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Freshwater resources figure sIgnIficantly among the factors that detennrne the nature and
extent of econormc development and of unprovements In SOCIal \vell-bemg PrelImmary estImates
for EI Salvador suggest that the potentIal value ofaccess to water and sanItatlOn for households alone
IS greater than $200 tnlllIon per year and poSSIbly much higher Once the value to other sectors of
the economy IS taken Into account, the total value ofwater resources In El Salvador could be much
greater In this respect, the endowment of water resources clearly constItute a very Important
econotnlc asset for EI Salvador Unfortunately, this sIgm:ficance can be tnlSsed or understated smce
these assets and many of the servIces which flow from them are generally not traded on the market

GIven therr economIC potentIal, It IS Important that water resources be managed to achieve
maxunum SOCIal and econormc advantages For part of the country's populatIOn at least, water
resources are mdeed bemg heaVIly managed Potable water IS proVIded through supply systems to
large urban populatIOns that m earlIer days would have depended on drrect access to surface or
groundwater ThIs level ofservIce IS the result ofmvestment m manmade capItal that complements
the avaIlable water resources Industry, commerce, and agnculture also take advantage of water
supplIes to meet therr productIOn reqUIrements However, for a large portIOn of the populatIOn,
partIcularly households lIvmg m rural areas, water supplIes are less relIable and relatIvely costly
because of lImIted stocks and maccessibilIty The complementary mvestments m manmade capItal
have been absent m these SItuatIons

The other SIde ofthe supply ofusable water IS the removal ofwaste water Here agaIn, there
have been some systematIc efforts to collect and manage these water-related wastes However, the
coverage of these actIVItIes IS far less complete than IS the case for potable water systems
Furthermore, treatment pnor to dIscharge IS lImIted, and at times, noneXIstent Because of the
resultmg contammatlOn, the supply of usable water IS reduced further, raIsmg the stakes ill the
management ofwater resources These damages represent a degradatIon of the country's asset base
and as a result, a worsemng ofthe condItions for meetmg econormc and SOCIal goals

To make appropnate deCISIOns about how to manage water resources ill the country and, m
partIcular, to determme what mvestments are needed to expand the water-related workIng capItal of
El Salvador, It IS necessary to exarmne the lInkages between the state of water resources m the
country, how they are managed, and the ImplIcatIOns of these crrcumstances for econormc and SOCIal
progress m the country The current paper proposes one way to approach this type of exarmnation
SpeCIfically, It mtroduces an approach that VIews the water resources of the country as econOtnlC
assets, diffenng from other forms of (manmade) capItal m ongm and mamtenance but nonetheless
ones that should be managed to maxImIze therr capItal value TIns VIew should be consIstent With
a larger effort to maxImIze the wealth and mcome of EI Salvador m general The compamon of
assets m such analySIS are the asSOCIated lIabIlItIes DIfferent types of lIabIlIties m the water sector
are outlIned In short, this paper attempts to establIsh the framework for a balance sheet of assets
and lIabIlIties for the water sector m EI Salvador
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Thls report begInS With the presentation of basIC concepts for evaluatmg El Salvador's net
workIng capItal m the water sector (Section 2) These concepts underly the broader VIew ofcapItal
m the water sector that IS proposed m thIs paper The next three SectIOns provIde certam elements
ofthIs broader VIew, based on eXlstmg data and estImates SectIOn 3 provIdes an overvIew of the
phYSICal measures descnbmg the status of water resources m EI Salvador SectIOn 4 presents
findmgs ofthe econOmIC damages Imposed on socIety as the result ofwater contamInatIon Section
5 presents a sector-by-sector analYSIS ofunmet CapItal needs for dIfferent Salvador mdustnes, based
on national econOmIC census mformatIOn and the estImated costs of addressmg certam forms of
water pollutIOn from these mdustnes

