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Abstract
Watershedmanagemenimay have widespreadpotential to costeffectively delivehydrologic
servicesMobilizing theneededinvestmentsrequirescredibke assesments of how watershed
conservationcompares taconventional solutionsn cost and effectivenesaitilizingan
integratedanalytical frameworkthat links the bie, litho-, hydro and economic spheres and
usescounterfactuals

We apply such @&ramework to a payment for watershed services (PWS) program in
Camborit, Santa Catarina State, Brésinglmresolution satelliteémagery we assess recent
land use and land covétULC) change aagply the Land Change Modeleol to predict
future LULCwithout the PWS program. Wesecurrent andpredicted counterfactual LULGite
costsanda Sa and Water Assessment Taabdelcalibratedto the watershedo both target
watershedinterventionsfor sedimentreductionand predictprogramimpact ontotal
suspended solids (TS®ncentrationsat the municipal water intake the principalprogram
objective.Usinglocalwater treatmentand PWS progransosts we estimate the return on
investment(ROJ benefit/costs) of the program

ProgramROlexceedsl for the municipal watewtility in year 44 well within common
drinking water infrastructurglanning horizonsBecause some program costs are borne by
third parties overthat sameperiod, for overall(social)programROlto exceedl requires
delivery of very modesflood and supply risk reduction artdodiversityco-benefits makingco-
benefits crucial fosocialprogram justificationTransaction costaccount forhalf of total
program costsa result of large investments in efficient targeting and program sustainability

Co-benefits justifyincreasedcost sharing with other beneficiarigghich would increase ROI for
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the utility, demonstratingthe sensiivity of the business case for watershednservatiorto its
broadersociateconomic casandthe ability to forgeinstitutional arrangementso internalize

third-party benefits.

Keywordsintegrated assessment mod&atershed managemenpayments foiwatershed

services; counterfactudand usechangemodeling;transaction costs
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1. Introduction

Theuseoft y I ( dzNJ f  AryeEosystanms NibEiicdenh@nérntso complement or
substituteconventional engineeringased solutionso environmentalproblemshas been
receivingwidespread interestBeck et al.2018 Kroeger et a].2014;Kroeger et a].2018
Reguercet al, 2018; Temmermaret al, 2013. In particular,watershed conservatiofi.e.,
protection of existing natural areas from conversermd improvement in land management
practiced andrestoration(re-establishment of natural vegetation on previously converted
lands)haveshown promise formproving water quality, flow regulaton and flood control
(Alcott et al, 2013;DeRisi et al. 2018;Furniss et a)2010;McDonald and Shemi@014
McDonald et a].2016 Opperman et a).2009).

Three economicrationalesare commonly advanced fanvesting in natural
infrastructure solutionscosteffectivenessco-benefits and the precautionary principlsatural
infrastructure iscosteffectivein producing a specific target service or service bundle if it is at
leastcostcompetitivewith convertional engineeringbasedd I3 NB & ¢ A y(Rdgdiedosi NHzO (i dzNE
al., 2018; Kroeger et al.2014). Natural infrastructuregeneratesco-benefitsdue tothe
additionalecosystemnservicest provides beyond specifictarget servicés) (Bennett et al,
2009 RaudsepgHearne et al., 201Kreye et al., 2014hat competinggrey infrastructure
generally does ngprovide (Kroeger and Guanne&?014; Spalding et ak013. Finallythe
precautionary principlesupportsthe presenation ofthe option value ohatural systemsn the
face of uncertainty about theize(Furniss et aJ2010)and valug(Sterner and Perssp@008)of

redudions infuture service flowslue toecosystem degradatiocoupled withthe potential
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irreversibility ofthat degradation Gollie and Treich2003 Randal|1988). In the case of
watershedsthe precautionary principle can support conservation and restoration basetieon
argumentthat more intact natural systemsnay be moreesiliert to climate change (Furniss et
al., 2010) Thisis especially truén a context of broaescaleclimate changempactson
freshwater servicegDollet al,, 2015; Kundzewicz et 312008;Milly et al, 20095 coupled with
increasindhumandemand(Hejazi et al., 2013)ada el al., 201)3and resulting water stress
(McDonald et al., 2014 cDonald etal., 2011). Theprecautionary principleanalsojustify
conservation or restoration of natural systefinased on the recognition thauch systembave
worked well so fafWunder, 2013.

Apart fromthe precautionary principleassessing theconomic rationale for natural
infrastructureinvestmentsrequires sufficiently reliable quantitative information abothe
0 SYySTAlUa tRaNdnatNSinfraandEiiré solution delivers in a given place for a given
level of investmentReturn on investment (ROI) analy$Reilly and Brow2011)is routinely
applied in both the private and public sectdosevaluate the performance of competing
financialinvestmentopportunities andorojectsbut is equally applicable to conservation
projects(Boyd et al.2015). Indeed,severalstudieshavedocumentd the need for RObr cost
benefit analysisn conservation decision®8almford et al.2003;Fermaro, 2003a;Murdoch et al,
2007 Naidoo and Rickett2006), demonstrating that theexplicit consideration of both
conservation returns and costs can dramatically increase conservation outcomes achievable
with a given budgetuke et al.2014;Ferrarq 2003b; Murdoch et aJ.2010;Polasky et a).

2001; Underwood et al2008).
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Watershedmanagementgonservatiorand restorationof native vegetation; best
management practicespay offer substantial and widespre@tential to costeffectivdy
deliverhydrologic service(McDonald and Shemi@014)and thus should be considered
alongside engineering solutions in addressing water supply challekigddlizingthe needed
much larger investments watershednatural infrastructure (e.g., Asian Developm&ank,
2015; Ozment et al., 2016ften will requirecompelling evidencef their performance in
providing desired hydrologic servicesassociated welfare gairad competitive cos{Bennett
and Carroll2014) This is especially true for private sector investments, which are seen as key
to closing the funding gap for water infrastructure globally (Sadoff et al., 20&5}here exist
few analyses athe effectiveness ogpayments foiwatershedserviceyPWSprogramsin
developing countriegBoérner et al., 2017Fewer still compare service benefits withrogram

coststo assesshe ROlof watershed conservation and restoration.

