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Hydrologic systems have value…



“Once the land was enriched by yearly rains, which were 
not lost, as they are now, by flowing from the bare land 
into the sea. 

The soil was deep, it absorbed and kept the water in the 
loamy soil, and the water that soaked into the hills fed 
springs and running streams everywhere. 

Now the abandoned shrines at spots where formerly 
there were springs attest that our description of the land 
is true.”

Hydrologic systems have value…

Plato’s Dialogues (427–327 B.C.E.)
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recreational, and cultural benefits; and supporting
services, such as nutrient cycling…” 1

“…the benefits human populations derive, directly or 
indirectly, from ecosystem functions.” 2

• Emerged in technical literature in mid-20th century

• Became firmly established in scientific research studies 
in the 1980s, complementary to expanded 
environmental regulation

Ecosystem Services (ESS)

1 Millennium Ecosystem Assessment (2005); 2 Constanza et al. (1997)
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Hydrologic Ecosystem Services

Brauman (2015)

• "…the subset of terrestrial 
ecosystem services 
related to water…"

• "…hydrologic services 
arise from addressing the 
way people are affected 
by ecohydrologic
processes."

• Implies that ecosystem 
benefits are a 
consequence of 
hydrologic flows, not the 
flows themselves

Causes

Effects



Groundwater Ecosystem Services

Griebler and Avramov (2014)



Groundwater Ecosystem Services

Griebler and Avramov (2014)

• GW fits into ESS 
framework…

• …but still an emphasis 
on human benefits

• Notes that GW can 
include subsurface 
ecosystems and support 
surface ecosystems
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• Application of ESS framework to water resources



• New York City water supply 
– 1990s
• Water quality of Catskill 

Reservoir was declining 
due to changes in land use 
and runoff inputs

• City applied ESS 
framework: invested in 
preserving the watersheds 
in lieu of developing 
expensive filtration system

www.nyc.gov

ESS Applied to Water Resource Management



• Groundwater recharge in 
Kona, HI – 2015
• Evaluated how upland land 

use changes would impact 
groundwater recharge on 
the leeward, dry side of the 
island

• Utilized hydrologic models 
and interviews with 
stakeholders to connect 
biophysical function to 
human well-being 

ESS Applied to Water Resource Management



• ESS emphasizes services provided by ecosystems for the 
benefit of human welfare

• There is a basis for applying the ESS framework to 
hydrologic systems (including groundwater systems)

– Generally requires showing an explicit and   
quantifiable connection, storage and/or flow  benefit
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• ESS emphasizes services provided by ecosystems for the 
benefit of human welfare

• There is a basis for applying the ESS framework to 
hydrologic systems (including groundwater systems)

– Generally requires showing an explicit and   
quantifiable connection, storage and/or flow  benefit

• As a result, there is a gap:
– Many hydrologic systems, and especially groundwater 

systems, are highly variable in space and time 
(heterogeneous, dynamic), and operate at multiple 
spatial and temporal scales. 

– This limits recognition of storage and flows that are 
intrinsic benefits. This risks harm to important hydrologic 
systems. We need to fix this.

Hydrologic Ecosystem Services and 
Water Resource Management
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Hydrologic System Services (HSS)
• Values hydrologic storage and flow benefits, help to 

restore/sustain fundamental hydrologic function(s), 
connections between distinct hydrologic reservoirs 

• HSS can include processes and conditions that are 
considered to be ESS, but also includes processes that 
are not directly biological in nature (physical, chemical)

• HSS can include things that humans do to improve 
hydrologic function (humans benefit hydrology) 

• Many HSS are quantifiable through direct observation 
or modeling, but may be several steps removed from 
measurable human benefit. Understood from decades 
of technical research to be hydrologically valuable



Graphic by S. Beganskas, UCSC

Surface water – groundwater system:
pre-development



Graphic by S. Beganskas, UCSC

Surface water – groundwater system:
post-development
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groundwater
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Potential Benefits of Controlling Hillslope Erosion
(varies spatially, temporally)

