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Planning under uncertainty 

• Planning w ith  certainty is a rare luxury 
• Planning under uncertainty is the norm 
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Planning under uncertainty 

• Alternatives: 
• Account for uncertainty 
• Ignore uncertainty 
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SGMA Planning under Uncertainty  
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5-Step Program for Uncertainty Assessment 
 
1. Uncertainty Identification 
2. Uncertainty Characterization 
3. Uncertainty Propagation 
4. Uncertainty Importance Analysis 
5. Uncertainty Reduction 
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Uncertainty Identification 
 • Recognize and articulate key uncertainties  

• Hydrogeology, hydrology, water budget, water supplies, water 
demands… 

• Engage and involve stakeholders, subject/policy experts, 
planners 

• Process of moving ‘unknown unknowns’ to ‘known 
unknowns’ 
• Multiple perspectives are critical 

• Conceptual water budget is a good place to start 
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Uncertainty Characterization 
 

• Develop plausible ranges/ 
distributions for uncertain terms 
• Recharge is 7% - 15% of precip. 

• Use existing data combined with 
graphical or regression techniques 
• Analogous sites can be useful 

• Assess ranges/distributions using 
formal expert elicitation protocols 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 50 100 150 200

Mean Water Table Rise (m)

C
u

m
 P

ro
b

ab
ili

ty

Expert 1
Expert 2
Expert 3
Expert 4
Expert 5

Variable

Fr
eq

ue
nc

y

0

5

10

15

20

25

-200 0 200 400 600

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y

0.0

0.2

0.4

0.6

0.8

1.0



14 

Uncertainty Characterization 
 • Constrain ranges using expert 

judgment and/or model 
• Model incorporates physical processes 
• Calibration reduces uncertainty by 

conditioning to data 

• Use model to test prior assumptions 
for uncertain variables 
• Does 15% of precip. as recharge lead to 

unreasonably high water levels? 

• Use model to understand relationships 
between uncertain variables  
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Uncertainty Propagation 
 • Translate uncertain variables to system metrics (water 

budget terms, sustainability indicators) 
• Typically use models to propagate uncertainty 

Output 
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Uncertainty Importance Analysis 
 • Assess which uncertain variables, system metrics (sustainability 

indicators) are most sensitive to  
• Vary uncertain parameter(s) over their range and evaluate 

impact on given output metric 
• Assess correlations between uncertain parameters 
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Uncertainty Reduction 
 • Key uncertainties can be reduced by collecting more data 

• Model can be used to develop and optimize data-
collection efforts 

• Additional data can be used to a) refine prior 
uncertainty distributions, and b) calibrate model and 
reduce predictive uncertainty 
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Case Study 
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Study Area 
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Surface Geology 
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Land Use 
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Recharge from 
Precipitation 

Infiltration at Moorpark 
WWTP Percolation Ponds 

ASR Injection 

ASR Extraction 

In-Lieu Water From 
SWP 

Inflow to EMA 
From Simi Valley 

Outflow 
From EMA 
to Pleasant 

Valley 

Pumping  

Imports From Water 
Purveyors  

Return  
Flows 

Net Infiltration of Streamflow 
(Baseflow + Stormflow) in 

Arroyo Las Posas 

GW Use by 
Phreatophytes  

Conceptual Illustration of Water Budget 

Change in 
Storage 

ASR = aquifer storage and recovery 
EMA=Eastern Management Area (East and South Las Posas Basin)  
GW=groundwater; SWP = state water project 
WWTP = wastewater treatment plant Change in Storage = Inflows - Outflows 
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Geologic Cross-Sections 

1:3 Vertical Exaggeration 

Arroyo Las Posas 
ASR-6b ASR-11 

? 

? 

Fairview Fault 

? 
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Key Questions 
 • How much streamflow percolates to the shallow/Fox Canyon 

aquifers?  
• How much percolation occurred under ephemeral flow conditions? 

• What is the ET demand from the phreatophytes? 
• What is the leakage from the San Pedro into the Fox Canyon 

Aquifer? 
• Is there flow across the Somis Fault zone in the upper units? 
• How much outflow occurs from the basin to the Pleasant Valley 

basin under current and historical conditions? 
• Is there a connection between the ASR well-field and the Arroyo? 

• Does the anticline restrict flow under low-water level conditions?   
• Have return flows from agriculture arrived at the water table? 
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Water Budget Approach 
 • Focus on: 

• Water budget terms that can be reasonably estimated from data 

• Larger water budget terms, of significance for groundwater flow model 

• Water budget terms that can be simulated or constrained by the flow 
model 

• Recognize diminishing returns to reducing uncertainty for 
smaller water budget terms 

• Use range over time to bound average conditions  
• Use different methodologies or different data for an 

“independent” estimate  
• Use physical constraints/relationships to develop bounds 
• Use rules of thumb for measurement errors 
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Water Budget 
 

Average of Current Conditions 

Water Budget Term Best Estimate1 
(AFY) 

Lower Bound 
(AFY) 

Upper Bound 
(AFY) Approach 

Recharge 3,330 824 6,758 range 

Net Infiltration of 
Streamflow to Arroyo Las 
Posas (excludes stormflow) 

10,452 7,755 15,000 physical constraint for 
upper bound; 20% 
measurement error 

Groundwater ET 1,723 1,514 5,953 “independent” 
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Groundwater Model 
 • Groundwater model is being built in MODFLOW-NWT (may need 

to switch to MODFLOW-USG 
• Currently working on calibrating numerical model 

• Water budget is being used to constrain calibration 
• Heterogeneous/transient 

dataset used for calibration 
• Areas with uncertain 

stratigraphy being varied 
to evaluate impact on flows 

• Uncertain boundary conditions 
being varied to assess impact 
on calibration 
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Summary & Conclusions 
 • SGMA-related groundwater planning entails accounting for 
uncertainty in a) hydrogeologic conceptual model, b) current and 
future water budgets 

• Measurable objectives, minimum thresholds, monitoring network, 
and management actions need to account for uncertainty  
• A flexible/adaptive approach reduces exposure to future risks 

• 5-step approach to incorporating uncertainty into planning 
• Stakeholder driven process to identify and assess uncertainties 

• Work on the Las Posas Basin Model exemplifies approach 
• Range of water budget terms developed using best available data and 

expert judgment 

• Model used to validate and reduce uncertainty in water budget 
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Planning under Uncertainty 
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