Ferraro et al. (2012) identifieohly ten credibleeconomic valuation studies of forest
hydrological services in developing countries. Of these, only three (Guo 20@T.; Klemick
2011; Veloz et gl1985) alseestimate the costs of the interventions they evaluate and
calculate or allowcalculating project ROl.Combined vth Quintero et al. (2009), De Risi et al.
(2018),Saenz et al2014)and Vogl et al. (2017p our knowledge there exist onkeven
rigorous peerreviewed RO&ssessmentef foresthydrologic service projects in developing
countries.This dearth otredibleeconomic analyses of watershed conservation is disconcerting
given the large number of such projects found in tropical and subtropical regions thatheave

explicit purpose of iareasing hydrologic servid®ws (Salzman et al., 2018; Porsdsal, 2013),
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andgiven thatassessingland use effects on ecosystem service provisioning in tebpic

g GSNBEKSRAa Aa adAfft | (OgdervanieMaliat@gld, pdEgesd.t SR LINE
Importantly, none of theavailable studies NB FNRBY . NI 1T Jafegod ! Gt yGAO C
experiencingapid growth in watershed conservation projects with hydrologic service

objectives Bennet and Ruef2016 Bremer et al.2016) andhome toover 120million people

(Tabarelli et al.2010) Whilefew payments for environmental services projects adequately

address design and evaluation (Naeem et al., 2048 ppplya best practiceframework for

economic analysis of ecosystem service projeztargetinterventions andassess the

expectedROlof arecently-createdPWS program in Camboril, Santa Catarina State, Brazil.
Importantly,this frameworkyieldsnatural infrastructure ROI estimates expressethe same

performance metrics routinely us€o evaluate engineering alternatives.

1.1. Studyarea

The Camboril watershetbcated in Santa Catarina statesauthern Brazjlhasa drainage area
of 1998 km? (Figure 1)The municipal drinking waténtake is jusupstream of the urbanized
area, with adrainage area of 137 kinTheclimateis humid subtropicalKoppenclassiftation:
Cfa), withamean annual temperature of 21C, no dry season and hot summaerhe Camboril
River has a mean monthly discharge @f13m3s! (maximum: 1799 m3-s1; minimum:is 049
m3-st; EMASA, unpublished datahe watershed relief is defined iye Tabuleiro mountain
range featuring steep slopes and deep valleysceptible tasurfacerunoff andstrongerosion
includinglandslides on cleared areand the coastaplain, formed by sedimentargandclay

and quartzsand deposts (Urban 2008.
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The land use patterm the watershed resembles that of many other coastal
g 6 SNEKSRa Ay . Nilbibmefreaognizedidr its iddhedsityadMighidégree o
endemism(Ribeiro et al.2009)whose historic deforestatiowas first driven by timber
exploitation,followed by sugar cane expansjomidespread coversion to pasture and coffee
and, more recently, urban sprawl and expansioftatalyptugplantations(Teixeira et a).
2009).The urban are@n the watersheds heavily concentrated along the coasith a thin strip
of very highdensity highrise ocean frontdevelopmentsurrounded by digh to medium
density mixed use area. Thssfollowed by a zone o&sidential sprawl fast expanding into the
alluvial floodplain which isdominated by pasture and roxwrops (primarilyrice). Theslopesare
primarily in native foresbut also feature pastures and, increasingly, timber plantatibigh
rates of both defoestation and regrowttduring the past100 yeardeft a fragmentedorest
landscape dominatethcreasinglyby younger secondary forests (Teixeira et2009).Family
farms in the watershed declined by over tihuirds in numberbetween1970and 2006and
currently cover one thiraf the norrurbanportion of the watershedDuring he same period
subdivision of rural properties for development of weekend homes and small |@&lges
increasedProjeto Produtor de Agua dBaciado Rio Camborit2013.

Approximately 9%o0of the population in he watershed208319in 201§ Instituto
Brasileiro de Geografia e Edtdica 2016a, 2016presidesin the coastal urbanized areas of
Balneario Camboriand Camboriu citythe former a famous beach destinatiahat features

NI T Af Qa Gl faftr&ts increagiad fiuRbess 8f domesyicRiodeignvisitors
(Ferreira et al.2009; Lohmann et al2011)who swellpopulationto over 800,00@uringthe

high seasonntid-5 S O S Yeaau§y Niharch).
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1.2. Water supplychallengs and the RidCamboridWater ProduceProgram
Both municipalities rely on the Camborit Rif@rtheir drinking waterand aresuppled by the
Balneéario Camboriwater company EMASAIn recent years, igh demandduringthe summer
seasorandthe absenceof largescale water storage infrastructurepeatedlyled tothe threat
of intermittent supply shortfallsHigh sediment loads at thewunicipalwater intakeexacerbate
the problem becauséhey increasetreatment water losees. EMASA hasvaluaed several
optionsfor increasing supplyncludngwater storagein the watershed through flooding of
native forest and agricultural landsater transfersfrom a neighboring watershed (Itajai)
characterized by substantially lower water quality necessitghdvanced treatment; and
watershed management includirgpnservation ohatural forests and restation ofdegraded
high sediment loading areaBue to the high projected costs of the first two options and the
promising results of initial feasibility assesents of the thirdthe utility decided to first invest
in the latter while also expanding treatment plant capacity implement the watershed
conservation strategy, EMA®Artneredwith The Nature Conservancy, the municipalities of
Balneario Camboriu ahCamboriu, the Camborid Watershed Committee, the State Sanitation
wS3dzf F i2NB ! A3SyO0eé 6! 3Salyor (GKS blridAzylrft 21048
Environmental Information and Hydrometeorology CentePAGRCIRAM) and the Camboriu
city councilo createthe Camborit PWS project

Observational evidencand studies from similar watershedsggest thamajor

contributors to sediment loading in the watershettludeunpavedroadslackng minimal best

management practiceuff, 2010 Guimaraes eal., 2011, Minella et al, 2008) pastures on

10
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steep slopesCerri et al,2001); streamchannelerosion and bank destabilizatiaausedoy
cattle enteringunfencedstreamsand foraging on regenerating riparian vegetatistream
channelerosioncaused byhydraulic energyf high precipitation eventgMinella et al, 2008);
lateral channel migrationand croplands (Mello et al., 2018)

Exclusion of cattle from streantiroughfencingof river margins andeforestationof
riparianareas(Gumbert et al.2009 Palhares et al2012) and steeplysloped, highly erodible
lands with low vegetation covarerecognized as effective soil conservation practiceBrazil
(Saad et al., 2013 eixeiraGuerraet al, 2014) and forest cover and riparian restoration have
been shown to improve water quality and reduce suspended sediment in other Atlantic forest
watersheds (Mello et al., 2017; Monteiro et al., 2018h pasturelandsjpland and riparian
reforestationrequire livestock exclusiofiencing)to permit seedlingr tree establishment and
enhance tree survivaBest management practices can substantially rederosionfrom
unpavedroads (Baess@nd Goncalve2003; Kocheet al,, 2007) but their impact on sediment
loading into streams depends on thgdrologic canectivity of roads and strean{Buff, 201Q
Mills et al, 2007).

