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WHAT ARE ECOSYSTEM SERVICES

Ecosystem services are the ‘benefits that humans derive from nature’ and include:

Ecosystem Services
Regulating Services Cultural Services Supporting Services
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Source: Categories adopted from Millennium Ecosystem Assessment, 2005
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ECOSYSTEM SERVICES FRAMEWORK

Management
Decisions
Ecosystem
Climate -Water
Change -Soil

-Atmosphere
-Wildlife

Other External

Factors
(e.g., development)

INPUT

Ecosystem Services

Provisioning
* Fresh water supply
* Timber

Regulating

* Carbon storage and
sequestration

* Disturbance
prevention

* Flood protection

Cultural
* Recreation
* Fishing

Supporting
* Nutrient removal/

dispersion

Economic Goods &
Services

Beneficiaries

Clean drinking water =
Wood products

Climate change
mitigation
Reduced number or——
magnitude of fires
Reduced number Or m
magnitude of floods

iking, canoeing =~
Fishing opportunities ™

Watershed residents
Local or regional
residents

=» Global residents

= Local or regional
residents
- Local or regional
residents

Local, regional, and
other visitors

Avoidance of
alternative controls

> Local or regional
nutrient producers

Figure Source: Pindilli
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ECOSYSTEM SERVICES ASSESSMENT

What:

Estimate quantity, quality, and value of ecosystem services
Essentially, an inventory

Why:

Understanding benefits provided by natural environment improves
our ability to preserve benefits or understand the trade-offs

If we don’t put a ‘value’ on nature, it defaults to zero

How:

Integrated ecologic-economic analysis for a given area
GIS-based
Benefits/Function Transfer

Image source: Hansen, B., Menkhorst, P. and Loyn, R. 2011. Western
Port Welcomes Waterbirds: Waterbird usage of Western Port
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WETLAND ECOSYISTEM SERVICES

Provisioning
Services

Regulating Services

Cultural Services

Supporting Services

* Biochemicals
* Food
* Fiber

* Timber
* Fresh water
* Fuelwood

* Genetic resources

* Climate regulation

* Carbon sequestration
* Disease regulation
* Fire mitigation
* Pollination
* Water purification

* Water regulation

* Flood attenuation

* Aesthetic

* Biodiversity

* Educational

* Cultural heritage

* Recreational fishing
* Recreational hunting

* Recreation (non-

consumptive)

* Wildlife watching
* Boating

e Hiking

 Biking

* Primary production
* Nutrient cycling

* Soil formation

List adapted from UN Environmental Program




SENT OF

U.S. DEPARTMENT

& \\\y,”’@,

; OF THE INTERIOR

. 4 INTERNATIONAL TECHNICAL
Y > ASSISTANCE PROGRAM

COMMERCIAL & RECREATIONAL FISHING

Ecosystem
Function

Ecosystem
Service

Photo Credit: Eva Funderburgh

S:’/_/ﬂic.kr/p/NYPvRH _ https://flic.kr/p/5ib2Fh e o ish & Wildlife Service
Wetlands provide nursery Increases/sustains fish Increases catch rates or
habitat for estuarine- population reduces effort per catch
dependent fish

Utility can also change
other than catch rate



U.S. DEPARTMENT
OF THE INTERIOR

INTERNATIONAL TECHNICAL
ASSISTANCE PROGRAM

GENT OF
PP
& Z,
& g
o 2
3 3

4
g 51"

FLOOD ATTENUATION: Linking Functions to Services

Funchon

Floodplains store water Stream peak flows Adjacent community
during precipitation events are reduced flooding reduced

Photos courtesy of Chesapeake Bay Program
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FLOOD ATTENUATION: Translating Services to Values

Link water storage Link flood attenuation
to flood attenuation to avoided damages

Photos courtesy of Chesapeake Bay Program
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FIRE MITIGATION

5

o . Photocredit; FW5 ] _ a% T ( " Photp Credit: FWs- Photo Credit: NASA

Hydrologic balance: Fire probability reduced Fire damages reduced
* reduces dry vegetation/ » magnitude, and/or * property damage

ignition material * frequency - safety implications
* reduces infiltration of fire * air quality

to deep peat * health effects
« allows for prescribed « visibility

burn * tourism

See https://doi.org/10.1016/j.jenvman.2017.08.018 for details on benefits of fire mitigation
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STORM SURGE MITIGATION

Photo Credit: density and spacing of trees
Mclvor et al., 2012 A

height of

age and size
leaves

of trees ;
\
|

| mangrove
/" species

AN\ f\n \}n , I V.
vave \
— AT
ial root
Water depth distance travelled ey
Slope, topogra phy (= tlda\ph';sel throughmangrove  Structureand
and bathymetry height

