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Experts
Roger S. Pulwarty?, o fall
Mark Svoboda?, Doug Kluck?', D. Todey3, R. Webb?, Molly Say TaliLlex.
Wolozyn?, Colin Wellenkamp?* may lessen
INOAA, ZUniversity of Nebraska, 3USDA ,* Mississippi River Cities drought
and Towns Initiative (MRCTI) . B e

The Associated Press
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First Hurdle: How do we learn?

Human beings learnina
variety of ways. The Learning Pyramid

Educational research

has shown that one of the
least effective methods is the
traditional lecture

Discussion Group 50%

Practice by Doing 75%

_ o

Source: National Training Laboratories, Bethel Maine



Temperature change in the last 50 years

Precipitation

Global Change

Type Drought
Historic

Drought

2011-2021 average vs 1956—-1976 baseline
-1.0 -05 -0.2 +0.2 +0.5 +1.0 +2.0 +4.0°C

-18 -09 -04 +0.4 +09 +1.8 +3.6 +7.2°F

Many potential futures
Are our assumptions
supported by the

. P . =
Model agreement on projected dry and wet conditionz@nderson climate record?
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Moderate (< -2)
35 | Severe (< -3)
I Extreme (< —4)

% area

| | 1

1950 1960 1970 1980

JFMAM J JASOND

1990 2000 2010 2020

Figure. Percentage of global land area (excluding ice sheets and deserts) with scPDSI levels of less than -2,
-3, and -4, indicating moderate, severe, and extreme drought, respectively, for each month of 1950-2021.
Source: State of the Climate in 2021. Bull. Amer. Meteor. Soc.



Inter-State Artificial Rain

"On the Edge of the Possible: Artificial Company (1891)

Rainmaking and the Extension of Hope on Swisher Rain Company

the Great Plains," (1892)

J. Courtwright U. lowa Agricultural History Goodland Artificial Rain
Company (1892)

AGRICULTURAL HISTORY

“Hope, like moisture, was in constant demand”




The Great American Desert....becomes the High Plains

Edwin James (Stephen Long'’s
geographer):

A place “...almost wholly unfit
for cultivation, and of course,
uninhabitable by a people
depending upon agriculture for
their subsistence” (Long and
James 1823: 236).

e Became:
“The Breadbasket
of the World” ...

Matt Sanderson, KSU 2018
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June 1951

-
2

hine 1957

US Drought: The 1950s

Dust Bowl migration routes

Dust Bowl Drought (1931-1940) 1950's Drought (1950-1957)

er areas Major migration ro

Summer PDSI

rerely affected dispossessed farmers

Dust Bowl: 1931-1940

Observed Composite PDSI

DRY WET

To what extent are earlier
adaptation strategies still viable?

Connenis Bord arillabele a ool bacl

Weather and Climate Extremes

'\'liiif"--
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jeearrmil bomepage v aln e rcomioc sl

Bite without bark: How the socioeconomic context of the 1950s US. @"‘""‘“
drought minimized responses to a multivear extreme climate event

John D. Wiener®, Roger 5. Pulwarty ==, David Ware ©



WHEN YOU AREJUST
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What is changing and
(why) does it matter?



Change in Sea Level (fest)
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Impacts of a Changing climate

Higher evaporation.
More farm dams as
surface water

availability reduces

Greater irrigation
efficiency as
surface water
availability reduces

)

Weather and
Climate
E S

Variability &

2 Change 7?

Increased evapo-
transpiration due
to higher temps

Increased demand
for groundwater as
surface water

availability reduces

Higher frequency
and intensity of
wildfires due to
higher temps and
droughts




America Adapts!

Climate-related impacts and response actions
that are helping the region address related
risks and costs.

Examples are illustrative i.e. not indicative of
which impact is most significant in each
region or which response action might be
most effective.

Alaska | Impact
The physical and mental
—— | health of rural Alaskans is

Action
The Alaska Mative Tribal Health Consortium's
Cenler for Climate and Health is using novel

Implementation is increasing but
is not yet commonplace.

increasingly challenged by adaptation strategies 1o reduce climate-related
unpredictable weather and rigks including difficulty in harvesting local foods
other envirenmental changes, and more hazardous travel conditions.
Northern Great Plains Midwest
Impact Action Impact Action
Flash droughts and The National Drought Increasing heavy  lowa Stale developed
exireme heal illusirate  Mitigation Center is rains are leading  a program for using Northeast
ash:r:::lity challenges hsluei;g ra:dmar:nlar; 1omsc: g;ijﬂeszzsinian.rll "—
ranching operations, 1o reduce drought a eragion an 5 to reduce soi )