The PWS program currently implements three interventish®sepriority ranking is
based on expected sediment loading reductions: 1) restoration of degraded rigagasand
areassurroundingnatural springs through a) fencing for cattle exclusion ara) planting of
native tree seedlings or enrichment, depending on the state of degradation; 2) conservation of
relatively intact riparian areas featuring regenerating forest, throughrman fencing for cattle
exclusion; and 3) restoration of degraded upland forest on s&epes through fencing for

cattle exclusion and either planting of native tree seedlings or enrichment, depending on the

11
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state of degradation. Interventions are itgmented by contractors paid by the program.
July 2012the program opened a call for proposals from landowners. Landowsglectionand
implementation of the first interventions began in 20¥hnualimplementation capacity is

approximately 80 ha perear. For each property submittefbr enrolment the program

develosl Yy aARSIf ¢ AYGSNBSYGA2Yy R Suhatefresfofidng Y LI & & A

annual cash paymentased orareasize, priority ranking and level of degradatiamd the
official opportunity cost of pasture land in Balneario Camboititie latter, knowrasWnidade
Fiscal do Municipi@UFM), in 2015 wa8RL 223 (~USD 70 at the averagecsZBREUSD
exchange rate) hayr?. Priority 1, 2 and 3areasearn 1.5UFM 1UFMand 0.5UFM
respectivelyThe actual intervention design is then negotiateith each landowneand
paymentsare adjusted accordinglynterventions are inspected every six monthsaogroup of
programrepresentativeswho must agree thanterventions arewell maintaned before
payment is authorizedContracs lasttwo years are renewableand can be terminated if

landownerperformance is considereghsatisfactory.

2. Methods

2.1. Conceptual model anahalysis overview

We synthesizedrom the literaturea bestpracticeframework for evaluating the economic
performance of watershed conservation prograrAppendixA) and usedhis frameworkto
estimate the ROI of the Camborid PWS program as a sediment control mé¢agune2). To
identify the relevant sediment metrider the hydrologic modeling, &construced empirical

sediment cost functions for individual componentsQof ! { tre&@ent operations affected

12
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by sediment in intake watekVethen used1l meter[m] spatial resolutiolanduse mapsrom
two recentyears(2003, 2012)(Fisher et a].2017)to developa LUL&hange model for the
watershed. We usgthis model to generate counterfactual (i.e., without PWS prograth)C
for the year2025,whenthe program is expected to have enrolldte landsmost crucial for
sediment contrond mostinterventionswill haveattainedtheir full functionality This
counterfactual land use scenario represents the busiresassual land use needed to estimate
sediment outcomes in the abseaof the program.To target interventionswe ran the 2012

and counterfactual2025land use mapghrough a Soil and Water Assessment Tool (SWAT
modelcalibrated to the watershed using the 2012 LULC, daily flow and turjedhityclimate
and soil data (Fisher et a22017).This allowed us to iddify the areas where interventions
would produce the largest reductions in sediment yield versus the counterfa@nodlallocated
the progranQ iéiterventions to these areas to generate a land use map representing the
intervention (i.e., with the program¥cenario Wethen ran the SWAT model oboth the 2025
intervention andcounterfactualland use map$o estimate thereduction in TSS at the EMASA
intake attributable to thePWS programandused the sediment cost functions testimate the
valueof TSS reductiont®s EMASA. Finally, wesed estimated sediment reduction or value and
PWS program costs talculatethree ROl metrics useful favaluatingthe economic

performance ohatural infrastructureprojects.

2.2. Identification of target service mecs
The mairoperationalprocesse®f the EMASA treatment plant impacted by sediment in intake

water arel) intake channetiredging;2) water pumping to and within the treatment plan3)

13
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chemicalusefor coagulation and flocculatiod) settlementbasinsludgedischarge and
disposal and5) backflushingof final gravityfilters (AppendixFigureB.1). Because the heavier
sediment fraction settles in the intake channgdstream of the treatment plant intakd,SSs
the ecosystem serviggarameterof primaryconcern foEMASAOur hydrologic modeling thus

was set up to estimate impacts of interventions on TSS aEtlASAntake.

2.3. Landuse/landcoverchangeanalysisand modeling

To dateto our knowledgethere has beemo spatiallyexplicitmodeling of futureLULQ@&hange

in the Camboridwatershed.We focused on land use rather than land cover to ensure that
temporary land cover change (e.g., plantation harvest) did not bias the model by identifying
temporary cover changes as permanent land akange.

We chosd_.ULQatawith 1 mspatialresolutionfor the LULC change and hydrologic
analy®s, for three reasons. First, individual instancesbsened recentforestcover change in
the watershedare smallgenerally<30m in width, presumablydue toforest cover
requirementsh YLJ2 a SR 0@ . NJTheisén® & true alseBbiliCnadiBcRiSn®
resulting fromprograminterventions a substantial portion oivhichconsist ofriparian
reforestation Much of the recentind future(counterfadual and intervention) LULEhange
thus may beundetectableeven with mediuraresolution imagery such as 30 m (Landsat).
Finally, 1 m spatial resolution data imprafULC classification accuracy and hydrologic
sedimentmodelperformancein the watershed (Bher et al, 2017).

We chosed n n2012 as the.UL&hangereferenceperiod. While the coastal fringe

realestate construction boom iBalneariocCamborit began in the 1970s (Lohmann et al.

14



248 2011), around the year 2000 the urban area entetieelphase of maximum densification of the
249 coastal zone and urban sprawl into the hinterland (Ferreira eR@09). It is this sprawl that is
250 driving theurbanexpansion into the watershed, making the pergidce 200@&n appropriate
251  basis for predictions dture residential land conversioithis period also captures the

252  continuing ceclinein cattle farming and expansion of plantatioasd seconenome

253 developmentin the rest of the watershe@rojeto Produtor de Agua d@aciado RioCambori
254  2013. Moreover, the earliest cloudree 1 m resolution imagery for thentire watershed is

255 available for 2002004 (Fisher et al2017)

256 We used_and Change Modeler (LCid) ArcGIS 2.(hftp://www.clarklabs.orgl Pérez
257 Vega et al.2012 to identify spatiallyexplicit Bndusechangebetween2003and 2012and use
258 maps with 1 m spatial resolution for the watershegstream of the EMASA intakEisher et a.
259 2017) and to predict land use in 202bhe seven landse classegforest, plantation, rice,

260 pasture, bare, impervious, waterpsulted in 42 possible transitions?({finus 7 where no

