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ABSTRACT

Comprehensivevatershedplanning and managementequiresvaluation of

the intermediateecologicalservicesprovidedto the waterresources.Valuation

of forestcoverasan ecologicalserviceis discussedn the contextof threelevels
of decision-making,and illustrated for the Pearl Harbor/KoOolawatershed
(HawaiOi). Objectivesof planning such as sustainabledevelopmentdo not
requirenew criteria but augmentatiorof existingmethodsof incomeaccounting
and project valuation. Full incomevaluationimplies that the value of water
shouldincorporatethe value of maintainingcontributorydegradablescological
capital. Valuationdoesnot requireusing surveymethods.evenwhenthe usual
alternatives (hedonics, etc.) are not applicable.

l. INTRODUCTION

Waterresourceplanningand managemenshouldoccurat threelevels. The
most familiar of theseis the project level, appropriatefor the design,
construction,and maintenanceof irrigation projects,urbanwater systemsand
other water-relatedprojects. The secondis at the sectorallevel, whereinthe
water sectoris viewed as a whole, typically for assessingritical needsand
priorities regardingwater-relatedservicesand the water resourceghat support
them. The third level is that of the whole economy,wherein policy issues
involving relationshipshetweenthe watersectorandthe restof the economyare
addressedfor example,the role of the water sectorin achievingsustainable
economicgrowth. In whatfollows, we discussperformancendicatorsfor each
of the three levels and the role of environmentalvaluationin each. The
particularcaseof interestfor the presentpaperinvolvesthe interdependencef
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area where economists have heretofore feared to tread.



aquifersand the watershedghat rechargethem. More generallyour problem
concernghe relationshipbetweena form of naturalcapitalthat suppliesa final
serviceand onethat providesan input to this first form (Ellis andFisher,1987;
MSler, 1991). We addressbelow the problem of evaluatingsuch indirect
ecosystem services for project, sector, and economy-wide analysis.

Full incomeaccounting,or the inclusion of non-marketgoodsantladsand
the depreciatiorof naturalcapitalinto net nationalproductaccountsallows for
comprehensiveexaminationof water resourceuse within an established
economicframework. This examinationrevealsthe importanceof the linkages
amongindirect ecosystemservicesprovided by watershedsand providesa
mechanismfor valuing theseconnections. The valuationfurnishesthe critical
link between policy and management.

The absenceof marketsfor the indirect goodsand servicesproducedby
watershedshas renderedthe value of watersheddower than socially optimal
managemenbf the resourcewould decree. Distortion of water marketsalso
contributesto an undervaluingof the resource(Young and Haveman,1985).
Full incomeaccountssectoralaccounts(e.g. for a water basin),and projected
evaluationproceduresvhich value the contributionsof theseindirect services
andcorrectfor pricing inefficienciesin watermarketsenabledecisionmakersto
determineefficient managemenproceduredor use of the water resourceand
the accompanyingvatershed. Theseaccountsand proceduresio not require
relianceon the developmentof new measurementechniquesnor the use of
controversiatechniquessuchas contingentvaluation. SeePortney(1994)and
Kolstad (1999) for a descriptionof direct (ContingentValuation) and indirect
(revealed preference) methods of valuation.

A. Performance indicators

Net National Productaccountsshouldreflectthe productionof all new goods
andservicesin an economy netof capitaldepreciation. Accountingprocedures
are plaguedwith difficulties rangingfrom an inability to monitor activities, as
one finds with black markets,to an inability to simply value sub-optimally
priced or unpricedgoodsand services,as one finds with many environmental
goods. As a result, conventionalnet national productaccountshave omitted
natural capital, pollution, and the distinction betweenactual price and social
value. Theattemptto includethesemissingcomponent®f economicactivity in
net national productshasled to the developmentof full income accounting
(Costanzeet al, 1997; Ahmadet al, 1989). The sametechniquesanbe usedat
the sectorallevel. Notably, the full income accountsfor the Chesapeaka
economy(Grambschet al, 1993) can also be usedto constructOnaturesector
accounts@hat isolate the benefitsthat the environmenthas bestowedon the
economy, net of the extent of natural capital depreciation. While these
pioneeringattemptshave stimulated substantialinterestand activity in full
incomeaccountinga numberof methodologicahjuestiongemain. In particular



therehasbeenscantattentionpaid to the problemof valuing indirect ecological
services.

B. Water market failures

Water is commonly undervaluedand under-priced. Of particularinterest
here,groundwatermpricesdo not in generalincorporatethe full usercostof the
resource(Moncur and Pollack, 1988; Young and Haveman,1985). Coastal
groundwateris a renewablebut exhaustiblenaturalresourcewith alternative
technologiesapableof producingwaterat generallyhighermarginalextraction
costs. This combinationof factors meansthat waterthat is fully or partially
sourcedby groundwaterwill be under-pricedand overused. The benefitsof
maximizingthe marketvaluefrom the flow of wateracrosstime periodsdo not
accrueto any one holder of propertyrights and are thereforedissipatedrather
than capturedthrough optimal usage. Decisionsbasedon valuesfor water
shouldbe correctedfor thesemarketimperfectionghroughthe calculationof the
optimal pricing path for the resource over time.

