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Climate change is

fundamental to the US and

global economy

Subseasonal and
seasonal extremes
(temperature, precip,
storms) have
consequential & costly
impacts

Increasing skill and
predictability is becoming
increasingly important for
managing risk
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Chapter 9

Opportunities for Better Managing
Weather Risk in the Changing Climate
Global temperatures as high as those in recent years are unprecedented in

the time span of human civilization and have likely not been seen in at least

the last 125,000 years of Earth’s history (Gulev et al. 2021). Many nations

he United States, are working

inch ambitiously 10 limit the impact of
climate change by reining in greenhouse gas emissions and hamessing the

opportunities of the clean energy transition. However, given the time it takes

1o transform the global encrgy system and for the climate to respond, the
climate will continue changing at least until global greenhouse gas emis-
sions fall to zero. In the coming decades, more intense and frequent weather
extremes and the uncertainty of the changing climate will present a range
of economic and financial risks to the U.S. economy and will confront the
Federal Government with related fiscal challenges. Physical climate nisks
can be managed by anticipating and planning for coming changes in climate

a process known as adaptation. Adaptation presents opportunitics to lower

climate change costs over the long-term while also ing resilience to

natural hazards and weather risks today

The design of climate adaptation policies must recognize that aclors across
the United States, including individuals and businesses and all levels of
government, already face incentives 1o adapt to climate change. But they
also face informational, financial, and legal constraints that may limit their
ability to adapt. Targeting adaptation policies to alleviate these constraints
and address related market failures should be most effective in supporting

privale action
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Why Do We Need Advancements in S2S: Impact ($)

Billion-dollar events to affect the United States from 1980 to 2023* (CPI-Adjusted)

Disaster Type Foaats Events/ Percent Total Costs Percent of Total Cost/ Cost/ Deaths Deaths/
Year Frequency Costs Event Year Year

i Drought 30 0.7 8.3% $334.88° 13.0% $11.28 $7.68 4,275" 977
. Flooding 41 0.9 11.4% $190.2B ¢ 7.4% $4.68B $4.38 723 16
. Freeze 9 0.2 2.5% $36.0B'% 1.4% $4.08 $0.88 162 4
S 16.4% $2.4B $9.68 2,071 47
Tropical Cyclone 60 1.4 16.7% $1,359.0B % 52.8% $22.78 $30.98 6,890 157
. Wildfire 21 0.5 5.8% $135.5B ¢ 5.3% $6.5B $3.1B 435 10
@ winter storm 22 0.5 6.1% s97.18(@ 3.8% $4.48 $228 1,402 32
] All Disasters 360 8.2 100.0%  $2,575.7B ° 100.0% $7.28 $58.5B 15,958 363

"Deaths associated with drought are the result of heat waves. (Not all droughts are accompanied by extreme heat waves.)

Flooding events (river basin or urban flooding from excessive rainfall) are separate from inland flood damage caused by tropical cyclone events.

The confidence interval (Cl) probabilities (75%, 90% and 95%) represent the uncertainty associated with the disaster cost estimates. Monte Carlo simulations were used to
produce upper and lower bounds at these confidence levels (Smith and Matthews, 2015).

I

. Severe Storm 177 4.0 49.2% $423.1B
i!
=
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=4 Why Do We Need Advancements in S2S: Impact ($)

Drought: (Often) Slower Onset

Tropical Cyclone: Acute Onset

1980-2023" Billion-Dollar Drought Disaster Cost (CPI-Adjusted)

1980-2023" Billion-Dollar Tropical Cyclone Disaster Cost (CPI-Adjusted) ‘Q'
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i3 Physical + Social Science = Exposure

Understanding risk: Where is adaptation critical to reduce impacts?