Wave energy
dissipation

Coastal protection from
* wind and swell waves
« storm surges
« tsunamis
erosion

Reduced damages
* reduced property
damage
* reduced loss of life
* reduced loss of
agricultural yield

On average, mangroves provide US$3,116/Ha/yr in coastal protection

(source: 2012. Marwa E. Salem and D. Evan Mercer. The Economic Value of Mangroves: A Meta-Analysis.)
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SEA LEVEL RISE MITIGATION

tidal frame

a) CURRENT SEA LEVEL

HIGH TIDE

tidal range

water reaches mangroves are water reaches here at high
here at low usually found above tide; highest level at which
tide mean tide level mangroves can grow

b) with SEA LEVEL RISE, showing potential
accommodation space

HIGH TIDE
rise in
sea level

p—

LOW TIDE

c) with SEA LEVEL RISE but without sufficient soil
inputs to allow surface elevation to rise

HIGH TIDE

fseih o e e
sea level

LOW TIDE

water reaches lowest level at highest level at
here at low which mangroves which mangroves
tide can survive can grow

d) with SEA LEVEL RISE and surface elevation change
i.e. soil inputs are sufficient for the soil surface y i
to rise, allowing mangroves to survive ; e . N

HIGH TIDE

rise in

water reaches lowest level at highest level at
here atlow  which mangroves which mangroves

Key: I:l Accommodation space tidee cansuriive Photo Cred#°FWS

Mangroves accrete soil reducing net sea level rise
and associated effects

Mean surface

Hydro- . .

. . Dominant elevation

Site geomorphic .
. species change
setting

(mm/yr)
Rookery Bay, Florida [Fringe R. mangle 1.4
Rookery Bay, Florida | Basin A. germinans 3.7
Rookery Bay, Florida | Overwash forest | R. mangle 2.5
Rookery Bay, Florida | Overwash forest | R. mangle 0.6
Shark River, Florida Basin R. mangle 0.9
Shark River, Florida Basin R. mangle 3.6
Shark River, Florida Basin R. mangle 1.4
Shark River, Florida Basin R. mangle 6.2
Rookery Bay, Florida |Basin A. germinans 3.9
Rookery Bay, Florida |Basin A. germinans 1.1
Rookery Bay, Florida |Fringe R. mangle 0.6
Rookery Bay, Florida | Basin R. mangle 9.9

Table adapted from: Sasmito et al., 2015, a meta-analysis on mangroves ability to keep
up with sea level rise
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NUTRIENT RETENTION: Linking Functions to Services

Function | N | Service

i -f Y

Floodplains retain Loads of sediment Improved water Opportunity to:
sediment and and nutrients are quality * view the
nutrients reduced environment
» to swim, wade,
boat
» catch fish

Photos courtesy of Chesapeake Bay Program
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NUTRIENT RETENTION: Translating Services to Values

Link loads

Link water quality

Valuing

to water quality to ecosystem services ecosystem services

Lower nutrient and Improved water
sediment loads quality

A Willingness to
Pay for
recreation

Opportunity to:
- view the Proxy

. |
environment - e Replacement

« to swim, wade, el i dessest & COSES OF
boat =3 =3 wastewater
treatment

 catch fish

Photos courtesy of Chesapeake Bay Program
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CLIMATE REGULATION: Linking Functions to Services

Atmospheric Carbon Dioxide Mace Head
(Source: Met Eireann)

——Conc(ppm) == Linear (Canc (aprm)

345 . |

W

‘“"'15H§Eo Credit: USGS e = Photo Credit: EPX of Irelafit ¢ TR I YPHG ==NoO-CIedit. USGS
Carbon sequestration: Lower Reduced climate Reduced damages
- in vegetation atmospheric change (social cost of carbon)
- in soil (peat) carbon « reduced health effects
. in water * reduced property
damage

* reduced loss of life

* reduced loss of
ecological functions

 avoided lost agricultural

eld
For more on climate regulation ecosystem services assessment see: Carbon Sequestration in National Wildlife

Refuge System (https://doi.org/10.1371/journal.pone.0262218)
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CLIMATE REGULATION: Translating Services to Values

Table ES-1: Social Cost of CO,, 2020 — 2050 (in 2020 dollars per metric ton of CO;)3

Discount Rate and Statistic

Emissions 5% 3% 2.59% 3%
Year Average | Average | Average 95" Percentile
2020 14 51 76 152
2025 17 56 83 169
2030 19 62 89 187
2035 22 67 96 206
2040 25 73 103 225
2045 28 79 110 242
2050 32 85 116 260

Source: https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
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RECREATIONAL WILDLIFE WATCHING

https://flic.kr/p/29DdAx{l:

