and open-science best practices. Through a meta-data approach, hazards could be
tagged to allow for the list to be searched in multiple ways, thus accommodating
diverse user needs. This will involve the development of a simple hazard definition
schema to capture all the details of each individual hazard definition, including
preferred and alternative names, relationships to other hazards (including parental
or causality relationships), and citation of source material. Further alignments to
related vocabularies covering the sustainable development goals (SDGs) of Agenda
2030 and some standard scientific vocabularies, as well as incorporating additional
language functionality to encompass local hazard terminology, is recommended for
future versions
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Recommendation 3: Engaging with users and sectors for
greater alignment and consistency of hazard definitions

Engagement with a range of users working in disaster risk reduction, emergency
management, climate change, and increasingly sectoral actors pursuing sustainable
development is needed to further develop hazard definitions. These users are likely
to be representatives of Sendai Framework Focal Points and National Platforms for
disaster risk reduction, regional economic and social commissions, policymakers,
communities and practitioners within and across all sectors. By socialising this re-
port, it will be possible to assess the value of the hazard terminology report and tool
by users and sectors. The HIPs could also be used by the United Nations Statistics
Division and the National Statistical Offices to ensure interoperability and standardi-
sation of statistically relevant definitions of hazards across the Sendai Framework,
Paris Agreement and the SDGs for use at local, national and international levels. This
will ensure synchronisation among global and national statistical mechanisms and
processes.

Recommendation 4: Use this hazard list to actively engage
policymakers and scientists in evidence-based national risk
assessment processes, disaster risk reduction and risk-
informed sustainable development, and other actions aimed
at managing risks of emergencies and disasters

This includes supporting the uptake of the hazard list and HIPs as a tool for countries
to investigate the potential sources of risk in their particular context, which requires
developing further guidance for end-users. The guidance would elaborate for UN
Member States on the efficient application of the hazard list in the implementation
and monitoring of and reporting on the Sendai Framework and disaster risk-related
SDGs, mainstreaming disaster risk reduction and resilience building with and across
all sectors as agreed in Sendai Framework Global Target E. Relevant activities may
include strengthening the science-policy interface for policy development, open-
science research investments, setting evidence-based legislation and regulations,
undertaking national and local risk and capacity assessments, plan-making, con-
ducting exercise simulations, service delivery, infrastructure development, commu-
nity mobilisation, education, monitoring and evaluation and other forms of capacity
development.
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Recommendation 5: Conduct further work to operationalise
parameters for exposure, vulnerability and capacity,
building on the UNGA definitions

This is a much needed complementary exercise to the hazard definition process,
which is the subject of this report. Exposure and vulnerability, and capacity, together
with hazard, are the fundamental ingredients of risk, yet there is no agreed set of
parameters for vulnerabilities or exposures. Much work has been done in defining
and standardising parameters for exposure in the context of natural or geophysical
hazards, and in defining indicators of vulnerability for disaster risk reduction, but no
consensus exists in the definition or application of exposure or vulnerability for use in
risk assessment across the list of hazards within the broad scope of this report. This
is an undertaking that could be charged to the recently established Working Group
on Vulnerability and Exposure of the Global Risk Assessment Framework (GRAF).

Recommendation 6: Address cascading and complex
hazards and risks

There is an urgent need to investigate further the direct and indirect linkages and ef-
fects of natural, biological, technological and other human-induced hazards to iden-
tify better and understand cascading and complex hazards and risks in a systematic
way. The shift towards a broader view and a more context-dependent definition of
hazards requires a systematic approach to risk that considers hazard, vulnerability,
exposure and capacity together and better understands their complex interactions.
The hazard list and associated HIPs may assist the activities of the GRAF, informing
efforts to develop an enhanced understanding of the systemic nature of risk, includ-
ing the management of systemic risks.
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mMH0001 7 METEOROLOGICAL AND HYDROLOGICAL / Convective-Related

Downburst

Definition

A downburst is a violent and damaging downdraught reaching the ground
surface, associated with a severe thunderstorm (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182, 2nd edition. World
Meteorological Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712
Accessed 13 October 2020.

Annotations

Synonyms
Microburst, Macroburst, Wind Sear.

Additional scientific description

Downbursts are powerful winds that descend from a thunderstorm and spread out quickly once they hit the ground. These
winds can easily cause damage similar to that of an EF0 (65-85 mph winds) or even EF1 (86—110 mph winds) tornado, and are
sometimes misinterpreted as tornadoes. However, downbursts are a completely separate phenomenon (NOAA, 2019). The key
differences between a downburst and a tornado are expressed by two words — IN and OUT (NOAA, 2019):

+ IN - all wind flows INTO a tornado. Debris is often lying at angles due to the curving of the inflow winds.
+ OUT - all wind flows OUT from a downburst. Debris is often lying in straight lines (hence the term ‘straight line winds’) parallel
to the outward wind flow.

Downbursts are also far more frequent than tornadoes — in fact, for every one tornado there are approximately ten downburst
damage reports. Tornadoes average about 800 per year in the United States, in contrast to an average of 100,000 thunder-
storms (NOAA, 2019).

Metrics and numeric limits

Comparison of a microburst and the larger macroburst (NOAA, 2019):

Microburst Macroburst
Damaging winds extending up to 2.5 miles (4 km) Damaging winds extending more than 2.5 miles (4 km)
Lasts 5to 15 minutes Lasts 5 to 30 minutes
Can cause damaging winds up to 168 mph (270 kph) Damaging winds, causing widespread, tornado-like damage,

up to 134 mph (216 kph)

Key relevant UN convention / multilateral treaty

Not applicable.
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Examples of drivers, outcomes and risk management

Downbursts are a particular hazard to aircraft at low level, especially on take-off or landing. An aircraft approaching a
downburst will first encounter a strong headwind, which will lead to an increase in indicated airspeed. When trying to fly a

set airspeed on approach, a pilot might therefore be tempted to reduce power. This would be very dangerous because, as the
aircraft passes thorough the downburst, the wind becomes a tailwind and the indicated airspeed and lift drop. The significant
downward force of air in the downburst may be enough to force the aircraft into the ground or at least cause it to lose a
significant amount of height. The subsequent loss of performance, as the aircraft encounters tailwinds, may cause further loss
of height and be enough to cause the aircraft to stall (SKYbrary, no date).

Many lives have been saved because of the reduction, if not elimination, of potential airline crashes caused by dangerous wind
shear conditions on take-off and landing. These saved lives are the result of training pilots on the dangers of microbursts

and the installation of Doppler radars at major airports across the United States to warn pilots when microbursts are present
(Wilson and Wakimoto, 2001).

References

NOAA, 2019. How do downbursts form? National Oceanic and Atmospheric Administration (NOAA) National Weather Service.
www.weather.gov/Imk/downburst Accessed 19 November 2019.

SKYbrary, no date. Microburst. www.skybrary.aero/index.php/Microburst Accessed 19 November 2019.

Wilson J.W. and R.M. Wakimoto, 2001. The discovery of the downburst: T. T. Fujita’s contribution. Bulletin of the American
Meteorological Society, 82:49-62. https://journals.ametsoc.org/doi/pdf/10.1175/1520-0477%282001%29082%3C0049%3ATDO
TDT%3E2.3.C0%3B2.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0002 7 METEOROLOGICAL AND HYDROLOGICAL / Convective-Related

Lightning (Electrical Storm)

Definition

Lightning is the luminous manifestation accompanying a sudden
electrical discharge which takes place from or inside a cloud or, less
often, from high structures on the ground or from mountains (WMO,
2017).

Reference

WMO, 2017. International Cloud Atlas: Lightening. World Meteorological Organization (WMO).
https://cloudatlas.wmo.int/lightning.html Accessed 26 November 2019.

Annotations

Synonyms
Bolt, Thunderbolt, Bolt-from-the-blue, Firebolt, Thunderstroke, Thunderball.

Additional scientific description

Lightning is a transient, high-current electric discharge with pathlengths measured in kilometres. The most common source of
lightning is the electric charge separated in ordinary thunderstorm clouds. Well over half of all lightning discharges occur within
the thunderstorm cloud and are called intracloud discharges (AMS, 2012).

Lightning is a large electrical discharge caused by a thundercloud. It can occur within a cloud as intracloud lightning, between
clouds as intercloud lightning, or between the cloud and the earth as cloud-to-ground lightning. A lightning discharge consists
of pulses of electric current carried by electrons. The current is driven by a high voltage between the cloud’s charge centres or
between them and the earth. During the development of a thundercloud, negative charge is accumulated in the hail-forming
region at the central part of the cloud, and positive charge in the top region which consists of ice crystals (Finnish Meteorologi-
cal Institute, 2019).

Lightning strikes are classified into different types according to their own characteristics. The two most common types are
cloud-to-ground lightning and cloud-to-cloud lightning (WMO, 2017).

+ Cloud-to-ground lightning is lightning discharge between a cumulonimbus cloud and the ground. Of all types of lightning,
cloud-to-ground lightning poses the greatest threat to people and facilities on the ground (WMO, 2017). The usual cloud-
to-ground lightning has been studied more extensively than other lightning forms because of its practical interest (i.e., as
a cause of injury and death, disturbances in power and communication systems, and ignition of forest fires) and because
lightning channels below cloud level are more easily photographed and studied with optical instruments (AMS, 2012). Cloud-
to-ground lightning can occur as either positively or negatively charged bolts. Positively charged bolts are considerably
more rare, more powerful (e.g., by an order of magnitude or more) and often can strike miles beyond the parent anvil of the
thunderstorm (e.g., these positive strikes are referred to as a ‘bolt out of the blue’) (NOAA, 2019).

+ Cloud-to-cloud lightning and cloud-to-air discharges are less common than intracloud or cloud-to-ground lightning. All
discharges other than cloud-to-ground are often lumped together and called cloud discharges (AMS, 2012; WMO, 2017).
Cloud-to-cloud lightning is the discharge between areas of cloud without the discharge channel reaching the ground. For
most of the time, it occurs between oppositely charged portions of the same cloud but sometimes it takes place between
two separate clouds. Since the discharge channel of cloud-to-cloud lightning may be obscured by the cloud, it may or may
not be visible to an observer on the ground. It may therefore be surprising to learn that cloud-to-cloud lightning is, in fact, the
most frequently occurring type of lightning. It occurs around ten times more often than cloud-to-ground lightning. Cloud-to-
cloud lightning does not pose a threat to life and property on the ground. However, this type of lightning takes place in the sky
and sometimes passes through the clear air between clouds, it is therefore of great practical interest to those concerned with
the safety of aircraft (WMO, 2017).
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Ball lightening includes a fireball which sometimes appears after a lightning flash. Its diameter is usually between 10 and 20
cm and rarely attains 1 m. The fireball moves slowly through the air or along the ground, it may be distorted in passing through
narrow places and usually vanishes suddenly with a violent explosion (WMO, 1992).

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

Lightning strikes the earth more than 8 million times per day. The risk of being struck is low but the consequences of lightning
strike injuries are serious. During 2003-2012, lightning caused an average of 35 deaths per year in the United States (CDC, no
date). The Centres for Disease Control and Prevention also provides helpful fact sheets on lightning safety tips, first aid recom-
mendations, lightning strike victim data, information for workers, information for outdoor recreation, information for organised
sporting events, information for water activities, and information for pet owners (CDC, 2020).

As an example of a National Alerting Parameters, the China Meteorological Administration (2012) has three alerting thresholds

and related preventative measures, Including:

+ Yellow: “In 6 hours, there will be thunder & lightning and likely to cause disasters.”

+ Orange: “In 2 hours, the thunder & lightning is either occurring or will occur with a high likelihood, and it's quite possible to
cause disasters or accidents.”

+ Red: “In 2 hours, the thunder & lightning is either occurring or will occur with a highest likelihood; it's extreme possible to
cause disasters or accidents.”

References

AMS, 2012. Lightning. American Meteorological Society (AMS), Glossary of Meteorology. http://glossary.ametsoc.org/wiki/
Lightning Accessed 25 November 2019.

CDC, no date. Lightning. Centres for Disease Control and Prevention (CDC). www.cdc.gov/disasters/lightning/index.html
Accessed 8 October 2020.

CDC, 2020. Lightning: Lightning Safety Tips. Centres for Disease Control (CDC). www.cdc.gov/disasters/lightning/safetytips.
html Accessed 23 March 2021.

China Meteorological Administration, 2012. Weather Warnings: Lightning. www.cma.gov.cn/en/WeatherWarnings/WarningSig-
nals/201203/120120320_166767.htm| Accessed 25 November 2019.

Finnish Meteorological Institute, 2019. Lightning and thunderstorm. https://en.ilmatieteenlaitos.fi/lightning-and-thunderstorm
Accessed 25 November 2019.

NOAA, 2019. The Positive and Negative Side of Lightning. National Oceanic and Atmospheric Administration (NOAA). www.
weather.gov/jetstream/positive Accessed 25 November 2019.

WMO, 1992. International Meteorological Vocabulary. 2nd Edition. World Meteorological Organization (WMO). https://library.
wmo.int/doc_num.php?explnum_id=4712 Accessed 19 November 2020.

WMO, 2017. Lightening: Cloud Discharge. World Meteorological Organization (WMO). https://cloudatlas.wmo.int/en/lightning-
cloud-discharges.html Accessed 23 March 2021.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0003/ METEOROLOGICAL AND HYDROLOGICAL / Convective-Related

Thunderstorm

Definition

A thunderstorm is defined as one or more sudden electrical discharges,
manifested by a flash of light (lightning) and a sharp or rumbling sound
(thunder) (WMO, no date).

Reference

WMO, no date. International Cloud Atlas. World Meteorological Organization (WMO). cloudatlas.
wmo.int/thunderstorm.htm| Accessed 5 December 2019.

Annotations

Synonyms
None identified.

Additional scientific description

Thunderstorms are associated with cumulonimbus clouds (WMO, 2017) and are most often accompanied by precipitation that,
when it reaches the ground, is in the form of a shower of rain, snow, snow pellets, small hail or hail. Thunderstorms can cause
tornadoes, strong winds, and flash flooding (Habitat for Humanity, 2021).

Metrics and numeric limits

Example types of thunderstorms (NOAA, no date a,b; Australian Government, no date):

Single-cell Single-cell thunderstorms are small, brief, weak storms that grow and die within an hour or so. They are
typically driven by heating on a summer afternoon. Single-cell storms may produce brief heavy rain and
lightning.

Multi-cell A multi-cell storm is a thunderstorm in which new updrafts form along the leading edge of rain-cooled

air (the gust front). Individual cells usually last 30 to 60 minutes, while the system as a whole may last
for many hours. Multicell storms may produce hail, strong winds, brief tornadoes, and/or flooding.

Squall line A squall line is a group of storms arranged in a line, often accompanied by ‘squalls’ of high wind and
heavy rain. Squall lines tend to pass quickly and are less prone to produce tornadoes than are super-
cells. They can be hundreds of miles long but are typically only 10 or 20 miles wide.

Supercell A supercell is a long-lived (greater than 1 hour) and highly organised storm feeding off an updraft (a ris-
ing current of air) that is tilted and rotating. This rotating updraft — as large as 16 kilometres (10 miles)
in diameter and up to ~15,000 meters (50,000 feet) tall — can be present as much as 20 to 60 minutes
before a tornado forms. Scientists call this rotation a mesocyclone when it is detected by Doppler radar.
The tornado is a very small extension of this larger rotation. Most large and violent tornadoes come
from supercells.

Mesoscale A mesoscale convective system (MCS) is a collection of thunderstorms that act as a system. An MCS
convective can spread across large areas and last more than 12 hours. On radar one of these might appear as a
system solid line, a broken line, or a cluster of cells.

Mesoscale A mesoscale convective complex (MCC) - a particular type of MCS - is a large, circular, long-lived
convective cluster of showers and thunderstorms identified by satellite. It often emerges out of other storm types
complex during the late-night and early-morning hours.
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Mesoscale A mesoscale convective vortex (MCV) is a low-pressure centre within an MCS that pulls winds into a
convective circling pattern, or vortex. With a core only 30 to 60 miles wide and 1 to 3 miles deep, an MCV is often
vortex overlooked in standard weather analyses. But an MCV can take on a life of its own, persisting for up to

12 hours after its parent MCS has dissipated. This orphaned MCV will sometimes then become the seed
of the next thunderstorm outbreak. An MCV that moves into tropical waters, such as the Gulf of Mexico,
can serve as the nucleus for a tropical storm or hurricane.

Derecho A derecho (pronounced similar to ‘deh-REY-cho’ in English) is a widespread, long-lived wind storm that
is associated with a band of rapidly moving showers or thunderstorms. Although a derecho can produce
destruction similar to that of tornadoes, the damage typically is directed in one direction along a
relatively straight swath. As a result, the term ‘straight-line wind damage’ sometimes is used to describe
derecho damage. By definition, if the wind damage swath extends more than 400 kilometres (~250
miles) and includes wind gusts of at least 93 km/h (58 mph) or more along most of its length, then the
event may be classified as a derecho.

Virga Thunderstorms can be considered dry if they do not produce any rain at the surface. However, for the
fire weather community, a ‘dry thunderstorm’ may be used to describe a storm producing very little
rainfall, such that it is not effective in checking fire spread after lightning ignition. The second scenario
is more common, although there are rare instances when thunderstorms produce no sensible rainfall.
In the purest sense, ‘dry’ thunderstorms produce rain just below the cloud base but due to a very dry
atmosphere below the cloud base, the rain evaporates at some point between the cloud base and the
ground. Meteorologically speaking, this is called a virga.

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

As an example of National Alerting Parameters, the United States Weather Service defines a thunderstorm as a severe thunder-
storm when it produces hail one inch (2.54 cm) or larger in diameter and/or winds equal or exceed 58 mph (93 kmh) (NOAA, no
date c).

References

Australian Government, no date. Severe thunderstorms. Australian Government, Bureau of Meteorology. www.bom.gov.au/
weather-services/severe-weather-knowledge-centre/severethunder.shtml Accessed 5 December 2019.
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homeowners/thunderstorms#:~:text=Thunderstorms%20last%20an%20average%200f%2030%20minutes%20and,t0%20
learn%20the%20danger%20signs%20and%20plan%20ahead Accessed 23 March 2021.

NOAA, no date a. Severe weather 101: Thunderstorm types. National Oceanic and Atmospheric Administration (NOAA), The
National Severe Storms Laboratory. www.nssl.noaa.gov/education/svrwx101/thunderstorms/types Accessed 5 December
2019.

NOAA, no date b. Types of thunderstorms: Ordinary cell. National Oceanic and Atmospheric Administration (NOAA), National
Weather Service. www.weather.gov/jetstream/tstrmtypes Accessed 5 December 2019.

NOAA, no date c. Watch/warning/advisory definitions. National Oceanic and Atmospheric Administration (NOAA), National
Weather Service. www.weather.gov/Iwx/WarningsDefined#Severe Thunderstorm Warning Accessed 5 December 2019.

WMO, 2017. Cumulonimbus (Cb) (Weilbach 1880). World Meteorological Organization (WMO). https://cloudatlas.wmo.int/en/
clouds-genera-cumulonimbus.html Accessed 23 March 2021.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MHo004/, METEOROLOGICAL AND HYDROLOGICAL / Flood

Coastal Flood

Definition

Coastal flooding is most frequently the result of storm surges and

high winds coinciding with high tides. The surge itself is the result of

the raising of sea levels due to low atmospheric pressure. In particular
configurations, such as major estuaries or confined sea areas, the piling
up of water is amplified by a combination of the shallowing of the seabed
and retarding of return flow (WMO, 2011).

Reference

WMO, 2011. Manual on Flood Forecasting and Warning. WMO-No. 1072. World Meteorological
Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/flood_forecasting_warning/
WMO0%201072_en.pdf Accessed 18 November 2019.

Annotations

Synonyms
Storm Surge, Coastal inundation.

Additional scientific description

Major deltas such as the Mississippi and Ganges are prone to coastal flooding when affected by hurricanes (cyclones). Another
sensitive area is the southern North Sea in western Europe, as a result of particular tracks of winter depressions. If the surge
takes place near the mouth of a river issuing into the sea, the river flow will be obstructed due to the surge, resulting in severe
flooding over and near the coastal areas. Tsunamis resulting from sub-seabed earthquakes are a very specific cause of
occasionally severe coastal flooding (WMO, 2011).

Coastal flooding is largely a natural event, however human influence on the coastal environment can exacerbate coastal
flooding (Dawson et al., 2009). Extraction of water from groundwater reservoirs in the coastal zone can enhance subsidence of
the land increasing the risk of flooding (Nicholls, 2002).

Seawater can flood the land via several paths:

« Direct flooding: the sea height exceeds the elevation of the land, often where waves have not built up a natural barrier such as
a dune system.

+ Overtopping of a barrier: the barrier may be natural or human engineered and overtopping occurs due to swell conditions
during storm or high tides often on open stretches of the coast. The height of the waves exceeds the height of the barrier and
water flows over the top of the barrier to flood the land behind it. Overtopping can result in high velocity flows that can erode
significant amounts of the land surface which can undermine defence structures (Gallien et al., 2011).

« Breaching of a barrier: the barrier may be natural (sand dune) or human engineered (sea wall), and breaching occurs on open
coasts exposed to large waves. Breaching is where the barrier is broken down or destroyed by waves allowing the seawater to
extend inland and flood the areas.

Metrics and numeric limits

The extent and magnitude of coastal flooding is a function of the elevation inland flood waters penetrate, which is controlled by
the topography of the coastal land exposed to flooding; storm surge conditions; and the broader bathymetry of the coastal area
(Bell et al., 2017).
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Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

The governance structure of coastal zones may be strengthened in different ways (WMO, 2013):

+ Promoting better co-operation between different levels and sectors of government, taking into account trends of decentrali-
sation and the need for (national) coordination.

+ Facilitating cooperation between government and the private sector, taking into account trends of privatisation but also the
need to safeguard the public interest.

+ Better involvement between stakeholders and citizens in development and management issues, to promote societal accept-
ance of development projects as well the long-term sustainability of development projects (arrangements and incentives for
maintenance).

- Creating arrangements for dealing with uncertainties and sharing of risks (insurance).

Flooding constitutes a particular challenge in low-lying areas as deltas and coastal plains and land subsidence caused by
sediment deficits or ground water extraction can further exacerbate the problem.

Coastal flooding can result in considerable economic losses and casualties. Moreover, coastal flooding can result in a wide
range of environmental impacts on different spatial and temporal scales. Flooding can destroy coastal habitats such as coastal
wetlands and estuaries and can erode dune systems (Hunt and Watkiss, 2011).

There are many ways in which humans are trying to prevent the flooding of coastal environments. Technical measures for flood
control include dike or seawall or levee construction (hard engineering structures) (Short and Masselink, 1999), maintenance
of natural dune systems, protection of coastal ecosystems (natural defence) (Alongi, 2008) and different flood proofing and
accommodation activities. Engineered protection structures along the coast such as sea walls, if not well planned, can alter
the natural processes of the beach, often leading to erosion on adjacent stretches of the coast which also increases the risk of
flooding (Pope, 1997).

Non-structural mechanisms also exist to mitigate coastal flooding: building regulations; coastal hazard zoning; urban develop-
ment planning; spreading risk through insurance; and enhancing public awareness (Snoussi et al., 2008; Dawson et al., 2011).

Generally, even moderate flooding hazards should be taken very seriously due to the potentially disastrous consequences, and
flood protection is a key aspect in coastal disaster risk reduction.

The effects of flooding on health are extensive and significant, ranging from mortality and injuries resulting from trauma and
drowning to infectious diseases and mental health issues (acute and long-term). While some of these outcomes are relatively
easy to track, ascertaining the human impact of floods is still weak. For example, it has been reported that two-thirds of deaths
associated with flooding are from drowning, with the other third from physical trauma, heart attacks, electrocution, carbon
monoxide poisoning and fire. Often, only immediate traumatic deaths from flooding are recorded (WHO, 2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing risk of water-borne diseases as well as the proper functioning of health facilities, including cold chain (WHO, no date).

Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,
destruction of homes, delayed recovery and water shortages (WHO, 2013).
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wmo.int/doc_num.php?explnum_id=7338

Coordinating agency or organisation
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mMHo005/ METEOROLOGICAL AND HYDROLOGICAL / Flood

Estuarine (Coastal) Flood

Definition

Estuarine flooding is flooding over and near coastal areas caused

by storm surges and high winds coincident with high tides, thereby
obstructing the seaward river flow. Estuarine flooding can be caused by
tsunamis in specific cases (WMO, 2011).

Reference

WMO, 2011. Manual on flood forecasting and warning. WMO-No. 1072. World Meteorological
Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/flood_forecasting_warning/
WMO%201072_en.pdf Accessed 17 April 2020.

Annotations

Synonyms
Flood, Flooding, Coastal flooding.

Additional scientific description

Estuaries are inlet areas of the coastline where the coastal tide meets a concentrated seaward flow of fresh water in a river. The
interaction between the seaward flow of river water and landward flow of saline water during high tides may cause a build-up

of water or inland-moving tidal bore. Frequently, the funnel shape characteristic of many estuaries causes an increase in high
water levels in the upper, narrowing reaches of the associated river. These types of flood are mostly experienced in deltaic
areas of rivers along the coasts, for example the mouths of the Ganges. They are more frequent and less severe in terms of
inundated depth and area than flooding caused by storm surges (WMO, 2011).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Storm surges and high winds coinciding with high tides are the most frequent cause of estuarine/coastal flooding. The surge
itself is the result of the raising of sea levels due to low atmospheric pressure. In particular configurations, such as major
estuaries or confined sea areas, the piling up of water is amplified by a combination of the shallowing of the seabed and
retarding of return flow. Major deltas such as the Mississippi and Ganges are prone to this type of flooding when affected by
hurricanes (cyclones). Another sensitive area is the southern North Sea in western Europe, owing to particular tracks of winter
depressions. If the surge takes place near the mouth of a river issuing into the sea, the river flow will be obstructed due to the
surge, resulting in severe flooding over and near the coastal areas. Tsunamis resulting from sub-seabed earthquakes are a very
specific cause of occasionally severe coastal flooding (WMO, 2011).

Floods are one of the most common hazards. The effects of flooding on health are extensive and significant, ranging from
mortality and injuries resulting from trauma and drowning to infectious diseases and mental health issues (acute and long-
term). While some of these outcomes are relatively easy to track, ascertaining the human impact of floods is still weak. For
example, it has been reported that two-thirds of deaths associated with flooding are from drowning, with the other third from
physical trauma, heart attacks, electrocution, carbon monoxide poisoning and fire. Often, only immediate traumatic deaths
from flooding are recorded (WHO, 2013).
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Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute

as well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for
lengthy periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of
shelter, exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby
increasing the risk of water-borne diseases, as well as the proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,

destruction of homes, delayed recovery and water shortages (WHO, 2013).
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ance/ems/flood_cds/en Accessed 4 October 2020.
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WMO, 2011. Manual on flood forecasting and warning, WMO-No. 1072. World Meteorological Organization (WMO). www.wmo.
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Coordinating agency or organisation
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mMHo006 / METEOROLOGICAL AND HYDROLOGICAL / Flood

Flash Flood

Definition
A flash flood is a flood of short duration with a relatively high peak

discharge in which the time interval between the observable causative
event and the flood is less than four to six hours (WMO, 2006).

Reference

WMO, 2006. Technical Regulations. Volume Ill: Hydrology, WMO-No. 49. World Meteorological
Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/technical_regulations/49_IIl_E_
supplement1.pdf Accessed 20 November 2019.

Annotations

Synonyms
Storm-driven flood, Freshet, Huayco.

Additional scientific description

A flash flood is generally characterised by raging torrents after heavy rains, a dam or levee failure or a sudden release of water
in a previously stopped passage (i.e., by debris or ice) that rips through riverbeds, urban streets, or mountain canyons sweeping
away everything in its path. Steep terrain tends to concentrate runoff into streams very quickly and is often a contributory
factor. Changes in soil properties (e.g., burn areas from wildfires), hydrophobic or impervious soils, removal of surface vegeta-
tion, and excess runoff from warm rainfall on significant snowpack can also be important contributors (NOAA, no date a; AMS,
2017).

Metrics and numeric limits

A flash flood is a flood that begins within 6 hours, and often within 3 hours, of a heavy rainfall (NOAA, no date b).

Flash floods are highly localised in space: they are restricted to basins of a few hundred square kilometres or less. They are
also restricted in time: response times not exceeding a few hours or even less. This means very little time for warning (NOAA,
no date b).

Flash flood hazard measurement and modelling requires a complex approach as more environmental factors must be con-
sidered and regularly monitored: topographic parameters (average slope, slope range and valley density for the catchment),
soil and surface parameters (surface runoff, infiltration and interception: soil depth, physical soil type, the ratio of barren/
vegetation-covered surfaces), and hydrological parameters (precipitation, consecutive rainy days, etc.) (Liu and Smedt, 2005).

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Drivers of flash flood: The intensity of the rainfall, the location and distribution of the rainfall, the land use and topography,
vegetation types and growth/density, soil type, and soil water-content all determine how quickly flash flooding may occur, and
influence where it may occur (NOAA, no date b).

Outcomes and impacts of flash flood: Flash floods account for approximately 85% of flooding cases and have the highest
mortality rate (defined as the number of deaths per number of people affected) among different classes of flooding (e.g.,
riverine, coastal). With more than 5000 lives lost to flash flooding each year, flash floods are among the world’s deadliest

natural hazards and have significant social, economic and environmental impacts (WMO, 2019).
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Control and monitoring measures of flash flood: Flash floods are a major natural hazard throughout the world. Flash floods are
the number one killer among all weather-related hazards. A vast majority of deaths from flash floods, as high as 90% in tropical
countries, are due to drowning from victims being caught by rapidly rising waters (Smith, 1992).

Predicting flash floods requires accurate detection and estimation of rainfall events, which are typically intense and very
localised. Operational prediction methods include flash flood monitoring and prediction algorithms (FFMPA) used in Europe
and the United States. FFMPA alerts forecasters when flash flooding is imminent based on radar-estimated rainfall amounts
compared to hydrologic model-based rainfall thresholds. Advances in forecasting convective rainstorms help to improve the
performance of FFMPA by providing a longer lead time of impending flash floods (Hong et al., 2013).

Reducing societal exposure to flash floods is key to any mitigation measure. The combination of non-structural measures and
small-scale structural measures could be more effective in managing flash flood risk. There are many non-structural measures
that can reduce the impact of floods such as land-use planning, building construction codes, soil management, acquisition
policies, insurance and risk transfer, awareness raising, public information, emergency system, and recovery plans. Structural
activities including property protection such as relocation and reinforcement, and structural engineering projects such as
levees, diversions, and channel improvements are some of the actions that mitigate the societal impacts of flash floods
(Colombo et al., 2002).

Flash floods differ from river floods in various ways. Notably they manifest and dissipate in less time and occur in more
condensed spatial areas. These factors make their forecasting a unique challenge compared to traditional flood forecasting
approaches. In this regard, the World Meteorological Organization has launched the Flash Flood Guidance System (FFGS) with
global coverage. A system such as the FFGS is an important tool for providing operational forecasters and disaster manage-
ment agencies with real-time informational guidance products pertaining to the threat of small-scale flash flooding. The

FFGS provides remotely sensed precipitation estimates (e.g., radar and satellite-based rainfall estimates) and allows product
adjustments based on forecaster experience with local conditions, incorporation of other information (e.g., Numerical Weather
Prediction output) and any last minute local observations (e.g., non-traditional rain gauge data) (WMO, 2019).

Health impacts from floods including flash floods: The effects of flooding on health are extensive and significant, ranging from
mortality and injuries resulting from trauma and drowning to infectious diseases and mental health issues (acute and long-
term). While some of these outcomes are relatively easy to track, ascertaining the human impact of floods is still weak. For
example, it has been reported that two-thirds of deaths associated with flooding are from drowning, with the other third from
physical trauma, heart attacks, electrocution, carbon monoxide poisoning and fire. Often, only immediate traumatic deaths
from flooding are recorded (WHO, 2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases as well as the proper functioning of health facilities, including cold chain (WHO, no date).

Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,

destruction of homes, delayed recovery and water shortages (WHO, 2013).
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mMHo007/ METEOROLOGICAL AND HYDROLOGICAL / Flood

Fluvial (Riverine) Flood

Definition
A fluvial flood is a rise, usually brief, in the water level of a stream or

water body to a peak from which the water level recedes at a slower rate
(WMO, 2012).

Reference

WMO, 2012. Definition number 543. International Glossary of Hydrology. WMO-No. 385. World
Meteorological Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/international_
glossary/385_IGH_2012.pdf Accessed 16 April 2020.

Annotations

Synonyms
Flood, Flooding.

Additional scientific description

Fluvial flooding occurs over a wide range of river and catchment systems. Floods in river valleys occur mostly on flood plains
or wash lands as a result of flow exceeding the capacity of the stream channels and spilling over the natural banks or artificial
embankments (Fernandez, 2015).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Drivers of fluvial flood: Fluvial (riverine) flooding primarily results from an extended precipitation event that occurs at, or
upstream from, the affected area. It can also occur when traditional flood-control structures, such as levees and dikes, are
overtopped (NOAA, no date).

Outcomes and impacts of fluvial flood: Flooding of areas used for socio-economic activities produces a variety of negative
impacts. The magnitude of adverse impacts depends on the vulnerability of the activities and population and the frequency,
intensity and extent of flooding. Some of these factors include loss of lives and property, loss of livelihoods, decreased
purchasing power and production power, mass migration, psychosocial effects, hindering of economic growth and develop-
ment, and political implications (APFM, no date).

Control and monitoring measures of fluvial flood: Floods are important components of the natural hydrological regime. They
are a major source of water; they flush pollutants and sediment from river networks. It is also natural for rivers to overtop

their banks with greater or lesser frequency and occupy their flood plains. As a result, floods can cause property damage and
bring death and injury to many communities. While there is no evidence as yet that the frequency or magnitude of flooding has
increased world-wide, flood-prone areas are becoming increasingly densely populated and thus more vulnerable. Consequently,
a series of major flood disasters has occurred in recent years, with death and destruction being caused by such events on every
continent (GWP, 2013).

43) METEOROLOGICAL AND HYDROLOGICAL Contents


www.wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf
www.wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf

Hazard Information Profiles - Supplement to UNDRR-ISC Hazard Definition & Classification Review - September 2021

There is a need for an approach to flood management that improves the functioning of the river basin as a whole, recognising
that floods have beneficial impacts and can never be fully controlled. Such an approach seeks to maximize the net benefits
from the use of floodplains and to minimise loss of life, subordinating flood loss reduction to the overall goal of maximising the
efficient use of the floodplain (APFM, 2020).

Integrated Flood Management (IFM) is a process that promotes an integrated, rather than fragmented, approach to flood
management. It integrates land and water resources development in a river basin, within the context of Integrated Resources
Management, with a view to maximising the efficient use of floodplains and to minimising loss of life and property. IFM, like
Integrated Water Resources Management, should encourage the participation of users, planners and policymakers at all levels.
The approach should be open, transparent, inclusive and communicative; should require the decentralisation of decision-
making; and should include public consultation and the involvement of stakeholders in planning and implementation. IFM calls
for a paradigm shift from the traditional fragmented approach and encourages the efficient use of the resources of the river
basin, employing strategies to maintain or augment the productivity of floodplains, while at the same time providing protective
measures against losses due to flooding (APFM, no date).

Health impacts of floods including fluvial (riverine) floods: Floods are one of the most common hazards. The effects of flooding
on health are extensive and significant, ranging from mortality and injuries resulting from trauma and drowning, to infectious
diseases and mental health problems (acute and long-term). While some of these outcomes are relatively easy to track, ascer-
taining the human impact of floods is still weak. For example, it has been reported that two-thirds of deaths associated with
flooding are from drowning, with the other third from physical trauma, heart attacks, electrocution, carbon monoxide poisoning
and fire. Often, only immediate traumatic deaths from flooding are recorded (WHO, 2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases, as well as affecting proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,

destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

APFM, no date. Website. Associated Programme on Flood Management (APFM). www.floodmanagement.info Accessed 17
April 2020.

APFM, 2020. APFM Concept. Associated Programme on Flood Management (APFM). www.floodmanagement.info/apfm-
concept Accessed 23 March 2021.

Fernandez, J., 2015. Deliverable 3: Design of a model EWS and SOPs that can be tested in four sub-districts within the DARDC
region. https://procurement-notices.undp.org/view_file.cfm?doc_id=77501 Accessed 23 March 2021.

GWP, 2013. Monthly Report May 2013. Global Water Partnership (GWP). 04-gwp-report-may-2013.pdf Accessed 23 March 2021.

NOAA, no date. Understanding Stormwater Inundation. National Oceanic and Atmospheric Administration (NOAA). https://
coast.noaa.gov/stormwater-floods/understand Accessed 17 April 2020.

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. World Health Organization (WHO),
Regional Office for Europe. https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMHooos / METEOROLOGICAL AND HYDROLOGICAL / Flood

Groundwater Flood

Definition

A groundwater flood is the emergence of groundwater at the ground
surface away from perennial river channels or the rising of groundwater
into man-made ground, under conditions where the ‘normal’ ranges of
groundwater level and groundwater flow are exceeded (BGS, 2010).

Reference

BGS, 2010. Groundwater flooding research overview. British Geological Survey (BGS). www.bgs.
ac.uk/research/groundwater/flooding/groundwater_flooding.html Accessed 18 November 2019.

Annotations

Synonyms
Flood.

Additional scientific description

Groundwater flooding is a different type of hazard than river or surface water flooding in that the onset is not an immediate
process where water suddenly encroaches areas not normally inundated. In contrast, the water levels within permeable strata
will gradually rise over time giving rise to the formation of springs and ephemeral streams, areas of ponding, surcharging of
wells and boreholes, and water ingress in basements, tunnels, or other below ground structures. Water levels can remain high
for many weeks or even months, depending on the nature of the underlying strata and meteorological and hydrological condi-
tions (WMO, no date).

Groundwater flooding occurs when the natural underground drainage system cannot drain rainfall away quickly enough,
causing the water table to rise above the ground surface. It can pose a significant flood hazard for many rural communities and
its increased frequency in recent years highlights the need for further research (Geological Survey Ireland, 2021).

Both perched groundwater and periodic springs can be causes of floods:

+ Perched groundwater: a groundwater body, generally of moderate dimensions, supported by a relatively impermeable stratum
and which is located between a water table and the ground surface (WMO, 2012).

* Periodic spring: a spring flowing irregularly in relation to the hydrological regime of groundwater or in connection with karstic
conditions is generally known as a periodic or seasonal spring (WMO, 2012).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

European Union Floods Directive (2007/60/EC): The Directive on the assessment and management of flood risks entered into
force on 26 November 2007. It requires member states to assess if all water courses and coastlines are at risk from flooding, to
map the flood extent and assets and humans at risk in these areas, and to take adequate and coordinated measures to reduce
this flood risk. The Directive also reinforces the rights of the public to access this information and to have a say in the planning
process (European Commission, 2007).
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Examples of drivers, outcomes and risk management

Floods are one of the most common hazards. The effects of flooding on health are extensive and significant, ranging from
mortality and injuries resulting from trauma and drowning to infectious diseases and mental health problems (acute and long-
term). While some of these outcomes are relatively easy to track, ascertaining the human impact of floods is still weak. For
example, it has been reported that two-thirds of deaths associated with flooding are from drowning, with the other third from
physical trauma, heart attacks, electrocution, carbon monoxide poisoning and fire. Often, only immediate traumatic deaths
from flooding are recorded (WHO, 2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases, as well as affecting proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,
destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

European Commission, 2007. The EU Floods Directive (2007/60/EC). https://ec.europa.eu/environment/water/flood_risk
Accessed 18 November 2019.

Geological Survey Ireland, 2021. What is groundwater flooding? www.gsi.ie/en-ie/programmes-and-projects/groundwater/
activities/groundwater-flooding/Pages/What-is-groundwater-flooding.aspx Accessed 23 March 2021.

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. World Health Organization (WHO),
Regional Office for Europe. https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

WMO, no date. Flood Management Tool Series, Technical Document. World Meteorological Organization (WMO). https://library.
wmo.int/index.php?lvi=serie_see&id=336#.X7YR5XngqUk Accessed 18 November 2020.

WMO, 2012. Definition numbers 1063 and 1069. International Glossary of Hydrology. WMO-No. 385. World Meteorological
Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf Accessed 17
April 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMHo0009 ; METEOROLOGICAL AND HYDROLOGICAL / Flood

Ice-dJam Flood Including Debris

Definition

An ice jam flood including debris is defined as an accumulation of shuga
including ice cakes, below ice cover. It is broken ice in a river which
causes a narrowing of the river channel, a rise in water level and local
floods (WMO, 2012).

Shuga is defined as accumulation of spongy white ice lumps, a few
centimetres across, formed from grease ice or slush, and sometimes
from anchor ice rising to the surface (WMO, 2012).

Reference

WMO, 2012. Definition number 1352. International Glossary of Hydrology. WMO-No. 385. World
Meteorological Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/international_
glossary/385_IGH_2012.pdf Accessed 17 April 2020.

Annotations

Synonyms
Flood, Flooding.

Additional scientific description

An ice jam flood is caused by an accumulation of ice in a river, stream or other flooding source that reduces the cross-sectional
area available to carry the flow and forces an increase in water-surface elevation (WMO, 2012).

Metrics and numeric limits

Not applicable.

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

In rivers/streams that experience seasonal ice formation and melt, if the melting is more rapid upstream than downstream,

ice floes can accumulate in rivers, forming constrictions and damming flows, causing river levels to rise upstream of the ice
jam. A sudden release of the ‘ice jam’ can cause a flood wave similar to that caused by a dam break, to move downstream.
Both meltwater and heavy rainfall in steep areas can cause landslips and debris flows. As the debris picked up by rivers moves
downstream, major constrictions can build up. When these build-ups collapse or are breached, severe flooding can result.
These phenomena are difficult to predict (WMO, 2011; FEMA, 2018).

Floods are one of the most common hazards. The effects of flooding on health are extensive and significant, ranging from
mortality and injuries resulting from trauma and drowning, to infectious diseases and mental health problems (acute and long-
term). While some of these outcomes are relatively easy to track, ascertaining the human impact of floods is still weak. For
example, it has been reported that two-thirds of deaths associated with flooding are from drowning, with the other third from
physical trauma, heart attacks, electrocution, carbon monoxide poisoning and fire. Often, only immediate traumatic deaths
from flooding are recorded (WHO, 2013).
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Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases as well as affecting proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,
destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

FEMA, 2018. Guidance for Flood Risk Analysis and Mapping: Ice-Jam Analyses and Mapping. Federal Emergency Management
Agency (FEMA). www.fema.gov/sites/default/files/2020-02/Ice_Jam_Guidance_Feb_2018.pdf

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. World Health Organization (WHO),
Regional Office for Europe. https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

WMO, 2011. Manual on flood forecasting and warning, WMO No. 1072. World Meteorological Organization (WMO). www.wmo.
int/pages/prog/hwrp/publications/flood_forecasting_warning/ WM0%201072_en.pdf Accessed 25 November 2019.

WMO, 2012. Definition number 1352. International Glossary of Hydrology. WMO-No. 385. World Meteorological Organization
(WMO). www.wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf Accessed 17 April 2020.

Coordinating agency or organisation
World Meteorological Organization (WMO).

48) METEOROLOGICAL AND HYDROLOGICAL Contents


www.fema.gov/sites/default/files
Ice_Jam_Guidance_Feb_2018.pdf
www.who.int/hac/techguidance/ems/flood_cds/en
www.who.int/hac/techguidance/ems/flood_cds/en
https://apps.who.int/iris/handle/10665/108625
www.wmo.int/pages/prog/hwrp/publications/flood_forecasting_warning/WMO%201072_en.pdf
www.wmo.int/pages/prog/hwrp/publications/flood_forecasting_warning/WMO%201072_en.pdf
www.wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf

Hazard Information Profiles - Supplement to UNDRR-ISC Hazard Definition & Classification Review - September 2021

mMH0010/ METEOROLOGICAL AND HYDROLOGICAL / Flood

Ponding (Drainage) Flood

Definition
A ponding flood is a flood which results from rainwater ponding at or

near the point where it falls because it is falling faster than the drainage
system (natural or man-made) can carry it away (WMO, 2006).

Reference

WMO, 2006. Technical Regulations Volume Ill: Hydrology. WMO-No. 49. Page IX. World
Meteorological Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4564

Annotations

Synonyms
Drainage flood, Surface retention.

Additional scientific description

A ponding flood is that part of the precipitation which remains on the ground surface, without running off or infiltrating, until it
evaporates or transpires (Flood Site, 2008).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Floods are one of the most common hazards. The effects of flooding on health are extensive and significant, ranging from
mortality and injuries resulting from trauma and drowning to infectious diseases and mental health problems (acute and long-
term). While some of these outcomes are relatively easy to track, ascertaining the human impact of floods is still weak. For
example, it has been reported that two-thirds of deaths associated with flooding are from drowning, with the other third from
physical trauma, heart attacks, electrocution, carbon monoxide poisoning and fire. Often, only immediate traumatic deaths
from flooding are recorded (WHO, 2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases as well as affecting proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,
destruction of homes, delayed recovery and water shortages (WHO, 2013).
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References

Flood Site (2008). Ponding (fluvial) Flood. Accessible at: www.floodsite.net/juniorfloodsite/html/en/student/thingstoknow/
hydrology/ponding.html. Accessed 14 April 2021.

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. World Health Organization (WHO),
Regional Office for Europe. https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mHoo11/ METEOROLOGICAL AND HYDROLOGICAL / Flood

Snowmelt Flood

Definition

A snowmelt flood is a significant flood rise in a river caused by the
melting of snowpack accumulated during the winter (WMO, 2012).

Reference

WMO, 2012. Definition number 1352. International Glossary of Hydrology. WMO-No. 385. World
Meteorological Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/international_
glossary/385_IGH_2012.pdf Accessed 26 November 2019.

Annotations

Synonyms
Flood, Flooding, Melt-induced flooding, Snowmelt-runoff floods.

Additional scientific description

In upland and high-latitude areas where extensive snow accumulates over winter, the spring thaw produces meltwater runoff.
If temperature rises are rapid, the rate of melting may produce floods, which can extend to lower parts of the river systems.
The severity of meltwater floods will increase if the thaw is accompanied by heavy rainfall and can be further exacerbated if
the subsoil remains frozen. Although a seasonal occurrence where major snowfields exist in headwaters, which may produce
beneficial flooding in downstream areas, severe effects can occur on smaller scales, especially in areas subject to changes
between cold and warmer rainy winter weather (USGS, no date; WMO, no date).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Drivers: High soil moisture conditions prior to snowmelt, frozen ground, heavy snow cover, widespread heavy rain during the
melt period, and rapid snowmelt (unseasonably warm temperatures, high humidity, rainfall, etc.) (NOAA, no date).

Outcomes and impacts: The effect of snowmelt on potential flooding, mainly during the spring, causes concern for many
people around the world. Besides flooding, rapid snowmelt can trigger landslides and debris flows. In combination with specific
weather conditions, such as excessive rainfall on melting snow for example, it may even be a major cause of floods (USGS, no
date).