Table 1. Summary of Spending Increases for Quantified Climate Risk Exposure of
Assessed Programs, in billion dollars (20208)*

Crop Insurance
$140
— _ Projected Change in Total Annual Premium Subsidies for the
- Year 2080, billion dollars (20208)  s11.5B
$100 S14
Billion dollars $80 2 812 $9.4B $9.8B
(2020%) J— g
$60 ' S S10
-
$40 £ S8
=
$20 =
= 0 O 5
s0 s— : . S s4
Mean Lower  Higher Mean Lower Higher 2
Mid Century* Late Century g $2
B Crop Insurance* NA NA $1.2 $0.3 $21
Wildland fire Suppression~  $1.7 $0.8 $23 $3.7 $1.6 $9.6 $0 4
m Health Impacts $1.0 $0.2 $1.8 $11.3 $0.8 $21.9 Baseline RCP 4.5 RCP 8.5
® Coastal Disasters S14.6 $44 $325 $49.6 219 $94.3 HCorn ® Soybeans B Wheat
Total $17.3 $5.4 $36.6 $65.8 $246 1279

Source: OMB White Paper Climate Risk Exposure: An Assessment of the Federal Government’s Financial Risks to Climate Change (2022)
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REPORT TO THE PRESIDENT

Extreme Weather Risk in a Changing Climate:
Enhancing prediction and protecting
communities

Executive Office of the President

President’s Council of Advisors on
Science and Technology

April 2023

Drought#
Reduce modeling uncertainties in precipitation projections, including extremes and

Improve understanding of land-vegetation coupling including soil moisture,
evaporation, and plant physiological responses to heat and water stress. This is an
urgent need, motivated by the finding that no existing model (CMIP5 or CMIP6)
reproduces the magnitude of the observed downward trend in atmospheric
humidity (water vapor deficit) over arid regions of the U.S. and elsewhere.

Department of Commerce // National Oceanic and Atmospheric Administration // 6




S2S in Context: NOAA’s Mandate

SECTION 201 OF THE WEATHER RESEARCH AND FORECASTING INNOVATION ACT
OF 2017, PUBLIC LAW 115-25, INCLUDED THE FOLLOWING LANGUAGE

“(¢) FUNCTIONS.—The Under Secretary, acting through the Director of the National Weather
Service and the heads of such other programs of the National Oceanic and Atmospheric
Administration as the Under Secretary considers appropriate, shall—

(1) Collect and utilize information in order to make usable, reliable, and timely REPORT TO CONGRESS
foundational forecasts of subseasonal and seasonal temperature and precipitation;
(2) Leverage existing research and models from the weather enterprise to improve the SUBSEASONAL AND SEASONAL FORECASTING
forecasts under paragraph (1); INNOVATION: PLANS FOR THE TWENTY-FIRST
(3) Determine and provide information on how the forecasted conditions under CENTURY

paragraph (1) may impact—

(4) The number and severity of droughts, fires, tornadoes, hurricanes, floods,
heat waves, coastal inundation, winter storms, high impact weather, or other Section 201 ¢f the Waathor Raseorch and Rorecasting busovetion Act of 20117,

Developed pursuant to:

: (Public Law 115-25)
relevant natural disasters;

(B) Snowpack; and

(C) Sea ice conditions; and
(4) develop an Internet clearinghouse to provide the forecasts under paragraph (1) and
the information under paragraphs (1) and (3) on both national and regional levels.”
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S2S in Context: NOAA’s Strategic Goals

Accelerate Growth
and Transformation
of the Blue
Economy

NOAA Contributes to Understanding Our Earth System
Through Weather, Climate, and Ocean Enterprises

SERVICE DELIVERY & DECISION SUPPORT TOOLS
Comprehensive service delivery and decision support tools are necessary
to build a Chmate Ready Nation to meet the needs of businesses, federal
partners and communities most vulnerable to climate and weather hazards.

MODELING, PREDICTION & PROJECTION
With state.of-the-science modeling, prediction and
O XA B .
projection capabilities, NOAA leverages high-parformance
computing and the use of artificial intelligence.

