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Referee Responses

Abstract

Priorities for protecting ecosystem services must be identified to ensure future Referees 1 2
human well-being. Approaches to broad-scale spatial prioritization of

ecosystem services are becoming increasingly popular and are a vital vi L [:1
precursor to identifying locations where further detailed analyses of the published report report
management of ecosystem services is required (e.g., examining trade-offs S

among management actions). Prioritization approaches often examine the

spatial congruence between priorities for protecting ecosystem services and
priorities for protecting biodiversity; therefore, the spatial prioritization method
used is crucial because it will influence the alignment of service protection and
conservation goals. While spatial prioritization of ecosystem services and Environment, McGill University Canada
prioritization for conservation share similarities, such as the need to document
threats and costs, the former differs substantially from the latter owing to the
requirement to measure the following components: supply of services;
availability of human-derived alternatives to service provision; capacity to meet

1 Elena Bennett, Natural Resource

Sciences and the McGill School of the

2 David Norton, University of Canterbury

New Zealand

beneficiary demand; and site dependency in and scale of service delivery. We Latest Comments
review studies that identify broad-scale spatial priorities for managing
ecosystem services and demonstrate that researchers have used different No Comments Yet

approaches and included various measures for identifying priorities, and most
studies do not consider all of the components listed above. We describe a
conceptual framework for integrating each of these components into spatial
prioritization of ecosystem services and illustrate our approach using a worked
example for water provision. A fuller characterization of the biophysical and
social context for ecosystem services that we call for should improve future
prioritization and the identification of locations where ecosystem-service
management is especially important or cost effective.
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Introduction

Ecosystem services (ES) are vital for human well-being'. Much at-
tention has been devoted to mapping and quantifying ES to achieve
the dual goals of protecting biodiversity and human well-being.
A growing number of broad-scale mapping studies aim to identify
priority regions for conducting more localised place-based man-
agement of ES [e.g.,””]. Place-based management requires inten-
sive collection of detailed socio-economic and biophysical data,
and close collaboration with stakeholders for effective decision
making®’. Given limited resources and information, and increasing
threats to ecosystems, it is not possible to do these comprehensive
analyses everywhere in a timely manner. We argue that there is cur-
rently an under-appreciated, but vital role for spatial prioritization
of locations in which place-based management should occur so that
attention is focussed on those locations where resource investment
will yield the greatest return for human well-being. Indeed, data are
deficient in most locations for informing comprehensive and accu-
rate analyses of trade-offs in ES management, and spatial prioriti-
zation is a crucial precursor to attempting such trade-oft analyses so
that data mining efforts occur in the most critical locations. Moreover,
prioritization is essential because much ES management is conducted
by government or non-government organizations (NGOs) that could
potentially operate in many places.

Given the important role that broad-scale prioritization can play in
guiding decisions about where to conduct place-based ES manage-
ment, a critical assessment of current prioritization approaches is
warranted. Some schemes for identifying spatial priorities for man-
aging ES are simple characterizations of biophysical processes and
social demand, with little consideration of important information
such as the availability of alternatives to ES for meeting human
needs, threats to service provision, and the costs of management ac-
tions. Although fundamentally different to spatial prioritization for
biodiversity conservation, spatial prioritization of ES may be guid-
ed by some of the key principles of the former. Spatial prioritization
for conservation is well established and may be applied at coarse
(e.g., biodiversity hotspots or priority ecoregions;®) or fine scales,
identifying locations or actions in locations that are relatively more
important for protecting biodiversity than other actions or other lo-
cations’. As with spatial prioritization of ES, spatial prioritization
for conservation may help to identify locations where more detailed
systematic conservation planning should be conducted, and is just
one component of the planning process'*'!.

Spatial prioritization of ES differs from spatial prioritization for
conservation because ES are valued primarily for their worth to
humans, can be transferable across space (may not need to be pro-
tected at a specific location), are sometimes substitutable by human
engineering, and service beneficiaries define the success of man-
agement actions. Yet, as with spatial prioritization for conservation,
spatial prioritization of ES can guide decsions about local-scale
planning and inform the allocation of resources from management
agencies (e.g., World Wildlife Fund;'?). Moreover, spatial prioritiza-
tion for conservation is a useful starting framework for ES prioriti-
zation because the former is well entrenched in planning discourse'”
and yields valuable lessons for ES management'”.
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Current approaches to identifying spatial priorities for managing
ES apply different prioritization methods (see Table 1), and devel-
oping more consistent and comprehensive methods is an important
goal for future prioritization studies. We review past approaches to
spatial prioritization of ES, identifying key aspects that should be
considered in future analyses. At appropriate places we discuss the
relevance of spatial prioritization for biodiversity conservation to
spatial prioritization of ES because certain aspects, such as account-
ing for costs and threats, are common to both. We then demonstrate
the importance of these aspects through a conceptual framework for
prioritization that outlines an approach for managing the most vital
ES for the least cost where they are most needed'”. We illustrate the
framework with a worked example using the ES of water provision.
Egoh et al.'* reviewed the extent to which ES were included in con-
servation assessments (= identifying spatial priorities). Our work
differs from Egoh et al. by assessing how ES priorities have been
identified and how methods for prioritization should be improved. It
also complements discussions of other aspects of ES management
such as how to operationalize ES on the ground'®, developing ap-
propriate payments for services schemes (e.g.,'”'*) or how to man-
age service provision at specific sites [e.g.,"*”"].

Components of spatial prioritization

The following are key elements to any conservation prioritiza-
tion problem: biodiversity features [assets] that need protection
(e.g., species or habitats); processes that threaten these features
(e.g., habitat loss); a set of actions that may be effective at abating
the threats (e.g., manage invasive species); and financial informa-
tion specifying the cost of implementing each action, and the avail-
able conservation budget''. ES prioritization shares these elements;
that is, identifying ecosystem features that supply services, threats
to service provision, potential actions to ensure future supply of
services, and the costs of these actions. Yet, prioritization of ser-
vices requires at least the following additional considerations: the
availability of alternative means of providing benefits supplied by
services; the capacity of an ES to meet human demands; and scale
of, and site dependency in, the delivery of services.

While each of these factors may contribute to the economic val-
uation of an ES (i.e., captured by a metric such as dollar value)
such complete and site-specific economic values are rare. Studies
that estimate the financial value of ES facilitate the appreciation
of services in widely understood terms, but this approach has well
recognised limitations including the fact that financial values under-
represent benefits to the poor as they have less capacity to pay than
rich people”'=**. Therefore, it is important to explore alternative ap-
proaches to identifying spatial priorities for ES management that
circumvent some of the limitations of using financial values.