Control and monitoring measures: The Flash Flood Guidance System (FFGS) of the World Meteorological Organization takes
into account estimated precipitation from several sources, such as satellites, radar as available, and gauges as available

to be input into a snow model (SNOW -17) which estimates snow water equivalent (SWE) and melt that are input into the
Sacramento-soil moisture accounting model (SAC-SMA) to estimate upper soil moisture (soil water deficit). SNOW-17 uses air
temperature as an index to determine energy exchange across the snow-air interface. In addition to temperature, the only other
input variable needed to run the model is precipitation. Air temperature is also used to estimate snowmelt. SWE is referred

to as the depth of water produced if a snow cover is completely melted on a horizontal surface. The SWE product generated

by FFGS is a direct output of the SNOW-17 accumulation and ablation model. Melt is the estimate of ablation due to melt
processes and is the direct output of the SNOW-17 model (WMO, 1999).
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Health impacts from floods: Floods are one of the most common hazards. The effects of flooding on health are extensive and
significant, ranging from mortality and injuries resulting from trauma and drowning, to infectious diseases and mental health
problems (acute and long-term). While some of these outcomes are relatively easy to track, ascertaining the human impact of
floods is still weak. For example, it has been reported that two-thirds of deaths associated with flooding are from drowning,
with the other third from physical trauma, heart attacks, electrocution, carbon monoxide poisoning and fire. Often, only immedi-
ate traumatic deaths from flooding are recorded (WHO, 2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases as well as affecting proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of communicable diseases (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,
destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

NOAA, no date. Snowmelt flooding. National Weather Service Training Portal, National Oceanic and Atmospheric Administra-
tion (NOAA). https://training.weather.gov/nwstc/Hydrology/flooding_factsheet.pdf Accessed 17 April 2020.

USGS, no date. Snowmelt Runoff and the Water Cycle. United States Geological Survey (USGS). www.usgs.gov/special-topic/
water-science-school/science/snowmelt-runoff-and-water-cycle?qt-science_center_objects=0#qt-science_center_objects
Accessed 17 April 2020.

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. World Health Organization (WHO),
Regional Office for Europe. https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

WMO, no date. South East Europe Flash Flood Guidance System Forecaster Guide (EEFFGS). World Meteorological Organiza-
tion (WMO). www.wmo.int/pages/prog/hwrp/flood/ffgs/documents/SEEFFGS_Forecaster_Guide-Final_ES_TM-AS-PM.pdf
Accessed 17 April 2020.

WMO, 1999. Snow accumulation and ablation model (NWSRFS-SNOW-17). World Meteorological Organization (WMO). www.
wmo.int/pages/prog/hwrp/homs/Components/English/j04303.htm Accessed 17 April 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0012/ METEOROLOGICAL AND HYDROLOGICAL / Flood

Surface Water Flooding

Definition
Surface water flooding is that part of the rain which remains on the

ground surface during rain and either runs off or infiltrates after the rain
ends, not including depression storage (WMO, 2012).

Reference

WMO, 2012. Definition number 1465. International Glossary of Hydrology. WMO-No. 385. World
Meteorological Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/international_
glossary/385_IGH_2012.pdf Accessed 17 April 2020.

Annotations

Synonyms
Surface detention, Depression storage, Surface retention.

Additional scientific description

Surface water flooding is caused when the volume of rainwater falling does not drain away through the existing drainage
systems or soak into the ground but lies on or flows over the ground instead. This type of flooding is usually short-lived and
associated with heavy downpours of rain, thunderstorms etc. (NFU, 2019). The UK Government provides a real time flood
information service which is easily accessible (UK Government, no date).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Floods tend to be caused by a number of natural events such as rain from slow moving or stationary low-pressure areas, thun-
derstorms, and tropical cyclones. The amount and duration of the rainfall, soil type and saturation, geography and whether it is
an urban area can affect the magnitude and impacts of the flooding. Flooding can occur at the place of a heavy rain event or far
downstream away from the causal rain event. Flooding can also be caused by other factors such as storm surge, tsunamis, ice
jam, glacial lake outburst, as well as being human influenced such as dam burst, improper land use planning, etc. (Geoscience
Australia, no date).

Floods are one of the most common hazards. The effects of flooding on health are extensive and significant, ranging from
mortality and injuries resulting from trauma and drowning to infectious diseases and mental health problems (acute and long-
term). While some of these outcomes are relatively easy to track, ascertaining the human impact of floods is still weak. For
example, it has been reported that two-thirds of deaths associated with flooding are from drowning, with the other third from
physical trauma, heart attacks, electrocution, carbon monoxide poisoning and fire. Often, only immediate traumatic deaths
from flooding are recorded (WHO, 2013).
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Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases as well as affecting proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,
destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

Geoscience Australia, no date. Flood. www.ga.gov.au/scientific-topics/community-safety/flood#:~:text=In%20coastal %20
areas%2C%20water%20inundation%20can%20be%20caused,Other%20factors%20which%20can%20contribute%20to%20flood-
ing%20include%3A Accessed 23 March 2021.

NFU, 2019. Environment Agency (EA) maps show risk from surface water flooding. National Farmers Union (NFU). www.
nfuonline.com/cross-sector/environment/water/flooding/ea-maps-show-risk-from-surface-water-flooding Accessed 2 October
2020.

UK Government, no date. Flood information service. https://flood-warning-information.service.gov.uk/warnings Accessed 2
October 2020.

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. World Health Organization (WHO),
Regional Office for Europe. https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MH0013/ METEOROLOGICAL AND HYDROLOGICAL / Flood

Glacial Lake Outburst Flood

Definition
A ‘glacial lake outburst flood' is a phrase used to describe a sudden

release of a significant amount of water retained in a glacial lake,
irrespective of the cause (Emmer, 2017).

References

Emmer, A, 2017. Glacier Retreat and Glacial Lake Outburst Floods (GLOFs). https://oxfordre.com/
naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-
e-275?print=pdf#page=1 Accessed 7 October 2020.

Annotations

Synonyms
GLOF.

Additional scientific description

The term glacial lake outburst flood (GLOF) is used here to refer to the catastrophic release of a water reservoir that has formed
either at the side, in front, within, beneath or on the surface of a glacier. Dam structures that impound the water reservoir may
be composed primarily of glacial ice, morainic debris, or bedrock (GAPHAZ, 2017).

GLOFs are characterised by extreme peak discharges, often several times in excess of the maximum discharges of hydromete-
orological induced floods, with an exceptional erosion/transport potential. They can therefore turn into flow-type movements,
such as GLOF-induced debris flow (Emmer, 2017; UN-SPIDER, no date).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Drivers: Key overarching determinants of GLOF susceptibility and the resulting event magnitude are the size of the glacier

lake, the outburst mechanism (and related hydrograph), and the characteristics of the downstream torrent (determined by
channel inclination and debris availability). Ice-dammed lakes can develop at the margin of an advancing (or surging) glacier,
when side-valleys or depressions at the side of the glacier become truncated and blocked. Many such lakes formed in high
mountain regions during the Last Glacial Maximum and more recently during and following the Little Ice Age. Over time, as the
glaciers retreat, the support of the ice dam is removed and the lake may drain catastrophically or remain trapped behind lateral
moraines of the former glacier (GAPHAZ, 2017; UN-SPIDER, no date).

Susceptibility and control measures: Various schemes have been proposed for assessing the susceptibility of glacial lakes to
an outburst flood, mostly drawing on remotely sensed information to characterise semi-quantitatively the cryospheric environ-
ment, lake and dam area, and other geotechnical and geomorphic characteristics of the upstream catchment area of the lake.
The potential for unstable rock and/or ice to impact into a lake can be determined using worst-case runout distances. Assess-
ment approaches have mostly been developed and tailored towards regional implementation, especially for moraine dammed
lakes, for which McKillop and Clague (2007) gave a comprehensive overview of many of the relevant susceptibility factors that
may condition or trigger an outburst event (GAPHAZ, 2017).
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Health impacts: The effects of flooding on health are extensive and significant, ranging from mortality and injuries resulting
from trauma and drowning, to infectious diseases and mental health problems (acute and long-term). While some of these
outcomes are relatively easy to track, ascertaining the human impact of floods is still weak. For example, it has been reported
that two-thirds of deaths associated with flooding are from drowning, with the other third from physical trauma, heart attacks,
electrocution, carbon monoxide poisoning and fire. Often, only immediate traumatic deaths from flooding are recorded (WHO,
2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases as well as affecting proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,
destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

Emmer, A, 2017. Glacier Retreat and Glacial Lake Outburst Floods (GLOFs). https://oxfordre.com/naturalhazardscience/
view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-275?print=pdf#page=1 Accessed 7 October
2020.

GAPHAZ, 2017. Assessment of Glacier and Permafrost Hazards in Mountain Regions: Technical Guidance Document. Standing
Group on Glacier and Permafrost Hazards in Mountains (GAPHAZ). www.gaphaz.org/files/Assessment_Glacier_Perma-
frost_Hazards_Mountain_Regions.pdf Accessed 20 November 2019.

McKillop, R.J. and J.J. Clague, 2007. Statistical, remote sensing-based approach for estimating the probability of catastrophic
drainage from moraine-dammed lakes in southwestern British Columbia. Global and Planetary Change, 56:153-171.

UN-SPIDER, no date. Knowledge Portal: Glacial Lake Outburst. United Nations Platform for Space-based Information for
Disaster Management and Emergency Response (UN-SPIDER). www.un-spider.org/disaster-type/glacial-lake-outburst Ac-
cessed 7 October 2020.

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. World Health Organization (WHO),
Regional Office for Europe. https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MH0014/ METEOROLOGICAL AND HYDROLOGICAL / Lithometeors

Black Carbon (Brown Clouds)

Definition

Black carbon refers to the absorbing components of soot, often defined
using elemental carbon and some condensed organics. Black carbon

is an important part of the combustion product commonly referred to
as soot. Black carbon in indoor environments is largely due to cooking
with biofuels such as wood, dung and crop residue. Outdoors, it is

due to fossil fuel combustion (diesel and coal), open biomass burning
(associated with deforestation and crop residue burning), and cooking
with biofuels (Ramanathan and Carmichael, 2008).

Reference

Ramanathan, V. and G. Carmichael, 2008. Global and regional climate changes due to black carbon.
Nature Geoscience, 1:221-227.

Annotations

Synonyms
Soot, Brown clouds.

Additional scientific description

Black carbon is the sooty black material emitted from gas and diesel engines, coal-fired power plants, and other sources that
burn fossil fuel. It comprises a significant proportion of atmospheric particulate matter or PM, which is an air pollutant (US
EPA, 2019).

Elevated black carbon concentrations in areas with high solar radiation are a major contributor to the so-called ‘brown clouds’
covering large regions, for instance in Asia. Brown clouds have led to dimming of the Earth'’s surface, warming of the atmos-
phere and perturbation of the hydrological cycle, possibly affecting the monsoon (WMO, 2009).

Black carbon is the product of incomplete combustion of fuels and can be analysed by means of different methodologies.
When its light-absorbing properties are measured, soot is referred to as black carbon. When its concentration is measured by
thermal-optical techniques, soot is known as elemental carbon (Popovicheva et al., 2010).

Despite intensive efforts in recent decades, no widely accepted standard measurement method exists for determining black
carbon or light-absorbing carbon. Real-time black carbon measurements can be performed using optical methods, which
measure the absorption of light through a filter collecting airborne particles (Ahmed et al., 2010).

Metrics and numeric limits

Not identified

Key relevant UN convention / multilateral treaty

UNECE Convention on Long-range Transboundary Air Pollution (CLRTAP): Since 1979 the Convention on Long-range Trans-
boundary Air Pollution has addressed some of the major environmental problems of the United Nations Economic Commission
for Europe (UNECE) region through scientific collaboration and policy negotiation (UNECE, 1979). The Convention has been
extended by eight protocols that identify specific measures to be taken by Parties to cut their emissions of air pollutants. The
Convention, which now has 51 Parties identifies the Executive Secretary of UNECE as its secretariat.
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Partnership for Clean Indoor Air (PCIA): The Partnership for Clean Indoor Air is bringing together governments, industry

and non-governmental organisations to increase the use of affordable, reliable, clean, efficient, and safe home cooking and
heating practices (United Nations, no date). More than 147 Partner organisations are contributing resources and expertise to
improve health, livelihoods and quality of life by reducing exposure to air pollution, primarily among women and children, from
household energy use. The PCIA is focusing on four priority areas: addressing social/cultural barriers to adopting improved
technology; supporting the development of local business models and markets for improved cooking and heating techniques;
improving the design and performance of improved fuels and technology; and demonstrating reduced exposure to indoor air
contaminants.

Global Alliance for Clean Cook stoves (GACC): The Clean Cooking Alliance works with a global network of partners to build

an inclusive industry that makes clean cooking accessible to the three billion people who live each day without it (CCA, 2015).
Established in 2010, the Alliance is driving consumer demand, mobilising investment to build a pipeline of scalable businesses,
and fostering an enabling environment that allows the sector to thrive. Clean cooking transforms lives by improving health,
protecting the climate and environment, empowering women, and helping consumers save time and money.

Examples of drivers, outcomes and risk management

Drivers: Black carbon is formed by the incomplete combustion of fossil fuels, biomass and biofuels. Sources include: mobile
sources, particularly dieseldriven road vehicles, nonroad mobile machinery and ships; residential heating in combustion facili-
ties, particularly burning of biomass such as fossil fuel coal and wood; and open biomass burning, forest fires and agricultural
waste burning (EEA, 2013).

Black carbon is a major contributor to the fine particulate (PM2.5) burden in the air. It is small enough to be easily inhaled

into the lungs and has been associated with adverse health effects. The Near-Road Exposures to Urban Air Pollutants Study
(NEXUS), evaluated that peat-burning wildfires release enormous amounts of particulate matter, including black carbon, which
has been linked to increased risk of heart failure and respiratory hospital visits (US EPA, 2019).

Air quality monitoring networks: the status of black carbon monitoring in Europe has been reported by the European Environ-
ment Agency (EEA, 2013).

Control measures: recommended measures include requiring regular vehicle emissions tests, retirement, or retrofitting;
banning or regulating slash-andburn clearing of forests and burning of agricultural waste; requiring shore-basedelectrification/
power of ships, regulating idling at terminals, and mandating fuel standards for ships seeking to dock; banning or regulating
the sale of certain fuels and/or requiring the use of cleaner fuels; requiring permits to operate industrial, power generating, and
oil refining facilities, and periodic permit renewal and/or modification of equipment; and requiring filtering technology and high
temperaturecombustion for existing power generation plants (EEA, 2013).

References

Ahmed, T., V. Dutkiewicz, A. Shareef, G. Tuncel, S. Tuncel and L. Husain, 2010. Measurement of black carbon (BC) by an optical
method and a thermal-optical method: Intercomparison for four sites. Atmospheric Environment, 44:6305-6311.

CCA, 2015. Five Years of Impact: 2010-2015. Clean Cooking Alliance (CCA). www.cleancookingalliance.org/resources/reports/
fiveyears.html Accessed 1 November 2020.

EEA, 2013. Status of Black Carbon Monitoring in Ambient Air in Europe. EEA Technical Report, No. 18/2013. European Environ-
ment Agency (EEA). www.eea.europa.eu/publications/status-of-black-carbon-monitoring Accessed 18 November 2019.

Popovicheva, 0., D. Baumgardner, R. Subramanian, G. Kok, R. Cary, E. Vlasenko, T. Khokhlova, N. Sonija and E. Kireeva,
2010. Tailored Graphitized Soot as Reference Material for EC/OC Measurement Validation. https://amt.copernicus.org/arti-
cles/4/923/2011/amt-4-923-2011.pdf Accessed 14 April 2021.

UNECE, 1979. Convention on Long-range Transboundary Air Pollution (CLRTAP). United Nations Economic Commission for
Europe (UNECE). https://unece.org/fileadmin//DAM///env/Irtap/ExecutiveBody/2004_Irtap_eng.pdf

United Nations, no date. Partnership for Clean Indoor Air (PCIA). https://sustainabledevelopment.un.org/partnership/?p=1598
Accessed 1 November 2020.

US EPA, 2019. Black Carbon Research. United States Environmental Protection Agency (US EPA).
https://19january2017snapshot.epa.gov/air-research/black-carbon-research_.html

WMO, 2009. The Carbonaceous Aerosol: A Remaining Challenge. WMO Bulletin, 58 (1). World Meteorological Organization
(WMO). https://public.wmo.int/en/bulletin/carbonaceous-aerosol%E2%80%94-remaining-challenge Accessed 18 November
2019.
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Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0015/ METEOROLOGICAL AND HYDROLOGICAL / Lithometeors

Dust storm or Sandstorm

Definition

A dust storm is an ensemble of particles of dust or sand energetically
lifted to great heights by a strong and turbulent wind (WMO, 2017).

Reference

WMO, 2017. Dust Storm or Sandstorm. International Cloud Atlas, World Meteorological
Organization (WMO). https://cloudatlas.wmo.int/dust-storm-or-sandstorm.html Accessed 19
November 2019.

Annotations

Synonyms
Not available.

Additional scientific description

Dust storms or sandstorms generally occur in areas where the ground is covered with loose dust or sand. Sometimes, after
having travelled great distances, they may be observed over areas where no dust or sand covers the ground. The forward
portion of a dust storm or sandstorm may have the appearance of a wide and high wall that advances fairly rapidly. Walls of
dust or sand often accompany a cumulonimbus that may be hidden by the dust or sand particles. They may also occur without
any clouds along the forward edge of an advancing cold air mass (WMO, 2017).

Metrics and numeric limits

Emissions of sand and dust particles in the air typically have a wind threshold value ranging from about 4 m/s in desert areas
to close to 10 m/s in semi-arid regions. As a first approximation, and being fully aware that visibility in sandstorms and dust
storms may be influenced by the optical characteristics of the aerosols (chemical composition, particle size spectra) and
lighting conditions (solar azimuth, background luminance, presence of medium or high cloud), the following thresholds, which
are familiar to human observers and automated systems alike, are recommended (ICAO, 2009):

VIS <3000 m visibility and gusts of >=20 kt ‘light’ sandstorm or dust storm
VIS <1500 m visibility and gusts of >=30 kt ‘moderate’ sandstorm or dust storm
VIS <500 m and gusts of >= 40 kt ‘heavy’ sandstorm or dust storm

Key relevant UN convention/multilateral treaty

The UN Sand and Dust Storm (SDS) Coalition includes the World Meteorological Organization, United Nations Convention to
Combat Desertification, United Nations Development Programme, United Nations Environment Programme, Food and Agricul-
ture Organization, World Health Organization, World Bank, etc. and was launched at the United Nations Convention to Combat
Desertification (UNCCD) Conference of the Parties on 6 September 2019 (United Nations, 2019).
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Examples of drivers, outcomes and risk management

Sand and dust storms are a meteorological hazard, which is related to the process of wind erosion of surface soil and the
mineral dust aerosol emission to the atmosphere. They are frequent in northern Africa, the Middle East and Europe, the Arabian
Peninsula, Central Asia, northern India, north-western China, southern Mongolia and adjacent Asian countries. In desert regions
of Australia and the USA they can seriously threaten human health, agriculture, aviation, ground transportation, the solar energy
industry, air quality, infrastructure and industry, as well as aquatic and terrestrial ecological systems. Dust aerosol can carry
irritating spores, bacteria, viruses and persistent organic pollutants. Sand and dust storms also transport nutrients to the
oceans and affect marine biomass production, which in turn influences greenhouse gas emissions in the marine environment
(WMO, 2019).

The World Meteorological Organization Sand and Dust Storm Warning Advisory and Assessment System (SDS-WAS) enhances
the ability of countries to deliver timely, quality sand and dust storm forecasts, observations, information and knowledge to
users through an international partnership of research and operational communities. It operates through the Global SDS-WAS
Steering Committee and three regional nodes: for (i) Northern Africa, Middle East and Europe, (ii) Asia, and (iii) the Americas
(Baklanov, 2018).

In terms of health impacts from dust storms and sandstorms, the UNCCD recognizes that sand and dust storms cause numer-
ous human health problems in different regions around the world, especially in arid and semi-arid regions, and that there is

a need to reinforce protective strategies to reduce the negative impacts of sand and dust storms on human health (United
Nations, 2019).

Examples of national guidance on the health impacts from dust storms and sandstorms include (i) a fact sheet provided by the
Australian Government on the health impacts of dust storms where exposure can produce common symptoms that include
Itchy or burning eyes; throat irritation; skin irritation; coughing or sneezing; and/or respiratory or breathing difficulties, including
asthma attacks (Australian Capital Territory, 2018) and (ii) a guidance sheet on acute exposure and threats to respiratory health
prepared by the American Thoracic Society (2018).

References

American Thoracic Society, 2018. Sand and Dust Storms: Acute Exposure and Threats to Respiratory Health. Patient Educa-
tion: Rapid Response Series www.thoracic.org/patients/patient-resources/resources/sand-and-dust-storms.pdf Accessed 12
October 2020.

Australian Capital Territory, 2018. Dust Storms: Health Impacts. www.health.act.gov.au/sites/default/files/2018-
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Irtap_eng.pdf www.unescwa.org/sites/www.unescwa.org/files/events/files/01.1._was_overview_presentation_-_abaklanov.
pdf#:~:text=Global%20coordination%20The%20SDS-WAS%20activities%20at%20the%20global,jointly%20by%20the%20
WMO%20World%20Weather%20Research%20Programme Accessed 23 March 2021.
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Meeting%2520MetaData/METWSG.2.SN.005.5.en.doc+&cd=1&hl=en&ct=cInk&gl=ch Accessed 19 November 2019.

United Nations, 2019. Combating sand and dust storms, 2019. Resolution adopted by the General Assembly on 19 December
2019. A/RES/74/226. https://undocs.org/en/A/RES/74/226 Accessed 12 October 2020.
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Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMHo016 / METEOROLOGICAL AND HYDROLOGICAL / Lithometeors

Fog

Definition

Fog is a suspension of very small, usually microscopic water droplets in
the air, reducing visibility at the Earth’s surface (WMO, 2017).

Reference

WMO, 2017. Fog. International Cloud Atlas: World Meteorological Organization (WMO). https://
cloudatlas.wmo.int/fog.html Accessed 20 November 2019.

Annotations

Synonyms
Not identified.

Additional scientific description

Under light wind, stable and humid conditions, if the air near the ground cools sufficiently, water vapour in the air may condense
into tiny water droplets. These droplets reduce the visibility near ground level. This phenomenon is called fog (Hong Kong
Observatory, 2019).

Fog differs from cloud only in that its base is at the Earth’s surface while the cloud base is above the Earth’s surface. When
composed of ice crystals, it is termed ice fog (WMO, 2017). Visibility reduction in fog depends on the concentration of cloud
condensation nuclei and the resulting distribution of droplet sizes. According to American Meteorological Society (AMS)
weather observing practice, fog that hides less than 0.6 of the sky is called ground fog. If fog is so shallow that it is not an
obstruction to vision at a height of 6 feet above the surface, it is called simply shallow fog (AMS, 2012).

Fog is easily distinguished from haze by its higher relative humidity (near 100%, having physiologically appreciable dampness)
and grey colour. Haze does not contain activated droplets larger than the critical size according to Kéhler theory (AMS, 2012).

Mist may be considered an intermediate between fog and haze; its particles are smaller (a few microns maximum), it has lower
relative humidity than fog, and does not obstruct visibility to the same extent (AMS, 2012).

There is no distinct line, however, between any of these categories. Near industrial areas, fog is often mixed with smoke, and
this combination has been known as smog. However, fog droplets are usually absent in photochemical smog, which only
contains inactivated haze droplets (AMS, 2012).

In aviation weather observations fog is encoded F, and ground fog GF (AMS, 2012).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

Fogs of all type originate when the temperature and dew point of the air become identical (or nearly so). This may occur
through cooling of the air to a little beyond its dew point (producing advection fog, radiation fog or upslope fog), or by adding
moisture and thereby elevating the dew point (producing steam fog or frontal fog). Fog seldom forms when the dew point
spread is greater than 4°F (AMS, 2012).
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Fog is defined as ‘obscurity in the surface layers of the atmosphere, which is caused by a suspension of water droplets’. By
international agreement (particularly for aviation purposes) fog is the name given to resulting visibility of less than 1 km (0.6
mile), however in forecasts for the public this generally refers to visibility of less than 180 m (0.1 mile) (UK Met Office, 2019).

In terms of national alerting parameters, examples include alerting parameters for issuing a fog advisory in Canada (Govern-
ment of Canada, 2019) and alerting parameters for a heavy fog warning in China (China Meteorological Administration, 2012).

References

AMS, 2012. Fog. Glossary of Meteorology. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/Fog
Accessed 20 November 2019.

China Meteorological Administration, 2012. Weather Warnings: Heavy Fog. www.cma.gov.cn/en/WeatherWarnings/Warning-
Signals/201203/120120320_166765.htm| Accessed 20 November 2019.

Government of Canada, 2019. Alerting parameters Environment Canada uses for issuing a Fog Advisory. www.canada.ca/en/

environment-climate-change/services/types-weather-forecasts-use/public/criteria-alerts.html#fog Accessed 20 November
2019.

Hong Kong Observatory, 2019. Fog Explained. https://www.hko.gov.hk/en/education/weather/visibility/00090-fog-explained.
html Accessed on 20 November 2019.

UK Met Office, 2019. What is the difference between mist, fog and haze? www.metoffice.gov.uk/weather/learn-about/weather/
types-of-weather/fog/difference-mist-and-fog Accessed 20 November 2019.

WMO (2017). Ice Fog. Accessible at: https://cloudatlas.wmo.int/en/ice-fog.html. Accessed on 23 March 2021.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0017/ METEOROLOGICAL AND HYDROLOGICAL / Lithometeors

Haze

Definition

Haze is a suspension in the air of extremely small, dry particles invisible
to the naked eye and sufficiently numerous to give the air an opalescent
appearance (WMO, 2017).

Reference

WMO, 2017. Haze. International Cloud Atlas, World Meteorological Organization (WMO). https://
cloudatlas.wmo.int/haze.html Accessed 13 October 2020.

Annotations

Synonyms
Not available.

Additional scientific description

As light is scattered by haze particles, distant bright objects or lights seen through the haze appear yellowish or reddish, while
dark objects appear bluish. Haze particles may have a colour of their own that also contributes to this effect (WMO, 2017).

In addition, haze has been described as particles suspended in air, reducing visibility by scattering light; often a mixture of
aerosols and photochemical smog (AMS, 2012).

Some specific types of haze include:

+ Dust haze: A suspension in the air of dust or small sand particles, raised from the ground prior to the time of observation by a
dust storm or sandstorm. The dust storm or sandstorm may have occurred either at or near the observation site or far from it
(WMOQ, 2017).

+ Sand haze: Haze caused by the suspension in the atmosphere of small sand or dust particles, raised from the ground prior to
the time of observation by a sandstorm or dust storm (WMO, 1992).

Many aerosols increase in size with increasing relative humidity due to deliquescence, drastically decreasing visibility. On
Kohler curve plots of saturation relative humidity versus aerosol particle radius, equilibrium haze particles are to the left of the
peak, while growing cloud droplets are to the right (AMS, 2012).

Many haze formations are caused by the presence of an abundance of condensation nuclei which may grow in size, due to a
variety of causes, and become mist, fog, or cloud. Distinction is sometimes drawn between dry haze and damp haze, largely on
the basis of differences in optical effects produced by the smaller particles (dry haze) and larger particles (damp haze), which
develop from slow condensation upon the hygroscopichaze particles (AMS, 2012).

Dry haze particles, with diameters of the order of 0.1 micron, are small enough to scatter shorter wavelengths of light prefer-
entially (although not according to the inverse fourth-power law of Rayleigh scattering). Such haze particles produce a bluish
colour when the haze is viewed against a dark background, for dispersion allows only the slightly bluish scattered light to reach
the eye. The same type of haze, when viewed against a light background, appears as a yellowish veil, for here the principal
effect is the removal of the bluer components from the light originating in the distant light-coloured background (AMS, 2012).

Haze may be distinguished by this same effect from mist, which yields only a grey obscuration, since the particle sizes are too
large to yield appreciable differential scattering of various wavelengths (AMS, 2012).

Metrics and numeric limits

Not identified.
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Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

In meteorology, haze is caused by suspended dry solid particles in the air such as dust or salt. Haze is an atmospheric phenom-
enon in meteorological observation and the particles of which it is formed are termed lithometeors. It can obscure vision and
directly influence horizontal visibility (AMS, 2012).

In terms of national alerting parameters, one example is the alerting parameters for sandstorm warning in China (China

Meteorological Administration, 2012).

References

AMS, 2012. Haze. Glossary of Meteorology, American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/Haze
Accessed 22 November 2019.

China Meteorological Administration, 2012. Weather Warnings: Gale. www.cma.gov.cn/en/WeatherWarnings/WarningSig-
nals/201203/t20120320_166873.htm| Accessed 22 November 2019.

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological Organization (WMO). https://library.
wmo.int/doc_num.php?explnum_id=4712 Accessed 27 November 2019.

WMO, 2017. Haze. International Cloud Atlas, World Meteorological Organization (WMO). https://cloudatlas.wmo.int/haze.html
Accessed 13 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMHo018/ METEOROLOGICAL AND HYDROLOGICAL / Lithometeors

Polluted Air

Definition

Polluted air is air containing dust, smoke, micro-organisms or gases
different from those from which it would normally be composed (WMO,
1992).

Alternative definition: Polluted air is air which contains gases and
particles emitted to the atmosphere by a variety of human activities and
natural sources, or formed in the atmosphere, that at critical levels have
harmful effects on human health, animals, plants and ecosystems, or
reduce visibility and corrode materials, buildings and cultural heritage
sites (UNEP, no date).

Reference

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182.
World Meteorological Organization (WMO). https://library.wmo.int/
doc_num.php?explnum_id=4712 Accessed 26 November 2019.

UNEP, no date. Frequently Asked Questions on Air Pollution. International
Day for Clean Air for blue skies, United Nations Environment Programme
(UNEP). www.cleanairblueskies.org/did-you-know/frequently-asked-
questions-air-pollution Accessed 11 November 2020.

Annotations

Synonyms
Not identified.

Additional scientific description

Air pollution is caused by gases and particles emitted to the atmosphere by a variety of human activities, such as the inefficient
combustion of fuels, agriculture, and farming. There are also natural sources contributing to air pollution, including particles of
soil dust and salt in sea spray (UNEP, no date).

Air pollutants can be emitted directly from a source (i.e., primary pollutants) or can form from chemical reactions in the
atmosphere (i.e., secondary pollutants). When concentrations of these substances reach critical levels in the air, they harm
humans, animals, plants and ecosystems, and reduce visibility and corrode materials, buildings and cultural heritage sites
(UNEP, no date).
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The main atmospheric pollutants affecting human health are particulate matter, ground-level ozone (03) and nitrogen dioxide
(NO2) (US EPA, 2020a,b,c). The fine particles that damage human health are known as PM2.5 (particles with a diameter of less
than 2.5 micrometres), which can penetrate deep into the lungs and pass into the bloodstream, affecting different organs and
bodily functions. These particles can either be emitted directly or formed in the atmosphere from several different emitted
pollutants (e.g., ammonia [NH3] and volatile organic compounds [VOCs]) (Air Pollution Information System, 2016; US EPA,
2020d; UNEP, no date).

Ground-level ozone is an important secondary pollutant. It is a potent lung irritant and stunts growth in plants. It also oxidises
surfaces with which it comes into contact, degrading the materials from which they are made. Ozone is also a powerful
greenhouse gas. Tropospheric ozone is different to ozone in the upper atmosphere (stratosphere), which protects us from
ultraviolet light from the sun (UNEP, no date).

Nitrogen oxides (NOx) are a group of air pollutants, comprising nitrogen dioxide (NO2) and nitrogen monoxide (NO). Nitrogen
dioxide is the most harmful of these compounds and is generated from human-driven activities. It impacts human health,
reduces atmospheric visibility, and can play a significant role in climate change, at high concentrations. It is also a critical
precursor to the formation of ground-level ozone (UNEP, no date).

Particulate matter (both the aerosol that is directly emitted to the atmosphere and the secondary aerosol that is formed in
the atmosphere) has a wide range of negative impacts, which depend on the chemical composition of the particles (UNEP, no
date). Black carbon, which is a carbon particle produced as a result of partial combustion of hydrocarbons that contributes to
air pollution, has strong negative impacts on health and contributes to climate warming (No More Planet, 2021). Aerosol has
negative impacts on biodiversity in terrestrial ecosystems (especially sulphur- and nitrogen-containing aerosol), and in high
concentrations impacts visibility and has a soiling effects on surfaces (UNEP, no date).

Metrics and numeric limits

While all individuals experience different levels of health impacts from air pollution, across large city or country populations,
there is no evidence of a completely safe level of air pollution, especially in the case of particulate matter. However, to help
guide countries to achieve cleaner air for health, the World Health Organization (WHO) has set normative guideline values for
all major air pollutants, above which, negative impacts on population health are likely (WHO, 2005). For example, the WHO
estimates that reducing annual average fine particulate matter (PM2.5) concentrations from levels of 35 pg/m3 (an interim air
quality guideline commonly used in many developing country cities), to the WHO guideline level of 10 pg/m3, could reduce air
pollution related deaths by around 15%. This does not mean that there are no health effects below those guidelines, but that
they represent health-based targets useful for tracking the burden of disease from air pollution, informing national level targets
and standards, and monitoring the effectiveness of air quality management efforts designed to improve health (WHO, 2005).

There are currently no set International standards for the other impacts of air pollution.

The impact of air pollution on climate is defined through the global warming potential, such as used in the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change (IPCC, 2014).

Key relevant UN convention/multilateral treaty

United Nations Economic Commission for Europe (UNECE) Convention on Long-range Transboundary Air Pollution (UNECE, no
date).

Climate and Clean Air Coalition (Climate and Clean Air Coalition, no date).

Examples of drivers, outcomes and risk management

The key message is that air pollution is now the greatest environmental threat to health and ecosystems, but it is preventable.
The World Meteorological Organization (WMO) reports that there are solutions and technology for mitigating air pollution.
Improving air quality requires all stakeholders on board, from individuals to private companies to governments. Air pollution
contributes to heart disease, stroke, lung cancer and other respiratory diseases. It is estimated to be responsible for 7 million
premature deaths per year, predominantly in low- and middle-income countries. Air pollution also threatens the economy, food
security and the environment (WMO, 2020).

The WMO works toward enhanced availability and quality of observations of several important air pollutants such as black
carbon, tropospheric ozone, and atmospheric dust through the Global Atmosphere Watch programme (WMO, 2021a) to support
evidence-based policy on the environment (WMO, 2021b). Members are working on the development of forecasting systems
that will help reduce acute air pollution episodes (WMO, 2020).

The WMO also leads global research and strengthens scientific knowledge on connections between air quality and climate and
is developing the science-based tools to support policy-making on air pollution and climate change mitigation (WMO, 2020).
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The WMO Global Atmosphere Watch initiated the Global Air Quality Forecasting and Information System (GAFIS) initiative,
which builds a platform for providers and users of air quality forecast and information systems (WMO, 2021c). It will enable
access to, and use of, air quality prediction and analysis products at various temporal and spatial scales by a multiplicity of
communities and stakeholders interested in air quality (WMO, 2020).

References

Air Pollution Information System, 2016. Ammonia. www.apis.ac.uk/overview/pollutants/overview_nh3.htm Accessed 23 March
2021.
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IPCC, 2014. AR5 Synthesis Report: Climate Change 2014. Intergovernmental Panel on Climate Change (IPCC). www.ipcc.ch/
assessment-report/ar5 Accessed 23 March 2021.

No More Planet, 2021. Black Carbon: A Deadly Air Pollutant. https://nomoreplanet.com/black-carbon Accessed 23 March 2021.
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Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0019/ METEOROLOGICAL AND HYDROLOGICAL / Lithometeors

Sand haze

Definition
Sand haze is haze caused by the suspension in the atmosphere of

small sand or dust particles, raised from the ground prior to the time of
observation by a sandstorm or dust storm (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary, WMO-No. 182. World Meteorological
Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 13 October
2020.

Annotations

Synonyms
Dust haze.

Additional scientific description

Sand haze is reduced visibility in the atmospheric boundary layer which is caused by suspended particles of soil, mixed into
the air during strong winds. It is particularly prevalent in desert regions where there is little moisture and few plants to hold the
sand grains to the surface (AMS, 2012).

After a sandstorm the larger sand grains fall out of the air quickly, leaving a sand haze of medium-sized particles (1-100 pm
diameter, including silt and fine sand) and small particles (< 1 um diameter, including clay particles) (AMS, 2012).

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

Sand haze can be considered as one of many causes of air pollution. Air pollution is a major environmental risk to health. By
reducing air pollution levels, countries can reduce the burden of disease from stroke, heart disease, lung cancer, and both
chronic and acute respiratory diseases, including asthma. The lower the levels of air pollution, the better the cardiovascular and
respiratory health of the population, both long- and short-term. The World Health Organization has published an assessment of
health effects of air pollution and thresholds for health-harmful pollution levels (WHO, 2018).

Sand haze contains particulate matter, which is a common proxy for air pollution. The major components of atmospheric
particulates are sulphates, nitrates, ammonia, sodium chloride, black carbon, mineral dust and water. It consists of a complex
mixture of solid and liquid particles of organic and inorganic substances suspended in the air. While particles with a diameter
of 10 microns or less (= PM10) can penetrate and lodge deep inside the lungs, the even more health-damaging particles are
those with a diameter of 2.5 microns or less (s PM2.5). The latter can penetrate the lung barrier and enter the blood system.
Chronic exposure to particles contributes to the risk of developing cardiovascular and respiratory diseases, as well as lung
cancer (WHO, 2018).

Small particulate pollution has health impacts even at very low concentrations — and no threshold has been identified below
which no damage to health is observed. Therefore, the WHO 2005 guideline limits aim to achieve the lowest concentrations of
particulate matter possible (WHO, 2018).
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Coordinating agency or organisation
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mMH0020 / METEOROLOGICAL AND HYDROLOGICAL / Lithometeors

Smoke

Definition

Smoke is a suspension in the air of small particles produced by
combustion (WMO, 2017).

Reference

WMO, 2017. Smoke. International Cloud Atlas, World Meteorological Organization (WMO). https://
cloudatlas.wmo.int/smoke.html Accessed 13 October 2020.

Annotations

Synonyms
Not relevant

Additional scientific description

This lithometeor may be present either near the Earth’s surface or in the free atmosphere. Viewed through smoke, the Sun
appears very red at sunrise and sunset, and shows an orange tinge when high in the sky. Smoke from relatively near cities may
be brown, dark grey or black. Smoke in extensive layers originating from fairly near forest fires, scatters the sunlight and gives
the sky a greenish-yellow hue. Evenly distributed smoke from very distant sources generally has a light greyish or bluish hue.
When smoke is present in large quantities, it may be distinguished by its smell (WMO, 2017).

When the lithometeor ‘smoke’ is present in the free atmosphere, it is typically distinguished from clouds of smoke (clouds from
fires or resulting from industry) by its diffuse appearance and by the absence of any discernible outlines (WMO, 2017).

Air quality is also compromised by natural contaminants such as aeroallergens (pollen, moulds), smoke from wildfires, airborne
sand and dust as well as by personal behaviour such as tobacco smoke exposure or indoor burning of solid fuels. When
inhaled, these contaminants penetrate deeply into the respiratory system and may initiate a range of damaging biological reac-
tions in the human body (WMO, 2014). As a result, air pollution is now one of the world’s greatest environmental health risks.

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

The World Meteorological Organization (WMO) has responded to urgent requests for assistance from Members in several
impacted regions by initiating a Vegetation Fire and Smoke Pollution Warning and Advisory System (VFSP-WAS) (WMO, 2019).
This provides guidance for addressing both fire and smoke hazards and proposes to support the potential foundation of
regional centres to address air quality and the impact of smoke.

The Southeast Pacific, one of the regions most affected by vegetation fires and smoke pollution, has established the first
Regional Vegetation Fire and Smoke Pollution Warning and Advisory Centre, operated by the Meteorological Service of Singa-
pore. During the wildfire season, the centre provides up-to-date and timely information for people to protect themselves (WMO,
2019).

The Southeast Pacific Centre serves as a prototype for other centres to be established around the world. The WMO encourages
all Members impacted by wildfires and related health problems to participate in this activity and provide the relevant data and
support for VFSP-WAS (WMO, 2019).
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Smoke is one of the many causes of air pollution. Air pollution is a major environmental risk to health. By reducing air pollution
levels, countries can reduce the burden of disease from stroke, heart disease, lung cancer, and both chronic and acute respira-
tory diseases, including asthma. The lower the levels of air pollution, the better the cardiovascular and respiratory health of
the population, both long- and short-term. The World Health Organization has published an assessment of health effects of air
pollution and thresholds for health-harmful pollution levels (WHO, 2018).

Smoke contains particulate matter, which is a common proxy for air pollution. The major components of atmospheric particu-
lates are sulphates, nitrates, ammonia, sodium chloride, black carbon, mineral dust and water. It consists of a complex mixture
of solid and liquid particles of organic and inorganic substances suspended in the air. While particles with a diameter of 10
microns or less (= PM10) can penetrate and lodge deep inside the lungs, the even more health-damaging particles are those
with a diameter of 2.5 microns or less (s PM2.5). The latter can penetrate the lung barrier and enter the blood system. Chronic
exposure to particles contributes to the risk of developing cardiovascular and respiratory diseases, as well as lung cancer
(WHO, 2018).

Small particulate pollution has health impacts even at very low concentrations — and no threshold has been identified below
which no damage to health is observed. Therefore, the WHO 2005 guideline limits aim to achieve the lowest concentrations of
particulate matter possible (WHO, 2018).

References

WHO, 2018. Ambient (outdoor) air pollution. World Health Organization (WHO). www.who.int/news-room/fact-sheets/detail/
ambient-(outdoor)-air-quality-and-health Accessed 13 October 2020.

WMO, 2014. Air Quality and Human Health: A Priority for Joint Action. World Meteorological Organization (WMO). https://
public.wmo.int/en/resources/bulletin/air-quality-and-human-health-priority-joint-action Accessed 13 October 2020.

WMO, 2017. Smoke. International Cloud Atlas, World Meteorological Organization (WMO). https://cloudatlas.wmo.int/smoke.
html Accessed on 26 November 2019.

WMO, 2019. Wildfires and Smoke Pollution — Warning and Advisory. https://public.wmo.int/en/resources/meteoworld/wildfires-
and-smoke-pollution-%E2%80%93-warnings-and-advisory Accessed 10 December 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0021 / METEOROLOGICAL and HYDROLOGICAL / Marine

Ocean Acidification

Definition
Ocean acidification refers to a reduction in the pH of the ocean over
an extended period, which is caused primarily by uptake of carbon

dioxide from the atmosphere and can also be caused by other chemical
additions or subtractions from the ocean (IPCC, 2011).

Reference

IPCC, 2011. IPCC Workshop on Impacts of Ocean Acidification on Marine Biology and Ecosystems.
Intergovernmental Panel on Climate Change (IPCC). https://archive.ipcc.ch/pdf/supporting-
material/IPCC_IAOMBE_WorkshopReport_Japan.pdf Accessed 1 October 2020.

Annotations

Synonyms
Not available.

Additional scientific description

The ocean absorbs around 30% of carbon dioxide (CO2) released to the atmosphere as a result of human activities. As CO2
dissolves in seawater, it alters the carbonate chemistry of the seawater, resulting in a fall in pH and accompanying declines

in dissolved carbonate ion concentration and an increase in the partial pressure of CO2 (pC02) as well as an increase in the
concentration of dissolved bicarbonate ions. The decrease in the concentration of dissolved carbonate ions lowers the satura-
tion state of biogenic forms of calcium carbonate minerals, including calcite and aragonite (IPCC, 2019; UNESCO, no date).

Metrics and numeric limits

The seawater carbon system has four measurable variables and at least two of these are needed in order to ‘constrain’ the
carbon system relative to ocean acidification: pH, pC0O2, total alkalinity (TA), and total dissolved inorganic carbon (DIC).
Temperature and salinity data are also required.

The units of these parameters are pH on total scale; pCO2 [patm]; DIC [umol/kg]; and TA [umol/kg] (10C, 2018; IPCC, 2019).

Key relevant UN convention / multilateral treaty
United Nations 2030 Agenda on Sustainable Development (UNGA, 2015).

Examples of drivers, outcomes and risk management

Ocean acidification occurs when the CO2 absorbed by the ocean reacts with seawater, resulting in a shift in the dissolved
carbonate chemistry, including increased acidity levels in the marine environment (i.e., decreased seawater pH). The observed
changes have been shown to cause a range of responses at the organism level that can affect biodiversity and ecosystem
structure. Direct consequences for marine life can propagate through the food web and affect ocean-related services and uses,
including food security in terms of fisheries and aquaculture, livelihoods, coastal protection, tourism, and cultural heritage.

For example, decreases in dissolved carbonate ion concentrations have been shown to impact the growth and larval survival of
key marine calcifying organismes, including oysters, mussels and corals. The impact on corals is likely to result in weaker reefs
making them prone to storm damage and altering the structural complexity that supports biologically diverse reef ecosystems.
Effects on growth, reproduction, and predatory avoidance have also been observed for many other marine organisms from
changes in pH and/or pCO2. Food production from marine calcifiers in both wild and aquaculture fisheries is expected to be
adversely impacted by ocean acidification, with some aquaculture facilities already implementing monitoring and adaptation
strategies.
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It may be possible to lessen the impacts of ocean acidification on ocean services through mitigation and adaptation strategies
informed by appropriate monitoring and improved understanding of natural and human-induced variability, as well as the rate of
change, combined with studies of biological impacts. Further investigation is also required as ocean acidification may act as a
stress multiplier when combined with other changes in the marine environment, including changes in temperature and oxygen
concentrations.

References

10C, 2018. Update on I0C custodianship role in relation to SDG 14 indicators. Intergovernmental Oceanographic Commission
(10C) of the United Nations Educational, Scientific and Cultural Organization. www.ioc-unesco.org/index.php?option=com_oe&t
ask=viewDocumentRecord&docID=21938 Accessed 20 December 2019.

IPCC, 2019. IPCC Special Report on the Ocean and Cryosphere in a Changing Climate. www.ipcc.ch/site/assets/uploads/
sites/3/2019/12/SROCC_FullReport_FINAL.pdf Accessed 20 December 2019.

UNESCO, no date. Ocean Acidification. United Nations Educational, Scientific and Cultural Organization (UNESCO). en.unesco.
org/ocean-acidification Accessed 20 December 2019.

UNGA, 2015. Transforming Our World: The 2030 Agenda for Sustainable Development. United Nations General Assembly
(UNGA). https://sustainabledevelopment.un.org/post2015/transformingourworld Accessed 1 October 2020.

Coordinating agency or organisation

United Nations Educational, Scientific and Cultural Organization (UNESCO) and the Intergovernmental Oceanographic Commis-
sion (10C).
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mMH0022/ METEOROLOGICAL AND HYDROLOGICAL / Marine

Rogue Wave

Definition

Rogue waves are extreme waves with overall or crest heights that are abnormally high relative to the background significant
wave height (WMO, 2018).

Reference
WMO, 2018. Guide to Wave Analysis and Forecasting, WMO No. 702. World Meteorological Organization (WMO). https://library.

wmo.int/index.php?Ivi=notice_display&id=7700#.XzPLuigzaUk Accessed 12 August 2019.
Annotation
Synonym

Freak wave, Extreme storm wave.

Additional scientific description

Rogue waves, called ‘extreme storm waves' by scientists, are those waves which are greater than twice the size of surrounding
waves. They are very unpredictable, and often come unexpectedly from directions other than those of the prevailing wind and
waves. Since these waves are uncommon, measurements and analysis of this phenomenon are extremely rare (NOAA, 2019).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Exactly how and when rogue waves form is still under investigation, but there are several known causes.

+ Constructive interference: Extreme waves often form because swells, while traveling across the ocean, do so at different
speeds and directions. As these swells pass through one another, their crests, troughs, and lengths sometimes coincide and
reinforce each other. This process can form unusually large, towering waves that quickly disappear. If the swells are travelling
in the same direction, these mountainous waves may last for several minutes before subsiding (NOAA, 2019).