Northwest with emergent impacts  heat risks to their nuirient loss on and nutrient loss while Water, energy,
Impact on rural prosperity and  operations. Midwestem increasing biadiversity. and fransportation
Wildfire increases and mental health, cropland. :;x:duﬂm:nir:
associated smoke are e e
affecting human heallh, heatwémugn&
water resources, timber flooding '
production, fish and '
wildlife, and recreation. Action

) Cities and states
Action throughout the region
Federal forests have are assessing their
developed adaptation vulnerability to limats
strategies for cimate change and making
change that include investments to
miethods o address increase infrastruchure
increasing wildfire resiliance,
risks, y

Southwest
Impact Action
Drought in the Colorade  Seven U.S, state Flooding in The Acadiana
g\:: h:aaz: bymhalf m‘;&:mmgaf Ll"-S- Lauisiana is Planning Commission
over and Mexico a , i i i isiana i P
since 2000, increasing _ govemments mobllized Southern Great Plains :"mr:enf;“gi'ggl“l_ L“;:'éﬁﬁ:::dm
risk of water shortages users to conserve water, Impact Action funds to address
for cities, farms, and ke_-qping the lake above a Hurricane The Govemor's increasing flood risk,
ecosyslems. criical level. Harvey's landfall  Commission lo
on the Texas Rebuild Texas was
B coastin 2017 was created to support the
) - one of the Sanomic recovery
( < costliest natural  and rebuilding of 7
o disastersin U5  infrastructure in s
B rd history. alfected Texas
i communities.

Hawai'i and U.S.-Affiliated Pacific Islands

Impact

The 2015 coral bleaching
event resulted in an
average mortality of 50%
of the coral cover in
westen Hawaii alone.

Action

A state working group
generated management
options to promote
recovery and reduce
threats to coral reefs.

U.S. Caribbean

Impact Action

Damages from the 2017
hurricanes have been
compounded by the slow
recovery of energy,
communications, and
fransporiation systems,
impacting all social and
economie sectors.

The LS. Virgin Islands
Govemor's Office led a
workshop aimed at gathening
lessons from the initial
hurricane responss and
establishing a framework for
recovery and resilience,




Late 21st Century

Lower Scenario Higher Scenario

Change in Number of Days
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i 20 30 40 50 60 70 80 90 100



NCA4 2018
IPCC 2014
IPCC 2022

Water Resources

* Changes in Water Quantity and Quality

* Deteriorating Water Infrastructure at Risk

* Water Management Uncertainty in a Changing

climate

Water Stress With vs.Without Climate Change
WITHOUT

Water Supply Stress Index

0.0 0.1-0.2 0.3-0.4 0.5-0.6 0.7-0.8 0.9-1.0 1.1-6.4
Low High




Agriculture and Rural Communities

* Reduced Agricultural Productivity
* Degradation of Soil and Water Resources

* Health Challenges to Rural Populations and
Livestock

(a)

* Vulnerability and Adaptive Capacity of Rural
Communities

(a) Nonmetro County Population Changes, 2010-2017

(b)

Nonmetro County Poverty Rates, 2011-2015 ®)

Poverty Rate (%)

[ Metropolitan County <[] [
10 20 25 30

[ Population Loss

I Population Gain

NCA4 2018
IPCC 2014
IPCC 2022

Value Added to GDP by Agriculture, Food, and Related Industries

1000
_. Boo = Food service, eating and drinking places
g 800
3 700 = Food and beverage stores
=]
5 600 ™ Textile, apparel, and leather manufacturing
2 500
S 00 = Food, beverage, and tobacco manufacturing
H
o 300 W Forestry, fishing, and related activities
=2 200
2 100 = Farming
583 ez a3 e e

cccccccccc
NNNNNNNNNN

Employment in Agriculture, Food, and Related Industries, 2015

Farming

Totals
/ (1.4%)

21.0 million jobs
11.1% of U.S. employment

Forestry, fishing,
4 —— and related activities
‘ (0.5%)

Food services, eating—,
and drinking places
(6.3% of U.S. employment)

Food, heverage,
'W i —and tobacco manufacturing
: (1.0%)

B |- Textile, apparel, and
leather manufacturing
(0.3%)

— Food and beverage stores
(1.7%)
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“...certain aspects of our water resource o SO o
3 problems have a degree of predictability about =

“wo» them. Most notable is the rapid depletion of our .29,

W
=~

valuable groundwater resource...” .

