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1. Study area and goals

2. Importance and relevance

3. Methods used
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Ecological Significance

= Part of Pacific Flyway

= Provide essential food

resources and resting
nlaces for migratory
0irds

* Home to several
aquatic and wildlife
species protected
under ESA




Goals

= Quantify economic and water supply impacts
= Evaluate adaptation strategies

= Develop a decision support tool
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Importance

Warm-dry hydroclimatic conditions predicted
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Overview of CALVIN

= Comprehensive statewide integrated
water optimization model

= Developed in 2000s —
= Used for groundbreaking research in
lﬁ water management




Method

= Refuge representation

= Scenario runs
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= P i
ump Capacity = (Capacity Constraint

™ Cost of pumping.

Y

= Conveyance Loss
¥

A 4

= Levelll < NWR < Level Il + Level IV
=  QOthers = CalSim II Deliveries

Flow returns to either
underlying GW basin or
downstream SW source
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Scenario Runs

Historic Water Adaptive
Climate Management Management
Scenario Scenarios Strategies
Warm-dry Water Adaptive
Climate Management Management
Scenario Scenarios Strategies

= Existing Water Infrastructure
and Regulations

= Bay Delta Conservation Plan
= 2008/09 Biological Opinions

So far we have only examined the impact on the refuge deliveries, however,
we have said nothing about improving refuge management. 417



Decision Support Tool

Spreadsheet based
simulation-optimization
tool

Designed for refuge
managers and USFWS
staff responsible for
annual and multi-year
planning

1. Select CVPIA Refuge(s) to manage collectively

Check all thai apply
North of Delta
[ Sacramento NWR
[ Delevan NWR
[ Colusa NWR
[ Sutter NWR

South of Delta

San Luis NWR Complex
O San Luis Unit

[ East Bear Creek Unit
[0 West Bear Creck Unit

2. Select simulation scena i

Choose one
Historic Climate Conditions
O existing water management
infrastructure
O with Peripheral Canal

O with more rigorous Delta

O Kesterson Unit

South of Delta
Others

[J Merced NWR
O Kem NWR

O Freitas

[ Pixley NWR

3. Water allocation scenario

0 define the percent allocation scenario

Percent all “

1) Level 11 d

1
is wsed to des

5. Refuge Water Supply Portfolio

outflow requirements
- Warm-Dry Climate Conditions
nit
O existing water management
infrastructure
O with Peripheral Canal
Q with more rigorous Delta
outflow requirements

4. Target Habitat Acreage O User Defined O Default

the impact of each

the RHI is

Target Max (acres)

Target Min (acres)

Seasonal Wetland

Irrigated Wetland

Permanent Wetland

Semi-Permanent Wetland

Total Managed Wetland

Level 11 Delivery (af)

[0 Conveyance Loss'  50%

Level IV Delivery (af)

O Conveyance Loss'  50%

Other Sources (af) ¢

Local SW GwW

Precipitation (in)

User-defined * Final TS

User-defined *

User-defined * User-defined *

User-defined * Final TS *

Itis an om,

Allone

lies in excess of Level Il
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1. Select CVPIA Refuge(s) to manage collectively
Check all that apply

North of Delta South of Delta

[] Sacramento NWR San Luis NWR Complex

[] Delevan NWR ] San Luis Unit

[] Colusa NWR [] East Bear Creek Unit

[ Sutter NWR [[] West Bear Creek Unit

[] Kesterson Unit

Others

[] Merced NWR

[] Kern NWR

[ Pixley NWR
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2. Select simulation scenario

Choose one
Historic Climate Conditions

O existing water management
infrastructure

O with Peripheral Canal

QO with more rigorous Delta
outflow requirements

Warm-Dry Climate Conditions

O existing water management
infrastructure

QO with Peripheral Canal

QO with more rigorous Delta
outflow requirements

. Sel
Checka
Noi
o
a
a
a
Sou
Othe
o
o
o

Simulation scenarios are based on the

CALVIN model runs. Region of o sm ”

Hydrologic Influence (RHI) is determined

for each refuge. Then, the impact of each

simulation scenario on the RHI is

assessed as percent change in flows

compared to the base case. Finally, the
percent change is applied to the
“Default” Level II and Level IV

deliveries.

Base case is defined as the historic
conditions with existing water
management infrastructure.

“Default” Level II and Level IV are
defined as historic Level I and Level IV
deliveries.
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3. Water allocation scenario

Use arrows to define the percent allocation scenario

4 B P 5%

Percent allocation scenario is used to determine:

1) Lewvel 11 deliveries if using the water delivery timeseries
outlined in the Drought Contingency Plan for the
simulation or optimization runs, and

2) maximum and minimum constraints on the habitat
acreage used to define management objectives.

4. Target Habitat Acreage O User Defined O Default

ion scenario

2. Select si
c

Timate Conditions

Target Max (acres)

Target Min (acres)

Seasonal Wetland

Irrigated Wetland

Permanent Wetland

Semi-Permanent Wetland

Total Managed Wetland
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5. Refuge Water Supplv Portfolio

Level II Delivery (af) Level IV Delivery (af) Other Sources (af) * Precipitation (in)
[0 Conveyance Loss ' 50% [0 Conveyance Loss ' 50% Local SW GW
User-defined ? Final TS 3 User-defined 2 Final TS 3 User-defined 2 User-defined 2 User-defined 2 Final TS 3

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

1. Select CVPIA Re Jan
Checkallhe aopl

a
North of Delta

Conveyance loss: On/off option. Check the box and type in an estimated percent conveyance loss value to consider conveyance loss in the analysis.

