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Impacts, Adaptations, Vulnerabilities (IAV)

Systems and cascading system vulnerabilities, especially to rapid change and
extreme events

Influences and impacts across scales — time and space
Implications of multiple stressors and evolving regional landscapes
Tensions and tradeoffs in complex, dynamic systems

Physical and economic consequences

Implications and uncertainties of decision options

Mitigation — Adaptation Interface

Anthropogenic Influences on Climate

Feedbacks that matter



Three Communltles Evolﬁng Inﬂ'vrdually and

Collectlven/ Where-are We Headed~ and Why’?

1. What are the key information exchanges presently or potentially for these
communities — 1A (IAM and IAV) and ESMs, RGCMs...and demographics,
hydrology, and other specialized domains.

2. Interest in building off of USGCRP and agency priorities at the intersection of
Energy-Water-Land (or Food) systems.

3. Importance and focus on modeling and understanding cross-sectoral and system
dynamics.

4. Particularly important to understand disruptive events...extremes, system
shocks, vulnerabilities and adaptations.

5. Where and why might hard versus soft couplings be useful? Where do they need
to be coupled? Two way exchanges?
6. Scale matches and mismatches?

7. Implications of adaptive grids and/or other “telescopic” capabilities?



Three Communltles Evoly,lng Ind-"vndually an,d

Collectlvel‘y (contd.)s

8. Typology of users. What makes sense given uncertainties and/or data limitations
for key aspects?

9. Differences for one pass deep dives versus highly iterative analyses tied to
uncertainties and options (e.g., human decisions)?

1. More complexity does not always mean better predictability

2. Use of emulators?

3. How do we test and incorporate what really matters for key questions of
interest...not all detail matters?

10.How do we transfer place-based learning to more generalized models and
simulations?

11. Modeling and scenarios... in both directions?

EXAMPLES to Follow at the Energy-Water-Land Nexus and/or Urban Systems and
Connected Infrastructure



Modellng & Analysis — IA; IAVféndESMIRGCM
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Iptergectlons betwenﬂ 1A and ESMsIRGCMs
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Example of Factors. Influ

-Sector’ Dynamics

Climate Change

Mitigation
< 7 Adaptation

Population/Migration Energy Technology pathways
Y
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£ 2011 Estimated U.S. Energy-Water Flow Diagram
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Existing and Proposed Water Supply Projects

Abbreviation Project Name

Cal. Aqu. California Aqueduct
CAP Central Arizona Project
CUP S RIS Carlsbad Desal. Carlsbad Desalination Plant
X Yampa _ _ B CUP Central Utah Project
NISP O ‘. Groundwater Development
" WG—» 1 GDP Project
GDPy LPP 4' LPP Lake Powell Pipeline
ook TS h Northern Integrated Supply
77 SDS NISP Project
Regional Watershed Suppl
Cal. Aqu. \SI‘C‘“‘““‘ RWSP Project ey
o SDS Southern Delivery System
CarlSbad ﬂ SJ-Chama San Juan-Chama Project
Desal. o CAP o ;
YDP WG Windy Gap Firming Project
Yampa Yampa Pumpback Project
— Existing Projects YDP Yuma Desalting Project

— # Proposed Projects

Energy Intensity of the West's Water Supplies
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Existing Proposed New Supplies

S Supplies — ]
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Example: The’rmoele,ctr‘id fr;‘e;abilities to
- .Stream Flow-and Temperatures-

A B8 0 125 250 500

Mit

“ 1es
+ Nuclear A Natural Gas * Other Fossil Gases A  Natural Gas, 1 Viclation @ Coal, 3 Violations
* Geothermal e Coal *  Petroleum ® Coal, 2 Violations @ Coal, 9 Violations

Thermoelectric power plants inthe United States, indicatingaverage monthly discharge
temperature violations between January 2008 and December2011. Source: EPA 2013
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LAND FOR WATER
» Water-Capture & Watershed
P Ground Cover Vegetafion

# Hydro-Geology
» Ecosystems
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P Infrastructure
~dams/reservoirs
~mines/wels

=power plants

=solar & wind farms
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Convergence of All Three-Model Domains.in the