"\ RESEARCH & DEVELOPMENT BUiId a Climate

{Q‘} | 6,000 NOAA zcientiztz and engineerz develop cutting-edge

applied rezsarch and applications to address prassing climate Re ady N at i o n

and weather challenges

DATA & INFORMATION STEWARDSHIP
NOAA's world-class data and information stewardship is leveraging
cloud infrastructure and working to store and to provide to the public
more uzer friendly and authoritative data zets

OBSERVATIONAL INFRASTRUCTURE
From the ocean floor to on orbit, NOAA' robust next-generation
obzervational infrastructure and data diszemination observes
and collects data

Make Equity
Central
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NOAA Products: Drought Outlook

Drought Tendency During

Critical outlook used
by water managers
and agriculture

Insurance contracts
are written from
drought outlook and
monitor

Adam Hartman
NOAA/NWS/NCEP/Ciimate Prediction Center

U.S. Seasonal Drought Outlook Valid for August 1- October 31, 2023

e Valid Period Released July 31, 2023

Consistency adjustment
based on Monthly
Drought Outlook for
August 2023

s
L Depicts large-scale trends based
biactivaly dach ]

guided by short- and Icr’v-q-umc
stical and ical for

7) Use caution for spplications that
- can be affected by short lived events,
"Ongoing” drought aress are
based on the U.S. Drought Monitor
areas (intensities of D1 1o D4).

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

. Drought persists
L Drought remains butimproves

|7 Drought removal likely
o a Drought development likely
S : . &
L, § m.- :
C http://go.usa.gov/3eZ73
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S2S Advancements Require Earth System Approaches

\ atmosphere ==
| (weather)

Paul Dirmeyer (GMU/COLA)

land

Predictability

ocean

courtesy of

~7 days ~30 days Time
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S2S Advances Through Partnerships

Kirtman et. al. 2014

THE NORTH AMERICAN
MULTIMODEL ENSEMBLE

Phase-| Seasonal-to-Interannual Prediction; Phase-2
toward Developing Intraseasonal Prediction

1 Bane P, Krman, Ducsions Ma, Jouia M. baran, Jases L. Krin il
Dusst A. Phcuno, Que Zians, Huvs van o Door, Susanpana Sasia, MaLaguuss P Menocz,
Erear Bucxen, Puao Pina, Parmcx Taee, Jov Huana, Davo G. DeWTs, Mcoais K. Tewerr,
Antiont G. Bamsaston, Skusiia Li, Awtions RO, Secmuo D, Sowmisr, Mt Resacxin,
Max Sumnsz, Za0 E. L, Jiuina Marson, Youna-Kwon Lee, Joums Tumsa, KAnerin Proon.
Wit |. Minsrmao, Bextaano Deves, ano Exc F. Wooo

The North Amencan Mutimodel Emsermble predetion expermment i descrbed and fo

y and methods for accewsng digtal and graphical data from the model are drcussed.

Ter more than three decades of research into
he origins of seasanal ctimate predictability

wwearonal peedictom sy stem
deliberate pace of progress has
changes in prodition strategy. Lrgely hased on ouslth
inatitational international collaborstions. Ose change
i strategy i the inchison of quantitative informatson
reganting uacertainty e probabilintic predicticn) in
forecasts aead peobabdlistic messures of forecast quality

i the verifications (e Palmer et al. 2000; Goddard
«tal. 2000; Kirtenan 2005, Paluscr et al. 2004 DeWint
2005 Hagedorn et al 2005 Doblas -Reyes et al. 2005
Saha et al. 2006; among many oihers). The other
change is the recogaition that a multimodel casemble
strategy bs a viable appeoach for adequately resolving
forecast uncertainty (Palmer et al. 2004; Hagedorn
et al. 2008; Doblas-Reyes et 4l 2005; Palmer e al
200K). alihough other techaiques such as perturbed
Phiysics enscmbles (currently i use ot the Met Office
for their operational systen) or stochastic phiysics (€.
Berer et al. 2008) have bevn developed and appear

