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Decadal Surface Temperature Anomalies (°C)
.00 1980s
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Decadal mean surface temperature anomalies relative to base period 1951-1980.
Source: update of Hansen et al., GISS analysis of surface temperature change. J. Geophys. Res.104, 30997-31022, 1999.



Global Surface Temperature [°C]

Anomaly compared to 1961-1990 average

Surface Temperatures : Past - Present - Future
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Greenhouse gas concentrations are increasing, Average global temperature has
increased - warming will continue = Water resources impacts are inevitable
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e Federal

. — U.S.Bureau Reclamation (USBR) t\
JJ — U.S. Geological Survey (USGS)
— U.S. Army Corps of Engineers (USACE)

Natural Resources Conservation Service (NRCS-US

— - Universityoflda
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I [dahoModels |

ESPAM (MODFLOW-Groundwater Model)

VIC (Vegetation Infiltration Capacity Model)

Snake River Planning Model (SRPM)
Movement: MODSIM - POWERSIM-> RIVERWARE

GIS-Based Accounting Model (IDWR)
GFLOW (Conceptual Groundwater Model)
GAMS (General Algebraic Modeling System)

Climate Change

Policy-Driven Decision Making
Adaptive Management Options
Water Dispute Resolution
Sustainable Water Resources Planning and Management
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System Dynamics

e Inspired by Jay W. Forrester at MIT based
on system dynamics concepts in the 1950’s
in modeling economic processes

e Stella is software that implements the
system dynamics approach to modeling

e Implemented concepts in software early
(1960’s), e.g. SIMPLE, DYNAMO, MODSIM,
POWERSIM, VENSIM
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Why Stella’?

e Stella modeling environment has been
used in many water resources applications
e Simple to complex systems

e Very flexible and user-friendly
e Transparent and easy to understand

e |deal for collaborative building process
e Transferability
e Great education tool as well
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. System Dyhamics

e Casual Loop Diagram (Cause and Effect)

)

Population
Birth Rate (+)
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. System Dynamics

e Casual Loop Diagram (Cause and Effect)

(_) Population
Death Rate
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System Dyhamics

e Casual Loop Diagram (Cause and Effect)

Birth Rate (+) Population
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. System Dynamics |
Example 2: Bath Tub Example

X 2.0 gal. per min

25 gallons, half
full

5.0 gal. per min

How long does it take to be
completely empty?

N F
! :

Y ol = :-.' -::'.| . 7 i Iﬂ ;r.ﬂ = """?'II P
- VI DILY -:__.‘*f. 1IJCH IV
A LEGACY OF LEADING ¢

[ 11V



| System Dynamics !

e Stock and Flow Diagram (Cause and Effect)

Birth rate
Pobulation Death rate
+ ) Forus -
® @, . () A
Birth Death
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Surface/Groundwater Interaction in
the Eastern Snake A quifer System

Snake River
Henrys Fork

/l ‘ Creeks
Ground Water Flow
B Irrigation Diversions
Surface Water Flow W
® C(ities .

Evapotranspiration

100 10 20 Miles
e = s = |

TWIN FALLS , ,
Diversion

Figure 2. Flow in the Snake River is strongly affected by irrigation diversions
and by inflow from springs (after Kjelstrom, 1986)
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System Dynamics in ESPA

Surface Water Entity: 60
Groundwater Entity: 10

Tributary Reach: 22
Non-Snake Stream: 22

Snake River

Change in ESPA Stor.?ge
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Canal
Losses
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Precipitation Recharge (Rock, Thick, Thin): 3
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System Dynamics in ESPA

e Surface water irrigation (SW)
SW=D-R+P-ET*K-CL
Where, D=Diversion, R=Return, P=Precipitation, ET=Evapotrans, K=ET adj. factor, CL=Canal losses
 Ground water pumping (GP)
GP=P-ET

e Canal losses (CL)
CL=(L/c)*D*F*M

Where, C=# of model cell (Canal only), D=Diversion, F=Seepage fraction, M=Calibrated multiplier
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. System ]
Causal relationships in the ESPA of surface and ground water flux exchange
FeT T T T T T T T T T T 7 Climate Change |
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| System Dynamics !

e Stock and Flow Diagram (Cause and Effect)
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UCIimate Change Implication

Change in Snake Gains during stress periods
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I" Climate Change Implication

Change in ESPA during stress periods

By

15

10

Status Quo (Political usage, Business)

.| Business as usual (Climate Change)  Normal condition

0 /\_/\/\M\/\\/‘ MWI
Base Scenario or Baseline (General)

Equilibrium (Economy)
Steady State (Environment)

Million Acres Feet

'
o

-10

System Stabilization? Balance Equation?
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Evaluation Criteria
e System Reliability (97% threshold)

S Where, a =System reliability (probability), T= Total outputs
? (success and failure), S= the set of all satisfactory outputs

o =

e System Vulnerability (magnitude)

18 — E S.e. Where, B=Vulnerability indicator, s= the most unsatisfactory
_ J ) (severe impacts) among failures, e=probability of S in failure
JeF set

e System Resiliency (Back to normal)

. n Where, ¢=probability of
_ ¢ Where, y=resiliency, - \\\/. system recovery
Y= o= system reliability o I I m Z t W,=1 when random event X,
(04 n—oo t=1 is failure and X, is sucess;
otherwise W, =0 I

p— R — —— e
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| _Climate Change Implication
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Climate Change Implication