• Maintains water quality 
for consumptive use, 
cooling

• Reduces channel 
aggradation and flood 
risk

• Maintains aquatic 
habitat in support of 
commercial, 
recreational fishing



• Maintains/increases 
hyporheic exchange, 
benefitting nutrient and 
thermal regulation

• Maintains/increases 
streambed recharge of 
groundwater

• Maintains/increases 
baseflow

Potential Benefits of Controlling Hillslope Erosion
(varies spatially, temporally)

• Maintains water quality 
for consumptive use, 
cooling

• Reduces channel 
aggradation and flood 
risk

• Maintains aquatic 
habitat in support of 
commercial, 
recreational fishing

Ecosystem Services



• Maintains/increases 
hyporheic exchange, 
benefitting nutrient and 
thermal regulation

• Maintains/increases 
streambed recharge of 
groundwater

• Maintains/increases 
baseflow

Potential Benefits of Controlling Hillslope Erosion
(varies spatially, temporally)

Hydrologic System Services
(includes benefits to GW)



• Maintains/increases 
hyporheic exchange, 
benefitting nutrient and 
thermal regulation

• Maintains/increases 
streambed recharge of 
groundwater

• Maintains/increases 
baseflow

Potential Benefits of Controlling Hillslope Erosion
(varies spatially, temporally)

• Reduces sediment 
export 
(downstream, 
estuaries, coastal)

• Maintains water quality 
for consumptive use, 
cooling

• Reduces channel 
aggradation and flood 
risk

• Maintains aquatic 
habitat in support of 
commercial, 
recreational fishing

Ecosystem Services Hydrologic System Services
(includes benefits to GW)



• Maintains/increases 
hyporheic exchange, 
benefitting nutrient and 
thermal regulation

• Maintains/increases 
streambed recharge of 
groundwater

• Maintains/increases 
baseflow

Potential Benefits of Controlling Hillslope Erosion
(varies spatially, temporally)

• Reduces sediment 
export 
(downstream, 
estuaries, coastal)

• Maintains water quality 
for consumptive use, 
cooling

• Reduces channel 
aggradation and flood 
risk

• Maintains aquatic 
habitat in support of 
commercial, 
recreational fishing

Ecosystem Services Hydrologic System Services
(includes benefits to GW)

Easier to quantify, more tangible Harder to quantify



Potential Benefits of Enhanced GW Recharge
(varies spatially, temporally)

• Increases GW recharge 
(better stream 
connection)

• Increases coastal 
outflows (creates 
hardground habitat)

• Assists with thermal 
exchange)



• Increases storage of 
fresh water for 
drinking, ag

• Lowers pumping 
costs with higher 
water levels

• Dilutes salts, 
nutrients 

• Reduces/prevents 
subsidence

• Mitigates flooding

Potential Benefits of Enhanced GW Recharge
(varies spatially, temporally)

• Increases GW recharge 
(better stream 
connection)

• Increases coastal 
outflows (creates 
hardground habitat)

• Assists with thermal 
regulation of streams 
(increased baseflow, 
more hyporheic
exchange)

Groundwater ESS



Potential Benefits of Enhanced GW Recharge
(varies spatially, temporally)

• Increases GW recharge 
(better stream 
connection)

• Increases coastal 
outflows (creates 
hardground habitat)

• Assists with thermal 
regulation of streams 
(increased baseflow, 
more hyporheic
exchange)

Groundwater HSS



• Increases storage of 
fresh water for 
drinking, ag

• Lowers pumping 
costs with higher 
water levels

• Dilutes salts, 
nutrients 

• Reduces/prevents 
subsidence

• Mitigates flooding

Potential Benefits of Enhanced GW Recharge
(varies spatially, temporally)

• Increases GW recharge 
(better stream 
connection)

• Increases coastal 
outflows (creates 
hardground habitat)

• Assists with thermal 
regulation of streams 
(increased baseflow, 
more hyporheic
exchange)

• Reduces seawater 
intrusion (coastal)