C. Indirect ecosystem services

Forestedvatershedgrovide water supply essentiafor drinking, cooking,other
domesticneeds tourist-relatedservices fishing, agricultureand manufacturing.
Forests store appreciably more water than the same soils planted with
agriculturalcropsor clearedand (Wood, 1977)for a variety of reasons.Several
of these are enumerated here:

- Forestsallow for increasedpercolationrates (movementof water
through the soil) that recharge underground aquifers.

- Treeleavesbranchesandunderstoryplantsin a forestedwatershed
act asan umbrellaand interceptrain beforeit reacheghe ground.
This reducesrain's erosivecapacityand increaseghe infiltration of
the rainwater into the ground.

- In wetareasforestedwatershedsictasa spongeandsoakup rainfall
into the soil, roots,mossesferns,andleaves. Whenfully saturated,
water is releasedslowly so that it is delivered consistentlyand
dependably, available for use long after the rain fell to the ground.

- Fog condensingon trees and other vegetationis an important
component of water supply and evapotranspiration cycles.

- Forestsmay act as a pump where plantsusewater that is released
backinto the atmospherg¢hroughevaporatiorandtranspiration(ET).
With denseforestcover,suppresseévaporatiorallows muchof the
rainfall and condensedog to infiltrate into the ground, percolate



through the soil, and appearas cleanwater in streamsor ground
water (Hamilton et al., 1994).

To makerationaleconomicdecisionsaboutthe useof the waterresourceand
the forestedwatershedpne mustvaluetheseservices@bility to contributeto the
productionof the resource. Sincethe servicesare intermediatein nature,the
usual revealedpreferenceand contingentvaluation methodsused for the
valuation of non-marketservicesare not directly applicable. The individual
decisionmakersdo not havedirect marketor otherinteractionswith the goodor
serviceand data gatheredon their actionsdo not reflect the assetOmdirect
service value (Kolstad, 1999).

Il. A TWO-STEP METHODOLOGY AND EXAMPLE

Our problemis to assesghe value of the intermediateproductsprovidedby
the watershedo an aquifer. Attemptsto valueindirect servicesare somewhat
rare. The difficulties encounteredn attemptingto value indirect ecosystem
servicesinclude an inadequateunderstandingof the scientific relationship
betweenthe market good and the indirect environmentalsupportservice,a
hesitancyto usecontingentvaluationmethodsanda lack of a marketgoodfrom
which one might developa valuationfunction for the indirect service.These
difficulties, however, may be overcomein some unexpectedcases. For
instance,our study links the indirect servicesprovided by the forestwith the
replenishmentf groundwatera renewableresource. Though groundwateris
not an optimally priced market good, the value of the forestedwatershedOs
contributionto the groundwatercan be determinedthroughfirst using optimal
control theoryto valuethe waterresourceand secondusinga potentialchange
in forest conditionsto determinethe value of the forest in groundwater
replenishment.

Other studiesto addresghe valuationof indirect ecosystenservicesinclude
Barbier (1994), where the indirect environmentalfunctions being discussed
comefrom tropical wetlands. Barbierfinds the optimal extractionpathfor the
indirect resourceof tropical wetlandsin the productionof convertedland by
including the wetlandsexplicitly in the productionof convertedland. In other
words, he calculateghe rate at which tropical wetlandsshouldbe convertedto
otherland usesto maximizethe total benefitsto society,including the benefits
of the wetlandOs indirect ecosystem services.

Our researchvalues the groundwateritself using a similar production
function approachand extendsthe modelfurther by valuing the contributionof
the forestedwatershedo the groundwaterQsroduction.The first stepinvolves
calculatingthe presentvalue of the water in the aquifer. The secondstep
involves calculatingthe changein that presentvalue effectedby a changein
forestcoverwithin the watershed.The forestedwatersheds appraisedhrough
presentinga counterfactualsituation in which the forestOsontribution to
groundwateis reducedtherebyreducingthe availability of groundwateiandits



total value. Using our technique an indirect resourceQgmlue canbe calculated
without resorting to the controversial use of contingent valuation methods.

A. Correcting for existing market imperfections

In orderto valuethe contributionof the forestedwatershedo the aquifer,we
needto estimatethe true value of waterin the aquifer,but actualwatercharges
areinsufficientfor that purpose. Wateris not boughtandsoldin a decentralized
marketwithout externalcostsand benefits,and currentwater pricesfor OOahu
do not resultin optimal usageratesby the population Water pricestend to
underestimatehe full social costof wateruse,so the quantity usedis likely to
be higherthan optimal and the price lower than optimal. Krulce, et. al. (1997)
createda model which allows one to calculatetheseoptimal prices given
assumptionsaboutthe growth in demandfor water and the cost structurefor
extracting water from the aquifer for the Pearl-Harbor Aquifer on OOahu.

