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Goals 

o Introduce SEI, its signature modeling tool, and 
its approach to participatory decision support 

o Share SEI’s water resources management work 
in Yolo County 

o Propose the framework for SGMA 
implementation in Yolo County 



Introductions 



Work so far: Two efforts 
 • 2011-2012 

– Funded by the California Energy Commission 

– 3rd California Climate Assessment 

– County scale mitigation and adaptation options 

– Led by UC Davis 

• 2014-2015 
– Funded by the NASA ROSES 

– Remote sensing applications program 

– Understand implication of changing climate on ag water balance 

– Led by Columbia University/Dartmouth College 



The Cache Creek Model 
 

 



The Cache Creek Model 
 

 



The Cache Creek Model 
 • Is built using WEAP 

• Simulates the climate-driven hydrology of each catchment, and 
integrates it with infrastructure operations and water rights, and crop 
water requirements 

– Diversions 

– Solano Decree 

– Upstream flows into Clear Lake 

– Water supply from surface and groundwater 

• Is focused on YCFCWCD portion 

– But also simulates crop water requirements for 17+ crops elsewhere 
in the county 

• Is calibrated to historical period (1980-2000) 

• Investigates land use, climate and irrigation technology change 

 



Robust Decision Support (RDS) framework 

This approach has been shaped by the academic literature on 
decision making under deep uncertainty, most significantly by the 
Robust Decision Making approach described in “Shaping the Next 
One Hundred Years” by Lempert, Popper and Bankes. 2003. 
Santa Monica, CA. 187 pp.) 

Decision Support 



Step 1 Problem formulation 
The XLRM framework is described as: 
 
X:  eXogenous factors or uncertainties that are outside 
 the control of water managers; 
 
L:  management responses or Levers that can be 
 implemented by water managers; 
 
R:  models that describe the Relationships between 
 uncertainties and levers; producing 
 
M:  Metrics of performance that can be used to evaluate 
 various management options. 



Problem Formulation for the District 

X (exogenous factors/ uncertainties) L (levers/management strategies) 

Climate 

Landuse 

New regulations (SGMA) 

1: BAU (Current management) 

2,3,4: District pumping with 2, 10, and 20 pumps 

respectively 

5: Winter recharge 

6: Periphery ponds 

7: Combined   

R (relationships/model) M (performance measures/metrics) 

   Cache Creek model (in WEAP) Water supply reliability 

Financial viability 

Groundwater sustainability 



X: Exogenous Factors 
A. Climate (from paleoclimate reconstructions) 

1. Severe drought 
2. Wet climate 
3. Average climate 



X: Exogenous Factors 

B. Landuse 
1. Constant cropping pattern  
2. Hardening of demand (Conversion of field crops, and unirrigated areas to 

orchard crops) 
 

C. Regulatory 
1. No SGMA related regulation 
2. Stop pumping when average groundwater levels >80ft BGL  
 

This regulatory uncertainty is only an example to demonstrate the kinds of 
regulatory regimes that might emerge from SGMA implementation. The goal 
is to discover which regulatory regime works best to achieve the goal of 
“sustainable groundwater management”. 



L: Management Options 
1: BAU (Current management) 

2: District pumping with 2 pumps 

3: District pumping with 10 pumps 

4: District pumping with 20 pumps 

5: Winter recharge 

6: Periphery ponds 

7: Combined   



R: The Cache Creek model 
Enhancements to the Cache Creek Model 
• Representation of strategies and uncertainties 
• Inclusion of financial information and financial modeling 
• Groundwater-surface water interaction (to output groundwater depth) 

 



M: Objectives and performance metrics 
Objective Metric/Indicators Description 

Water supply reliability April 1 Rumsey 
Indicator of District’s water availability from Clear 
Lake. No water is available below 3.22 ft, 

Total April 1 water supply  
Clear lake allocation plus Indian Valley storage 

Irrigation water demand 
Total water demand in the future 

Supply Reliability 
Percentage of years when 100% of water demand is 
met. Water demand may not be met sometimes 
when groundwater regulation is enforced (see 
Results). 

Financial viability NPV 
Net Present Value 

Financial viability 
Set to zero when NPV is negative in any scenario; 
100% when NPV is positive. This is equivalent to 
setting a threshold of performance requiring NPV to 
be positive. 

Groundwater sustainability GW depth 
Average groundwater depth in the Yolo groundwater 
sub-basin below the District. 

GW sustainability 
Percentage of years when maximum groundwater 
depth falls below the threshold of 80 ft BGL, which is 
the groundwater regulation that is illustrated here. 



Scenarios 
The problem formulation articulates the following question 
 
How do management strategies perform against future 
uncertainties, using the metrics identified to evaluate 
performance? 
 
and generates the ensemble of runs that will answer it. In this 
case 
 

84 model runs 
(7 management strategies against 3 climate, 2 land use 
and 2 regulatory scenarios) 



Results 

Innovative visualizations were generated in Tableau software 
And shared with the District in 2015 over several meetings 
 
These were essential in building a shared ‘mental model’ of 
the system 
 
For brevity, only a few are shown here 



Time series Results: (precip and demand) 



Time series Results: (supply indicators) 



Time series results: (financial) 



Aggregate results (Ranking the strategy) 

Strategy 

Index 

Financial 

sustainability 

Supply 

Reliability 

GW 

Sustainability 

Overall 

Rank 

1 5 (14.7M) 4 4 4 

2 4 (15.0M) 4 5 4 

3 6 (14.3M) 7 7 6 

4 7 (14.2M) 4 6 7 

5 3 (15.1M) 1 1 1 

6 1 (35.4M) 3 3 3 

7 2 (30.1M) 1 2 1 



Aggregate results: performance map 



Key messages 

• Sustainability cast as three-dimensional: groundwater, financial 

and supply reliability 

• Strategy #5 and #7 emerge as front-runners 

• Using average of 12 runs each 

• However, only strategy #7 comes out financially positive in the 

event of a severe drought regime 

• YCFCWCD could still hedge against severe drought with 

strategy#5, if a fixed land-based charge of $5/acre is approved 



Extensions of analysis 
• Estimating economic losses and mechanisms to cover the same 

• Severe drought with pumping restrictions would lead to 
economic losses   

• In the worst scenario, these would amount to 2.5 MAF over 
the district area over a 30 year period 

• The analysis could inform mechanisms (groundwater fund, 
or other financial instruments) to cover this loss 
 

 
• Other groundwater management regulations could be explored 

• Fixed pumping limits 
• Tradeable pumping rights 
• Unlimited pumping subject to replenishment charges 



Proposal 
• To deploy this RDS framework for Yolo County’s future GSA,  

Source: Yolo County IRWMP 



1. A formal participatory process 

2. Inclusive across multiple stakeholders and objectives 

3. Defines specific standards of ‘sustainability’ 

4. Embeds deliberations within quantitative analysis 

5. Facilitates explicit handling of uncertainty 

6. Knowledge co-creation facilitates negotiations 

 

Benefits of this approach 



Questions? Comments? 

Feedback 
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