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The Making of an Extreme Event: Putting the
Pieces Together (Dole et al 2014)

= (limatological
= Climatological+Trend

== Climatological+Trend+Boundary Conditions

w (limatological+Trend+BC+Initial Conditions

Temperature Departure ("C)

Climatological

Climatological +
Trend + Boundary
conditions

Climatological +
Trend

Climatological + Trend +
Boundary +Initial conditions
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Pa Drought Monitoring and Predictability
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Global-Scale
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ENSO, PDO, planetary waves,

AMO, warm hydrological precipitation, soil

pOOI Variabi”ty’ Cyc|e' monsoons, moisture, SNOoWw, low
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Meteorol

Socio-eco

NIDIS Drought Early Warning Systems

Regional

Research and Stakeholder Collaborative network:
Colorado Basin Early Warning Information System example

Colorado Division of Water
Resources (CDWR)

Colorado State Climatologist -

Colorado River Water
Conservation District (CRWCD)

Colorado Water Conservation
Board (CWCB)

CU — Western Water
Assessment, CIRES, and
CADSWES

Denver Water Board

Northern Colorado Water
Conservancy District (NCWCD)

Wyoming State Engineer
Wyoming State Climatologist
Utah State Climatologist

Western Regional Climate
Center

Mexico CNA

National Center for Atmospheric
Research (NCAR)

National Drought Mitigation Center
(NDMC)

USDA: Natural Resources
Conservation Service

USFS: Region 2

USBR: Eastern Colorado Area
Office, Great Plains Region, Office of
Policy and Programs, Research and
Development

USGS: Colorado Water Science
Center, Central Region, Grand
Canyon Monitoring and Research
Center

NOAA: Earth System Research

Laboratory, National Centers for
Environmental Prediction, National
Climatic Data Center, National
Weather Service



during drought (1965-2014 minus 1902-1951)

Southwest U.S.-Northwest
Mexico
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NCEI, 2020)  From Jan1980-Jun2020, the U.S. has experienced 273 distinct billion-
dollar weather & climate events - each causing at least S1 billion in direct losses

- Total, direct losses from these 273 events exceeds $1.79 trillion (cpi-adjusted, 2020)

DISASTER PERCENT PERCENT OF
TOT. T T/EVENT ATH
EVENTS FREQUENCY OTAL COSTS TOTAL COSTS COST/EVEN DE S
B Drought 9.9% 14.1% f $C} :E?‘e e

B Flooding 33 12.1% $150.4B © 8.4% $4.6B 617

B Freeze g9 3.3% $30.6B © 1.7% $3.4B 162

B Severe Storm

nature PERSPECTIVE

Tropical Cyclone Ellﬂ"lﬂlt ﬂhﬁ.‘[‘lgﬁ It ol rg, I0UI0 38,754

M Chuech b weianes

B Wildfire

Flash droughts present a new challenge for
subseasonal-to-seasonal prediction

Angeline G. Pendergrass "=, Gerald A. Meehl®", Roger Pulwarty ©°, Mike Hobbins =33,
Andrew Hoell 52, Amir AghaKouchak >4, Céline J. W. Bonfils 0=, Ailie 1. E. Gallant %7,
Martin Hoerling®, David Hoffmann ", Laurna Kaatz®, Flavio Lehner ™", Dagmar Lieweallyn %
Philip Mote ©™, Richard B. Meale ©", Jonathan T. Overpeck =", Amanda Sheffield 0=,

Kerstin Stahl 22, Mark Svoboda®, Matthew C. Wheeler &=, Andrew W. Wood &7 and
Connie A. Woodhousa 28

B Winter Storm

B All Disasters



National Drought-Resilience Partnership
Goals

LONG-TERM DROUGHT
RESILIENCE

FEDERAL ACTION PLAN

o OFTHE Goal 1. Data Collection and Integration —key
RESILIENCE PARTNERSHIP .
data platforms, modeling and
prediction