Groundwaterresourceswhile renewablearelepletableaswell, if extraction
is greaterthanrechargeEfficient useof groundwateresourcesequiresthatone
incorporatethe depletablenatureof the resourcejn the form of its availability
for future generations@se,into the allocationdecision(Moncur and Pollack,
1988; YoungandHaveman1985). Thereis anopportunitycost,in the form of
amarginalusercostor scarcityrent,dueto the fact thatgroundwatemusedtoday
will not be availablefor future use. This marginalusercostwill increaseover
time asthe aquifer headlevel falls, sinceeachunit of the remainingwater will
be morevaluable. In efficient watermarkets the price of watershouldincrease
over time to incorporate this user cost. (Tietenberg, 1996)

Krulce, et al. (1997) model coastal groundwateras a renewablebut
replaceableesourcegfor which thereis a backstop)with benefitsto currentand
future generations. The model addresseshe problem of the inter-temporal
allocationof groundwateresourceso asto maximizethe socialwelfare of the
resourceusers. Becausdhe valueof future welfareis discountedandextraction
costsincreaseas the stock of the resourcediminishes,the extractionpath for
depletableresources,including groundwater,should, ceteris paribus be
weightedmore toward the presentwith usedecliningovertime. However,if
demandor the resources alsogrowing asthe populationgrows,thenit may be
worthwhileto conservehe resourcen the presentime in orderto accommodate
the highervaluethat future userswill placeon the water. In our applicationof
the model that follows, it is assumedhat the water from the aquifer can be
substitutedfor desalinatedvater at a wholesaleprice of $3.48 per thousand
gallons,which providesan upperlimit to the price that canbe chargedfor the
water from the aquifer.

The model accountsfor growth in the demandfor water resourcesdue to
populationexpansionas well asthe reductionin usagethat would accompany
higherprices. Krulce et. al.041997)findingsindicatethat with efficient useof
the groundwater,the aquifer headwill reacha steadystate level after the
backstopprice is reached. With the expectationof growth in demandfor the



resource optimal managemeninay indicate an initial period of conservation
followed by a periodwherethe extractionrate exceedgshe rechargerate before
the steadystateheadlevel is reached. A formal presentatiorof the modelis

included in Kaiser and Roumasset (1999).

The optimal-groundwater-usmodelis usedherein two stageso determine
the contributionof the forestedwatershedo the valueof the aquifer. In the first
stage,inter-temporalsocial welfare is maximizedto find the currentoptimal
wholesale(net of distribution charges)price path and quantity path for water
usagefrom the PearlHarboraquifer. In the secondstage theseoptimal paths
arerecalculatedunderthe assumptiorof a significantforestdisturbance. The
differencein the net presentvaluesof the scarcityrent of the resourceunderthe
two scenariogrovidesthe estimateof the contributionof the aquiferfrom the
forestedwatershedQguality level. This value may in turn be usedto make
appropriate policy decisions at the project, sector, and full economy levels.

Thein situ valueof a unit of water(alsoknown asits scarcityrent) is simply
the efficiency value of water minusits extractioncost. Thus,the scarcityrent
for 1,000 gallons usedtoday at an efficient wholesaleprice of $1.01and an
extractioncostof $0.41would be $0.60. This is shownasthe y-intercepton
GraphA of Figurel. To approximatethe total scarcityrent for all the water
usedin eachtime period one first multiplies the difference betweeneach
periodOextractioncost and optimal price (the scarcity rent) by the optimal
quantity usedin thattime period (not shown)> Thenone can calculatethe net
presentvalue by summingthe discountedrentsin eachperiod over the infinite
futlére, given assumptionsboutthe growth in demandand the social discount
rate’.

B. Incorporating indirect ecosystem services
1. A General Case

Most healthy forested watersheds some speciesexcepted,increasethe
rechargeof coastalaquifersthroughthe mechanismslescribedabove. In short,
the quality of the forestedwatershedwill affectthe rechargerate of the aquifer
and the availability of groundwaterfor presentand future uses. A greater
rechargdevel will increaseaquiferheadlevelsand decrease¢he marginaluser
costs,increasinghe socialwelfare benefitsof the groundwater.Deteriorationin
forestquality may resultin a decreasen groundwaterechargelevels andthe
social welfare derived from the resource. A project level analysis of
groundwateusewhererechargds supplementedby the quality of its watershed
mustinclude the level of forestquality to optimally allocateresourcedor the
managemenof the groundwaterandits renewal. Note that this doesnot mean
thatthe forestedwatersheds necessarilythe only, or evenbest,way to achieve
groundwaterecharge. Rather,asan indirect serviceproviding waterresources,
the value of this service must be taken into accountwhen determiningthe
socially efficient use of resourcesaimed at the provision of water resources.



Without this inclusion, the managemenbf both the water resourcesand the
forestresourcewill be basedon miscalculationf the role theseassetdhavein
providing social benefits.

At thesectoralandfull economylevels,the foreststockshouldbeincludedin
managementlecisionsas cumulativemaintenancesxpendituresdeterminethe
forestOguality. Efficient decision-makingwill requirethat thesemaintenance
expenditurede increaseduntil the last dollar expendedn eachyearequalsthe
marginalincreasein the forest stock from that expendituretimes the marginal
increasein rechargefrom that stock level times the resourcerent. This
requirementirectly ties the forestquality expenditurego the availability of the
groundwater resource.

Table1 providestheoreticalevaluationof the changedsn benefitsassociated
with severaldifferent conditionsfor growth in demandfor water, rate of
extractioncostincreasesforestquality changesandthe discountrate. Changes
in theseparametersvill be usedto testthe sensitivity of the modelOsesults.
(See Kahn (1998) for an introduction to technique.)