7

Kansas Governor Robert Bennett, 1977 . wiwowmsa |

Declines

New-Mexico ﬁ‘;“tﬁ:* :{;‘ﬁ ?j;jgfb I Vore than 150 Arkansq,,
Y. - oo A I 100 to 150
= St R(L I 50 to 100
[ ] 251050
R . . [ ]10to25
y / VA praza, [ 15t10
(1 % ‘\1 No substantial change \
\'\\ﬁ l{%\;; l:l -5t05 ]
b L o Rises
SN J R & ‘fs Texas [ 5t10
. O B 10t025 l
Groundwater Depletion Rate (km3/year) Seog B 25t 50 \%
e [ [ [ [ 5 I Vore than 50
-0.50t00.00 001t0c 050 051t01.00 1.01t02.00 201t04.00 4.01t07.00 7.01to 11.00 ) Miles }

Groundwater depletion
See Steward et al 2013 for projections to 2110



National Climate Assessment
Volume Il in 5 Bullets

* Earth’s climate is now changing faster than at any point in modern e A

civilization.

* These changes are primarily but not only the result of human activities,
the evidence of which is overwhelming and continues to strengthen

* The impacts of climate change are already being felt across the country,

CLIMATE SCIENCE

RT

¢ WIS

and climate-related threats to Americans’ physical, social, and economic

well-being are rising

(5\ U.S. Global Change
(&) Research Program

Fourth National
Climate Assessment

Volume Il
Impacts, Risks, and Adaptation in the United States

Americans are responding in ways that can bolster resilience and
improve livelihoods

However, neither global efforts to mitigate the causes of climate
change nor regional efforts to adapt to the impacts currently
approach the scales needed to avoid substantial damages to the
U.S. economy, environment, and human health and well-being over
the coming decades



The changing nature of climate extremes

Image courtesy: SW Infographucs Jen O 'S the American 03, 2019

Low

- ..\ & y
cyclones
VY severe <A y
convectivel Wildfires
/ storms
¢

Low ) High
Climate circulation dynamics impact convection, ...
drought, wildfires, flood risk locations




.ﬁ U.S. Billion-dollar event frequency, annual cost, 5-year cost average (1980-2021)

NOAA/ NCEI
United States Billion-Dollar Disaster Events 1980-2021 (CPI-Adjusted)
B  Dvought Count B Flooding Count B Freeze Count B Severe Storm Count Tropical Cyclone Count 1980-202 1

B Wildfire Count B Winter Storm Count B Combined Disaster Cost Costs 95% C) B 5Year Avg Costs

P . 300

‘ll‘.', I

. Billion-dollar weather and climate disasters frequency mapping: 1980-2020
g Droughts and Heat Waves Winter Storms Tropical Cyclones

1980-2020 Billion-Dollar Drought Dishsters (CP-Adjusted)

X

1980-2020 Billion-Dollar Winter Storm Disasters (CPl-Adjusted) Q 1580-2020 Billion-Dollar Tropical Cyclone Disasters (CP-Adjusted)

of E

7

A
.

Tl

il
i b

Flooding

T8
193 1580-2020 Billion-Dollar Acoding Disasters (CP-Adjusted)

Western wildfires, severe storms, inland flooding and 1 B W \
5-year annual cost average >$148.4 billion - a rec

B0 1987 1984 1986 1988 19890 1992 1994 199

3

o]

*285 weather and climate disasters reached or exceeded 51 billion during this period (CPl-adjusted); cost > $1.875 trillion in damages

Please note that the map refiects a summation of billion-dofiar events for each state affected (i.e., it does not mean that each state shown suffered ar least
$1 billion in fosses for each event).



Risk = Expected Annual Loss x Social Vulnerability + Community Resilience

where Expected Annual Loss (EAL)

Annual Frequency

occurrence

How likely is
hazard to occur?

Rate of

Property Value
People
Agriculture

How many people & how
much property are
potentially at risk?

Exposure Historic Loss Ratio

Percentage of

property/people/crop
losses

What percent of property/people
have historically been lost from
hazard in a given area?

Federal Emergency Management Agency 17

& 2
¥ FEMA
From 1980-2021, the U.S. South, Central and Southeast regions experienced a
higher cost from billion-dollar disaster events. CA, NY, NJ, PR and V.. as well.

1980-2021 Billion-Dollar Weather and Climate Disaster Cost (CPI-Adjusted) v'

Reflects the severity and
vulnerability of weather & climate
events impacting different regions

The top 3 most impacted states:

Disasterand

Overview  Risk Time Series

County Risk Assessment @
Risk Score disaster types:

=) . ) )

Summany
Climatology Stz

Hazard Risk v]e Sociol ulnerabiliy

Drought, Flooding, and Wildfire Risk

Events e References

_

Compound hazard county risk
(Drought, Wildfire and Flooding)

Each region faces unique hazard
combinations, which are useful in a new
era of more likely cascading hazard
impacts (i.e., drought-enhanced wildfires
produce mountain-side burn scars, which

cost
$5M-100M
S100M-250M
5250M-500M
5500M-18
$18-28
528-58
$56-108

Texas (5343 billion)
Louisiana (5270 billion)
Florida  ($248 billion)

.

