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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

- Contents




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

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

- Contents




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

- Contents



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

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:

- Contents



https://council.science/events/hazards-report/
https://council.science/events/hazards-report/
https://council.science/events/hazards-report/
https://council.science/events/hazards-report/
https://www.undrr.org/terminology/hazard
https://www.undrr.org/terminology/hazard

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

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.

Habitat for Humanity, 2021. Thunderstorms. www.habitat.org/impact/our-work/disaster-response/disaster-preparedness-
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).

References

Alongi, D.M., 2008. Mangrove forests: resilience, protection from tsunamis, and responses to global climate change. Estuarine,
Coastal and Shelf Science, 76:1-13.

Bell, R., J. Lawrence, S. Stephens, S. Allan, P. Blackett, E. Lemir and D. Zwartz, 2017. Coastal hazards and climate change: New
Zealand guidance. pp. 75-81. In: Australasian Coasts and Ports 2017 Conference.

Dawson, R.J., M.E. Dickson, R.J. Nicholls et al., 2009. Integrated analysis of risks of coastal flooding and cliff erosion under
scenarios of long term change. Climatic Change, 95:249-288.

36) METEOROLOGICAL AND HYDROLOGICAL - Contents




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

Dawson, R.J., T. Ball, J. Werrity, A. Werrity, J.W. Hall and N. Roche, 2011. Assessing the effectiveness of non-structural flood
management measures in the Thames Estuary under conditions of socio-economic and environmental change. Global Environ-
mental Change, 21:628-646.

Gallien, T.W., J.E. Schubert and B.F. Sanders, 2011. Predicting tidal flooding of urbanized embayments: a modeling framework
and data requirements. Coastal Engineering, 58:567-577.

Hunt, A. and P. Watkiss, 2011. Climate change impacts and adaptation in cities: a review of the literature. Climatic Change,
104:13-49.

Nicholls, R.J., 2002. Analysis of global impacts of sea-level rise: a case study of flooding. Physics and Chemistry of the Earth,
27:1455-1466.

Pope, J., 1997. Responding to coastal erosion and flooding damages. Journal of Coastal Research, 13:704-710.

Short, A.D. and G. Masselink, 1999. Embayed and structurally controlled beaches. pp. 230-250. In: Handbook of Beach and
Shoreface Morphodynamics.

Snoussi, M., T. Ouchani and S. Niazi, 2008. Vulnerability assessment of the impact of sea-level rise and flooding on the Moroc-
can coast: the case of the Mediterranean eastern zone. Estuarine, Coastal and Shelf Science, 77:206-213.

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),
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WMO, 2013. Coastal and Delta Flood Management. Issue No. 17. World Meteorological Organization (WMO). https://library.
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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.
int/pages/prog/hwrp/publications/flood_forecasting_warning/ WM0%201072_en.pdf Accessed 17 April 2020.

Coordinating agency or organisation

World Meteorological Organization (WMO).
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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).
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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).
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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).

54) METEOROLOGICAL AND HYDROLOGICAL Contents


www.ga.gov.au/scientific-topics/community-safety/flood#:~:text=In%20coastal%20areas%2C%20water%20inundation%20can%20be%20caused,Other%20factors%20which%20can%20contribute%20to%20flooding%20include%3A
www.ga.gov.au/scientific-topics/community-safety/flood#:~:text=In%20coastal%20areas%2C%20water%20inundation%20can%20be%20caused,Other%20factors%20which%20can%20contribute%20to%20flooding%20include%3A
www.ga.gov.au/scientific-topics/community-safety/flood#:~:text=In%20coastal%20areas%2C%20water%20inundation%20can%20be%20caused,Other%20factors%20which%20can%20contribute%20to%20flooding%20include%3A
www.nfuonline.com/cross
www.nfuonline.com/cross
https://flood-warning-information.service.gov.uk/warnings
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

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

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).

55) METEOROLOGICAL AND HYDROLOGICAL Contents



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

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).
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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
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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.
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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/
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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.
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