*+ Focusing of wave energy: When waves formed by a storm develop in a water current against the normal wave direction, an
interaction can take place which results in a shortening of the wave frequency. This can cause the waves to dynamically join
together, forming very big rogue’ waves. Currents where these are sometimes seen include the Gulf Stream and the Agulhas
Current. Extreme waves developed in this fashion tend to be longer-lived than those formed by constructive interference
(NOAA, 2019).

A good knowledge of the extreme wave environment and related wave/structure interactions is required for the design of safe
and economic offshore structures and ships (Clauss, 2002).

References

Clauss, G.F., 2002. Dramas of the sea: episodic waves and their impact on offshore structures. Applied Ocean Research,
24:147-161.

NOAA, 2019. What is a rogue wave? National Ocean Service, National Oceanic and Atmospheric Administration (NOAA). https://
oceanservice.noaa.gov/facts/roguewaves.html Accessed 26 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0023/ METEOROLOGICAL AND HYDROLOGICAL / Marine

Sea Water Intrusion

Definition

Seawater intrusion is the process by which saltwater infiltrates a coastal
aquifer, leading to contamination of fresh groundwater (NRC, 2011).

Reference

NRC, 2011. Saltwater Intrusion and Climate Change: A primer for local and provincial decision-
makers. Natural Resources Canada (NRC). www.gov.pe.ca/photos/original/cle_WA1.pdf Accessed
13 October 2020.

Annotations

Synonyms

Saltwater intrusion, Saltwater encroachment.

Additional scientific description

With rising sea levels, saline water intrusion into coastal aquifers, surface waters and soils is expected to become more
frequent and advance further inland. Salinisation of groundwater, surface water and soil resources also increases with land-
based drought events, and decreasing river discharge in combination with water extraction and sea-level rise (Oppenheimer et
al., 2019).

Seawater intrusion is also known as saltwater intrusion, and defined as ‘a process by which saltwater invades freshwater in
service water or groundwater bodies’ (WMO, 2012).

Metrics and numeric limits

Surface water salinity is described by units of electrical conductivity (EC). Groundwater salinity is described by units of parts
per million (ppm). Scientific reports use decisiemens per metre (dS/m) as the main unit of measure (USGS, 2019).

The concentration is the amount (by weight) of salt in seawater, as expressed in parts per million (ppm) (USGS, 2019). Salinity
is the measure of the concentration of dissolved (soluble) salts in water from all sources.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Saltwater intrusion refers to the process by which sea water infiltrates coastal groundwater systems, thus mixing with the
local freshwater supply. Groundwater is stored in the pores and fractures of rock beneath the surface, and the rock formations
containing groundwater are referred to as aquifers (Prince Edward Island Department of Environment, Labour and Justice,
2011).

Aquifers are naturally replenished (or recharged) by way of precipitation (rain, snowmelt) that seeps into the ground and
eventually reaches the water table. Because saltwater is denser than freshwater, this saline groundwater may ‘intrude’ beneath
fresh groundwater, creating a saltwater ‘wedge’ at the coastline. In addition to the local hydraulic and density gradients, the
nature of this saltwater—freshwater interaction is controlled by many factors, including the characteristics of the aquifer (such
as permeability and thickness) and the characteristics of any layers of rock underlying or overlying the aquifer (confining layers)
(NRC, 2011; Government of Australia, 2015; Chun et al., 2018).

Further natural and anthropogenic drivers of seawater intrusion are discussed by White and Kaplan (2017).
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The table provides a summary of strategies, approaches, and tools to mitigate the impacts of saltwater intrusion (Montanari,
2017; White and Kaplan, 2017).

Strategy Approach Tools
Modified water Optimise amounts, locations, and timing Modelling and scenario analysis
ithdrawals . - . .
withdraw Water conservation Irrigation efficiency improvement

Rainwater harvesting
Use reduction

Modified water Optimise amounts, locations, and timing Modelling and scenario analysis
deliveries Enhance fresh groundwater recharge Infiltration ponds/basins
Land-use conversions
Artificial recharge

Engineered Direct freshwater Diversions

structures .
Impede saltwater Saltwater barriers and other structures

As part of the Regional Adaptation Collaborative (RAC) of Natural Resources Canada, case studies have been developed in
each of the Atlantic Canadian provinces in order to better understand saltwater intrusion, as well as the challenges and needs
it presents. Case studies are being conducted to investigate existing conditions and the potential impacts of climate change on
groundwater resources (NRC, 2011).

References

Chun, J.A., C. Lim, D. Kim and J.S. Kim, 2018. Assessing impacts of climate change and sea-level rise on seawater intrusion in a
coastal aquifer. Water, 10:357. doi.org/10.3390/w10040357

Government of South Australia, 2015. Measuring salinity. https://landscape.sa.gov.au/mr/publications/measuring-salinity
Accessed 13 October 2020.

Montanari, A., 2017. Lecture: Seawater intrusion. www.albertomontanari.it/?q=node/152 Accessed 5 December 2019.

NRC, 2011. Saltwater Intrusion and Climate Change: A primer for local and provincial decision-makers. Natural Resources
Canada (NRC). www.gov.pe.ca/photos/original/cle_WA1.pdf Accessed 5 December 2019.

Oppenheimer, M., B.C. Glavovic, J. Hinkel, R. van de Wal, A.K. Magnan, A. Abd-Elgawad, R. Cai, M. Cifuentes-Jara, R.M. De-
Conto, T. Ghosh, J. Hay, F. Isla, B. Marzeion, B. Meyssignac and Z. Sebesvari, 2019. Sea level rise and implications for low-lying
islands, coasts and communities. In: IPCC Special Report on the Ocean and Cryosphere in a Changing Climate. www.ipcc.ch/
srocc/chapter/chapter-4-sea-level-rise-and-implications-for-low-lying-islands-coasts-and-communities Accessed 13 October
2020.

Prince Edward Island Department of Environment, Labour and Justice, 2011. Saltwater Intrusion and Climate Change. www.gov.
pe.ca/photos/original/cle_WA1.pdf Accessed 14 April 2021.

USGS, 2019. Saline Water and Salinity. United States Geological Survey (USGS). www.usgs.gov/special-topic/water-science-
school/science/saline-water-and-salinity?qt-science_center_objects=0#qt-science_center_objects Accessed 13 October 2020.

White, E. and D. Kaplan, 2017. Restore or retreat? Saltwater intrusion and water management in coastal wetlands. Ecosystem
Health and Sustainability, 3:e01258. doi.org/10.1002/ehs2.1258

WMO, 2012. Entry 1268. International Glossary of Hydrology, WMO-No. 385. World Meteorological Organization (WMO). www.
wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0024/ METEOROLOGICAL AND HYDROLOGICAL / Marine

Sea Ice (Ice Bergs)

Definition

Sea ice is any form of ice found at sea (WMO, 2015).

Reference

WMO, 2015. Manual on the Global Observing System: Volume 1 — Global aspects: Annex V to the
WMO Technical Regulations: WMO No. 544. World Meteorological Organization (WMO). Accessed
5 December 2019.

Annotations

Synonyms

Ice floes, Pack ice.

Additional scientific description

The presence of sea ice in polar and subpolar oceans is a defining environmental factor that interacts with weather and climate
and impacts on the ecology and human activities in these regions. Sea ice is also a significant natural hazard, both through
direct interaction with assets and infrastructure and through the indirect impacts of variability and rapid changes in its distribu-
tion, in particular in Arctic and subarctic regions.

There are three types of sea-ice hazard: broad, long-term hazards and risks associated with a rapid reduction in (summer)

ice volume and extent; near-term hazards resulting from changes in sea-ice extent and dynamics such as increased coastal
erosion and threats to coastal infrastructure; and immediate risks and the potential for disasters derived from the combination
of sea-ice hazards and human activities such as shipping or offshore resource development (Eicken and Mahoney, 2015).

Owing to a wide range of possible causes, preventing disasters and mitigating hazards requires approaches that address a
multitude of factors. Hazard and risk maps are one option to help in the long-term planning and coordination of emergency
response assets. Such maps do not appear to be available at the regional scale in the Arctic, although national ice forecasting
services may generate local maps that indicate ice severity as a hazard indicator. For example, the Chinese Marine Environ-
mental Forecasting Center’s Ice Severity Zones (Zhang et al., 2013) or the Barnett Ice Severity Index used in the United States
(Eicken et al., 2009; Eicken and Mahoney, 2015).

Ice crystals form at the surface of the ocean mixed layer. Under sustained heat loss these ice crystals aggregate and can form
a solid layer and up to several metres thick. During this process the solid ice expels salt (brine rejection), which increases the
salinity of the underlying water and can initiate convective mixing in the ocean. In a few places where this cold, salty water is
dense enough, it can sink via overflowing plumes along the bottom topography to reach the ocean abyss. This newly formed
dense water generally flows slowly at depth towards the equator.

A thick sea-ice layer restricts wind and wave action near coastlines, lessening coastal erosion and protecting ice shelves. Sea
ice also creates an insulating cap across the ocean surface, which reduces evaporation and heat loss to the atmosphere. As a
result, the weather over ice-covered areas tends to be colder and drier than it would be without ice (Scott and Hansem, 2016).

Metrics and numeric limits

Not available.

Key relevant UN convention/multilateral treaty

International Code for Ships Operating in Polar Waters (Polar Code) (IMO, 2017).
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Examples of drivers, outcomes and risk management

Sea Ice Trackers and Analysis: The Norwegian Meteorological Institute gives access to the latest products and information
about sea ice via its website. It provides satellite imagery, operational ice charts, automatic sea ice analysis, and sea ice track-
ers, etc (Norwegian Meteorological Institute, no date).

References

Eicken, H. and A.R. Mahoney, 2015. Sea ice: hazards, risks, and implications for disasters. In: Schroder, J.F., J.T. Ellis and D.J.
Sherman (eds.), Coastal and Marine Hazards, Risks, and Disaster. pp. 381-401. Elsevier. www.sciencedirect.com/science/
article/pii/B9780123964830000133

Eicken, H., A.L. Lovecraft and M. Druckenmiller, 2009. Sea-ice system services: A framework to help identify and meet informa-
tion needs relevant for Arctic observing networks. Arctic, 62:119-136.

IMO, 2017. International Code for Ships Operating in Polar Waters (Polar Code). International Maritime Organization (IMO).
https://www.imo.org/en/OurWork/Safety/Pages/polar-code.aspx Accessed 8 October 2020.

Norwegian Meteorological Institute, no date. Sea ice climate indicators. cryo.met.no/en/sea-ice-climate-indicator Accessed 5
December 2019.

Scott, M. and K. Hansem, 2016. Sea ice. NASA Earth Observatory. earthobservatory.nasa.gov/features/Sealce Accessed 5
December 2019.

Zhang, X.L., Z.H. Zhang, Z.J. Xu, G. Li, Q. Sun and X.J. Hou, 2013. Sea ice disasters and their impacts since 2000 in Laizhou Bay
of Bohai Sea, China. Natural Hazards, 65:27-40.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0025/ METEOROLOGICAL AND HYDROLOGICAL / Marine

lce Flow

Definition

Ice flow is the motion of ice driven by gravitational forces, ice stress or,
for sea ice, wind, water currents and tide (AMS, 2012).

References

AMS, 2012. Ice flow. Glossary of Meteorology. American Meteorological Society (AMS). http://
glossary.ametsoc.org/wiki/lce_flow Accessed 31 October 2020.

Annotations

Synonyms
Not identified.

Additional scientific description

Ice flow in a marine setting includes ice as glaciers which terminate in the ocean in the form of floating ice tongues or ice
shelves, sea ice, and river and lake ice.

Floating ice is defined as any form of ice found floating on water. The principal types of floating ice are lake ice, river ice, and
sea ice which form by the freezing of water at the surface. Sea ice can occur in the form of fast ice or drift/pack ice (AMS,
2012a). Floating ice can also be found where glacier ice, which flows under gravitational forces or ice stress, terminates in the
ocean. This can create floating ice in the form of floating ice tongues, which are narrow extensions of a glacier (AMS, 2012b)
or floating ice shelves, thick ice formation with a fairly level surface, formed along a polar coast and in shallow bays, and inlets
where it is attached to the shore (AMS, 2012c).

Ice flow of marine origin is a hazard for navigation in the form of floating ice in motion and the use of ice surfaces as transport
routes. This includes, icebergs which calve from marine terminating glaciers, ice jams, ice floes and ice edge.

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Not identified.

References

AMS, 2012a. Ice flow. Glossary of Meteorology. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/
Ice_flow

AMS, 2012b. Ice tongue. Glossary of Meteorology. American Meteorological Society (AMS). https://glossary.ametsoc.org/wiki/
Ice_tongue

AMS, 2012c. Ice shelf. Glossary of Meteorology. American Meteorological Society (AMS). https://glossary.ametsoc.org/wiki/
Ice_shelf
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Coordinating agency or organisation
Not identified.
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mMH0026 / METEOROLOGICAL AND HYDROLOGICAL / Marine

Seiche

Definition

Seiches are sea-level oscillations at the resonant frequency of enclosed
bodies of water (WMO, 2011).

Reference

WMO, 2011. Guide to Storm Surge Forecasting, WMO No. 1076. World Meteorological Organization
(WMO). https://library.wmo.int/doc_num.php?explnum_id=7747 Accessed 13 October 2020.

Annotations

Synonyms
None found.

Additional scientific description

Similar in motion to a seesaw, a seiche is a standing wave in which the largest vertical oscillations are at each end of a body of
water with very small oscillation at the ‘node’, or centre point, of the wave. Standing waves can form in any enclosed or semi-
enclosed body of water, from a massive lake to a small coffee cup (NOAA, 2018).

The graphic shows a standing wave (black) depicted as the sum of two propagating waves travelling in opposite directions
(blue and red) (NOAA, 2018).

Metrics and numeric limits

Not applicable.

Key relevant UN convention/multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

Seiches are typically caused when strong winds and rapid changes in atmospheric pressure push water from one end of a body
of water to the other. When the wind stops, the water rebounds to the other side of the enclosed area. The water then continues
to oscillate back and forth for hours or even days. Earthquakes, tsunamis, or severe storm fronts may cause seiches along
ocean shelves and ocean harbours (NOAA, 2018).

Lake Erie is known for seiches, especially when strong winds blow from southwest to northeast. These have caused a number
of notable events: in 1844, a 22-foot seiche breached a 14-foot-high sea wall killing 78 people and damming the ice to the
extent that Niagara Falls temporarily stopped flowing; and as recently as 2008, strong winds created waves 12 to 16 feet high,
leading to flooding near Buffalo, New York (NOAA, 2018).

Another example is Lake Pontchartrain, Louisiana, which is known to routinely form small seiches after the passage of after-
noon squall lines during summer (NOAA, 2018).
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References

NOAA, 2018. What is a seiche? National Ocean Service, National Oceanic and Atmospheric Administration (NOAA). https://
oceanservice.noaa.gov/facts/seiche.html Accessed 26 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0027 / METEOROLOGICAL AND HYDROLOGICAL / Marine

Storm Surge

Definition

A storm surge reflects the difference between the actual water level
under the influence of a meteorological disturbance (storm tide) and the
level which would have occurred in the absence of the meteorological
disturbance (i.e., astronomical tide) (WMO, 2008, 2011, 2017).

References

WMO, 2008. Technical Regulations, Volume IlI: Hydrology, WMO No. 49. World Meteorological
Organization (WMO). www.wmo.int/pages/prog/hwrp/publications/technical_regulations/49_IIl_E_
supplement1.pdf Accessed 26 November 2019.

WMO, 2011. Guide to Storm Surge Forecasting, WMO No. 1076. World Meteorological Organization
(WMO). https://library.wmo.int/doc_num.php?explnum_id=7747 Accessed 12 August 2020.

WMO, 2017. Regional Association IV — Hurricane Operational Plan for North America, Central
America and the Caribbean, WMO-No. 1163. World Meteorological Organization (WMO). https://
library.wmo.int/doc_num.php?explnum_id=3781 Accessed on 26 November 2019.

Annotations

Synonyms
Not identified.

Additional scientific description

A storm surge is the rise in seawater level caused solely by a storm. It is the abnormal rise in seawater level during a storm,
measured as the height of the water above the normal predicted astronomical tide. The surge is caused primarily by a storm’s
winds pushing water onshore. The amplitude of the storm surge at any given location depends on the orientation of the coast-
line with the storm track, the intensity, size, and speed of the storm, and the local bathymetry (NOAA, 2019a). This is illustrated
in the graphic below (NOAA, 2019a).

A storm tide is the water level that results from the combination of the storm surge and the normal (astronomical) tide. A
3-metre (9.8 feet) storm surge on top of a high tide that is 2 metres (6.6 feet) above the mean sea level will produce a storm
tide that is 5 metres (16.4 feet) above mean sea level. Storm surge should not be confused with storm tide. This rise in water
level can cause extreme flooding in coastal areas, resulting from storm tides reaching up to 6 meters (20 feet) or more in some
cases (NOAA, 2019b).
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Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

On top of a storm tide are pounding waves generated by the powerful winds. The area of seawater flooding may extend along
the coast for over 100 km, with water pushing several kilometres inland if the land is low lying. The combined effects of the
storm tide and surface waves can destroy buildings, wash away roads and run ships aground (Australian Government, 2020).

- STORM TIDE

arTonRs sURGE

PREICTED TIDE

ANOMALY

Examples of National Alerting Parameters include storm surge warning issued in Canada (Government of Canada, 2019) and an
Advisory for storm surge watch/warning issued by the World Meteorological Organization (WMO, 2017).

References

Australian Government, 2020. Storm Surge. Bureau of Meteorology. www.bom.gov.au/cyclone/tropical-cyclone-knowledge-
centre/understanding/storm-surge Accessed 13 October 2020.

Government of Canada, 2019. Storm Surge: Criteria for Public Weather Alerts. www.canada.ca/en/environment-climate-
change/services/types-weather-forecasts-use/public/criteria-alerts.html#stormSurge Accessed 26 November 2019.

NOAA, 2019a. What is storm surge? National Ocean Service, National Oceanic and Atmospheric Administration (NOAA).
https://oceanservice.noaa.gov/facts/stormsurge-stormtide.html Accessed 26 November 2019.

NOAA, 2019b. Storm Surge Overview. National Hurricane Center and Central Pacific Hurricane Center, National Oceanic and
Atmospheric Administration (NOAA). www.nhc.noaa.gov/surge

WMO, 2017. Regional Association IV — Hurricane Operational Plan for North America, Central America and the Caribbean,
WMO-No. 1163. World Meteorological Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=3781 Accessed
26 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0028 / METEOROLOGICAL AND HYDROLOGICAL / Marine

Storm Tides

Definition
A storm tides is the actual sea level as influenced by a weather

disturbance. The storm tide consists of the normal astronomical tide
plus the storm surge (WMO, 2017).

References

WMO, 2017. Regional Association IV — Hurricane Operational Plan for North America, Central
America and the Caribbean, WMO-No. 1163. World Meteorological Organization (WMO). https://
library.wmo.int/doc_num.php?explnum_id=3781 Accessed on 26 November 2019.

Annotations

Synonyms
Not identified.

Additional scientific description

A storm tide is the water level that results from the combination of the normal (astronomical) tide and a storm surge (an
abnormal rise of water generated by a storm, over and above the predicted astronomical tide) (NOAA, no date).

A 3-metre storm surge on top of a normal high tide that is 2 metres above mean sea level will produce a storm tide thatis 5
metres above mean sea level (NOAA, no date).

Storm surge should not be confused with storm tide (NOAA, no date).

This rise in water level associated with a storm tide can cause extreme flooding in coastal areas particularly when a storm
surge coincides with a normal high tide, resulting in storm tides of up to 20 feet or more in some cases (NOAA, 2019a).

The components responsible for a storm tide are illustrated in the graphic below (NOAA, 2019b).

iwn

Slorm tide

B ————L LR LT
2 ft normal
high tide

NOAAThE COMET Program

Storm Surge vs. Storm Tide

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.
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Examples of drivers, outcomes and risk management

The worst impacts associated with storm tides occur when a storm surge arrives on top of a high tide. Under this scenario, the
storm tide can reach inland areas that might otherwise have been unaffected. Added to this are pounding waves generated by
the powerful winds. The area of sea water flooding may extend along the coast for 100 kilometres or more, with water pushing
several kilometres inland if the land is low lying. The combined effects of the storm tide and waves can destroy buildings, wash
away roads and run ships aground (Australian Government, 2020).

The example below illustrates water level differences for storm surge, storm tide, and a normal (predicted) high tide in relation
to mean sea level. Storm tide is the total observed seawater level during a storm, which is the combination of storm surge (the
rise in seawater level caused solely by a storm) and normal high tide (NOAA, 2019b).

» STORM TIDE

GTORM BURGE

PREMCTED TIDE

AMOMALY

References

Australian Government, 2020. Storm Surge. Bureau of Meteorology. www.bom.gov.au/cyclone/tropical-cyclone-knowledge-
centre/understanding/storm-surge Accessed on 26 November 2019.

NOAA (no date). Storm Surge (Overview). Accessible at: https://www.nhc.noaa.gov/surge/?text. Accessed 15 April 2021.

NOAA, 2019a. Storm Surge Overview. National Hurricane Center and Central Pacific Hurricane Center, National Oceanic and
Atmospheric Administration (NOAA). www.nhc.noaa.gov/surge Accessed 26 November 2019.

NOAA, 2019b. What is storm surge? National Ocean Service, National Oceanic and Atmospheric Administration (NOAA). https://
oceanservice.noaa.gov/facts/stormsurge-stormtide.html Accessed 26 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MH0029 / METEOROLOGICAL and HYDROLOGICAL / Marine

Tsunami

Definition
Tsunami is the Japanese term meaning wave (‘nami’) in a harbour
(‘tsu’). It is a series of travelling waves of extremely long length and

period, usually generated by disturbances associated with earthquakes
occurring below or near the ocean floor (I0C, 2019).

Reference

I0C, 2019. Tsunami Glossary, 2019. Intergovernmental Oceanographic Commission (I0C), Technical
Series, 85. Fourth Edition. I0C/2008/TS/85 rev.4. https://unesdoc.unesco.org/ark:/48223/pf00001
882267posinSet=1&queryld=aeb846ae-edfb-4d66-a03a-385a5d5897f0

Annotations

Synonyms
Not found.

Additional scientific description

A tsunami may also be referred to as a ‘seismic sea wave’ and, incorrectly, a ‘tidal wave'. Volcanic eruptions, submarine
landslides, and coastal rock falls can also generate tsunamis, as can a large meteorite impacting the ocean. These waves may
reach enormous dimensions and travel across entire ocean basins with little loss of energy. They proceed as ordinary gravity
waves with a typical period of between 10 and 60 minutes. Tsunamis steepen and increase in height on approaching shallow
water, inundating low-lying areas, and where local submarine topography causes the waves to steepen, they may break and
cause great damage. Tsunamis have no connection with tides; the popular name, tidal wave, is entirely misleading (10C, 2019).

The Intergovernmental Oceanographic Commission (I0C) uses the following terms to assess the scale and impact of a tsunami
(10C, 2019):

+ Travel time: Time required for the first tsunami wave to propagate from its source to a given point on a coastline.

« Arrival time: Time of the first maximum of the tsunami waves.

+ Inundation or Inundation-distance: The horizontal distance inland that a tsunami penetrates, generally measured perpendicu-
larly to the shoreline.

+ Inundation (maximum): Maximum horizontal penetration of the tsunami from the shoreline. A maximum inundation is
measured for each different coast or harbour affected by the tsunami.

+ Inundation area: Area flooded with water by the tsunami.

Inundation height: Elevation reached by seawater measured relative to a stated datum such as mean sea level or the sea level
at the time of tsunami arrival, at a specified inundation distance. Inundation height is the sum of the flow depth and the local
topographic height. Sometimes referred to as tsunami height.

Inundation line: Inland limit of wetting measured horizontally from the mean sea level line. The line between living and dead
vegetation is sometimes used as a reference. In tsunami science, the landward limit of tsunami run-up.

+ Leading wave: First arriving wave of a tsunami. In some cases, the leading wave produces an initial depression or drop in sea
level, and in other cases, an elevation or rise in sea level. When a drop in sea level occurs, sea level recession is observed.

+ Mean height: Average height of a tsunami measured from the trough to the crest after removing the tidal variation.
* Run-up
- Difference between the elevation of maximum tsunami penetration (inundation line) and the sea level at the time of the
tsunami. In practical terms, run up is only measured where there is clear evidence of the inundation limit on the shore.
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- Elevation reached by seawater measured relative to some stated datum such as mean sea level, mean low water, sea level
at the time of the tsunami event, etc., and measured ideally at a point that is a local maximum of the horizontal inundation.
Where the elevation is not measured at the maximum of horizontal inundation, this is often referred to as the inundation
height.

+ Tsunami amplitude: Usually measured on a sea level record, it is (1) the absolute value of the difference between a particular
peak or trough of the tsunami and the undisturbed sea level at the time, (2) half the difference between an adjacent peak and
trough, corrected for the change of tide between that peak and trough. It is intended to represent the true amplitude of the
tsunami wave at some point in the ocean. However, it is often an amplitude modified in some way by the tide gauge response.

+ Tsunami period: Amount of time that a tsunami wave takes to complete a cycle, or one wavelength. Tsunami periods typically
range from 5 to 60 minutes. Tsunami period is often measured as the difference between the arrival time of the highest peak
and the next one measured on a water level record.

+ Tsunami wavelength: The horizontal distance between similar points on two successive waves measured perpendicular
to the crest. The wavelength and the tsunami period give information on the tsunami source. For tsunamis generated by
earthquakes, the typical wavelength ranges from 20 to 300 km. For tsunamis generated by landslides, the wavelength is
much shorter, ranging from hundreds of metres to tens of kilometres.

For more terms see 10C (2019).

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

Tsunamis are created by an underwater disturbance such as an earthquake, landslide, volcanic eruption, and meteorite or
generated by meteorological or atmospheric disturbances.

Primary hazards/damage. Damage and destruction from tsunamis is the direct result of three factors: inundation, wave impact
on structures, and erosion. Deaths occur by drowning and physical impact or other trauma when people are caught in the turbu-
lent, debris-laden tsunami waves. Strong tsunami-induced currents have led to the erosion of foundations and the collapse of
bridges and seawalls. Floatation and drag forces have moved houses and overturned railroad cars (I0C, 2019:6).

Tsunami associated wave forces have demolished frame buildings and other structures. Considerable damage is also caused
by floating debris, including boats, cars, and trees that become dangerous projectiles that may crash into buildings, piers, and
other vehicles. Ships and port facilities have been damaged by surge action caused by even weak tsunamis. Fires resulting
from oil spills or combustion from damaged ships in port, or from ruptured coastal oil storage and refinery facilities, can cause
damage greater than that inflicted directly by the tsunami (I0C, 2019:6).

Secondary hazards/damage can result from sewage and chemical pollution following the destruction. Damage of intake,
discharge, and storage facilities can also present dangers. Of increasing concern is the potential effect of tsunami drawdown,
when receding waters uncover cooling water intakes associated with nuclear power plants (I0C, 2019:7).

Risk management for tsunamis includes guidelines on tsunami risk assessment/management. Examples include 10C (2015)
and UNDRR (2017).

Regional Coordination and Centres: The |0C is coordinating the implementation of a global tsunami warning system, building
upon its experiences in the Pacific to establish regional warning systems for the Indian Ocean (IOTWMS); Caribbean Sea
(ICG-CARIBE-EWS); and the North-eastern Atlantic, the Mediterranean and connected seas (ICG-NEAMTWS). The regional
systems coordinate international tsunami warning and mitigation activities, including the issuance of timely and understand-
able tsunami bulletins to I0C Member States.
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The Intergovernmental Coordination Group for Tsunamis addresses tsunami risk globally through the following groups:

ICG-PTWS Intergovernmental Coordination Group for the Pacific Tsunami Warning and Mitigation System, formerly ICG/ITSU,
was renamed by Resolution EC-XXXIX.8 of the I0C Executive Council in 2006 as proposed by the International Coordination
Group for the Tsunami Warning System in the Pacific at its 20th Session in 2005 (Recommendation ITSU-XX.1). There are
presently 46 Member States in the ICG-PTWS. ICG/ITSU, the International Coordination Group for the Tsunami Warning System
in the Pacific was established by Resolution 1V-6 of the 4th Session of the IOC Assembly in 1965. The Pacific Tsunami Warning
Center (PTWC) serves as the Tsunami Service Provider (TSP) for the Pacific Ocean. Other TSPs for specific regions of the
Pacific Ocean are the North West Pacific Tsunami Advisory Center (NWPTAC) and the South China Sea Tsunami Advisory
Center (SCSTAC). The ICG-PTWS presently comprises over 40 Member States and oversees warning system operations and
facilitates coordination and cooperation in all international tsunami mitigation activities.

ICG-IOTWMS The Intergovernmental Coordination Group for the Indian Ocean Tsunami Warning and Mitigation System (ICG-
IOTWMS) was formed in response to the tragic tsunami on December 26th 2004, in which over 230,000 lives were lost around
the Indian Ocean region. The ICG-IOTWMS comprises 28 Member States. There are three TSPs in the Indian Ocean, hosted by
the governments of Australia, Indian and Indonesia.

ICG-NEAMTWS The Intergovernmental Coordination Group for the Tsunami Early Warning and Mitigation System in the North-
eastern Atlantic, the Mediterranean and connected seas (ICG-NEAMTWS) was formed in response to the tragic tsunami on

26 December 2004, in which over 230,000 lives were lost around the Indian Ocean region (Indian Ocean Tsunami Information
Centre, no date). The ICG-NEAMTWS consists of Member States bordering the North-eastern Atlantic and those bordering and
within the Mediterranean and connected seas. There are currently five accredited Tsunami Service Providers (France, Greece,
Italy, Portugal, Turkey) in the NEAM region providing tsunami services and alerts to subscribing Member States.

ICG-CARIBE-EWS The Intergovernmental Coordination Group for the Tsunami and Other Coastal Hazards Warning System for
the Caribbean and Adjacent Regions (ICG-CARIBE-EWS) was established in 2005 and currently comprises 32 Member States
and 16 Territories in the Caribbean.

Tsunami Service Providers (TSPs) are centres that monitor seismic and sea level activity and issue timely tsunami threat
information within an ICG framework to National Tsunami Warning Centres (NTWCs) / Tsunami Warning Focal Points (TWFPs)
and other TSPs operating within an ocean basin. The NTWCs / TWFPs may use these products to develop and issue tsunami
warnings for their countries. TSPs may also issue public messages for an ocean basin and act as NTWCs providing tsunami
warnings for their own countries. Currently there are nine operational TSPs.

National Tsunami Warning Centres (NTWCs) are a centre officially designated by the government to monitor and issue tsunami
warnings and other related statements within their country according to established national Standard Operating Procedures.

World Tsunami Awareness Day, 5 November every year: The United Nations, through UN Resolution 70/203 adopted on 22
December 2015, has designated 5 November as World Tsunami Awareness Day (UNDRR, 2020). The day aligns with the
International Day for Disaster Reduction (13 October) and the seven targets of the Sendai Framework for Disaster Risk Reduc-
tion 2015-2030 (ITIC, 2020). The IOC is a key international partner of the UNDRR on World Tsunami Awareness Day.

Tsunami Ready is a voluntary community recognition programme that promotes tsunami hazard preparedness as an active
collaboration among federal, state/territorial and local emergency management agencies, community leaders and the public.
The main goal of the programme is to improve public safety before, during and after tsunami emergencies. It aims to do this
by establishing guidelines for a standard level of capability to mitigate, prepare for and respond to tsunamis, and working with
communities to help them meet the guidelines and ultimately become recognised as ‘tsunami ready’ by the National Weather
Service. It was first implemented in the United States .To date, there are 26 I0OC-UNESCO Tsunami Ready recognised communi-
ties in 18 countries and territories, excluding those implemented in the United States.

Community engagement with evacuation zones and the ‘blue lines’ project In New Zealand, the Wellington Region Emergency
Management Office has developed the Blue Line Project in collaboration with communities in Wellington’s southern coastal
suburbs. In this project, the local community helps to plan evacuation routes and safe locations based on indicative evacuation
zone mapping, and blue lines are painted on the road surface at the maximum estimated tsunami inundation extent. Accompa-
nying evacuation signage is installed. Community members are engaged early in the project, publicising the work and helping
to develop blue line locations, evacuation zone maps and information boards. The communities participating in the Blue Line
Project can be considered to have a higher degree of public education regarding tsunami evacuation than other communities
(Fraser et al., 2016). Other communities around the world have used similar community engagement strategies.
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Coordinating agency or organisation

United Nations Educational, Scientific and Cultural Organization (UNESCO) and the Intergovernmental Oceanographic Commis-
sion (I0C-UNESCO).
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mMH0030/ METEOROLOGICAL AND HYDROLOGICAL / Pressure-Related

Depression or Cyclone (Low Pressure Area)

Definition
A depression or cyclone is a region of the atmosphere in which the

pressures are lower than those of the surrounding region at the same
level (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary, WMO-No. 182. 2nd Edition. World
Meteorological Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712
Accessed 13 October 2020.

Annotations

Synonyms

Low

Additional scientific description

A depression or cyclone is represented on a synoptic chart by a system of isobars at a specified altitude level (or a system of
contours at a specified pressure level) which enclose relatively low values of pressure (or altitude) (WMO, 1992).

Metrics and numeric limits

A depression or area of low pressure generally refers to a low pressure area with winds below storm strength of 89 km/h (WHO,
2015).

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

Depending on the size of a depression or cyclone, the impact can extend over a very wide area, with strong winds and heavy
rain. However, the greatest damage to life and property is not from the wind, but from secondary events such as storm surges,
flooding, landslides and tornadoes (WHO, no date).

Factors associated with vulnerability include settlements located in low-lying coastal areas (direct impact); poor building
design, or construction; insufficient lead time for warning and evacuation; noncompliance with evacuation procedures where
recommended; and inadequate shelter (WHO, no date).

The main impacts include direct impacts and indirect impacts.

Direct impacts: Injuries, trauma, and asphyxiation due to entrapment are observed and result from building collapse and wind-
strewn debris. Electrocution or drowning happen while securing property such as television antennas or boats (WHO, no date).

Indirect Impacts: Risk for water-borne disease and vector-transmitted disease can be exacerbated: human exposure to disease
vectors can be increased due to changes in the physical environment. The impact on health infrastructures and all lifeline
systems can be significant and may result in food shortages and interruption of basic public health services (water, etc) (WHO,
no date). Short- and long-term mental health effects have been observed (WHO, no date).
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References

WMO, 1992. International Meteorological Vocabulary, WMO-No. 182. 2nd Edition. World Meteorological Organization (WMO).
https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 13 October 2020.

WHO, no date. Tropical Cyclones: Technical Hazard Sheet - Natural Disaster Profiles. World Health Organization (WHO). www.
who.int/hac/techguidance/ems/tropical_cyclones/en Accessed 13 October 2020.

WMO, 2015. Report on Amendments to the Typhoon Committee Operational Manual. World Health Organization (WHO). www.
typhooncommittee.org/3rdJS/Docs/4.%20Review%20TOM_TOP/4.1%20TOM_draft%20amendments.pdf Accessed 24 March
2021.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0031/ METEOROLOGICAL AND HYDROLOGICAL / Pressure-Related

Extra-tropical Cyclone

Definition

An extra-tropical cyclone is a low-pressure system which develops in
latitudes outside the tropics (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary, WMO-No. 182. 2nd Edition. World
Meteorological Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712
Accessed 13 October 2020.

Annotations

Synonyms
Mid-latitude storm, Baroclinic storm.

Additional scientific description

An extra-tropical cyclone is a storm system that primarily gets its energy from the horizontal temperature contrasts that exist
in the atmosphere. Extra-tropical cyclones (also known as mid-latitude or baroclinic storms) are low pressure systems with
associated cold fronts, warm fronts, and occluded fronts. In contrast, tropical cyclones typically have little to no temperature
differences across the storm at the Earth’s surface and their winds are derived from the release of energy due to cloud/rain
formation from the warm moist air of the tropics (NASA, 2020).

Notes for clarification: Differences between an extra-tropical cyclone and a tropical cyclone:

+ An extra-tropical cyclone is a low-pressure system that primarily gets its energy from the temperature difference in the
horizontal direction across the cyclone (known as temperature gradient in meteorology). Structurally, tropical cyclones have
their strongest winds near the Earth’s surface, while extra-tropical cyclones have their strongest winds near the tropopause
- about 8 miles (12 km) up. These differences are due to the tropical cyclone being ‘warm-core’ in the troposphere (below the
tropopause) and the extra-tropical cyclone being ‘warm-core’ in the stratosphere (above the tropopause) and ‘cold-core’ in
the troposphere. ‘Warm-core’ refers to being relatively warmer than the environment at the same pressure surface (‘pressure
surfaces’ are simply another way to measure height or altitude).

+ Atropical cyclone will often transform into an extra-tropical cyclone as it recurves poleward and to the east. Occasionally,
an extra-tropical cyclone will lose its frontal features, develop convection near the centre of the storm and transform into
a full-fledged tropical cyclone. Such a process is most common in the North Atlantic and Northwest Pacific basins. The
transformation of a tropical cyclone into an extra-tropical cyclone (and vice versa) is currently one of the most challenging
forecasting problems (NOAA, 2004; Hong Kong Observatory, 2019).

Extra-tropical cyclones are large rotating weather systems that occur in the extra-tropics (generally more than 30° latitude
away from the equator). They consist of an approximately circular region of low surface pressure, of a radius of 100-2000 km,
accompanied by cold and warm fronts. They typically develop in regions of strong horizontal temperature gradients, which are
commonly denoted on a weather chart as a cold or quasi-stationary front. In turn, such fronts often connect to a pre-existing
decaying extra-tropical cyclone, which itself is situated some way downstream (typically to the north-east) (CCPO, no date).

94) METEOROLOGICAL AND HYDROLOGICAL Contents


https://library.wmo.int/doc_num.php?explnum_id=4712

Hazard Information Profiles - Supplement to UNDRR-ISC Hazard Definition & Classification Review - September 2021

At the same time, high up in the atmosphere (around 10 km altitude) a jet stream is typically found relatively close by. In fact,
the intensity of an extra-tropical cyclone is closely related to the strength of this jet stream. The strongest extra-tropical
cyclones occur in the winter months when the jet stream is at its strongest. Periods when the jet stream is unusually strong can
lead to two or more strong cyclones occurring within days of each other. The total lifecycle of an extra-tropical cyclone from
birth (genesis) through to development and on to decay (lysis) can occasionally be more than 10 days, although somewhere in
the range of 2 to 5 days is more typical (Frame et al., 2017).

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

The major hazards associated with extra-tropical cyclones are high winds and precipitation (rain and snow). Precipitation
occurs primarily along fronts and, on average, is not particularly intense relative to that delivered by tropical cyclones and
convective storms (Frame et al., 2017).

References

CCPOQ, no date. Horizontal Structure of Atmosphere. Chapter 2. Center for Coastal Physical Oceanography (CCPO). www.ccpo.
odu.edu/SEES/ozone/class/Chap_2/2_4.htm Accessed 15 April 2021.

Frame, T., G. Harrison, T. Hewson and N. Roberts, 2017. Meteorological risk: extra-tropical cyclones, tropical cyclones and
convective storms. In: Science for Disaster Risk Management, pp. 246-256. https://drmkc.jrc.ec.europa.eu/portals/0/Knowl-
edge/ScienceforDRM/ch03_s03/ch03_s03_subch0307.pdf Accessed 20 November 2019.

Hong Kong Observatory, 2019. Extra-tropical cyclone vs Tropical Cyclone. www.hko.gov.hk/education/article_e.
htm?title=ele_00146 Accessed 20 November 2019.

NASA, 2020. Paulette-Atlantic Ocean. National Aeronautics and Space Administration(NASA). https://blogs.nasa.gov/hur-
ricanes/2020/09/16/paulette-atlantic-ocean-7 Accessed 15 April 2021.

NOAA, 2004. What is an extra-tropical cyclone? Atlantic Oceanographic & Meteorological Laboratory, National Oceanic and
Atmospheric Administration (NOAA). www.nhc.noaa.gov/outreach/presentations/NHC2017_WhatIsATC.pdf Accessed 20
November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0032 7 METEOROLOGICAL AND HYDROLOGICAL / Pressure-Related

Sub-Tropical Cyclone

Definition

A sub-tropical cyclone is a non-frontal low-pressure system that has
characteristics of both tropical and extratropical cyclones. Like tropical
cyclones, they are non-frontal, synoptic-scale cyclones that originate over
tropical or subtropical waters and have a closed surface wind circulation
about a welldefined centre (WMO, 2017).

References

WMO, 2017. Regional Association IV - Hurricane Operational Plan for North America, Central
America and the Caribbean. Tropical Cyclone Programme, Report No. TCP-30, World
Meteorological Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=3781
Accessed 14 October 2020.

Annotations

Synonyms
Not identified.

Additional scientific description

A sub-tropical cyclone is a low-pressure system, developing over tropical or subtropical waters which initially contains few
tropical characteristics. With time the subtropical cyclone can become a tropical cyclone (WMO, 2018).

Sub-tropical cyclones have organised moderate to deep convection, but lack a central dense overcast. Unlike tropical cyclones,
subtropical cyclones derive a significant proportion of their energy from baroclinic sources and are generally cold-core in the
upper troposphere, often being associated with an upper-level low or trough. In comparison to tropical cyclones, these systems
generally have a radius of maximum winds occurring relatively far from the centre (usually greater than 60 nautical miles), and
generally have a less symmetric wind field and distribution of convection (WMO, 2017; NOAA, no date).

Metrics and numeric limits

Not applicable.

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

Impacts from sub-tropical cyclones are from storm surges and significant rainfall which cause flooding. Strong wind gusts can
also cause impacts.

Human health can be severely affected by wind-related hazards such as subtropical cyclones and other windstorms. Direct
effects occur during the impact phase of a storm, causing death and injury due to the force of the wind. Becoming airborne,
being struck by flying debris or falling trees and road traffic accidents are the main dangers. Indirect effects, occurring during
the pre- and post-impact phases of the storm, include falls, lacerations and puncture wounds, and occur when preparing for, or
cleaning up after a storm. Power outages are a key issue and can lead to electrocution, fires and burns and carbon monoxide
poisoning from gasoline powered electrical generators. Worsening of chronic ilinesses due to lack of access to medical care or
medication is also an issue. Other health impacts include infections and insect bites (Goldman et al., 2014).
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The effects of flooding on health are extensive and significant, ranging from mortality and injuries resulting from trauma

and drowning, to infectious diseases and mental health problems (acute and long-term). While some of these outcomes are
relatively easy to track, ascertaining the human impact of floods is still weak. For example, it has been reported that two-thirds
of deaths associated with flooding are from drowning, with the other third from physical trauma, heart attacks, electrocution,
carbon monoxide poisoning and fire. Often, only immediate traumatic deaths from flooding are recorded (WHO, 2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases and may also affect the proper functioning of health facilities, including cold chain (WHO,
no date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases
(such as typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue
haemorrhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,
destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

Goldman, A., B. Eggen, B. Golding and V. Murray, 2014. The health impacts of windstorms: a systematic literature review. Public
Health, 128:3-28.

NOAA, no date. Glossary of Terms. National Hurricane Center and Central Pacific Hurricane Center, National Oceanic and
Atmospheric Administration (NOAA). www.nhc.noaa.gov/aboutgloss.shtml#s Accessed 14 October 2020.

WHO, no date. Flooding and Communicable Diseases Fact Sheet. World Health Organization (WHO). www.who.int/hac/tech-
guidance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. Regional Office for Europe, World Health
Organization (WHO). https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

WMO, 2017. Regional Association IV - Hurricane Operational Plan for North America, Central America and the Caribbean.
Tropical Cyclone Programme, Report No. TCP-30, World Meteorological Organization (WMO). https://library.wmo.int/doc_num.
php?explnum_id=3781 Accessed 14 October 2020.

WMO, 2018. Tropical Cyclone Operational Plan for the South Pacific and South-East Indian Ocean, Tropical Cyclone Pro-
gramme. Report No. TCP-24, WMO-NO 1181. World Meteorological Organization (WMO). https://community.wmo.int/tropical-
cyclone-operational-plans Accessed 25 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0033/ METEOROLOGICAL AND HYDROLOGICAL / Precipitation-Related

Acid Rain

Definition

Acid rain is rain which in the course of its history has combined with
chemical elements or pollutants in the atmosphere and reaches the
Earth’s surface as a weak acid solution (WMO/UNESCO, 2012).

Reference

WMO/UNESCO, 2012. International Glossary of Hydrology. World Meteorological Organization
(WMO) / United Nations Educational, Scientific and Cultural Organization (UNESCO). www.wmo.int/
pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf Accessed 15 November
2019.

Annotations

Synonyms
Not available.

Additional scientific description

Acids form when certain atmospheric gases (primarily carbon dioxide, sulphur dioxide, and nitrogen oxides) come into contact
with water in the atmosphere or on the ground and are chemically converted to acidic substances. Oxidants play a major role
in several of these acid-forming processes. Carbon dioxide dissolved in rain is converted to a weak acid (carbonic acid). Other
gases, primarily oxides of sulphur and nitrogen, are converted to strong acids (sulphuric and nitric acids). Rain is naturally
slightly acidic owing to carbon dioxide, natural emissions of sulphur and nitrogen oxides, and to certain organic acids, however,
emissions from human activities can make it much more acidic. Occasional pH readings of well below 2.4 (the acidity of
vinegar) have been reported in industrialised areas (NASA, 2014).

The principal natural phenomena that contribute acid-producing gases to the atmosphere are emissions from volcanoes and
from biological processes that occur on land, in wetlands, and in the oceans. The effects of acidic deposits have been detected
in glacial ice thousands of years old in remote parts of the globe (Pawar, no date).

The main human sources are industrial and power-generating plants, and transportation vehicles. Since the industrial revolu-
tion, emissions of sulphur and nitrogen oxides to the atmosphere have increased. Industrial and energy-generating facilities
that burn fossil fuels, primarily coal, are the principal sources of increased sulphur oxide emissions (NASA, 2019).

Metrics and numeric limits

Acidity and alkalinity are measured using a pH scale for which 7.0 is neutral. The lower the pH of a substance (below 7.0), the
more acidic it is. The higher the pH of a substance (above 7.0), the more alkaline it is. Normal rain has a pH of about 5.6; while
the pH of acid rain is typically between 4.2 and 4.4 (US EPA, 2019).

Key relevant UN convention / multilateral treaty

The Convention on Long-range Transboundary Air Pollution (‘LRTAP Convention’) (UNECE, 1979) serves as an umbrella conven-
tion for the international regime on the regulation of transboundary acidification in the member states of the United Nations
Economic Commission for Europe (UNECE). The USA and Canada are members of the UNECE as are all European countries.
Since 1979, the LRTAP Convention has addressed some of the major environmental problems of the UNECE region through
scientific collaboration and policy negotiation. The Convention has been extended by eight protocols that identify specific
measures to be taken by Parties to cut their emissions of air pollutants. The Convention, which now has 51 Parties identifies
the Executive Secretary of the UNECE as its secretariat.

98 ) METEOROLOGICAL AND HYDROLOGICAL Contents


www.wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf
www.wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf

Hazard Information Profiles - Supplement to UNDRR-ISC Hazard Definition & Classification Review - September 2021

The 1986 U.S.-Canada Air Quality Agreement is a bilateral agreement aimed at addressing the transboundary air pollution

that leads to acid rain (Government of Canada, 2021). The Ozone Annex was added to the Canada-United States Air Quality
Agreement (December 2000) to address the transboundary air pollution leading to high air quality levels of ground-level ozone,
a major component of smog (Government of Canada, 2021). The long-term goal of the Ozone Annex is the attainment of the
ozone air quality standards in both countries. Where there are transboundary flows of the pollution that creates ozone, the
Ozone Annex commits both countries to reduce their emissions of nitrogen oxides and volatile organic compounds, the precur-
sor pollutants to ground-level ozone.