The relative costs are more acute in
Louisiana, as its population and economic
size is much smaller than Texas or
Florida_

$108-208
5208-508
$508-1008

Louisiana also has a high frequency of

10082008 disaster events, which can leads to
- - 52008+ compounding, cascading socioeconomic
impacts.
United States
1 Drought: 2508+ (@ Flooding: s1008-2008 () Freeze: s208-508 () Severe Storm: $2508+
Tropical Cyclone: saTe () Wildfire: $1008-2008 () Winter Starm: s508-1008 () All Disasters: s21T+

-/
< often enhance debris flows from flooding.

+

As noted in National Climate Assessment

3 5 i (2017) "the physical and socioeconomic

r:1 | i g i impacts of compound extreme events (such as
iy T 0 simultaneous heat and drought, wildfires

3 associated with hot and dry conditions, or
flooding associated with high precipitation on
= ’ “SReR S L top of snow or waterlogged ground) can be

= Yo o 0
7 &R greater than the sum of the parts.
= < |
~ Riskescors
| —
United States California Santa Barbara County
Mazard sk [  m— P T — 23
s [— e—

i

Q ﬂﬁ., s
-13 -0 -5 0 5 10 15 20 25 28

Total economic damaae (% cotintv GDP)

Projected economic impact from
climate change (Relative to county
GDP) in 2080-2099 under business-
as-usual scenario)

20



Extreme Precipitation and Climate Change: Trend in 3 inch days (1951-2016)
Observations and Projections Observed Change 5001

in Heavy Precipitation

Number of 5-yr, 2 Day Events 45N A
(1901-2016)
e
Model extreme «j;@s o]

precipitation increases

55N 4
by 10-30+% by end of
21t Century under a 30N
high emissions scenario .
Change (D/u) -100 -80 —-60 —-40 —-20 0 20 40 60 80 100
N B B i 125W 120 115W 110W 105W 100W 95W 90W B85W BOW 75W 70W 65W
<0 0-9 10-19  20-29 30-39 40+ e
Maximum Daily Precipitation Difference (%): (2071-2100) - (1971-2000), RCP8.5
30
20 10000 Number of high risk dams per state
® Flood Control
10 8000 B Water Supply
: = |rrigation
10 2 B Hydroelectric
-10 § 6000 ®m Tailings
©
-20 émoo -
30 2
2000
0 60°E 120°E 180° 120°W 60°W 0 .
(Kunkel et al 2020 Atlas -14 provides precipitation >100 90-100 80-90 7080 d:l?]-;rgeassgf-ggmz?;asrg) 30-40 2030 10-20 <10
. . . . [ I I I I I I I I I 1
Easterllng et al 2017 ) frequency estimates gU|deI|neS 1916 1926 1936 1946 1956 1966 1976 1985 1996 2006 2016

year of completion



-Compounding events: Droughts have warmed faster than the average climate
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All Data Drought
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All Data Drought

Temperature shifts corresponding to the average climate and drought conditions based on
ground-based observations [1965-2014 relative to 1902-1951]

Chiang F., AghaKouchak, A, et al., 2018, Science Advances, 4 (8), eaat2380.
http://advances.sciencemag.org/content/4/8/eaat2380



http://advances.sciencemag.org/content/4/8/eaat2380

A snow drought is a period of abnormally little snowpack for the
time of year
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The Missouri -Mississippi River System at (1.25 m sq. miles, 3.22 m km?)
fourth largest river system and the most economically valuable corridor in the world .

Highest volume for the transportation of goods in the US.. Over 460 million short tons (420
million metric tons) and 3.25 million short tons of shipments respectively each year, with
92% of the nation's agricultural exports and 78% of the world's feed grains and soy beans.



From Too Much

e F ro m I 0 o M u c h B
How the IU .droughtof2022 | = T BB B BB B B OB B BE B BTSSR E BE BB 7 RESILIENCE
vol ed t of one of the most
Gveing faoh on recesd I 20EE FEDERAL ACTION PLAN
L
l e

B, How the central U.S. drought of 2012 oo
o The actions derived included the development of the &
g mteragency National Drought Resilience Partnership &.

s

2010-12: Firsttime U.S. corn yield fell three years in a
row since 1928-30 (USDA)

PRCC using provisional date. ~ Redienal Climate Centers

“Climate Extreme Drought To Extreme Flood| ..o

Whiplash Hits The Midwest”

The Basin appears to be becoming even more variable In
terms of runoff. Annual runoff variablility has nearly doubled in
(McNutt et al; in the last 20 years (Livheh 2016)

Wilhite and Pulwarty 2017)




July 2010
8% moderate
to exceptional

July 2011
28% moderate
to exceptional

May 2012
35% moderate
to exceptional

July 2012
64% moderate
to exceptional

January 2013 prs G
58% m'oderate to o | 7/17/1
exceptional —~(

40
o T | }

MW ¥ 5/15/12 28.10%
20 \

10

A complete explanation of these droughts must invoke not just the ocean
forcing but also the particular sequence of internal atmospheric variability -

weather - during the event.




