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} Basis of Methodology

e |dea grew out of discussion with Secretary Chu,
recognizing:

Uncertainty in climate predictions is frequently cited as a
reason to delay action

Uncertainty cannot be eliminated and in many (most?)
cases, is extremely difficult/expensive to reduce

We maintain that uncertainty is what establishes the need
to act protectively and proactively

The justification for implementing climate change policy in
the present needs to hinge on the tangible near-term cost
of inaction

Probabilistic uncertainty quantification (UQ,/ risk
assessment) is a tractable way to address uncertainty
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i The Greater The Uncertainty,
The Greater The Risk

The envelope of uncertainty is not so much an expression

of chance as an expected frequency of occurrence.
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Probability Distributions with

Risk = ”Consequence(t, p)xdtxdp
7,P

Uncertainty changes the
equal modes CCDF tail of risk.
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Overview of the analysis process

Assemble climate Map temperature Calculate state and
futures for and precipitation national economic

precipitation and data to determine consequences

temperature water availability and 2010 to 2050
conditions with E— agricultural — (Via REMI
uncertainty production Macroeconomic
2010 to 2050 (Via Sandia Model)
(Via IPCC Ensembles Hydrological Model)

from Climate Models)

Risk = ”Consequence(t, p)xdtxdp
7,P

p = probability
t=time
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Uncertainty Quantification

Name Description ID
1 Pre-industrial control No anthropogenic or natural forcing. Simulations prior to ~1850. PICNTRL
2 Present day control No natural forcing and anthropogenic forcing is set to present day PDCNTRL
3 Climate of the 20th century (20C3M) Verification runs ~1850-present 20C3M
4 Committed climate change Present - 2100, uses end of 20C3M as initial condition COMMIT

Continuously increasing global population and economic growth, although
5 SRES A2 experiment more fragmented and slower than other scenarios. Present - 2100, uses SRESA2
end of 20C3M as initial condition

Rapid economic growth, global population peaks in mid-century and
declines after that. Rapid introduction for new technologies. Initialize w/
20C3M and run to 2100. After 2100, hold concentrations steady and run to
2200

6 720 ppm stabilization experiment (SRES A1B) SRESA1B

Same as Al conditions but future is based on clean and resource efficient
7 550 ppm stabilization experiment (SRES B1) technologies. Initialize w/ 20C3M and run to 2100. After 2100, hold SRESB1
concentrations steady and run to 2201

Hold CO2 fixed after it has doubled. Run is initialized with either pre-

o . . .
8 1%/yr CO2 increase experiment to doubling industrial or 20C3M. 1PCTTO2X
1%/yr CO2 increase experiment to Hold CO2 fixed after it has quadrupled. Run is initialized with either pre-
9 . . . 1PCTTO4X
quadrupling industrial or 20C3M.

e Standard IPCC simulation experiments as determined by the Special
Report on Emissions Scenarios (SRES)

* Not all models submit results for every experiment
e Single models can submit several realizations of each experiment
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Uncertainty Quantification

Calculate the Average National Precipitation from 2010 — 2050

Plot as a CCDF to obtain the probability of each prediction

Select probability values for a range of probabilities and calculate a scaling multiplier
Select the time series of precipitation based on the SPI. Model closest to 10% was used.

vk Wi E

Scale the MIROC3.2 time series by the scaling multiplier to obtain time series at each
probability
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Uncertainty Quantification

Calculate the Average National Precipitation from 2010 — 2050

Plot as a CCDF to obtain the probability of each prediction

Select probability values for a range of probabilities and calculate a scaling multiplier
Select the time series of precipitation based on the SPI. Model closest to 10% was used.

Scale the MIROC3.2 time series by the scaling multiplier to obtain time series at each
probability
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— g 'Hydrologic Co

Water use data taken from U.S.
Geological Survey’s “Water Use in the
United States”

Data were collected at five year
intervals from 1985-1995 at the
national, state, county and watershed
levels

Data are disaggregated by:

— Sector
—  Municipal
— Industrial
— Thermoelectric
—  Mining
— Livestock
— Agriculture

— Source
— Groundwater
— Surface water
— other

— Use and consumption

nsequence: Water Use °®
Analysis

JSGS Water Use in the United States - Micraso xplor
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Hydrologic Consequence: Water
Availability

Ratio of Mean Water Demand to Stream Flow

€ 2011 INEGI
Data 510, NOAA, U5, Navy, NGA, GEBCO
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Hydrologic Consequence: Water
Shortage

:;,'

 Water shortage, or the amount of water that goes
undelivered, is the threshold value minus the
available water

 Water shortages are disproportionately
distributed across sectors:

e 2/3 shortage borne by the agriculture, livestock and
mining sectors

e 1/3 shortage borne by the municipal, industrial, and
thermoelectric sectors
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Hydrologic Consequence: Impact on
Crop Yields

}.

e Empirical based model using the historical impact of
climate changes on crop yield distribution

e The model considers:
e Temperature -Rainfall Intensity Index
* Precipitation - PDSI*
e Variance in inter-annual Temperature

* Rain-fed crops depend only on precipitation while
irrigated crops depend both on precipitation and
water deliveries.

y=f(X,B)+h(X, a)e McCarl et al. (2008)

*PDSI = Palmer Drought Severity Index m

12
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Water Availability

(1% Exceedance Probability case)
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Change In Production / Output