User-defined: Allows users to overwrite default values. Users can enter a value for a particular month or leave the field blank.
Final TS: The final timeseries used in the simulation-optimization analysis.
“Other Source (af)”: These options are user-defined options only. Unless users specify a value, a default value of zevo will be assigned. This field includes local surface water supplies or GW
pumping supplies in excess of Level Il and Level IV deliveries. This could include pumped groundwater for procuring maintenance flows, riparian water rights, flood flows or drainwater supplies.

nt Wetland

pply Portfolio

“Total Managed Wetland

Other Sources (af) * Precipitation (in)

Local SW GW

User-defned User-defined Userdefined * Final TS

b o o e o o e e e o e e mm e mm mw
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Simulate




Optimization Objective

“The needs of wildlife and their habitats come first
on refuges, in contrast to other public lands
managed for multiple uses.”

“Seasonal wetlands and other habitats at the
Complex provide essential food resources and
resting areas for winter residents, birds continuing
south, and returning spring migrants...”

!
{

-Comprehensive Conservation Plan
(USFWS, 2009)
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Objective: Maximize total habitat acreage
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Max z HabitatAcreage;
i

Subject to

WaterDemand < WaterSupply

MinHabitatAcreage; < HabitatAcreage; < MaxHabitatAcreage; x

Where

| = Habitat land-use types

J = Month
k = Allocation scenarios: 100%, 75%, 50%, and 25%
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WaterDemandi

= Z HabitatAcreage;_1 * HabitatWaterDemand;;
i

+ 2 HabitatAcreage; ;  HabitatWaterDemand;;
i

Seasonal Irrigated Permanent Semi-
Wetland Wetland Wetland permanent
Wetland
March 0.50 0.50 0.50 0.50
April 0.00 1.00 1.00 1.00
May 0.00 0.00 1.50 1.00
June 0.00 2.00 2.00
July 0.00 2.00 1.00
August 0.00
September 0.00
October
November
December
January
February
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WaterSupply; i

= (1 — LossL2) * L2;y + (1 — LossL4) = L4, + Precip,;

+ TotalMaxAcreagey + LocalSWinflow;

+ GWEXxcessL2L4;
3. Wa!er allocation scenario
Use arrows to define the percent allocation scenario

4 K » %

S. Refuge Water Supply Portfolio

Level IT Delivery (af) Level IV Delivery (af) Other Sources (af) 4
O Conveyance Loss! 50% O Conveyance Loss! 50% Local SW GW

Precipitation (in)

User-defined 2 Final TS 3 User-defined 2 Final TS 3 User-defined 2 User-defined 2

User-defined 2 Final TS 3
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MinHabAcreage; = OR(0, User Defined;)

MaxHabAcreage;
= OR(MaxPercentAllocationy

* HistMaxAcreage;, User DEfiHEdi)

4. Target Habitat Acreage

O User Defined O Default

Target Max (acres)

Target Min (acres)

Seasonal Wetland

Irrigated Wetland

Permanent Wetland

Semi-Permanent Wetland

Total Managed Wetland

Major Habitat type 100% 75% 50% 25%
Seasonal Wetland 1 0.9 0.5 0
Irrigated Wetland 1 0.9 0.5 0
Permanent Wetland 1 0.5 0.25 0.2
Semi-permanent Wetland 1 0.5 0.25 0.2
Total habitat acreage (acres) 1 0.9 0.7 0.4
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= Work In progress

= Competing water
demands

= Water trading will
Increase refuge
habitat and reduce
scarcity

......

Karandev Singh
kvsingh@ucdavis.edu
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CALVIN Hydrology

SEEPAGE/ EVAPORATION RIM INFLOWS (CalSim IT)
LOSSES (link amplitudes NET RESERVOIR
less than 1) EVAPORATION (CalSim IT)

Municipal/
Industrial Use

Diversion
Canal \_

kg
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Refuge |
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CALVIN Constraints

MIN IN-STREAM

FLOW REQs (CalSim IT) CAPACITY

CONSTRAINTS

Evapotranspiration

CAPACITY AR N Y

CONSTRAINTS

Unconfined” N NS 0 | L[ Monitoring L

\ 7 Deep
Confined” .- Monitoring
Aquifer

Well

Aquita K L BT




CALVIN Operating Costs

HYDROPOWER
BENEFITS
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t es A
AR e R
Di i Stream - i ndustrial Use
o o N —

Treatment
Plan .,

e

Ak,
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| Agriculture

Neeroe
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CALVIN Demands

HARD CONSTRAINT Evapotranspiration

Constrained deliveries ' \
T \\\ off ater

Treatme

Diversion
Canal

AT

P

Unconfined < -« o
Aquifer

NP SOFT CONSTRAINT
Confined” N -

. Mo\r;\i/toﬂing Constrained upper bound
Aquifer 3 © with a penalty for
Aquitard shortage (SWAP)
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CALVIN Outputs

In addition to flow, delivery, MARGINAL
and reservoir and GW BENEFIT OF
storage timeseries... c Ag:'gffsf SB{'NgNE
Evapotranspiration ADDITIONAL
\ UNIT

— J unicipal/
- ‘,( Industrial Use
.i\

e
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Treatment
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L River

Diversion
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