Table 1: Effects of Model Parameters on Social Welfare from Groundwater

Model parameter: Effect on Benefits:

Forest quality changes. Decreasein forest quality leads to
decreasein recharge and social
welfare and need to move to
desalination more quickly.

Rate of increasefor extractioncosts| Increasein rate leadsto decreasdn

(n) social welfare and needto move to
desalination more quickly.
Discount rate (r) Increasen the discountrate decreasey

presentvalue of streamof benefitsand
costs from groundwaterby placing
less weight on the future.

Growth in Demand for Watet Higher growth ratesfor demandmean
society will need to move to
desalination more quickly.

The deteriorationin forest quality anticipatedin this analysisis a base
decreaseén groundwaterechargeof 41 MGD, or 31% of the currentrecharge
level from the KoOolaus.For purposesof example,Figure 1 showsa visual
representatiomf the scarcityrentfor 1,000gallonsin eachtime period prior to
using desalination under current forest conditions (Graph A) and under a change



Figure 1: Scarcity rent for recharge to Pearl Harbor Aquifer
Graph A: Current, recharge of 281 MGD

Lollars Somroiky Renk

2000 2010 030 I030 040 050 I0EQ IQTOH Temr

Graph B: Post-forest quality change, recharge of 240 MGD

Dollarsa Somrolky REeok

2000 2010 2020 2030 2040 2050 ST



in forestconditionswhich leadsto this decreasén rechargg(GraphB). At the
year 2072 under current conditions, and the year 2057 for this level of
deteriorationin water quality, the optimal wholesaleprice of water from the
aquiferwould be equivalento the wholesaleprice of desalination.At this point,
the sameamountof water shouldbe extractedfrom the aquiferin eachyear,
maintaining an optimal aquifer head level and extractioncost. Growth in
demandor watershouldbe suppliedby desalination. Thus,a significantbenefit
of the healthyforestis thatthe time until desalinatioris requiredis greater. This
will postponeany largecapitalexpendituresor treatmenffacilities anddecrease
their present value cost as well.

That a relationshipexists betweenforest quality and watershedjuality has
beenwell knownfor sometime. Underthe OrganicAct of 1897 (30 Stat.34-36;
codified U.S.C. vol. 16, sec.551), the Forest Service was begunwith the
mandateto provide healthy watershedgo improve water flows aswell asto
provide a continuoussupply of timber. Around this sametime period, mostof
the KoOolauMountains were put into the land managementdistrict of
OConservation)initing the developmenbf this land, andincreasingwatershed
quality. Today,the islandOsvater supply andthe PearlHarbor Aquifer benefit
from this investment. Expenditureson maintenancef the watershedshouldbe
seenin this historical context. The Conservatiordistrict requirementdimit the
threatsto developmentbut do not eliminate the threats of forest quality
deterioration. Groundwaterand surfacewater can both meetthe populationOs
waterneeds. The benefitsof groundwatemver surfacewater are manifold: (1)
the infiltration processprovides a lengthy period (about 12B25years for
HawaiOiGgeology)during which sedimentsand other contaminantsare filtered
out, (2) the groundprovidesa convenientstoragefacility in which watercanbe
kept cleanfor times of future demand,and (3) the grounddoesa betterjob of
capturingthe waterfor usethanwe could without drasticalterationto the forest
environmentand the other amenitiesit provides® Thesebenefitsmeanthat
changesn the ratio of runoff (surfacewater)to groundwater infiltration will
affect the overall quantity and quality of the water supply. Our study usesthis
potentialchangeto calculatethe value of the forestin the productionof ground
water quantity.

The environmentalconditionsthat mark forest quality for the provision of
groundwateresourcestemfrom a variety of hydrologicalconditions. Justa
few of thesepotentialconditionsarenotedhere. Steepslopeswill clearly have
morerunoff andlessinfiltration thanflatter slopes.Streamghatmeandeior pass
over more rubbly and lesssmooth,or channeledwaterwayswill havehigher
infiltration rates.Intenserainfalls that may be experiencedn severestorms,
particularly as on the windward sidesof the KoOolauswill tend to increase
channelizationand runoff. Layers of vegetationhelp slow this processby
providing slopestability, more evenstreamflow, andfallen debrisin the water,
creatinga mechanisnto slow the flow and provide freshwaterorganismswith
conducive habitat.

The soil type will determinethe permeabilityof the landscapéelow ground
level. Compactedsoil canprove quite impermeabldf not brokenup® The soil



typesin HawaiOigenerally have high clay contentsand are permeableuntil
disturbancesccur. Whentheseclay soils are packed,however,as canoccur
throughferal pig activity, they canquickly form animpenetrabldayer (Hobdy,
1998).

Finally, vegetationcover determinesmuch of the processof ground water
recharge. A healthy,multiple tieredforestwill collect moreraindropsthrough
its leaves protectthe soil from both sheetandrill erosion’ andwill keepthe soil
permeablethrough its root systems. Each of these servicesincreases
groundwaterechargeevels. Theseecosystenservicesare highly valuablein
placeslike HawaiOiwhere populationdemandsfor water are taxing supplies.
Theirinclusionin projectanalysisis necessaryor efficient decision-makingand
resource use.