TC A agr: DEFEINTY -
. i P .. ’

Integrated Assessment of :
Human-Earth System

Dynamics
&"—_---‘x
s Energy \\
T Economy N
p \ O
§ " Healthg Agriculture \ §
:E g / &/ orestry Terrestrial '\ 8 %’
a = J Human carbon cycle § o Q
g ) | Settlements & Water [ g g
- | [Infrastructure I a8
J £ \ Ecosyst / 5 5
03 \ COSYSIEMS  Atmosphere -
8° \ 4 ol
£ \ Sea Level Rise / .‘<” )
— N\ Qe8ans 5 O
~ ,/ - 0
~ Cryosphere’ g
/)]

~
~~--_—’



Multi-model Frameworks — E’"-:'."a{, ﬁlatform for

Regional Integrated Modeling and Analysis --

Coupling Options STAKEHOLDER DECISION Coupling Options
& Uncertainty Characterization SUPPORT NEEDS & Uncertainty Characterization

REGIONAL : INTEGRATED
EARTH SYSTEM Weather / Climate SECTOR MODELS ASSESSMENT

MODEL MODEL
Building Energy

Supply & Demand,
Prices, Other Trends

Weather / Climate Electricity Infrastructure

p

Feedbacks

Atmosphere Energy-

Economy

Agriculture
& Land Use

Water Availability

Land Cover

Land & Water Sub-regional Detail

Crop Productivity

Regional Detail

Additional Sectors
Boundary Conditions

GLOBAL EARTH GLOBAL
SYSTEM MODEL SCENARIO Global

Department of Energy ¢ Office of Science ¢ Biological and Environmental Research
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Present Night Lights and2030 Pfcjectlon of Urban
Expansion — Local Impacts and Feedbacks
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Percentage urban and urban agglomerations by size class

( 1970 || 1990 || 2014 || 2030 |

(click on the image to open a full version of the map. in PDF)

City Population

Percentage Urban J /9'
0-20% & _ o 1-5milion - '
20-40% 5-10 million
40-60% @ 10 million or more
60-80%

BN 80-100%

Note: Designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on
the part of the Secretariat of the United Nations concerning the legal status of any country, territory or area, or of its authorities,
or concerning the delimitation of its frontiers or boundaries.



More "IAV Context — Climate; W;:E;tremes
Impacts on Multipl_g,,.C,onhected Infras
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leferent Approaches to C‘f)mplexny .and

- - Scale: 1A Examples

VT Gl S e (A e GCAM - EMIC based. Evaluatlng a new
emulator that can reflect impacts,
adaptations, and feedbacks.

Human Earth Systems

| o | |
] - [
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Human System

Emissions Prediction and Policy Analysis (EPPA) Examples of Model Outputs
National and/or Regional Economic Development,

i Changes in:

GDP growth

energy use

policy costs

agriculture and health impacts

global mean temperature

precipitation patterns

sea level rise

permafrost coverage

vegetative processes

soil carbon cycles

trace gas emissions

ecosystem management...

Natural Earth Systems

Earth System

Atmosphere Urban Airshed
Chemical & Dynamical Air Pollution Processes
Processes

Coastal Zones

Sea lce

MY  Coupled Ocean,

Atmosphere, and Land

Hydrology Solar
Forcing " Ocean Land
Dynamics, Biological, Water & Energy Budgets (CLM)
Chemical, and Ice Processes Biogeochemical Processes

Volcanic (MITgcm) (TEM & NEM)
Forcing -

. Exchanges represented in standard runs of the system

IGSM - EMIC based on dialed back and mE U
adapted major components of CESM. > B

And basic models such as PAGE, DICE, FUND
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Sumrpary Challenges an(](b ortunltres

* Multi-model frameworks and flexible couplings
« User-driven typologies

« Software development and modular designs

* |AV representations (within IAMs and separately)
« Spatial and temporal scales that matter for IAV
« “Telescopic” capabilities

« System shocks and extreme events

« Hindcasting and model evaluation.

« Emulation

« Uncertainty characterization

« Sensitivity studies and interpretation of results
« Scenarios

« Data science, data analytics, and data fusion methods.



