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why Water?

e Water underlies and influences many important climate processes and
feedbacks — a leading cause of uncertainty in projecting future climate
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Water vapor and  gpow-albedo feedback Aerosol-cloud Carbon-water

cloud feedback interactions interactions

= Water is essential for energy systems, ecosystem services, and a
wide range of life sustaining and other critical human activities
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&) Overview

 Basic science and translational research converging on models
and insights.

« Understanding of processes and systems dynamics

» Resulting toolsets advance our scientific understanding and are
used by others for various applications.

« My focus today is more on Integrated Assessment (lA)
modeling and research, one of the tools most often used (and
also supported) by other components within DOE.

« The overwhelming majority of investments within our division are in
global and regional climate modeling and supporting process
research, including large field experiments and observational
platforms.

 The combined data systems are enormous, e.g., LLNL manages
the distributed data sets for the CMIP (think IPCC).
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Areas of Focus for Today

 Incorporating water into Integrated Assessment Models
(IAM’s)
- GCAM
— IGSM

» Water and Multi-Scale Issues in Regional IAMs (RIAM)

* Energy-Water-Land Interactions and the National Climate
Assessment

» Connected Infrastructure, Urban Systems, and Vulnerabilities
* Water in the Integrated Earth System Model (iIESM)

* Improved modeling of the integrated water cycle (and recent
community workshop)
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So What are Integrated Assessment Models?

Understanding and modeling the Integrated Assessment Models
complex interactions
of human and natural systems

H Earth Syst
Exploring developmental pathways, uman Earth Systems

emissions, the role of energy I:ln
iInnovations, and mitigation strategies ::l :
Providing insights into climate change

Impacts, adaptations, and the effects I:ll:l
of combined, multiple stressors with -
emphasis at the mitigation-adaptation ' \
interface

Developing global, national, and Natural Earth Systems
regional perspectives within economic, m—

risk and other policy-relevant
frameworks
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Water Supply & Demand in PNNL's GCAM
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National Climate Assessment Study on Climate
Change and Energy-Water-Land Interactions
WATER FOR ENERGY: ALREADY STRESSED?
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Objective
Link the natural water cycle in an
AOGCM with a river-routing and
water resource allocation model
to evaluate areas of water stress,
potential adaptation, and
economic impacts.

Approach
Utilize the existing EPPA
component of the MIT IGSM to
drive climate, incorporate the
NCAR Community Atmospheric
Model (CAM), and add a river-
routing and water allocation
model. The approach uses
variable scaling of global
regions/countries, U.S. states
and hydrological units. Here we
show a version resolved for the
U.S. A global water allocation
model has also been developed.

Water Supply & Demand in MIT’s IGSM

Emissions Prediction & Policy Analysis
(EPPA)
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Impact
By identifying river basins potentially subject to water stress the
system can help water planners identify adaptation measures to
limit economic costs. The system can explore linkages among
water for irrigation, energy, industrial, residential and
environmental uses.



Modeling of Potential Drought Risks

Objective: Assess changes in the number of drought months in the U.S. at a 99 river basin resolution,
reflecting the range of climate projections in the IPCC-AR4 scenario archives.

Approach: Use the

Standardized Precipitation Index o e A e hon A G, S e o
(SP|-12) based on Warren et al,1 . SUBBASINS UNDER THE A1B SRES SCENARIO, MID-21ST CENTURY
and utilize IPCC scenarios to ® e — B indox: SPL-12
F:onstruct an estimate of changes 8 oo e o range SESND ooy
in drought months for all climate ] Subbasin: Al
scenarios and each Hydrologic §
Unit of Code (HUC) region.? £
=2 @
Impact: Results show a potential I
increase in drought months in S8 5 I Ia
nearly every one of the 99 U.S. i |
river basins. HUC regions 99-1 £ e | i
plotted left to right (west to east) o r
show likely increases in drought " ‘ ‘ ‘ | '||
months (mean or median >0) 8 { X !
especially in the western and
southern U.S. and a greater 2
likelihood of reduced drought - W h N e i e e
months in much of the north and Subbasin " 09079503018087 8583817977 7573716067 6563615057 5553514947 4543413937363331202725232118171513119 7 5 3 1

GLOBAL CHANGE 2Strzepek et al (2010) Characterizing ©hanges;in/Drought Risk for:the Unlted States|from Cllmate Change Enwronmental Research
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Interaction of Water and Energy at Regional
Scales: Research in Progress (Gulf Coast
Modeling Test-Bed)
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Connected Infrastructure and Urban System Modeling:
Significant Energy-Water Dependencies

Objective Climate Change and

e Improve the understanding of inter-dependencies among built Infrastructure, Urban Systems,
and Vulnerabilities

infrastructures, especially in urban systems, as an issue for
integrated analyses of climate change implications for the
energy sector and energy-water sector interactions

Approach

e Adapting Critical Infrastructure Protection (CIP) models,
developed by DHS for National Infrastructure Simulation and
Analysis Centers (NISAC) at Los Alamos and Sandia
National Laboratories, into the Integrated Assessment
Research Program (IARP) family of models

e Took first steps toward integrating CIP and IAM perspectives
in preparing a report for the National Climate Assessment

(NCA). The report prepared for NCA by DOE on
e Commissioned an analysis by CIP of interactions between infrastructure and urban systems
the energy and water sectors (SNL) implications.