Examples of drivers, outcomes and risk management

Acid rain results when sulphur dioxide (S02) and nitrogen oxides (NOX) are emitted into the atmosphere and transported by
wind and air currents, and the SO2 and NOX carried in the air react with water, oxygen and other chemicals to form sulphuric
and nitric acids. These then mix with water and other materials before falling to the ground in rain. While a small proportion

of the SO2 and NOX that cause acid rain is from natural sources such as volcanoes, most is from the burning of fossil fuels.
The major source of SO2 and NOX in the atmosphere is burning of fossil fuels to generate electricity. Two-thirds of SO2 and

a quarter of the NOX in the atmosphere are from electric power generation. Winds can transport SO2 and NOX over long
distances and across national borders making acid rain an international problem, for everyone and not just those living near the
emission sources (US EPA, 2019).

References

Government of Canada, 2021. Canada-United States Air Quality Agreement: overview. www.canada.ca/en/environment-
climate-change/services/air-pollution/issues/transboundary/canada-united-states-air-quality-agreement-overview.html
Accessed 13 May 2021.

NASA, 2014. Glossary: Acid Rain. National Aeronautics and Space Administration (NASA). www.grc.nasa.gov/WWW/K-12/TRC/
laefs/laefs_a.html#acid_rain Accessed 24 March 2021.

NASA, 2019. Earth Observatory. National Aeronautics and Space Administration (NASA). https://earthobservatory.nasa.gov/
glossary Accessed 18 November 2019.

Pawar, P, no date. The lll-Effects of Acid Rain. www.boloji.com/articles/51245/the-ill-effects-of-acid-rain#:~:text=Effects%20
of%20acidic%20deposits%20have%20been%20detected%20in,the%20fuel%20burning%20process%20%28i.e.%20combus-
tion%29%20Affected%20Areas Accessed 24 March 2021.

UNECE, 1979. UN Convention on Long-range Transboundary Air Pollution (1979). www.unece.org/fileadmin//DAM/env/Irtap/
welcome.html Accessed 7 October 2020.

US EPA, 2019. United States Environmental Protection Agency (US EPA). https://www3.epa.gov/acidrain/education/site_stu-
dents/phscale.html Accessed 18 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMHo034/ METEOROLOGICAL AND HYDROLOGICAL / Precipitation-Related

Blizzard

Definition

A blizzard is a severe snow storm characterised by poor visibility, usually
occurring at high-latitude and in mountainous regions (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary, No. 182. World Meteorological Organization
(WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 18 November 2019.

Annotations

Synonyms

In Russia ‘purga’ or ‘metel’, Snow storm.

Additional scientific description

The term blizzard is generally used in North America and Great Britain. There are differing thresholds for defining and issuing
warnings for blizzards.

Metrics and numeric limits

Thresholds for defining and issuing warnings for blizzards vary by country.

In the USA, a blizzard warning is issued for winter storms with sustained or frequent winds of 35 mph (56 km/hr) or higher with
considerable falling and/or blowing snow that frequently reduces visibility to 1/4 of a mile (0.4 km) or less. These conditions are
expected to prevail for a minimum of 3 hours (Eye on the Sky, no date).

In the UK, a blizzard is defined as moderate or heavy falling snow (either continuous or in the form of frequent showers) with
winds speeds of 30 mph (48 km/hr) or more and a reasonably extensive snow cover reducing visibility to 200 metres (0.13
miles) or less (UK Met Office, 2019).

In Canada, alerting parameters for issuing a blizzard warning include when winds of 40 km/hr or more are expected to cause
widespread reductions in visibility to 400 metres (0.25 miles) or less, due to blowing snow, or blowing snow in combination
with falling snow, for at least 4 hours. North of the tree line the thresholds are the same as the national thresholds except when
conditions are expected to last for at least 6 hours (Government of Canada, no date).

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

A blizzard is severe winter weather characterised by strong winds, and heavy or blowing snow that causes low to zero visibility.
In whiteout conditions associated with blizzards people have become lost even when going only short distances (Environment
and Climate Change Canada, no date).

Winter storms create a higher risk of car accidents, hypothermia, frostbite, carbon monoxide poisoning, and heart attacks from
overexertion, etc. To avoid these risks, the warnings and preventative instructions from local and national authorities should be
followed.
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References

Environment and Climate Change Canada, no date. Winter Hazards. www.ec.gc.ca/meteo-weather/meteo-weather/default.
asp?lang=En&n=46FBA88B-1 Accessed 18 November 2019.

Eye on the Sky (No date). Glossary of Weather Terms: Blizzard Warning. Accessible at: https://www.fairbanksmuseum.org/eye-
on-the-sky/glossary. Accessed 25 March 2021.

Government of Canada, no date. Alerting parameters Environment Canada uses for issuing a blizzard warning. www.canada.
ca/en/environment-climate-change/services/types-weather-forecasts-use/public/criteria-alerts.html#blizzard Accessed 18
November 2019.

UK Met Office, 2019. Blizzards and Snow Drifts. www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/snow/
blizzard Accessed 18 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO)
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MHo035/ METEOROLOGICAL AND HYDROLOGICAL / Precipitation-Related

Drought

Definition
A drought is a period of abnormally dry weather characterised by a

prolonged deficiency of precipitation below a certain threshold over a
large area and a period longer than a month (WMO, 2020).

Reference

WMO, 2020. Guidelines on the Definition and Monitoring of Extreme Weather and Climate Events.
World Meteorological Organization (WMO). Final version forthcoming. www.wmo.int/pages/prog/
wcp/ccl/documents/GUIDELINESONTHEDEFINTIONANDMONITORING
OFEXTREMEWEATHERANDCLIMATEEVENTS_09032018.pdf Accessed 18 November 2019.

Annotations

Synonyms
Not identified.

Additional scientific description

Drought is described as conditions that are significantly drier than normal or otherwise limiting moisture availability to a
potentially damaging extent (WMO and GWP, 2016) or as conditions where there had been a prolonged absence or marked
deficiency of precipitation (WMO/UNESCO, 2012).

Whereas drought may be defined simply as the absence of water, it is a complex phenomenon which is monitored over a
number of time scales and often defined according to need. It is a slow-onset phenomenon that gradually intensifies and can
impact many sectors of the economy and the environment (Drought Observatory, no date).

Droughts can be characterised in terms of their severity, location, duration and timing. Droughts can arise from a range of
hydrometeorological processes that supress precipitation and/or limit surface water or groundwater availability. There are
various drought indicators and indices that provide options for identifying the severity, location, duration onset and cessation
of such conditions. It is important to note that the impacts of drought can be as varied as the causes of drought. Droughts
can adversely affect agriculture and food security, hydropower generation and industry, human and animal health, livelihood
security, and personal security and access to education. Such impacts depend on the socio-economic contexts in which
droughts occur, in terms of who or what is exposed to the droughts and the specific vulnerabilities of the exposed entities
(WMO and GWP, 2016).

The drought community has defined several different types of drought that have can general or specific sector impacts (NOAA,
no date b):

« Meteorological drought: Occurs when dry weather patterns dominate an area. It is defined usually on the basis of the degree
of dryness and the duration of the dry period.

* Hydrological drought: Occurs when low water supply becomes evident and is associated with the effects of periods of
precipitation shortfalls on surface or subsurface water supply.

« Agricultural drought: Occurs when agricultural production becomes affected. It focuses on precipitation shortages, differ-
ences between actual evapotranspiration, soil water deficits, reduced groundwater and so on.

+ Socioeconomic drought: Relates the supply and demand of some economic goods with elements of meteorological,
hydrological, and agricultural drought. It also occurs when the demand for an economic good exceeds supply as a result of a
weather-related shortfall in water supply.
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Metrics and numeric limits

Specific indices have been created to assess drought. For example, the Palmer Drought Index and Standardized Precipitation
Index (SPI), and advanced complex models (such as the National Land Data Assimilation System [NLDAS] or the Combined
Drought Indicator in Europe) (European Drought Observatory, 2019) which calculate soil moisture and other hydrological
variables. There are also indices used for water supply forecasting (such as the Surface Water Supply Index [SWSI]), and
indices which reflect impacts on vegetation (such as the Vegetation Health Index [VHI] and Vegetation Drought Response Index
[VegDRI]) (NOAA, no date c).

Indicators are variables or parameters used to describe drought conditions and these include precipitation, temperature,
streamflow, groundwater and reservoir levels, soil moisture and snowpack. Indices are typically computed numerical represen-
tations of drought severity, assessed using climatic or hydrometeorological inputs. They aim to measure the qualitative state of
droughts on the landscape for a given time period. Indices can simplify complex relationships and provide useful communica-
tion tools for diverse audiences and users, including the public. Indices are used to provide quantitative assessment of the
severity, location, timing and duration of drought events. Severity refers to the departure from normal of an index. A threshold
for severity may be set to determine when a drought has begun, when it ends, and the geographic area affected. Location refers
to the geographic area experiencing drought conditions. The timing and duration are determined by the approximate dates of
onset and cessation (WMO and GWP, 2016).

The World Meteorological Organization (WMO)’s Handbook of Drought Indicators and Indices provides a compendium of the
most commonly used drought indicators/indices that are being applied across drought-prone regions. The indexes are grouped
under: meteorology (23 indices); soil moisture (4 indices); hydrology (8 indices); remote-sensing (10 indices); and composite or
modelled (5 indices). Each index is elaborated in detail with its origin, characteristics, input parameters, application, strengths,
weaknesses, resources, and references (WMO and GWP, 2016). The Handbook includes many commonly used drought indica-
tors/indices such as several versions of the Palmer Drought Indices and the Keetch-Byram Drought Index.

The Standardized Precipitation Index (SPI) is an index that considers only precipitation and it is easy to use. A period of record
of at least 30 years of data is recommended, and a shorter period should only be used with caution. The SPI can be very useful
when the amount of data for calculations is limited. It is can be easier to communicate in some situations than other more
complex indices as it is only based on rainfall received and a comparison with historical rainfall amounts. The SPI is an index
based on the probability of receiving a given amount of precipitation, and the probabilities are standardised such that an index
of zero indicates the median precipitation amount (half of the historical precipitation amounts are below the median, and half
are above the median). The index is negative for drought, and positive for wet conditions. The SPI can be computed from one
month to 24 months, to capture both short-term and long-term conditions (WMO, 2012; NOAA, no date c). In June 2011, the
Sixteenth World Meteorological Congress adopted a resolution that recommended that the SPI be used by all National Mete-
orological and Hydrological Services (NMHSs) around the world to characterise meteorological droughts, in addition to other
drought indices that were in use in their service (WMO, 2011).

Key relevant UN convention / multilateral treaty

The United Nations Convention to Combat Desertification in those Countries Experiencing Serious Drought and/or Desertifica-
tion, particularly In Africa (UNCCD, 1994). Established in 1994, the United Nations Convention to Combat Desertification
(UNCCD) is the sole legally binding international agreement linking the environment and development to sustainable land
management. The Convention addresses specifically the arid, semi-arid and dry sub-humid areas, known as the drylands,
where some of the most vulnerable ecosystems and peoples can be found (UNCCD, 2017).

This is the most comprehensive global commitment to achieve Land Degradation Neutrality (LDN) in order to restore the
productivity of vast expanses of degraded land, improve the livelihoods of more than 1.3 billion people, and reduce the impacts
of drought on vulnerable populations.

The United Nations Watercourses Convention (United Nations, 1997), which entered into force on 17 August 2014.

Examples of drivers, outcomes and risk management

There has been much work on drought management. The Integrated Drought Management Programme (IDMP), co-sponsored
by the WMO and the Global Partnership Water (GWP), have developed a three pillar approach to Integrated Drought Manage-
ment. These pillars include: drought monitoring and early warning; drought vulnerability and impact assessment; and drought
mitigation, preparedness and response. IDMP has over 35 partner organisations, including the Food and Agriculture Organiza-
tion of the United Nations (FAO) and the United Nations Convention to Combat Desertification (UNCCD). IDMP developed the
National Drought Management Policy Guidelines, which include a 10-step process to assist countries in developing national
drought plans and polices (WMO and GWP, 2014).
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Drought can have a serious impact on health, agriculture, economies, energy and the environment. An estimated 55 million
people globally are affected by droughts every year, and they are the most serious hazard to livestock and crops in nearly every
part of the world. Drought threatens people’s livelihoods, increases the risk of disease and death, and drives mass migration.
Water scarcity impacts 40% of the world’s population, and as many as 700 million people are at-risk of being displaced as a
result of drought by 2030 (WHO, no date a).

The probability of drought-related health impacts varies widely and largely depends upon drought severity, baseline population
vulnerability, existing health and sanitation infrastructure, and available resources with which to mitigate impacts as they occur
(Stanke et al., 2013). When drought causes water and food shortages there can be many impacts on the health of the affected
population, which may increase the risk of disease and death. Drought may have acute and chronic health effects, including:
malnutrition due to the decreased availability of food, including micronutrient deficiency (such as iron-deficiency anaemia);
increased risk of infectious diseases (such as cholera, diarrhoea, and pneumonia), due to acute malnutrition, lack of water and
sanitation, and displacement; psycho-social stress and mental health disorders; and disruption of local health services due to a
lack of water supplies, loss of buying power, migration and/or health workers being forced to leave local areas. Severe drought
can also affect air quality by making wildfires and dust storms more likely, increasing health risk in people already impacted by
lung diseases, like asthma or chronic obstructive pulmonary disease (COPD), or with heart disease (WHO, no date a).

As the health cluster lead for global emergencies, the World Health Organization (WHO) works with partners to respond to
drought-related disasters. This includes: ensuring appropriate food supplementation; health services, like immunisation, child
and maternal health, and mental health; assembling mobile health teams and outreach; epidemic surveillance, early warning
and response; and calling for emergency funding to support health action (WHO, no date a).

The WHO provides a useful Technical Hazard Sheet on drought (no date b).
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mMHoo36 / METEOROLOGICAL AND HYDROLOGICAL / Precipitation-Related

Hail

Definition

Hail is precipitation in the form of particles of ice (hailstones). These
can be either transparent, or partly or completely opaque. They are
usually spheroidal, conical or irregular in form, and generally 5-50 mm
in diameter. The particles may fall from a cloud either separately or
agglomerated in irregular lumps (WMO, 2017).

Reference

WMO, 2017. International Cloud Atlas: Hail. World Meteorological Organization (WMO). https://
cloudatlas.wmo.int/hail.htm| Accessed 22 November 2019.

Annotations

Synonyms
Hailstone, Hailstorm.

Additional scientific description

Falls of hail always occur as showers. They are generally observed during heavy thunderstorms (WMO, 2017).

Hailstones usually form around a nucleus, that may not be at their geometric centre. The nucleus may be anywhere between
a few millimetres and a centimetre in diameter. The nucleus is spheroidal or conical and is composed of ice that is usually
opaque, but sometimes transparent (WMO, 2017).

Hailstones can occur with a great variety of forms and dimensions, even within a single fall. An ‘onion skin’ formation, for
example, consists of a nucleus surrounded by alternating layers of opaque and transparent ice. There are usually not more
than five layers, except in very large hailstones, which have been found to have 20 or more layers. Some other hailstones do not
have any layers and consist of transparent or opaque ice only. They typically have a density of between 0.85 g/cm3 and 0.92
g/cm3 but may have a lower density if they have large cavities filled with air. Some hailstones are partly composed of spongy
ice, which is a mixture of ice, water and air. In exceptional circumstances, large hailstones can stick together to form irregular
lumps of giant hail (WMO, 2017).

Hailstones form when a nucleus collects cloud droplets or drops of rain. There is no general agreement on the nature of this
nucleus; the tendency is, however, to admit that it is usually a particle of small hail that has formed around a snow pellet (WMO,
2017).

Metrics and numeric limits

Hail size is often estimated by comparing it to a known object. Details on scales are available from NOAA (2019).

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

Most hailstorms are made up of a mix of different sizes, and only the very largest hail stones pose serious risk to people caught
in the open.

The destructive effects of hailstorms upon plant and animal life, buildings and property, and aircraft in flight render them a
prime object of weather modification studies (AMS, 2012).
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Examples of National Alerting Parameters for hail include those issued in China (China Meteorological Administration, 2012)
and the United States, where a hail warning is issued when hail is forecast to be one inch or more in diameter (NOAA, 2020).

References

AMS, 2012. Glossary of Meteorology: Hail. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/Hail
Accessed 22 November 2019.

China Meteorological Administration, 2012. Weather Warnings: Hail. www.cma.gov.cn/en/WeatherWarnings/WarningSig-
nals/201203/120120320_166762.htm| Accessed 22 November 2019.

NOAA, 2019. Severe Weather 101. National Severe Storms Laboratory, National Oceanic and Atmospheric Administration
(NOAA). www.nssl.noaa.gov/education/svrwx101/hail Accessed 22 November 2019.

NOAA, 2020. National Weather Service instruction 10-511, April 15, 2020. National Weather Service, National Oceanic and
Atmospheric Administration (NOAA). www.nws.noaa.gov/directives/sym/pd01005011curr.pdf

WMO, 2017. International Cloud Atlas: Hail. World Meteorological Organization (WMO). https://cloudatlas.wmo.int/hail.html
Accessed 22 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMHo037/ METEOROLOGICAL AND HYDROLOGICAL / Precipitation-Related

lce Storm

Definition

An ice storm involves the intense formation of ice on objects by the
freezing, on impact, of rain or drizzle (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. World Meteorological Organization (WMO).
https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 25 November 2019.

Annotations

Synonyms

Silver storm.

Additional scientific description

An ice storm (also called a ‘silver storm’) is a storm characterised by a fall of freezing precipitation. The attendant formation of
glaze on terrestrial objects creates many hazards (AMS, 2012).

Ice storms result from the accumulation of freezing rain, which is rain that becomes supercooled and freezes upon impact
with cold surfaces. Freezing rain is most commonly found in a narrow band on the cold side of a warm front, where surface
temperatures are at or just below freezing (NWS, no date).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Heavy accumulations of ice can bring down trees and topple utility poles and communication towers. Ice can disrupt communi-
cations and power for days while utility companies repair extensive damage. Even small accumulations of ice can be extremely
dangerous to motorists and pedestrians. Bridges and overpasses are particularly dangerous because they freeze before other
surfaces (AMS, 2012).

The impact of ice storms can be very significant. This is illustrated by the impact of the 1998 ice storm in Canada and the
United States.

Late on 4 January 1998 freezing rain began to fall on eastern Ontario, southwestern Quebec, and southern New Brunswick and
Nova Scotia, Canada. This continued for six days, ending on 10 January. These areas were pelted with 80 mm or more of freez-
ing rain and the event doubled the amount of precipitation experienced in any prior ice storm. The result was a catastrophe that
produced the largest estimated insured loss (CAD 1.44 billion) in the history of Canada (Lecomte et al., 1998).

The storm slashed across northern New York and parts of Vermont, New Hampshire and Maine in the United States, leaving a
vast trail of damage and destruction (approximately USD 200 million in insured losses). Nevertheless, the damage in the United
States paled in contrast to that sustained in Canada (Lecomte et al., 1998).

The combined Canadian and United States insured loss stands in excess of USD 1.2 billion or CAD 1.75 billion, as of 1 October
1998 (Lecomte et al., 1998).

In Canada, 28 deaths were attributed to the storm; in the United States, 17 people lost their lives (Lecomte et al., 1998).
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According to Emergency Preparedness Canada, electrical outages in the affected areas of Canada deprived 4.7 million people
or 16% of the Canadian population of power. In the United States, 546,000 people were without electricity. Thus, in both

countries over 5 million people were without power (heat, light and in many instances, water) in the cold of mid-winter, which
intensified the human suffering (Lecomte et al., 1998).

References

AMS, 2012. Glossary of Meteorology: Ice storm. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/
Ice_storm Accessed 25 November 2019.

Lecomte, E.L., A\W. Pang and J.W. Russell, 1998. ICE STORM '98. ICLR Research Paper Series — No.1. www.iclr.org/wp-content/
uploads/PDFS/1998_ice_storm_english.pdf Accessed 2 November 2020.

NWS, no date. National Weather Service (NWS) Training Site. www.weather.gov/source/zhu/ZHU_Training_Page/winter_stuff/
winter_wx/winter_wx.html Accessed 13 December 2019.

Coordinating agency or organisation
World Meteorological Organization (WMO).
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MHo038 / METEOROLOGICAL AND HYDROLOGICAL / Precipitation-Related

Snow

Definition

Snow is the precipitation of ice crystals, isolated or agglomerated, falling
from a cloud (WMO, 2017).

Reference

WMO, 2017. International Cloud Atlas Manual on the Observation of Clouds and Other Meteors:
Snow. World Meteorological Organization (WMO). https://cloudatlas.wmo.int/snow.html Accessed
13 October 2020.

Annotations

Synonyms
Not identified.

Additional scientific description

The form, size and concentration of ice crystals differ considerably according to the temperature and supersaturation at which
they develop. A fall of snow usually includes various types of snow crystals and almost all types of crystal may be observed
during a single fall of snow. Small droplets of frozen water are often attached to snow crystals. If present in great numbers,
these can obscure the crystalline structure of the snow. At temperatures above about -5°C, the crystals generally clump to form
snowflakes (WMO, 2017).

The National Oceanic and Atmospheric Administration (NOAA) National Severe Storms Laboratory reports the occurrence of
various type of snow hazard (NOAA, 2019):

+ Snow flurries: Light snow falling for short durations. No accumulation or light dusting is all that is expected.

+ Snow showers: Snow falling at varying intensities for brief periods. Some accumulation is possible.

+ Snow squalls: Brief, intense snow showers accompanied by strong, gusty winds. Accumulation may be significant. In North
America, snow squalls are best known in the Great Lakes Region of Canada.

*+ Blowing snow: Wind-driven snow that reduces visibility and causes significant drifting. Blowing snow may be snow that is
falling and/or loose snow on the ground picked up by the wind.

* Blizzards: Winds over 35 mph with snow and blowing snow, reducing visibility to 1/4 mile or less for at least 3 hours.

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

The UK Natural Hazards Partnership has developed a short science informed guide on snow and ice that addresses transport,
critical infrastructure, environmental contamination and health (UK NHP, 2013).

Road transport: The main effect of snow and ice on roads is to reduce adhesion of the surface, resulting in loss of control and
collisions. On hills, loss of traction may result in vehicles being unable to progress uphill. Blockage of the road leads to disrup-
tion according to the traffic density. Road operators attempt to maintain adhesion of the surface by application of salt and grit,
both prior to and during ice and snow formation. However, heavy snow at temperatures well below 0°C requires very frequent
treatment which can be impossible to deliver to congested roads (UK NHP, 2013).
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Rail transport: Trains are affected by loss of adhesion, and this is treated at vulnerable locations by application of sand.
However, the main impacts of snow and ice on rail transport are freezing of points and loss of electrical connection between
electric trains and power supply from catenaries or especially from the third rail (UK NHP, 2013).

Airports and aircraft: The lift surfaces (mainly the wings) of aircraft must be ice free for safe take-off, so any aircraft that has
accumulated ice or snow while on the ground must be de-iced before take-off. This is a time-consuming procedure which can
result in delays. Large civil aircraft do not generally accumulate much ice during flight and heaters keep the critical areas free.
However, other aircraft flying at low levels are vulnerable to icing and must follow defined procedures to maintain safe flight.
The biggest delays at airports are usually caused by snow that impedes progress along taxiways and aprons. Compared with
runways, these cover a vast area and are difficult to maintain in a clear state (UK NHP, 2013).

Energy supply and telecommunications: Snow and ice accumulate on transmission cables, trees, masts and pylons, especially
when the temperature is close to freezing. The additional weight can lead to sagging of cables and collapse of trees and masts.
Collapse of pylons is exceptional in the UK, but has occurred in other countries in these conditions. Ice on electricity cables can
affect transmission. The most frequent impacts are from falling trees that pull-down local transmission cables with them (UK
NHP, 2013).

Water Supply: Low temperatures can lead to freezing and bursting of water supply pipes in the ground or in buildings, leading to
loss of supply, freezing of the escaped water on surrounding roads or other surfaces, and water damage to buildings and their
contents, including potential impacts of electrical short-circuits through the water, including electrical fires (UK NHP, 2013).

Environmental impact: The main effects of snow and ice on the environment are: the polluting potential from treatments used
to prevent and remove ice from roads, vehicles and buildings; the polluting potential from accumulations of slurry and milk on
farms due to road disruption; disposal of salt, grit and oil contaminated snow into rivers; and release of polluting materials as a
result of freezing pipes etc. at industrial processes (UK NHP, 2013).

Health and health services: Health impacts of snow and ice may be divided into two categories. Cold temperatures usually
coexist with snow and ice and have separate and more significant health effects.

+ Health: The direct impacts are mainly broken bones and lacerations resulting from falls on ice covered pavements and roads.
The indirect impacts are injuries resulting from accidents incurred from the impact of snow and ice on travel leading to road
traffic accidents, etc. Loss of mains water supplies due to frozen pipes which burst can also be a health risk, particularly for
vulnerable individuals (such as those dependent on renal dialysis). Loss of power supplies during and after a snowstorm
also impacts on health, including obtaining health care supplies and continuing medical treatment for chronic iliness in the
community such as dialysis. Injuries/infections sustained while clearing snow after a snowstorm (UK NHP, 2013).

*+ Health services: Impacts on health services include increases in hospital admissions for acute injury and trauma from slips
and falls and other ice- and snow-related incidents and acute presentation of chronic illnesses due to loss of essential
services such as power, water and transport. This occurs on the background of increased demand for health services in
winter, due to circulating infections such as influenza and the impact of cold temperatures on health (UK NHP, 2013).

The snowfall alert by Canada is an example of a national alerting parameter (Government of Canada, 2019).

References

Government of Canada, 2019. Criteria for Public Weather Alerts. www.canada.ca/en/environment-climate-change/services/
types-weather-forecasts-use/public/criteria-alerts.html#snowFall Accessed 26 November 2019.

NOAA, 2019. Severe Weather 101. Types of Winter Weather. The National Severe Storms Laboratory, National Oceanic and
Atmospheric Administration (NOAA). www.nssl.noaa.gov/education/svrwx101/winter/types Accessed 26 November 2019.

UK NHP, 2013. Snow and Ice. Science Note. UK Natural Hazards Partnership (NHP). www.naturalhazardspartnership.org.uk/
wp-content/uploads/2016/08/Science_Note2_Snowlce.pdf Accessed 13 October 2020.

WMO, 2017. International Cloud Atlas Manual on the Observation of Clouds and Other Meteors: Snow. World Meteorological
Organization (WMO). https://cloudatlas.wmo.int/snow.htm| Accessed 13 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MH0039/ METEOROLOGICAL AND HYDROLOGICAL / Precipitation-Related

Snow Storm

Definition

A snow storm is a meteorological disturbance giving rise to a heavy fall
of snow, often accompanied by strong winds (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary, WMO-No. 182. World Meteorological
Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 13 October
2020.

Annotations

Synonyms
Winter storm, Blizzard.

Additional scientific description

The National Severe Storms Laboratory report that three basic ingredients are necessary to make a winter storm (NOAA, no
date):
+ Cold air: Below freezing temperatures in the clouds and near the ground are necessary to make snow and/or ice.

« Lift: Something to raise the moist air to form clouds and cause precipitation. An example of lift is warm air colliding with
cold air and being forced to rise over the cold dome. The boundary between the warm and cold air masses is called a front.
Another example of lift is air flowing up a mountainside.

+ Moisture: To form clouds and precipitation. Air blowing across a body of water, such as a large lake or the ocean, is an
excellent source of moisture.

Metrics and numeric limits

Not applicable

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

Winter storms create a higher risk of car accidents, hypothermia, frostbite, carbon monoxide poisoning, and heart attacks from
overexertion. Winter storms and blizzards can bring extreme cold, freezing rain, snow, ice, and high winds. A winter storm can
last a few hours or several days; knock out heat, power, and communication services; and place older adults, young children,
and sick individuals at greater risk (US Government, 2020).

The UK Natural Hazards Partnership has developed a short science informed guide on snow and ice that addresses transport,
critical infrastructure, environmental contamination and health (UK NHP, 2013).

Road transport: The main effect of snow and ice on roads is to reduce adhesion of the surface, resulting in loss of control and
collisions. On hills, loss of traction may result in vehicles being unable to progress uphill. Blockage of the road leads to disrup-
tion according to the traffic density. Road operators attempt to maintain adhesion of the surface by application of salt and grit,
both prior to and during ice and snow formation. However, heavy snow at temperatures well below 0°C requires very frequent
treatment which can be impossible to deliver to congested roads (UK NHP, 2013).

Rail transport: Trains are also affected by loss of adhesion, and this is treated at vulnerable locations by application of sand.
However, the main impacts of snow and ice on rail transport are freezing of points and loss of electrical connection between
electric trains and power supply from catenaries or especially from the third rail (UK NHP, 2013).
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Airports and aircraft: The lift surfaces (mainly the wings) of aircraft must be ice free for safe take-off, so any aircraft that has
accumulated ice or snow while on the ground must be de-iced before take-off. This is a time-consuming procedure which can
result in delays. Large civil aircraft do not generally accumulate much ice during flight and heaters keep the critical areas free.
However, other aircraft flying at low levels are vulnerable to icing and must follow defined procedures to maintain safe flight.
The biggest delays at airports are usually caused by snow that impedes progress along taxiways and aprons. Compared with
runways, these cover a vast area and are difficult to maintain in a clear state (UK NHP, 2013).

Energy supply and telecommunications: Snow and ice accumulate on transmission cables, trees, masts and pylons, especially
when the temperature is close to freezing. The additional weight can lead to sagging of cables and collapse of trees and masts.
Collapse of pylons is exceptional in the UK but has occurred in other countries in these conditions. Ice on electricity cables can
affect transmission. The most frequent impacts are from falling trees that pull-down local transmission cables with them (UK
NHP, 2013).

Water supply: Low temperatures can lead to freezing and bursting of water supply pipes in the ground or in buildings, leading to
loss of supply, freezing of the escaped water on surrounding roads or other surfaces, and water damage to buildings and their
contents, including potential impacts of electrical short-circuits through the water, including electrical fires (UK NHP, 2013).

Environmental impact: The main effects of snow and ice on the environment are: the polluting potential from treatments used
to prevent and remove ice from roads, vehicles and buildings; the polluting potential from accumulations of slurry and milk on
farms due to road disruption; disposal of salt, grit and oil contaminated snow into rivers; and release of polluting materials as a
result of freezing pipes etc. at industrial processes (UK NHP, 2013).

Health and health services: Health impacts of snow and ice may be divided into two categories. Cold temperatures usually
coexist with snow and ice and have separate and more significant health effects.

* Health: The direct impacts are mainly broken bones and lacerations resulting from falls on ice covered pavements and roads.
The indirect impacts are injuries resulting from accidents incurred from the impact of snow and ice on travel leading to road
traffic accidents, etc. Loss of mains water supplies due to frozen pipes which burst can also be a health risk, particularly for
vulnerable individuals (such as those dependent on renal dialysis). Loss of power supplies during and after a snowstorm
also impacts on health, including obtaining health care supplies and continuing medical treatment for chronic illness in the
community such as dialysis. Injuries/infections sustained while clearing snow after a snowstorm (UK NHP, 2013).

+ Health services: Impacts on health services include increases in hospital admissions for acute injury and trauma from slips
and falls and other ice- and snow-related incidents and acute presentation of chronic ilinesses due to loss of essential
services such as power, water and transport. This occurs on the background of increased demand for health services in
winter, due to circulating infections such as influenza and the impact of cold temperatures on health (UK NHP, 2013).

References

NOAA, no date. Severe Weather 101. Winter Weather. The National Severe Storms Laboratory, National Oceanic and Atmos-
pheric Administration (NOAA). www.nssl.noaa.gov/education/svrwx101/winter Accessed 14 October 2020.

UK NHP, 2013. Snow and Ice. Science Note. UK Natural Hazards Partnership (NHP). www.naturalhazardspartnership.org.uk/
wp-content/uploads/2016/08/Science_Note2_Snowlce.pdf Accessed 13 October 2020.

US Government, 2020. Ready. Winter Weather. www.ready.gov/winter-weather#:~:text=Winter%20storms%20create%20a%20
higher,%2C%20ice%2C%20and%20high%20winds Accessed 14 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MHoo40/ METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Cold Wave

Definition

A cold wave is a period of marked and unusual cold weather
characterised by a sharp and significant drop in air temperatures near
the surface (maximum, minimum and daily average) over a large area
and persisting below certain thresholds for at least two consecutive days
during the cold season (WMO, 2020).

Reference

WMO, 2020. Guidelines on the Definition and Monitoring of Extreme Weather and Climate
Events. World Meteorological Organization (WMO). www.wmo.int/pages/prog/wcp/ccl/
documentsGUIDELINESONTHEDEFINTIONANDMONITORING
OFEXTREMEWEATHERANDCLIMATEEVENTS_09032018.pdf Accessed 18 November 2019.

Annotations

Synonyms
Not available.

Additional scientific description

In the United States, the US National Weather Service defines a cold wave as a rapid fall in temperature within 24 hours to
temperatures requiring substantially increased protection to agriculture, industry, commerce, and social activities. The criterion
for a cold wave is thus twofold: the rate of temperature fall, and the minimum to which it falls. The latter depends on region and
time of year (AMS, 2019).

In China, a cold wave is defined as disastrous weather in winter. Cold air coming down from high latitudes strengthens quickly
under special weather conditions when entering middle and low latitude areas, which will bring a sharp temperature decrease,
gales and snowfall and rainfall. When southward cold air reaches a certain standard, it will become a cold wave (China Mete-
orological Administration, 2012). A cold wave should not be confused with a ‘cold spell’, which instead refers to persistently
below-average temperature conditions occurring during the warm season, which can also have severe impacts on society, in
particular for human health and agriculture (WMO, 2020).

Metrics and numeric limits

The World Meteorological Organization guidelines on the definition and monitoring of extreme weather and climate events
advise the following (WMO, 2020):

+ Index: Daily values of Tmax, Tmin, and/or average temperature. Another index could be computed using temperature change
in the 24 hours prior to the onset of the event.
* Threshold: Determined based on historical values of the index.

« Temporal: Station-level information on starting date, ending date, and duration of the event. Persistence of conditions for a
cold wave are two days.

+ Spatial: Calculate the area affected, by providing the percentage of stations where the threshold was surpassed; locate the
coordinates of the impacted stations and the center with the highest/lowest values of the indices; and optional, but recom-
mended if resources are available, to use a geographical information system (GIS) to calculate the area affected by the event,
the magnitude, and severity.
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Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

National Alerting parameters for Cold Wave Warning are available in China (China Meteorological Administration, 2012).

Human health impacts from cold waves include mortality from ischaemic heart disease and cerebrovascular disease both

of which increase in cold weather. An increase in respiratory disease is generally attributed to cross-infection from indoor
crowding, and the adverse effects of cold on the immune system’s resistance to respiratory infection, as well as to the fact that
low temperatures assist survival of bacteria in droplets (Eurowinter Group, 1997).

Living in a cold house can affect health at any age, not just in old age, for a variety of reasons. Although the extra deaths in
elderly people are caused mainly by cardiovascular and respiratory disease, far greater numbers have minor ailments that lead
to a huge burden of disease, costs to the health system, and misery. Compared with those who live in a warmer house, respira-
tory problems are roughly doubled in children, arthritis and rheumatism increase, and mental health can be impaired at any age.
Adolescents who live in a cold house have a five-fold increased risk of multiple mental health problems (Dear and McMichael,
2011).

As an example, the Cold Weather Plan for England first launched in 2011 helps prevent the major avoidable effects on health
during periods of cold weather in England (UK Government, 2020).

References

AMS, 2019. Glossary of Meteorology: Cold wave. American Meteorology Society (AMS). http://glossary.ametsoc.org/wiki/
Cold_wave Accessed 18 November 2019.

China Meteorological Administration, 2012. Weather Warnings: Cold Wave. www.cma.gov.cn/en/WeatherWarnings/Warning-
Signals/201203/t20120320_166730.htm| Accessed 18 November 2019.

Dear, K.B.G. and M.J. McMichael, 2011. The health impacts of cold homes and fuel poverty. British Medical Journal, 342.
https://doi.org/10.1136/bm;.d2807

Eurowinter Group, 1997. Cold exposure and winter mortality from ischaemic heart disease, cerebrovascular disease, respiratory
disease, and all causes in warm and cold regions of Europe. Lancet, 349:1341-1346.

UK Government, 2020. Cold weather plan for England. www.gov.uk/government/collections/cold-weather-plan-for-england
Accessed 1 November 2020.

WMO, 2020. Guidelines on the Definition and Monitoring of Extreme Weather and Climate Events. World Meteorological
Organization (WMO). www.wmo.int/pages/prog/wcp/ccl/documents/GUIDELINESONTHEDEFINTIONANDMONITORINGOFEX-
TREMEWEATHERANDCLIMATEEVENTS_09032018.pdf Accessed 18 November 2019.

Zhang, X., L. Alexander, G.C. Hegerl, P. Jones, A.K. Tank, T.C. Peterson, B. Trewin and F.W. Zwiers, 2011. Indices for monitoring

changes in extremes based on daily temperature and precipitation data. WIREs Climate Change, 2:851-870.

Coordinating agency or organisation
World Meteorological Organization (WMO) and World Health Organization (WHO).
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MHo041/ METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Dzud

Definition

A dzud (a Mongolian term that describes ‘severe winter conditions”,
sometimes spelled zud) is a cold-season disaster in which anomalous
climatic (i.e., heavy snow and severe cold) and/or land-surface (snow/
ice cover and lack of pasture) conditions lead to reduced accessibility
and/or availability of forage/pastures, and ultimately to high livestock
mortality during winter—spring. Severe dzuds (high mortality) result
from a combination of growing-season drought and severe weather
(Natsagdorj and Dulamsuren, 2001; Nandintsetseg et al., 2017, 2018a,b).

References

Natsagdorj, L. and J. Dulamsuren, 2001. Some aspects of assessment of the dzud phenomena.
Pap Meteorol Hydrol 23:3-18 [in Mongolian].

Nandintsetseg, B., M. Shinoda and B. Erdenetsetseg, 2017. Contributions of multiple climate
hazards and overgrazing to the 2009/2010 winter disaster in Mongolia. Natural Hazards, 92:109-
126.

Nandintsetseg, B., M. Shinoda, Ch. Du and E. Munkhjargal, 2018a. Cold-season disasters on the
Eurasian steppes: Climate-driven or man-made. Scientific Reports, 8:14769.

Nandintsetseg, B., M. Shinoda and B. Erdenetsetseg, 2018b. Developing an early warning system of
Dzud (cold-season disaster) in Mongolia. doi: 10.13140/RG.2.2.33661.72161

Annotations

Synonyms
Winter storm, Blizzard, Cold surge.

Additional scientific description

There is a conventional classification of dzud types based on direct factors contributing to conditions that prevent animals
from grazing for consecutive days, finally resulting in their starvation. These include (Fernandez-Gimenez et al., 2011):

+ White dzud defined as conditions during which grasses that grow during the summer and decay during the subsequent cold
season are covered by deep snow, preventing grazing. The snow depth during these conditions substantially exceeds plant
height. This is the most common and disastrous dzud type.

- Iron (or glass) dzud happens when grasses are covered with impenetrable ice that is produced through melted and refrozen
snow (most likely occurring during spring and autumn).

« Black dzud refers to freezing temperatures and lack of snow in winter (essential for livestock and human water) and limited
forage/pasture due to preceding summer drought.

« Storm and cold dzuds both tend to result from strong winds and blizzard, and cold surge conditions. These weather patterns
reduce the intake of pasture by livestock, which is determined by the availability of phytomass (i.e., not covered by snow and
ice) and grazing time.

+ Hoof dzud is primarily associated with lack of pasture, often caused by overgrazing. This may occur when an excessive
number of animals are concentrated in relatively good but limited pasturelands.
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A combined (or multiple) dzud occurs when two or more of the above types of dzud occur together.

Note: human-induced vulnerability, including inadequate pasture management, lack of herder experience, poverty, and insuf-
ficient winter preparedness can increase the risks of dzud impacts.

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

A dzud is a compound hazard occurring in a cold dry climate, and encompassing drought, heavy snowfall, extreme cold, and
windstorms. It can last all year round and can cause mass livestock mortality and dramatic socioeconomic impacts - includ-
ing unemployment, poverty, and mass migration from rural to urban areas, giving rise to heavy pressure on infrastructure

and social and ecosystem services (Murray et al., 2012). Dzuds occurred in Mongolia in 1944-1945, 1954-1955, 1956-1957,
1967-1968, 1976-1977, 1986-1987, 1993-1994, and 1996-1997. The dzud of 1944-1945 was a record for the 20th century with
mortality of one-third of Mongolia’s total livestock, with the 2009-2010 dzud causing similarly high animal mortality (Murray et
al., 2012).

References

Fernandez-Gimenez, M., B. Batjav and B. Baival, 2011. Understanding Resilience in Mongolian Pastoral Social-ecological
Systems. www.bing.com/search?q=There+is+a+conventional+classification+of+dzud+types+based+on+in+terms+of+direct+f
actors+contributing+to+conditions+that+prevent+animals+from+grazing+for+consecutive+days%2C+finally+resulting+in+thei
r+starvation.+T%2C+these+include%3A&cvid=9e16de569cdc42ea95afd55¢783565fd&FORM=ANABO1&PC=U531 Accessed 16
April 2021.

Murray, V., G. McBean, M. Bhatt, S. Borsch, T.S. Cheong, W.F. Erian, S. Llosa, F. Nadim, M. Nunez, R. Oyun, and A.G. Suarez,
2012. Case studies. In: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A Special
Report of Working Groups | and Il of the Intergovernmental Panel on Climate Change (IPCC). Cambridge University Press, pp.
487-542. www.ipcc.ch/site/assets/uploads/2018/03/SREX-Chap9_FINAL-1.pdf Accessed 8 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MHo042/ METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Freeze

Definition

A freeze is an air temperature equal to or less than the freezing point of
water (D °C) (adapted from WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. World Meteorological Organization (WMO).
https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 18 November 2019.

Annotations

Synonyms
Frost, Freeze event, Killing frost.

Additional scientific description

Technically, the word ‘frost’ refers to the formation of ice crystals on surfaces, either by freezing of dew or a phase change from
vapour to ice; however, the word is widely used by the public to describe a meteorological event when crops and other plants
experience freezing injury (FAO, 2005).

Growers often use the terms ‘frost’ and ‘freeze’ interchangeably, with the vague definition being ‘an air temperature less than or
equal to 0°C’. A ‘frost’ is the occurrence of an air temperature of 0°C or lower, measured at a height of between 1.25and 2.0 m
above soil level, inside an appropriate weather shelter. Water within plants may or may not freeze during a frost event, depend-
ing on several avoidance factors (e.g., supercooling and concentration of ice nucleating bacteria). A ‘freeze’ occurs when
extracellular water within the plant freezes (i.e., changes from liquid to ice) (FAO, 2005).

Metrics and numeric limits

Not applicable.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

The economic losses due to a widespread freeze event can be enormous. Direct crop losses can exceed a billion dollars.
According to the United States National Climatic Data Center, five of the billion-dollar weather disasters over the past 30 years
have been caused by agricultural freezes (Brotak, 2014).

A number of different methods are available for preventing freeze damage to crops. It is important for growers to be aware of
these so that they can evaluate which procedures are feasible and economical for combating freeze damage. The methods
are described in terms of active and passive techniques. Active methods are those which are used when the danger of a freeze
event is present and include such techniques as adding heat and covering crops. Passive methods are those used well in
advance of the freeze event and include scheduling of planting and harvesting within the safe freeze-free period, and appropri-
ate crop and field selection, among others (Canadian Ministry of Agriculture, Food and Rural Affairs, 1985).

References
Brotak, E., 2014. The big freeze: frost’s costly impact on agriculture. Weatherise, 67:30-35.

Canadian Ministry of Agriculture, Food and Rural Affairs, 1985. Freeze Protection Methods for Crops Factsheet. www.omafra.
gov.on.ca/english/crops/facts/85-116.htm Accessed 2 November 2020.
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FAO, 2005. Frost Protection: fundamentals, practice and economics. Food and Agriculture Organization of the United Nations
(FAO). www.fao.org/3/a-y7223e.pdf Accessed 2 November 20202.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MH0043 / METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Frost (Hoar Frost)

Definition
A hoar frost is a deposit of ice produced by the deposition of water

vapour from the surrounding air and is generally crystalline in
appearance (WMO, 2017).

Reference

WMO, 2017. International Cloud Atlas: Hoar Frost. World Meteorological Organization (WMO).
https://cloudatlas.wmo.int/hoar-frost.html Accessed 1 November 2020.

Annotations

Synonyms
Rime, Advection hoar frost, Radiation frost.

Additional scientific description

There are two types of hoar frost: hoar frost (proper) and advection hoar frost.

Hoar frost: A deposit of ice that generally assumes the form of scales, needles, features or fans and which forms on objects
the surface of which is sufficiently cooled, generally by nocturnal radiation, to bring about the deposition of the water vapour
contained in the ambient air. Hoar frost proper is ordinarily deposited on objects at or near the ground, mainly on their horizon-
tal surfaces. Hoar frost is observed especially during the cold part of the year when the air is calm and the sky is clear (WMO,
2017).

Advection hoar frost: A deposit of ice that generally assumes crystalline form and which forms on objects, the surface of which
is sufficiently cold to bring about deposition of the water vapour contained in the air coming into contact with this surface, usu-
ally through a process of advection. Advection hoar frost is deposited mainly on vertical exposed surfaces. It is observed when
relatively warm damp air suddenly invades a region where the temperature of the exposed surfaces is below 0°C and below the
frost-point of the advected air (WMO, 2017).

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

The Australian Government provides guidance on the impact of frost damage (Australian Government, 2014). Clear, calm and
dry nights following cold days are the precursor conditions for a hoar frost. These conditions are most often met during winter
and spring when high pressures follow a cold front, bringing cold air from the Southern Ocean into settled cloudless weather.
When the loss of heat from the earth during the night decreases the temperature at ground level to zero, a frost occurs. Wind
and cloud reduce the likelihood of frost by decreasing the loss of heat to the atmosphere. The extent of frost damage is
determined by how quickly the temperature takes to get to zero, the length of time temperatures stay below zero, and how far
below zero the temperature falls (Australian Government, 2014).

In Australia, frost damage occurs to legume pods and seeds, canola pods, flowers and seeds and cereal grains, flowers, or
whole heads if the stem freezes around the flag leaf or in the boot. Flowering wheat, triticale, podding canola and field peas are
some of the most sensitive crops to frost. Barley and oats are the most tolerant (Australian Government, 2014).
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References

Australian Government, 2014. Frost Damage tin crops — where to from here? Grains Research and Development Corporation.

https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2014/03/frost-damage-
in-crops-where-to-from-here Accessed 1 November 2020.
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Coordinating agency or organisation
World Meteorological Organization (WMO).
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mMHoo44, METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Freezing Rain (Supercooled Rain)

Definition
Freezing rain is rain where the temperature of the water droplets is below

0°C. Drops of supercooled rain may freeze on impact with the ground,
in-flight aircraft or other objects (WMO, 2017).

Reference

WMO, 2017. International Cloud Atlas Manual on the Observation of Clouds and Other Meteors.
WMO-No. 407. World Meteorological Organization (WMO). https://cloudatlas.wmo.int/en/
supercooled-rain.html Accessed 25 November 2019.

