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1. Enhance water resources decision support 
modeling framework to address future climate 
uncertainties 

2. Increase stakeholders capacity to adapt water 
planning and management to future climate 
uncertainties 

3. Establish transferability of the modeling 
approach and stakeholder engagement 

 

Project Goals 
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GCASE Project Approach 
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Hourly Rainfall Generator 

Daily Streamflow Model  

Groundwater Storage Changes 

Assessment of Management 
Scenarios 
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• Kickoff Workshop 
– October 18, 2012 

– Presented modeling framework and developed case study; 
discussed stakeholder concerns 

• Milestone No. 1 Workshop 
– April 11, 2013 

– Presented climate projection findings for the region and 
revised modeling framework; presented case study for 
comments  

• Milestone No. 2 Workshop 
– November 20, 2013 

– Presented revised case study and discussed 
transferability 

• Four additional workshops 
– Transferability 
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GCASE Stakeholder Engagement 



WEBSITE 
wrrc.arizona.edu/GCASE 
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GCASE Santa Cruz AMA 

GCASE Stakeholder Engagement 



GCASE Roadmap 

Kickoff Workshop Analyze Case Study 

Milestone Workshop 1 

Milestone Workshop 2 
Transferability 

Workshops 

Revise Model Analysis 

Modeling Framework Developed 

Enhance Model with Future Climate 
Information 

Used in Groundwater 
Planning & Management 

Document Case Study 
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Santa Cruz AMA Goal 
• To maintain a safe-yield 

condition in the active 
management area  

and  
• To prevent local water 

tables from experiencing 
long term declines 

Case Study Background 
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Assured Water Supply Rules 
on hold since statewide 
moratorium on rule making 
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From Eve Halper, USBR 
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Modified from K. Nelson, ADWR 

Buena Vista 
Kino Springs 

Hwy 82 

Guevavi 



Microbasin 
Streamflow 
Cycle 

From Keith Nelson, ADWR 
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Multiple Likely Rainfall 
Scenarios  

Rainfall Generator 
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Modeling Framework 

Multiple Likely Groundwater 
Response Scenarios 

Groundwater Model [microbasins] Hourly chance of rainfall 



100 likely scenarios based on historic record 
Each scenario is 60 years of hourly rainfall  
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Climate Projection for the 
Southwest 
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– Summer: precipitation decreases and temperature 
increases 

– Winter: precipitation is substantially unchanged and 
temperature increases 

From H. Chang, ATMO 



Reduction in summer precipitation 
Higher variability in winter precipitation 
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10-Yr Moving Avg.
Tercile Boundaries

Rainfall Projection – Regional Climate Model Downscaled from 
Well-performing Global Climate Model  

 (Weather Research and Forecasting/Max Planck Institute) 



Multiple Likely Future 
Rainfall Scenarios  

Rainfall Generator 
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Modeling Framework 

Multiple Likely Future 
Groundwater Scenarios 

Groundwater Model [microbasins] Hourly chance of rainfall 
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Rainfall 

Evaluation of 
(2x3x3=) 18 

Management 
Scenarios 

Streamflow 

Groundwater Recharge 

Pumpage  

Groundwater Threshold 

Two Rainfall  
Scenarios:  Historic  

and Projected Future 

Three Pumpage 
Goals:  

2000,  3000, 
and  5000   

acre-feet per 
year  

Three Depth 
to Water 

(DTW) 
Thresholds: 

10, 20 and 30 
feet  
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How much can you count on being able to pump 
from the microbasins  
- 90% of the years with 95% confidence 
- if your pumping rate is 3000 acre-feet per year  
- if you stop pumping when groundwater levels fall 

below 20 feet? 

Questions the Model Can Answer 
about Reliability and Uncertainty 
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Example Results of Hypothetical Pumping Strategy 
100 realizations each 62 years long 

HISTORIC 
Threshold DTW 20 ft 
Pumpage 3000 ac-ft/yr 

FUTURE 
Threshold DTW 20 ft 
Pumpage 3000 ac-ft/yr 

90% Percent of Time pumpage is Equal or Exceeded   Percent of Time pumpage is Equal or Exceeded   

1800 

90% 

1800 acre-feet under historic conditions 

1000 acre-feet under projected future 
conditions 



How often will you fall short of 
your annual pumping goal by up 
to 1000 acre-feet 
- on average [median] 
- if your pumping goal is 2000 

acre-feet per year  
- if you stop pumping when 

groundwater levels fall below 
10 feet? 
– Almost 10% of the time under 

historic conditions 

Questions the Model Can Answer 
about Reliability and Uncertainty 
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How often will the groundwater 
level remain at or below the 
threshold of 10 feet in Guevavi 
basin for up to 300 days 
- at the 95% confidence level 
- at a pumping rate of 5000 

acre-feet per year?  
– About 24 times in 60 years, 

under projected future  
conditions 

Questions the Model Can Answer 
about Reliability and Uncertainty 
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Freemont Cottonwood – 27 Studies 
Age Ecology Relationship Depth (m) Rate Citation 

# 

Seed 

Abundance 
Associated with 

<0.8 to <1.6 < 4.4 cm/day 11 

Survivorship <1.0 2 cm/day 13 

Abundance/Survivorship Enhanced by 0.5 to < 2.6 
< 2 to 3 
cm/day, 

<0.5 m/year 
5, 16 

Juvenile Abundance/Survivorship Associated with 0.2 to 2   8, 13 

Adult 

Abundance/Composition 
Associated with 

1 to 3 < 1m/ year 4, 7, 
8, 14 

Abundance/Survivorship/ 
Heath 0.1 to 5.1   2, 13 

Abundance 
Enhanced by 

< 1.5   6 
< 2.6 to 2.7   1, 5 

Health 0.5 to 2.3   15 

Survivorship/Health Harmed by >2 to 3 abrupt > 1m 2, 12, 
15 

26 
From Water RAPIDS 



Adult Cottonwood Survival Threshold Corresponds 

Approximately to the Case Study’s 10-foot Threshold 
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• Adult/ 
Cottonwood Age/ 

Species 

• Survivorship Harmed 
By Ecologic 

Relationship 

• Maximum 
Groundwater Depth 

• Rate of Decline 

Hydrologic 
Variable 

• >2 to 3m 
• abrupt > 1m 

Photo from Keith Nelson 

3 studies 

(>6.5 to 10 feet) 



How often will the groundwater 
level remain at or below the 
threshold of 10 feet in Guevavi 
basin for up to 270 days 
- at the 95% confidence level 
- at a pumping rate of 5000 

acre-feet per year?  
– About 25 times in 60 years, 

under projected future  
conditions 

Questions the Model Can Answer 
about Reliability and Uncertainty 
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• Case study documentation 
– Technical and scientific documentation 
– Materials for stakeholders of diverse backgrounds 

• Transferability workshops in four locations 
– Locations under consideration 

• Upper San Pedro watershed 
• Gila River watershed 
• Hassayampa/Tonopah Region 
• Prescott-Verde River area 
• Oro Valley region 
• Santa Cruz River downstream of the current study area, which 

receives outflows of binational wastewater treatment plant 
• Others? 

Next Steps 
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