Supply/benefits of ecosystem services

Quantifying the benefits of protecting the supply of ES is gener-
ally most appropriately assessed in terms of the difference between
protecting supply and not protecting supply. The advantages of pro-
tecting ES supply may be represented as benefits expressed in dol-
lar values or avoided ecosystem damage (e.g., prioritizing locations
with high soil erosion potential, but where vegetation cover ensures

Page 3 of 16



F1000Research 2012, 1:17 Last updated: 31 OCT 2013

e 20011800 Ajunpioddo pue
jun Bujuueld Jo uoneAlasu0)

(enrea $ ul papnjoul s1s02) 1e|4
S}joUSQ/SISO0 Peppe Se
S90IAIBS pue Axoid Alisusp-peoy
sHjsueq

/S1S0D POPPE SE S8dINISS

pue Axold Alsuep-peoy

1un Bujuueld jo ealy

1un Bujuueld jo ealy

senfeA Juswdolansp, Jo wng

senfeA Jijeuaq
ojul pajelbaul
Jondu

[o1 2100 SON[BA
Juswdojansp, 10 WNS

yun Bujuueld jo ealy
(2 suUN Bujuueld Jo eary

saAneuwIs)y s1s09)

[9¢g s10U]
uonepelbap
uonelabiop

(o6 10198 PUE
woJ} sieauy |

sjealy|

(o0 s0uPOSEQ J0bIe|

(e s0uONBA §
ybBnoJy} pue peseqg-1ebie|
(e o0uPNBA §

ybnoiyr pue paseqg-1ablie|

LzapueneA $
ybnouy} pue paseq-ebie|

UONEOLTEAS YOBS UILHM
2sn |enioe JO uoljoel] Y

v 200POSEQ 10018
quosiad Jad skep g|

paseq 18b.e|
[SPSR[oL=T5i=Te BEToT1=TH
paseq 18b.e|

(1t

puewsq

Anuenb [eoisAydorg
Anuenb [eoisAydorg
qAmnuenb easAydolg
es soujRliulod uoIsolg
seafinuenb eojsAydolg
Anuenb [eoisAydorg

4Senobared Aleulg
(1s00

1SOAJBeY — SHJauaq :}ou) anjeA §
anea

$ pue Amuenb |eoisAydolg

anjea
$ pue Amuenb [eoisAydolg

Anuenb [eoisAydorg
sz 20uPN[BA §
Anuenb [eoisAydorg

eneA ¢
uPSH POOY} PalIaNnY
Amuenb [eoisAydolg
~uiSJ0reul|jod Jo eouepunqy
Amuenb [eoisAydolg
qAmuenb eoisAydorg

s s10u]POAOWB)
sjuelnjjod Jo Junowy

Auenb [eoisAydorg
[0 20uSHSIA JO #

[el

pue sdolo Jo uiblew ssoiL)

Anuenb [eoisAydoig
syjauag/Alddng

abelols uogle)
abelols uogle)
uol1e|NWN99E [10S
uopualal |10
uone|nBal moyy Jerep
Alddns Jeiem aoefing

JO &N[BA [BIN)NO PUB DJWOUODT
1Sty Jaqull |

Bulbue [euoneaioay
abelols uogle)

squolsinoid Jerepn
[z 20u)UONEUN|Od

uononpoid abelo
|03U0D POO|
abelols uogle)
uoneuljjod

pIaIA Jsyem
uonualal |10

Aujenb serep
uonensenbas uogie)
.jUolEaI08Y

JeN[EeA [ein}nouLby

abelols uogle)
S99IAI8S WA)sAs0og

(Clep=R
siehay 01 e 18
yob3 ose 99s)
€

vS've

Ly

6E

(1]

‘e 18 pue||oH
0s|e 99s) ¢

uonend

‘Apnis [eulBLIO 8y Ul pasn a1em Jey) s|oge| 90IAI9S-We1sAS008 ay) pajuasaid aAey am asneoadq a|ge] 8y] Ul pajuasald Jou S| So0IAIes WelsAsoos Joj ABojodA) 1us1sisuoo
V/ "UOIJBULLIOJUI JO 3OB| B Jussaidal S||80 jue|g "uoISiA0Id 82IAI8S 0} SeAlleulale JO AlljIgelieA. 10 SISOO ‘Siealy} ‘puewap ‘sijauag/Alddns pessaidxs sioyine syl moy pue Apnis ayj
Ul papn|oul S80IAI8S WalsAs008 8yl ase umoys *(1 102—0002 wody paysiiqnd) saoinias waysAsooa Bunoajoad oy sanuionid jeneds ajeas-peoiq Buihyuapl saipnis “| ajqel

Page 4 of 16



F1000Research 2012, 1:17 Last updated: 31 OCT 2013

5204990
J0 9oud 1934B N

(syueq oan9))
SaAljeuUls)e 10}
Aed 0} Aloedeo
[eloueUlH

[oy er0u]
SaAljeuUls)e o)
AKed oy Aoede)

saAneuwIsY

1UlBJ1sSuo? ealy

JUIBJISUOD ealy
JUIBJISUOD ealy
[8S 10U QHC_M\ZwCOO ealy

s1s09 AlunpioddQ
s1s09 AlunpioddQ
s1s09 AlunpioddQ
s1s09 AlunpioddQ

(65 200783800 AjunpioddQ

BaJe Jun Jad s1s09 Jo Axold

BaJe Jun Jad s}sod jo Axold

oeale
Hun Jad s1s09 Jo Axold

$1500 Alluniioddo pue
1un Buluue|d Jo uoneAIBSUOD
S15090 Allunuioddo pue
Jun Bujuueld Jo uoneAlasSuUOD

s1s0)

abueyo
adeospueT]
abueyo
adeospueT]
abueyo
adeospueT]

[95 aj0u]

uoneisalole(

e8Iy} Ul SI0J0R)
UOISIOAUOD
jo Aljigeqoid

uonewlojsuel
pue]

011800
pue|pooOM

pue 1$810} Ul
abueyo [enuuy
v 21001SSO|

pue J8aA0D
uonelabiop

[

[6c 21001SO1EJ
Bupiools

sjealy|

[99 a10u]

selieloljauag paynuap|

{09 soufAHISUBP uole|INdod
UBWNY Ul UOIIBLIBA

jSlepjoyeyels
JO uoisnjou|

paysiaiem
ur adH pue Alianoe pooyy
10 sainseaw Ul painide)

[ey oujPUBLUBD
01 aAliejal Alddng

paseq 1ebie|

paseq 18b.e|
puewsaq

u]
Soleylsee paseg-aouelsi(

Lo soAdiiuenb [eoisAydorg

qAnuenb easAydolg
($ ur) enjea
[e100s pue Alnuenb |eaisAydolg

Auenb eoisAydorg
Auenb [eoisAydorg

Anuenb [eoisAydoig
Anuenb [eoisAydoig

165 soiAiuenb [eoisAydolg
Anuenb eoisAydorg
s sofiiuenb [eoisAydolg

anfeA
Aed o} ssaubuljjipy
Aed oy ssaubul||ip
anfeA

aneA ¢
Bupjuel sanelenyd

Bupjuel sAnelend

Anuenb [eoisAydoig
Anuenb [eoisAydoig

Auenb eoisAydorg

Anuenb [eoisAydoig

Anuenb eoisAydorg
[or socAHIUEND [BOISAYdOIg

Amuenb [eoisAydolg
syyauag/Aiddng

wis1noy
uoisinoid Buizeln)

Alddns Jarep
uonelisenbas uogie)

,,JUOITBAISSUOD |10

uonebnw yead wiolg

Auenb serep

uolsinoid Jarep
3001SOAI|

1O uononpo.d pue|sselr)

abeIols uogle)
uonessanbas uogue)

abelols uogied
an[eA aoualsixg
,Bunoadsoid-oig
1S9AJBY Joquil} 9|geueIsNS

uondwnsuod

Jeswysng s|geureisng

A1y [108 JO [emausYy
(eonpoid 1s8104 JoqUUII-UOU
pue 8201 ‘Jaqun “'6°8) aonpoid
9|gBISxJEW JO ON[BA OlWOU0OT

uonelisenbas uogie)
abelols uogle)

uonebw pooj

CO_w_>O\_Q 181epn
[y o0 UBIS] UBTBAN

abJeyoal Ja1epn

5¢ s10UOISINOID JBPPO-
S991AI9S WR)sAs0o]