10 be quite promsising, The first change I prediction
strategy naturally follows from the fact that climate
varkability includes a chaotic of irregular componeat,
nt e e 8 Quantits
of this uncertaiaty. More leportantly,
the climate prediction windty mow underitands

that the potential utility of clienate farecasts is based

on end-wher deciston support (Palmer et al. 2000,

Morse et 2005; Challinor ot al. 2005), which re
s that inchade quantis

ormation regarding forecant uncertaiaty. The

quires peobabilistic forec

tive
second change ia peediction strategy hollows from the
first. because, ghven our current modeling capablisies,
& mukimodel strategy is & practical and relatively
simsple appeoach for quantifying forecast uncertaiaty
due b0 uncertainty in model formulation, althoagh it
pot fully resolved.

been & growiag loter

s likely that the uncertainty

nformation on time scales beyond
Sess than 3 season. For example. the
nal Centers for Environmental Prediction
Climate Prodktion Center (NCEPICPC) in the United
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NMME: Research Multi-Model Effort

Gi NMME prob fcst Prate IC=202306 for lead 1 2023 JAS

e Produces **global** climate
information every month

e Monthly variables

200 hPa Geopotential Height
Total Precipitation

Sea Surface Temperature
Maximum Temperature
Minimum Temperature
Reference Temperature

O O O O O O
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Not Just a Domestic Issue... S2S Matters For All

* President’'s Emergency Plan

Ear!y %\ for Adaptation and Resilience
Warnlngs (PREPARE) — improve the

- ability of more than half a
L AI I billion people in developing

i e

@@

countries to adapt to and

manage the impacts of climate
e change by 2030

ACTION

FLaN « COP27: USAID and NOAA
provide $33M to provide at
risk communities with early
warning systems
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NOAA CPC International Desk: Building Capacity and
Products Since 1995

e Use state of the art monitoring, modeling and
forecasting capabilities at NCEP to train a cadre
of meteorologists from around the world

e 300 trainees from 46 countries

e Global and regional multi-model ensemble sub-
seasonal to seasonal prediction tools

e Host of WMO-Regional Climate Center (RA-IV):
Tailored multi-model ensemble sub-seasonal to
seasonal prediction tools

e Specific to USAID:

o Famine early warning system (FEWS)
o Disaster risk reduction (DRR)
o Excessive heat forecasts
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A note on the developing El Nino



=y Some of the most extreme years: El Niho

Global surface temperature each year since the 1950s
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=Y Past El Ninos: Precipitation Patterns

El Nifo and Rainfall

El Niflo conditions in the tropical Pacific are known to shift rainfall patterns in many different parts of the world. Although they vary somewhat from
one El Nifio to the next, the strongest shifts remain fairly consistent in the regions and seasons shown on the map below.
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i1 Past El Nifos: Crop Yield Teleconnections

Percent yield anomaly

Rice Wheat Sorghum Maize Soybeans

Figure 1: Global-scale yield anomalies relative to expected yields
during past El Nifio events. Boxplots show the interquartile range
and median of the yield anomalies, with the mean denoted by a
white square. The size of each point corresponds to the strength
of the El Nifio in Oct-Dec during that year

B RN 4
.-.'.
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Figure 2: Historical crop yield conditions during El Nifio events for wheat, maize, sorghum,
rice, and soybeans. In countries with more than one crop affected the color reflects the
strongest effect.

Material courtesy Andy Hoell, NOAA PSL
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What We Don’t Know!

No previous strong El
Nino has developed
under such warm
conditions

With hotter than average
conditions expected
globally, will
precipitation offset
temperature stress to
protect food production?

Temperature (°C)

2m Temperature World (90°S-90°N, 0-360°E)

NCEP CFSV2/CFSR | ClimateReanal:

yzer.org, Climate Change Institute, University of Maine

1986 1987 1991
1994 1997
2002

2015

- 2022 - 2023 == 1979-2000 mean

Record high global 2m air temperatures during Summer 2023, and temperatures
compared to 2022 and analog moderate-strong El Nifio years. From
ClimateReanalyzer.org and NCEP CFS data.

Material courtesy Andy Hoell, NOAA PSL
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Understanding Stakeholder Needs

Local Agriculture

Government :
: - Utilities

=

Images by macrovector, vectordstock, brgfx on Freepik NN
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