261 change occurred). To keep the analysis computationally tractable and exclude minor transitions
262 (by areaunlikely to correlate vth predictive variables, we limited the transitions to thight
263 most significant onefy area) during 200® 2012. Dgethertheserepresent 90.5% of all land
264 usechange observed durirthat period(Table C.L

265 Out of the large set of potentidlUL&hangedrivers (Blackmar2013;Buschand

266 FerrettrGallon,2017; Soared-ilho et al, 2004), weselectedfor consideration eleve(iTable

267 C.2 significant drivers of LULdDangein Atlantic Foresareasexperiencinghe same land use
268 change pattens observed in CamboritAppendix ¢ These includélistanceto roads, urban

269 centers andrivers slope elevation(Teixeira et a.2009) and distancéo alreadyconverted

15
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lands(whichhas been found to drive forest chandgoaresrilho et al,2004)in impervious,
bare, pasture, plantatioyor rice, respectivelyWe did not include protection status because
the watershed is almost exclusively privately owned; thhe,main source gbrotection is the
national Forest Code, compliance with which is gaitelow due to low levels of enforcement
(Appendix ¢ Jope anddistance to river®r plantations hadalmost nopredictive powerand
were excluded fronthe final LCMmodel.

Change prediction to 2025 via LCM was accomplished using a Markov Chain analysis
without added restrictions or incentives for any modeled transititivat is, assumingo change
from their 20032012 levelsn legal or economic factors affecting landechange This yielded
an estimate opixeklevelland use changprobability. For the submodels for each landse
transition, we used all eight predictive variables and let LCM determine the appropriate weights
of each using the SimWeight method. Although five of the predictors are based on distance to
land cover (which changes over #)nwe left all variables as static rather than dynatoiavoid
over-training the model from its early predictiomggventhe low rate of landusechangein the
study areaTo produce a specifit K I NR ¢ LdNRpBciedasaligeindusein 2025 LCM
uses a multobjective land allocation algorithtinat determines which landiseclasses will
expandor shrink respectivelybased on the probability of all transitions). It then uses a Markov

chain run to allocate the specific changes to each kastman et al1995)

2.4. Hydrologic modeling
We modekedthe impact of interventions oSS concentratiorat the EMASA intakesing

SWATSWAT 2012 rev. 63&rnold et al, 1998;Bressiani et al2015 Gassman et gl2007), a

16
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physicallybased continually evolving publidomainwatershed modeling toahnd the most
widely-applied hydrology modeajlobally Dile et al., 2016Francesconi et al., 201Krysanova
and White, 2015)TheSWATmodelwas builtfor the watershedportion upstream ofthe
BEMASAiIntakeusingl) 1m land useand digital elevation datitom 2012 and 2) daily flow and
sediment load datdaggregated from hourlffow and 15minute turbidity monitoring data,
respectivelyfrom local gauge statiorsnd optical turbidity sondes oavoid ovetfitting the
model to calibration data, wdel parametersvere calibratedusing a splisample calibration
method, with a training (5/27/201412/31/2014) and avalidation(1/1/2015-11/06/2015)
period (Fisher et al.2017) The dailymodeled flow &ad sediment load both met satisfactory
performance criteria for monthly models recommended blloriasi et al. (2007) over the
combined training and testing period (flow: NaShtcliffe efficiency=0.63, PBIAS=3;
sediment: NSE=0.56, PBIAS=11Hsheret al., 2017)Because daitgcale models are likely to
have poorer performance statistics than coarser tisiep models and their evaluation criteria
therefore should be more relaxg@iloriasi et al, 2007) performance of our model might be
rated as goody dailyscale criteria

Weran the SWAT model witland use defined bthe 2025 LULC maps for intervention
(25) and counterfactua({2.3) scenarios to test the effects of the program interventions on TSS
loads at the EMASA treatment plafithese modelssolated the effects of the landse
differences among the two scenarios by adopting the 2014 climate data and identical
parameters to those found through calibration. Climate change may increase or decrease the

expected intervention effects, but was deethbeyond the scope of this study.

17



314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

2.5. Targeting of interventions based on S\W&kid LCMesults
Costeffectiveportfolio selectionrequirestargetingof interventionsbasedon costsand
benefits(Dukeet al., 2014) Totargetrestorationactivities,we first identified potential
interventionsitesaslandscurrentlyin pastureor bare (excludingroads)andlocatedin riparian
areasor nearnatural springs definedfollowing the BrazilianForest Code(SoaresFilhoet al.,
2014)asa 30-m buffer on both sidesof a streamandaradiusof 50 m aroundsprings We
focusedon riparianandspringareasbecausehe aquaticterrestrial ecotone governsthe
transferof sedimentbetweenterrestrialareasandwaterways Fromtheselands,we excluded
all areasthat the LCManalysigredictedto revertto forestby 2025 andthen selectedas
targetsfor the restorationactivitiesthose landsthat our SWATmodelestimatedashavingthe
highestsedimentyieldsin 2012 until reachingthe estimatedtotal programrestoration
implementationcapacityof 326 haby 2022 the expectedend of the interventionphase
Totarget conservatioractivities,we selectedthe 313hain priority areasthat our LCM
modelpredictedto chang from forestin 2012to non-forestin 2025in the counterfactual
scenario Togeneratethe 2025interventionscenaridand usemap,land useon intervention

siteswaschangedo forestin the counterfactualk025landusemap.

2.6. PWS prograncosts

We compiledinformation aboutthe full costsof PWSprogramrelated activitiesduring2009-
2015andprojectedfuture annualcostsbasedon expectedactivity time profiles. Activities
includehydrologic politicaland economicfeasibilitystudies;coordination,communicatiorand

programdesign;programmanagemeniadministration externalcommunicationlandowner
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336 compliancemonitoring); surveyinglandownerengagemenand contractdevelopment;

337 planningandimplementationof restoration(plandesignfor eachproperty; fencing,planting,
338 enrichment)andconservationfencing)interventionsandtheir maintenance(follow-up

339 inspectionto ensuretree survival;replantingwhere necessary)andpaymeristo landowners
340 Weincludedall costsirrespectiveof who bearsthem, includinggrantsfrom multilateral

341 institutionsand private foundationsthat supportedseveralaspectsof programdevelopment
342 includingfeasibilitystudiesand hydrologicmonitoringinfrastructure andstafftime of EMASA
343 andother programpartners(TheNature ConservanGyEPAGRCIRANL

344

345 2.7. Benefits estimation

346 We estimatedhe avoided costs for EMASHKat result from thereductions in TSS

347  concentrations in intake watdn the intervention scenariolo do so, & usel EMASAlatato
348 estimateempirical relationships between sediment concentrations in intake water and

349 operatioral ostsfor five discrete processes: intake channel dredging; pumping; chemicals use;
350 sludge dispeal; and treatment water los§ éble ). We distinguisted between peak

351 (DecembetMarchtourist highseason) anaff-peakdemand periodsWe assumd that in off-
352 peak months there is no demand fanyadditionalwater output, thus,reduced water loss

353 from lower TS8oncentrationsand consequent lower sedimentation basin sludge discharge
354 and filter backwashing used to reducevater intake.During peak months, wheaxcess supply
355 frequently approachegero, we assuntethat the reducedl SSelatedwater loss is used to

356 increaseplantwater output to permit keeping shoitierm storage infrastructure at capacity.