A

m.:;Om

[es

2

9c

129

8¢

Gl
(61 212
onK) os|e 98s) 96

uoneno

Page 5 of 16



F1000Research 2012, 1:17 Last updated: 31 OCT 2013

ssoJoe sasenbs Wy Q0L X 00| pue pue|bu3/uiellg) siusixe [eneds Juslafip PUe (;Wy 00| PUB WX ) S8zIs ulelb juaiaylp 1e sesAjeue pajonpuod SIOYINE 8y "UoielofoA pue s|ios Ul palols uoged
‘syueinjjod Buusyly pue ‘siusiinu BuljoAd ‘spool) Bunebniw ‘uoisole pue uoleluswIpas Buljjouod ‘Alenb Jayem Bulureiurew

‘Seale [eIN}NoLBE 0} UOIENISIA |8l pue 8ouepunge Jojeuljod alewnse o} sebuel 16|} 99q pue $80IN0sal [BIO]} ‘SaHS 188U UO Uoewlojul Buiuiquiod ‘0

‘JUsWIPas Ulelal 0} pue| jo Ayoede) -
‘sadeospue| Jejnonied Ul paaowsal snioydsoyd pue uaBoliN
Jeak yoes paisisanbas uogied Jo Junowy
‘(S90IAI8S [BUOIIBSIOBI 1O} PUBLIBP 8] SB palaidiaiul 89 pinod ainseaul S|yi) SUOIIEDO| [elnJ Jejnoliied Jo anjeA [BUOIESIO8 8U} JO 8INSEAW B SE SHISIA 8Ins|a| Aep Jo Jaquunu ay |
"9pISAIIUNOD BY} JO BSN [BUOIESIOBY
‘sjuewAed Apisgns pue S}soo 8|geleA snujw sindino Jo anfeA ay} si uibiew ssoib ay |
*aUW0oUl [enuuy

NS WONDBD

‘urellg ulyim suoifal SS0IOB UofeIIBA paulWexs pue (urellg

ol

SBe 4ons sadIAles aplaoid 0} swialsAs JaAl jo Aloeded ayy ul sabueyd 108|jel Sa0Ipul 8saU} JO anjeA 8y} ul sebueyo jey} enbie sioyine ay| ‘S8dIAIesS WelsAs008 Jejemysal) apIAoid 0} sjuswyoleo pue
SwieIsAs JaAll Jo Aloeded ey Juasaidal 0] — Xxapul UOIEDIIPOW JElIgRY PUE Juawssasse Alllenb 1eligey ‘'sseuyoll Uoxe) ‘xapul Alljenb [BluswUOIIAUS — SNIBIS JOAI JO SI0IeDIpUl IN0J Pasn /B ] pue|loH |

saAneuIa) Yy

uoleIselolep
Jo Auligeqold
uoleIsalolep

4181500 AjunpoddQ 10 Alljigeqold

seale
pa1oel0id JO
JBA0D pUB Solkel

s1s09 Ajunpioddo uolelsalole

[gg @10u]
Alsienipolq jo
AjigessuinA

[eg ao0u]
uoljewlojsue

pue]

jSeale
Alslonipolq Aey
0} pare|al Xepul
aInssaid uewnH
abueyo
JOA0D-pUET]
abueyo
JBN0D-pUET]
abueyo
J8A0D-pUET]
abueyo
JOAOD-PUET]

(e, soi@BUBYD
JON0D-pUET]

[, soujlBuSlod
uollelsa.oje(
S1S0) sjealyl

Iz 1Slesn
weallsumop pajeull}sy

olel }seAley [B00T]
1ss sl Arereiq

[28 ®10U]

S$S800€ puk 8sn Islep\

puewsq

[c
1ybnoip pue pooj}

Anuenb jeoisAydoig

Anuenb jeoisAydoig
(uononpoud
[eoo|) Ainuenb [eaisAydolg

(es soiAauenb [eoisAydolg

(05 soiA1IUEND [BOISAYdolg

anfeA ¢

lzs o0u]ON[EA §
aAmuenb eoisAydorg

sAmuenb eoisAydolg

[92 ®10U]

soleyisee peseq-aouelsig

s, =ofiuenb [eoisAydolg

[, 201U0ISOIS O AYI[IGEIBUINA

Amuenb [eoisAydoig

2. sofiiuenb [eoisAydolg
uonusna.d
‘aplispue]
syjauag/Aiddng

Alrenb Ja1ep

abelols uogied

abelols uogled

[®N} POOMA
uoisinold poo

uoisinoid Jaremysal

[pa 210u]SNOLBA

[ culSNOLIBA
abelo)s uogled

S90IAIBS [e0160|0IPAH
wisino|

uonenbal

Alenb pue moy} Jeyemysai
|0J]UOD UOISOJT

abelols uogled

%00188Al| o} uononpoid ebeio

UOIBAIBSUOD JaJeM PUE |I0S
S92IAI9S Wd)sAsoo]

SAJON :| 9|qeL

81

L9

(ey
e 18 Aysusayog
os|e 998s) |

09

6¢
65

122000 LE

Gg

85
uonens

Page 6 of 16



F1000Research 2012, 1:17 Last updated: 31 OCT 2013

‘(Axoud e Buisn painsesw) sjood uogieo ssewolq Bulisixe 0} peppe UogJed OlJoydsowie Jo 8iel [enuue 1oN

‘seale pa}osjold 8100 JO BPISINO UOIIBISSI0)ep JUBU|WW| PAWUNSSE SIOYINE 8y |

'sjonpo.d [eonnadeweyd mau Joj anjep

‘UoISIAOId 9DIAISS O} SaAleUlS)E

sas|ubooal Ajpoldwi yoeoidde siy] Jeawysng Jo} 81nsgns a|qissod e S| jeall O1}SaUop a9Uls §9ad JO Oy B Jo 801id 183Jew [BO0| 8y} Pasn SIoyine ayj Jeawysng JO anjeA OILIOU0Dd 8y} 81ew|1se O]
‘pue] Jo |90.Jed paisalo) yoes

JO anfeA [einynolibe pajoadxs ay) se paje|noed sem 1s00 Ajuniioddo ay] uoisiroid Jiay} saljepun Jeyl Jeldgey [einjeu ay} BuiAIBSUOD JO 1SOD 8y} O} S8N[BA 82IAI8S-WaISAS008 oy} pasedwod SIoyine ay |
‘uondadlad Japjoyayels pue Juswebeuew pue| uo paseyg

‘sseo0.d

8y} Ul seleloljauaq Jo uolelodiodul J01jdxe Ue S| SIy] ‘SalJeldljauaq 0} S80IAIBS JO NjeA 8y} JO/PUE SOOIAISS J0) puBwap 8y} 9a160p E 0] sassaippe sseo0id Bulyuel ayi Ul SI9p|OYaXels JO UoISN|oul ay |
"o0ualajaid Jep|oysyels uo paseq

‘uolsinoid 8o1A1es 0] sabueyd aAllsod pue aAilebau paliuapl SiYyl "SJeak G 1Xxau 8yl Ulyim UoleuIojsuBl) pue| 8|gissod arewsa 0} uojuido padxa pasn sioyine ay|

‘uonelolsal adeospue| ybnolyl JUBWSIUBYUS 9DIAISS IO} SaluNJoddo 8y} 0OS|e sulWEexa SIoylne ay| ‘pug| ||e Jo uoiiodoid e sy