Annotations

Synonyms

Freezing drizzle.

Additional scientific description

Freezing rain or freezing drizzle is precipitation that first falls in liquid form but then descends through a layer of cold air. If
this layer is thick enough and the air temperature is below freezing, the precipitation freezes on contact with the ground (or an
object that is below freezing temperature), forming a coating of ice on its surface. Driving, and even walking can be dangerous
in such conditions. Ice-coated utility lines or poles can be brought down due to the excess weight of the ice (Environment and
Climate Change Canada, 2019).

Freezing rain can sometimes land on surfaces exposed to the air (such as tree limbs) in air temperatures slightly above freezing
in strong winds. Local evaporational cooling may result in freezing. Freezing rain frequently occurs, therefore, as a transient
condition between the occurrence of rain and ice pellets (sleet). When encountered by an aircraft in flight, freezing rain can
cause a dangerous accretion of clear icing (AMS, 2012).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Freezing rain is a rare type of liquid precipitation that strikes a cold surface and freezes almost instantly. The weight of the ice
can sometimes be enough to bring down trees and power lines, and the glaze of ice on the ground (‘black ice’) effectively turns
roads and pathways into an ice rink. The freezing rain can also be extremely hazardous for aircraft (UK Met Office, no date).

Freezing rain tends to occur in those parts of the world, for example the USA, where weather systems can produce freezing
rain. These are associated with ice storms, and if enough glaze collects on trees or power lines, the weight of the ice can cause
them to break and result in large-scale disruption (UK Met Office, no date).

The impact of freezing rain leading to ice storms can be significant. This is illustrated by the impact of the 1998 ice storm in
Canada and the United States.
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Late on 4 January 1998 freezing rain began to fall on eastern Ontario, southwestern Quebec, and southern New Brunswick and
Nova Scotia, Canada. This continued for six days, ending on 10 January. These areas were pelted with 80 mm or more of freez-
ing rain and the event doubled the amount of precipitation experienced in any prior ice storm. The result was a catastrophe that
produced the largest estimated insured loss (CAD 1.44 billion) in the history of Canada (Lecomte et al., 1998).

The storm slashed across northern New York and parts of Vermont, New Hampshire and Maine in the United States, leaving a
vast trail of damage and destruction (approximately USD 200 million in insured losses). Nevertheless, the damage in the United
States paled in contrast to that sustained in Canada (Lecomte et al., 1998).

The combined Canadian and United States insured loss stands in excess of USD 1.2 billion or CAD 1.75 billion, as of 1 October
1998 (Lecomte et al., 1998).

In Canada, 28 deaths were attributed to the storm; in the United States, 17 people lost their lives (Lecomte et al., 1998).

According to Emergency Preparedness Canada, electrical outages in the affected areas of Canada deprived 4.7 million people
or 16% of the Canadian population of power. In the United States, 546,000 people were without electricity. Thus, in both
countries over 5 million people were without power (heat, light and in many instances, water) in the cold of mid-winter, which
intensified the human suffering (Lecomte et al., 1998).

In terms of national alerting thresholds, Canada issues a freezing rain warning when freezing rain is expected to pose a hazard
to transportation or property, or when freezing rain is expected for at least two hours (in some provinces four hours) (Environ-
ment Canada, no date). A winter weather watch is issued in the USA when any accretion of freezing rain or freezing drizzle on
road surfaces is observed. A winter storm warning is issued when a half inch (1.3 cm) or greater accretion of freezing rain is
expected (NOAA, no date).

References

AMS, 2012. Glossary of Meteorology: Freezing rain. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/
Freezing_rain Accessed 27 November 2019.

Environment and Climate Change Canada, 2019. Winter Hazards. www.ec.gc.ca/meteo-weather/meteo-weather/default.
asp?lang=En&n=46FBA88B-1#Freezing Rain and Ice Pellets Accessed 27 November 2019.

Environment Canada, no date. Alerting Parameters Environment Canada uses for Issuing a Freezing rain warning. www.canada.
ca/en/environment-climate-change/services/types-weather-forecasts-use/public/criteria-alerts.html#freezingRain

Lecomte, E.L., AW. Pang and J.W. Russell, 1998. ICE STORM '98. ICLR Research Paper Series — No.1. www.iclr.org/wp-content/
uploads/PDFS/1998_ice_storm_english.pdf Accessed 2 November 2020

NOAA, no date. Warning Criteria. National Weather Service, National Oceanic and Atmospheric Administration (NOAA). www.
weather.gov/car/Warning_Criteria

UK Met Office, no date. Freezing rain. www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/rain/freezing-rain
Accessed 2 November 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MHo045/ METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Glaze

Definition
Glaze is a smooth compact deposit of ice, generally transparent, formed

by the freezing of super-cooled drizzle droplets or raindrops on objects
with a surface temperature below or slightly above 0°C (WMO, 2017).

Reference

WMO, 2017. International Cloud Atlas: Glaze. World Meteorological Organization (WMO). https://
cloudatlas.wmo.int/glaze.html Accessed 20 November 2019.

Annotations

Synonyms
Not available.

Additional scientific description

The deposit of ice formed by the freezing of fog or cloud droplets not supercooled at the time of impact with objects at
temperatures well below 0°C, is known as glaze. Glaze on the ground must not be confused with ground ice which, on a road
surface, is known as ‘black ice’ (WMO, 2017).

Glaze covers all parts of surfaces exposed to precipitation. It is generally fairly homogeneous and morphologically resembles
clear ice. At or near the ground, glaze forms when drizzle droplets or raindrops become supercooled as they fall through a layer
of air at a sub-frost point temperature. In the free atmosphere, glaze is observed when aircraft are exposed to supercooled
precipitation. Glaze forms by the slow freezing of supercooled liquid water and so penetrates the air gaps between the particles
of ice before freezing (WMO, 2017).

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

Glaze is denser, harder, and more transparent than either rime or hoarfrost. Its density may be as high as 0.8 or 0.9 g/cm3. Fac-
tors that favour glaze formation are large drop size, rapid accretion, slight supercooling, and slow dissipation of heat of fusion.
The opposite effects favour rime formation. The accretion of glaze on terrestrial objects constitutes an ice storm; as a type of
aircrafticing it is called clear ice. Glaze, as well as rime, may form on ice particles in the atmosphere. Ordinary hail is composed
entirely (or nearly so) of glaze; the alternating clear and opaque layers of some hailstones represent glaze and rime, deposited
under varying conditions around the growing hailstone (AMS, 2012).

References

AMS, 2012. Glossary of Meteorology: Glaze. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/Glaze
Accessed 20 November 2019.

WMO, 2017. International Cloud Atlas: Glaze. World Meteorological Organization (WMO). https://cloudatlas.wmo.int/glaze.html
Accessed 13 October 2020.
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Coordinating agency or organisation

World Meteorological Organization (WMO).
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MHoo46 / METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Ground Frost

Definitions

Ground frost is a covering of ice, in one of its many forms, produced by
the sublimation of the water vapour on objects colder than 0°C (WMO,
1992).

Ground frost occurs when the temperature of the upper layer of the soil
is less than 0°C (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological
Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 13 October
2020.

Annotations

Synonym
Frost.

Additional scientific description

A ground frost refers to the formation of ice on the ground, objects or trees, whose surfaces have a temperature below the
freezing point of water. During situations when the ground cools faster than the air, a ground frost can occur without an air
frost. A grass frost, an un-official type of ground frost, can occur when other surfaces — such as concrete or road surfaces — do
not experience a frost, due to their better ability to retain warmth. It is possible for a grass frost to occur in late spring or even
early summer when the risk of more widespread frosts has disappeared (UK Met Office, 2019).

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

The Food and Agriculture Organization of the United Nations (FAO) has published a summary of frost protection methods.
Rather than cold temperature, frost damage to crops results mainly from extracellular (i.e., not inside the cells) ice formation
inside plant tissue, which draws out water and dehydrates the cells causing injury to the cells. Following cold periods, plants
tend to harden against freeze injury, and lose this hardening after a warm spell. A combination of these and other factors
determine the temperature at which ice forms inside the plant tissue and when damage occurs (FAO, no date).

The FAO recommends risk management methods which include passive and active protection methods:

+ Passive protection includes methods that are implemented before a frost night to help avoid the need for active protection.
The main passive methods are site selection; managing cold air drainage; plant selection; canopy trees; plant nutritional
management; proper pruning; plant covers; avoiding soil cultivation; irrigation; removing cover crops; soil covers; trunk
painting and wraps bacteria control; and planting date for annual crops. Passive methods are usually less costly than active
methods and often the benefits are sufficient to eliminate the need for active protection (FAO, no date).
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+ Active protection methods include heaters; wind machines; helicopters; sprinklers; surface irrigation; foam insulation; and
combinations of methods. All methods and combinations of methods are undertaken during a frost night to mitigate the
effects of sub-zero temperatures. The cost of each method varies depending on local availability and costs. In some cases,
a frost protection method has multiple uses (e.g., sprinklers can also be used for irrigation) and the benefits from other uses
need to be subtracted from the total cost to evaluate fairly the benefits in terms of frost protection (FAO, no date).

Examples of national alerting parameters include those for a Frost Advisory by Canada (Government of Canada, 2019) and a
Frost Warning by China (China Meteorological Administration, 2012).
References

China Meteorological Administration, 2012. Weather Warnings: Frost. www.cma.gov.cn/en/WeatherWarnings/WarningSig-
nals/201203/120120320_166759.htm| Accessed 19 November 2019.

FAO, no date. Recommended Methods Of Frost Protection. Chapter 2. Food And Agriculture Organization of The United Nations
(FAO). www.fao.org/3/y7223e/y7223e08.htm Accessed 13 October 2020.

Government of Canada, 2019. Alerting Parameters Environment Canada uses for Issuing a Frost Advisory. www.canada.ca/en/
environment-climate-change/services/types-weather-forecasts-use/public/criteria-alerts.html#frost Accessed 19 November
2019.

UK Met Office, 2019. What is frost? www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/frost-and-ice/frost
Accessed 21 November 2019.

Coordinating agency or organisation

World Meteorological Organization.
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MHo047/ METEOROLOGICAL and HYDROLOGICAL / Temperature-related

Heatwave

Definition

A heatwave is a marked warming of the air, or the invasion of very warm
air, over a large area; it usually lasts from a few days to a few weeks
(WMO, 1992).

Alternative definition: A heatwave is a marked unusual period of hot
weather over a region persisting for at least two consecutive days during
the hot period of the year based on local climatological conditions, with
thermal conditions recorded above given thresholds (WMO, 2020).

References

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological
Organization (WMO) https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 22
November 2019.

WMO, 2020. Event Types of Hazards and Extreme Events (Draft). World Meteorological
Organization (WMO). www.wmo.int/pages/prog/wcp/wcdmp/meeting/documents/Catalogue_
Hazards_Extreme_Events_WMO_091117.pdf Accessed 9 November 2020.

Annotations

Synonyms
Not identified.

Additional scientific description

The World Meteorological Organization (WMO) uses a definition that has practical utility in addressing human health impacts.
It defines heatwaves as, “periods of unusually hot and dry or hot and humid weather that have a subtle onset and cessation, a
duration of at least two to three days and a discernible impact on human activities” (WMO and WHO, 2015).

However, this definition is not sufficient to guide National Meteorological and Hydrological Services in developing practical
methods and tools for a heatwave monitoring system that would allow comparisons across regional or international borders.
Common characteristics of heatwaves such as magnitude, duration, extent, severity, and timing of the event during the heat
season, are often used to compare heatwave events (Global Heat Health Information Network, 2020).

Heatwaves differ from warm spells. Similar to heatwaves, warm spells are defined as a persistent period of abnormally warm
weather in a location. A warm spell can similarly be defined in terms of the 90th or 95th percentile of daily maximum tempera-
ture (Tmax). A warm spell occurs at any time of the year, whereas heatwaves can only occur in the warm season (WMO, 2020).

Metrics and numeric limits

It is not possible to adopt universal numeric limits to characterise heatwaves, because heatwave conditions are locally defined
and can vary significantly at sub-national scales, due to influences of geography and topography, built environment, and atmos-
pheric and other conditions. International technical efforts instead focus on the adoption of consistent approaches for allowing
countries to define and monitor heatwaves on an operational basis, based on their local conditions, applications requirements,
and other descriptive characteristics.
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National warning systems use a range of diverse indices of multiple combined variables and locally defined thresholds to
describe excessive or dangerous heat conditions. Examples of national parameters used to define heat warnings include those
for Canada (Environment and Climate Change Canada, 2019), China (China Meteorological Administration, 2012), Switzerland
(MeteoSwiss, 2019), United States (NOAA, 2019), Republic of Korea (KMA, 2019), and India (Government of India, 2020).

Many heatwave definitions use bio-meteorological or holistic indices to better characterise heat risk, including:

+ Bio-meteorological Indices: heat index, humidex, apparent temperature, excess heat index, human energy-budget based
indices (e.g., standard effective temperature, perceived temperature, physiological equivalent temperature, universal thermal
climate index) (Zare et al., 2018).

* Holistic approach: wet-bulb globe temperature, health-related assessment of the thermal environment, Heat Stress Index,
Excess Heat Index-acclimatization, Excess heat factor (Zare et al., 2018).

The WMO guidelines on the definition and monitoring of extreme weather and climate events (WMO, 2021) seek to provide
guidance on defining, characterising, monitoring and reporting information on extreme weather and climate events on an
operational basis. It is expected that adherence to these guidelines by the meteorological community will provide a basis for
attributing extreme weather and climate events and for verifying forecasting and prediction services (WMO, 2020).

Key relevant UN convention / multilateral treaty

United Nations Framework Convention on Climate Change (UNFCCC) (UN General Assembly, 1994).
Sendai Framework for Disaster Risk Reduction (UNDRR, 2015).
United Nations Framework Convention to Combat Desertification (UNCCD, 1994).

Examples of drivers, outcomes and risk management

Drivers: Persistent, abnormally high temperatures can be caused by a variety of climate and weather phenomena, but the
principal driver of a heatwave is a strong and slow-moving high pressure system that remains in place over an area for a period
of time. In some cases, these systems are held in place by an atmospheric blocking pattern, such as an omega block, which

is a pair of low pressure zones that surround a high pressure zone and serve to lock it in place for an extended period. Climate
change is monitored through observed increases in heatwave frequency, intensity, and magnitude. Other drivers of heatwaves
include longer-term climate patterns such as the El Nifio Southern Oscillation (ENSO), weather extremes such as tropical
storms, and climatic extremes such as droughts, which rob the soil of moisture and can increase the intensity of heat events
(Global Heat Health Information Network, 2020).

Heatwave outcomes: Heatwaves, warm spells and high temperatures have significant impacts on human and animal health,
worker productivity, agricultural production, ecosystems and economies. The built environment and critical infrastructure that
supports society, such as buildings, water, transportation and energy systems are also adversely affected by heatwaves (Boyle
etal., 2010).

Risk management: Heatwaves interact with and amplify the impacts, magnitude, and severity of other hazards such as wildfire,
drought, cyclones, urban heat islands, and hazardous air quality. A multi-hazard risk management approach is therefore recom-
mended for heatwaves, including early warning systems and planning. In urban areas, consideration of night-time temperatures
and urban heat island effects is important for determining appropriate thresholds for heatwave advisories. Essential compo-
nents of health impact-orientated warning systems and early action for heatwaves, include assessments of heatwaves and
health impacts, definitions and methodologies, communication of warnings, intervention strategies, and longer-term planning
perspectives for managing heatwave events (WMO and WHO, 2015).
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Coordinating agency or organisation
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MHoo48 / METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Icing (Including Ice)

Definition

Icing refers to any deposit or coating of ice on an object caused by the
impact of liquid hydrometeors, usually supercooled (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological
Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed on 25
November 2019.

Annotations

Synonyms
Not identified.

Additional scientific description

Icing, in general, is any deposit or coating of ice on an object, caused by the impingement and freezing of liquid (usually
supercooled) hydrometeors; to be distinguished from hoar frost in that the latter results from the deposition of water vapour
(NOAA, 2019).

An ice deposit may form on different parts of an aircraft when flying in supercooled clouds or precipitation. The intensity and
characteristics of the icing vary, but depend primarily on the degree of supercooling, the droplet diameters and concentration,
and the characteristics of the airflow around the aircraft. The main types of icing are soft rime, hard rime, clear ice, and glaze
(WMO, 2017,2020a,b,c,d).

Necessary conditions for icing include air temperatures at or below 0°C and supercooled liquid water droplets or wet snow-
flakes.

However, If an aircraft has been in below freezing temperatures and then in above freezing temperatures, the aircraft’s surface
temperature can remain below freezing for some time. Thus, icing still may be possible in ambient temperatures above freezing
(NOAA, 2019).

NOTE: Supercooled liquid water droplets are predominantly found at temperatures ranging from 0°C to -20°C. Although
rare, small amounts of supercooled water droplets can be found at temperatures as low as -40°C. The smaller and purer the
droplets, the lower their freezing points.

NOTE: When a supercooled droplet strikes an object such as the surface of an aircraft, the impact destroys the internal stability
of the droplet and raises its freezing temperature. This is known as aerodynamic heating — the temperature rise resulting from
adiabatic compression and friction as the aircraft penetrates the air (NOAA, 2019).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Factors which affect the icing threat for aeroplanes include: particle size; particle concentration; shape of aircraft surfaces;
aircraft speed; environmental temperature; and aircraft surface temperature (must be 0°C or less) (NOAA, 2019). This table
illustrates icing effects on primary forces and the resulting effect on aircraft (NOAA, 2019).
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Primary Icing effect on Resulting effect on aircraft
force force
Lift Decreased Excessive loss of lift will cause aircraft to lose altitude
Weight Increased Excessive weight will cause aircraft to lose altitude
Thrust Decreased Excessive loss of thrust will cause aircraft to lose airspeed and lift
Drag Decreased Excessive drag will cause aircraft to lose airspeed and lift

Heavy accumulations of ice can bring down trees and topple utility poles and communication towers. Ice can disrupt communi-
cations and power for days while utility companies repair extensive damage. Even small accumulations of ice can be extremely
dangerous to motorists and pedestrians. Bridges and overpasses are particularly dangerous because they freeze before other
surfaces (AMS, 2012).

An example of a National Alerting Parameter for icing is that by China for road icing (China Meteorological Administration,

2012).
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MH0049/ METEOROLOGICAL AND HYDROLOGICAL / Temperature-Related

Thaw

Definition

Thaw is the melting of snow or ice at the Earth’s surface due to a
temperature rise above 0°C (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological
Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 13 October
2020.

Annotations

Synonyms
Not identified.

Additional scientific description

Additional definitions of thaw include:

To melt a substance, ice for example, by warming it to a temperature greater than the melting point of the substance, or to have
frozen contents melted (AMS, 2012).

To free something from the binding action of ice by warming it to a temperature above the melting point of ice (AMS, 2012).
A warm spell when ice and snow melt, for example, January thaw’ (AMS, 2012).

Metrics and numeric limits

Not applicable.

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

A spring thaw is when warmer temperatures and resulting snow melt can produce large amounts of runoff in a short period of
time, as each cubic foot of compacted snow contains gallons of water. During early spring, frozen land prevents melting snow
or rainfall from seeping into the ground. The water then runs off the surface and flows into lakes, streams, and rivers, causing
excess water to spill over their banks. The addition of seasonal storms can result in severe spring flooding (US FEMA, no date).

The effects of flooding on health are extensive and significant, ranging from mortality and injuries resulting from trauma

and drowning to infectious diseases and mental health problems (acute and long-term). While some of these outcomes are
relatively easy to track, ascertaining the human impact of floods is still weak. For example, it has been reported that two-thirds
of deaths associated with flooding are from drowning, with the other third from physical trauma, heart attacks, electrocution,
carbon monoxide poisoning and fire. Often, only immediate traumatic deaths from flooding are recorded (WHO, 2013).
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Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases but may also affect proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,

destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

AMS, 2012. Glossary of Meteorology: Thaw. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/Thaw
Accessed 26 November 2019.

US FEMA, no date. Spring Flooding: Risks and Protection. US Federal Emergency Management Agency (FEMA). www.ready.gov/
sites/default/files/Spring_Flood_Fact_Sheet.pdf Accessed 13 October 2020.

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. Regional Office for Europe, World Health
Organization (WHO). https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0050 / METEOROLOGICAL AND HYDROLOGICAL / Terrestrial

Avalanche

Definition
An avalanche is a mass of snow and ice falling suddenly down a

mountain slope and often taking with it earth, rocks and rubble of every
description (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological
Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 4
December 2019.

Annotations

Synonyms
Not identified.

Additional scientific description

An avalanche is a rapid flow of snow down a hill or mountainside (NSIDC, 2021). Although avalanches can occur on any slope
given the right conditions, certain times of the year and certain locations are more dangerous than others. Winter, particularly
from December to April in the Northern Hemisphere, is when most avalanches tend to happen (NSIDC, no date).

There are different types of avalanche (SLF, no date a):

+ Loose snow avalanches start from a single point and form when snow is not well bonded. A loose snow avalanche consisting
of dry powder generally requires a slope angle of 40°. In very steep terrain, as individual snow particles become loose, roll
downwards and bump into more particles, they form an inverted-V-shaped avalanche. Because loose snow avalanches
usually carry less snow and travel more slowly than slab avalanches, they are also less dangerous.

+ Slab avalanches can only form when the snowpack comprises multiple layers of snow. Slab avalanches are characterised by
the simultaneous release of a cohesive snow layer (slab). Steeper than around 30°, slab avalanches are usually bigger than a
typical skier avalanche (which is on average 50 m wide, 150-200 m long and 50 cm thick) and reach speeds of 50-100 km/h.

+ Gliding avalanches, like slab avalanches, have a distinct, broad fracture line, but differ from other types of avalanches in as
much as the entire snowpack is released. The slope must be sufficiently steep, but gliding can occur at a slope angle of just
15°. Gliding avalanches can occur only on a smooth substrata, typically consisting of flattened grass or slabs of rock.

« Powder avalanches arise mostly from slab avalanches. A powder cloud forms in the presence of a large altitude difference
when a sufficient quantity of snow becomes suspended in the air. Powder avalanches can reach speeds of 300 km/h and
cause tremendous damage.

+ Wet-snow avalanches are usually triggered naturally, most often by a big rise in temperature. Meltwater or occasionally
rainwater penetrating the snowpack weakens the bonds between the snow crystals, thereby destabilising layers in which the
water accumulates. Both loose snow avalanches and slab avalanches can consist of wet snow.

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not identified.
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Examples of drivers, outcomes and risk management

Avalanche danger is enhanced in some circumstances, commonly in windy conditions on fresh snow slopes; when there is
rapid, significant, warming of the snow to above 0°; and on steeper, shadier slopes (White risk, no date).

Avalanche protection and control measures include early warning which is key. The European Avalanche Warning Services
(EAWS) brings together 29 avalanche warning services from 16 countries (EAWS, 2020).

By way of controlled explosions, artificial avalanche triggering aims temporarily to safeguard possible starting zones, ava-
lanche paths and deposition zones, and to prevent large avalanches and lengthy closures (SLF, no date b).

Defensive structures prevent the formation of avalanches. In other circumstances, when an avalanche is released, it can be
diverted or intercepted by a dam. Other means of protection against avalanches include physical structures for buildings and
snow sheds. In order to stop an avalanche completely, depending on its speed, a dam may need to be more than 20 m high.
Many dams have a dual function: they protect against avalanches in winter, and against flooding and debris flows once the
snow has melted. Snow sheds are known as avalanche galleries or tunnels, and are the classic structures for protecting trans-
portation routes. Among the typical measures for protecting buildings are wall reinforcement, the erection of a solid structure
(Spaltkeil), which is rather like a log splitting wedge, to break the avalanche, and a building design (Ebenhéch) in which the roof
seamlessly merges with the terrain or an embankment (SLF, no date c).

References
EAWS, 2020. Our Mission. European Avalanche Warning Services (EAWS). www.avalanches.org Accessed 25 March 2021.

NSIDC, no date. All about snow: Snow avalanches. National Snow and Ice Data Center (NSIDC). nsidc.org/cryosphere/snow/
science/avalanches.html Accessed 4 December 2019.

NSIDC, 2021. Cryosphere Glossary: Avalanche. National Snow and Ice Data Center (NSIDC). https://nsidc.org/cryosphere/glos-
sary/term/avalanche Accessed 25 March 2021.

SLF, no date a. Avalanche protection. WSL Institute for Snow Avalanche Research SLF. www.slf.ch/en/avalanches/avalanche-
protection.html Accessed on 4 December 2019.

SLF, no date b. Artificial Avalanche Triggering. www.slf.ch/en/avalanches/avalanche-protection/artificial-avalanche-triggering.
html Accessed 25 March 2021.

SLF, no date c. WSL Institute for Snow and Avalanche Research SLF. www.wsl.ch/en/about-wsl/locations/slf-davos.html
Accessed 25 March 2021.
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Accessed 25 March 2021.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0051 7 METEOROLOGICAL AND HYDROLOGICAL / Terrestrial

Mud Flow

Definition

A mud flow is a flow of water so heavily charged with sediment and
debris that the flowing mass is thick and viscous (WMO and UNESCO,
2012).

Reference

WMO and UNESCO, 2012. International Glossary of Hydrology. WM0-No0.385. World Meteorological
Organization (WMO) and United Nations Educational, Scientific and Cultural Organization
(UNESCO). www.wmo.int/pages/prog/hwrp/publications/international_glossary/385_IGH_2012.pdf
Accessed 13 October 2020.

Annotations

Synonyms
Hyperconcentrated flow, Land slide, Debris flow.

Additional scientific description

A flow is a spatially continuous movement in which the surfaces of shear are short-lived, closely spaced, and usually not
preserved. The component velocities in the displacing mass of a flow resemble those in a viscous liquid. Often, there is a
gradation of change from slides to flows, depending on the water content, mobility, and evolution of the movement. Debris
flows and mudflows usually occur in small, steep stream channels and are commonly mistaken for floods (Highland and
Bobrowsky, 2008).

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Possibly one of the most significant mudflow events in recent times was reported from Indonesia.

On 29 May 2006, hot mud and gas began gushing from a rice field near a gas exploration well in East Java. More than a decade
later, the Lusi mud flow continues on the Indonesian island (NASA, 2019).

Over the years, flows of boiling mud from the Lusi Mud Flow have displaced more than 40,000 people, destroyed 15 villages,
and caused nearly USD 3 billion in damage (NASA, 2019).

The Lusi eruption has become one of the most dramatic and damaging eruptions of its type. Some villages have been buried
by layers of mud 40 metres (130 feet) thick. The mud, which has a consistency similar to porridge, pours constantly from Lusi’s
main vent. Every thirty minutes or so, surges in the flow send plumes of water vapour, carbon dioxide, and methane shooting
tens of meters into the air (NASA, 2019).

In the early years of the eruption, mud oozed over homes, factories, highways, and farmland. Now it spreads within a network of
earthen levees, retention ponds, and distribution channels that form a rectangular grid around the main eruptive vents. Chan-
nels direct the mud into holding ponds to the north and south. Large volumes of mud get flushed into the Porong River, which
flows east toward the Bali Sea (NASA, 2019).
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References

Highland, L.M. and P. Bobrowsky, 2008, The landslide handbook—A guide to understanding landslides. US Geological Survey,
Circular 1325. http://iplhg.org/icl/wp-content/uploads/2012/12/Landslide-Classification-from-the-Landslide-Handbook20081.
pdf

NASA, 2019. A Muddy Mess in Indonesia. National Aeronautics and Space Administration (NASA). https://earthobservatory.
nasa.gov/images/145198/a-muddy-mess-in-indonesia Accessed 13 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0052 / METEOROLOGICAL AND HYDROLOGICAL / Terrestrial

Rock slide

Definition

A rock slide is a movement of a mass of soil or rock on an individualized
failure surface (Dennis and Didier, 2019).

Reference

Dennis, F. and H. Didier, 2019. Rock slides and rock falls, a fatality? Encyclopaedia of the
Environment (2019). www.encyclopedie-environnement.org/en/soil/rocky-landslides-and-
landslides-a-fatality Accessed 20 October 2020.

Annotations

Synonyms
Translational slide, Rotational slide, Rock fall.

Additional scientific description

Different types of slide can be distinguished according to the shape of the failure surface. These can be identified as transla-
tional landslides and rotational slides:

« Translational landslides generally occur on one or two planes (referred to as ‘wedges’) of pre-existing discontinuity(s) in the
rock mass. A well-known example in France is the Claps de Luc-en-Diois where, in 1442, thick limestone beds slipped on a
stratification plane following the erosion of the foot of the slope by the Drome river. The volume of the slip exceeds 1 hm3.
But the largest rock slide in the Alps in the last two millennia was the one that affected the marl slope north of Mont Granier
in November 1248. Nearly 500 hm3 of marl rock slid eastward on the stratification joints, destroying several villages and
killing more than 1000 people (Dennis and Didier, 2019).

* Rotational slides occur on an axisymmetric surface; they are sometimes called circular slides because on a vertical section,
the failure surface is an arc of a circle. They can occur in continuous massifs (often in soils) or without discontinuity planes
allowing translational sliding. An example is given by the slide from La Clapiére to Saint-Etienne-de-Tinée in France, with a
volume of about 50 hm3 (Dennis and Didier, 2019).

Metrics and numeric limits

Not identified.

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

High precipitation, natural erosion, temperature variations or extreme stresses such as earthquakes can trigger rock slides and
rock falls (NGI, no date).

Six of the 26 catastrophic landslides of the 20th Century listed by the United States Geological Survey (USGS, no date) were
associated with rock slides, including the Usoy rock slide, USSR (1911); Khait rock slide, USSR (1949, 12,000 to 20000 deaths);
and the Bairaman rock slide debris avalanche, Papua New Guinea (1986, village destroyed). These three rock slides were
triggered by earthquakes. In 1974 in Peru, the Mayunmarca rock slide debris avalanche, which resulted in the loss of 450 lives
was associated with high rainfall.

In terms of natural hazards, the Encyclopaedia of the Environment reported two categories of protection: active protections to
remove the hazard itself and passive protections, which do not seek to oppose natural phenomena only to limit their harmful
consequences for developments (buildings, communication routes) (Dennis and Didier, 2019).
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« Active protections are diverse and include (i) general methods, such as surface or deep drainage, and slope vegetation that
limits erosion due to runoff (gully excavation) and infiltration that alters mechanical properties (friction, cohesion of rock
joints); (ii) supports, such as retaining walls, rock bolts or anchored mesh covered with sprayed concrete; (iii) wire mesh
(draped or pinned), i.e., metal structures designed to contain the massif and prevent the spread of falling rocks and blocks;
and (iv) scaling/mining, which are radical solutions that comprise removing unstable elements, although these solutions are
not always as definitive as expected (the continuous alteration and the blast vibrations are often harmful to the stability of the
surrounding massifs) (Dennis and Didier, 2019).

Passive protections are also diverse: (i) barriers and dikes are gabions or concrete blocks placed at the foot of unstable
slopes; their purpose is to stop the propagation of rock elements before reaching the stakes; their location, which requires
sufficient space and their dimensioning, takes into account the properties of the materials that constitute them, but first of
all numerical simulations that are made to model the propagation of blocks (trajectory circulations); (ii) the diverters are also
embankments; installed on the slope, they divert the flow of the elements towards a space without stakes; (iii) protection
galleries, similar to avalanche tunnels, are likely to protect communication routes when crossing corridors; (iv) rigid fences
are placed on steep slopes as close as possible to the starting areas; their installation is often difficult to achieve; and (v)
deformable wire-mesh can be placed lower on the slopes until they are close to the issues at stake; the most well-known
case is the use of ‘submarine’ type nets (used during the Second World War to prevent the penetration of ports by submarine
vehicles) stretched between rigid poles and maintained by fusible carabiners; this device is thus calculated to resist an
impact energy previously determined in the study of randomness and its propagation (Dennis and Didier, 2019).

The appropriate responses to reduce the risks associated with rock instabilities are effective but often require a large budget.
It is not viable to consider eliminating risk wherever it exists. The best protection is always based first on geological reconnais-
sance, followed by preventative actions such as drainage or regular purging of unstable elements and on monitoring based on
measurements when movements are detected. Such monitoring often triggers an alert with a road closure or evacuation of an
inhabited area (Dennis and Didier, 2019).

References

Dennis, F. and H. Didier, 2019. Rock slides and rock falls, a fatality? Encyclopaedia of the Environment (2019). www.encyclope-
die-environnement.org/en/soil/rocky-landslides-and-landslides-a-fatality Accessed 20 October 2020.

NGI, no date. Rock slides. Norwegian Geotechnical Institute (NGI). www.ngi.no/eng/Services/Technical-expertise/Rock-
slides#:~:text=High%20precipitation%2C%20natural%20erosion%2C%20temperature,the%20results%20are%200ften%20
catastrophic Accessed 20 October 2020.

USGS, no date. Catastrophic Landslides of the 20th Century — Worldwide. United States Geological Survey (USGS). www.
usgs.gov/natural-hazards/landslide-hazards/science/catastrophic-landslides-20th-century-worldwide?qgt-science_center_
objects=0#qt-science_center_objects Accessed 19 October 2020.

Coordinating agency or organisation
World Meteorological Organization (WMO).
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mMH0053 7 METEOROLOGICAL AND HYDROLOGICAL / Wind-Related

Derecho

Definition
Derechos are fast-moving bands of thunderstorms with destructive
winds. The winds can be as strong as those found in hurricanes or even

tornadoes. Unlike hurricanes and tornadoes, these winds follow straight
lines (NOAA, 2019).

Reference

NOAA, 2019. What is a Derecho? National Oceanic and Atmospheric Administration (NOAA).
https://scijinks.gov/derechos Accessed 26 November 2019.

Annotations

Synonyms
Not applicable.

Additional scientific description

A derecho (pronounced similar to ‘deh-REY-cho’) is a widespread, long-lived wind storm that is associated with a band of
rapidly moving showers or thunderstorms. Although a derecho can produce destruction similar to the strength of tornadoes,
the damage is typically directed in one direction along a relatively straight swath. As a result, the term ‘straight-line wind
damage’ is sometimes used to describe derecho damage. By definition, if the wind damage swath extends more than 240 miles
(about 400 km) and includes wind gusts of at least 58 mph (93 km/h) or greater along most of its length, then the event may be
classified as a derecho (NOAA, 2019).

A derecho is a widespread convectively induced straight-line windstorm. Specifically, the term is defined as any family of
particularly damaging downburst clusters produced by a mesoscale convective system (AMS, 2012a). Such systems have
sustained bow echoes with book-end vortices and/or rear-inflow jets and can generate considerable damage from straight-line
winds. Damage must be incurred either continuously or intermittently over a swath of at least 650 km (~400 miles) and a

width of approximately 100 km (~60 miles) or more. The term derecho derives from a Spanish word that can be interpreted as
‘straight ahead’ or ‘direct’ and was chosen to distinguish between wind damage caused by tornadoes (AMS, 2012b), which have
rotating flow, from straight-line winds.

The National Oceanic and Atmospheric Administration Storm Prediction Center reports that the types of Derecho include: serial
derechos, progressive derechos, hybrid derechos and low-point derechos (NOAA, 2018).

Metrics and numeric limits

The winds associated with derechos are not constant and may vary considerably along the derecho path, sometimes being
below severe limits (57 mph [92 kmh] or less) and sometimes being very strong (from 75 mph [121 kph] to over 100 mph [161
kph]). This is because the swaths of stronger winds within the general path of a derecho are produced by what are called
downbursts, and downbursts often occur in irregularly arranged clusters, along with embedded microbursts and burst swaths.
Derechos might be said to be made up of families of downburst clusters that extend, by definition, continuously or nearly
continuously for at least 250 miles (about 400 km) (NOAA, 2018).

Key relevant UN convention / multilateral treaty

Not identified.
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Examples of drivers, outcomes and risk management

Derechos are formed as follows. When the wet air in a thunderstorm meets the drier air surrounding it, the water in the air
evaporates. When water evaporates, it cools the air around it. Since the cool air is denser, it rapidly sinks to the ground and
creates strong winds. The downburst can suck more dry air into the storm, making even stronger downbursts or clusters of
downbursts. Derechos occur when the right conditions for downbursts occur over a wide area (NOAA, 2019). See also NOAA
(2018) for more detailed information about derechos.

Because derechos are most common in the warm season, those involved in outdoor activities are especially at risk. Campers
or hikers in forested areas are vulnerable to being injured or killed by falling trees, and those at sea risk injury or drowning from
storm winds and high waves that can overturn boats. Another reason those outdoors are especially vulnerable to derechos is
the rapid movement of the parent convective system. Typically, derecho-producing storm systems move at speeds of 50 mph
or more, and a few have been recorded at 70 mph. For someone caught outside, such rapid movement means that darkening
skies and other visual cues that serve to identify the impending danger (e.g., gust front shelf clouds) appear at very short notice
(NOAA, 2018).

References

AMS, 2012a. Glossary of Meteorology: Mesoscale Convective System. American Meteorological Society (AMS). https://glos-
sary.ametsoc.org/wiki/Mesoscale_convective_system Accessed 25 March 2021.

AMS, 2012b. Glossary of Meteorology: Tornado. American Meteorological Society (AMS). https://glossary.ametsoc.org/wiki/
Tornado Accessed 25 March 2021.

AMS, 2019. Glossary of Meteorology: Derecho. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/
Derecho Accessed 26 November 2019.

NOAA, 2018. About Derechos. Storm Prediction Center, National Oceanic and Atmospheric Administration (NOAA). www.spc.
noaa.gov/misc/AbtDerechos/derechofacts.htm#strength Accessed 26 November 2019.

NOAA, 2019. Derecho. National Weather Service, National Oceanic and Atmospheric Administration (NOAA). www.weather.gov/
Imk/derecho Accessed 26 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MH0054/ METEOROLOGICAL AND HYDROLOGICAL / Wind-Related

Gale (Strong Gale)

Definition

A gale is wind with a speed of between 34 and 40 knots (62-74 km/h,
32-38 mph). Also known as Beaufort scale wind force 8 (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological
Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed on 20
November 2019.

Annotations

Synonyms
Not found.

Additional scientific description

The numerical limits of a gale are defined by the Beaufort Scale which is an empirical measure that relates wind speed to
observed conditions at sea or on land (Royal Meteorological Society, 2018). Its full name is the Beaufort wind force scale.

Metrics and numeric limits

A gale is wind with a speed of between 34 and 40 knots (62-74 km/h, 32-38 mph). Also known as Beaufort scale wind force 8
(WMO, 1992).

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

Human health can be severely affected by windstorms. Direct effects occur during the impact phase of a storm, causing
death and injury due to the force of the wind. Becoming airborne, being struck by flying debris or falling trees and road traffic
accidents are the main dangers. Indirect effects, occurring during the pre- and post-impact phases of the storm, include falls,
lacerations and puncture wounds, and occur when preparing for, or cleaning up after a storm. Power outages are a key issue
and can lead to electrocution, fires and burns and carbon monoxide poisoning from gasoline powered electrical generators. In
addition, worsening of chronic illnesses due to lack of access to medical care or medication can occur. Other health impacts
include infections and insect bites (Goldman et al., 2014).

Many countries have National Alerting Parameters for Gale, including the Philippines (PAGASA, no date), China (China Meteoro-
logical Administration, 2012), the Republic of Korea (Korea Meteorological Administration, 2019) and the United States (NOAA,
2019).

References

China Meteorological Administration, 2012. Gale. www.cma.gov.cn/en/WeatherWarnings/WarningSignals/201203/
120120320_166873.html Accessed 20 November 2019.

Goldman, A., B. Eggen, B. Golding and V. Murray, 2014. The health impacts of windstorms: a systematic literature review. Public
Health, 128:3-28.

Korea Meteorological Administration, 2019. Criteria for advisory/warning information. https://web.kma.go.kr/eng/weather/
forecast/standard_warning_info.jsp Accessed 20 November 2019.
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NOAA, 2019. Coastal Warning Display Signals. National Weather Service, National Oceanic and Atmospheric Administration
(NOAA). https://www.weather.gov/marine/cwd

PAGASA, no date. Gale Warning. http://bagong.pagasa.dost.gov.ph/marine Accessed on 20 November 2019.

Royal Meteorological Society, 2018. The Beaufort Scale: How is wind speed measured? www.rmets.org/resource/beaufort-
scale Accessed 20 November 2019.

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological Organization (WMO). https://library.
wmo.int/doc_num.php?explnum_id=4712 Accessed on 20 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0055, METEOROLOGICAL AND HYDROLOGICAL / Wind-Related

Squall

Definition

A squall is an atmospheric phenomenon characterised by a very large
variation of wind speed: it begins suddenly, has a duration of the order of
minutes and decreases suddenly in speed. It is often accompanied by a
shower or thunderstorm (WMO, 2018).

Reference

WMO, 2018. Manual on Codes, International Codes, Volume I.2. WMO-No. 306. World
Meteorological Organization (WMO). www.wmo.int/pages/prog/www/WMOCodes/WM0306_vI2/
Publications/2015editionUP2018/WMO0306_vI2_en_ONLINE.pdf Accessed 13 October 2020.

Annotations

Synonyms
Not identified.

Additional scientific description

The National Oceanic and Atmospheric Administration (NOAA) National Weather Service describes a squall as follows (NOAA,
2019):

+ A strong wind characterised by a sudden onset in which the wind speed increases to at least 16 knots and is sustained at 22
knots or more for at least one minute.

+ In nautical use, a severe local storm considered as a whole, that is, winds and cloud mass and (if any) precipitation, thunder
and lightning.

The American Meteorological Society describes a squall as follows (AMS, 2012):

+ A strong wind characterised by a sudden onset, a duration of the order of minutes, and then a sudden decrease in speed. In
U.S. observational practice, a squall is reported only if a wind speed of 16 knots or more is sustained for at least two minutes
(thereby distinguishing it from a gust).

+ In nautical use, a severe local storm considered as a whole, that is, winds and cloud mass and (if any) precipitation, thunder
and lightning.

Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

Squalls are sudden changes in wind conditions. In general, a squall may not be very strong and may only last for a short time.
However, owing to their unpredictability and sudden arrival, squalls pose a threat to marine operations that require a fairly calm
sea state (Lu et al., 2018).
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Human health can be severely affected by wind-related hazards such as squalls and windstorms. Direct effects occur during
the impact phase of a storm, causing death and injury due to the force of the wind. Becoming airborne, being struck by flying de-
bris or falling trees and road traffic accidents are the main dangers. Indirect effects, occurring during the pre- and post-impact
phases of the storm, include falls, lacerations and puncture wounds, and occur when preparing for, or cleaning up after a storm.
Power outages are a key issue and can lead to electrocution, fires and burns and carbon monoxide poisoning from gasoline
powered electrical generators. In addition, worsening of chronic illnesses due to lack of access to medical care or medication
can occur. Other health impacts include infections and insect bites (Goldman et al., 2014).

References

AMS, 2012. Glossary of Meteorology: Squall. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/Squall
Accessed 26 November 2019.

Goldman, A., B. Eggen, B. Golding and V. Murray, 2014. The health impacts of windstorms: a systematic literature review. Public
Health, 128:3-28.

Lu, Y., M. Ozaki and R. Wada, 2018. Squalls in sea off coast of Japan and their effects on marine operations based on weather
observatory data at remote islands. Journal of Marine Science and Technology, 23:104-121.

NOAA, 2019. National Weather Service Glossary: Squall. National Oceanic and Atmospheric Administration (NOAA). https://
forecast.weather.gov/glossary.php?word=SQUALL Accessed 13 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0056 / METEOROLOGICAL AND HYDROLOGICAL / Wind-Related

Subtropical Storm

Definition

A subtropical storm is a subtropical cyclone in which the maximum
sustained surface wind speed (using the U.S. 1-minute average) is 34 kt
(39 mph or 63 km/hr) or more (NOAA, 2019).

Reference

NOAA, 2019. Glossary of NHC Terms. National Hurricane Center (NHC) and Central Pacific
Hurricane Center, National Oceanic and Atmospheric Administration (NOAA). www.nhc.noaa.gov/
aboutgloss.shtml Accessed on 14 October 2020.

Annotation

Synonyms
Not available.

Additional scientific description

Subtropical cyclone: A non-frontal low-pressure system that has characteristics of both tropical and extratropical cyclones.
Like tropical cyclones, they are non-frontal, synoptic-scale cyclones that originate over tropical or subtropical waters and have
a closed surface wind circulation about a well-defined centre. In addition, they have organised moderate to deep convection,
but lack a central dense overcast. Unlike tropical cyclones, subtropical cyclones derive a significant proportion of their energy
from baroclinic sources and are generally cold-core in the upper troposphere, often being associated with an upper-level low
or trough. In comparison to tropical cyclones, these systems generally have a radius of maximum winds occurring relatively far
from the centre (usually above 60 nmi), and generally have a less symmetric wind field and distribution of convection (NOAA,
2019).

Subtropical depression: A subtropical cyclone in which the maximum sustained surface wind speed (using the U.S. 1-minute
average) is 33 kt (38 mph or 62 km/hr) or less (NOAA, 2019).

Metrics and numeric limits

Not applicable.

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

Impacts from sub-tropical storms include storm surges and significant rainfall events which cause flooding. Strong wind gusts
and tornadoes may also occur.

Human health can be severely affected by wind-related hazards such as subtropical storms and other windstorms. Direct
effects occur during the impact phase of a storm, causing death and injury due to the force of the wind. Becoming airborne,
being struck by flying debris or falling trees and road traffic accidents are the main dangers. Indirect effects, occurring during
the pre- and post-impact phases of the storm, include falls, lacerations and puncture wounds, and occur when preparing for, or
cleaning up after a storm. Power outages are a key issue and can lead to electrocution, fires and burns and carbon monoxide
poisoning from gasoline-powered electrical generators. Worsening of chronic illnesses due to lack of access to medical care or
medication can also occur. Other health impacts include infections and insect bites (Goldman et al., 2014).
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The effects of flooding on health are extensive and significant, ranging from mortality and injuries resulting from trauma and
drowning to infectious diseases and mental health problems (acute and long-term). While some of these outcomes are rela-
tively easy to track, ascertaining the human impact of floods is still weak. For example, it has been reported that two-thirds of
deaths associated with flooding are from drowning, with the other third are from physical trauma, heart attacks, electrocution,
carbon monoxide poisoning and fire. Often, only immediate traumatic deaths from flooding are recorded (WHO, 2013).

Morbidity associated with floods is usually due to injuries, infections, chemical hazards and mental health effects (acute as
well as delayed) (WHO, 2013). Hypothermia may also be a problem, particularly in children, if trapped in floodwaters for lengthy
periods (WHO, no date). There may also be an increased risk of respiratory tract infections due to exposure (loss of shelter,
exposure to flood waters and rain). Power cuts related to floods may disrupt water treatment and supply plants thereby increas-
ing the risk of water-borne diseases but may also affect proper functioning of health facilities, including cold chain (WHO, no
date). Floods can potentially increase the transmission of the following communicable diseases: water-borne diseases (such as
typhoid fever, cholera, leptospirosis and hepatitis A) and vector-borne diseases (such as malaria, dengue and dengue haemor-
rhagic fever, yellow fever, and West Nile Fever) (WHO, no date).

The longer-term health effects associated with a flood are less easily identified. They include effects due to displacement,

destruction of homes, delayed recovery and water shortages (WHO, 2013).

References

Goldman, A., B. Eggen, B. Golding and V. Murray, 2014. The health impacts of windstorms: a systematic literature review. Public
Health, 128:3-28.