357 Thisinfrastructurecompriseswo municipal water towers, industrial and commercial water
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storage tanks as well as the cisterns now required intapant buildings and condominiums to
reducesupply interruptionrisk. Thus, during peak months, theenefitsfor EMASA of reduced
TSSoncentrationsin addition to reduced treatment costalso include revenugainsfrom
increasedvater salesWe valuel these gainsisngthe August 2015user type and use volume
weighted marginal price afater and sewer (automatically billed at 80% of water us¢)$b
1.90 BRL6.08)m (Appendix D.

We assumd that recent (20082014) average absolute increases in municipal peak
(274,000 M) and offpeak seasoii398,000m3) water supplyandaveragepeak (16.90 and off
peak season (1499 inflow losseswill remainconstant andused supply and losses to calculate
future plant intake.

In addition to operational costs,aalsoconsideed potential avoidedcapitalcosts of
reduced TSS levelBur base castakes therecent(2015)treatment plant capacitgxpansion
as given and assesses the effect of reducedc®8&ntrations on @int operational costs only.
In contrast ourhypotheticalavoided capitol cost casessumeghat this expansion wuld have
been reduced in size in proportion to the reductiorpiant outputlosses that results from the
lower TSS concémationsin the intervention scenaricand counsthe corresponding avoided

capital cost asraadditionalbenefit for EMASAAppendix E

2.6.1. Temporal incidencef benefits
The SWA-mModeled TS8oncentration difference at the EMASA intake between the
intervention and counterfactual scenariospresensthe full impact oncell interventionshave

been implemented andevelopedtheir full sediment loading reductiofunctionality.
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We calculatel the actual TSS reductioachievedn eachyearas a function of the age
composition of the total intervention area implemented to that year and the-ggecific TSS
control efficiency of interventionéTable F.}, assuming very conservativegoMmpareBorinet
al., 2005 Vogl et al.2017) that the impact oforestrestoration on TSS increases linearly from
zero in year on¢o 100%in year ten.Conservationactivitiesavoid forest loss antherefore
achieve full functionalityn the yearthey are implementedT otalconservation (313 ha) and
restoration (26 ha) interventionswvere spread evenly ove20152022 meaning the full TSS

control potential is first achieved in 2032

2.7. ROI calculation
We calculate three ROl metric$or the CamboritPWSprogram separatelyfor EMASAand the
program overalll) The ost-effectivenessn reducing TSS, expressedaasrage reduction in
mg TS removed from intake water per USD investedas?2) average kgediment load
removed from intakevater per USD investednd 3) the benefitcost ratio or monetized ROI,
calculated by dividing the value of the benefits of TSS reductions in municipal treatment plant
intake water byPWS prograncosts.Because investments in grey drinking water treatment
infrastructure have economic lifetimes of -P% years (mechanical and electrical treatment
plant systems and pumping stations) to-80 years (concrete structures). &JEPA2002) we
calculatel ROI metrics for 3Gand 50yr time frames

Socialdiscount rates are generally recognized as the appropriate rates to use in

evaluating longived publicly financed projects like environmental protection (Arrow et al.
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2013).We discounéd all costs and benefits their 2014 present value (PV) equivansing

-

NI T AfQa SaGAYlFGSR &2 OBBI(FDRhIROEPAI).A 2y RA & O2 dzy

3. Results

3.10bserved2003-2012 and predicted4012-2025 land usechange

A total of 1,125 ha of gross landechange was observed between Z)FFigure C.land2012
(Figure C.Q or 8%o0f the 13,668hawatershed areaipstream of the EMASA intakEigure3).
Due to transitions betweetanduse classeset chang wasapproximately half that362 ha
Table C.B The single largestet change was a reduction pasture balanced by increases in
plantation, bare, impervious and forest.

For 20032012, he LULC changmodel correctly predicts the included transitions-43
72%o0f the timeas indicated by thdit rate. The overalmodelhit rate (both aea-weighted and
unweighted)is 534 meaning thaton average, included transitions are predicted correctly
more often than not, and more often than if predicted transitions were chosen randomly.
Model predictive abilityis constrainedby the complex compsition and large number of land
cover transitions in the watershemhdthe omission ofsociceconomicand demographic
drivers of LUL€hange for which we lackd data.

Absent the PWS programigaictedtotal net land use changby 2025 i$82 ha(4.2%of
the area upstream of the EMASA intaJ@ominated by aeduction in pasturé-2%) and
increase in plantatiofl.3%9), followed by increases impervious(0.4%), bare(0.3%) and forest

(0.296 Table C.¥ Analysis of individudahnd usetransitions TableC.5 reveals that while forests
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show a net increase fueled bpandonment of som@astures, by 2025 more than 310 ha of

forest are predicted to be converted to pasture, much of it in the middle watershed (orange
areasin Figured). Conversely, while pastures are being replaced by plantations and forest
throughout the watershed, this effect is most pronounced in the headwater areas (green areas
in the lower portion ofFigure4). These predictions areonsistent with the empirical
obsevationsof mature native Atlantic Forestontinuingto be replaced byegrowing forest

patches (Jolet al, 2014)and forest regrowthbeing highest at higher elevations and farther

from urban areasind roads Teixeiraet al,, 2009)

3.2PWS progranmtervention areas and impact on sediment yield

Figure5 showsthe areas selected farestorationand conservatiomctivities selected based on
modeledcurrent (Figures, top pane) and counterfactual 2028-igure6, bottom left panel)
contribution ofall sitesabove the EMASA intake (point 1 in the figue$edimentloadsin the
Camboriu Riveat the EMASAntake.A comparison ointerventionand counterfactual
scenarios (Figuré) showsthat the interventionswill substantially reducsediment yieldrom

most highyield sites

3.3Reduction in TSS concentrati@snunicipal water intake
In the counterfactual scenarjonodeledTSS concentrationis 2025are predicted tdoe 102%
lower than in2012(Table 2. In the intervention scenaridgy 2032average annual TSS

concentrations at thenunicipalintake are reducedy an estimatedl4.246(13 mgl*') compared
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444  to the counterfactual scenarifFigure G.}, with anaverage intake volumeeighted annual