• Maintains storage 
capacity

• Reduces sediment, 
nutrient export

Groundwater ESS Groundwater HSS



• Increases storage of 
fresh water for 
drinking, ag

• Lowers pumping 
costs with higher 
water levels

• Dilutes salts, 
nutrients 

• Reduces/prevents 
subsidence

• Mitigates flooding

Potential Benefits of Enhanced GW Recharge
(varies spatially, temporally)

• Increases GW recharge 
(better stream 
connection)

• Increases coastal 
outflows (creates 
hardground habitat)

• Assists with thermal 
regulation of streams 
(increased baseflow, 
more hyporheic
exchange)

• Reduces seawater 
intrusion (coastal)

• Maintains storage 
capacity

• Reduces sediment, 
nutrient export

Groundwater ESS Groundwater HSS

Easier to quantify, more tangible Harder to quantify



Presentation Outline

• Implications of a HSS framework for water management



• Chronic lowering of groundwater levels
• Reduction of groundwater storage
• Seawater intrusion
• Degraded water quality 
• Land subsidence that interferes with surface land 

uses
• Depletions of interconnected surface water that 

have adverse impacts on beneficial uses of the 
water

SGMA defines six undesirable consequences as 
“significant and unreasonable”…

How can we quantify and assess the magnitude of these 
consequences? 



Can apply an HSS framework:



• Brings realistic hydrologic (hydrogeologic) considerations to water 
management decisions (e.g., SWGW)

Can apply an HSS framework:



• Brings realistic hydrologic (hydrogeologic) considerations to water 
management decisions (e.g., SWGW)

• Helps with understanding the "value" of these decisions – including 
some benefits that are more easily measured/assigned, others that 
are less so

Can apply an HSS framework:



• Brings realistic hydrologic (hydrogeologic) considerations to water 
management decisions (e.g., SWGW)

• Helps with understanding the "value" of these decisions – including 
some benefits that are more easily measured/assigned, others that 
are less so

• In California, SGMA requires recognition of SW-GW interactions 
and impacts – HSS can provide a framework for 
recognizing/addressing, even when indirect

Can apply an HSS framework:



• Brings realistic hydrologic (hydrogeologic) considerations to water 
management decisions (e.g., SWGW)

• Helps with understanding the "value" of these decisions – including 
some benefits that are more easily measured/assigned, others that 
are less so

• In California, SGMA requires recognition of SW-GW interactions 
and impacts – HSS can provide a framework for 
recognizing/addressing, even when indirect

• Could contribute to development of solutions to multiple problems 
(e.g., controlling sediment erosion into streams benefits streams, 
fish, and groundwater)

Can apply an HSS framework:



• Brings realistic hydrologic (hydrogeologic) considerations to water 
management decisions (e.g., SWGW)

• Helps with understanding the "value" of these decisions – including 
some benefits that are more easily measured/assigned, others that 
are less so

• In California, SGMA requires recognition of SW-GW interactions 
and impacts – HSS can provide a framework for 
recognizing/addressing, even when indirect

• Could contribute to development of solutions to multiple problems 
(e.g., controlling sediment erosion into streams benefits streams, 
fish, and groundwater)

• Recognizing benefits allows development and encouragement of 
innovative incentive programs

Can apply an HSS framework:



• Brings realistic hydrologic (hydrogeologic) considerations to water 
management decisions (e.g., SWGW)

• Helps with understanding the "value" of these decisions – including 
some benefits that are more easily measured/assigned, others that 
are less so

• In California, SGMA requires recognition of SW-GW interactions 
and impacts – HSS can provide a framework for 
recognizing/addressing, even when indirect

• Could contribute to development of solutions to multiple problems 
(e.g., controlling sediment erosion into streams benefits streams, 
fish, and groundwater)

• Recognizing benefits allows development and encouragement of 
innovative incentive programs

• Suggests interesting studies (field, lab, computer) for better 
understanding HSS/ESS and GW in general

Can apply an HSS framework:



Questions?

Thank You!
Acknowledgments: S. Beganskas, 
G. Gorski, T. Weathers, A. Price, 
A. Serrano
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