Goal 2: Communicating Drought Risk on
Critical Infrastructure

Goal 3: Drought Planning and Capacity
Building

Goal 4: Coordination of Federal Drought
Activity

Goal 5: Market-Based Approaches for
Infrastructure and Efficiency

Goal 6: Innovative Water Use, Efficiency,
and Technology
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NI}
CRITICAL INFRASTRUCTURE SECTOR IMPACTS DUE TO DROUGHT HAZARD %3; Homeland
National Protection and Programs Directorate Infrastructure Development and Recovery (IDR) | February 2018 S Securlty
Critical Infrastructure Sector Impacts Jrouoht
rou
Due to Drought Hazard Hepotls
Existing resources from NIDIS, EPA, USDA, DI, DHS, FEMA, RAW WATER RAW WATER LAND SUBSIDENCE WILD FIRES FLOODING
HHS-CDC, and other sources were compiled to create AVAILABILITY DEGRADATION EXACERBATION
a risk analysis of drought hazard impacts to critical
infrastructure sectors. The analysis reflects summaries of
=~ identified vulnerabilities of critical infrastructure sectors (9] /O,Q
(=] to direct exposure of drought hazards, operational impacts nﬂ_l
8 to each sector that contributes to slow down or stoppage Critical
of essential goods and services to meet demand needs, . DAMS s oz ENERGY ENERGY SECTOR Wl e sture
and indirect/cumulative impacts of dependent sectors NATURAL GAS + COAL Sectors +
and communities when supply needs cannot be met. Subsectors
Ten critical infrastructure sectors and subsectors were [IIIII]Q
investigated in the context of five drought hazards. 00—0
HEALTHCARE + TRANSPORTATION WATER + WASTEWATER WATER + WASTEWATER WATER + WASTEWATER
PUBLIC HEALTH SYSTEMS SYSTEMS - Raw WATER SYSTEMS - TREATED WATER SYSTEMS - WASTEWATER

w
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Direct Impacts to Critical Infrastructure from Drought Hazards

DROUGHT HAZARDS, DIRECT IMPACTS

Raw Water Land
SERVICE PROVIDER CRITICAL | Raw Water g . P —
INFRASTRUCTURE SECTOR Availability Qualltj Dust Storms Flooding Submdenpe Wild Fires
Degradation Exacerbation
Critical Manufacturing [ ) o* [ 3 °
Dams
Energy - Electricity [ ] [ o (] ]
Energy - Petroleum,
Natural Gas + Coal O O O C
Food + Agriculture [ ] [ ] [} o* [}
Healthcare + Public Health ] o x °
Transportation Systems [ ] [ ] [} [ ] [}
Water + Wastewater
Systems - Raw Water O O O O C
Water + Wastewater
Systems - Treated Water O O O O O ©
Water + Wastewater ° ° ° ° °

Systems - Wastewater

Dependency understood but not identified specifically by reference

*

This example is generally based on products provided by the Office of Cyber and Infrastructure Analysis, NPPD, list document.

Critical Infrastructure Dependencies + Interdependences

SERVICE RECEIVER (DEPENDENT) CRITICAL INFRASTRUCTURE SECTOR

Energy - HC +
SERVICE PROVIDER CRITICAL Energy - Food "
INFRASTRUCTURE SECTOR Eloct, | PEUONG | [pg | Public R || W ||

Coal Health

Critical Manufacturing ° o* ) [ [ ] ] [ ° [
Dams CR - [ ) [ ] o [ ) [ ] [ [ )
Energy - Electricity [ ° - [ ] ° o [ [ ] L] [
Energy - Petroleum,
Natural Gas + Coal O O O O O O O C O
Food + Agriculture [ ] o [ ] - [ ] [ ] [ ] [} [ ]
Healthcare + Public Health ° (] ° (] ] - ° ® ) ]
Transportation Systems [ ] [ ] [ ] [ ] [ ] [ ] [ ] [} [ ]
Water + Wastewater o
Systems - Raw Water O O O O O O - © O
Water + Wastewater
Systems - Treated Water O O O O O -
Water + Wastewater ° ° ° ° ° ° ° ° _

Systems - Wastewater

10



UNDRR GAR 2021 Special Report on Drought

Section |I. Modernizing our understanding
of drought

Section Il. Cases: The economic, social,
cultural, environmental aspects of drought
assessment, response, mitigation

DROUGHTS IN / LES SECHERESSES
THEANTHROPOCENE | DANS LANTHROPOCENE

SECTION Il Drought: From Risk to
Resilience

DROUGHT AND

March 2021
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Drought footp

Drought event

Drought Event Recovery D

abnormally dry (Level 0)  htensification s Persistence

moisture levels are
rop & pasture Moderate (Level 1 -2 + Level 2 — 4 drought
h delayed * Some crop & pasture * Woater shortages crop damage,
alerts are issued damage and fires are widespread

Fire risk moderate - high Fire risk high to extreme
Water conservation Socioeconomic impacts are
measures activated moderate to severe and
Socioeconomic impacts widespread

Meteorological indices have
returned to normal

Soil moisture is restored in
cultivated land

Pasture growth re-establishes
Forest growth re-establishes
Reservoirs and lakes refill

Drought indices
threshold
A"/

rought Endpoint
Agricultural and Natural ecosystem
productivity returns to average pre-
drought conditions
Lake and reservoir levels return to
average pre-drought conditions
Socioeconomic conditions:

+ Do they return or stabilize?
In some cases we hit a “new normal”

Section I: Complexity of drought staging and drought impacts

Meteorological Drought

0 Reduced precipitation and increased variability

Q Increased temperatures and evaporative demand
0 Drying plants, increased forest and rangeland fires
Q Increased water req. and demands (agric., society)
Q Impacts on biodiversity balance, fauna and flora

Hydrological Drought

Q Reduced surface fresh water and ground water recharge
Q Reduced hydroelectric production and industry output
Q Negative effects on tourism