2012 Evaporative Demand Drought Index

May to August 2012: Areal extent of U.S. drought jumped 30 to 60%

Migpt 7 ooy < 2T =TT5)

O'E—TOt

USDM

SN >

\ ‘ .
1 ~n

Gl i e e U DOLDAE B stibdds IDGtmiwpmuch of region;
note I|ttle drought in western US dmdg]mghtm‘r(l\m Al K, Nhonths after EDDI

* Due to land-atmosphere feedbacks, evaporative demand (E,) reflects surface
moisture conditions, often before ET does,
* responds positively to both flash droughts and sustained droughts.



U.S. Drought Monitor Class Change - CONUS
2 Months.

Climate Hub

it ares)
o[ a2z |mee |2 r2ro [ 1m

oAy P S - Upper MidWest “Rapid-onset” Drought
o] %

2017

The 8-week change map e
between the July 18, 2017 and f - W W

May 23, 2017. Large parts of the 2 @

Northern Plains saw a 4-5 class

deterioration over this two Agricultural Commodities in
month period. Drought:

https://agindrought.unl.edu

In May 2017, the region was mostly drought-free, and at least average summer precipitation
was forecasted.

Antecedent By July 2017, North Dakota, South Dakota, eastern Montana, and the Canadian prairies were
conditions experiencing severe to extreme drought, resulting in fires that burned 4.8 million acres across
both countries and U.S. agricultural losses in excess of $2.6 billion dollars

Cumulative risk:

(Hoell et al 2020)




The wettest spring and summer on record for much of the

Cumulative risk: Antecedent United States occurred in 2019.
conditions

* 14 million acres of insured farmland went unplanted in the MidWest/Hgh Plains-
largest since USDA's ‘prevented-plant’ acreage record keeping began in 2007,

>
- O

* Reduced corn and soybeans — 13% and 6% of total acreage, respectively.

* 5 million acres were planted in unfavorable conditions. In the words of one expert “it
turned out to be a really bad bet.”
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What is the message........

........ in the context of a changing climate?

/@,7

. 6/7/7/' CJ/,})W . . . .

« Nature is complex anu”g,:? “Qfa,. odeling its nonlinear
behavior remians challengn.f’///,/)e"esoo,' nf high resolution

information “generated” by mode..: Safe S[:@s SJ’S[
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 Long-term and sustained observation programs arc Ch
especially for model verification




Moving from diagnostics to implementation
Economies cCommunities

Supporting
Well- belng and dlgnlty

Ensuring Resilient Economies

i

Develop scientific and technologlcal applications and
services to reduce social, environmental, and economic

risks and realize co- beneflts/savmgs
Promoting Environmental Resilience
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| Drought demands innovation.
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MDA U o O o i o Chinese proverb “If we are not careful we will end up where we are going”



If it's so easy why is it so hard to do?

O




"Closing” water systems, climate and scarcity

* As yet-Little comprehensive understanding of the long-term and widespread
conseguences of past adaptations

« Complications of changes in the spatial and temporal distribution of rainfall, soil

moisture, runoff, frequency and magnitudes of droughts and floods are gradually
being included in response planning

« Systems design, operational inflexibility, and legal and institutional constraints still
reduce the adaptability of water systems to respond to climatic changes

« Compounded by lack of agreement on event definitions, such as what constitutes an
“extraordinary” (i.e., severe and persistent) drought in different place

Eqwtable and reasonable use of water involves definitions of broad concepts such as
“no harm,” and “optimal utilization”




DESIGNING FOR CLIMATE
CONFIDENCE:

Managing “through” a
changing climate

lculated
OB
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h uncertainty

Complicated Complex, compounding
Risks and cascading risks

risk risk Simple Risk




Two or more extreme events occurring simultaneously or successively

L v " .
= s | ' -
1 \ p " . s _

Combinations of extreme events with underlying conditions that
amplify the impact of the events

NN e

Combmatlons of events that are not themselves extremes but Iead to
an extreme event or impact when combined.

T o

Consecutlve mter-dependent events that do not occur at the same time,
but they have compounding impacts.

0
i‘ ~ :\.
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Toward sustainable development of water resources

o

supply family
1. Measurement Pl }cmzens_

present

2. Valuation
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= Kansas
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)
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3. Informing decision-making e e e et el et ene e

WATEER. SUPPLY IN KANSAS

4. Coordination and risk management Develsped beed o g from e cions of Ko

Ensure that policies and management decisions are actually delivered
through an adaptive set of institutions, incentives, and instruments.