Thesecostsare measuredhereby estimatingthe lost value (replacementost)
accruedthroughdeteriorationin environmentahuality. Forestquality is in this
casean input into groundwaterecharge. This is thus a damagecostaversion
approachto the questionof productionvalue generatedfrom the indirect
environmentalservice(Barbier, 1994; Smith, 1991). Theseestimatesshould
then be used as guidelines for project, sectoral, and economy-wide resource use.

The threatsto forest quality and the associatedecosystemservicescould
comefrom severaltypesof disturbances.A large decreasen rechargecould
comefrom avariety of changesn the forest. Perceivedhreatsto the watershed
rangefrom the introductionof invasivealien speciesto urbandevelopmenbor
fire. In generalanactivity suchasroadbuilding or a naturaloccurrencesuchas
a landslide due to forest disturbancewill increaseprecipitation runoff and
decreaseechargeto the aquifer. The mostlikely scenariofor degradatiorof
forest quality with respectto rechargelevelsis briefly discussedelsewheren
this document.

2. The Pearl Harbor Aquifer and KoOolau Conservation District

The PearlHarbor Aquifer underliesmuch o®Oahuand water flow on the
leewardside of the KoOolausontributessignificantly to the rechargeof this
aquifer. Someofficials of the StateWater Commissionbelieve that current
withdrawalratesare suchthatall renewabldslandwaterresourcewill be fully
developedandin usein 25 years.Any additionalgrowth in demandfor water
resourcesafter that time will needto come from externalsourcessuch as
desalination or depletion of aquifer water levels below replaceable fevels.

In HawaiOand elsewhereforest preservesvere set-asideat the turn of the
centuryto protectwatershedsandby the 1930sreplantingand cattle exclusion
occurredin deforestedareasto restorethe vital ecosystenservicesthe forests
could provide. In HawaiQithesedeforestedareaswere the result of cattle
grazing and other forest-degradindand use practicesin the previoustwo
centuries. Much of the desireto protectwaterin theseearly daysstemmedrom
the high levelsof waterneededo producesugar’ With theimportanceof sugar



dwindling, residentialusageis quickly becomingthe mostimportantbeneficiary
of the KoOolausO water.

The perceivedthreatsto this resourceare,in brief, any combinationof major
fires, roads,logging, urbandevelopmentferal ungulatesandintroducedspecies
like Miconia calvescens Given currentforestzoningandthreatlevels,the most
likely way in which large scaledevastationcould occur would be througha
combinationof extremelyheavyMiconia calvescengan invasiveintroduced
plant species)and/or leaf hopperinfestation (an invasive introducedinsect
species)changingthe compositionof the forest canopy,urbancreepalongthe
edgesof the district removing key areasof streamsidevegetationand adding
pavement, and an increase in feral pigs causing lower rates of soil infilffation.

Using the techniqueoutlinedabove,we calculatethe net presentvalue of the
aquifer with its currentforest quality and with a deterioratedquality level.
Following the modelin Krulce etal. (1997),the optimal price andquantity paths
for water usageare derived under different levels of water rechargeand for
different economicconditions. Desalination,at $3.48 per thousandgallons of
water, servesas an alternativeform of water production. As discussedabove,
the greaterrechargeaffordedby the higher quality forest (figure 1a) allows a
lower efficiency price and a relatively later switch to desalination(relative to
figure 1b). The lower pricesimply in turn that more wateris consumediunder
the non-deterioratedscenario. This resultsin greatersocial benefitsand a
commensurately higher present value.

Table 2 presentsestimatesof social benefits from groundwaterunder
differenteconomicconditionsfor extractioncosts,growth in demandfor water,
and the discountrate, whose theoreticalimpacts are describedin Table 1.
Notice that with the higherdiscountrate,the lossesare lower overall, asfuture
costsarediscountednore heavily. Additionally, whenextractioncostsrise, the
generaltrendis to increaselosses. For all scenariosat this level of recharge
loss, the range of estimates is $0.778 billion dollars to $2.413 billion dollars.

Table 2: Estimates of Present Value Social Losses from Deterioratio
in Forest Quality of 31% (41 MGD) in Billions of Dollars
Discount Rate = 3% Discount Rate = 1%
Extraction cost:| 1% demand| 2% demand | 1% demand growth
growth growth
Slow rising 1.1074 0.7781 24131
(n=1)
Medium rising 1.1329 0.8030 2.3187
(n=2)
Fast rising 1.3736 0.8503 2.3666
(n=4)

We take the mediumrising extractioncost casewith 1% demandgrowth as
the mostlikely scenarioandfind thatthe net presentvaluelost from a decrease
in rechargeof 41 MGD to the Pearl Harbor aquifer may be between$1.13



billion and $2.32 billion dollars in this case. This range dependson the
assumptionsnaderegardingthe socialdiscountrate. If onebelievesthatsociety
shouldhavea low discountrate,which placesalmostasgreata weighton future
benefitsas currentones,thenthe discountrate might be aslow as 1%, which
leadsto the $2.32 billion sum. If society choosesto use a marketrate for
discounting,i.e. what one might be ableto getasa long-termreal interestrate
(netof inflation) for a U.S. treasurybond, 3% might be moreappropriatewhich
leads to the $1.13 billion figur&'

Table 3 showsthe changesn social lossesfor differing levels of recharge
loss. The rangereflectssmall deviationsfrom the abovescenarioand a larger
error, in the form of a lossto rechargeof only 11%, or 15 MGD, that may be
construedas minimizing the connectionbetweenforest quality and water
recharge. Theseestimatesprovide reassurancehat the estimatesare not
particularly sensitiveto the choiceof a 41 MGD loss. The economicconditions
are expectedto be mediumrising extractioncostsand a 1% growth rate for
demand.