Wetlands provide Increased Increased enjoyment
habitat for local biodiversity (‘utility’) from
and migrating biodiversity
species - sitings

« ‘library’ value
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QUANTIFICATION

» Ecosystem services can be estimated in terms of biophysical quantities (some studies

stop here)
» Biophysical quantities can be valued using several approaches, largely geospatial
» Not all services may be possible or necessary to estimate and value

» Site-specific physical and socio-economic data and preferences provide the most

accurate and precise results, but are not always feasible or necessary
» Multi-disciplinary teams provide expertise on physical and social sciences

» Stakeholder engagement is critical as it informs analyses and provides outreach
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VALUING ECOSYSTEM SERVICES

» Valuing ecosystem services is based in welfare economics; different
from economic activity or economic contributions

» Value should be measured on the margin; i.e., what is the increase in
value provided by the ecosystem function including consideration of
substitutes and opportunity cost

» There is rich literature on valuation approaches, the field continues to
develop.
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VALUING ECOSYSTEM SERVICES

» Major approach types include:
» Primary Valuation (site-specific)
» Revealed preference (such as travel-cost methods, damages
avoided, price-based and cost-based derivation)

> Stated preference (surveys including contingent valuation and choice
experiments)

» Benefits Transfer — using best practices, can utilize functions or values

from one site and transfer to another (see
https://doi.org/10.1016/j.ecolecon.2014.02.018 for more on benefits

transfer best practices)
> Benefit Transfer Toolkit: https://sciencebase.usgs.gov/benefit-transfer/



https://doi.org/10.1016/j.ecolecon.2014.02.018
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MARKET-BASED MECHANISMS

omplian
Credits

: Copliance
mpliance Credits
mtary Credits
Credits

ments for \—Y—)
Ecosystem
Services Voluntary Market

“Eco- (e.g., Habitat Exchange)
Labeling

For more information on market-based mechanisms see: https://doi.org/10.3133/cir1414
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PAYMENTS FOR ECOSYSTEM SERVICES (PES)

» Voluntary agreement where ‘buyer’ pays ‘seller’ to provide a well-defined
environmental service, often by implementing a best management practice

> Viability of sustained conservation relies on ongoing funding to incentivize
behavior

» Often ‘practice-based’ where outcomes are assumed rather than
‘performance-based’

» Example: The Bobolink Project

> Started in 2007 in Jamestown, Rhode Island

» A private initiative by the University of Rhode
EcoAsset Markets Inc.

» In 2007 and 2008, community payments

preservation of five fields during breeding season helping
hatch an estimated 40-60 bobolinks
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UNITED STATES FEDERAL GOVERNMENT PES PROGRAMS

» Long history as part of federal conservation approach

> Department of Agriculture’s Conservation Reserve Program has paid farmers to plant
permanent vegetation on environmentally sensitive cropland since the mid-1980s

» Highly invested
» The Environmental Quality Incentives Program budget in 2015 was $1.6 billion

> In 2007 government PES for forestlands that benefit biodiversity totaled about $31.7
million (Mercer et al., 2011)

» PES programs include:

Conservation Reserve Program (CRP)

Conservation Stewardship Program (CSP)
Environmental Quality Incentives Program (EQIP)
Agricultural Conservation Easement Program (ACEP)
Regional Conservation Easement Program (RCPP)
Forest Legacy Program

Partners for Fish and Wildlife Program

YVVVVYVVYY

Photo: FWS
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CONTACT INFORMATION

Dr. Emily Pindilli, US DOI ITAP, US Geological Survey Science and
Decisions Center Director, US Geological Survey Chief Economist

Webpage: https://www.usgs.gov/staff-profiles/emily-j-pindilli
Email: epdindilli@usgs.gov

Disclaimer: The views expressed on this document are those of the author/s and do not necessarily reflect the views and policies of the
Asian Development Bank (ADB) or its Board of Governors or the governments they represent. ADB does not guarantee the accuracy of the
data included in this publication and accepts no responsibility for any consequence of their use. By making any designation of or reference
to a particular territory or geographic area, or by using the term “country” in this document, ADB does not intend to make any judgments
as to the legal or other status of any territory or area.


https://www.usgs.gov/staff-profiles/emily-j-pindilli
mailto:epdindilli@usgs.gov
Disclaimer: The views expressed  on this document are those of the author/s and do not necessarily reflect the views and policies of the Asian Development Bank (ADB) or its Board of Governors or the governments they represent. ADB does not guarantee the accuracy of the data included in this publication and accepts no responsibility for any consequence of their use. By making any designation of or reference to a particular territory or geographic area, or by using the term “country” in this document, ADB does not intend to make any judgments as to the legal or other status of any territory or area.
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