Garrick et al and others



IDENTIFYING AND MANAGING CLIMATE RISKS

THE CLIMATE CHANGE
DECISION TREE

« A scientifically defensible, flexible,
cost-efficient tool on climate risks
= A bottom-up approach taking
into account local realities and
climate sensitivity

Exhaustive climate risks analysis:
Combining historic data, global climate
model projections, a hydrologic-economic
water system model, etc.

A rapid project scoping exercise, using
a (simplified) water resources system
model, compares climate impacts with
others such as existing variability,
population growth, etc.

@ WORLD BANKGROUP

Climate sensitivity
screening for all
Bank projects:

Is climate a factor

to take into account?

worldbank.org/water

WATER
w PARTNERSHIP
e PROGRAM

Brown
Linkov
Pulwary
and others

u i
ANAGEMEN :
\100 R K R UR
w
o
PHASE 4 iR bbtertal dimate
CLIMATE RISK ange e = -
MANAGEMENT ob
)
fo1 s
PHASE 3 at is the plausible
CLIMATE ate —_—
STRESS TEST
e WEsmszay
g
PHASE 2

DESKTOP
ANALYSIS

PHASE 1
PROJECT
SCREENING

Confronting Climate
Uncertainty in Water Resources
Planning and Project Design

If project robustness is
not achievable, the project
is adjusted and put
through phase 3 again,

or a redesigned project
starts at phase 1. .

Climate o KnOWH, quantifiable
Risk Report :

threats
Climate

Risk Statement

Climate
Screening
Worksheet ..

Unknown
Uncharacterized
Low-probability
Events

Use paleo-data, events of record and Stress-
testing approaches, as well as projections



Co-benefits to Water
Sector Resilience
related to addressing
drought

Critical Infrastructure dependence on

water and potential function

degradation following loss of water

services

67y
-9
Ourg %

Degragey
After 3,

1y

ul

CRITICAL INFRASTRUCTURE SECTOR IMPACTS DUE TO DROUGHT HAZARD

National Protection and Programs Directorate Infrastructure Development and Recovery (IDR) | February 2018

SOARTAL

N2y Homqland
v/ Security

08U
M

L4ND 550

SCOPE

Critical Infrastructure Sector Impacts

Due to Drought Hazard 5222925
Existing resources from NIDIS, A DEGRADATON BTN YLD FRES FLoooe
EPA, USDS, DOI, DHS, FEMA,,
HHS-CDC, and other sources Q@ 6
were complied to creates a risk - "
analysis of drought hazard i, M e CEEETR MM eenucte
impacts to ten critical m A gitc)ts%rcstors
infrastructure sectors A

PUBLIC AT T

Percent of surveyed

Average degradation

facilities that reported a reported by surveyed
dependency on water, by facilities in voluntary
sector self-assessment

KEY FINDINGS

Direct Impacts to Critical Infrastructure from Drought Hazards

DROUGHT HAZARDS, DIRECT IMPACTS

Raw Water Land
SERVICE PROVIDER CRITICAL | Raw Water 5 " "
INFRASTRUCTURE SECTOR | Availability | - Quality | DustStorms { - Flooding | Subsidence
Degradation Exacerbation
[ ] o*

Critical Manufacturing [} o*
Dams
Energy - Electricity [ ] ° o L]

Energy - Petroleum,

Natural Gas + Coal O O o

Food + Agriculture (] ° o o*
Healthcare + Public Health [ o*

Transportation Systems o o [ ] o
Water + Wastewater

Systems - Raw Water O O O O
Water + Wastewater

Systems - Treated Water O O O O O
Water + Wastewater ° ° ° °

Systems - Wastewater

- SERVICEP['®"
Wild Fires INFRASTRL
. —

@
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This example is ¢

DROUGHT AND
INFRASTRUCTURE .

A Planning Guide

OCTOBER 2021

Cybersecurity and Infrastructure Securily Agancy with the
National Drought Resiience Partnership

s Prooction Ay,
andAtmazsi: Amictstration, snd Foceral Emargency MansgemGEt AZENGY)

https://www.dhs.gov/
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nent.



CALIFORNIA’S WATER SUPPLY STRATEGY
Adapting to a Hotter, Drier Future

To offset increased evaporation fied to warmer average temperatures, California must
capture, recycle, de-salt, and conserve more water.

