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Presentation Outline
* New requirements for CA (SGMA, 2014)

* The Ecosystem Services (ESS) framework

* Application of ESS framework to water resources
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SGMA defines six undesirable conseqguences as
“significant and unreasonable’ ...

- Chronic lowering of groundwater levels
e Reduction of groundwater storage

e 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 conseqguences as
“significant and unreasonable’ ...

- Chronic lowering of groundwater levels
e Reduction of groundwater storage

e 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

How can we guantify and assess the magnitude of these
conseguences?



Hydrologic systems have value...



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 soll, 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.”

Plato’s Dialogues (427-327 B.C.E.)
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Ecosystem Services (ESS)

“...the benefits people obtain from ecosystems...include
provisioning services such as food and water;
regulating services such as flood and disease
control; cultural services such as spiritual,
recreational, and cultural benefits; and supporting
services, such as nutrient cycling...” !

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

“...the benefits people obtain from ecosystems...include
provisioning services such as food and water;
regulating services such as flood and disease
control; cultural services such as spiritual,
recreational, and cultural benefits; and supporting
services, such as nutrient cycling...” !

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

« Emerged in technical literature in mid-20t century

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

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



Millennium Ecosystem Assessment (2005)

Provisioning Services Regulating Services Cultural Services

Products obtained Benefits obtained Nonmaterial

from ecosystems from regulation of benefits obtained
= Food ecosystem processes from ecosystems
m Fresh water m Climate regulation m Spiritual and religious
® Fuelwood m Disease regulation B Recreation and ecotourism
m Fiber m Water regulation m Aesthetic
m Biochemicals m Water purification B Inspirational
B Genetic resources m Pollination m Educational

m Sense of place

m Cultural heritage

Supporting Services

Services necessary for the production of all other ecosystem services

m Soil formation m Nutrient cycling ® Primary production

Millennium Ecosystem Assessment (2005)
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Hydrologic Ecosystem Services

e " ..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



Groundwater Ecosystem Services

Biodegradation

Drinking water Elimination of
provision % ﬁ & pathogens
Water
Water storage  Purification  Bioturbation sustains
in aquifers sediment permeability

N &

Biodiversity

Mineral water, (rare and endemic species,

hot springs, recreation and

Groundwater

. ool of functions, potential
tourism, spa, caves and ecosystem ) PO the discc}verypof new
springs of spiritual services processes/future

!

importance

Bioindicators ,

(assessment of Energy

ecological integrity) é:';cgraagg Sgld)

knowledge)

Water balance -

GDEs
N

Buffering floods and Sustaining
droughts wetlands

Griebler and Avramov (2014)



Groundwater Ecosystem Services

Ecosystem services

Supporting services

Primary productio
Nutrient cycling
Soil formation
Biodiversity
Support of GDEs
Support of GW food webs

Provision of a habitat
for species that cannot survive
anywhere else

Provisioning services

xygen Water Fiber
Energy Genetic resources

Regulating services

Climate regulation  Water purification

Disease control
Maintenance of hydraulic conductivity
Flood mitigation and erosion control
Drought attenuation

Alleviation of climate warming
(via provision of refugia for cold-stenotherms)

Regulation of the water cycle
(infiltration/exfiltration)

Cultural services

Spiritual value Religious value
Aesthetic value Bioindication

e GW fits into ESS
framework...

e ...but still an emphasis
on human benefits

e Notes that GW can
Include subsurface
ecosystems and support
surface ecosystems

Griebler and Avramov (2014)
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ESS Applied to Water Resource Management

 New York City water supply o
— 1990s © Watersheds. 4
o Water quality of Catskill
Reservoir was declining
due to changes in land use |
and runoff inputs Lol ) v
- City applied ESS
framework: invested Iin
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

e 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




Hydrologic Ecosystem Services and
Water Resource Management

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

e There Is a basis for applying the ESS framework to
hydrologic systems (including groundwater systems)

— Generally requires showing an explicit and
guantifiable connection, storage and/or flow - benefit



Hydrologic Ecosystem Services and
Water Resource Management

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

e There Is a basis for applying the ESS framework to
hydrologic systems (including groundwater systems)

— Generally requires showing an explicit and
guantifiable 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.
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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



Surface water — groundwater system:
pre-development

Try

“solutes
exported to

solutes delivered to . stream
aquifer from surface

Graphic by S. Beganskas, UCSC



Surface water — groundwater system:
post-development

1 stream and aquifer
Y Y ¥ disconnected

S

solutes accumulate
- in aquifer * -

Graphic by S. Beganskas, UCSC
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Potential Benefits of Controlling Hillslope Erosion
(varies spatially, temporally)



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



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

 Maintains/increases
hyporheic exchange,
benefitting nutrient and
thermal regulation

 Maintains/increases
streambed recharge of
groundwater

 Maintains/increases
baseflow

Hydrologic System Services
(includes benefits to GW)




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

 Maintains water quality
for consumptive use,
cooling
Reduces channel

aggradation and flood
risk
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habitat in support of
commercial,
recreational fishing

Ecosystem Services

» Maintains/increases
hyporheic exchange,

* Reduces sediment  penefitting nutrient and
export
(>downstream, « Maintains/increases
estuaries, coastal)  streambed recharge of

thermal regulation

groundwater
e Maintains/increases
baseflow
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Potential Benefits of Controlling Hillslope Erosion
(varies spatially, temporally)

« Maintains water quality « Maintains/increases

for consumptive use, _ hyporheic exchange,
cooling * Reduces sediment benefitting nutrient and

Reduces channel export thermal regulation

aggradation and flood (>downstream, . Maintains/increases
risk estuaries, coastal) ~ streambed recharge of
Maintains aquatic groundwater

habitat in support of « Maintains/increases
commercial, baseflow

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)
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(varies spatially, temporally)

Increases storage of
fresh water for
drinking, ag

Lowers pumping
costs with higher

water levels
Dilutes salts,
nutrients
Reduces/prevents
subsidence
Mitigates flooding

Groundwater ESS



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

* Increases GW recharge
(better stream
connection)

Increases coastal
outflows (creates

hardground habitat)
o Assists with thermal
regulation of streams
(increased baseflow,
more hyporheic
exchange)

Groundwater HSS
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Potential Benefits of Enhanced GW Recharge

(varies spatially, temporally)

Increases storage of
fresh water for
drinking, ag

Lowers pumping
costs with higher

 Reduces seawater
intrusion (coastal)

* Maintains storage
capacity

 Reduces sediment,
nutrient export

water levels
Dilutes salts,
nutrients
Reduces/prevents
subsidence
Mitigates flooding

Groundwater ESS

Easier to quantify, more tangible

* Increases GW recharge
(better stream
connection)
Increases coastal
outflows (creates
hardground habitat)

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

Groundwater HSS

Harder to quantify
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SGMA defines six undesirable conseqguences as
“significant and unreasonable’ ...

- Chronic lowering of groundwater levels
e Reduction of groundwater storage

e 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

How can we guantify and assess the magnitude of these
conseguences?
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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)

e Recognizing benefits allows development and encouragement of
Innovative incentive programs

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