NOAA, 2019. Glossary of NHC Terms. National Hurricane Center (NHC) and Central Pacific Hurricane Center, National Oceanic
and Atmospheric Administration (NOAA). www.nhc.noaa.gov/aboutgloss.shtml Accessed on 14 October 2020.

WHO, no date. Flooding and communicable diseases fact sheet. World Health Organization (WHO). www.who.int/hac/techguid-
ance/ems/flood_cds/en Accessed 4 October 2020.

WHO, 2013. Floods in the WHO European Region: Health effects and their prevention. Regional Office for Europe, World Health
Organization (WHO). https://apps.who.int/iris/handle/10665/108625 Accessed 2 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMH0057 / METEOROLOGICAL AND HYDROLOGICAL / Wind-Related

Tropical Cyclone (Cyclonic Wind, Rain [Storm]
Surge)

Definition

A tropical cyclone is a cyclone of tropical origin of small diameter
(some hundreds of kilometres) with a minimum surface pressure in
some cases of less than 900 hPa, very violent winds and torrential rain;
sometimes accompanied by thunderstorms. It usually contains a central
region, known as the ‘eye’ of the storm, with a diameter of the order of
some tens of kilometres, and with light winds and a more or less lightly
clouded sky (WMO, 2017).

Alternative definition: A tropical cyclone is a warm-core, non-frontal
synoptic-scale cyclone, originating over tropical or subtropical waters,
with organised deep convection and closed surface wind circulation
about a well-defined centre (WMO, 2017).

References

WMO, 2017. Manual on Codes, International Codes, Volume |.2, WMO-No. 306. World
Meteorological Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=5831
Accessed 25 November 2019.

Annotations

Synonyms
Typhoon, Hurricane, Cyclone, Severe tropical cyclone.

Note: Typhoon, hurricane, cyclone, and tropical cyclone are different terms for the same weather phenomenon in different
geographical regions (WMO, no date):

+ In the western North Atlantic, central and eastern North Pacific, Caribbean Sea and Gulf of Mexico, such a weather phenom-
enon is called a ‘hurricane’.

+ In the western North Pacific, it is called a ‘typhoon’.

+ In the Bay of Bengal and Arabian Sea, it is called a ‘cyclone’.

+ In the western South Pacific and southeast India Ocean, it is called a ‘severe tropical cyclone’.

+ In the southwest India Ocean, it is called a ‘tropical cyclone’.
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Additional scientific description

Depending on the maximum sustained wind speed, tropical cyclones are designated as follows (WMO, no date):

+ A tropical depression when the maximum sustained wind speed is less than 63 km/h.

+ A tropical storm when the maximum sustained wind speed is more than 63 km/h*. It is then also given a name.

+ Depending on the ocean basin, either a hurricane, typhoon, severe tropical cyclone, severe cyclonic storm or tropical cyclone
when the maximum sustained wind speed is more than 119 km/h*.

*The designation thresholds for storm and hurricane are based on the Beaufort Scale.

Tropical cyclones can be hundreds of kilometres wide and can bring destructive high winds, torrential rain, storm surges and
occasionally tornadoes (WMO, no date).

The typhoon season in the western North Pacific region typically runs from May to November. The Americas/Caribbean
hurricane season runs from 1 June to 30 November, peaking in August and September. The cyclone season in the South Pacific
and Australia normally runs from November to April. In the Bay of Bengal and Arabian Sea, tropical cyclones usually occur from
April to June, and September to November. The East Coast of Africa normally experiences tropical cyclones from November to
April (WMO, no date).

Metrics and numeric limits

Strength thresholds for tropical cyclone intensity vary according to the geographical regions indicated above. For the hurricane,
the Saffir-Simpson Hurricane Wind Scale is used, where hurricane strength varies from Category 1 to 5: Category 1 (maximum
sustained wind speeds of 119-153 km/h), Category 2 (maximum sustained wind speeds of 154-177 km/h), Category 3 (maxi-
mum sustained wind speeds of 178-209 km/h), Category 4 (maximum sustained wind speeds of 210-249 km/h) and Category
5 (maximum sustained wind speeds exceeding 249 km/h) (NOAA, no date).

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Meteorologists around the world use modern technology such as satellites, weather radars and computers etc. to track tropical
cyclones as they develop. Tropical cyclones are often difficult to predict, because they can suddenly weaken or change their
course. However, meteorologists use state-of-art technologies and develop modern techniques such as numerical weather
prediction models to predict how a tropical cyclone evolves, including its movement and change of intensity, when and where
one will hit land and at what speed. Official warnings are then issued by the National Meteorological Services of the countries
concerned (WMO, no date). The impact of a tropical cyclone and the expected damage depend not just on wind speed, but also
on factors such as the moving speed, duration of strong wind, storm surge and accumulated rainfall during and after landfall,
sudden change of moving direction and intensity, and the structure (e.g., size and intensity) of the tropical cyclone, as well as
human response to tropical cyclone disasters (NOAA, no date).

The World Meteorological Organization (WMO) framework allows the timely and widespread dissemination of information
about tropical cyclones. As a result of international cooperation and coordination, tropical cyclones are increasingly being
monitored from their early stages of formation. The activities are coordinated at the global and regional level by the WMO
through its World Weather Watch and Tropical Cyclone Programmes. The Regional Specialised Meteorological Centres with the
activity specialisation in tropical cyclones, and Tropical Cyclone Warning Centres, all designated by the WMO, are functioning
within its Tropical Cyclone Programme. Their role is to detect, monitor, track and forecast all tropical cyclones in their respec-
tive regions. The Centres provide, in real-time, advisory information and guidance to the National Meteorological Services
(WMO, no date).

The health impacts of tropical cyclones depend on the number of people living in low-lying coastal areas in the storm’s direct
path, the built environment including building design, and whether there is sufficient time for warning and evacuation (WHO,
2020).

Tropical cyclones, may directly and indirectly affect health in many ways, for example by: increasing cases of drowning and
other physical trauma; increasing risks of water- and vector-borne infectious diseases; increasing mental health effects
associated with emergency situations; disrupting health systems, facilities and services, leaving communities without access
to health care when it is needed most; and damaging basic infrastructure, such as food and water supplies and safe shelter
(WHO, 2020).
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When tropical cyclones cause floods and sea surges, the risk of drowning and water- or vector-borne diseases increases. In
addition, flood waters may contain sewage and chemicals, hide sharp objects made of metal or glass and electrical lines, or
host dangerous snakes or reptiles, which can result in diseases, injuries, electrocution and bites. The greatest damage to life
and property is not from the wind itself, but from secondary events such as storm surges, flooding, landslides and tornadoes
(WHO, 2020).

The World Health Organization (WHO) works with Member States to build resilient and proactive health systems that can
anticipate the needs and challenges during emergencies so that they are more likely to reduce risks and respond effectively
when needed. During disasters, such as tropical cyclones, the WHO helps to restore primary care services so that facilities can
deliver essential services, including immunisation, basic treatment for common illnesses, acute malnutrition and maternal care
while ensuring the ongoing supply of medications for people living with HIV, tuberculosis or diabetes. As the health cluster lead
for global emergencies, the WHO also works with partners to ensure appropriate food supplementation; to assemble mobile
health teams and outreach; to conduct epidemic surveillance, early warning and response; and to call for emergency funding to
support health action (WHO, 2020).

References

NOAA, no date. Saffir-Simpson Hurricane Wind Scale. National Oceanic and Atmospheric Administration (NOAA). https://www.
nhc.noaa.gov/aboutsshws.php Accessed 16 April 2021.

WHO, 2020. Tropical cyclones. World Health Organization (WHO). www.who.int/health-topics/tropical-cyclones#tab=tab_3
Accessed 7 October 2020.

WMO, no date. Tropical Cyclone. World Meteorological Organization (WMO). https://public.wmo.int/en/our-mandate/focus-
areas/natural-hazards-and-disaster-risk-reduction/tropical-cyclones Accessed 16 April 2021.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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mMHo058 / METEOROLOGICAL AND HYDROLOGICAL / Wind-Related

Tropical Storm

Definition

A tropical storm is a rapid rotating storm originating over tropical
oceans. It has a low pressure centre and clouds spiralling towards the
eyewall surrounding the ‘eye’. Its diameter is typically around 200 to 500
km, but can reach 1000 km. The related hazards are very violent winds,
torrential rain, high waves, storm surges and in some cases tornadoes,
causing direct effects such as flash floods, flooding, coastal inundation,
and indirect effects such as landslides and mudslides. The winds

blow anti-clockwise in the Northern Hemisphere and clockwise in the
Southern Hemisphere (WMO, 2020).

The intensity of tropical storms is based on the wind speed. A tropical
storm is a tropical cyclone with the maximum sustained winds of 34
knots (17.5 m/s, 63 km/h) to 47 knots (24.2 m/s, 87 km/h) near the
centre. When reaching this intensity, they are named in the interests of
public safety (WMO, 2021).

References

WMO, 2020. Tropical Cyclone Operational Plans. World Meteorological Organization (WM). https://
community.wmo.int/tropical-cyclone-operational-plans

WMO, 2021. Tropical Cyclones. World Meteorological Organization (WM). https://public.wmo.int/
en/our-mandate/focus-areas/natural-hazards-and-disaster-risk-reduction/tropical-cyclones

Annotations

Synonyms

Tropical cyclone is a generic term. However, once this weather phenomenon has reached a specific intensity (wind speed
exceeding 117 km/h), depending on the region, it can be designated as a hurricane, typhoon, tropical cyclone, cyclonic storm
(WMO, 2021).

Additional scientific description

A tropical cyclone originates over tropical oceans from where it draws the energy to develop. In addition to sufficient energy
from the ocean, a favourable environment is associated with enough moisture in the atmosphere, low to moderate windshear
(difference between winds at low and upper atmospheric levels), and enough Coriolis force (a force associated with the
rotation).

They can develop in the North Atlantic, Indian Ocean and Pacific Ocean. Depending on the basin, the terminology for this
weather phenomenon differs: hurricane in the North Atlantic, typhoon in the western North Pacific, and tropical cyclone in the
Indian Ocean and South Pacific Ocean.
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Metrics and numeric limits

Depending on the maximum sustained wind speed, tropical cyclones are designated as follows:

« Tropical depression: when the maximum sustained wind speed is less than 63 km/h k or 34 knots

« Tropical storm: when the maximum sustained wind speed is more than 63 km/h or 34 knots. It is then also given a name.

* Hurricane, typhoon, tropical cyclone, cyclonic storm: when the maximum sustained wind speed exceeds 117 km/h or 63
knots.

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

References

WHO, 2020. Tropical cyclones. World Health Organization (WHO). www.who.int/health-topics/tropical-cyclones#tab=tab_3
Accessed 7 October 2020.

WMO, 2021. Storm Surge. World Meteorological Organization (WMO). https://public.wmo.int/en/our-mandate/focus-areas/
natural-hazards-and-disaster-risk-reduction/storm-surge

https://public.wmo.int/en/our-mandate/focus-areas/natural-hazards-and-disaster-risk-reduction/tropical-cyclones

The Operational Plans of the five WMO Tropical Cyclone Programme regional bodies, and their associated glossaries are
available here: https://community.wmo.int/tropical-cyclone-operational-plans

World Meteorological Organization (WMO) Regional Association | - Tropical Cyclone Operational Plan for the South-West Indian
Ocean, Tropical Cyclone Programme, report No. TCP-12, WMO-NO 1178

Typhoon Committee Operational Manual, Tropical Cyclone Programme, report No. TCP-23, WMO/TD No.196.
Panel on Tropical cyclones Operational Plan for the Bay of Bengal and the Arabian Sea, report No. TCP-21, WMO/TD-No. 84

(WMO Regional Association IV — Hurricane Operational Plan for North America, Central America and the Caribbean. Tropical
Cyclone Programme. WMO-No. 1163.

WMO Regional Association V - Tropical Cyclone Operational Plan for the South Pacific and South-East Indian Ocean, Tropical
Cyclone Programme, report No. TCP-24, WMO-NO 1181.

Rappaport, E. (2014). Fatalities in the United States from Atlantic Tropical Cyclones: New Data and Interpretation. Accessible
at: https://www.deepdyve.com/Ip/american-meteorological-society/fatalities-in-the-united-states-from-atlantic-tropical-
cyclones-new-0lJut2urZS. Accessed 13 May 2021.

Coordinating agency or organisation

World Meteorological Organization (WMO).

153 ) METEOROLOGICAL AND HYDROLOGICAL Contents


https://public.wmo.int/en/our-mandate/focus-areas/natural-hazards-and-disaster-risk-reduction/storm-surge
https://public.wmo.int/en/our-mandate/focus-areas/natural-hazards-and-disaster-risk-reduction/storm-surge
https://public.wmo.int/en/our-mandate/focus-areas/natural-hazards-and-disaster-risk-reduction/tropical-cyclones
https://community.wmo.int/tropical
https://www.deepdyve.com/lp/american-meteorological-society/fatalities-in-the-united-states-from-atlantic-tropical-cyclones-new-0IJut2urZS
https://www.deepdyve.com/lp/american-meteorological-society/fatalities-in-the-united-states-from-atlantic-tropical-cyclones-new-0IJut2urZS

Hazard Information Profiles - Supplement to UNDRR-ISC Hazard Definition & Classification Review - September 2021

MH0059 / METEOROLOGICAL AND HYDROLOGICAL / Wind-Related

Tornado

Definition
A tornado is a rotating column of air, extending from the base of a
cumuliform cloud, and often visible as a condensation funnel in contact

with the ground, and/or attendant circulating dust or debris cloud at the
ground (WMO, 2017).

Reference

WMO, 2017. International Cloud Atlas: Tornado. World Meteorological Organization (WMO). https://
cloudatlas.wmo.int/tornado.html Accessed 25 November 2019.

Annotations

Synonyms
Twister, Land spout, Cold air funnel, Waterspout, Funnel, Whirlwind.

Additional scientific description

A large tornado in which the condensation funnel is at least as wide horizontally at the ground as it is in height from the ground
to the cloud base may be referred to as a wedge tornado. During the dissipation stage of a tornado, the condensation funnel will
shrink and narrow in width, becoming rope-like (a rope funnel), and may also become contorted. Some tornadoes may contain
secondary vortices within the main circulation (suction vortices or subvortices) (WMO, 2017a).

Metrics and numeric limits

Tornadoes can be classified into the following distinct formation groups (WMO, 2017b): Type | (in association with supercells;
WMO, no date), Type Il (in association with quasi-linear convective systems), and Type Il (localised convective and shear
vortices — these comprise landspouts, waterspouts and cold-air funnels).

Definitions for the Type Il tornados are as follows (WMO, 2017b):
« Landspout: A tornado that does not arise from organised storm-scale rotation and is therefore not associated with a wall
cloud (murus) or a mesocyclone.

« Waterspout: A tornado occurring over water. It is normally a relatively small, weak rotating column of air over open water
below a Cumulonimbus or Cumulus congestus cloud.

« Cold-air funnel: A funnel cloud or (rarely) a small, relatively weak tornado that can develop from a small shower or thunder-
storm when the air aloft is unusually cold.

The strength of a tornado can be estimated from the degree of damage caused using the Enhanced Fujita scale (Wind Science
and Engineering Center, 2004; National Weather Service, no date).

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Owing to the unpredictable nature of tornados, protecting the public is focused on education and outreach which provide infor-
mation on the tornado as a threat, how to identify a tornado and practical measures on how individuals can protect themselves,
and how to find and watch warning systems that alert the public (CDC, 2020).

Since the advent of Doppler Radar, lead times for tornado warnings have increased from when a tornado first touches the
ground to upwards of 14 to 20 minutes or more beforehand (WMO, 2017b; National Geographic, 2019).
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CDC, 2020. Staying Safe in a Tornado. Centers for Disease Control and Prevention (CDC). www.cdc.gov/nceh/features/torna-
dosafety/index.html Accessed 25 March 2021.

National Geographic, 2019. What we know — and what we don't — about the science of tornadoes. www.nationalgeographic.
com/news/2019/5/140430-tornadoes-meteorology-atmospheric-science-disasters Accessed 2 November 2021.

National Weather Service, no date. The Enhanced Fujita Scale (EF Scale). www.weather.gov/oun/efscale Accessed 25 March
2021.

Wind Science and Engineering Center, 2004. A Recommendation for an Enhanced Fujita Scale (EF Scale). www.spc.noaa.gov/
faqg/tornado/ef-ttu.pdf Accessed 25 March 2021.

WMO, no date. Glossary: Supercell. World Meteorological Organization (WMO). https://cloudatlas.wmo.int/en/glossary.html#S
Accessed 25 March 2021.

WMO, 2017a. International Cloud Atlas Manual on the Observation of Clouds and Other Meteors. WMO-No. 407. World Mete-
orological Organization (WMO). https://library.wmo.int/index.php?lvi=notice_display&id=5357ICA-New-classifications.html#.
YEJrt5vLfIE Accessed 25 November 2019.

WMO, 2017b. Guidelines for Nowcasting Techniques. WMO-No. 1198. World Meteorological Organization (WMO). https://
library.wmo.int/doc_num.php?explnum_id=3795 Accessed 2 November 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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MH0060 / METEOROLOGICAL AND HYDROLOGICAL / Wind-Related

Wind

Definition

Wind is air motion relative to the Earth’s surface. Unless otherwise
specified, only the horizontal component is considered (WMO, 1992).

Reference

WMO, 1992. International Meteorological Vocabulary. WMO-No. 182. World Meteorological
Organization (WMO). https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 25
November 2019.

Annotations

Synonyms
Not identified.

Additional scientific description

Wind velocity is an important consideration in relation to, for example, airborne pollution and the landing of aircraft (WMO,
2018). Surface wind is considered mainly as a two-dimensional vector quantity specified by two numbers representing direc-
tion and speed (WMO, 2018).

The extent to which wind is characterised by rapid fluctuations is referred to as gustiness, and single fluctuations are called
gusts (WMO, 2018).

Metrics and numeric limits

An internationally recognised scale for measuring wind is the Beaufort Scale, which is an empirical measure that relates wind
speed to observed conditions at sea or on land. Its full name is the Beaufort wind force scale (Royal Meteorological Society,
2018).

The Beaufort wind force scale has 13 levels including: calm, light air, light breeze, gentle breeze, moderate breeze, fresh breeze,
strong breeze, near gale, gale, strong gale, storm, violent storm, and hurricane. Of note, the quoted wind speed is that measured
at 10 m above ground, not at the surface (which, at 2 m, may be only 50-70% of these values (Royal Meteorological Society,
2018).

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Wind is a main or contributing component to a number of hazards such as derecho, tropical cyclone, blizzard, sub-tropical
cyclone, subtropical storm, tornado, and tropical storm. Wind is also associated with the dispersal of dust storms, volcanic ash
and coastal floods (WMO, 2019).

Human health can be severely affected by windstorms (Goldman et al., 2014). Effects include direct effects, which occur during
the impact phase of a storm, causing death and injury due to the force of the wind. Becoming airborne, being struck by flying
debris or falling trees and road traffic accidents are the main dangers. Indirect effects, occurring during the pre- and post-
impact phases of the storm, include falls, lacerations and puncture wounds, and occur when preparing for, or cleaning up after
a storm. Power outages are a key issue and can lead to electrocution, fires and burns, and carbon monoxide poisoning from
gasoline powered electrical generators. Worsening of chronic illnesses due to lack of access to medical care or medication can
also occur. Other health impacts include infections and insect bites.
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Royal Meteorological Society, 2018. The Beaufort Scale. www.rmets.org/resource/beaufort-scale Accessed 9 November 2020.

WMO, 2018. Guide to Instruments and Methods of Observation. Volume | - Measurement of Meteorological Variables. WMO-
No.8. World Meteorological Association (WMO). https://library.wmo.int/?Ivi=notice_display&id=12407#.YJOupiuSk2w Accessed
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Coordinating agency or organisation

World Meteorological Organization (WMO).
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eT0001 / EXTRATERRESTRIAL / Extraterrestrial

Airburst

Definition

An airburst is defined as an explosion in the air, especially of a nuclear
bomb or large meteorite (Lexico Dictionary, no date).

Reference

Lexico Dictionary, no date. Airburst. www.lexico.com/en/definition/airburst Accessed 17 December
2019.

Annotations

Synonyms
Air-blast, Fireballs, Bolides, Superbolides.

Additional scientific description

Meteoroids are objects in space that range in size from dust grains to small asteroids. Think of them as ‘space rocks”: when
meteoroids enter Earth’s atmosphere (or that of another planet, like Mars) at high speed and burn up, the fireballs or ‘shooting
stars’ are called meteors. When a meteoroid survives a trip through the atmosphere and hits the ground, it is called a meteorite
(NASA, no date).

Research has revealed why meteors explode before impacting the Earth. During model simulations of meteors entering Earth’s
atmosphere, air that was pushed into the meteoroid was allowed to percolate inside, which lowered the strength of the meteor-
oid significantly. In essence, air was able to reach the insides of the meteoroid and cause it to explode from inside out (Tabetah
and Melosh, 2017; Williams, 2017).

The hazardous effects are estimated using both semi-analytical models, realised now as simple calculators, and numerical
simulations of airbursts of large meteoroids and asteroids. The numerical simulations are based on the equations of hydro-
dynamics and radiation transfer. Dangerous consequences include shock waves with high wind speeds, fluxes of thermal
radiation capable of igniting fires and causing skin burns, seismic effects of airbursts, and ionosphere disturbances. The
dangerous effects of a shock wave and thermal radiation on people are considered in the context of the Chelyabinsk meteorite
of 2013 and the Tunguska airburst of 1908 (Ryabova et al., 2019).

On 15 February 2013, a meteor exploded in the sky over Chelyabinsk, southern Russia. Although no people or buildings were

hit by the resulting meteorite, the shockwave from the exploding object injured about 1500 people and caused damage to 7200
buildings in the region. The fireball was caught on video, mainly by dash cameras throughout the region, and posted on the
internet by news organisations and individuals. Although the Chelyabinsk meteorite probably weighed about 12,000 to 13,000
tonnes and measured 17 to 20 metres in diameter before exploding, scientists were quick to point out that it was very small
compared to other objects that could potentially hit the Earth. The explosion released energy estimated at about 500 kilotons
of TNT (about 20 to 30 times more energy than the Hiroshima atomic bomb). The event brought to the world’s attention the very
real hazards associated with the impact of objects from outer space (Nelson, 2018).

In the early morning of 30 June 1908, a powerful explosion over the basin of the Podkamennaya Tunguska River (Central
Siberia), devastated 2150 + 50 km2 of Siberian taiga. Eighty million trees were thought to have been flattened, and a great
number of trees and bushes were burnt in a large part of the explosion area. Eyewitnesses described the flight of a “fire ball,
bright as the sun”. Seismic and pressure waves were recorded in many observatories across the world. Bright nights were seen
over much of Eurasia. These different phenomena, initially considered non-correlated, were subsequently linked together as
different aspects of the ‘Tunguska event’.

Metrics and numeric limits

Not applicable.
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Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

The International Asteroid Warning Network (IAWN) was established in 2013 as a result of the UN-endorsed recommendations
for an international response to a potential near-Earth object (NEO) impact threat, to create an international group of organisa-
tions involved in detecting, tracking, and characterising NEOs. IAWN is tasked with developing a strategy using well-defined
communication plans and protocols to assist governments in analysing asteroid impact consequences and in planning
mitigation responses. Currently, IAWN includes members from Europe, Asia, South America and North America (IAWN, 2020).

IAWN has proposed the following definition: An asteroid, meteoroid, or a comet as it passes near Earth, enters the Earth’s
atmosphere, and/or strikes the Earth, or provokes changes in inter-planetary conditions that affect the Earth’'s magnetosphere,
ionosphere, and thermosphere.

Criteria and thresholds related to this definition are as follows: the probability that an NEO will impact Earth (either 1% warning
and 10% for terrestrial preparedness planning); the probable size, or at least its luminosity in the night sky (greater than 10
meters or at least absolute magnitude 28); and how far in the future the NEO will impact Earth (20 years).

The European Space Agency’s (ESA) Space Situational Awareness (SSA) programme partners with many countries, organisa-
tions and individuals. In particular, it has strong links with the United Nations Committee on the Peaceful Uses of Outer Space
(UNCOPUOQS), which facilitates the Space Mission Planning Advisory Group (SMPAG) and IAWN. SMPAG and IAWN were

both established in response to the need for an international response to the threat of NEO impacts. SMPAG coordinates the
technological know-how of agencies, including ESA, recommending specific responses to asteroid threats, including basic
research and development, impact mitigation measures and deflection missions. Depending on the capabilities and specific
technologies available to each agency, options are made to ensure the best use is made of skills of each organisation. ESA’s
primary projects are the SSA programme - especially the dedicated NEO segment, mapping of threat scenarios to mission
types, as well as AIM — ESA’s Asteroid Impact Mission (ESA, 2018).

IAWN and SMPAG have agreed on the following criteria and thresholds for impact-response actions:

1. IAWN shall warn of predicted impacts exceeding a probability of 1% for all objects characterised to be greater than 10
metres in size, or roughly equivalent to absolute magnitude of 28 if only brightness data can be collected.

Rationale: Impact probabilities greater than 1% are rare. Most objects greater than 10 meters in size will have effects (air
blast and pieces) that could reach the Earth’s surface. IAWN is compelled to warn populations if bodies will have effects
that reach the ground. Setting threshold at 1% is a compromise between not being overly alarmist and not warning too
late for necessary action to be initiated. It is a probability figure that individuals and governments can comprehend. An
alert such as this demonstrates that IAWN is functioning. Further, it ensures the flow of communications from IAWN to
the public and the United Nations.

2. Terrestrial preparedness planning is recommended to begin when warned of a possible impact: predicted to be within 20
years; when probability of impact is assessed to be greater than 10%; and when the object is characterised to be greater
than 20 meters in size, or roughly equivalent to absolute magnitude of 27 if only brightness data can be collected.

Rationale: Terrestrial preparedness and increased potential for impact will also involve determination of a ‘risk corridor’
from objects with 10% impact probabilities and impacts in less than 20 years. This provides populations and population
centres on the Earth with the information to begin preparations for emergency preparedness if needed. The surprising
effects of the Chelyabinsk event in 2013 from an object ~18 meters in size, in turn led to the establishment of a lower
limit (20 meters) in these threshold criteria.

3. SMPAG should start mission option(s) planning when warned of a possible impact: predicted to be within 50 years; when
probability is assessed to be greater than 1%; and when the object is characterised to be greater than 50 meters in size,
or roughly equivalent to absolute magnitude of 26 if only brightness data can be collected.

Rationale: Several decades warning, if available, enables sufficient lead time to mount characterisation missions. If a 1%
probability on a 100-meter object is assessed, SMPAG will be informed immediately following verification of the precise
orbit. Part of such a characterisation mission would likely deploy a transponder with the object.

References

ESA, 2018. Space Mission Planning Advisory Group (SMPAG). European Space Agency (ESA). https://sdg.esa.int/activity/
space-mission-planning-advisory-group-smpag-4311 Accessed 15 October 2020.

IAWN, 2020. IAWN's Functions Are:. International Asteroid Warning Network (IAWN). http://iawn.net/about.shtml Accessed 15
October 2020.

160 ) EXTRATERRESTRIAL Contents


http://www.unoosa.org/oosa/en/ourwork/topics/neos/index.html
http://www.un-spider.org/node/7737
https://sdg.esa.int/activity/space-mission-planning-advisory-group-smpag-4311
https://sdg.esa.int/activity/space-mission-planning-advisory-group-smpag-4311
http://iawn.net/about.shtml

Hazard Information Profiles - Supplement to UNDRR-ISC Hazard Definition & Classification Review - September 2021

NASA, no date. Meteors & Meteorites. Science Solar System Exploration, National Aeronautics and Space Administration
(NASA). https://solarsystem.nasa.gov/asteroids-comets-and-meteors/meteors-and-meteorites/overview/?page=08&per_page=
40&order=id+asc&search=&condition_1=meteor_shower%3Abody_type Accessed 16 October 2020.

Nelson, S.A., 2018. Meteorites, Impacts, and Mass Extinction. www.tulane.edu/~sanelson/Natural_Disasters/impacts.htm
Accessed 14 October 2020.

Ryabova, G.0., D.J. Asher and M.D. Campbell-Brown (eds.), 2019. Meteoroids: Sources of Meteors on Earth and Beyond, pp.
275-298. Cambridge University Press.

Tabetah, M.E. and H.J. Melosh, 2017. Air penetration enhances fragmentation of entering meteoroids. Meteoritics & Planetary
Science, 53. https://doi.org/10.1111/maps.13034

Williams, M., 2017. We finally understand how meteors explode when they reach Earth’s atmosphere. Sciencealert www.
sciencealert.com/why-do-meteors-explode-when-they-reach-earth-atmosphere Accessed 15 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO) in collaboration with other space weather organisations.
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eT0002/ EXTRATERRESTRIAL / Extraterrestrial

Geomagnetic Storm (including energetic
particles related to space weather, and solar
flare radio blackout [R Scale])

Definition

A geomagnetic storm is a worldwide disturbance of the Earth’'s magnetic
field induced by a solar storm (Cannon et al., 2013).

Reference

Cannon, P, M. Angling, L. Barclay, A. Thomson and C. Underwood, 2013. Extreme Space Weather:
Impacts on engineered systems and infrastructure. Royal Academy of Engineering. www.raeng.org.
uk/publications/reports/space-weather-full-report

Annotations

Synonyms
Space weather, Solar storm, Electromagnetic pulse (natural), Magnetic storm.

Additional scientific description

A geomagnetic storm refers to disturbances of the Earth’s magnetosphere, caused by sudden strong variations in the speed,
density and magnetic properties of the solar wind. The resulting magnetic field variations within the magnetosphere generate
electric currents in long conductors such as power lines and pipelines. The effects of geomagnetic storms range from mild
(interference with aeromagnetic surveys) to extreme (electric power grids may experience blackouts or collapse) (NRC, 2019).

The largest recorded solar superstorm is known as the Carrington Event which occurred in 1859. It was associated with a large
solar flare and the associated coronal mass ejections took only 17.6 hours to travel from the Sun to the Earth. It caused aurora
in many parts of the world where they are not normally seen —even in Hawaii. One consequence of this solar superstorm was
that telegraph systems across the world misbehaved with operators able to receive messages despite having disconnected
their power supplies (Boteler, 2006; Clauer and Siscoe, 2006).

In March 1989, the third strongest recorded geomagnetic storm struck Earth. In less than a minute, induced current in transmis-
sion lines caused overload safety systems to trip closing down sections of the Quebec power network. A cascade effect then
caused the network to collapse and the region to fall into darkness. Electricity was unavailable for nine hours, and restoration
was made more difficult due to the fact that backup equipment had also been affected by the storm (CAA, 2016).

Examples of national geomagnetic storm scales:

Geomagnetic Storm Scales used by US: The National Oceanic and Atmospheric Administration (NOAA) Space Weather
Scales were introduced as a way of communicating to the general public the current and future space weather conditions
and their possible effects on people and systems. The scales have numbered levels, analogous to hurricanes, tornadoes, and
earthquakes that convey severity. Possible effects at each level are also listed with how often such events happen and give a
measure of the intensity of the physical causes (NOAA, 2019).

Geomagnetic Storm Scales used by Canada: At the Earth, magnetic storms are characterised by a K-level index that ranges
from 0 to 9. Storms having little effect range from K=0-3, mid-level effects would be K=4-7, and strong storms with lots of
impact would occur for K>7 (NRC, 2019).
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Metrics and numeric limits

Not available.

Key relevant UN convention / multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

A geomagnetic storm is a major disturbance of Earth’s magnetosphere that occurs when there is a very efficient exchange of
energy from the solar wind into the space environment surrounding the Earth. These storms result from variations in the solar
wind that produces major changes in the currents, plasmas, and fields in Earth’s magnetosphere. The solar wind conditions
that are effective for creating geomagnetic storms are sustained for (several to many hour) periods of high-speed solar wind,
and most importantly, a southward directed solar wind magnetic field (opposite to the direction of Earth’s field) at the dayside
of the magnetosphere. This condition is effective for transferring energy from the solar wind into Earth’s magnetosphere
(NOAA, 2019).

While geomagnetic storms and disturbances can cause the aurora to be visible in the northern latitudes, there are more serious
impacts to be considered. Impacts from geomagnetic storms and disturbances may cause impacts such as: damage to power
grids through geomagnetically-induced currents (GIC); in extreme storms, impacts to power grid operations and stability are
likely; and impacts on Global Navigation Satellite System (GNSS) accuracy and availability.

Advance notice is possible given that coronal mass ejection (CME) transit times from the Sun to Earth range from just under a

day to several days (CMEs being the main driver of significant storms).

References

Boteler, D.H., 2006. The super storms of August/September 1859 and their effects on the telegraph system. Advances in Space
Research, 38:159-172.

CAA, 2016. Impacts of Space Weather on Aviation. Civil Aviation Authority (CAA). https://skybrary.aero/bookshelf/books/3702.
pdf Accessed 14 October 2020.

Cannon, P, M. Angling, L. Barclay, A. Thomson and C. Underwood, 2013. Extreme Space Weather: Impacts on engineered
systems and infrastructure. Royal Academy of Engineering. www.raeng.org.uk/publications/reports/space-weather-full-report

Clauer, C.R. and G.E. Siscoe, 2006. The Great Historical Geomagnetic Storm of 1859: A Modern Look. Advances in Space
Research, 38:115-388.

NOAA, 2019. NOAA Space Weather Scales. Space Weather Prediction Center, National Oceanic and Atmospheric Administra-
tion (NOAA). www.swpc.noaa.gov/noaa-scales-explanation Accessed 20 November 2019.

NRC, 2019. What is Space Weather? Natural Resources Canada (NRC). https://spaceweather.gc.ca/sbg-en.php#geo-5 Ac-
cessed 20 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO) in collaboration with other space weather organisations.
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eT0003/ EXTRATERRESTRIAL / Extraterrestrial

UV Radiation

Definition
UV radiation is the portion of the electromagnetic (EM) spectrum
between X-rays and visible light. Depending on its wavelength, UV

radiation can penetrate the ozone layer and affect human health in
different ways (Government of Canada, 2019).

Reference

Government of Canada, 2019. Ultraviolet Radiation. www.canada.ca/en/health-canada/services/
health-risks-safety/radiation/types-sources/ultraviolet.html Accessed 25 November 2019.

Annotations

Synonyms
None identified.

Additional scientific description

All radiation is a form of energy, most of which is invisible to the human eye. Ultraviolet (UV) radiation is only one form of
radiation and is measured on a scientific scale called the EM spectrum (US FDA, 2019).

UV radiation is invisible energy in the wavelength range 100 to 400 nm (a nanometre is one billionth of a metre). UV radiation
has a shorter wavelength and is more energetic than visible light. UV radiation comes from natural sources (such as the Sun),
and artificial sources (such as black lights, welding equipment, lasers, and tanning equipment) (Government of Canada, 2019).

The shorter the wavelength, the more harmful the UV radiation. However, shorter wavelength UV radiation is less able to
penetrate the skin (EU, 2019; Government of Canada, 2019).

UV radiation is divided into three wavelength ranges and all three bands are classified as a probable human carcinogen
(Government of Canada, 2019; EU, 2019):

UVA is long-range UV radiation between 320 and 400 nm. Although not as energetic as UVB, UVA can penetrate deep into the
skin (dermis). This can cause immediate tanning and premature skin aging and play a role in the development of certain skin
cancers. UVA is not readily absorbed by the ozone layer; about 95% gets through.

UVB is short-wave UV radiation between 280 and 320 nm. It can just penetrate the outer protective layer of the skin and is
responsible for delayed tanning, sunburn and most skin cancers. A large amount of UVB is absorbed by the ozone layer; only
5% reaches the Earth'’s surface.

UVC, with wavelengths between 100 and 280 nm, is very energetic. It is very dangerous to all forms of life (even with short
exposures). However, UVC radiation is filtered out by the ozone layer, and never reaches Earth. It is created artificially to kill
bacteria.

Metrics and numeric limits
The UV Index developed by the U.S. Environmental Protection Agency (US EPA, 2004).

The Electromagnetic radiation spectrum described by the Government of Canada (2019).

Key relevant UN convention / multilateral treaty

The Montreal Protocol on Substances that Deplete the Ozone Layer (UNEP, 2020a,b).
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The UN Sustainable Development Goals (SDG)s, Goal 3 ‘Good Health and Well-Being’ (UN, 2015).
The United Nations Convention on the Rights of the Child (UN, 1989).

Examples of drivers, outcomes and risk management

A period when solar UV radiation exceeds a certain threshold with the need to increase awareness to the potential negative
impacts of UV radiation on health is usually associated with ozone levels lower than the long-term average and cloudless or at
most partially cloudy conditions. Negative impacts of UV radiation can be monitored with the help of the UV index. A threshold
can be defined according to geographical location and season in order to raise awareness on the potential danger for health. A
practical guide is available from the World Health Organization (WHO, 2002).

The rise in incidence of skin cancers over recent decades is strongly related to increasingly popular outdoor activities and
recreational exposure (WHO, 2003). Overexposure to sunlight is widely accepted as the underlying cause for harmful effects on
the skin, eyes and immune system. Experts believe that four out of five cases of skin cancer could be prevented, as UV damage
is mostly avoidable. Adopting the following simple precautions, adapted from the Sun Wise School Program can make all the
difference (WHO, 2003).

Shade, clothing and hats provide the best protection — applying sunscreen becomes necessary for those parts of the body that
remain exposed like the face and hands. Sunscreen should never be used to prolong the duration of sun exposure.

+ Limit time in the midday sun: The sun’s UV rays are the strongest between 10 am and 4 pm. To the extent possible, limit
exposure to the sun during these hours.

« Watch for the UV index: This important resource helps to plan outdoor activities in ways that prevent overexposure to the
sun’s rays. While always taking precautions against overexposure, take special care to adopt sun safety practices when the
UV Index predicts exposure levels of moderate or above.

+ Use shade wisely: Seek shade when UV rays are the most intense, but keep in mind that shade structures such as trees,
umbrellas or canopies do not offer complete sun protection. Remember the shadow rule: ‘Watch your shadow — Short
shadow, seek shade!

+ Wear protective clothing: A hat with a wide brim offers good sun protection for eyes, ears, face, and the back or neck.
Sunglasses that provide 99% to 100% UVA and UVB protection will greatly reduce eye damage from sun exposure. Tightly
woven, loose fitting clothes provide additional protection.

+ Use sunscreen: Apply a broad-spectrum sunscreen of SPF 15+ liberally and re-apply every two hours, or after working, swim-
ming, playing or exercising outdoors.

+ Avoid sunlamps and tanning parlours: Sunbeds damage the skin and unprotected eyes and are best avoided entirely.

Sun protection programmes are urgently needed to raise awareness of the health hazards of UV radiation, and to achieve
changes in lifestyle that will stop the trend towards increasing numbers of skin cancers. Beyond the health benefits, effective
education programmes can strengthen national economies by reducing the financial burden on health care systems caused

by skin cancer and cataract treatments. Children are in a dynamic state of growth and are therefore more susceptible to
environmental threats than adults. Many vital functions such as the immune system are not fully developed at birth, and unsafe
environments may interfere with their normal development. Schools are vitally important settings to promote sun protection,
and effective programmes can make a difference (WHO, 2003).

Children require special protection. The United Nations Convention on the Rights of the Child states that children, including all
developmental stages from conception to age 18, have the right to enjoyment of the highest attainable standard of health and
to a safe environment (UN, 1989). Children are in a dynamic state of growth and are more susceptible to environmental threats
than adults because: Sun exposure during childhood and adolescence appears to set the stage for the development of both
melanoma and non-melanoma skin cancers in later life; a significant part of a person’s lifetime exposure occurs before age
18; and children have more time to develop diseases with long latency, more years of life to be lost and more suffering to be
endured as a result of impaired health (WHO, 2003).

References

EU, 2019. Ultraviolet Radiation. European Union (EU). https://ec.europa.eu/health/scientific_committees/opinions_layman/
glossary/tuv/uv-radiation.htm Accessed 25 November 2019.

Government of Canada, 2019. Ultraviolet Radiation: Types of UV radiation. www.canada.ca/en/health-canada/services/health-
risks-safety/radiation/types-sources/ultraviolet.html Accessed 25 November 2019.

UN, 1989. The United Nations Convention on the Rights of the Child. www.unicef.org.uk/what-we-do/un-convention-child-
rights
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Coordinating agency or organisation

World Meteorological Organization (WMO), World Health Organization (WHO) and other space weather organisations.
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eT0004/ EXTRATERRESTRIAL / Extraterrestrial

Meteorite Impact

Definition

A meteorite is an object that survives a trip through Earth’'s atmosphere
and hits the ground (adapted from NASA, no date).

Reference

NASA, no date. Meteors & Meteorites: What’s the difference between a meteor, meteoroid and
meteorite. Science Solar System Exploration, National Aeronautics and Space Administration
(NASA). https://solarsystem.nasa.gov/asteroids-comets-and-meteors/meteors-and-meteorites/
overview/?page=0&per_page=40&order=id+asc&search=&condition_1=meteor_shower%3Abody_
type Accessed 14 October 2020.

Annotations

Synonyms
Not identified.

Additional scientific description

Meteoroids are objects in space that range in size from dust grains to small asteroids. Think of them as ‘space rocks’. When
meteoroids enter Earth’'s atmosphere (or that of another planet, like Mars) at high speed and burn up, the fireballs or ‘shooting
stars’ are called meteors. When a meteoroid survives a trip through the atmosphere and hits the ground, it's called a meteorite
(NASA, no date).

On 15 February 2013, a meteor exploded in the sky over Chelyabinsk, southern Russia. Although no people or buildings were
hit by the resulting meteorite, the shockwave from the exploding object injured about 1500 people and caused damage to
7200 buildings in the region. The fireball was captured on video, mainly by dash cameras, and posted on the internet by news
organisations and individuals (Nelson, 2018).

Although the Chelyabinsk meteorite probably weighed about 12,000 to 13,000 tonnes and measured 17 to 20 metres in diam-
eter before it exploded, scientists were quick to state that it was very small compared to other objects that could potentially hit
the Earth. The explosion released energy estimated at about 500 kilotons of TNT (about 20 to 30 times more energy than the
Hiroshima atomic bomb). The event brought to the world’s attention the very real hazards associated with the impact of objects
from outer space (Nelson, 2018).

Metrics and numeric limits

Not identified.

Key relevant UN convention/multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Meteorite impacts produce an array of impact effects that can harm human populations: wind blast, overpressure shock,
thermal radiation, cratering, seismic shaking, ejecta deposition, and tsunami. Rumpf et al. (2017) quantified the contributions of
each of these effects on overall losses due to a meteorite impact of a given size in a global setting.
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References

NASA, no date. Meteors & Meteorites: What's the difference between a meteor, meteoroid and meteorite. Science Solar
System Exploration, National Aeronautics and Space Administration (NASA). https://solarsystem.nasa.gov/asteroids-
comets-and-meteors/meteors-and-meteorites/overview/?page=08&per_page=40&order=id+asc&search=&condition_1=mete
or_shower%3Abody_type Accessed 14 October 2020.

Nelson, S.A., 2018. Meteorites, Impacts, and Mass Extinction. www.tulane.edu/~sanelson/Natural_Disasters/impacts.htm
Accessed 14 October 2020.

Rumpf, C., H. Lewis and P. Atkinson, 2017. Asteroid impact effects and their immediate hazards for human populations. Geo-
physical Research Letters, 44. https://doi.org/10.1002/2017GL073191.

Coordinating agency or organisation

World Meteorological Organization (WMO) in collaboration with other space weather organisations.
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eT000s/ EXTRATERRESTRIAL / Extraterrestrial

lonospheric Storms

Definition

An ionospheric storm is defined as turbulence in the F region of the
ionosphere, usually due to a sudden burst of radiation from the Sun
(WMO, 1992).

NB. The F region is the highest region of the ionosphere, at altitudes
greater than 160 km (100 miles).

Reference

WMO, 1992. International Meteorological Vocabulary. World Meteorological Organization (WMO),
Report No. 182. https://library.wmo.int/doc_num.php?explnum_id=4712 Accessed 16 October
2020.

Annotations

Synonyms

None identified.

Additional scientific description

‘lonospheric storm’ is the term used to denote the major changes that take place in the ionosphere as a result of geomagnetic
activity. lonospheric storms are closely associated with magnetic storms and can lead to severe disruptions of radio-wave
propagation, particularly at high latitudes (AMS, 2012).

The lonosphere is part of Earth’s upper atmosphere, between 80 and about 600 km where extreme ultraviolet (EUV) and x-ray
solar radiation ionise the atoms and molecules. The ionosphere is important because it reflects and modifies radio waves used
for communication, navigation and radar tracking of space objects. Other phenomena such as energetic charged particles and
cosmic rays also have an ionising effect and can contribute to the ionosphere (NOAA, 2019a).

The atmospheric atoms and molecules are impacted by the high energy EUV and X-ray photons from the sun. The photon

flux at these wavelengths varies by nearly a factor of ten over the 11-year solar cycle. The density of the ionosphere changes
accordingly. Due to spectral variability of the solar radiation and the density of various constituents in the atmosphere, layers
are created within the ionosphere, called the D, E, and F-layers. Other solar phenomena, such as flares, and changes in the
solar wind and geomagnetic storms also affect the state of the ionosphere. Since the largest amount of ionisation is caused by
solar irradiance, the night-side of the Earth, and the pole pointed away from the sun (depending on the season) have much less
ionisation than the day-side of the Earth, and the pole pointing towards the sun (NOAA, 2019b).

In general, there are two phases of an ionospheric storm, an initial increase in electron density (the positive phase) lasting a few
hours, followed by a decrease lasting a few days. During night-time this decrease can result in the effective disappearance of
the ionosphere and hence is another process that can cause High-frequency (HF) blackout. At low latitudes only the positive
phase is usually seen. Individual storms can vary, and their behaviour depends on geomagnetic latitude, season, and local time
(NASA, 2019).

Metrics and numeric limits

The ionospheric storm scale called ‘I-scale’ [4i skéil] is used in ionospheric storm plots and for the classification of phenomena.
See ISES (2019) for further details on the I-scale.
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Key relevant UN convention / multilateral treaty

None identified.

Examples of drivers, outcomes and risk management

lonospheric storms are caused by solar activity such as flares and coronal mass ejections, which result in large variations in
the particle and electromagnetic radiation incident upon the Earth. Thus, it is important to monitor such storms, and if possible
forecast their evolution (NASA, 2019).

References

AMS, 2012. lonospheric storm. Glossary of Meteorology, American Meteoroidal Society (AMS). http://glossary.ametsoc.org/
wiki/lonospheric_storm Accessed 25 November 2019.

ISES, 2019. lonospheric storm scale. International Space Environment Service (ISES). http://swc.nict.go.jp/en/knowledge/i-
scale.html Accessed 25 November 2019.

NASA, 2019. lonospheric storms. National Aeronautics and Space Administration (NASA). https://iono.jpl.nasa.gov/storm.html
Accessed 25 November 2019.

NOAA, 2019a. lonosphere. Space Weather Prediction Center, National Oceanic and Atmospheric Administration (NOAA). www.
swpc.noaa.gov/phenomena/ionosphere Accessed 25 November 2019.

NOAA, 2019b. Space Weather Glossary. Space Weather Prediction Center, National Oceanic and Atmospheric Administration
(NOAA). www.swpc.noaa.gov/content/space-weather-glossary Accessed 25 November 2019.

Coordinating agency or organisation

World Meteorological Organization (WMO) in collaboration with other space weather organisations.
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eT0006 / EXTRATERRESTRIAL / Extraterrestrial

Radio Blackout

Definition
Radio blackout is a prolonged period of fading or faded radio
communications, primarily in the high frequency range from ionospheric

changes because of increased solar activity, in particular solar flares of
C-class level or higher on the sunlit side of Earth (AMS, 2018).