‘uoioe}0id 82IAIBS JO SISOD By} PUB ‘(Paysiarem ul Alsuap uolreindod ueuiny

pue ‘Juswade|dsip pue syreep) suoneindod uewny uo 1oedwl Jo [9A8] YBIy B pue (palosjje Bale pue SPoOj} JO UOIBINP ‘SPOOj) JO Jagquinu) AlIAIIOE poo)} JO [9A8] YBIY B Usamiaq Jo-apel] oy} sepn|ou|
‘sjue|d uolel}|l} PUE SWEP SE YoNns uoisinoid 921A19S 0} saAleulale 1oy Aed oy Anoedeo [eloueul

‘eale pue azis uolejndod ‘awodul Jo sainNseall [9A8|-paysiaiem BulispISUOD pUe (INOge| PUE 8IN1oNJiSeljul ‘uoiisinboe pue| ““6°e) s}1s00 8douBUSIUIEW PUB 92IN0Sal Bulluasaldal pasn sem Axoid v
‘senoud se paleuBisep senjeA abuel-piul YIm SSO| Uoielaban Jo 8iel pue JSA0D Uo(1elafaA JO Junowy

‘paziioud aiem puewsp syesw (1sn[ Ajuo Jo) jou seop Ajddns alam spaysiarep) ‘spaysiarem uiyim Ajddns einguisipal 0} paau sy} Jo} paisnipe puewsap 0} aAe|as Alddns Jayep

‘paysialem Jo eale AQq papialp Ajlddns Jayem se Aousiolyle uononpoid-ialem ayl pue ‘paysiarem Jod Alisuep se (sallelolausd) aolales ayy uo Ajas oym ajdoad Jo Alisuap ayi Buiieiodioou|
‘JusWBoUBYUS 921AI8S IO} Saliunpoddo paulwexe osfe sioyine ay] “uoned pooy} 4o} ‘s|dwexs Jo4

‘afreyoal Jelempunoln
"UOIIPUOD UoleIahaA 0} Jeaiy) B se Ajoldull palapIsuod S| Buio01s-1I9A0 ‘@ousH ‘(salel Buiyools

9|gBUIBISNS 8°]) JUBWIUOIIAUS 8y} BulpelBap 1noyum pajusws|dwl ag ued Jeyi saled Buiyo0ls ay) aujwiaap 0} Sejes Buyools pue uolsinoid Joppoy usamiag diysuolie|al 8yl paujwexa SIoyine ay |
‘uonelabon [einjeu Ag

‘(3500 JoyBRIb = Sseale Joble|) Joke| }SOO B SE pasn S| BAJE JusWydled ‘., /e Jo yob3 u| ‘yun Buiuueld Jad aie senjea asneoaq Ssisod Ul AlljiqeleA [eljeds papn|oul

sloyine ay] ‘uononpoid 1so| JO SWIS] Ul passalppe a1em UOIBAIBSUOD Jo S1s00 Alluniioddo ay] "Buizelb Jo Buiddolo paleliil jo anjeA syl 01 Jusieainba sem jiun Buiuueld B BUIAISUOD JO 1S0D 8y |
‘uoisinoid @o1A19s 0} uolepelfep

O 1B8JU} BU} JO BAIIBDIPUI S| OM] BU} Usamiaq aouaiayip eyl Bulnsea)y "suoliipuod papelfap pue JoejuUl Japun sadA} uonelafian Ag papirocid 801AI8s WalsAS008 yoes JOo JUNOWE 8y} Pajewnss sioyine ay |
"UOIIB[NWUNOOE [I0S pUB UoIUSlaI [10S ‘obelols

uoqJeo ‘uolieinBal moj} Jeyem ‘Alddns Jeyem 8oe}INS 10} UoIsiAoid 821AI8S Jo sebejuadiad urenad Buunideo 4oy spjoysaiyl 196Je) Juaiayip 18s sloyine ayi ‘o, /e jo yob3 u| "uexte|\ Buisn uoinqglisip
90IAJ8S UO Blep 101jdxe Ajfelreds Jo uoisn|oul 8y} 1o AISISAIPOIQ JO UOIBAIBSUOD 8yl YyBnolyl uoiiosloid [BluspIoul UO paseq Sa2IAI8S WaisAsooa Bulinided 1o} SOBUSOS SNOLBA PBSSaSSe Sloyine ay |
1911 Jes| pue yidap [0S

"UOISOJB JUdA8Id 0] [BllUBSSa S| JaA0D B} Bujuleluew aiaym %0/ 1Sea| 1B JO JoA0D Jall| pue uofeleban pue [eiusiod uoisose alanas yim seale se paddew sjodsioH

"JJO-UNJ 80BHNS O} UOIINGLIUOD JSJEMPUNOIL)

‘JJO-UnJ paje|nWis [enuue ue|pajy

'sapinold sa10ads 1eyl (S)a21AI8S BU) JO SSO| 8yl 01 Jus|eAInba s| sa10ads B Jo SSO| 8y 'sasn pue| Jofew uo paseq saloads yoes Bunosye sieaiyl Jo epniubew ay|

‘anfeA o|wouod9 aAllebau 1o aAllsod ‘ejdwexs Jo4

‘odeospue| 8y} SSOJOB UOINQIISIP JIBY] pUE sal0ads uo paseq aJe salold ay) os yoeosdde paseq-saloads e s| siy|

“JoAe| 1500 Y} Ul SHJBUSQ IO SIS0D BIIXS SE S90IAI9S WlsAs00s Bunelodiodul pue yoeoidde peseq-1obie; e ‘seyoeoidde om} pansind sioyine ay|

‘asn Jayemysalj [e10} JO %0

Jarem ysaly jo Alddns ay

‘uo1B81008 BY} SSOIOE SN[EA 8INJeS} JO %G/

‘uoneul|jod woly Buniyeusq sdoio [einynoube Jo anfea Jejjop ay|

‘sJojeuljjod [ednjeu Ag uoneuljjod doi)

Jeak Jad uoslad Jad uonealdal J0opINo Jo SAEP g1 Jo (Juswalinbal wnwiulw pawnsse) 1e6.e) auljeseq v

'$S$9008 0} sjybll pue senss! AjIgISSe00. 0} UOIIPPE Ul JBlIgRY 9|gBINS JO Aljueny

'saljiunyoddo uonealoal Jo UOISIAOIH

‘sebpa yoled paonpul-uewny Jo yibus| pue Alsusp peol ‘@inynolbe ‘pue| padojarsp Yim paleidoosse senjea palybliom Jo wns ay |

‘anjeA uoionpold abeloy Jo %G/ sem }obie; ay|

‘uononpold abeloy Jo anjeA Jejjoqg

"300}s puelabuel Buizelb 10} 860} JO UONONPOId

‘ure|dpoolj 8y3 Ul syun Buisnoy Jo Jaguunu 8y} Jo UOJIoUN) B SB ‘@NnjeA [0JiU0D POO|} |10} JO UOIOeI) 8y |

'SPOOJ} BUIBIIXS JO YSII PaLIaAY

‘Jun Buluued ay} jo

Bale 8y} 1100 1|} B I )l 968I01S UOQIED IO "SS8IONS UOIIBAISSUOD 0] sjuswipadwl jo 8a168p 8yl 10911 eyl SenjeA [eoLaWINU U0 POSE] UOIIBAIBSUOD J0} SBaJE JO AlljIgelns 8yl Ag palussaidal ale siso)
‘(uoibe1028 UE Ul PBIOIS UOQJED [B]0} JO %0G Bulnideo “6-9) puewsp Jo anss| 8y} ssaippe 0} sjeble) 18s sioyine ay |