Q Reduced Water quality

Q Impacts on fish production

Agricultural/Soil Moisture Drought

Q Impacts on rain-fed agriculture

0O Demands on irrigated agriculture

Q Degradation of natural flora

Q Losses in rangeland carrying capacity
Q Increased soil- and land degradation

Food and Water Insecurity

QO Reduced agricultural production
Q Reduced animal production

Q Reduced proper Nutrition

0O Reduced transport capacity

Livelihood Levels

Q Reduced income

Q Increased unemployment

0 Decreased coping capacity
Q Loss of ecosystem services

Social Vulnerability

0O Human security & community instability

0O Gender-based and intergenerational impacts
Q Migration, displacements and conflicts

Q Heat stress, vector-borne diseases, dust, nutriti

ion




Section I
ACross cases

Highlighting six areas of concern and opportunity:

1.Risk assessment (sectoral and multi- hazard)

2.Uncertainties associated withac- ~ ~ .
and local levels) v :5 Y el

3.The increasingly complex pathwe = Iy 2
Water-Energy-Food nexus '% > v

L

4. Benefits of action and costs of inaction

5.Transboundary coordination on drought: shared visions, shared
Implementation

6. The role of technology, efficiency and policy

7.Links to human security and conflict






CURRENT CONTEXT

Capacity to absorb negative
events is being reduced slowly
{e.g. population growth pushing
the limits of agricultural
technoloay)

BUILDING STRESSORS

SUDDEN AND GRADUAL
TIPPING POINTS

An event of great magnitude or
multiple failures at the same
time could suddenly exceed all
remaining capacity

SYSTEMIC FAILURE

Chapter 2 Systemic risks, the Sendai Framework
and the-2030 Agenda

Environmental *
Degradation
Growing Income

Population Inequality I Opt' m |Zed fOI’
ecioetr= ML [ AY - globalized trade
v \\ %, regimes,
Droughts  International Trade 1., I. 5

Compleity .. - efficiency, peacetime

i #
Loss OF 9
Markel Biodiversity an d
Speculation

—— K - relatively stable
Market Volatility environment

Heat-waves

Displacement .
Crop Failure

Water Conflict Price Spikes Frag ile

ng#"-”RE - Uncontrollable

sk

EADB”‘

MULTIP TV ISV Iy
Currency

Destabilization Poli.tilcal _
DestabilizatifeLEI I CIgr S
Systemic risks, the

Migration Food Riots Sendai Framework
War and the 2030 Agenda

Civil Unrest




Sustainability Partnerships in

ADVANCING .,m--- the U.S. — Mexico Drylands
SUSTAINABILITY }E Region US and Mexico
OF U.S.-MEXICO Q .. Academy of Sciences 2020

Integration mechanisms

Characterized by scope (single issue, multilateral, or
comprehensive) and then by the level authority and
formality within each category

Single issue Informal networks: Policy networks that
emerge from local interactions for joint ventures, service
contracts to address externalities, dry-year options

Multilateral: Multipurpose districts with a consolidated set
SR, . . of public services within geographic territory for example
roceedings of a Joint Workshop . i E . .

by the National Academies of Siences, \ % - drought response by watershed or regional organizations

i%%di m“ 1 “"Eh

St N da et do T . Comprehensive: Regional integration through embedded
= T norms created by overlapping ventures, agreements and
contracts and coordination across multiple policy domains
governed by statutory framework e.g. water quality planning

by a joint river basin authority




Section Ill. From risk to resilience

An agenda to strengthen a collaborative framework
between research and management that:

Creating a compelling narrative/vision for a better future:

« Maximises the value of existing assets for drought-
related security and resilience

e |nvestments In resilience within communities and
countries

T
2| e | @ O
5 uncertainty

Simple Complicated Complex, compounding
Risk Risks and cascading risks

T — gl?




Section Il From risk to resilience
1. Characterizing systemic risks

2. Systemic risk stability domains, disruptions and
opportunities/entry points (food security, health, drought to
desertification, transboundary watersheds)

3. Being proactive: Knowing better (research products, technology
barriers/opportunities)

4. Governance and financing : Networks, capabilities and
Implementation in a changing environment

Risk-inf,, Realization
a'a(e SRS ih‘:f{y# of risk
\Xx Sl - T & épef_ £ "
o o, RISK
A " "%, MaNAGEENT PREVENTION
v DISASTER \"\'f‘ffo@r LIVING WITH r&ons: o
DISASTER MANAGEMENT Vo UNCERTAlNTY
DISASTER PREVENTION B //?:%0 e p <
RES PONSE ‘f’f"f;.,?} éxof’,

~ L Wiy e@ S
9 Wherewe ™.~

Driven by
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Governance, Coherence and Pathways to 2030

RISk SR Anabilitics

2l Dur world (b} Dppartunity space {c) Posibble futures
mcholog@, Pathways

(IPCC, SREX 2012)
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roger.pulwarty@noaa.gov
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