445  reduction during 201820450f 11.1mg.
446

447  3.4PWSprogram kenefitsand costs

448  Sedimentrelated kenefits of the PWS prograrfor municipal water provision averagéSD

449  194,000(USD202,000in the hypothetical avoided capital cost caper year (undiscounted)
450 during 20152045 andare dominated byavoidedrevenue losseto EMASA fromeducedpeak
451 seasonwater los (76%), followed by avoided chemicalse (180 and sludge disposal ¥§

452  (Table H2). Benefits continugto increasewith municipal water supply eveafter interventions
453  haveattainedfull functionality.Costs during 20:3045averageUSD176,000 per year for

454 EMASA, antddSD228 000 per yeafall undiscounted¥or the projectoverall(Table H.3 with
455  transactioncosts (AGC allprogramactivities except intervention desigimplementation and
456  maintenance, and payments to landowngexcounting foB9%of EMASA and 38of overall
457  programcost Because of markedly different time profiles aéefits (steadily increasing over
458 time from zero) and costheavily frontloaded (Figure H.), average annual benefi{$able 3
459  decline relative to costéTable 4in PV terms

460

461  3.5CamboritPWS progranikOl

462 For EMASA, prograROI (i.e.PV beneficost ratig for sediment controexceeds 1 for analysis
463 horizonsexceeding 43 year&igureH.2), atimeframe common for evaluatinghe economics of
464  water supply infrastructure (\& EPA2002).If peak season water savings produced by the

465 program had been used to reduce the size of the treatment plant expansion,-Breaktime
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would decline to40 yearsOverall(i.e., includingorogram costs not borne blgMASAROI for
sedimentcontrol surpassed only after more than 70 year3able 5shows the three ROI

metrics for the program for time horizons of 30 and 50 years, respectively.

4. Discussion

Our analysis indicatet¢ Camboria PWS programill be acosteffective tool forthe utility for
reducingTSSoncentrations in municipal intake wataVe expecinterventions oncefully
implemented and functionato lower TSS concentrations at the ityilintakeby over 146vsthe
baseline (.e., thecounterfactua). Based on localtility data onsedimentrelated treatment
costs, we predict this TSS reduction to lowetal annualtreatment costs for the utility SD0.21
per ne water output in 2011; EMASA data) By8% Thisestimateisin good agreement with the
few reported estimates of the impact of TSS on municipal king water treatment costs.
McDonald and Shemie (2014) report that in their sample of more tharll8Qities relying
primarily on surface water sources, a%@eduction in sediment concentratioreduces

treatment plant operation and maintenance (O&M) costs (excluding pumpingildigton
infrastructure O&Mand reservoir dredgind)y 2.6%0on averageUsingcalibrated OTTER models
for four water treatment plants, Grantley et al. (2003) estimate that &2&crease in TSS and a
15%decreasen total organic contentan reduce treatmenfchemicas use, residuals disposal
and power consumption of wastewater pummg) costs by % Warziniak et al. (207) find that

in a sample o6 conventionakreatment plants in the U.S. with mean percesdurce watershed
in forest cover $3%) similar tothe Camboit watershed a ®oreduction in turbidity was

associated with 0.1%lower treatment costPrice and Heberling (2018)view 12 studierom
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488 the U.S. and other countridbat statistically estimate the effect of turbidity adrinking water
489 treatment costs Theyfind that costs increase by 0.14% on average for each 1% increase in
490 turbidity. Givenour estimated 14% reduction in TSS concentrationsthadurbidity-TSS

491 relationship in our watershed={gure H.3 the elasticities of treatment cost with respeai t

492  turbidity reported inthese four studiesvould result intreatment costsreductionsof 3.2-5.9%
493  bracketing our estimate of 3.8%

494 Qur finding that the ROI of the PWS program exceeds 1 for ENMABRI44 indicates
405 G KI G GKS dzi A ftide préogiainas & gediSenticontoynieashigfinancially

496 justified. Importantly, its ROI increases if the utility manages to attract additional cost sharing
497  due tothird-party positive externalitiedf costsborne by entities other than EMAS#e

498 included the program is unlikely to be justified economically soljyts sedimentcontrol

499 effect, asoverallprogram ROI for justedimentcontrol surpasses 1 only after more than 70
500 years.Fori KS LINZogidiROMis, theratio of the value ofall program benefitgind

501 costs,to surpass After 43(30; 50) yearsthe program would need to produce t@nefits with
502 a PV olUSD31,100(USD69,400; US9,900)per year on averagé preliminary analysis of
503 those cebenefits (4.1.1) indicates thabdal program ROVerylikelydoes exceed..

504 Inthe Camboril programlAGaccount for half of total program costgvhile such a high
505 TAC share is not unheard of (Jayachandran et al., 201&)nuch higher tharthe share

506 reported inthe majorityof the fewPWSstudies thatestimateTAQAIston et al., 2013; Finney,
507 2015;Wunder et al, 2008) We attribute thisdivergence toour attempt to account for TAC

508 incurred by all program partners, something rarely done (Fing@$5), ando account

509 compretensively for all prograrelated activities includingssembly of, andoordination
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531

among, a technically strong and diverse group of program partners; legal and hydrologic
studies; hydrologic and compliance monitorimgficienttargeting of sitespecificinterventions
that incorporate individual landowneroncerns maintaining goodandownerrelations;and
ongoing public communicatiohe high TA@wusresult from asubstantial investment in
ensuringprogramperformanceand sustainability, andecessarilyexceed those oprograms
characterized bgeneric orcollective agreementsi(ston et al.2013 Kerr et al, 2014) low
additionality (Blackmar2013) or lowconditionality (Kroeger2013 Wunder et al.2008).
Importantly, TA@xplainnearly90%of the nearly twofold discrepancyetween ourprogram
cost (USD 356 hayr! over 30 years, undiscount@dndthe average cost reported for several
other Atlantic Forest projectd)SD133 hal-yr?!; BanksLeite et al, 2015 based on Guedes and
Seehusen2011) whichexcludetransaction costs (Finne2015).Efforts to reduce TAC thus are
important, beginning withthe careful choice ofthe scientific analyses used to support program
design.In the case othe Camboril program, use of 30m instead of 1m resolution s&tell
imageryreduced hydrologic model performance and estimated program(RiGher et al.,
2017)1 2 6 SOSNE 3IAGSY (KS dzi Af A ibigdodbtfubtiafhB waoald T 2 O dza
have changed the decision to invest in the progravhile at the same time ivould have

substantially loweredhe costs of impact analysis (Fisher et al., 2017).