WAS]
‘95
‘qS

S

‘€S
cS

IS
'0S
‘61
‘81

Ly
o
R°14
24
R34
cv
34
or

‘6E
‘8¢

WA

‘9€

Page 7 of 16



F1000Research 2012, 1:17 Last updated: 31 OCT 2013

‘'saAoIBuUBW JO BaJE WESIISUMOP PUE ‘Sp|al} 9011 pa1eliill jo Base Weasisumop ‘Jarem Bupjulip Alienb oy peau suolieindod weessumop syl Yybnolyl s1asn Weasumop painseau sioyine ay |
"UoIIOBIIP MO} J8YeM PUE JSAOD pue| ‘eyep uolieindod Uo paseq Jeiem aaJp-juswipas jo Alddns ayj 4oy Axoid e pasn Ing ‘Aljuenb Jsyem aye|ndeod jou pIp sioyine ay |

'}001S pue ainynolbe Joj s1s00 AlluniioddQ

‘uononpoud [einynoube 1s07

‘ulgj04d Jo axelul Ajrep wnwiuiw pue (uosiad Jad [eoy 001 g) yelul Ajlep wnwiuiw papuawwodal 0} paiedwlod s uoisinoid 80I1A1eg

‘oyelul AJejaip [e10} 0} sdolo BulAlddns-uieloid pue areipAyoqgled jo uonngiuod sbejusdied ay|

'SYMIQ 000} Jad Ajljeriow aAlf Jepun pue ‘uoniejues parocidull pue Jejem paroidwi 0} SS800e yum uolieindod ay} jo ebejusdied

aU} pale|nNdjed os[e sioyine ay] “(,puewsap, sjuesaidal 1o61e) S|y} ‘@douay) suolieN panun aul Aq 18s (;w 000 | ) 106Je} wnwiuiw pejdedde ue jsurebfe paousiajel sem uosiad Jad Alljiqe|ieA. Jejep
'soljed puewsp pue Alddns paddew pue (uosiad Jod pue [ej0}) AlljIqe|leA. Jojem Paje|ndjed SIOYINe a8y

‘Aold e si Ajjigelauina

BJSUINA MO| a1ym sale|dwsl AlISIaAIpoIq Ul painided anjeA 991A1as-WsISAS008 8y} Paulllalep usyl pue (Jealyl,) AIsioAipolq Jo AlljigelauinA 8y} passesse SIoyINe sy
'S92IAISS JO salouspuadap [ejeds ayj ul uolelleA pas|ubodal pue SadIAIaS JuBIaRIp /| 10} (BN[eA $) SenjeA 92IAI9S-WelsAS008 8y} Paje|Ndjed sioyine ay |

'SO1IBUSDS JUBWAO|aASp SAITBUIBYE OM] UM BNJeA 80IAI9S WB1sAS008 Ul aBueyd ay) Buljjepow Ag Aj1oalipul uoisircid 821AI8S O} (S)1Eaiyl Ylim [eap SJoyine ay |
'S19A00 pue| Jeinojued Ag papircid S8OIAISS BU} PUEB JOAOD PUB| UO POSEQ SHUN PUE| JO SBN|EA JE||OP Ul PasSsaldxe a1om sanjeA 99IAIas WolSAS00]

'so[eos |elleds Jualalip 981Y] 1e sasAjeue pajonpuod os|e sioyine ay] ‘sisAjeue sy} uo Buipuadap g pue g Usamiag ag 0} sieadde J| 'snonbiquie a1l B S| $89IAI8S JO (8dA) pue) Jequunu ay|

‘ssewolq BulAll jo AlIsusp uogIed ay |

‘anfeA 89IAJas [e2160]0JPAY 1By} U0 paseq

payuel 81em YdIym ‘Syygyy Jo uonosioid eyl 0} siealyl 1e Buiyoo| Ag Ajjoauipul S|yl pIp INg ‘uoisiroid 921A18s-WalsAs008 01 siealyl aulwexa Aj1oalip 1ou pip Aay] ‘Aljigenns [einynolbe pue aousjessld

auly ‘Aisusp peod ‘Alsuep uoneindod uewNY JO SaINSBaW WOJ) PAJEINOIED Xapul 8inssald UBWNY, B UO PASE] (Syg)) Sease AlISIoAIpolq A8y JO anfeA [e0160]0Iq 8y} 0} S}ealy} 8y} pauluexa Sioyine ay|
‘salpped 8911 1o} UoNeBIIl PUB SI8SN WEeaJiSUMOpP 0} Jayem Buiyulp O UOISIAOId

",o'[B Jo sleboy ul pasn souenodull [e01B0[0IPAY JO 8INSESW SY} Ul POPN|OUl S4B 8S8U} 4l JBa|dun Si i INg ‘pUBWSP PUB SIESIY} ‘S}ISOD PapN|oul ., /B 1@ PUB|puspz AQ Apnis palejal v

‘1190 pub ;w-| Jad abieyoal Jayempunoif Jo siejeul d1Igno Jo SUOI||IN

‘(yeauy} Jo onss| sy} Buissaippe Aj3oaiipul) [10s pue |ejures ‘Aydesfodo} se yons siojoey

0} BuIMO UOIS0JB JO 1BBIY} YBIY B S| 818y} 818ym [0JJU0D UOIS0Id apircid sadA} 1eligqeH “pJezey UoISOIe MO| PUE Wnipaw ‘yYbiy Se Way} PaljisSSe|d pPUe UoIS0J8 0} 8|geiaulnA seale paddew sioyine ay |
‘(1e81U1 JO JUBWISSASSE 108JIpUI UB) 821AI8S UBAID B 8pinoid 0] SUOIEIO|

jo Ayoeded ayy ysiuiwip Aew uolrepelfep adeospue| moy Bunewse ‘'suolieoo| pepeibep Ag papircid Jey) 0} SUOIIBOO| BulisIid, WO} S8IIAISS WBISAS009 JO AJoAllap [elluslod ey} pasedwod SIoyine ay L
‘(sedA1 1elIgRY Jo sa|dwexs aulslid Jo} paulwlalep a1am SanjeA salejoay) Hun %o03s able| Jad palinbal salejoay Jo Jagquinu ay) Se passaldxa %001s 011sawop Joj senioeded BulAie)

"(Buibboy Jo} AljigeIISep 1810} JO SINSESW B) S8} JO $810ads [BI0JSWIWOD JO JSqUUNU 8y} JO UOHNJLISIP PUE ‘(UOITBISSI0)ep J0) SS9OJE JO S8INSESW) SPBOJ PUB Sjuswaas 0} Alwixold ayi Buisn payews3
"1910} JO Alljlgeded uonualal Jajem s}o8|jal uoljuaraid

pool} pue 1ybnoiq ‘(,puewsap, jo uondaoiad aAleuls)e ue) 8oe|d Ul 1S810) deay 0} S| 1l Juenodwi 810W 8y} BaJe UB SNOPJBZEY 810W 8y} ‘pJezey apI|SPUE| JO SWI8) Ul PalapISUOD UoliuaAaid apl|SpueT
‘suojouny uonuaald JyBnoip pue Pooj} ‘epliSpue]

‘(so'JB 18 SIakay 98s) sa1nol BuiALp 1s1IN0} Jolew ayi BuipuNoLNS Jayng Wy O} B UIYIIM 89S UBD S1SIIN0} 1By} SEaly

‘uolreafon pue adAy (10s ‘erew|o Burelodiooul puel ey} jo Aoedeo Bulkued ues|y

‘UoIIBYNSUOD Jadxa pue malAal ainjelall| e ybnoiyy awolig 8y} ul salJeldlauaq paliuap|

‘(eBJeyoal Jerempunoif [EnuUe UBSW PUE JOunJ JUsWyoyed [enuue uesw) uoenfbas mojy pue uonouny Alddns-iejep