Reference

AMS, 2018. Radio blackout. American Meteorological Society (AMS). http://glossary.ametsoc.org/
wiki/Radio_blackout Accessed 15 October 2020.

Annotations

Synonyms
D region absorption.

Additional scientific description

Radio blackouts due to solar flares can last from minutes to hours. Solar proton events can also cause long-term radio black-
outs over the polar regions for days; these are known as polar cap absorption events (PCAs). Radio blackouts due to solar flares
of the M-class level and higher are classified using the NOAA R-Scale (AMS, 2018).

Radio blackouts due to solar flares of the M-class level and higher are classified using the National Oceanic and Atmospheric
Administration R-Scale (AMS, 2018).

Solar flare intensities cover a large range and are classified in terms of peak emission in the 0.1-0.8 nm spectral band (soft
X-rays) (NOAA, 2019). The X-ray flux levels start with the ‘A’ level (nominally starting at 10-8 W/m2). The next level, ten times
higher, is the ‘B’ level (=10-7 W/m2); followed by ‘C’ flares (10-6 W/m2), ‘M’ flares (10—-5 W/m2), and finally ‘X’ flares (10-4 W/
m2).

The UK Civil Aviation Authority reported that during moderate and above solar storms, high frequency communications on the
sunlit side of the Earth are prejudiced through radio blackouts associated with sudden ionospheric disturbances due to the
flare (UK CAA, 2020). They noted that at very high latitudes high frequency communications can be prejudiced as a conse-
quence of the radiation storm which causes polar cap absorption, and at auroral latitudes rapid fading and further absorption
can occur as a secondary effect associated with the geomagnetic storm. They reported that the various events can last for
periods of minutes to hours. As a consequence, aircraft crossing the Atlantic have well established procedures for coping with
a loss of high frequency communications which allows aircraft to continue their intended flight plan (UK CAA, 2020).

Metrics and numeric limits

Radio blackouts are classified using a five-level scale by the United States National Oceanic and Atmospheric Administration
(NOAA, no date; see chart below). Each level is directly related to the flare’s maximum peak in soft X-rays reached or expected
(NOAA, 2019).

The Space Weather Prediction Center currently forecasts the probability of C, M, and X-class flares and relates it to the prob-
ability of an R1-R2, and R3 or greater event as part of its three-day forecast and forecast discussion products. The Space
Weather Prediction Center also issues an alert when an M5 (R2) flare occurs (NOAA, 2019).
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Scale Description Effect Physical Average
measure Frequency
(1 cycle = 11
years)
Extreme HF Radio: Complete HF (high frequency) radio blackout on the X20 Less than 1
entire sunlit side of the Earth lasting for a number of hours. (2x10-3) per cycle

This results in no HF radio contact with mariners and en route
aviators in this sector.

Navigation: Low-frequency navigation signals used by
maritime and general aviation systems experience outages
on the sunlit side of the Earth for many hours, causing loss in
positioning. Increased satellite navigation errors in positioning
for several hours on the sunlit side of Earth, which may spread
into the night side.

Severe HF Radio: HF radio communication blackout on most of the X10 8 per cycle
sunlit side of Earth for one to two hours. HF radio contact lost (10-3) (8 days per
during this time. cycle)

Navigation: Outages of low-frequency navigation signals
cause increased error in positioning for one to two hours.
Minor disruptions of satellite navigation possible on the sunlit
side of Earth.

R3 Strong HF Radio: Wide area blackout of HF radio communication, loss X1 175 per cycle
of radio contact for about an hour on sunlit side of Earth. (10-4) (140 days per
cycle)

Navigation: Low-frequency navigation signals degraded for
about an hour.

R2 Moderate HF Radio: Limited blackout of HF radio communication on M5 350 per cycle
sunlit side, loss of radio contact for tens of minutes. (5x10-5) (300 days per
cycle)

Navigation: Degradation of low-frequency navigation signals
for tens of minutes.

R1 Minor HF Radio: Weak or minor degradation of HF radio communica- M1 2000 per
tion on sunlit side, occasional loss of radio contact. (10-5) cycle
(950 days per

Navigation: Low-frequency navigation signals degraded for

cycle)
brief intervals.

Key relevant UN convention / multilateral treaty

Not applicable.

Examples of drivers, outcomes and risk management

Solar flares are large eruptions of electromagnetic radiation from the Sun lasting from minutes to hours. The sudden outburst
of electromagnetic energy travels at the speed of light, therefore any effect upon the sunlit side of Earth’s exposed outer atmos-
phere occurs at the same time the event is observed. The increased level of X-ray radiation results in ionisation in the lower
layers of the ionosphere on the sunlit side of Earth.

Under normal conditions, high frequency (HF) radio waves are able to support communication over long distances by refraction
via the upper layers of the ionosphere. When a strong enough solar flare occurs, ionisation is produced in the lower, more
dense layers of the ionosphere (the D-region), and radio waves that interact with electrons in layers lose energy due to the more
frequent collisions that occur in the higher density environment of the D-region.

This can cause HF radio signals to become degraded or completely absorbed. This results in a radio blackout — the absence of
HF communication, primarily impacting the 3 to 30 MHz band (NOAA, 2019).
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References

AMS, 2018. Radio blackout. American Meteorological Society (AMS). http://glossary.ametsoc.org/wiki/Radio_blackout Ac-
cessed 15 October 2020.

NOAA, 2019. Solar flares (Radio blackouts). Space Weather Prediction Center, National Oceanic and Atmospheric Administra-
tion (NOAA). www.swpc.noaa.gov/phenomena/solar-flares-radio-blackouts Accessed 15 October 2020.

NOAA, no date. NOAA Space Weather Scales. Space Weather Prediction Center, National Oceanic and Atmospheric Administra-
tion (NOAA). www.swpc.noaa.gov/noaa-scales-explanation

UK CAA, 2020. Impacts of space weather on aviation. UK Civil Aviation Authority (UK CAA). https://publicapps.caa.co.uk/
docs/33/CAP1428%201ssue2%200CT2020.pdf Accessed 15 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO) in collaboration with other space weather organisations.
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eT0007/ EXTRATERRESTRIAL / Extraterrestrial

Solar Storm (Solar Radiation Storm) (S Scale)

Definition

Solar radiation storms occur when large quantities of charged particles,
primarily protons, accelerated by eruptive processes at or near the Sun
reach the near-Earth environment (NOAA, 2019).

Reference

NOAA, 2019. Solar Radiation Storm. Space Weather Prediction Center, National Oceanic and
Atmospheric Administration (NOAA). www.swpc.noaa.gov/phenomena/solar-radiation-storm
Accessed 16 October 2020.

Annotations

Synonyms
Solar energetic particle events, Solar proton events.

Additional scientific description

The Earth’s magnetic field and atmosphere generally protect life on Earth from this particle radiation, but that shielding
depends on latitude, magnetic field strength and direction. In the polar regions, the magnetic field lines intersecting the Earth’s
surface allow lower energy particles to penetrate into the atmosphere. Solar radiation storms thus often result in polar cap
events (PCA), which occur in limited areas around geomagnetic poles; they may last more than a week (NOAA, 2019).

Higher energy particles can penetrate the magnetic field and reach spacecraft orbiting at lower latitudes, in particular the
International Space Station. High altitude orbits such as the geosynchronous orbit used by spacecraft delivering many com-
mercial and governmental services are not protected by the magnetic field.

A factor of criticality in a radiation storm is the energy spectrum of the solar protons. High-energy protons cause single

event upsets in spacecraft electronics and increase the harmful radiation dose of exposed human beings, such as in manned
spaceflights. Lower energy protons have a severe impact on the polar ionosphere and affect High Frequency propagation at
high latitude. The severity of radiation storms can thus be characterised by the flux of charged particles (typically as a 5-minute
average) above a given energy threshold such as 10 or 100 MeV. For example, the National Oceanic and Atmospheric Adminis-
tration (NOAA) scale characterises a radiation storm as extreme when the 5-minute flux above 10 MeV exceeds 105 particles:s-
1+sr-1ecm-2. In large magnitude solar eruptions, high-energy events may last only a few hours while low-energy events may last
up to a week (NOAA, 2019).

Solar radiation storms occur when a large-scale magnetic reconfiguration, causing a coronal mass ejection and often an as-
sociated solar flare, accelerates charged particles in the solar atmosphere to very high velocities. The most common particles
are protons, but ions of other low mass (helium to iron) elements are often present and contribute significantly to radiation
damage. All these ions can be accelerated to large fractions of the speed of light. At these velocities, the particles can traverse
the 150 million km from the Sun to Earth in just tens of minutes or less. When they reach Earth, the fast-moving ions penetrate
the magnetosphere that shields Earth from lower energy charged particles. Once inside the magnetosphere, low energy (<1
GeV) particles are guided down the magnetic field lines and penetrate into the atmosphere near the north and south poles
(NOAA, 2019).
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Metrics and numeric limits

NOAA categorises solar radiation storms using the NOAA Space Weather Scale on a scale from S1 to S5 (NOAA, 2011; see
graphic below). The scale is based on measurements of energetic protons taken by the GOES satellite in geosynchronous orbit.
The start of a solar radiation storm is defined as the time when the flux of protons at energies =10 MeV equals or exceeds 10
proton flux units (1 pfu = 1 particlescm-2-s-1-ster-1). The end of a solar radiation storm is defined as the last time the flux of =10
MeV protons is measured at or above 10 pfu. This definition allows multiple injections from flares and interplanetary shocks to
be encompassed by a single solar radiation storm. A solar radiation storm can persist for periods ranging from hours to days.

Scale

Description

Effect

S3

Physical
measure

Average

(Flux level

Frequency

of >=
10 MeV

(1 cycle =
11 years)

particles)

Extreme

Biological: Unavoidable high radiation hazard to astronauts on
EVA (extra-vehicular activity); passengers and crew in high-
flying aircraft at high latitudes may be exposed to radiation risk.

Satellite operations: Satellites may be rendered useless,
memory impacts can cause loss of control, may cause serious
noise in image data, star-trackers may be unable to locate
sources; permanent damage to solar panels possible.

Other systems: Complete blackout of HF (high frequency) com-
munications possible through the polar regions, and position
errors make navigation operations extremely difficult.

105

Fewer
than 1 per
cycle

Severe

Biological: Unavoidable radiation hazard to astronauts on EVA;
passengers and crew in high-flying aircraft at high latitudes may
be exposed to radiation risk.

Satellite operations: May experience memory device problems
and noise on imaging systems; star-tracker problems may
cause orientation problems, and solar panel efficiency can be
degraded.

Other systems: Blackout of HF radio communications through
the polar regions and increased navigation errors over several
days are likely.

104

3 per cycle

Strong

Biological: Radiation hazard avoidance recommended for
astronauts on EVA; passengers and crew in high-flying aircraft
at high latitudes may be exposed to radiation risk.

Satellite operations: Single-event upsets, noise in imaging
systems, and slight reduction of efficiency in solar panel are
likely.

Other systems: Degraded HF radio propagation through the
polar regions and navigation position errors likely.

103

10 per
cycle

S2

Moderate

Biological: Passengers and crew in high-flying aircraft at high
latitudes may be exposed to elevated radiation risk.

Satellite operations: Infrequent single-event upsets possible.

Other systems: Small effects on HF propagation through the
polar regions and navigation at polar cap locations possibly
affected.

102

25 per
cycle

S1

Minor

Biological: None.
Satellite operations: None.

Other systems: Minor impacts on HF radio in the polar regions.

10

50 per
cycle
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Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Solar radiation storms cause several impacts near Earth. When energetic protons collide with satellites or humans in space,
they can penetrate deep into the object that they collide with and cause damage to electronic circuits or biological DNA. Also,
when the energetic protons collide with the atmosphere, they ionise the atoms and molecules thus creating free electrons.
These electrons create a layer near the bottom of the ionosphere that can absorb HF radio waves making radio communication
difficult or impossible.

NOAA’s Space Weather Prediction Center currently forecasts the probability of S1 (minor radiation storm) occurrence as part
of their 3-day forecast and forecast discussion products and issues a warning for an expected S1 or higher event; as well as a
warning for when the 100 MeV proton level is expected to reach 1 pfu. It also issues alerts for when each NOAA Space Weather
Scale Radiation Storm level is reached (S1-S5) and/or when the 100 MeV protons reach 1 pfu (NOAA, 2019).

Some impacts from solar radiation storms can impair the health and operation of satellites and International Space Station
operations and crew, and impact HF communication in the polar regions, affecting transpolar commercial airline operations.

In 2019, the International Civil Aviation Organization established a global network to feed space weather advisories into the
existing global aviation system (ICAQ, 2019). It currently comprises three centres: one operated by a consortium of Australia,
Canada, France and Japan, another by a consortium comprising Austria, Belgium, Cyprus, Finland, Germany, Italy, Netherlands,
Poland and the United Kingdom; and a third operated by the United States. Further centres are planned to be in operation by
2022.

References

ICAQ, 2019. New global aviation space weather network launched. International Civil Aviation Organization (ICAO). www.icao.
int/Newsroom/Pages/New-global-aviation-space-weather-network-launched.aspx Accessed 11 April 2020.

NOAA, 2011. Solar Radiation Storm scale. Space Weather Prediction Center, National Oceanic and Atmospheric Administration
(NOAA). www.swpc.noaa.gov/noaa-scales-explanation Accessed 15 October 2020.

NOAA, 2019. Solar Radiation Storm. Space Weather Prediction Center, National Oceanic and Atmospheric Administration
(NOAA). www.swpc.noaa.gov/phenomena/solar-radiation-storm Accessed 16 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO) in collaboration with other space weather organisations.
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eToo08 / EXTRATERRESTRIAL / Extraterrestrial

Space Hazard / Accident

Definition

A space accident is any accident involving space objects that causes
damage (adapted from UNGA, 1971).

Reference

UNGA, 1971. Resolution 2777 (XXVI). 1998th plenary meeting, 29 November 1971. United Nation’s
General Assembly (UNGA). www.unoosa.org/pdf/gares/ARES_26_2777E.pdf Accessed 14 October
2020.

Annotations

Synonyms
None identified.

Additional scientific description

The term ‘damage’ refers to loss of life, personal injury or other impairment of health, or loss of or damage to property of
States or of persons, natural or juridical, or property of international intergovernmental organisations. The term ‘space objects’
includes component parts of a space object as well as its launch vehicle and parts thereof (UNGA, 1971:Article I).

Space debris is defined as all man-made objects, including fragments and elements thereof, in Earth orbit or re-entering the
atmosphere, that are non-functional. As the population of debris continues to grow, the probability of collisions that could lead
to potential damage will consequently increase supporting the common understanding that the current space debris environ-
ment poses a risk to spacecraft in Earth orbit. In addition, there is also the risk of damage on the ground, if debris survives
Earth’s atmospheric re-entry. The prompt implementation of appropriate debris mitigation measures is therefore considered a
prudent and necessary step towards preserving the outer space environment for future generations (UN O0SA, 2010).

Metrics and numeric limits

None available.

Key relevant UN convention / multilateral treaty

The Convention on International Liability for Damage Caused by Space Objects (Liability Convention) 1972 was considered and
negotiated by the Legal subcommittee from 1963 to 1972. Agreement was reached in the General Assembly in 1971 (UNGA,
1971), and the Convention entered into force in September 1972 (UN OOSA, 1972). Elaborating on Article 7 of the Outer Space
Treaty, the Liability Convention provides that a launching State shall be absolutely liable to pay compensation for damage
caused by its space objects on the surface of the Earth or to aircraft, and liable for damage due to its faults in space. The
Convention also provides for procedures for the settlement of claims for damages.

Examples of drivers, outcomes and risk management

The international Association for the Advancement of Space Safety (IAASS) is an association that seeks internationally to
advance space safety through advancing the science and application of space safety. The IAASS website contains numerous
resources on the topic (IAASS, no date).
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References

IAASS, no date. International Association for the Advancement of Space Safety. http://iaass.space-safety.org

UN OOSA, 1972. Convention on International Liability for Damage Caused by Space Objects (Liability Convention), 1972. www.
unoosa.org/oosa/en/ourwork/spacelaw/treaties/introliability-convention.html Accessed 14 October 2020.

UN OOSA, 2010. Space Debris Mitigation Guidelines of the Committee on the Peaceful Uses of Outer Space. United Nations
Office for Outer Space Affairs (UN OOSA). www.unoosa.org/pdf/publications/st_space_49E.pdf Accessed 14 October 2020.

UNGA, 1971. Resolution 2777 (XXVI). 1998th plenary meeting, 29 November 1971. United Nation’s General Assembly (UNGA).
www.unoosa.org/pdf/gares/ARES_26_2777E.pdf Accessed 14 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO) in collaboration with other space weather organisations.
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eT0009/ EXTRATERRESTRIAL / Extraterrestrial

Near-Earth Object

Definition

A near-Earth object (NEO) is an asteroid or comet whose trajectory
brings it to within 1.3 astronomical units of the Sun and hence within 0.3
astronomical units, or approximately 45 million kilometres, of the Earth’s
orbit (UN OOSA, no date).

References

UN OOSA, no date. UN-SPIDER knowledge Portal, Near-Earth Objects. United Nations Office for
Outer Space Affairs (UN OOSA). www.un-spider.org/disaster-type/near-earth-objects Accessed 14
October 2020.

Annotations

Synonyms
Not identified.

Additional scientific description

The definition above includes objects that will come close to Earth at some point in their future orbital evolution. Near-Earth
objects (NEOs) generally result from objects that have experienced gravitational perturbations from nearby planets, moving
them into orbits that allow them to come near to Earth.

Metrics and numeric limits

A near-Earth asteroid is said to be a potentially hazardous asteroid when its orbit comes within 0.05 astronomical units of the
Earth’s orbit and it has a measured absolute magnitude H<22 mag (an estimated diameter greater than 140 meters) (NASA, no
date).

Key relevant UN convention / multilateral treaty

The Committee on the Peaceful Uses of Outer Space (COPUOS) was set up by the United Nations General Assembly in 1959

to govern the exploration and use of space for the benefit of all humanity: for peace, security and development (COPUQS, no
date)). The Committee was tasked with reviewing international cooperation in peaceful uses of outer space, studying space-
related activities that could be undertaken by the United Nations, encouraging space research programmes, and studying legal
problems arising from the exploration of outer space.

Examples of drivers, outcomes and risk management

The International Asteroid Warning Network (IAWN) was established in 2013 as a result of the UN-endorsed recommendations
for an international response to a potential NEO impact threat, to create an international group of organisations involved in
detecting, tracking, and characterising NEOs. IAWN is tasked with developing a strategy using well-defined communication
plans and protocols to assist governments in the analysis of asteroid impact consequences and in the planning of mitigation
responses. Currently, IAWN includes members from Europe, Asia, South and North America (IAWN, 2020).

IAWN has proposed the following definition of an NEO: An asteroid, meteoroid, or a comet as it passes near Earth, enters the
Earth’s atmosphere, and/or strikes the Earth, or provokes changes in inter-planetary conditions that affect the Earth’s magneto-
sphere, ionosphere, and thermosphere. The criteria and thresholds related to this definition are as follows (UN OOSA, no date):
+ The probability that an NEO will impact Earth (either 1% for warning and 10% for terrestrial preparedness planning).

+ The probable size, or at least its luminosity in the night sky (greater than 10 meters or at least absolute magnitude 28).

+ How far in the future the NEO will impact Earth (20 years).
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The European Space Agency’s (ESA) Space Situational Awareness (SSA) programme partners with many countries, organisa-
tions and individuals. In particular, it has strong links to COPUQOS, which facilitates the Space Mission Planning Advisory Group
(SMPAG) and IAWN. SMPAG and IAWN were both established in response to the need for an international response to the
threat of NEO impacts. SMPAG coordinates the technological know-how of agencies, including ESA, recommending specific
responses to asteroid threats, including basic research and development, impact mitigation measures and deflection missions.
Depending on the capabilities and specific technologies available to each agency, options are made to ensure the best use of
skills within each organisation. ESA’s primary projects are the SSA programme - in particular, the dedicated NEO segment,
mapping of threat scenarios to mission types, as well as AIM — ESA’s Asteroid Impact Mission (ESA, 2018).

IAWN and SMPAG have agreed on the following criteria and thresholds for impact-response actions:

1. IAWN shall warn of predicted impacts exceeding a probability of 1% for all objects characterised to be greater than 10
meters in size, or roughly equivalent to absolute magnitude of 28 if only brightness data can be collected.

Rationale: Impact probabilities greater than 1% are rare. Most objects greater than 10 meters in size will have effects (air
blast and pieces) that could reach the Earth’s surface. IAWN is compelled to warn populations if bodies will have effects
that reach the ground. Setting the threshold at 1% is a compromise between not being overly alarmist and not warning
too late for necessary action to be initiated. It is a probability figure that individuals and governments can comprehend.
An alert such as this demonstrates that the IAWN is functioning. Further, it ensures the flow of communication from
IAWN to the public and the United Nations.

2. Terrestrial preparedness planning is recommended to begin when warned of a possible impact is predicted to be within
20 years; the probability of impact is assessed to be greater than 10%; and the object is characterised to be greater than
20 meters in size, or roughly equivalent to absolute magnitude of 27 if only brightness data can be collected.

Rationale: Terrestrial preparedness and the increased potential for impact will also involve determination of a ‘risk
corridor’ from objects with 10% impact probabilities and impacts in less than 20 years. This provides populations and
population centres on Earth with information to begin preparations for emergency preparedness if needed. The surpris-
ing effects of the Chelyabinsk event in 2013 from an object ~18 meters in size, in turn led to the establishment of a lower
limit (20 meters) in these threshold criteria.

3. SMPAG should start mission option(s) planning when warned of a possible impact predicted to be within 50 years; where
the probability is assessed to be greater than 1%; and if the object is characterised to be greater than 50 meters in size, or
roughly equivalent to absolute magnitude of 26 if only brightness data can be collected.

Rationale: Several decades warning, if available, enables sufficient lead time to mount characterisation missions. If a 1%
probability on a 100-meter object is assessed, SMPAG will be informed immediately following verification of the precise
orbit. Part of such a characterisation mission would likely deploy a transponder with the object.

References

COPUOS, no date. Committee on Peaceful Uses of Outer Space. United Nations Office for Outer Space Affairs. www.unoosa.
org/oosa/en/ourwork/copuos/index.html

ESA, 2018. Space Mission Planning Advisory Group (SMPAG). European Space Agency (ESA). https://sdg.esa.int/activity/
space-mission-planning-advisory-group-smpag-4311 Accessed 15 October 2020.

IAWN, 2020. ‘IAWN's functions are:’ International Asteroid Warning Network (IAWN). http://iawn.net/about.shtml Accessed 15
October 2020.

NASA, no date. NEO Basics. National Aeronautics and Space Administration (NASA). https://cneos.jpl.nasa.gov/about/
neo_groups.html

UN OOSA, no date. UN-SPIDER knowledge Portal, Near-Earth Objects. United Nations Office for Outer Space Affairs (UN OOSA).
www.un-spider.org/disaster-type/near-earth-objects Accessed 14 October 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO) in collaboration with other space weather organisations.
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6Ho001/ GEOHAZARDS / Seismogenic (Earthquakes)

Earthquake

Definition

Earthquake is a term used to describe both sudden slip on a fault, and
the resulting ground shaking and radiated seismic energy caused by the
slip, or by volcanic or magmatic activity, or other sudden stress changes
in the Earth (USGS, no date).

Reference

USGS, no date. Earthquake glossary. United States Geological Survey (USGS). https://earthquake.
usgs.gov/learn/glossary/?term=earthquake Accessed 14 October 2020.

Annotations

Synonyms
Earth tremor.

Additional scientific description

Earthquake hazards are the physical phenomena that result from the occurrence of an earthquake. Primary earthquake hazards
are those phenomena that occur most directly from an earthquake: ground shaking, landslides (and debris flow), liquefaction,
surface rupture (and fissures), and subsidence/uplift. Secondary earthquake hazards are those that are caused by primary
hazards, and include tsunami, seiche, flooding, fire and ground gases (PNSN, no date).

Metrics and numeric limits

Earthquake magnitudes are given using one of several broadly equivalent scales. The ‘Moment magnitude’ (Hanks and
Kanamori, 1979) scaling is the preferred measure of an earthquake’s size, as it quantifies the energy released by the earthquake
and unlike other scales, does not saturate for large-magnitude events. Magnitude scales are a logarithmic scale; each increase
of 1 magnitude unit (i.e., 4.3 to 5.3) represents an order of magnitude (factor of 10) increase in the amplitude of seismic
measurements, and a factor of 32 increase in the energy release of an earthquake (USGS, no date a).

Earthquakes of magnitude 7.0 and above can be expected to cause widespread, intense ground shaking as well as other
primary and secondary hazards; earthquakes of magnitudes 6.0 to 6.9 may cause local damage, while smaller earthquakes can
cause damage to vulnerable structures at near-source distances. Note that damage may be more severe and widespread for an
earthquake of a given magnitude and other characteristics in regions of fragile buildings, high-density populations or regions
with local soil conditions that promote the amplification of ground shaking.

There are many different metrics for measuring the effects of earthquakes at a particular location. Qualitative intensity
measures, like the Modified Mercalli intensity (MMI) scale (Wood and Neumann, 1931), and similar scales such as the
Medvedev-Sponheuer-Karnik (MSK) scale or the European Macrointensity Scale (EMS-98) (Griinthal, 1998), describe the
severity of an earthquake in terms of its effects on the Earth’s surface, the infrastructure and the population (USGS, no date b).
Modified Mercalli intensity values range from | (not felt) to Xl (Total Damage), and the threshold for structural damage begins
at VI, although this varies according to the fragility of buildings in a given region. For some earthquake reporting agencies, MMI
Xl and XIl are no longer assigned and MMI X is available but has not been applied in recent times. Since 1931, it has become
clear that many of the phenomena described by Wood and Neumann (1931) were less related to ground shaking, and more to
other factors that would promote widespread destruction (Dewey et al., 1995).

Some of the other quantitative measures of ground shaking by seismic instruments include: the global map of earthquake
hazard and risk produced by the Global Earthquake Model Foundation (GEM, 2018), the metric ‘European Macroseismic Scale’
for measuring the effects of earthquakes at a particular location (Griinthal, 1998), and ShakeMap®, developed by the U.S.
Geological Survey (USGS, no date b).
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Key relevant UN convention/multilateral treaty
Sendai Framework for Disaster Risk Reduction 2015-2030 (UNDRR, 2015).

Examples of drivers, outcomes and risk management

Earthquakes and associated (primary and secondary) hazards killed nearly 750,000 people between 1994 and 2013, more
people than all other natural hazard disasters combined (CRED, 2015).

While technology does not yet exist for reducing earthquake hazards, the risk to buildings and infrastructure and human
population can be mitigated by seismic retrofitting of existing buildings, improved compliance with seismic safety building
guidelines, and avoidance of building on cliff faces, soft soils or next to an active fault.

The most common and effective measure for mitigating earthquake risk is by implementing building codes with provisions
for earthquake safety. For example, the US Federal Emergency Management Agency (FEMA, 2020) hosts a useful website on
Seismic Building Codes.

The Global Earthquake Model Foundation recently produced a global map of earthquake hazard and risk (GEM, 2018) and is
releasing the underlying national and regional models. Many of GEM’s hazard models have been developed by or in collabora-
tion with national governments for seismic design regulations in building codes

Some success has also been achieved in the development of early warning systems, which detect earthquakes close to the
source or fault rupture, and trigger warnings to more distant locations, providing seconds to minutes of advance warning
(Gasparini et al., 2007). Examples include the warning system for Japan’s bullet trains, and Mexico City’s warning system for
evacuating vulnerable buildings.

References

CRED, 2015. The Human Cost of Natural Disasters: A global perspective. Centre for Research on the Epidemiology of Disasters
(CRED). www.preventionweb.net/files/42895_cerdthehumancostofdisastersglobalpe.pdf

Dewey, J.W., B.G. Reagor, L. Dengler and K. Moley, 1995. Intensity distribution and isoseismal maps for the Northridge, Califor-
nia, earthquake of January 17, 1994. U.S. Geological Survey Open-File Report 95-92. doi: 10.3133/0fr9592.

FEMA, 2020. Seismic building codes. Last updated 13 October 2020. US Federal Emergency Management Agency (FEMA).
www.fema.gov/emergency-managers/risk-management/earthquake/seismic-building-codes Accessed 14 October 2020.

Gasparini, P, G. Manfredi and J. Zschau (eds.), 2007. Earthquake Early Warning Systems. Springer.

GEM, 2018. Global earthquake hazard and risk maps. Global Earthquake Model Foundation (GEM). www.globalquakemodel.
org/gem Accessed 14 October 2020.

Griinthal, G. (ed), (1998). The European Macroseismic Scale EMS. www.gfz-potsdam.de/en/section/seismic-hazard-and-risk-
dynamics/data-products-services/ems-98-european-macroseismic-scale Accessed 14 October 2020.

Hanks, T.C. and H. Kanamori, 1979. A moment magnitude scale. Journal of Geophysical Research, 84: 2348-2350.

PNSN, no date. Earthquake Hazards Overview. Pacific Northwest Seismic Network (PNSN). www.pnsn.org/outreach/earth-
quakehazards Accessed 14 October 2020.

UNDRR, 2015. Sendai Framework for Disaster Risk Reduction 2015-2030. United Nations office for Disaster Risk Reduction
(UNDRR). www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030 Accessed 14 October 2020.

USGS, no date a. Earthquake glossary. United States Geological Survey (USGS). https://earthquake.usgs.gov/learn/
glossary/?term=earthquake Accessed 14 October 2020.

USGS, no date b. ShakeMap scientific background. United States Geological Survey (USGS). https://earthquake.usgs.gov/data/
shakemap/background.php Accessed 14 October 2020.

Wood, H.0. and F. Neumann, 1931. Modified Mercalli intensity scale of 1931. Bulletin of the Seismological Society of America,
21:277-283.

Coordinating agency or organisation
Global Earthquake Model Foundation (GEM).
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6Ho002/ GEOHAZARDS / Seismogenic (Earthquakes)

Ground Shaking (Earthquake)

Definition

Earthquake ground shaking is the movement of the Earth’s surface
produced by seismic waves that are generated when an earthquake
occurs (adapted from USGS, no date).

Reference

USGS, no date. Earthquake glossary. United States Geological Survey (USGS). earthquake.usgs.
gov/learn/glossary/?term=ground%20motion Accessed 14 October 2020.

Annotations

Synonyms
Seismicity, Shaking intensity, Ground motion, Ground vibration, Local ground response, Vibration.

Additional scientific description

Earthquake ground shaking is produced by waves that are generated by sudden slip on a fault that travel through the Earth
and along its surface (USGS, no date a). All earthquakes, both natural and man-made, generate seismic waves. Seismic waves
radiate outward from the earthquake origin, forming a circular wave front that causes shaking over an extended region (Stein
and Wysession, 2003).

The strength and duration of the ground shaking at any given location depends on many factors, predominantly the magnitude
of the earthquake, distance to earthquake origin, and local soil conditions. Thus, at each site, ground shaking from an earth-
quake is unique and can vary significantly from location to location (USGS, no date b).

Ground shaking is the predominant seismic hazard (secondary seismic hazards include liquefaction, surface rupture, land-
slides etc.), causing more than 90% of earthquake damage and losses (National Institute of Building Sciences Building Seismic
Safety Council, 2010).

Earthquake ground shaking scales with the source earthquake’s magnitude, as well as the distance from the earthquake to a
particular location, the depth of the earthquake, and the properties of the rock and soil between the earthquake and a given
observation site.

Earthquake magnitudes are given using one of several broadly equivalent scales, with the ‘moment magnitude’ scaling being
the preferred measure of an earthquake’s size, as it quantifies the energy released by the earthquake (USGS, no date c). The
magnitude scale is logarithmic; each increase of 1 magnitude unit (i.e., 4.3 to 5.3) represents an order of magnitude (factor

of 10) increase in the amplitude of seismic measurements, and a factor of 32 increase in the energy release of an earthquake
(USGS, no date a). Earthquakes of Magnitude 7.0 and above tend to cause widespread, intense ground shaking; while
earthquakes of Magnitudes 6.0 to 6.9 may cause local damage. Note that damage may be more severe and widespread for an
earthquake of a given magnitude and other characteristics in regions of fragile buildings and high-density populations.

Metrics and numeric limits

Although there is no globally agreed metric available, there is a global earthquake risk model (GEM, 2018) and other initiatives
from the Global Earthquake Model Foundation (GEM) including a Global Exposure Database for Multi-Hazard Risk Analysis. The
Peak Ground Acceleration method for measuring ground shaking is the preferred approach (Pagani et al., 2018), but global use
is limited by the distribution of instrumentation.

- Contents
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There are many different metrics for measuring ground shaking at a particular location:

Qualitative intensity measures, like the Modified Mercalli intensity (MMI) scale, and similar scales such as the Medvedev-
Sponheuer-Karnik (MSK) scale or the European Macrointensity Scale (EMS-98) (Griinthal, 1998) describe the severity of an
earthquake in terms of its effects on the Earth’s surface and on people and structures (USGS, no date a). MMI values range
from | (not felt) to XII (Total Damage), and the threshold for structural damage begins at VI, although this varies with the fragility
of buildings in a given region. For some earthquake reporting agencies, MMI XI and Xl are no longer assigned and MMI X is
available but has not been applied in recent times. Since 1931, it has become clear that many of the phenomena described by
Wood and Neumann (1931) were less related to ground shaking, and more to other factors that would promote widespread
destruction (Dewey et al., 1995).

Quantitative measures are direct measures of ground shaking by seismic instruments. A widely used and preferred metric

for the strength of ground shaking is Peak Ground Acceleration (PGA). PGA is calculated as the greatest increase in velocity
recorded by a particular station during an earthquake (USGS, no date a), and typically given in units of g (Earth’s gravitational
acceleration on its surface; 9.81 m/s2). It is an appropriate measure because the physical force exerted by the ground motions
against any object on the surface is proportional to the peak acceleration. For engineering purposes, additional metrics such
as spectral acceleration, which measure the forces experienced by structures at specified frequencies to which the structures
may be particularly vulnerable. Generally, PGA values of less than 0.1 g are not expected to cause much damage, while values
of between 0.2 g and 0.8 g may cause moderate damage; anything above this is expected to be very damaging (USGS, no date
b). It is important to note that the amount of damage caused by ground motions of any given intensity in an area are highly
dependent on the strength of infrastructure in that area. The largest recorded ground motion to date was 4.3 g in the 2008
Iwate-Miyagi earthquake, Japan (Yamada et al., 2010).

Ground shaking can last from a few seconds in small earthquakes to several minutes in the largest earthquakes.

Key relevant UN convention/multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Earthquakes are part of the natural tectonic process and will always occur (Stein and Wysession, 2003). Earthquakes, and
therefore earthquake ground shaking, cannot be prevented, but their impacts on life, property, and the economy can be man-
aged (National Institute of Building Sciences Building Seismic Safety Council, 2010).

Seismic risk from ground shaking is best managed through accurate estimation of the likelihood of seismic ground shaking at
damaging levels, implementation of and conformance to appropriate building codes, and governmental and popular awareness
and preparation for earthquakes.
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6Ho003/ GEOHAZARDS / Seismogenic (Earthquakes)

Liquefaction (Earthquake Trigger)

Definition
Soil liquefaction occurs when soil is transformed from a solid to a liquid
state as a result of increased pore pressure and reduced effective stress.

It is typically caused by rapid loading of the soil during earthquake
shaking (AGlI, 2017).

Reference

AGI, 2017. Liquefaction [soil]. American Geosciences Institute (AGI). www.americangeosciences.
org/word/liquefaction-soil Accessed 14 October 2002.

Annotations

Synonyms
Not identified.

Additional scientific description

For liquefaction to occur, the shear strength of the soil volume (e.g., the strength due to contact between individual soil grains)
must be reduced to near-zero. In the case of earthquakes, strong shaking applies a cyclic load to the soil body. If the soil body
compresses under this load, the pore-water pressure will increase, causing the grains to separate thus reducing soil strength
(Kramer, 1996).

Soil compression increases the pore-water pressure, causing the water to move toward the Earth’s surface where pressure
is lower. Under typical loading (e.g., from temperature changes, increased groundwater), the water then drains, and contact
between grains retain their strength. However, when loading cycles occur rapidly, such as during an earthquake, intermittent
drainage is prohibited, and liquefaction may initiate (Kramer, 1996).

The following characteristics are common to deposits most susceptible to liquefaction (Kramer, 1996):

+ Loose, sandy soils (but liquefaction has occasionally been observed in gravels and coarse silts)

+ Rounded, well-sorted grains (e.g., uniform grain size); these compact most easily

+ Recently deposited, especially of Holocene age (<11.7 ky), uncompacted soils including human-made deposits
+ Soils that are saturated, below sea level, or within a few meters of groundwater.

Some of the most common landforms in which liquefaction occurs are marshlands, riverbanks, beaches, and floodplains.
Post-earthquake field studies have shown that earthquake-triggered liquefaction often recurs at the same locations (Kramer,
1996). Earthquake-induced liquefaction can have varied effects on the surrounding built environment. Buildings, infrastructure,
and utilities normally supported by the soil may sink, or undergo cracking or other structural damage; pile foundations may
buckle or tilt; and lightweight, buried masses such as pipelines may become buoyant and float to the surface. Liquefaction can
also cause rapid settling of sediments, flooding (including breaches of earthen embankments or other retaining structures),
and lateral spreading of soils (Kramer, 1996).

In general, sites closer to an earthquake’s epicentre are more likely to liquefy, while the distance at which sites are susceptible
to liquefaction increases with moment magnitude (MW) and the duration (or number of cycles) of ground motion.

The smallest earthquake for which liquefaction records exist was MW ~ 5, with the most distant observed liquefaction reaching
only ~2 km; by contrast, the most distant liquefaction for an earthquake of MW >7, may exceed 100 km (Ambraseys, 1988). Dur-
ing the 2011 MW 9.0 Tohoku earthquake, damage due to liquefaction occurred at least 250 km from the epicentre (Yamaguchi
etal., 2012).
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Liquefaction susceptibility can be assessed in advance of earthquakes (e.g., Lirer at al., 2019). Often, this is based on a simpli-
fied indication of a site’s likelihood to liquefy. A common approach is the liquefaction potential index (LPI), which considers

a factor of safety against liquefaction, the layers of earth that might liquefy, and the proximity of these layers to the ground
surface (Iwasaki et al., 1984). While several methods are available for determining the factor of safety, they generally reflect
the ability of the soil to resist the power of an earthquake. Soil resistance is either measured in situ or estimated based on the
surficial deposits and hydrological conditions (Kramer, 1996; Witter et al., 2006). The comparison to earthquake power can be
deterministic for the worst-case scenario earthquake (Orhan et al., 2013), or probabilistic for the range of possible earthquakes
that could occur (Witter et al., 2006).

Metrics and numeric limits

Liquefaction susceptibility maps (also called liquefaction hazard maps) are currently not available on a global scale but are
often provided by the geological agencies in a region. See USGS (no date) for an example of a liquefaction map for the San
Francisco Bay Area.

Key relevant UN convention/multilateral treaty

Not relevant.

Examples of drivers, outcomes and risk management

In-situ testing of liquefaction resistance using standard penetration tests, cone penetration tests, shear wave velocity record-
ings, and dilatometer tests (Kramer, 1996); land microzonation via LPI or another assessment parameter that prohibits building
on susceptible deposits (Lirer et al., 2019); and soil stabilisation via compaction methods or injection of grout, such as vibro
stone columns and dynamic compaction (Shenthan et al., 2004).
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6Ho004/ GEOHAZARD / Seismogenic (Earthquakes)

Earthquake Surface Rupture, Fissures, and
Tectonic Uplift/Subsidence

Definition

Earthquake surface ruptures and fissures are localised ground
displacements that develop during and immediately after an earthquake,
where the fault which hosted the earthquake intersects the Earth’s
surface. Surface ruptures represent the upward continuation of fault slip
at depth, while fissures are smaller displacements, or more distributed
deformation in and around the rupture area (adapted from USGS, no date
and PNSN, no date).

Tectonic uplift and subsidence are the distributed vertical permanent
ground deformations (warping) that result from displacement on a
dipping (inclined) fault (Styron, 2019).

References

PNSN, no date. Surface rupture. Pacific Northwest Seismic Network (PNSN). pnsn.org/outreach/
earthquakehazards/surface-rupture Accessed 24 November 2019.

Styron, R., 2019. Coseismic uplift and subsidence: An underappreciated seismic threat. Global
Earthquake Model Foundation (GEM) Hazard Blog. blogs.openquake.org/hazard/2019/11/19/
coseismic-uplift-subsidence Accessed 24 November 2019.

USGS, no date. Surface faulting. United States Geological Survey (USGS). earthquake.usgs.gov/
learn/glossary/?term=surface%20faulting Accessed 24 November 2019.

Annotations

Synonyms

Fault scarp, Fault displacement, Fault offset, Ground deformation, Surface faulting, Coseismic subsidence.

Additional scientific description

Most earthquakes are caused by displacement (sliding) of the Earth’s crust at a fault. The relative motion of the crust on

either side of the fault results in persistent or permanent deformation of the Earth’s surface, in addition to the ground shaking
resulting from the sudden release of energy during the earthquake. Surface ruptures, fissures, and uplift and subsidence are all
manifestations of this longer-term deformation, and although less dramatic, may all pose hazards during and after earthquakes
(Styron, 2019).

Metrics and numeric limits

The size and spatial extent of surface ruptures, fissures and uplift/subsidence depend on the type, magnitude and depth of the
earthquake as well as the distance from the earthquake.
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Surface ruptures are expected in about half of continental Magnitude 6 earthquakes, with an expectation that increases to
100% for continental earthquakes at Magnitude 8 and greater (Biasi and Weldon, 2006). Displacements vary from a few cen-
timetres for earthquakes at the low end of this range and near the edges of larger earthquakes, up to 15-20 m for the largest
possible continental earthquakes, around Magnitude 8 (Biasi and Weldon, 2006). Fissures are generally much smaller and more
spatially distributed than surface ruptures.

Tectonic uplift and subsidence are generally as large or larger than the displacement of the surface rupture; moderate to large
earthquakes in the crust that do not rupture to the surface will still broadly warp the region. The magnitude of the displacement
will decrease with increasing distance from the earthquake, but in the case of ruptures on inclined faults such as subduction
zones (rather than vertical strike-slip faults) uplift or subsidence of at least 1 m may extend more than 200 km from the fault
trace for the largest earthquakes (Styron, 2019).

Both of these effects will extend along the length of the earthquake fault, a distance of a few kilometres for Magnitude 6
earthquakes to more than 1000 km for Magnitude 9 earthquakes.

Key relevant UN convention/multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Earthquake surface ruptures, fissures, and tectonic uplift/subsidence are caused by earthquakes of sufficient magnitude and
proximity to the Earth’s surface to cause permanent ground deformation. Surface ruptures and fissures are generally limited

to the area near the causative fault’s intersection with the Earth’s surface, while uplift and subsidence can occur over a much
broader region (Styron, 2019).

Surface ruptures and fissures can cause damage to buildings, roads, and utility infrastructure (e.g., gas and water lines). In ad-
dition to the immediate, local risk posed by collapsing infrastructure, this damage may hamper rescue and rebuilding efforts by
impeding transportation and utility delivery. In the worst cases, damage to lifelines may cause local flooding (e.g., water lines),
environmental impacts (e.g., oil pipelines) and even highly destructive fires (gas lines) that may be more damaging than the
initial earthquake. There is also potential for disruption due to flooding or re-routing of rivers if the river channel is sufficiently
modified (Holbrook and Schumm, 1999).

While no technology exists for reducing these or other earthquake hazards, the risk to infrastructure posed by surface rupture
and fissures can be partly mitigated by not building on known fault traces, seismic retrofitting of existing buildings, and
engineering of pipelines with enough flexibility to absorb the displacement by bending and flexing, rather than breaking (e.g.,
USGS, 2003).

Tectonic uplift and subsidence are not generally destructive, with the exception of earthquakes on coastal faults. These events,
particularly large subduction zone earthquakes, can cause persistent (decades-long) or permanent reconfigurations of a
coastline. Uplift during an earthquake can lead to dramatic decreases in the depth and utility of harbours. Subsidence during a
Magnitude 8-9 subduction zone earthquake can cause coastal communities, highways, and other infrastructure to sink below
sea level, and the establishment of a new shoreline inland by several tens to hundreds of metres.
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Subsidence and Uplift, Including Shoreline
Change (Earthquake Trigger)

Definition

Tectonic uplift and subsidence are the distributed vertical permanent
ground deformations (warping) that result from earthquake
displacements on a dipping (inclined) fault (Styron, 2019). This includes
changes to the shoreline as a result of uplift and subsidence.

Reference

Styron, R., 2019. Coseismic uplift and subsidence: An underappreciated seismic threat. Global
Earthquake Model Foundation (GEM) Hazard Blog. blogs.openquake.org/hazard/2019/11/19/
coseismic-uplift-subsidence Accessed 24 November 2019.

Annotations

Synonyms

Coseismic uplift/subsidence.

Additional scientific description

Most earthquakes are caused by displacement (sliding) of the Earth’s crust at a fault. The relative motion of the crust on
either side of the fault results in persistent or permanent deformation of the Earth’s surface, in addition to the ground shaking
resulting from the sudden release of energy during the earthquake. Tectonic uplift and subsidence are manifestations of this
longer-term deformation, and though less dramatic, they may all pose hazards during and after earthquakes (Styron, 2019).

Metrics and numeric limits

The size and spatial extent of tectonic uplift or subsidence depends on the type, magnitude and depth of the earthquake as well
as the distance from the earthquake.

Tectonic uplift and subsidence are generally as large or larger than the displacement of the surface rupture; moderate to large
earthquakes in the crust that do not rupture to the surface will still broadly warp the region. The magnitude of the displacement
will decrease with increasing distance from the earthquake, but in the case of ruptures on inclined faults such as subduction
zones (rather than vertical strike-slip faults) uplift or subsidence of at least 1 m may extend more than 200 km from the fault
trace for the largest earthquakes (Styron, 2019).

These effects will extend along the length of the earthquake fault, a distance of a few kilometres for Magnitude 6 earthquakes
to more than 1000 km for Magnitude 9 earthquakes.

Key relevant UN convention/multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Tectonic uplift and subsidence are caused by earthquakes of sufficient magnitude and proximity to the Earth’s surface to cause
permanent ground deformation. Tectonic uplift and subsidence can occur over a broad region around the causative fault (GEM,
2019).

Tectonic uplift and subsidence are not generally destructive, with the exception of earthquakes on coastal faults. These events,
particularly large subduction zone earthquakes, can cause persistent (decades-long) or permanent reconfigurations of a
coastline. Uplift during an earthquake can lead to dramatic decreases in the depth and utility of harbours. Subsidence during a
Magnitude 8-9 subduction zone earthquake can cause coastal communities, highways, and other infrastructure to sink below
sea level, and the establishment of a new shoreline inland by several tens to hundreds of metres (Plafker, 1965).
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6Hooo6 / GEOHAZARDS / Seismogenic (Earthquakes)

Tsunami (Earthquake Trigger)

Definition

Tsunami is the Japanese term meaning wave (‘nami’) in a harbour
(‘tsu’). It is a series of travelling waves of extremely long length and
period, usually generated by disturbances associated with earthquakes
occurring below or near the ocean floor (I0C, 2019).

Reference

I0C, 2019. Tsunami Glossary, 2019. Intergovernmental Oceanographic Commission (I0C), Technical
Series, 85. Fourth Edition. I0C/2008/TS/85 rev.4. https://unesdoc.unesco.org/ark:/48223/pf00001
882267posinSet=1&queryld=aeb846ae-edfb-4d66-a03a-385a5d5897f0

Annotations

Synonyms
Not found.