4.1 Sensitivity analysiand caveats
Both EMASA and overall ROI are sensitive to the treatmerd-b&nefits, choice of discount
rate; intervention scale and time needed to attain full functionality; and assumptions about

future increases in municipal water supply, targeting efficiency and leakage effects.

27

y
r



532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

4.1.1. Cobenefits
Becausehie Camborit PWS program producesltiple benefitsfor diverse stakeholdersocial
program ROéxceed ROIfor sediment control. Such divergence between the broader
economic and the specifliusinesscases for aspecificobjective orsupporteris not surpiising
but highlighsthe importanceof cardully scopingROI analyses and interpmeg their results.
While quantitative analysis of theo-benefitsof the Camborit PWS programbeyond the
scope of our study, the high degree of endemism and sraaihiningpercentage(<12/) of
NJ higtdri€dlantic foresextent (Ribeiro et al2009)suggest thathe programmay
produce biodiversity benefitsy increasing (vs the counterfactual) forest covefitg percent
of the watershed upstream of the EMASAake. Studies in other Atlantic Forest watersheds
found thatoverland flow from forest is significantly lower than from past(fPereira et al.,
2014;Salemiet al., 2013)in line with the observedenerally negative correlation between
forest cover angeak flows and flooding (Filoso et al., 201TRe progranthusis expected to
lower floodriskduring storm eventsFinally, reduced water losses in th8Sreatment process
and increased infiltration (Salemi et al., 2013) ang seasorow flows (Pereira et al., 2014)
associated with reforestation aldower the riskof supply shortfallsSuch isk reductionisan
important reason for diversified investments in water infrastruct@wspeciallygivenprojected
increases in climate extremes in southeastern Br&zinim, 2011; Marengo2009).
Rverinefloodinghistoricallyhas beera seriousconcern inthe densely developed ban
portion of theCamboridwatershed(CEPE[2014), promptingin 2013the installationof a flood

early warning system that monitors streamfl@awvarious points in the watershed ieal time.
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Our SWAT modé€Fisher et al., 201 fredictsprograminterventions once fully functionalto
reducethe four highest annuativer floodlevek at the EMASAntake by4%on averageKigure
G.2. Bvidence from other studies suggests thhis valuecouldbe substantialEven if in

Cambori it were only onetenth of the averageralueper householdreportedin other cities in
Brazil ancEcuadorTable H.}, it would be 2 to 9 timesas high(USD 169,000 tt/SD 856,000

per year)asthe value associated with sediment reductions in municipal water supjalyle 3

and would liftsocialprogramROI to 1 withir to 22years, and td..2 to 3.6within 30 years

We note, however, that ounydrologicmodel covers only two years so the peak flow reduction
maybe less for the largest events.

Becausdlood and supplyrisk reduction benefits accrue to local businesses, residents
and visitors, eithedirectly or via reduced municipapending on floodlamagesand emergency
response PWS program costaringwith those beneficiaries would be justified. This could be
achieved by incorporatingvatershedconservationcostsinto water user rates olevying a
watershed conservation fee on higdeason visitorghe latter based on the rationale that
large shareof flood and supply risk reductidmenefitsoccur during the toust high seasorthat
encompasses the thremonths of the year whegonsumption angrecipitationare highest

and whentouristsaccount for threequarters of the combined population of the twaities

Awatershed conservation fee of onlySD0.00® m3water used less than 0{%of the current
average rate paid by nmicipal water customers, or USLb0for the average household per
yeart that decliresto USD 0.003 in 2066y of USDD.28 per highseason visitowould result
in the internalization othe low-end supply and flood risk reductidoenefits estimate (USD

169,000 per year) angould lift9 a ! { 309earROI of the prograrto 1.6, and 50year ROI to
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2.0. Recognitionof the multiple benefits provided by the Camboriil PWS program has resulted
inthea G+ GS & GSNI YR alyAdlr dA2y NS IuubidipahBae a |

tariff structurethat includes the CamborigrogranQ @perational costsn water tariffs

4.1.2. Discounting

Due to the time profile of benefits and cost&dure H.}, dscountrate andprogramROlare

inversely relatedWith a rate of6%(the yield on recent 1Qear Brazilian government bonds;
ParraBernal aul Kilby, 2017)rather than the 3.8%social rate used in thisanalystssa ! { ! Qa
50-year ROI of the program for sediment control declines fo8 to 0.81Consequently,

dza Ay 3 GKS dziAft AdeQa tie pragiath Mdulthbtbe fihahcBBuiableras & 2 & (

sediment control measur# the utility were required to usats cost of capital agiscount rate

4.1.3. Intervention scale

Thecurrently plannedprogramportfolio will leavemore than 50 ha of high sedimentloading
areasuntreated(red areasin bottom right panelin Figure6). Because& ACaccountfor a high
shareof total programcostsand becausemanyof thesecostsare independentof, or increase
lessthan proportionallywith, interventionextent, programROIwould increaseif interventions
were expandedo remaininghigh-loadingareas.Forexample,ncreasingconservatiorand
restorationextenteachby 10% (64 hatotal) comparedto our analysisvould increasetotal
programcostsby 6%but benefitsby nearly10% EMASR 30-yearROIfrom 0.77to 0.85,and

50-yearoverallprogramROlfor sedimentcontrol from 0.82to 0.86.
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508 4.1.4. Timingof benefits

599 If interventions develop their full TSS contedtect after three (e.g., Borin et g12005; Vogl et a|.
600 2017) instead ofhe 10 yearsassumed hereEMASR ROlreachesl in year39 (vs 43)and30and
601 50-yrROIls are 0.84/s 0.77) and 1.14 (vs 1.08) for EMASA and 0.63 (vs 0.59) and 0.86 (vs 0.82)
602 overall respectivelyignoring hypothetically avoidable capital cgsts

603

604 4.1.5. Targetingefficiency and leakage

605 Our ROI estimatesssumeaccuracyof our land use changeredicions Complete accuracg

606 unlikelydue topotentialmodel estimation erroor possiblefuture changes in thsize(e.g.,

607 demand for beef or rural homesjffect strength (i.e., changes in the size or direction of the
608 coefficients on the variable®y composition oultimate LUL&hangedrivers.Our LULChange
609 model hit rate of 586suggestsnodel estimation erroas themost likely sourcef error.