‘sjeauyy Jo aouenodwl oy sasiubooas Aolduwl yoiym ‘Ajiolid e asem ssoj [10s [enusiod Jamo| yum suolfiay ssoj |10s ybnoiyl palewiisy

‘sefueyd adeospue| ainin} 8|gissod Jo suoleoljdull 81ojdxe sasAfeue oLBUSOS

‘s|lelep ||ny Joj uoneolignd ayy 8s8s ‘elay painided ale sjuiod Aoy ayy AluO

‘asn Jayem pue Alljige|ieA. Jarep

‘puewap Ul AljigeueA [elieds Jo anssi eyl Buissaippe Apoalipul ‘sjodsioy AlSiaAIpolq

paje|ndod Ajgsuap uj uoponpoid pue|sselb pue uoisircid Jsrem Jo syead uoionpold paliiuapl sioyine ay] “(pazifeas ase sjjeuag oluouoda alaym) Ajuo uononpold Jo juiod syl 1e aiem salleloljeusg
‘(1eaW Jo suo} se passaldxe) sainised [einjeu pasoidwiun uo BuizelB wol) ¥O0ISaAl| JO uoidNpoId [enuuy

‘PUBLIBP JB JTBYMOUIOS

s106 [eof uoleZIWIXBW B} PUE ‘S1SOD SB8SSAIPPE SIUBJISUOD BaJE JO anss| a8y} Buielodiodu] ‘spoyisw uolieziwndo Buisn juiesisuod ease uoifaiods usAlb e 1o} UoISiAoId 80IAI9S PaZIWIXBW SIOyINe 8y |

ybiy pue Auoud e s Ay

'c6
16
‘06
‘68
‘88
WAS]

‘98
'S8

V8
‘€8
e8
‘I8
‘08
‘6

‘8
LL
‘9.
‘S

V.

‘€L
el
HL

‘0L
‘69
‘89
29
|
‘99
9
‘€9
29
19

‘09
‘69

‘89

Page 8 of 16



soil retention;**), or through quantifying the supply of services,
often in biophysical units. The latter is the most common approach
in broad-scale prioritization studies (Table 1). Biophysical quan-
tities can include, for example, the amount of carbon stored in
particular ecosystem types, water availability or supply, or fodder
production. However, it is crucial to address also the issue of the
level of biophysical quantity demanded by service beneficiaries.
We refer to the level of human need for a service as ‘demand’, but
recognise that this level changes with context and differs from the
economic perspective of demand as the amount of a good or service
that can be purchased at a given price.

Simply increasing the quantity of a given service may/may not be
appropriate depending on human need. It could also divert funds
from more necessary actions because if the quantities of certain
ES are adequate and not under threat, investment in the protection
of these services could be a lower priority compared to services
currently unable to meet human needs (see ‘Target setting and the
capacity to meet demand’). Luck er al.” explicitly addressed this
issue by prioritizing locations for managing ES based on the hu-
man need for the services of water provision and flood mitigation.
This directly links the quantity of service provided with the needs
of beneficiaries and better identifies where needs are not being met.

The benefits of managing for ES vary across space and time, re-
flecting, for example, variation in human need and the capacity
to pay for human-derived alternatives. This spatio-temporal vari-
ation is decidedly complex, influenced by factors such as the type
of service being considered, market fluctuations, and the changing
needs of beneficiaries. This dynamism magnifies the complexity
of ES prioritization beyond that of biodiversity prioritization. For
example, Wilson ef al.'' note that the benefit-protection function in
conservation planning is asymptotic in that benefit accumulation
is less and less with the protection of more land. While the same
is true for some ES*, the shape of the curve will vary over time
and space with beneficiary demand driven by, among other things,
markets and changing needs. Moreover, owing to global markets,
it can be extremely difficult to identify who benefits from a given
service. It is less problematic to focus on the immediate beneficiar-
ies of service provision (e.g., growers benefiting from crop polli-
nation) rather than also considering those individuals that benefit
from the products of services (e.g., consumers of crop commodi-
ties;**). In some cases, it may be sufficient to recognise simply that
the benefits from the provision of a particular service are globally
widespread and diffuse (e.g., carbon storage).

Threats to service provision

Conservation planners may quantify threatening processes that in-
crease the risk of biodiversity loss’’ and a similar focus on threats to
ES provision is an appropriate way to incorporate threats into ser-
vice prioritization. It is also important to recognise the fundamental
difference between the vulnerability of an ES to threat(s), and the
level of threat a particular service is under. Some services may be
particularly vulnerable to threats (e.g., crop pollination reliant on
a single pollinator species), but not currently threatened, whereas
other services may be resilient to a range of threats, but at risk of
decline owing to the magnitude of threat(s).

F1000Research 2012, 1:17 Last updated: 31 OCT 2013

Despite its importance, few ES prioritization schemes to date have
explicitly incorporated threats (Table 1). Egoh er al.* document-
ed biophysical quantities of ES provided by intact and degraded
vegetation, which implicitly addresses threat to service provision
through landscape degradation. Others examined changes in quan-
tities or dollar values of services through modelling alternative
future land-use scenarios, recognising that some scenarios (e.g.,
extensive development) represent a greater threat to service pro-
vision than others®~". A more explicit approach to incorporating
threats is to document the likelihood of decline or loss of service-
providing ecosystems through, for example, human development or
habitat loss'*".

Addressing threats to ES is most important when service provision
is not substitutable across space (i.e., site dependency is high be-
cause the service must be provided in a specific location; e.g., storm
protection), there are no human-derived alternatives to service pro-
vision or these alternatives are expensive relative to the capacity of
local communities to pay for the alternatives, or ecosystem changes
are irreversible (e.g., species extinction).

Costs of actions to manage services

Conservation planners list a variety of costs that should be con-
sidered when assessing options for protecting biodiversity’”. These
range from acquisition costs (e.g., purchasing land for conserva-
tion) and management costs (e.g., maintaining conservation areas),
through to social costs (e.g., the number of people displaced from
conservation areas;''**). Costs will vary across space and must be
linked to actions to improve planning relevance’. For example, if
the action required is land acquisition then a relevant cost is land
price; if the action is management of a conservation area then a
relevant cost would be the salaries of conservation managers.

The management of ES attracts similar costs dependent on the type
of action required to protect the service. Indeed, some ES prioritiza-
tion schemes incorporate opportunity costs in a similar way to bio-
diversity prioritization, recognising that managing ecosystems for
service provision can yield the same opportunity costs as protecting
ecosystems for biodiversity (e.g., when an area cannot be used for
production™'**; Table 1). Costs may also be incorporated through
the use of proxies for resource and maintenance expenses (see ‘An
example of spatial prioritization”).

It is important to identify the assignation of costs (who pays) and
benefits in both biodiversity conservation and ES prioritization™.
For example, designation of a conservation area yields benefits that
are primarily public, notwithstanding, for example, income gener-
ated from nature tourism, but sometimes at a cost to private interests
(e.g., opportunity cost of lost revenue from production). Managing
an area for the delivery of ES can yield relatively greater private
benefits, particularly for service beneficiaries, with costs borne by
both public and other private interests. For example, a forest des-
ignated for timber harvest will yield financial benefits to logging
companies at a cost to the public (e.g., through lost carbon storage)
and other private interests (e.g., those interested in using the forest
for ecotourism). Ensuring greater equity in the distribution of ben-
efits and costs from services provided by public or private assets
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may be achieved through various mechanisms such as government
regulation, self-regulation (enforced by societal norms), or market
approaches like cap and trade or payments for ES***". Yet, the ap-
propriateness of a particular mechanism depends on the character-
istics of the service being targeted (e.g., who generates the service,
management jurisdiction, and provider—beneficiary spatio-temporal
dynamics; see Kinzig et al.”’).