Impact

°® |mportant imp|ications and insights as stand alone 1AV ORNL, 2012. Climate Change and Infrastructure, Urban Systems, and
. . . Vulnerabilities, Technical Report to DOE in support of the National Climate
models. Exploring IAM-CIP interoperability. Assessment, 20 February 2012.

Wilbanks, T., and others, forthcoming. “Integrated Perspectives on
Sustainable Infrastructures for Cities and Military Installations,” in I. Linkov,
ed., Sustainable Cities and Military Installations. New York: Springer.




Infrastructure and services complexity and
feedbacks

Illustration of infrastructure

interdependencies Agricultre & Fooc [
gncy ure . o0 51 ELECTRICITY
Goverrent _ Banking & Finance M1 ClectictyGemeation
Chemical Chemical ::”; Fiyroalectric D
Agriculture—% Industry . - £ R s
2 Commercial Facilities s Fossil Fuel Eloctric Power Generation
51121 Cowshfired Genaratorns
GO\éernment (@ Dams i‘dﬁ Naturakgasefirad Genarators
ed ~ ™Economic . Di-rod Ganavators
/ Prod. DiETEse Ing. Defense Industrial Base §E—}~{1 e S
Emergency Services iy Ot Elocaic Powes Goneration
el E ::’;1 Em*’rlnmm
Resources nergy - 5122 Yrane miczion Sutmtations
anking/ \Em rgency Government Facilities ::;_: m&xﬁ:numwuw
inance ervices Manufacturing EE;; Emwmm’::“m
Nuclear Reactors, Materials &\ |31 Eeatot s Cou! 80 FRpeh Coor
Governm Waste :’.:ﬁ %‘muﬁu
BeEes . Information Technology 49 ObwEncrbiyfasiies
National Monuments & lcons  |§3; G ok Sommy
L. 5211 On-shore Wells
Postal & Shipping 5212 Off shors Welks
Public Health & Healthcare | 211 Car S s
. Defined in the NIPP* =
Telecommunications
Transportation
water *Mational Infrastructure Protection Plan

A complex system-of-systems problem
with significant detail in the energy and

-

\° < o WPy ——smw @ - &

13 Water Cycle Workshop Department of Energy ¢ Office of Science ¢ Biological and Environmental Research




Leveraging a substantial modeling investment
based on a layered approach to systems/services
connections
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An interdependent system of systems
approach

Infrastructure systems can be modeled
as interconnected infrastructure layers.
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A First, Fully Coupled Integrated Earth System Model:
Incorporates water demand and supply within GCAM and
Improved routing within CLM

Integrated Earth System Model
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Workshop on Regional-Scale Modeling of
the Integrated — Water Cycle

= Goal: Identify challenges of next
generation human-earth system DENERGY |scce
models for improving long-term
predictions of the regional-scale
Integrated water cycle

.@

m - Irs: Commuhlty Modeling
Co-chairs: and Long-Term Predictions
o L. Ruby Leung, PNNL of the Integrated Water Cycle
o BiIll CO”inS, LBNL EEE?SJJSQ%I?EVORKSHOP

o Jay Famiglietti, UC Irvine

S et

= ~ 80 invited participants including
representatives from 8 agencies

= Culminated with an interagency
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Workshop Topics

» Multi-scale behaviors of the
water cycle

* Human-earth system
interactions and impacts on
the water cycle

= Challenges for land surface/
hydrologic modeling

» Model testing, analysis, and
evaluation and data needs

» Prediction and uncertainty
quantification of water cycle
statistics and extremes

* Use-inspired water cycle
research to meet the most
pressing energy and
environmental challenges
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Workshop Outcomes

Science Grand
Challenges

1. Modeling the multi-scale
atmospheric and terrestrial
processes and their
interactions

. Modeling the integrated
human-earth system and its
links with water resources

. Advancing prediction and
uncertainty quantification for
decision support and
mission-oriented objectives

DOE and Research Community

Crosscutting Needs

» Hypothesis driven modeling
experiments and predictability studies

* Multi-scale, multi-system needs for
science and decision support

* Model development needs
« Data/observation needs

* Model intercomparison, testing,
and evaluation

« Computational requirements
» Software infrastructure
« Data management and visualization

= Strategies for interactions with the users

Ay . TE .G

Integrative Modeling
Experiments

1. Implications of land cover
and land use change for
regional climate, water
resources, and energy
pathways in the U.S.

. Multi-model hierarchies that
address a wide range of user
needs for predicting the
integrated regional water
cycles

. Sustainability of water and
energy resources in eastern
versus western North
America under climatic and
societal change
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Thank You!
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