We examinea 5% deviationfrom the expectedevel of rechargeon either
side. In the caseof a slightly lower thanexpectedechargdossof 39 MGD the
value of social welfare loss either variesby only 2.2%, using the 1% social
discountrate,or by 3.8% in the caseof the 3% discountrate. In the caseof a
slightly higher than expectedrechargeloss, of 43 MGD, the 5% variationin
rechargeleadsto slightly larger changesin social welfare loss. For the 3%
discountrate, the changeis 6.9%, and for the 1% discountrate, the changeis
7.6%.

Table 3: Estimates of Present Value Social Losses from Deterioration in
Forest Quality, with moderate economic conditions, in Billions of Dollars.
Change in Forest Rechargq{ Discount rate = 3% | Discount rate = 1%
Base: 41 MGD (-31%) 1.1329 2.3187
15 MGD: lower than| 0.4205 0.9569
expected loss (-11%)
30 MGD: lower than| 0.8389 1.7867
expected loss (-23%)
39 MGD: (-29%) 1.0898 2.2674
43 MGD: (-32%) 1.2107 2.4948

As a caveatnotethat groundwateiand surfacewaterlevelsmight actuallybe
increasedy similar changesn the forestquality to thosedescribedabove. For
instance, a reduction in vegetative cover could lead to decreasesin
evapotranspiratioET) which morethancompensatéor decreasei recharge
due to lower levels of soil moisture storage and infiltration rates.

In summary,groundwaterrechargeis a valuable product of the KoOolau
forest,with a net presentvalue of at least$1.13to $2.32billion. OOahwets
about90% of its freshwater supply from groundwater. Alternative production
techniguesuchasdesalinatiorare costly andthe postponemenof their needis



a valuable policy goal. Postponementan occur on the supply side by
maintaining or potentially enhancing forest quality.

Il. INCORPORATING WATER-RESOURCE VALUATION INTO
THE THREE LEVELS OF WATER PLANNING

The inclusion of theseestimateof forestvalueis valuablefor partial project
level decisionsregardingwatershedisage. Beforemanipulatingthe forestcover
for watershedpurposeshowever,the benefitsof the additionalwater mustbe
weighedagainstthe costsof the changesn the forestto otheramenitiessuchas
water quality, wildlife habitatand aesthetigleasure. This highlightsthe value
of full incomeaccountingwhich would createa naturesectoraccountfor the
KoOolaus.

Net National Productcan be calculatedfrom the expenditureside and the
incomeside. Table4A showsthe standarccomponent®f Net National Product
while Table 4B adds in the environmental sector.

Table 4A: Standard Components of Net Domestic Product

Net Domestic Product National Income + Indirect
Business taxes less subsidies
Expenditures Income

Agriculture, forestry, fisheries, mining Compensation to Employees

Manufacturing, construction, Interest, rental income and profit
transportation and public utilities, retail
and wholesale trade

Financial insurance and real estate, Depreciation allowance
Services

Government and government enterprise| Indirect business taxes net of
subsidies

(Depreciation)




Table 4B: Additional Sectoral components required for full income
accounting

Value of non-market environmental gooq Value of non-market
and services environmental inputs

(Environmental Depreciation) Natural capital depreciation
allowance

Value of other non-market goods and Value of other non-market goods
services [e.g. black market goods] and services [e.g. volunteer labo

Rents and profits from natural
capital

Within this context,a profit-loss statemenfor the environmentalksectorof
the economybecomesa useful performanceindicator. The componentf a
profit-loss statementvould take a form similar to Table5. This tablehasbeen
tailored to the caseof the KoOolauConservationdistrict. For a quantitative
example using the Chesapeake Bay area, see Grambsch (1993).

Currently, the KoOolaudistrict and many other places appearto enjoy
significant profits from their environmentakectors. From Table 5, the profits
attributableto naturefrom the KoOolalwConservatiordistrict sumup to asmuch
as$275.04m. A large portion of thesewindfall profits from nature,$135.8m,
stem from groundwaterrechargeprovided by the forest. Theseaccounting
proceduregdo not, however,incorporatethe risk of significant naturalcapital
depreciationthrough occurrencessuch as natural disastersor new or
uncontrolledinvasivespecies. Significant naturalcapital deterioration,suchas
speciesextinction and decreasesin biodiversity, may also go unseen,
confounding its measurement further.