Availability of alternatives to service provision

The availability of human-derived alternatives to the provision of
ES is a vital consideration in service prioritization. These alter-
natives can include, for example, a water filtration plant to cover
the filtration services of wetlands or pesticides to cover biological
control. The availability of alternatives and the capacity of relevant
human communities to pay for these alternatives can influence
the treatment of other factors such as benefits, threats, actions and
costs. For example, managing a particular service may be given
lower priority if human-derived alternatives are readily available
and affordable, although the associated costs of these alternatives
must be considered also (e.g., the health costs of increasing pesti-
cide use). Only a few studies that attempt ES prioritization address
the issue of availability of alternatives (Table 1). As part of the pri-
oritization process, the availability and cost of alternatives should
be considered simultaneously with the list of potential actions for
service protection or enhancing service provision.

Target setting and the capacity to meet demand

Setting targets is common in conservation planning and can be a
requirement for assessing the capacity of selection procedures to
meet conservation objectives®™. In most cases, setting a target is
equivalent to meeting a baseline threshold. Target setting in ES pri-
oritization is rare and has, to the best of our knowledge, only oc-
curred in four published studies®**** (Table 1). For example, Chan
et al®’ set a baseline target (assumed minimum requirement) of
12 days of outdoor recreation per person per year and determined
the space required to provide that level of service from data on park
visitation. Chan et al.” also stipulated that targets had to be met in
different stratification zones within the study area, which accounted
somewhat for the site dependency of service production and vari-
ability in the spatial distribution of beneficiary needs.

While target setting is one approach to assessing the capacity of eco-
systems to meet the demands of beneficiaries, provision—demand re-
lations have been variously dealt with in the literature (Table 1). For
example, some studies included data on water use when calculating
water provision capacity [e.g.,'>*], while others measured down-
stream need for water of a given quality through the calculation of
population densities and areas of irrigated rice and mangroves'®.
Van Jaarsveld er al.*' calculated water and food provision relative
to accepted minimum standards for human consumption. The need
and approach to calculating demand for service provision will vary
depending on the service of interest. For example, it is generally
considered unnecessary to calculate spatially explicit demand for
carbon storage because this service benefits the global community
and demand is not spatially variable.

Site dependency and scale
Site dependency in the provision of an ES reflects the level of need
for a particular service to be provided in a particular location in
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order to deliver benefits to a given set of beneficiaries. This can be
interpreted also in the context of the scale of service provision (e.g.,
local to global). For example, storm protection from mangroves has
high site dependency in provision — mangrove forests must occur in
locations where local communities are threatened by storm activity.
This should not be confused with the substitutability of the service;
that is, whether human-derived alternatives (e.g., sea walls) or other
coastal vegetation types can provide a similar service. In contrast,
global climate regulation through ecosystems storing carbon has
lower site dependency in provision because it does not have to occur
at a particular location (i.e., there are various options for managing
ecosystems to store carbon). However, there is still some level of
site preference because certain ecosystems (e.g., rainforests) store
more carbon than others. Site dependency and scale varies also in
the use of the service. For example, the beneficiaries of biological
control in agro-ecosystems generally occur at the local to regional
scale, if the emphasis is on growers, whereas the beneficiaries of
climate regulation occur at the global scale.

Variation in the site dependency and scale of the provision and use
of ES has major implications for the valuation of services, which
must consider spatially explicit and scale-dependent relationships in
production—consumption flows*. Such relationships also have im-
portant implications for prioritization strategies. High site depend-
ency could result in certain locations that generate that service being
classified as irreplaceable. For example, Bohensky ez al.** identified
irreplaceable land units for food and water provision to meet pre-
determined targets of caloric intake for a given population. When
services have lower levels of site dependency in production there is
greater flexibility in site selection during the prioritization process
(all else being equal).

An example of spatial prioritization

The relationships among the various components of our conceptual
framework for spatial prioritization of ES are presented in Figure 1.
We illustrate our approach in this section using a worked example
based on data published in Luck et al.”” focussing, for the sake of
simplicity, on a single ES: water provision.

The global analysis of Luck er al."” identified watersheds that are
a priority for protecting particular ES. The first step in the analysis
was to quantify the benefits and supply of the service. The benefits
of protecting the supply of potable water was measured through hu-
man population density in each watershed; that is, there were greater
benefits to protecting supply in watersheds with higher population
density compared to those with lower density. Water supply was
measured using a global hydrological model, and ‘water-production
efficiency’ was calculated for each watershed by dividing supply in
each watershed with watershed area.

The costs of actions to manage water provision were represented
using a proxy for resource (e.g., land acquisition and infrastructure)
and maintenance (e.g., labour) costs. This proxy incorporated data
on total income in the watershed (per capita gross national income),
population size and watershed area. Resource costs were assumed
to scale positively with per-capita wealth and population density
(assuming that land and infrastructure prices are generally higher
where population density is higher), while maintenance costs were
assumed to also scale positively with per-capita wealth. Finally, the
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« Assess if impacts of
threats are irreversible

Figure 1. Key aspects for consideration in ecosystem-service prioritization.

cost-effectiveness of protecting the service in each watershed was
calculated by dividing human population density and water supply
(benefits) by the cost.

The capacity to meet demand was measured using values for water
supply and water withdrawals in each watershed. It also considered
regional water deficits (withdrawals > supply) and the proportion of
total supply that remained once demands were met, adjusting the
watershed-level capacity measure downwards proportional to the
need to move water to regions (within a watershed) where supply
did not meet demand. It was assumed that managing the service of
water provision was most important in watersheds where supply
barely meets or is short of demand, and less important when supply
greatly exceeded demand.

To estimate threat to water provision, expected vegetation cover in
each watershed was used, recognising the link between vegetation
and water provision, filtration and the maintenance of water qual-
ity (although this link is decidedly complex; see Luck et al."” for
details). Vegetation cover and type in a watershed may be indicative
of the capacity of the watershed to provide potable water naturally,

and change in vegetation cover can be considered a proxy for threat
to water provision. To quantify this threat, the following data were
used: the proportion of each watershed covered in tree, shrub and
herbaceous vegetation; the annual rate of change in vegetation cover
(over a proceeding S-year period); the time span over which change
in cover would be predicted (e.g., 20 years); and the proportion of
the watershed that was protected (assuming vegetation in protected
areas could not be cleared). Watersheds with mid-range values of
vegetation cover, rates of vegetation loss and/or area protected were
considered priorities for water provision management, because, for
example, watersheds with low cover and high rates of loss would
require large investments in ES management relative to return,
whereas watersheds with high cover and low rates of loss are under
less threat to the disruption of the service.

The final consideration in spatial prioritization is the availability
of alternatives to the provision of the service via ecosystems. Im-
provements in the supply of potable water may be made through the
construction of dams and building of filtration plants, for example,
rather than ecosystem management. The availability of these alter-
natives is often a function of the capacity of local communities to
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pay for them, in addition to other constraints (e.g., topographic suit-
ability for dam construction). Therefore, Luck et al."” used the gross
national income per capita of countries spanning each watershed as
an indicator of the capacity of communities reliant on the watershed
to pay for alternatives to natural water provision.

