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Outline 

1. Study area and goals 

2. Importance and relevance 

3. Methods used 

 
This is still a work in progress. We are not at a 

stage to start sharing results yet. 



 12 wildlife refuges 

 In Central Valley 

 Managed by USFWS 

 CVPIA authorized 

Study Area 

San Luis Unit 

East Bear Crk Unit 

West Bear Crk Unit 

Kesterson Unit 

Frietas Unit 
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 Part of Pacific Flyway 

 Provide essential food 

resources and resting 

places for migratory 

birds 

 Home to several 

aquatic and wildlife 

species protected 

under ESA 

Ecological Significance 
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 Quantify economic and water supply impacts 

 Evaluate adaptation strategies 

 Develop a decision support tool 

 

Goals 
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Warm-dry hydroclimatic conditions predicted 

Importance 
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Current 
Conditions 

Predicted 
Conditions 

Image from California Water Plan Update 2013 



 Critical  to 

quantify impact 

on refuge 

deliveries 

 Equally 

important to 

assess impact 

in a statewide 

framework 

Sacramento 
River  

R R 

Delta 

CAA/ 
DMC 

R 

R 

Region of 
Hydrologic 
Influence 
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 Comprehensive statewide integrated 

water optimization model 

 Developed in 2000s 

 Used for groundbreaking research in 

water management 

 

 

Overview of CALVIN  
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 Refuge representation 

 Scenario runs 

 Decision Support Tool 

Method 
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San Luis Unit 

East Bear Crk Unit 

West Bear Crk Unit 

Kesterson Unit 

Frietas Unit 

NWRs aggregated 

into seven nodes 

 

 

 

Followed CalSim II 

representation for 

other refuges 

Sacramento 

Delevan 
Colusa Sutter 

San Luis 

Complex 
Merced 

Pixley Kern 
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GW 

SW 

SW 

Refuge(s) 

SW 

 Capacity Constraint 

 Conveyance Loss 

 Pump Capacity 

 Cost of pumping 

 Level II ≤ NWR ≤ Level II +  Level IV 

 Others = CalSim II Deliveries 

Flow returns to either 

underlying GW basin or 

downstream SW source 
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Scenario Runs 

So far we have only examined the impact on the refuge deliveries, however, 

we have said nothing about improving refuge management. 

 Existing Water Infrastructure 
and Regulations 

 Bay Delta Conservation Plan 

 2008/09 Biological Opinions 

Historic 
Climate 

Scenario 

Adaptive 
Management 
Strategies 

Water 
Management 

Scenarios 

Adaptive 
Management 
Strategies 

Water 
Management 

Scenarios 

Warm-dry 
Climate 

Scenario 
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Spreadsheet based 

simulation-optimization 

tool 

Designed for refuge 

managers and USFWS 

staff responsible for 

annual and multi-year 

planning 

Decision Support Tool 
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Simulate 

Optimize Annually 

Optimize Monthly 
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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) 

Objective: Maximize total habitat acreage 
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LP Formulation 

𝑀𝑎𝑥  𝐻𝑎𝑏𝑖𝑡𝑎𝑡𝐴𝑐𝑟𝑒𝑎𝑔𝑒𝑖
𝑖

 