The potentialthreatto theseprofits is uncertain. Tables2 and 3 quantify
some of this uncertainty,showing that changesin economicconditionsor
assumptionsaboutthe level of affectedrechargedo not abruptly changethe
estimatesof social welfare loss. At the project level, one can use this
uncertainty combinedwith informationaboutthe plannedaction,to evaluatethe
expectedchangein value from an action. For example,assumehat thereis a
30% chancethat within 10 yearsthere may be a naturaleventsuchas partial
destructionto the forest by invasive speciesas describedabove. This event
would, as calculatedaboveusing optimal control theory,leadto a net present
value of $1.13billion dollarsin damages. To determinethe benefitsof the
project,onewould thenestimatethe impactthat a specific conservatiorproject
hason the probability of saiddamage®ccurring. If for example,a onemillion
dollar conservationproject reducedthe probability of the specifieddamage
occurring within 10 yearsto below about 8%, then the investmentwould



generatean expectedreturn of more than $300 million. This figure doesnot
eveninclude the non-aquiferrelatedbenefitsof the project. A favorablenet
presentvalueis expectedevenif the assumptiongboutthe effectivenesof the
conservation project are less optimistic.

Table 5: Sample Profit-Loss Performance Indicator for the KoOolau Secto
[figures are rough estimates of annual flows, in millions of dollars [1997f]

Value of Environmental Goods and Inputs to watershed resource
Services Produced from watershed
Groundwater quantity $137 Forest maintenance | $1.2
expenditures
Natural capital $135.8

contribution to
groundwater rechargg

Water quality and in- $4.84 Dredging (Defensive | $0.4
stream uses Expenditures and

damages)

Natural capital $4.44

contribution to water
quality and in stream

uses
Species habitat and $42.6 Additional Invasive | $0.1
biodiversity species prevention

and eradication

Natural capital $42.1

returns from lack of
invasive species

Subsistence, hunting, and $2.3 Natural capital $2.3
commercial harvests contribution to
commodity use
Aesthetic values and $92.4 Natural capital $92.4
ecotourism contribution to
aesthetic values and
ecotourism
Other natural capital $-2 Other natural capital | $-2?
depreciation depreciation
Total ONatures $275.04

ProfitsO (net returns | (Est.)
to natural capital)

Total $277.14 Total $277.14
(Est.) (Est.)

This sort of information can be usedat both the sectorand economy-wide
levels to improve policy decisions. Clearly, the risk of natural capital



depreciationwarrantsmore significant attentiongiven the profitability of the
environmentahssets.Accountingin this format demonstratethe importanceof
full information for optimal decision-making. At the project level, this
information showsthe value of calculatingthe environmentabalancesheetfor
the caseof project completionas well as the statusquo. A comprehensive
projectevaluationwould thereforeusea similar calculationas demonstratedh
this paperto determinethe full value of the environmentalesourcesisedin the
project.
V. CONCLUSIONS

This paper provides a method for estimating the value of an indirect
environmentalservice for purposesof full income accounts,nature sector
accounts,and project evaluation. The methodis briefly illustrated for the
KoOolauforestedwatershedin OOahuHawaiOi. While extensionsto other
watershedsvill requiresignificantinteractionbetweenscientistsandeconomists
to determinethe particularcharacteristicof the relevantwatershedthe model
presentedn Krulce et al. and usedherecarriesdirectly to any coastalaquifer.
The key scientific elementghat needto be determinedareinflow andleakage,
and the relationship betweenforest quality and water recharge. The key
economicvariablesthat needto be determinedare extractionand alternative
water production costs, and demand and growth conditions.

In this presentation,the particular watershedservice of interestis the
enhancedechargeof the PearlHarbor Aquifer providedat threelevelsof forest
cover b presentcover, no cover, and cover with moderatedamage. In full
income accounting(Ogreen®et product accounts),the value of the water
provided by the aquiferis anitem on the final goodsand servicesside of the
nationalor regionalproductaccount. That part of the waterservicesattributable
to the forest shows up as an intermediate input on the right side of the ledger.

Naturesectoraccountdsolatethe outputsandintermediateinputs portionsof
the full incomeaccountsandrestatethemin a conventionalprofit-lossfashion.
In the KoOolauexample, nature can be seento be running an extremely
Oprofitable@peration. This doesnot necessarilymeanthat the government
agencyresponsiblgfor watershedconservationalongwith variousNGOOsand
private citizens, have beensuccessfulput naturesectoraccountsnonetheless
provide a performanceindicator useful for planning by such agenciesand
groups. The naturalbenchmarkfor natureOprofits is not zero, asit is for a
conventionalbusinesspecauseof the unpricedinputs that comefrom outside
the systemunderinvestigation(sunshine)and the assetdnside of the system
(e.g.waterbasin)that may be relatively easyto maintain(e.g.the geo-physical
integrity of the aquifer itself). Nonethelessijncreasesor decreasesn such
accountswill be reflective of successfulor ineffective conservationefforts.
Moreover,theseaccountsallow plannersto isolate the value of intermediate
ecologicalservices,e.g.from a watershedand are a potentially usefultool in
setting conservation priorities.

Particular conservationproposalscan be assessedwith presentvalue
techniqguesaugmentedoy the valuation of the indirect ecologicalservicesin



question. In the exampleprovided,the conservatiorprojectis the maintenance
requiredto avoid depreciationof the naturalcapital of the forestedwatershed.
The value of the projectis determinecby finding the differencein the valuesof
the Pearl Harbor Aquifer, with and without the conservationproject. Using
optimal control techniqueswe find that the net presentvalue of the potential
lossfrom a decreaseén rechargeof 41 MGD to the PearlHarboraquiferis on
the orderof $1.13billion. In orderto proceedto the next stepof the project
evaluation,one would estimatethe impactthat a specific conservatiorproject
has on the probability of said damagesccurring. If for example,the a one
million dollar conservationproject reducedthe probability of the specified
damageoccurring within 10 years,then the investmentwould generatean
expectedreturn of more than $300 million evenwithout consideringthe non-
aquifer related benefits of the project. Even with much more cautious
assumptionsthe project would have a very favorablenet presentvalue even
before consideringthe biodiversity, aestheticvalues,and enhancedourism
revenuesthat can be protectedby prudent conservationprograms. (For
example,the sameamountof forestdegradationconsiderecabovewould also
increasethe sedimentationof streamsand the ocean, costing the Hawaii
economy$23 to $123 million in increasedfiltration and dredgingcostsand
possibly more in reef damage s.)