Change in surface irrigation

y=-0.0003x + 0.0473
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gllmate Change Implication

Change in surface irrigation
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Climate Change Implication

Interactions between surface and groundwater

Non-Snake Precipitation Tributary
Recharge Recharge Inflow

Change in surface irrigation

n @

Groundwater Snake River Canal

Pumping Gains ‘ Losses

- E
Nl e R
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Climate Change Implication

-0

1.4

y =-0.2488x?- 0.3076x - 0.0414
R?=0.7641
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Climate Change Implication
Interaction between SW & Canal Losses

e

0.05 "i::.%‘ /

y = 0.0538x - 0.0019 ’,
0.08 R? = 0.9503
oo éurface Water Irrigation | | |
i —

UniversityorIldaho
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Climate Change Implication

. Interaction between SW & Snake Gains

. . * . . " .

0.3 g e . e e ™ : * : ’
A e S 4ottt o y=-0.0505x-0.3889
’s » $ % R? = 0.0544

[ Surface Water Irrigation *
) E——
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Interaction between Snake Gains & f(SW, GW, CL]
-0.1
Better than previous, but needs to improve
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Climate Change Implication
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Climate Change Implication

Change in Snake Gains
0.1
y=0.0005x-0.4904
R2=0.377
-0.2 '
i4 i A
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06 | Not yet'incorporated into current modetf 1
o Correlation Coefficient: 0.445259
SW=0.0058*(YEAR IDX)-0.4963 + RANDOM (MEAN: -0.00053, STDEV:0.059446
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. Climate Eﬁange Implication

Change in surface water irrigation (SW)

e GW interaction (GW)
GW =-0.2488(SW)?-0.3076*SW-0.0414, R*=0.7641

e Canal Losses (CL)
CL = 0.0538(SW)-0.0019, R>=0.9503

=O.1619
L

- L —— e
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Planning Horizon (2100)

* |nvestigation year

e Base-line (Status Quo) Condition

e System Reliability

 Trend Analysis (as a function of
time: SW, GW, CL, no Snake Gains an
others)

GGGGGGGGGGGGGGGG




Supply/Demand Scenarios
Supply (Climate change)

i * No change ]
i* 10 % surface decrease (placeholder)!
“« 20 % surface decrease (placeholder)
* 10 % surface increase (placeholder)
» 20 % surface increase (placeholder)

Demand (Adaptive management)

* No change .
* 5 % groundwater curtailment i
* 10 % groundwater curtailment |

|

— —_
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Planning Horizon(2100)

= mm mm mm wynyvestigation Year
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“— Planning Horizon(2

A

S Groundwater Irrigation: 1 -
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Adaptive management

Scenarios Planning Horizon Climate Change Adaptive management Rzn:ﬁm
1 2050 No Impact No Action
2 2100 No Impact No Action
3 | 2050+cC | -10%flow(CQ) | NoAction
q i 2100+CC -10% flow (CC) No Action
5 2050+GC10 No Impact GW curtailment 10% (GC10)
6 2100+GC10 No Impact GW curtailment 10% (GC10)
7 1 2050+cC+GCS | -10%flow (CC) | GW curtdBEst 5% (GC5)
8 i 2100+CC+GC5 -10% flow (CC) GW curtdi
9 ' 2050+CC+GC10 - T1?)‘}-6 Eo-w-(as - GW curtailment | 10% (GC10)
10 2100+CC+GC10 -10% flow (CC) GW curtailment | 10% (GC10)
11 2050+CC+GC20 -10% flow (CC) GW curtYr\ment/'%% (GC20)
12 2100+CC+GC20 -10% flow (CC) GW curtailM 20% (GC20) [
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CAMP IMPLEMENTATION

Index Entity Options Description Difficulty
Aquifer Approximately 150-250 KAF/year (using the
1 IDWR Board’s natural flow water permit and storage Easy
Recharge .
water when available)
Approximately 250-350 KAF/year (using
voluntary mechanisms based on the principle of
W|III|ng seller/willing bluyer t(.) reduce aquifer and Moderate
spring flow demands, including CREP, purchases,
SW Demand subordination agreements, fallowing and crop
| \rigator | Reduction | ___ mixchanges, and other mechanisms) |
| Surface water conservation, crop mix Difficult
: modification, rotating fallowing, dry-year lease | (additional
: agreement and CREP enhancements, buy outs, data
| ____and/orsubordination agreement | required)
Groundwater | Approximately 100 KAF/year annual average (by
3 FEW to Surface acquiring water sur,:plles below Milner Dam to Moderate
Irrigator water replace water required from the Upper Snake
conversions River for salmon flow augmentation)
Implement a 5-year pilot weather modification
Pilot projectin the Upper Snake River Basin and
4 Idaho Weather potentially the Wood River System, with state, Easy
Power Modification local and other agency support. Include a
Program detailed monitoring program for the weather
modification program
T 0
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Results
e Climate Impacts on the ESPA

e A variety of management options to
minimize water conflicts among
stakeholders

e Evaluate planning alternatives in
shared vision modeling
framework
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Future Work
 Water Rights (Legal binding)

e Ecological Modeling (Water quality,
temperature, aquatic culture,
biology, etc)

e Economic Consequences (O&M ‘
Cost, Delivery Cost, Pumping Cost,
Commodity Analysis: GAMS)
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