The above components were combined into a single index repre-
senting the relative importance of each watershed for protecting
water supply. This example, and our prioritization framework gen-
erally, is appropriate when planning units are large and there are a
variety of available options for managing services, and it is difficult
to express the components of prioritization precisely. Our frame-
work treats the supply of services, threats and costs in ES prioritiza-
tion inclusive of beneficiary demand, capacity to meet demand, and
availability of alternatives to ES provision.

Discussion

Our review of current approaches to identifying spatial priorities for
managing ES found that the important components of prioritization
(benefits, costs, threats, availability of alternative, and capacity to
meet demand) were treated in substantially different ways or some-
times omitted completely (although not all components are appli-
cable in every context). Moreover, few studies explicitly addressed
the issue of site dependency and scale in the provision of services
and/or location of beneficiaries. Accordingly, there is substan-
tial scope for improving ES analyses aimed at identifying spatial
priorities for managing services.

If ES benefits were commodities in perfect markets, the price of such
benefits would reflect all of the spatial prioritization components
identified above. Yet, many ES benefits are not commodities, and for
those that are, the associated markets are far from perfect, suffering
from numerous market failures including monopsony (single buy-
ers, as in reverse auctions), oligopoly (few sellers, as in many pay-
ments-for-ES schemes), externalities and information asymmetries.
This means that market prices will not generally reflect all of the
components of prioritization appropriately. Stated-preference non-
market valuation approaches can be informative in certain settings
where markets do not apply, but they are generally of limited utility
reflecting the various dimensions of value/social priority™*. Ac-
cordingly, even where economic valuation data are available, it will
still be appropriate for ES prioritization exercises to separately inte-
grate some of the components we identify.

Although we have focussed on the mechanics of prioritization, the
following issues must be addressed prior to such analyses: 1) iden-
tification of the ES to be included; 2) capacity to access spatially
explicit data; and 3) data quality (Figure 1). Identifying important
ES should occur through in-depth consultation among scientists,
policy-makers, managers and stakeholders (especially service ben-
eficiaries; see Fisher et al.*’). For example, if prioritization was
required across a particular country, federal management agencies
and relevant stakeholders may engage in a process of identifying
those services most important to the well-being of the country.
‘Importance’ may be a factor of the total financial value of a ser-
vice (e.g., agricultural production) and/or the societal need for a
service (e.g., provision of potable water) and assessed through ap-
propriate valuation approaches. Hence, a priority list of which ser-
vices to focus on is required prior to deciding on where to invest in
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ES management. The selection of different services will influence
the approach to spatial prioritization because ES management will
have different objectives (e.g., improving timber harvest or main-
taining water supply). However, the major steps we outline here
will be relevant in most cases.

Application of our approach requires spatially explicit data on where
services are produced, benefits, costs and threats. Data on spatially
explicit production is usually obtained through mapping the loca-
tion of ecosystems that provide services (e.g., grasslands that sup-
port livestock). Mostly, this involves maps of vegetation types or
water sources (Table 1). Benefits are represented spatially generally
via the biophysical quantity of a given service produced by a given
location (e.g., carbon stored) and/or its financial value. To represent
costs spatially, researchers have used simply the area of the planning
unit (e.g.,”, for some services) or current land values [e.g.,*]. Docu-
menting costs is problematic because of spatio-temporal variation
in financial values, which is possibly why some researchers have
resorted to more simple rules-of-thumb (e.g., assuming that manag-
ing larger areas yields greater costs). Also problematic is spatially
explicit measures of threat, which have been represented by, for ex-
ample, maps of land-use or historical or potential land-cover change
and how these relate, spatially, to the location of service provision
[e.g.,”*] (Table 1).

Finally, the type of data used in prioritization will greatly affect out-
comes. For example, Anderson et al.” demonstrated that variation in
the resolution (= grain size) and/or spatial extent of a prioritization
analysis influenced the level of congruence between biodiversity
and ES priorities. Moreover, data quality may be poor for certain
services and certain components of prioritization. For example,
crude proxies or indicators may be required for services for which
it is difficult to obtain accurate, spatially explicit measures of sup-
ply and demand (e.g., flood mitigation; see Holland er al.**). Our
framework, which promotes the use also of data on threats, costs,
alternatives and site dependency, may help to alleviate this issue
because prioritization could be based just on those components for
which data quality is acceptable.

The most appropriate metric to represent the supply of the service
will be context dependent, but the use of biophysical quantities will
be suitable in most cases. For example, if the service is storm protec-
tion then a suitable metric may be the area of mangroves that needs
to be maintained to deliver a given level of protection [e.g.,”’]. ES
supply should be assessed relative to the demand for the service,
which can be measured using a target-based approach, through cur-
rent or projected use of the service or its products, through dem-
onstrated need for the service (e.g., historical impacts of storms) or
through meeting an accepted minimum standard (e.g., acceptable
losses due to storm damage). Quantifying demand for a service re-
quires the implicit or, preferably, explicit identification of beneficiar-
ies, which may be immediate beneficiaries (e.g., residents of coastal
villages threatened by storms) and/or ‘non-immediate’ beneficiaries
(e.g., consumers of goods produced by the villages).

The application of prioritization frameworks generally involves
multiple services across many planning units and priorities for
different services are not necessarily congruent’. This requires an
analysis of trade-offs between services in managing land/sea-space
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for service provision’. Moilanen et al.*’ addressed this issue using
a multi-objective prioritization approach for biodiversity and ES
based on the conservation planning software Zonation. The au-
thors argued that regional variation in land-use priorities meant that
spatial separation of land uses may reduce management conflicts.
Moreover, areas that are a priority for multiple ES could be used in
trade-offs assuming the areas were not critical priorities for every
service.

In multi-objective prioritization frameworks that consider spatial
separation of ES management or trade-offs in land-use priorities,
it is vital to address site-dependency and scale of service provision
and location of beneficiaries. As we argue above, there is little flex-
ibility in managing for the provision of services that are delivered
locally to in situ beneficiaries (e.g., flood mitigation). Avoiding in-
appropriate management decisions and trade-offs rests entirely on
taking a comprehensive approach to identifying priorities. Here we
describe the major factors that must be considered in ES prioritiza-
tion and argue that addressing as many of these factors as possible
will improve the outcomes of multi-objective prioritization frame-
works that aim to promote human well-being through the protection
of services.

Developing comprehensive methods for identifying ES priorities
is much more than just an academic exercise. Governments and
NGOs across the world are increasingly including the protection
of ES into their policy directives. For example, the governments of
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China, Costa Rica and Mexico pay landholders that engage in man-
agement that protects the supply of hydrological services’ . Vital
to this process is identifying locations that offer the greatest return
on investment. This requires a systematic and thorough approach to
identifying spatial priorities for protecting ES.
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This is an interesting article that provides a conceptual framework for prioritizing areas for protecting
ecosystem services (ES) such as water provision.

The article explores similarities and differences between ES prioritization and biodiversity prioritization,
and highlights several key components that need to be considered in prioritizing areas for protecting ES.
Two key components are the need to consider the costs of protecting areas and the importance of
considering human-derived alternatives. The conceptual framework is then applied to a case study based
on water provision.
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This work presents an interesting conceptual framework that researchers as well as governments or other
stakeholders could use to identify priority areas for protecting ecosystem services.

The authors suggest the following key elements: (1) determine the services of interest, (2) quantify the
demand for the service(s) and capacity of the ecosystem to meet demand through supply of the service
(3) identify the threats and level of threat, and (4) estimate the cost of protecting the service as well as any
alternative means of providing the service. The authors then review the literature in which priorities have
been assessed and identify which steps have been taken and which not in each study or effort. | hope this
paper will increase our attention to key aspects of ES assessment that are often ignored, especially the
interaction among all of these key factors.
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