610 Howeverwe expect actual targeting efficiency be higherthan the hit rate for two reasons.
611  First,PWS program managers incorpaadditional informationomitted fromthe modeling

612 due to a lack of data fanostproperties Second, the hit rate indicates overall model accuracy
613 in retroactively and spatialgxplicitly predictingall specific included past land use transitions
614 (e.g., from forest to pastureBecause imanycases the model correctly predicted a change in
615 landuse but incorrectly predicted the specific transition, overall model accurasyatially

616  explicit prediction ofand use changper seexceeds the hit rate. It is the former thatatters

617 for targetingand additionality

618 Becauseur land use changmodelwas estimated over a very recent period (2003

619 2012) and ouprojectionspans only 13 yearshanges idand use changdrivers are less likely
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620 to be of concernStill, changes imational Forest Codenforcement whichhas remained

621 inconsistent $chmittet al, 2013 SoaresFilho et al.2012) in agricultural conservation

622 programs such as theBQlow-carbon agriculturginvestment progranwhich supports

623  activities such as recovery of degraded pastureBarest CodeomplianceBanco Nacional de
624 Desenvdévimento Econdmico e Soci2D13) in agricultural inputor output prices or inreal

625 estate developmentelated policiexould change the economics of land use in the watershed.
626 Because land use iscantinuousprocessthe optimal interventionportfolio is sensitive
627  to the choice ofmodeling time horizonextendingthe LULGhangeanalysidbeyond2025may
628 identify siteswith highTSSyieldsexcludedin our portfolio because thegre not predicted to be
629 convertedby 2025

630 In targeting interventionsolelybased onexpected additionality of TSS loadings and site
631  costs, oursite portfolio assumes riskeutrality. Underrisk aversionthis purely cost

632 effectivenessbasedportfolio maychangein favor of including sitewith lower likelihood of

633 conversiorbut the potential to yieldargeand difficultto-mitigate sediment loadinghus

634 trading off expected coseffectiveness against certainty avoiding highly undesirable

635 outcomes Bishop 1978 CiriacyWantrup, 1952).

636 Our analysisassumes néeakage, that isjlisplacement ofand management activities
637 targeted by intervention$o non-intervention priority areas.Leakage within the EMASA

638 drainage areaould lower program RQut we expect this outcome to be unlikelyeakages
639 unlikely to occur omparticipatingpropertiesbecausecontracttermsdo not permit internal

640 relocationof land cover degrading managemengaptices to other potential priority areas a

641 property, andeffectively enforcecconditionality of payment$o date hasensured compliance
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with contracts Leakage to priority areas on neparticipating properties also imlikelybecause
most highpriority areas will be enrolled by the prograand cattle raising is declining in the

watershed(Figure3).

4.1.6. Otherassumptions
Our analysis assumd#sat municipal water demandontinues toincrea® by the same annual
incrementas during 2002014.GiventheLINE 2 S OG SR IANR G GK Ay- . £ ySE NA
round population (Tischer et aR015), the continued growth othe red estate and tourism
sector and the fact that EMASArrentlyabstracts less thaone-fifth of annualriver discharge
this assumptionsreasonable Lower increases would reduce program R@ile higher
increasswould increase ROI
We also assme that PW5 payments will remain constant in real terms. If payments
were to increase due to increasing opportunity costs for landowners, program ROI would
decline, all else equal.

Furthermore,based on experience to dateur estimates assume thaince enrolled,

lands remain in th&WSprogram.Turnover of participating landsould reduceprogramROI.

4.2 Transferability of findings

We expect our finding of the importance of watershed management for municipal water
supplies to apply to many other Atlantic Forest watershddh transferability of ouparticular
ROI resultso other catchmentslependson similariies ofmajor drivers ® benefitsand costs

These includérinking watertreatment technology(e.g.,with or without sludge water

33



664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

recovery) proximity to sediment thresholds for plant operati¢e.g., avoided shutdowns due
to excessive sedimentyvatershedsize(the larger thewatershed, the larger the scope of
interventions neededo achieve a given TSS reductidMcpPonald and Shemi@014); portion
of stream flowand hence intervention impactsaptured by thereatment plant, watershed
hydrologicproperties(soils, slopes, Btreamprocesses between intervention and beneficiary
sites);presence of additionadeneficiaries oedment reduction (e.g., reservoir operators,
canal owners, harbor authoriti¢er co-benefitsand their willingness to costhare opportunity
cost of interventionsand hence PES payment leyéded use change patternspnservation

and transaction costsind targeting efficiency

5. Gonclusions

We synthesized from the literature a best practice analyfiGaheworkand applied it tahe
Camborit PWS prograim Brazil b contribute to the limited evidence base on the ROI of
natural infrastructure solutions to water supply challenges, anchtorm future analyseghat
assess the performana# suchsolutions to hydrologic challenges
Our findingdndicate thatheY dzy’ A OA LI £ dzi A f waigrsh@dmanage@®énd (0 Y Sy U
to control TSS concentratiorege justified on ROI groundsloreover, a preliminary analysis of
programco-benefitsindicatesthat the program also generatecial netbenefitsfor local
stakeholders overallK S LINE I NJ Y Q& LINHerefoieBothlexéded 1L.Jdzo f A O wh L
Our analysis highlights the formidable challemjeeliably assessingWS program
performanceex-ante. Constructng rigorousex-ante counterfactualsbenefit functions and

calibraed hydrologic modelgntails significant information requirements araebsociatectosts
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686 and thereforeoften maybeinfeasible due tdime or budget constraintsThishighlightsthe

687 need to selecanaly®s based orheir valueof information (Fisher et al., 2017analytical

688  sophistication(and hence, generally, costfiouldbe defined by the level aincertaintyof

689  results that isacceptableto decisionmakers.

690 By targeting interventions based on both costs and benefésvell as a counterfactual
691 baselineand by employing guasireverseauction format the Camborilprogramincorporates
692 key efficiencyenhancing featuresyetthese features, together witlkextensive hydrologiand
693 compliancemonitoring andongoinglandowrer engagement angublic communicatioaaimed
694  to ensurelongterm programsustainability also lead to transaction costs thetcount for over
695 half of total program costd/Ve expectthese findingdo be broadlyrepresentative: PWS

696 programsrigorouslydesigned taachieve high additionality and cesftfectiveness in target

697  service provision as well asistainalility generallywill have higler transaction costand

698 therefore higher total costs than progranecking these features-inally, ar analysisighlights
699 that the business cader agiven stakeholdeand program is sensitive to tHeINR2 3 NabilyQ a
700 to forge institutional arrangements that facilitate cestharingwith recipients of program co
701 benefits
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area upstream of the municipal water intake. Shading shows elevation. Red area in inset
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Figure6: SWATmodeled annual sediment yield in the Camborit watershed in 2014 (using 2848 use
and 2014 climate) and 2025[2-column fitting image]
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