Additional scientific description

A tsunami may also be referred to as a ‘seismic sea wave’ and, incorrectly, a ‘tidal wave'. Volcanic eruptions, submarine
landslides, and coastal rock falls can also generate tsunamis, as can a large meteorite impacting the ocean. These waves may
reach enormous dimensions and travel across entire ocean basins with little loss of energy. They proceed as ordinary gravity
waves with a typical period of between 10 and 60 minutes. Tsunamis steepen and increase in height on approaching shallow
water, inundating low-lying areas, and where local submarine topography causes the waves to steepen, they may break and
cause great damage (10C, 2019).

Tsunami-like phenomena generated by meteorological or atmospheric disturbances are known as meteotsunami (UNESCO and
10C, 2019).

The Intergovernmental Oceanographic Commission (I0C) uses the following terms to assess the scale and impact of a tsunami
(loc, 2019):

Travel time: Time required for the first tsunami wave to propagate from its source to a given point on a coastline.
Arrival time: Time of the first maximum of the tsunami waves.

Inundation or Inundation-distance: The horizontal distance inland that a tsunami penetrates, generally measured perpendicu-
larly to the shoreline.

Inundation (maximum): Maximum horizontal penetration of the tsunami from the shoreline. A maximum inundation is meas-
ured for each different coast or harbour affected by the tsunami.

Inundation area: Area flooded with water by the tsunami.

Inundation height: Elevation reached by seawater measured relative to a stated datum such as mean sea level or the sea level
at the time of tsunami arrival, at a specified inundation distance. Inundation height is the sum of the flow depth and the local
topographic height. Sometimes referred to as tsunami height.

Inundation line: Inland limit of wetting measured horizontally from the mean sea level line. The line between living and dead
vegetation is sometimes used as a reference. In tsunami science, the landward limit of tsunami run-up.
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Leading wave: First arriving wave of a tsunami. In some cases, the leading wave produces an initial depression or drop in sea
level, and in other cases, an elevation or rise in sea level. When a drop in sea level occurs, sea level recession is observed.

Mean height: Average height of a tsunami measured from the trough to the crest after removing the tidal variation.
Run-up

- Difference between the elevation of maximum tsunami penetration (inundation line) and the sea level at the time of the
tsunami. In practical terms, run up is only measured where there is clear evidence of the inundation limit on the shore.

+ Elevation reached by seawater measured relative to some stated datum such as mean sea level, mean low water, sea level
at the time of the tsunami event, etc., and measured ideally at a point that is a local maximum of the horizontal inundation.
Where the elevation is not measured at the maximum of horizontal inundation, this is often referred to as the inundation
height.

Tsunami amplitude: Usually measured on a sea level record, it is (1) the absolute value of the difference between a particular
peak or trough of the tsunami and the undisturbed sea level at the time, (2) half the difference between an adjacent peak and
trough, corrected for the change of tide between that peak and trough. It is intended to represent the true amplitude of the
tsunami wave at some point in the ocean. However, it is often an amplitude modified in some way by the tide gauge response.

Tsunami period: Amount of time that a tsunami wave takes to complete a cycle, or one wavelength. Tsunami periods typically
range from 5 to 60 minutes. Tsunami period is often measured as the difference between the arrival time of the highest peak
and the next one measured on a water level record.

Tsunami wavelength: The horizontal distance between similar points on two successive waves measured perpendicular to the
crest. The wavelength and the tsunami period give information on the tsunami source. For tsunamis generated by earthquakes,
the typical wavelength ranges from 20 to 300 km. For tsunamis generated by landslides, the wavelength is much shorter,
ranging from hundreds of metres to tens of kilometres.

For more terms see 10C (2019).

Metrics and numeric limits

Not available.

Key relevant UN convention/multilateral treaty

Not available.

Examples of drivers, outcomes and risk management

Tsunamis are created by an underwater disturbance such as an earthquake, landslide, volcanic eruption, and meteorite or
generated by meteorological or atmospheric disturbances.

Primary hazards/damage. Damage and destruction from tsunamis is the direct result of three factors: inundation, wave impact
on structures, and erosion. Deaths occur by drowning and physical impact or other trauma when people are caught in the turbu-
lent, debris-laden tsunami waves. Strong tsunami-induced currents have led to the erosion of foundations and the collapse of
bridges and seawalls. Floatation and drag forces have moved houses and overturned railroad cars (I0C, 2019:6).

Tsunami associated wave forces have demolished frame buildings and other structures. Considerable damage is also caused
by floating debris, including boats, cars, and trees that become dangerous projectiles that may crash into buildings, piers, and
other vehicles. Ships and port facilities have been damaged by surge action caused by even weak tsunamis. Fires resulting
from oil spills or combustion from damaged ships in port, or from ruptured coastal oil storage and refinery facilities, can cause
damage greater than that inflicted directly by the tsunami (10C, 2019:6).

Secondary hazards/damage can result from sewage and chemical pollution following the destruction. Damage of intake,
discharge, and storage facilities can also present dangers. Of increasing concern is the potential effect of tsunami drawdown,
when receding waters uncover cooling water intakes associated with nuclear power plants (I0C, 2019:7).

Risk management for tsunamis includes guidelines on tsunami risk assessment/management. Examples include 10C (2015)
and UNDRR (2017).

Regional Coordination and Centres: The |0C is coordinating the implementation of a global tsunami warning system, building
upon its experiences in the Pacific to establish regional warning systems for the Indian Ocean (IOTWMS); Caribbean Sea
(ICG-CARIBE-EWS); and the North-eastern Atlantic, the Mediterranean and connected seas (ICG-NEAMTWS). The regional
systems coordinate international tsunami warning and mitigation activities, including the issuance of timely and understand-
able tsunami bulletins to I0C Member States.
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The Intergovernmental Coordination Group for Tsunamis addresses tsunami risk globally through the following groups:

ICG-PTWS Intergovernmental Coordination Group for the Pacific Tsunami Warning and Mitigation System, formerly ICG/ITSU,
was renamed by Resolution EC-XXXIX.8 of the I0C Executive Council in 2006 as proposed by the International Coordination
Group for the Tsunami Warning System in the Pacific at its 20th Session in 2005 (Recommendation ITSU-XX.1). There are
presently 46 Member States in the ICG-PTWS. ICG/ITSU, the International Coordination Group for the Tsunami Warning System
in the Pacific was established by Resolution 1V-6 of the 4th Session of the IOC Assembly in 1965. The Pacific Tsunami Warning
Center (PTWC) serves as the Tsunami Service Provider (TSP) for the Pacific Ocean. Other TSPs for specific regions of the
Pacific Ocean are the North West Pacific Tsunami Advisory Center (NWPTAC) and the South China Sea Tsunami Advisory
Center (SCSTAC). The ICG-PTWS presently comprises over 40 Member States and oversees warning system operations and
facilitates coordination and cooperation in all international tsunami mitigation activities.

ICG-IOTWMS The Intergovernmental Coordination Group for the Indian Ocean Tsunami Warning and Mitigation System (ICG-
IOTWMS) was formed in response to the tragic tsunami on December 26th 2004, in which over 230,000 lives were lost around
the Indian Ocean region. The ICG-IOTWMS comprises 28 Member States. There are three TSPs in the Indian Ocean, hosted by
the governments of Australia, Indian and Indonesia.

ICG-NEAMTWS The Intergovernmental Coordination Group for the Tsunami Early Warning and Mitigation System in the North-
eastern Atlantic, the Mediterranean and connected seas (ICG-NEAMTWS) was formed in response to the tragic tsunami on

26 December 2004, in which over 230,000 lives were lost around the Indian Ocean region (Indian Ocean Tsunami Information
Centre, no date). The ICG-NEAMTWS consists of Member States bordering the North-eastern Atlantic and those bordering and
within the Mediterranean and connected seas. There are currently five accredited Tsunami Service Providers (France, Greece,
Italy, Portugal, Turkey) in the NEAM region providing tsunami services and alerts to subscribing Member States.

ICG-CARIBE-EWS The Intergovernmental Coordination Group for the Tsunami and Other Coastal Hazards Warning System for
the Caribbean and Adjacent Regions (ICG-CARIBE-EWS) was established in 2005 and currently comprises 32 Member States
and 16 Territories in the Caribbean.

Tsunami Service Providers (TSPs) are centres that monitor seismic and sea level activity and issue timely tsunami threat
information within an ICG framework to National Tsunami Warning Centres (NTWCs) / Tsunami Warning Focal Points (TWFPs)
and other TSPs operating within an ocean basin. The NTWCs / TWFPs may use these products to develop and issue tsunami
warnings for their countries. TSPs may also issue public messages for an ocean basin and act as NTWCs providing tsunami
warnings for their own countries. Currently there are nine operational TSPs.

National Tsunami Warning Centres (NTWCs) are a centre officially designated by the government to monitor and issue tsunami
warnings and other related statements within their country according to established national Standard Operating Procedures.

World Tsunami Awareness Day, 5 November every year: The United Nations, through UN Resolution 70/203 adopted on 22
December 2015, has designated 5 November as World Tsunami Awareness Day (UNDRR, 2020). The day aligns with the
International Day for Disaster Reduction (13 October) and the seven targets of the Sendai Framework for Disaster Risk Reduc-
tion 2015-2030 (ITIC, 2020). The IOC is a key international partner of the UNDRR on World Tsunami Awareness Day.

Tsunami Ready is a voluntary community recognition programme that promotes tsunami hazard preparedness as an active
collaboration among federal, state/territorial and local emergency management agencies, community leaders and the public.
The main goal of the programme is to improve public safety before, during and after tsunami emergencies. It aims to do this
by establishing guidelines for a standard level of capability to mitigate, prepare for and respond to tsunamis, and working with
communities to help them meet the guidelines and ultimately become recognised as ‘tsunami ready’ by the National Weather
Service. It was first implemented in the United States .To date, there are 26 I0OC-UNESCO Tsunami Ready recognised communi-
ties in 18 countries and territories, excluding those implemented in the United States.

Community engagement with evacuation zones and the ‘blue lines’ project In New Zealand, the Wellington Region Emergency
Management Office has developed the Blue Line Project in collaboration with communities in Wellington’s southern coastal
suburbs. In this project, the local community helps to plan evacuation routes and safe locations based on indicative evacuation
zone mapping, and blue lines are painted on the road surface at the maximum estimated tsunami inundation extent. Accompa-
nying evacuation signage is installed. Community members are engaged early in the project, publicising the work and helping
to develop blue line locations, evacuation zone maps and information boards. The communities participating in the Blue Line
Project can be considered to have a higher degree of public education regarding tsunami evacuation than other communities
(Fraser et al., 2016). Other communities around the world have used similar community engagement strategies.
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Landslide or Debris Flow (Earthquake Trigger)

Definition

Landslide is the downslope movement of soil, rock and organic materials
under the effects of gravity, which occurs when the gravitational driving
forces exceed the frictional resistance of the material resisting on the
slope. Landslides could be terrestrial or submarine (Varnes, 1978).

Reference

Varnes, D.J., 1978. Slope movement types and processes. In: Schuster, R.L. and R.J. Krizek (eds),
Landslides, Analysis and Control. Special report 176: Transportation research board, National
Academy of Sciences, Washington, DC. pp. 11-33.

Annotations

Synonyms
Mass Movement, Mass wasting, Slip.

Additional scientific description

A landslide is the movement of a mass of rock, debris, or earth down a slope; a type of ‘mass wasting’, which denotes any
down-slope movement of soil and rock under the direct influence of gravity. The term ‘landslide’ encompasses five modes of
slope movement: falls, topples, slides, spreads, and flows. These are subdivided according to the type of geologic material
(bedrock, debris, or earth). Slope movement occurs when forces acting down-slope (mainly due to gravity) exceed the strength
of the earth materials that compose the slope (Varnes, 1978).

Earthquake triggered landslides typically affect steep slopes and slopes underlain by sediments that are prone to liquefaction.
Rock falls are the most abundant landslides in seismic events and occur in virtually all types of rocks on slopes steeper than
40° (Keefer, 1984). The behaviour of material on hillsides is highly dependent on the amplitudes of seismic waves that reach
them, and this will vary with the epicentre distance and depth, as well as the magnitude (M) of an earthquake. Keefer (1984)
from a study of historic earthquakes showed that the maximum area likely to be affected by landslides in a seismic event
ranges from 0 km2 at M=4 to 500,000 km2 at M=9.2. Materials most susceptible to earthquake-induced landslide were found
to include weakly cemented rocks, more indurated rocks with pervasive discontinuities, residual and colluvial sand, volcanic
soils with sensitive clays (e.g., Iburi-Tobu earthquake, Hokkaido; Kameda et al., 2019), loess, alluvium and deltaic deposits.
First-time slides were more common than landslide reactivation. Rock falls, rockslides, soil falls and disrupted soil slides were
initiated by weak shaking; coherent deeper-seated landslides required stronger shaking; lateral spreads and flows required
even stronger shaking, and rock and soil avalanches required the strongest shaking (Keefer, 1984).

Within a given region, it is possible to discriminate, earthquake-triggered landslides from landslides initiated by other triggering
processes. For example, Lee (2012) reported that earthquake-induced landslides in Taiwan are mostly located on steeper,
longer slopes and at a higher position of the slope when compared to storm-induced shallow landslides, suggesting that
topographic amplification plays an important role in earthquake-induced landslides. In hard rock terrains, earthquakes trigger
a higher proportion of rock fall landslides. Zhang et al. (2014) compared earthquake-triggered landslides with rainfall-triggered
landslides in the Wenchuan area of China and found that the earthquake landslides were steeper, larger landslides dominated
in areas underlain by harder rocks compared with areas underlain by alluvium. In contrast, the rainfall-induced landslides were
characterised by a greater volume of channelled deposits and were of a higher density but smaller area and were characterised
by debris slides and debris flows. In areas that are underlain by weak rocks that are saturated, strong earthquake-induced
ground shaking will result in more landslides than normal (Fan et al., 2019).

Earthquake shaking and other factors can also induce landslides underwater. These are called submarine landslides. Subma-
rine landslides sometimes cause tsunamis that damage coastal areas (Hungr et al., 2014).
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Metrics and numeric limits

Landslide movement is likely to range from moderate in velocity (1.5 metres per day) to extremely rapid. With increased veloc-
ity, the landslide mass of translational failures may disintegrate and develop into a debris flow (Varnes, 1978).

Key relevant UN convention / multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Landslides can be extremely destructive, especially when failure is large, sudden and (or) the velocity is rapid.

Rapid soil flows, rock avalanches, and rock falls together caused more than 90% of the reported landslide deaths in the 40
historical earthquakes reported on by Keefer (1984). Rock avalanches and rapid soil flows, the two leading causes of death, are
relatively uncommon, high velocity landslides that occur on slopes of a few degrees. Most deaths caused by these landslides
were due to burial of cities or villages located on gently sloping ground several kilometres from the sites of landslide initiation.
All but one death caused by soil slumps, block slides, or lateral spreads were due to disruption of foundations and subsequent
collapse of buildings, most likely related to liquefaction. Aftershocks can be a significant trigger for further earthquake-induced
landslides as reported by Liang and Zhou (2016) for the Gorkha earthquake, Nepal in 2015.

Earthquake triggered landslide impacts can cascade to dam rivers and impound lakes, which can collapse days to centuries
later. They can cause extensive mountain valley flooding and leave a geomorphology that may be prone to remobilisation dur-
ing heavy rainfall, potentially evolving as debris flows. Cracks and fractures can form and widen on mountain crests and flanks,
conditioning the landscape for an increased frequency of landslides that lasts for decades. Increased debris load delivery to
rivers can cause bank erosion and floodplain accretion as well as stream channel switching that affect flooding frequency,
settlements, ecosystems, and infrastructure (Fan et al., 2019).

Instrumental monitoring to detect movement and the rate of movement can be implemented, for example, extensometers,
global positioning system (GPS), seismometers, aerial photography, satellite images, LiDaR (Highland and Bobrowsky, 2008)
with varying degrees of success.

While the physical damage of landslides is well documented, health impacts are complex. The risk of an increase in infectious
diseases is of concern during the response and recovery phase after any major disaster. Displacement of people due to the
destruction of their homes and other infrastructure can place them in unfamiliar surroundings which, if they conflict with tradi-
tional beliefs and practices with regard to water supply and hygiene, can result in unsafe behaviours. The medium- to long-term
effects of changes to the environment caused by landslides, such as deforestation, and changes to river courses, can increase
the risk of vector-borne diseases, and as a result, the health impacts can extend long after the initial disaster is over. Disruption
of soil can also increase exposure to infectious organisms (Kennedy et al., 2015). The psychosocial and mental health impacts
on survivors and rescue personnel from landslides are increasingly recorded. The prevalence of psychiatric disorders and wider
support needed to reduce misuse of substances has been identified (Kennedy et al., 2015; Dell’Aringa et al., 2018). Landslides
commonly occur in poor countries with steep terrain, such as the southern edge of the Himalayan arc. Increasingly, the science
of landslide physics is allowing the nature of these hazards to be understood, which is leading to better techniques through
which they can be managed and mitigated.
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Ground Gases (Seismogenic)

Definition

Ground gases generated in the ground from magma (molten or semi-
molten natural material derived from the melting of land or oceanic
crust) include carbon dioxide, sulphur dioxide, hydrogen sulphide and
hydrogen halides (adapted from IVHHN, 2020 and USGS, no date).

References

IVHHN, 2020. The health hazards of volcanic and geothermal gases: A guide for the public.
International Volcanic Health Hazard Network (IVHHN). www.ivhhn.org/information/health-
impacts-volcanic-gases Accessed 15 October 2020.

USGS, no date. Volcano hazards programme. United States Geological Survey (USGS). www.usgs.
gov/natural-hazards/volcano-hazards/volcanic-gases Accessed 14 October 2020.

Annotations

Synonyms

Soil gases, Radon, Volcanic gases, Magmatic gases, Landfill gas, Gas-contaminated land.

Additional scientific description

Volcanogenic gases escape from magma as a consequence of the pressure relief that occurs as the magma rises to the
surface. These gases are also released via geothermal systems and fault systems activated by earthquakes. King et al. (2006)
found elevated concentrations of soil gases such as carbon dioxide, helium, hydrogen, mercury vapour and radon in fault
zones associated with earthquakes. These gases are released in combination with water vapour and particulate matter during
volcanogenic events, or via fumaroles, and hydrothermal systems, as well as faults activated by earthquake events. It has been
suggested that radon monitoring might be used for earthquake early warning systems.

Earthquakes can also trigger the release of soil gases derived from other sources, such as the chemical or biological pro-
cesses that generate ground gases, including the breakdown of uranium-bearing minerals releasing radon from granite or by
oxidation and/or biogenic reduction (releasing hydrogen sulphide) as well as the release of anthropogenic stores of gas. For
example, rupture of tanks and pipes (WHO, 2018), as well as landfill gas, a product of the largely biogenic decomposition of
anthropogenic waste. Its composition reflects that of the waste, but is dominated by methane and carbon dioxide, becoming
more carbon dioxide rich as the waste ages, and with a small amount of non-methane organic compounds. Methane is a potent
greenhouse gas (US EPA, no date a).

Ground gases from material decay (natural or anthropogenic) typically include radon, methane, carbon dioxide, and hydrogen
sulphide, but may also include the breakdown products of other compounds, such as nitrogen, alcohols, alkanes, cycloalkanes
and alkenes, aromatic hydrocarbons (monocyclic or polycyclic); esters and ethers, as well as halogenated compounds and
organosulphur (US EPA, no date b; USGS, no date).

Ground gases are a hazard owing to the risk to human health and/or their flammability. As an example, the UK limits for several
gases are summarised below from sources other than earthquake triggered gases:

Methane is a colourless, odourless flammable gas. When the concentration of methane in air (oxygen 20.9% by volume, % v/v)
is between the limits of 5% v/v and 15% v/v, an explosive mixture is formed. The Lower Explosive Limit (LEL) of methane is 5%
v/v, which is equivalent to 100% LEL. The 15% v/v limit is known as the Upper Explosive Limit (UEL), but concentrations above
this level cannot be assumed to represent safe concentrations, owing to the potential for dilution to the UEL (PHE, 2015).
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Carbon dioxide is a colourless, odourless gas, which, although non-flammable, is both a toxic gas and an asphyxiant. As carbon
dioxide is denser than air, it will collect in low points and depressions, which can be an extreme hazard during foundation
construction and earth movements on development sites. the Long-Term Exposure Limit (LTEL, 8-hour period) and the Short
Term Exposure Limit (STEL, 15-minute period), are 0.5% v/v and 1.5% v/v carbon dioxide, respectively (HSE, no date).

Radon is a colourless, odourless radioactive gas derived from the radioactive decay of radium, itself from radioactive decay of
uranium. The UK target level for homes is 100 Bq/m3 (PHE, no date).

Levels of hydrogen sulphide of 100 ppm and higher are considered immediately dangerous to life and health (WorkSafe BC, no
date).

Radon species, concentration and flux emitted in soil gas in active fault zones near Beijing have been reported by Chen et al.
(2018), with a maximum flux of 334.56 mBg/m2/s being observed in the Fengnan district located at the epicentre of the 28 July
1976 earthquake. Chen et al. (2018) reported that these concentrations warrant mitigation measures and advised that fault
zones in earthquake regions should be monitored as part of the pre-development land planning procedure.

Another source of ground gas with a potential for release by earthquake is methane hydrates associated with continental
margins (Geology.com, 2005-2020).

Metrics and numeric limits

No globally agreed limits for ground gases (earthquake trigger).

Key relevant UN convention/multilateral treaty

Not identified.

Examples of drivers, outcomes and risk management

Ground gases are a hazard in terms of risk to human health, flammability and climate change (greenhouse gases). For these
reasons, where possible, ground gas is monitored and controlled. Where buildings may come into contact with ground gases,
specialist construction techniques are deployed to protect human health (e.g., Claire, 2021).

In the case of earthquake-triggered gases, consideration should also be given to the associated particulate matter. Landfill
gas management has been a focal point for national-scale reductions in carbon dioxide emissions. For example, in 2018 waste
management-related carbon dioxide formed 4.6% of UK carbon dioxide emissions (BEIS, 2020).

Ground gases occur in mining environments, for example, in the mining of coal (carbon dioxide and methane), potash (methane
and nitrogen) and shale gas (BGS, no date). In the UK, control measures in these environments are guided by the Health and
Safety Executive.
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6Ho009/ GEOHAZARD / Volcanogenic (volcanoes and geothermal)

Lava Flows (Lava Domes)

Definition

A lava flow or lava dome is a body of lava that forms during an eruption,
or main eruptive episode. Lava flows are outpourings of fluid, relatively
low-viscosity molten rock, whereas a lava dome is a pile of relatively
viscous lava that cannot flow far from the vent (Calder et al., 2015;
Kilburn, 2015).
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Annotations

Synonyms

Lava effusions, Lavas.

Additional scientific description

A lava flow may comprise smaller bodies of lava known as ‘lava flow units’, or ‘lava flow lobes’; a lava flow comprising multiple
lava flow units is known as a ‘lava flow field". Pillow lavas are lava flows formed under water. Lava domes may be described as a
type, such as Peléan domes. Lava coulées are a hybrid between lava domes and flows, they are short, thick, viscous lava flows
that typically form on a slope.

Most volcanoes erupt lava flows and/or domes during their lifetimes (Kilburn, 2015). Effusions of lava commonly continue
from days to months, but occasionally for decades. Lava flows damage and destroy land and property but usually (not always)
advance slowly enough for populations to escape. Understanding where future lava may be erupted from (the vent or vents),
how far a lava flow may advance, the velocity of the flow front and the area that may be covered are critical for hazard assess-
ments (Kilburn, 2015). Viscous lava flows and lava domes can generally be avoided but they may collapse to generate very
hazardous pyroclastic density currents (Calder et al., 2015; Carr et al., 2019). The main factors controlling how a lava flow or
dome develops are the lava’s rheological properties, effusion (or extrusion) rate and underlying topography.

The rheological properties of lava are influenced by chemical composition. Fluid and mobile lava flows tend to be low in silica
(e.g., mafic compositions such as basalt); lava with moderate silica content is more viscous and tends to form short blocky lava
flows or lava domes (e.g., intermediate compositions such as andesite); the most silica-rich lava is most likely to form a lava
dome (e.g., felsic compositions such as rhyolite). The Cordén Caulle eruption in 2011-2012, shows that rhyolitic and basaltic
compound lava flows may have much in common in terms of physical processes, despite very different rheologies (Tuffen et
al., 2013).

Parts of lava flows and lava domes can remain molten after an eruption has ended (e.g., Calder et al., 2015; Pederson et al.,
2017) and this may lengthen the timescale of hazardous lava flow advance or potential for lava dome collapse.
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Lava flow characteristics: Surface morphology of subaerial basaltic lava flows may be described as pahoehoe (Hawaiian
meaning ‘smooth, unbroken’) or a‘a (Hawaiian meaning ‘stony, rough lava’), whereas intermediate or silica-rich lava is more
likely to have a blocky surface morphology (Harris et al., 2017). Basaltic pahoehoe flows commonly have the highest eruption
temperatures of 1100 to 1200°C, whereas rhyolitic lavas are typically 650-750°C (Kilburn, 2015). The unique ‘natrocarbonatite’
lava flows at Ol Doinyo Lengai volcano in Tanzania are dominated by carbonates rather than silicates and form very fluid,
relatively low temperature lavas (500-600°C) (Pinkerton et al., 1995).

At the start of an eruption, basaltic lavas may advance at several kilometres per hour, but slow to walking pace or less within a
few hours (Kilburn, 2015). On steep slopes some lavas may reach higher velocities of tens of kilometres per hour. Exceptionally,
in 1977, lava flowed down the slopes of Nyiragongo with a maximum velocity of up to 100 km/h (Balagizi et al., 2018). Viscous
lavas may typically advance at rates of 0.1 km/day or less.

Typically, basaltic lava flows may reach lengths of 1-10 km, but occasionally more than 30 km (e.g., the Laki eruption in Iceland
between 1783 and 1785; Thordarsson and Self, 1993) and some pahoehoe flows have reached 50 km (Kilburn, 2015). Basaltic
lava flows may be 3-20 m thick and typical volumes of historical lava flows on land are between 0.01 and 0.1 km3 (flow fields
can exceptionally exceed 10 km3). Intermediate and silicic lavas are usually shorter in length, typically up to 5 km but some
are up to 15 km. They may be 20-300 m thick and volumes are typically 0.01 and 0.1 km3 but can be up to 10-20 km3 (Kilburn,
2015).

Models: The simplest empirical models are volcano-specific and link effusion rate to runout length but more complex models
account for cooling-induced changes in rheology as a lava flows over topography (e.g., Harris et al., 2013). New methodologies
are constantly developing (e.g., Gallant et al., 2018) and generally have a two-step process: statistical analysis to establish
known vent distributions and identify most likely future vent sites, followed by an estimation of the areas of inundation by lavas
flowing from those vents (e.g., Connor et al., 2012). Outputs are highly sensitive to topography, as well as estimated volume of
lava and flow dynamics (e.g., Dietterich et al., 2017). High resolution Digital Elevation Models are necessary (e.g., Turner et al.,
2017) but in urban and man-made environments Digital Surface Models may be more appropriate (e.g., Tsang et al., 2020).

Probabilistic hazard assessments for lava flows can anticipate inundation so are useful for long-term planning (e.g., hazard
maps) and short-term forecasting (e.g., Vicari et al., 2011). However, more study is required at many volcanoes that lack
important metrics such as recurrence interval, or volume of previous lava flows (e.g., Wantim et al., 2018).

Lava flow and dome collapses: Viscous lava flows and domes may exhibit various collapse styles from persistent rock falls to
partial or total collapse of a lava dome. Lava flow or dome collapse may generate potentially deadly pyroclastic density currents
and associated hazards such as tephra and gas emissions (Calder et al., 2015; Harnett et al., 2019). Lava dome collapse hazard
assessments are rarely in place but are needed (Harnett et al., 2019).

Metrics and numeric limits

Not identified.

Key relevant UN convention/multilateral treaty

Sendai Framework for Disaster Risk Reduction 2015-2030 (UNDRR, 2015).

Examples of drivers, outcomes and risk management

Primary hazards. Lava flows may cause damage to buildings, infrastructure, communications, agriculture and environment by
inundation, burial, transport, fire and explosion (e.g., Jenkins et al., 2017). Damage may not be complete but partial burial or
inundation by lava generally makes buildings, infrastructure and land unusable (Jenkins et al., 2017). Buried infrastructure may
also be destroyed due to thermal impacts (Tsang et al., 2020). Injuries may occur if individuals walk on a lava carapace with
molten lava below. Health impacts may include burns, gas and aerosol inhalation. Viscous lava flows and domes in particular
may be associated with episodes of explosive volcanic activity and additional primary volcanic hazards such as pyroclastic
density currents, tephra and volcanic gases which in combination worsen the overall impact (Wantim et al., 2018).

Secondary hazards. Escape routes may be cut off, or the lavas may trigger explosions on meeting snow, ice and water, or
flammable fluids. For example, in Goma in 2002, around 300,000 people self-evacuated and there were roughly 140 deaths,
most caused by explosions at a petrol station that had been surrounded by lava (Balagizi et al., 2018). Lava flows may ignite
forest or urban fires (e.g., Wantim et al., 2018). Volcanic gases and aerosols (air pollution) need to be considered, possibly over
large areas (Barsotti et al., 2020). Evacuation to emergency accommodation may lead to permanent displacement, which if
combined with loss of livelihoods and homes, may cause longer term mental and physical health impacts, and the long-term
cascading effects can be more severe than immediate impacts (Wantim et al., 2018).
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Between 1500 AD and 2017 there were 25 documented fatal incidents and 659 fatalities caused directly by lava flows, with
fatalities occurring between 1 and 29 km of the volcanic source (median distance 11 km) (Brown et al., 2017). Fatalities and
casualties occur when eruptions begin from vents close to towns and/or lavas are very fluid, on steep slopes and fast moving.
For example, the 1977 eruption of Nyiragongo generated lava flows that killed about 70 people (Balagizi et al., 2018).

Viscous lava flows and lava domes do not directly cause fatalities and injuries, but their collapse may generate pyroclastic
density currents which cause more fatalities than any other volcanic hazard (e.g., Calder et al., 2015; Brown et al., 2017).

If a volcanic area is well-monitored, the movement of magma in the subsurface may be detected days, weeks or even years
before an eruption (e.g., Pederson et al., 2017; Pallister et al., 2019) enabling planning, preparation and emergency actions such
as evacuation. Effective monitoring of the emplacement of lava flows and domes over time enables forecasting of inunda-

tion and the anticipation of hazardous events such as lava dome collapse (e.g., Vicari et al., 2011; Pallister et al., 2013, 2019;
Pederson et al.,, 2017; Carr et al., 2019).

Probabilistic hazard maps can enable appropriate land-use planning policies before eruption avoiding development in areas
with high probability of inundation (Tsang and Lindsay, 2020).

Attempts during ongoing eruptions to halt or divert flows (by erecting barriers, spraying lava with water, or breaking the margins
of lava channels) have had mixed success (e.g., Barberi and Carapezza, 2004) nevertheless, in Hawaii, barriers have been
constructed alongside new high value assets (Tsang and Lindsay, 2020). Evacuation remains the most effective strategy for
protecting life and health from primary and secondary hazards (Tsang and Lindsay, 2020).
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6Ho010/ GEOHAZARDS / Volcanogenic (Volcanoes and Geothermal)

Ash/Tephra Fall (Physical and Chemical)

Definition

Tephra is a collective term for fragmented magma and old (i.e., pre-
existing) rocks ejected into the atmosphere from volcanic vents during
an explosive eruption, irrespective of size, composition and shape (BGS,
no date). The term ‘volcanic ash’ refers to the finest particles of tephra
(less than 2 mm diameter).

Reference

BGS, no date. Tephra/ash fall. British Geological Survey (BGS). www.bgs.ac.uk/discovering-
geology/earth-hazards/volcanoes/volcanic-hazards/#tephraash Accessed 22 April 2021.

Annotations

Synonyms
Lapilli, Pyroclast, Blocks, Bombs.

Additional scientific description

The term ‘volcanic ash’ is often used loosely to include larger fragments, more correctly termed ‘lapilli’ (2 to 64 mm in diam-
eter). The largest tephra clasts (> 64 mm) are called blocks and bombs. Fragments of all sizes generated during fragmentation
of magma and lava are also known as ‘pyroclasts’, whether they travel through the atmosphere or are directly entrained in
lateral moving flows.

Along with emissions of gas, tephra is the most frequent and widespread volcanic hazard. It is ejected into the atmosphere
and transported laterally by wind and/or lateral gravitational spreading of umbrella clouds before falling out under gravity. Fine
tephra (mainly volcanic ash) also rises convectively above pyroclastic density currents and lava fountains (Bonadonna et al.,
2015, 2021; Jenkins, 2015). Tephra can affect very large areas; volcanic ash can remain airborne for days and can be trans-
ported for thousands of kilometres and may disrupt air traffic. Blocks and bombs mostly follow a ballistic trajectory, and so
are not strongly affected by wind; nonetheless, the smallest blocks can also be entrained within convective plumes impacting
a larger area than ballistic clasts. Tephra can cause fatalities directly, owing to ballistic impact, and indirectly due to collapse
of buildings (mostly roofs) and trees due to tephra load. In addition, public health threats, clean-up and disruption to critical
infrastructure services, aviation and primary production can lead to substantial societal impacts and costs, even at thicknesses
on the ground of a few millimetres. Hot tephra (e.g., large lapilli and blocks and bombs) can also trigger fires if falling on ignit-
able material (e.g., dry vegetation, wooden structures). Intense tephra fall reduces visibility and may cause complete darkness
during daylight hours, creating significant hazards for driving, for example (USGS, no date).

Lightning may be generated by friction between the fine airborne particles, which can be localised above the volcano or ac-
company large ash plumes as they move downwind. The impacts can be experienced across wide areas and can be long-lived,
since eruptions can last from hours to years (IVHHN, 2021).

Tephra-fall deposits may also be the source of secondary hazards (e.g., lahars) and can be remobilised into the atmosphere by
wind, traffic and human activities, prolonging the impacts. Tephra varies in appearance depending upon the composition of the
magma and the style of the eruption (Bonadonna et al., 2015).

Various analytical and numerical models have been developed that forecast tephra dispersal and deposition from the finest
fractions to ballistic blocks (e.g., Folch, 2012; Bonadonna et al., 2015; Biass et al., 2016; Osman et al., 2019). The International
Civil Aviation Organization (ICAO) leads operational forecasting of ash cloud transport for the benefit of the aviation sector
(ICAO, 2012; Lechner et al., 2017).
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To assess severity at a site, tephra falls are most commonly described (e.g., eyewitness accounts) or measured according to
their thickness. Increasingly though, loading (mass per unit area; kg/m2) is more informative for assessing impact to structures
and agriculture, and enables consideration of water saturation (Jenkins et al., 2015). For respiratory health exposure and hazard
assessment, monitoring of airborne concentrations of fine particulates is preferable, alongside physicochemical and toxicologi-
cal characterisation of the ash particles (e.g., Horwell et al., 2013).

There were 52 recorded fatal incidents as a result of tephra (not including ballistics) between 1500 AD and 2017 resulting in
4315 fatalities and these occurred between 0.5 and 170 km from the source volcano at a median distance of 10 km (Brown et
al., 2017). Over the same period, there were 57 fatal incidents due to ballistics, with 367 recorded fatalities 0 to 7 km from the
volcanic source (Brown et al., 2017).

Approximate tephra thicknesses (hazard intensities) that relate to key damage and functionality states for a range of building
types, critical infrastructure and agricultural categories are given by Jenkins et al. (2015).

Metrics and numeric limits

Not applicable.

Key relevant UN convention/multilateral treaty
Sendai Framework for Disaster Risk Reduction 2015-2030 (UNDRR, 2015).

Examples of drivers, outcomes and risk management

Tephra particles can have acid coatings which may react with rain to damage vegetation and cause corrosion. The acid coating
is rapidly removed by rain, which may then pollute local water supplies. Tephra can increase river turbidity leading to environ-
mental problems.

Finer particles of ash may irritate the lungs and eyes (humans and animals) and exacerbate the symptoms of existing respira-
tory conditions (e.g., asthma and bronchitis) (Horwell and Baxter, 2006; IVHHN, 2020a).

In most eruptions, volcanic ash causes relatively few health problems, but generates much anxiety. However, there is insuffi-
cient evidence to be certain whether ash can trigger chronic diseases such as lung cancer and silicosis (if crystalline silica is a
major component) (Horwell et al., 2012; IVHHN, 2020a), and all fine particulate matter (e.g., PM2.5) is considered to negatively
impact mortality and morbidity, particularly for respiratory and cardiovascular diseases (WHO, 2013).

Livestock should ideally be under cover during tephra falls and veterinary services may be needed for respiratory, ingestion, eye
and dental problems (USGS, 2020).

Medical services can expect an increase in the number of patients with respiratory and eye symptoms during and after a
tephra-fall event, which can be measured by existing syndromic surveillance or by application of the International Volcanic
Health Hazard Network standardised epidemiological protocols (IVHHN, 2020b; Mueller et al., 2020).

The fertility of the soils around many volcanoes is due to the weathering of old ash deposits, and the addition of thin tephra falls
to soil can be beneficial in the long term. In many cases though, volcanic ash needs to be removed from urban and agricultural
areas to prevent remobilisation and repeated impacts, as well as to prevent it from washing into drainage networks. Therefore,
sites need to be identified to dispose of the ash, preferably before an eruption. Cleaning tephra from roofs, roads, agricultural
land, and critical infrastructure may require significant volumes of water, trucks, diggers, etc., and can have significant associ-
ated costs (Hayes et al., 2015).
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6Ho011 / GEOHAZARD / Volcanogenic (Volcanoes and Geothermal)

Ballistics (Volcanic)

Definition

Ballistics comprise fragments of magma and old (i.e., pre-existing) rocks
ejected during an explosive eruption at variable velocity and angle on
cannon ball-like trajectories; they are not entrained within the volcanic
plume and are dispersed in proximity to the vent (typically <5 km)
(adapted from Biass et al., 2016 and Bonadonna et al., 2021).
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Annotations

Synonyms
Projectiles.

Additional scientific description

Ballistics may be a few centimetres to several metres in diameter. In most cases, the range of ballistics is a few hundred metres
to 5 km, but they can be thrown to distances over 10 km in the most powerful explosions (Blong, 1984). Some blocks and
bombs (i.e., tephra clasts >64 mm) can also be entrained within the volcanic plume and sedimented at larger distances than
ballistics (Osman et al., 2019).

Fragments of all sizes generated during fragmentation of magma and lava are also known as ‘pyroclasts’ whether they travel
through the atmosphere or are directly entrained in lateral moving flows.

Various analytical and numerical models have been developed that forecast ballistic dispersal (e.g., Fitzgerald et al., 2014;
Biass et al., 2016).

Primary hazards. The high kinetic energies of ballistics when they land makes them hazardous to people, buildings, infrastruc-
ture and other assets. Ballistics may be ejected at over 300 m/s but slow down during flight, with terminal velocities typically
<150 m/s (Walker et al., 1971). Impact energy (kinetic energy at the moment of impact) is strongly controlled by the size of

a ballistic because this limits both its terminal velocity and mass (Williams et al., 2017). Alatorre-lbargliengoitia et al. (2012)
modelled impact energies of ballistics 0.2—-0.6 m in diameter during small explosive eruptions (VEI 2-3) to be up to 106 J, well
over the threshold required to penetrate reinforced concrete slabs (Jenkins et al., 2014).

Fragments of lava can be over 1100°C so, although they cool during flight, they may retain sufficient thermal energy on landing
to burn certain building materials or other flammable materials (Vanderkluysen et al., 2012).

Secondary hazards. Ballistics may cause indirect fatalities and damage owing to the collapse of buildings (mostly roofs) or
damage to infrastructure (power, roads). Hot ballistics can start fires if falling on ignitable material (e.g., dry vegetation, wooden
structures).
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Intense volcanic explosions that generate ballistics may cause shock and infrasonic waves in the atmosphere, which can
shatter windows and damage delicate equipment (e.g., electronic doors) at distances of several kilometres from the volcano.

Ballistics and other loose fragmentary material may be remobilised in lahars or landslides.

Metrics and numeric limits

Not applicable.

Key relevant UN convention/multilateral treaty
Sendai Framework for Disaster Risk Reduction 2015-2030 (UNDRR, 2015).

Examples of drivers, outcomes and risk management

Ballistics are associated with all types of explosive volcanic eruption (Fitzgerald et al., 2017). Explosions may be sudden with
no precursory signs, especially if triggered by steam interaction with hot rocks or magma. Tourists and scientists have proven
particularly vulnerable to unexpected explosive eruptions, as they tend to get close to volcanic vents. The sudden explosion
of Mount Ontake, Japan, on 27 September 2014, resulted in the deaths of 58 hikers, 56 of whom were killed by ballistic rocks
(Oikawa et al., 2016; Tsunematsu et al., 2016).

There were 57 fatal incidents due to ballistics between 1500 AD and 2017, with 367 recorded fatalities 0—7 km from the volcanic
source (Brown et al., 2017). Many more people have been injured due to ballistic impacts, frequently suffering from blunt force
trauma (broken bones), lacerations, burns, abrasions and bruising (Blong, 1984; Baxter and Gresham, 1997).

The high kinetic and thermal energy of ballistics can cause damage to buildings, infrastructure, agriculture and the environment
through knock down, puncturing, crushing, burning and melting (Fitzgerald et al., 2017).

There have been studies of impact energy thresholds to perforate buildings (Blong et al., 1981; Pomonis et al., 1999) and the
first fragility functions were presented by Biass et al. (2016). A combination of field data and experiments are enabling building
design recommendations for emergency situations, but reducing exposure to ballistics is the best risk reduction measure
(Williams et al., 2017).

As with other volcanic hazards, a combination of probabilistic volcanic hazard assessment and risk assessment combined
with effective communication among scientists, emergency managers, local communities and other stakeholders can lead to
effective management of risk (Fitzgerald et al., 2017).

References

Alatorre-lbargiiengoitia, M.A., H. Delgado-Granados and D.B. Dingwell, 2012. Hazard map for volcanic ballistic impacts at
Popocatepetl volcano (Mexico). Bulletin of Volcanology, 74:2155-21609.

Baxter, P. and A. Gresham, 1997. Deaths and injuries in the eruption of Galeras Volcano, Colombia, 14 January 1993. Journal of
Volcanology and Geothermal Research, 77:325-338.

Biass, S., J.-L. Falcone, C. Bonadonna, F. Di Traglia, M. Pistolesi, M. Riso and P. Lestuzzi, 2016. Great Balls of Fire: A probabilistic
approach to quantify the hazard related to ballistics — A case study at La Foss volcano, Vulcano Island, Italy. Journal of
Volcanology and Geothermal Research, 325:1-14.

Blong, R., 1984. Volcanic Hazards: A Sourcebook on the Effects of Eruptions, Elsevier.
Blong, R., S. Self and R.S.J. Sparks (eds.), 1981. Some effects of tephra falls on buildings. Tephra Studies, Reidel, pp. 405-420.

Bonadonna, C., A. Costa, A. Folch and T. Koyaguchi, 2015. Tephra dispersal and sedimentation. In: Sigurdsson, H., B. Houghton,
S. McNutt (eds.), The Encyclopedia of Volcanoes, 2nd edition. Academic Press, pp. 587-597.

Brown, S., S. Jenkins, R.S.J. Sparks, H. Odbet and M.R. Auker, 2017. Volcanic fatalities database: analysis of volcanic threat with
distance and victim classification. Journal of Applied Volcanology, 6:15. doi.org/10.1186/s13617-017-0067-4.

Fitzgerald, R.H., K. Tsunematsu, B.M. Kennedy, E.C.P. Breard, G. Lube, T.M. Wilson, A.D. Jolly, J. Pawson, M.D. Rosenberg and
S.J. Cronin, 2014. The application of a calibrated 3D ballistic trajectory model to ballistic hazard assessments at Upper Te
Maari, Tongariro. Journal of Volcanology and Geothermal Research, 286:248-262.

Fitzgerald, R.H., B.M. Kennedy, T.M. Wilson, G.S. Leonard, K. Tsunematsu and H. Keys, 2017. The communication and risk
management of volcanic ballistic hazards. Observing the Volcano World: Volcano Crisis Communication, Advances in Volcanol-
ogy, Springer International Publishing.

211) GEOHAZARDS - Contents




Hazard Information Profiles - Supplement to UNDRR-ISC Hazard Definition & Classification Review - September 2021

Jenkins, S.F,, R.J.S. Spence, J.F.B.D. Fonseca, R.U. Solidum and T.M. Wilson, 2014. Volcanic risk assessment: quantifying
physical vulnerability in the built environment. Journal of Volcanology and Geothermal Research, 276:105-120.

Oikawa, T., M. Yoshimoto, S. Nakada, F. Maeno, J. Komori, T. Shimano, Y. Takeshita, Y. Ishizuka and Y. Ishimine, 2016. Recon-
struction of the 2014 eruption sequence of Ontake Volcano from recorded images and interviews. Earth Planets and Space,
68:79. doi.org/10.1186/s40623-016-0458-5.

Osman, S., E. Rossi, C. Bonadonna, C. Frischknecht, D. Andronico, R. Cioni and S. Scollo, 2019. Exposure-based risk assessment
and emergency management associated with the fallout of large clasts at Mount Etna. Natural Hazards and Earth System
Sciences, 19:589-610.

Pomonis, A, R. Spence and P. Baxter, 1999. Risk assessment of residential buildings for an eruption of Furnas Volcano, Sao
Miguel, the Azores. Journal of Volcanology and Geothermal Research, 92:107-131.

Tsunematsu, K., Y. Ishimine, T. Kaneko, M. Yoshimoto, T. Fujii and K. Yamaoka, 2016. Estimation of ballistic block landing energy
during 2014 Mount Ontake eruption. Earth Planets and Space, 68:88. doi.org/10.1186/s40623-016-0463-8.

UNDRR, 2015. Sendai Framework for Disaster Risk Reduction 2015-2030. United Nations Office for Disaster Risk Reduction
(UNDRR). www.preventionweb.net/files/43291_sendaiframeworkfordrren.pdf Accessed 12 October 2020.

Vanderkluysen, L., A.J.L. Harris, K. Kelfoun, C. Bonadonna and M. Ripepe, 2012. Bombs behaving badly: Unexpected trajectories
and cooling of volcanic projectiles. Bulletin of Volcanology, 74:1849-1858.

Walker, G.P.L., L. Wilson and E.L.G. Bowell, 1971. Explosive volcanic eruptions — | the rate of fall of pyroclasts. Geophysical
Journal International, 22:377-383.

Williams, G.T., B.M. Kennedy, T.M. Wilson, R.H. Fitzgerald, K. Tsunematsu and A. Teissier, 2017. Building vs Ballistics: Quantify-
ing the vulnerability of buildings to volcanic ballistic impacts using field studies and pneumatic cannon experiments. Journal of
Volcanology and Geothermal Research, 343:171-180.

Coordinating agency or organisation
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cHoo12/ GEOHAZARD / Volcanogenic (Volcanoes and Geothermal)

Pyroclastic Density Current

Definition

Pyroclastic density currents are hot, fast-moving mixtures of volcanic
particles and gas that flow according to their density relative to the
surrounding medium and the Earth’s gravity. They typically originate from
the gravitational collapse of explosive eruption columns, lava domes or
lava-flow fronts, and from explosive lateral blasts (adapted from Branney
and Kokelaar, 2002 and Cole et al., 2015).
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