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How can we leverage measurements and models to 
characterize GW/SW interactions and SW depletion?

Local GW elevation 
(measured/simulated)

Regional SW depletion 
characterization (simulated)

GSFLOW / MODFLOW model

(USGS)

monitoring well

GW
 elevation as a proxy

MO

MT

SMCs are tied to GW elevations and 
informed by simulation results



Isolate Surface Water Depletion (SWD) from 
groundwater pumping

Isolate GW pumping impacts by “differencing” a historical 
baseline simulation (with pumping) from a identical 

simulation without pumping

minus

GSFLOW baseline simulation
(no pumping) 

GSFLOW baseline simulation
(with pumping) 



Areal Extent of Pumping 
Impacts in Santa Rosa Plain 

Layer 1

Where does pumping occur within 
the basin?



Areal Extent of Pumping 
Impacts in Santa Rosa Plain 

Layers 2–8

Where does pumping occur within 
the basin?
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Where does pumping have greater 
potential to impact streamflows?

Reductions in streamflow due to pumping.

from: Woolfenden and Nishikawa, 2014, Chapter 
E Figure 9A
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WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP Locations

Modeling suggests that pumping has greater potential to 
impact streamflows on:

Laguna de Santa Rosa 
Santa Rosa Cr.
Mark West Cr.

Actual impacts are very dependent upon:

(1) streambed/shallow aquifer hydraulic conductivity
(2) stream/aquifer configuration

Where does pumping have greater 
potential to impact streamflows?



WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP SRP0709 
Mark West Cr. at 

basin outlet

What is the impact of pumping on 
outflows from the basin?



WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP SRP0709 
Mark West Cr. at 

basin outlet

What is the impact of pumping on 
outflows from the basin?

Model suggests greatest 
reduction in dry-season flows 
due to pumping during 2015



How can GWL be used as a proxy for surface water 
depletion?

(USGS)

monitoring well

Relationship between 
GWL and flow at some 
point in time

Regression relation

1:1 plot
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Model-derived metric describing 
SWD impact on flow

1. Percent reduction in streamflow due to 
pumping (over entire WY)

2. Percent reduction in streamflow due to 
pumping (during low-flow periods)

3. Number of days that SWD exceeds 
threshold value



Can we use GW levels as a 
proxy for SWD?

WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP SRP0709 
Mark West Cr. at 

basin outlet

Good correlation … for simulated GW levels and SWD at some 
RMPs



Can we use GW levels as a 
proxy for SWD?

WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP SRP0709 
Mark West Cr. at 

basin outlet

Good correlation … for simulated GW levels and SWD at some 
RMPs



Can we use GW levels as a 
proxy for SWD?

WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP SRP0711 
Colgan Cr. 

Poor correlation … for some RMPs where little SWD is occurring



Can we use GW levels as a 
proxy for SWD?

WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP
r-squared agreement between GWL and SWD

Full Water Year (WY) Q3 dry period (Jul/Aug/Sep)
SRP0707 0.72 0.78
SRP0709 0.75 0.84
SRP0710 0.49 0.03
SRP0711 0.05 0.16
SRP0712 0.28 0.74
SRP0713 0.54 0.13
SRP0714 0.71 0.27

0709

0711

0713 0714

0712

0707

0710

Good correlation between modeled GWL and 
SWD is noted at several monitoring locations.
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Model results show promise … 
How do they compare with 

measured data?

Problem:

Model simulation period (WY1974–2018) 
does not overlap with RMP data collection 

(2019–present)

Reliance on model results assumes well 
calibrated model, esp. at RMP locations.

Potential Solution:

Compare measured/modeled behavior for 
similar WY type. 

(WY2020 = dry year)

Q3 2020 GWL
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Model results show promise … 
How do they compare with 

measured data?
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Q3 2020 mean GWL 
departure = -0.01’

Problem:

Model simulation period (WY1974–2018) 
does not overlap with RMP data collection 

(2019–present)

Reliance on model results assumes well 
calibrated model, esp. at RMP locations.

Potential Solution:

Compare measured/modeled behavior for 
similar WY type. 

(WY2020 = dry year)



WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP SRP0709 
Mark West Cr. at 

basin outlet
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Model results show promise … 
How do they compare with measured data?

Measured GWL departure at RMP 
SRP0709 compares reasonably with 

model results Q
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Q3 2020 mean GWL 
departure = -0.01’

(dry WY)



WY2004–2017 avg. reduction 
in streambed GWL due to 

pumping during dry season 
(Jul/Aug/Sep)

RMP SRP0712 
Laguna de Santa Rosa
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Model results show promise … 
How do they compare with measured data?

Q3 2020 mean GWL 
departure = -4.5’

(dry WY)

Q
3 

m
ea

n 
GW

L 
m

ea
n 

de
pa

rt
ur

e 
fr

om
 

st
re

am
be

d 
at

 R
M

P 
ce

ll 
(ft

)

Measured GWL departure at 
other RMPs do not compare 
favorably with model results



How can GWL – SWD relationship be used to inform SMC choice?
… Assuming good agreement between measured data and model results
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Relationship suggests 0.1 ft
reduction in mean Q3 GWL 

corresponds with ~10% 
increase in SWD.



How can GWL – SWD relationship be used to inform SMC choice?

Simulation Period (1974–2018) Measurement Period
(2019–present and beyond)

SMCs refined as more 
measurements are 

collected

SMCs

Initial SMC choices informed by model results

Simulated GWLs Measured GWLs

streambed



Example measurable objective (MO) = 
Q3 GWL > mean Q3 GWL during 2004–2018

Example minimum threshold (MT) =
Q3 GWL > streambed elev. 

= ~55-60% avg. decrease in Q3 streamflow

= >75% avg. decrease in Q3 streamflow

How can GWL – SWD relationship be used to inform SMC choice?
… Assuming good agreement between measured data and model results

Potential Approach: 

Set SMC based on GWL, use 
relationship to infer SWD impact
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