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Why Water?

= Water underlies and influences many important climate processes and
feedbacks — a leading cause of uncertainty in projecting future climate
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= \Water is essential for energy systems, ecosystem services, and a
wide range of life sustaining and other critical human activities

= Global and regional water cycles are influenced by natural processes

as well as significant human components




=+ Workshop Goal

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

= Co-chairs:
o L. Ruby Leung, PNNL
o Bill Collins, LBNL

o Jay Famiglietti, UC Irvine

= ~ 80 invited participants including
representatives from 8 agencies

= Culminated in an interagency panel
discussion
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What is the Integrated Water Cycle

Human systems

= The integrated water CyCIe Terrestrial processes

consists of: Atmospheric processes
o Natural Processes: Water International
budget involving natural 10,000 =
terrestrial and atmospheric 1,000 |
processes of the earth
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o Human systems: Water
budget involving human
systems and human
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Workshop Outcome
DOE and Research Community

Workshop Topics Crosscutting Needs Integrative Modeling

Experiments
» Hypothesis driven modal
« Multi-scale behaviors of the - axparmants and predicta studies 1.m':=onoflmdc:w
watar cycle » Multi-scalo, mudti-systern noads for usa chango for
« Human-garth yetom . sdancs and dacisicn support reglonal :":‘;"' watar
hmc‘y:l.o ~ i o * Modal davelopmant neads pathways in the U.g.

- Data/obssrvation needs
« Challanges for land surfaca/ * 2. Multi-mode| herardhics
Ty o e

'mm'.:d L 4 ; » Computational requirements
' » Software infrastructure
» Data management and vsualztion
» Stratogles for Intoractions with tho wsers
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Science Grand Challenge 1

* Modeling the multi-scale atmospheric
and terrestrial processes and their
interactions

o Understanding the scaling and scale
interactions of atmospheric and
terrestrial processes

o Representing the multi-scale e P
processes and the interactions across |+
systems in earth system models

o Model testbed, evaluation, and data
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Science Grand Challenge 2

* Modeling the integrated human-Earth system and its
links with water resources

o Understanding the roles of human systems at different
spatial and temporal scales in the coupled system

o Representing the wide range of human-Earth system
Interactions across scales

o Model testbed, evaluation, and data needs

o Advancing understanding of
the role of human-Earth
Interactions in water cycle
changes




Science Grand Challenge 3

= Advancing prediction and uncertainty quantification for
decision support and mission-oriented objectives
o Advancing model predictions

o Quantitative evaluation of prediction skill derived from different
factors

a Develop and maintain a hierarchy of models to support global and
regional analysis

o Developing uncertainty quantification, metrics, and
observations

o Developing a team approach to use-inspired research

Atmospheric Testbed
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Integrative Modeling Experiment 1

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

o Impacts of changes in irrigation and land
cover/land use on local to global climate

o Effects of climate change and its socio-
economic responses on irrigation practices
and land cover/land use under various
policy scenarios

o Effects of droughts on irrigation
investments and feedback onto climate

and water resource availability

U
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Integrative Modeling Experiment 2

= Multi-model hierarchies to address a wide range of user
needs for predicting the regional integrated water cycle

o Limitations on predictive skill and
predictability in the space and time scales
of the end use applications

o Critical trade-offs among model resolution,

complexity, and fidelity for decision making  crid-based Subbasin-based

representation representation

o Reconcile predictions from completely
different representations of the underlying
system dynamics

o Quantify uncertainty across a hierarchy of
models with different complexities




Integrative Modeling Experiment 3

» Sustainability of water and energy resources in
eastern vs western North America under climatic and

societal changes

o Effects of climate change and projected human footprints on water
and energy supplies in different parts of NA

o New modeling capabilities to represent the fully integrated dynamic
regional climate-water-energy system

o Contrast the vulnerability and
adaptability between the snow fed
water cycle of western NA and the
less seasonal precipitation regimes
of eastern NA, each with their own
profiles of human influence

East vs west power plant
water withdrawal




Opportunities for Interagency Collaborations:
Water Cycle Extreme

*Climate and hydrologic modeling
*Process understanding

*Climate and hydrologic prediction
*Cbservations, monitonng
*Evalugtion, analysis, UQ
*Use-inspired research

e I i
*Process understanding ng

*Cbservations *Process understanding
*Climate prediction *Observations

*Evaluation, analysis, UQ *Cimate change prediction
*Use-inspired research *Evaluation, analysss, UG

*Use-irspired research

*ENViro! sCommunity earth
moagdeiling and analysis system modeing
*Process understanding -zmrocess L:indemancmg
*Observations *Cbservations
*Use-inspired research *Evaluation, analysis, UQ
*Use-inspired research
* Agriculture modeling ; *Hydrologic modeling
and anatyss ) *Hydrologic prediction
*Process understanding 1 and analyss
*Observations \ *Observations, monitoring
sUse-inspired research X *Use-inspred research
* Hyarologic modeling
*Integrated water resources
management
sIntegrated decision support /
*Observations
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Next Steps

= Advance water cycle modeling in CESM, most notably
enhancing capabilities in CLM and coupling with CAM,
|IAM, and ocean and ice components

= Topics will selectively be included in future solicitations
= DOE

= QOther agencies

= [nteragency Working Groups

= USGCRP Interagency Group on Integrative Modeling (1GIM)
and National Climate Assessment (NCA)




Cloud scaling behaviors as a model metrics

* Aqua-planet simulations show reducing cloud cover with
Increasing resolution
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CLM coupled with river routing and
water management

* Improve and add new capabilities in Community Land Model (CLM) to represent
hydrology and human — water cycle interactions at multiple time and space scales
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Water management model

» Designed for full coupling in an earth system models

— Assume no knowledge of future inflow; use generic operating rules

Natural flow in each units

Regulated flow

[ Routing model ]

Legend
O Validation Reservoirs
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cms

MCM

Natural and regulated flow

Combining flood control and irrigation objectives in operating rules
best capture the observed regulated flow in the Columbia river basin
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Modeling energy, land use, and water in
an integrated assessment model

Components of the Global Change Assessment Model (GCAM)

ENERGY SYSTEM CLIMATE SY! M

[7 Energy Supply

» Coal, Gas, Oil
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