Increase————"———a___
Conservation

Halt Irrigation
of Marginal Lands

Increase
Stormwater
Capture

> Expand Storage
Above and Below
Ground

Increase Recycled Water .8 MAF

Increase Desal Production 28,000 AF 84,000 AF

Increase Stormwater Capture .25 MAF

About
7 MAF

Increase Conservation .5 MAF

SUBTOTAL FOR RECYCLED, DESAL, STORMWATER AND CONSERVATION | ‘l.ﬁm

Expand Storage Above and Below Ground* 3.7 MAF

Total 4.8 MAF ‘
*Additional storage capacity does not equate to a similar vobme of new wu‘ter supply MAF - million acre-feet.
ADAPTATION SUPPLIES
WATER SUPPLY WITH NO ACTIONS Incrtuul Water Recycling
Im:ru.*.e:l Desalination
USABLE E:pnn:le:l Storage Above and Below Ground
WATER

2012-2016
Drought

Im:re::.e:l Stormwater Capture

Im:ru.*.e:l Conservation
Mote: bars am comceptual, not an absolute scale.

2020-7
Drought

41



The Financial Times (29 August 2016) noted (in their words)
that “people are afraid that doing something about
“climate” will make them poorer/less well off” in the near-
term |

“ALSO, THE BRIDGE IS OUT
AHEAD”




Natural Hazard Mitigation Saves: 2017 An Independent Study to
Assess the Future Savings from Mitigation Activities.

S4:1

Beyond Code
Requirements

$3:1

Federally-Funded

3’ National Institute of
@u® BUILDING SCIENCES

Natural Hazard Mitigz
2017 Interim Report

£} Wildiand-Urban {gieriace
Cos

4

- |

t—benefit ratio

Configurations of land-
use offers the largest
return on investment

Land use planning

Relocation
and design

Retrofitting and
mitigation measures

a—
{

Strategy
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Ongoing Challenge:
Supporting local and state-level professionals to sustain
collaborative networks between research and practice

ISLS 80 T 1 ]
Monitoring, Observations,
and Forecasting

INTEGRATED
INFORMATION

Impacts and Scenarios

—~ ¥,
\‘v!__/ \ 2



D EWS Drought Early
| Warning System

Flow of information to and from

NIDIS

+ National Drought Mitigation Center
+ NOAA NWS, CPC, NCEI

- Other federal agencies (USDA,
USGS, NASA, USACE)

Academia

The North Central U.S. Monthly Climate
and Drought Summary and Outlook

Webinar Continuity & Reach

2015-16

P Average attendance:
84

2017-18 > 100th Webinar Milestone!

Average attendance; 97 P Average attendance: 151

P 640 unique participants

436 unique participants . "
over this period

over this period

Webinar recordings

}-entities within DEWS National ar
\.-\l“ Sustained communication
===p Communication needs to
increase during drought
Policy-making and Data/products Regional needs
planning Forecasts/outlooks
Research
d fr— >
i " Regional
- g = Regional
State/local needs 5 =
o Local impacts Organizations
tate/local impacts
& A o
. . Local interpretation 5
Media\Public of et < Q -
Awareness Conditions/impacts ® /.
Outlooks State impacts S
Research Gaps and needs . S T \
Regional data/products J
2 Technical assistance
|

Monitoring
Conditions and
Impacts

MIDWEST DEWS EXAMPLES

Regional information providers

« NIDIS

* NOAA Central Region Climate Services

* NOAA NWS Central Region/local
Weather Forecast Offices

* NOAA North Central/Ohio River
Forecast Centers

* NOAA Midwest Regional Climate Center

* USDA Midwest and Northern Forests
Climate Hubs

+ USGS Midwest CASC

Current conditions
Outlooks
Technical assistance

Regional organizations
« Upper Mississippi River Basin

Association

« Mississippi River Cities and

Towns Initiatives

State agencies

« Dept of Natural Resources

» Dept of Agriculture

« Dept of Emergency
Management

« Dept of Public Health

Local impacts
Gaps and needs
Types of decisions

Local decision makers

= Water utility provider

« Chief elected official

« Emergency managers

« Farmer/producer

« Forest manager

+ Public health department

+ Port/harbor manager

« Hydropower plant operator

- State climatologists

« State USDM teams

- State plans

« State drought task force

Current conditions
Outlooks
Technical
assistance
Research

Local/Community
Decision-Makers

SECTORS IMPACTED
BY DROUGHT

« Agriculture

« Ecosystems

« Transportation
+ Navigation

* Health

« Manufacturing
« Tourism

* Recreation

« Water Utilities
« Energy

added to NIDIS
YouTube channel

2013-14 > 330 unique participants

over this period

P> Average attendance: 56 A d h
n r r rox.
» Expanded geographic ttendees over the years (approx.)

focus to include the Midwest * 670 Federal Agency * 40 Media Writers
Staff « 85 City, Municipality,

20M-12

»  Webinar launch in

response to 2011 Missouri * éf;fsmte Government . g;ul:;'vi:::s

River flooding “A great summary in one hour « 40 Tribal Government/ 80 Non-profit and Trade
» Continued in response that would take me a day to dig Agency Staff Organization Staff

to 2012 drought around and look through all the * Researchsuaft * Diected Represensative