(1% Exceedance Probability case)
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Modeling Economic Impacts from
Hydrology Forecasts

Sandia Hydrology Climate-to-Economic Macroeconomic
Models Impact Model Modeling

* Crop productivity * Changes in crop * National and regional

» Water availability production changesin

 Hydropower Production * Changes in industrial femployment, GDP, and
output, intermediate luginys
demand, and e Changes in regional
production costs population

 Uncertainties in precipitation predictions are
reflected in the output of the hydrology models,
which is used as input to the economic model
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Modeling Economic Impacts from
Hydrology Forecasts

Sandia Hydrology Climate-to-Economic Macroeconomic
Models Impact Model Modeling

* Crop productivity * Changes in crop * National and regional

» Water availability production changesin

 Hydropower Production * Changes in industrial femployment, GDP, and
output, intermediate luginys
demand, and e Changes in regional
production costs population

 The Climate-to-Economic Impact Model is a “pre-
model” used to make economic sense of the
hydrology model output

e Forecasting direct economic impacts
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Modeling Economic Impacts from
Hydrology Forecasts

Sandia Hydrology Climate-to-Economic Macroeconomic
Models Impact Model Modeling

* Crop productivity * Changes in crop * National and regional

» Water availability production changesin

 Hydropower Production * Changes in industrial femployment, GDP, and
output, intermediate luginys
demand, and e Changes in regional
production costs population

e Regional Economic Models, Inc. (REMI) model used
to model broad economic/demographic effects.

e REMIis a dynamic, 51-region model that creates annual
forecasts to 2050
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Exceedance Probability
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Changein Net Exports
(2008 USD)
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Volatility matters

present

Annual impacts on the national GDP and employment as a function of varying

exceedance probabilities for reduced water availability
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Volatility brings risks of the future into the

Volatility and its uncertainty creates urgency to use Integrated Risk Assessment for

today’s decisions
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GDP Impact of Climate Change

(1% Exceedance Probability)
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GDP risk by State
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Forestry and logging; Fishing, hunting -$0.6 Water transportation $0.0
Agriculture, forestry support activities; Other -$0.3 Truck transportation, couriers -$19.9
Oil and gas extraction -$9.4 Transit and ground passenger transportation -$0.6
Mining (except oil and gas) -$86.3 Pipeline transportation -$0.2
Support activities for mining -$7.3 Tourist transportation; support activities -$0.8
Utilities $13.6 Warehousing and storage -$2.1
Construction -$30.8 Publishing industries, except Internet -$12.4
Wood product manufacturing -$1.1 Motion picture and sound recording industries -$4.5
Nonmetallic mineral product manufacturing -$3.3 Internet publishing, Information services -$10.8
Primary metal manufacturing -$2.4 Broadcasting, Telecommunications -$28.1
Fabricated metal product manufacturing -$3.7 Monetary authorities, funds, trusts, financials -$34.1
Machinery manufacturing -$4.2 Securities, commodity contracts, investments -$39.9
Computer and electronic product mfg. -$10.3 Insurance carriers and related activities -$6.4
Electrical equipment and appliance mfg. $1.4 Real estate -$38.2
Motor vehicles, bodies & trailers, parts mfg. -$8.8 Rental and leasing services -$8.4
Other transportation equipment manufacturing -$1.6 Professional and technical services -$41.4
Furniture and related product manufacturing -$3.6 Management of companies and enterprises -$13.9
Miscellaneous manufacturing $1.4 Administrative and support services -$21.2
Food manufacturing -$82.3 Waste management and remediation services -$0.5
Beverage and tobacco product manufacturing -$29.4 Educational services -$2.2
Textile mills $0.0 Ambulatory health care services -$66.8
Textile product mills -$1.0 Hospitals -$5.5
Apparel manufacturing $0.8 Nursing and residential care facilities -$2.0
Leather and allied product manufacturing -$2.3 Social assistance -$2.0
Paper manufacturing -$2.5 Performing arts and spectator sports -$2.0
Printing and related support activities -$0.6 Museums, historical sites, zoos, and parks -$0.2
Petroleum and coal product manufacturing -$3.6 Amusement, gambling, and recreation -$5.9
Chemical manufacturing -$18.2 Accommodation -$3.8
Plastics and rubber product manufacturing -$4.5 Food services and drinking places -$19.9
Wholesale trade -$45.3 Repair and maintenance -$4.9
Retail trade -$127.2 Personal and laundry services -$11.2
Air transportation -$4.1 Membership associations and organizations -$2.0
Rail transportation -$3.2 Private households -$1.0
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Comparative Impact of Climate Change on Industry

Sandia
National
Laboratories



-

\

23

Extension of Methodology/Capabilities in-Progress

B Current work explores one impact vector (water)

+WIll explore additional impact vectors (e.qg.
disease)

B Extending assessment to 230 countries, trade,
migration, infrastructure, and economic/political
stability.

B Will include expectation dynamics that establish
tensions and conflict thresholds.

B Next iteration will focus on inter/intra-state
conflict evolution, containment, and intervention
dynamics.

i
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Thank You

Vincent Tidwell
vctidwe@sandia.gov
505-844-6025

Project Report and Executive Summary Can be Found At:

http://cfwebprod.sandia.gov/cfdocs/CCIM/docs/Climate_Risk_Assessment.pdf
http://cfwebprod.sandia.gov/cfdocs/CCIM/docs/Climate_Risk_Exec_Summary.pdf
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