Naturehasreturneda large OprofitQo HawaiOfor manyyears,but the
returnsareat risk. Shouldthe populationsof the alien specieddiscussedbove
substantiallyincrease,HawaiOiOsconomywould suffer extensivelosses.
Conservatiorprojectsthat mitigate suchrisks needto be seriouslyconsidered.
Other statesand countriesmay be risking similar degradatiorand be practicing
thereby stochastically unsustainable development policies.

It is alsoimportantto note that the concernfor environmentalamenities,
sustainability,and intergenerationaéquity do not necessitatehe invention of
new criteria for projectevaluationand policy analysis. In the HawaiOtontext,
the perceivedproblemthat economicdevelopmenwill inevitably degradethe
environmentcan be avoided by simply extending conventionalincome
accountingand project evaluationtools to accountfor non-marketbenefitsand
costs.

The implication for managingconventionalwater resourcess that water
resourceswvhich arein part dependenbn degradablescologicalservicesare
even more undervaluedand overusedthan previously thought. Using more
waterrequiresthat the optimal amountof watershedtonservatiorbe increased,
and this maintenanceexpenditureshould be built into planning for water
allocation. In situations,whereindecentralizedhllocationis effectedby water
pricing or water markets,the water price mustitself reflect the value of the
increased maintenance.



ENDNOTES
! Adjusted for inflation fronKrulce, et. al. (1997).

2For example in the first period, the optimal quantity extracted is 149 Million
Gallons per Day (MGD).

3 For a discussion of scarcity rent, present value and social discount rates, see
Tietenberg, Environmental and Natural Resource Econonfiaagiion, 1996.

* Such costs are not estimated in this analysis.

® For example, evaporation and transpiration losses could be greatly reduced by
replacing the forest with large catchment and storage systems.

® Some of the early irrigation ditches were in fact made of packed soil. The soil
base for the KoOolaus is volcanic. The Natural Resources Conservation Service
(NRCS) has conducted soil surveys for the islands (NRCS, 1972 (Island of HI
(1973)). Many of the original irrigation ditches were not lined, and were
sufficiently watertight just through packing the soil tightly (NRCS, 1972 (Island

of HI (1973)).

" Sheet erosion is caused primarily by raindrop impact. Rill erosion is caused
primarily by surface runoff.

8 Roy Hardy, Water Commission, personal comm., 7/24/98. Other studies (e.g.
Krulce, et al., 1997) have shown that this does not have to be the case if water
management is improved in the interim.

° It takes 1 million gallons to produce one ton of sugar (Wilcox (1996)).

2 while any of these threats might be capable of reducing groundwater recharge
by 41 MGD, or 31% of the current recharge level from the KoOolaus, through

the impacts described, there is a great deal of scientific uncertainty involved
when discussing changes in vegetation cover, and there are many possible types
of mitigation procedures which could allow for development such as road

building or logging without negatively impacting groundwater quantity or even
erosion and sedimentation. For this reason, given current restrictions that already
place a social value on the resource quality, a combination of impacts is
assumed necessary for such a significant change in recharge levels.

" The optimal social discount rate is a controversial topic within economics.

Most government agencies use a 10% discount rate, but agencies like the USDA
Forest Service are mandated to use a 4% discount rate because of the long-range
social benefits they produce. James Kahn has suggested the use of 30-year U.S.
Treasury bond rates because they are a low-risk, diversified investment, or the



average real rate of growth of GDP, historically 2-3%, because any one part of
the economy growing exponentially larger than the economy as a whole could
not be sustained for long (Kahn, 1998).

12 Giambelluca puts forward a scenario, though not directly for the KoOolaus, in
which all of the 1975 sugarcane land is converted to vacant land, resulting in a
net increase in groundwater supply to OOahu of 71 MGD, but only a 3 MGD
increase in recharge if these same lands are changed to medium density
residential land (1983:250). He makes the assumption that medium density
residential land would have 25 persons per acre, with a maximum increase of
population of 544,000 people.

3 From Kaiser, Krause, and Roumasset, UHERO electronic publication,
<http://www2.hawaii.edu/"uhero>, 1999
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building or logging without negatively impacting groundwater quantity or even
erosion and sedimentation. For this reason, given current restrictions that already
place a social value on the resource quality, a combination of impacts is
assumed necessary for such a significant change in recharge levels.
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the economy growing exponentially larger than the economy as a whole could
not be sustained for long (Kahn, 1998).

12 Giambelluca puts forward a scenario, though not directly for the KoOolaus, in
which all of the 1975 sugarcane land is converted to vacant land, resulting in a
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