WaterDemand ≤ WaterSupply  

MinHabitatAcreagei ≤ HabitatAcreagei ≤ MaxHabitatAcreagei,k 

i = Habitat land-use types 

j = Month 

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

Subject to 

Where 
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Seasonal 

Wetland 

Irrigated 

Wetland 

Permanent 

Wetland 

Semi-

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 1.50 2.00 2.00 

July 0.00 0.00 2.00 1.00 

August  0.50 0.00 2.00 0.00 

September 2.00 2.00 1.75 0.00 

October 1.00 1.00 1.00 2.00 

November 0.75 0.75 0.75 0.75 

December 0.25 0.25 0.25 0.25 

January 0.25 0.25 0.25 0.25 

February 0.25 0.25 0.25 0.25 

𝐖𝐚𝐭𝐞𝐫𝐃𝐞𝐦𝐚𝐧𝐝𝐣

=  𝐇𝐚𝐛𝐢𝐭𝐚𝐭𝐀𝐜𝐫𝐞𝐚𝐠𝐞𝐢,𝐭−𝟏 ∗ 𝐇𝐚𝐛𝐢𝐭𝐚𝐭𝐖𝐚𝐭𝐞𝐫𝐃𝐞𝐦𝐚𝐧𝐝𝐢,𝐣

𝐢

+  𝐇𝐚𝐛𝐢𝐭𝐚𝐭𝐀𝐜𝐫𝐞𝐚𝐠𝐞𝐢,𝐭 ∗ 𝐇𝐚𝐛𝐢𝐭𝐚𝐭𝐖𝐚𝐭𝐞𝐫𝐃𝐞𝐦𝐚𝐧𝐝𝐢,𝐣

𝐢
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𝐖𝐚𝐭𝐞𝐫𝐒𝐮𝐩𝐩𝐥𝐲𝐣,𝐤

= 𝟏 − 𝐋𝐨𝐬𝐬𝐋𝟐 ∗ 𝐋𝟐𝐣,𝐤 + 𝟏 − 𝐋𝐨𝐬𝐬𝐋𝟒 ∗ 𝐋𝟒𝐣,𝐤 + 𝐏𝐫𝐞𝐜𝐢𝐩𝐣

∗ 𝐓𝐨𝐭𝐚𝐥𝐌𝐚𝐱𝐀𝐜𝐫𝐞𝐚𝐠𝐞𝐤 + 𝐋𝐨𝐜𝐚𝐥𝐒𝐖𝐈𝐧𝐟𝐥𝐨𝐰𝐣

+ 𝐆𝐖𝐄𝐱𝐜𝐞𝐬𝐬𝐋𝟐𝐋𝟒𝐣 
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𝐌𝐢𝐧𝐇𝐚𝐛𝐀𝐜𝐫𝐞𝐚𝐠𝐞𝐢 = 𝐎𝐑(𝟎,𝐔𝐬𝐞𝐫 𝐃𝐞𝐟𝐢𝐧𝐞𝐝𝐢  

𝐌𝐚𝐱𝐇𝐚𝐛𝐀𝐜𝐫𝐞𝐚𝐠𝐞𝐢,𝐤

= 𝐎𝐑(𝐌𝐚𝐱𝐏𝐞𝐫𝐜𝐞𝐧𝐭𝐀𝐥𝐥𝐨𝐜𝐚𝐭𝐢𝐨𝐧𝐤

∗ 𝐇𝐢𝐬𝐭𝐌𝐚𝐱𝐀𝐜𝐫𝐞𝐚𝐠𝐞𝐢, 𝐔𝐬𝐞𝐫 𝐃𝐞𝐟𝐢𝐧𝐞𝐝𝐢  

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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Results 

 Work in progress 

 Competing water 

demands 

 Water trading will 

increase refuge 

habitat and reduce 

scarcity 
Karandev Singh 
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CALVIN Hydrology 
RIM INFLOWS (CalSim II) 

NET RESERVOIR 
EVAPORATION (CalSim II) 

LOCAL ACCRETIONS/ 
DEPLETIONS (CalSim II) 

GW INFLOWS (C2VSim) 

SEEPAGE/ EVAPORATION 
LOSSES (link amplitudes 
less than 1) 
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CALVIN Constraints 

MIN IN-STREAM 
FLOW REQs (CalSim II) 

CAPACITY 
CONSTRAINTS 

CAPACITY 
CONSTRAINTS 
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CALVIN Operating Costs 

WATER 
TREATMENT 

COST 

HYDROPOWER 
BENEFITS 

ARTIFICIAL 
RECHARGE 
OPERATION 

COST 

PUMPING 
COST 
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CALVIN Demands 

SOFT CONSTRAINT 
Constrained upper bound 
with a penalty for 
shortage (SWAP) 

HARD CONSTRAINT 
Constrained deliveries 
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CALVIN Outputs 
MARGINAL 
BENEFIT OF 
INCREASING 

CAPACITY BY ONE 
ADDITIONAL 

UNIT 

VALUE OF 
TRADING ONE 
ADDITIONAL 

UNIT OF WATER 

In addition to flow, delivery, 
and reservoir and GW 
storage timeseries… 
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