P Average attendance: 79
geographically focused
on Missouri River Basin

same material.” * 200 Business & Industry e 15 International Entities

Leaders, including
Farmers

Over 13,500 webinar views
(live and YouTube) from 2011-2020

Doug Kluck NOAA Regional Climate Services

Molly Wolozyn National Integrated Drought Information
System

Dennis Todey USDA Climate Hubs

Mark Svoboda National Drought Mitigation Center Univ.
Nebraska, Lincoln

Others



Resulting actions from towns and cities (MRCTI 2020, 2021)

* Cities were able to make informed decisions regarding continued flood-flight
activities

 Cities were able to more confidently begin longer term mitigation and recovery
planning such as insurance arrangements;

 Cities began to coalesce around mixed infrastructure solution, including drawing
lessons from each other, incorporating more natural assets at a scale more
extensive than previously ;

* New partnerships at greater scale over more service areas stretching across
multiple states were sought

T —

M R E'l' DISASTER RESILIENCE AND
ADAPTATION PROGRAM

85% reported increasing their ability to incorporate climate outlooks and
Information into decisionmaking



Key Federal Partnerships
US Climate Regions

https://www.Usgs.gov/ecosystems/climate-adaptation-science-centers

" Northy

5
|

| ~~._ Environmental Protection Agency

(

F 4

USDA Climate Hubs for Risk Adaptation and Mitigation to Climate

Fa

\\‘ Click on a region to learn more about the

USDA Climate Hub in your area. S South
s ' Atlantic
) . fvision : Division
https: .climg a~ ?" Mississippi
' ‘ |ll!l!0|i!mllf o L v leley ”iyiSIbﬂ

Furana Nictrirt
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-

i pregre £ back gw
8 ol avareness (ffornt Reduetin - moniored bos B
& Eindividual  resistance Coondination F'“ﬂm’““-g“”h““d health =
(llD[Iplll = g- mderstand henchmark © ]]0[9111]3] examnles Increase =
understanding change ] 2 ‘%onahunallv P aptel =
al(ehOIdEI‘S ﬂssessment g é;ﬁ = gromdwater
TS £E S ‘
actlﬂnSDPﬂUQ]Ilm wlnemhlhiy -—-4m E-Esel-‘gstate "EL
o 0= Sl E <k
. g t CUET £ L
: B e
5 e erq urecashng
surp ML i m‘aicrgso;ﬂl\ It ot e . Eiﬁl}lﬁlﬁ;
local %4 Q-‘ communieation & £ aCI Address
S demanstrae ST 8
Relable £ 5 %C 5 hers
I ] E E We||_knmmﬂﬂ()l‘d]ﬂatlﬂﬂ Cﬂmmm]t )=t I]md&
Y EE natked 3 ”HE
among =

o

v- AND THAT
\S WHY WE
LFT ON

\

e 4

NCEI @

Coordination



A brief look ahead..... and back

November 8, 2022
(Released Thursday, Nov. 10, 2022)
Valid 7 a.m. EST

Drought Impact Types:

r~ Delineates dominant impacts

S = Short-Term, typically less than

6 months (e.g. agriculture, grasslands)
L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

Intensity:

[] None

[] DO Abnormally Dry

(] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Brian Fuchs

National Drought Mitigation Center
The Drought Monitor focuses on broad-scale conditions.

Local conditions may vary. For more information on the

e Drought Monitor, go to https://droughtmonitor.unl.edu/About aspx
h < = S J"'\
[ - o= |28 @&
- N ° g - : N
- Ve SL— R NS 5 4
et droughtmonitor.unl.edu

U.S. Seasonal Drought OutloOK ;4 or November 1, 2022 - anuary 31, 2023
Drought Tendency During the Valid Period Released October 31, 2022

Consistency adjustment
based on Monthly
Drought Outlook for
November 2022

Depicts large-scale trends based

on subjectively derived probabilities
«quided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"Ongoing” drought areas are

based on the U.S. Drought Monitor
areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (DO or none).

. Drought persists

Drought remains but improves

Brad Pugh
NOAA/NWS/NCEFP/Climate Prediction Center

Drought removal likely

Drought development likel
O P Y

http:/igo.usa.gov/3eZ73

Kansas Percent Area in U.S. Drought Monitor Categories
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D3 (Extreme Drought) I D4 (Exceptional Drought)
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Built Environment, Urban Systems and Cltles

Cascadlng Consequences of
H?,avy Rainfall for Urban
Syg;tems

Accumadated precipiamion imem|

(zhang et al 2018)

Historical Flood Level



Climate observations, predictions, projections

A\

MIRACL
i ﬂccup_t.E

“I think you should be more explicit here in
step two.”

Improved
Response

“I think you should be more explicit here in step two”