Smce certaIn nnporant mformatIon needed to proVIde a complete versIOn ofthe broader VIew
ofcapItal m the water sector does not eXIst, hypothetIcal examples ofbalance sheets for assets and
lIabilities m the water sector are constructed to Illustrate possIble conditions m El Salvador and what
could be learned from developmg an actual set of balance sheets on an annual basIS SectIOn 6
provIdes a complete set ofhypothetlcal balance sheets for 1998, exammes theIr ImplIcatIOns for the
current econOmIC health ofthe water sector, and makes a companson With pOSSIble past and future
trends m the sector

SectIOn 7 dIscusses a questIOn that deserves separate attentIOn m thIs econOmIC analySIS 
rural vs urban benefits from the way that water resources are managed Wlnle econOmIC analySIS
looks for effiCIent allocatIOn ofresources, the dIstrIbutIOnal aspects ofany allocatIOn are also very
Important ThIs sectIOn dIscusses certam tendenCIes m the rural-urban competitIOn for water that
raIse concerns

In SectIOn 8, conclusIOns and recommendatIOns are presented Of partIcular note IS the
recommendatIOn that USAID IDltIate and coordmate a program of actiVIty to Implement the
framework of assets and lIabIlIties proposed here

2. Water as Working Capital

Net workmg capItal IS the dIfference between current assets and current lIabIlIties SImply
put, what remaIns after lIabIlIties are taken mto account IS what can be used productively to expand
the output ofany econOmIC entity, such as a firm When net workIng capItal IS suffiCIently large, a
firm can expand ItS productIon and therefore Its wealth If It applIes that workIng capItal Wisely If
however net workIng capItal IS msufficlent, the firm must borrow resources m some way (through
debt or eqUIty) m order to stay m busmess

SImIlarly, thInkmg of El Salvador as an econOmIC entIty trymg to generate wealth for Its
CItIzens, the dIfference between the country's assets and lIabIlIties IS an Important mdlcator of Its
abIlIty to generate wealth In thIs paper, It IS asserted that freshwater resources constItute an
Important part ofEI Salvador's portfolIo ofworkmg CapItal For thIs reason, an evaluatIOn IS made
ofthe aspects of the country's freshwater resources that can be viewed as assets and the aspects that
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can be VIewed as habllIties Where feasIble, quantItatIve mdications based on actual eVIdence from
El Salvador are consIdered However, the figures used m this presentatIon of the mam body ofthIs
report should be mterpreted as suggestive rather than actual smce data for several key components
ofthe asset-lIablhty balance sheet were not aVailable m E1 Salvador or could not be estnnated WIthIn
the constramts of the current effort It IS expected that thIs IllustratIve example WIll help advance
efforts to construct an actual set of balance sheets for the water sector m El Salvador Readers
seekIng actual data or estnnates on the state ofwater resources m EI Salvador should confine therr
attentIon to the mformatIon proVIded m the Annexes

2 1 BaSIC Concepts for Assessmg Water-Related Assets and Liabilities

Before InltIatmg a reVIew ofphYSIcal data charactenzmg the status of water resources m El
Salvador (SectIon 3), It IS useful to proVIde an mtroductIOn to the basIC concepts whIch WIll
ultunately be used to mterpret the status ofwater resources from an econOmIC perspectIve Three
partIcular concepts are conSIdered A phySIcal mventory IS an lll1portant startmg pomt Itself for
descnbmg the endowment ofwater resources And, phySIcal mventones clearly mdIcate the llmIts
of resources and therefore take a measure of theIr scarCIty However, econOmIC ScarCIty can be very
dIfferent from phYSICal scarCIty EconOmIC scarCIty IS one of the most lll1portant concepts of an
economIC perspectIve of water resources Fmally, manmade capItal may be the most surpnsmg
element ofwhat constItutes assets m the water sector ofEl Salvador Each of these IS dIscussed m
turn below

2.1 1 PhySical Inventory

An econOmIC assessment of the state of a natIon's water resources begms WIth a basIC
phySIcal charactizatlOn In SectIOn 3, an overvIew of the flow, dIStnbutIOn, and condItIon of
freshwater resources IS prOVIded TIns overvIew prOVIdes clear eVIdence ofthe extent ofthe nahon's
water resources but also clearly mdicates that pressures are changmg the condItion of these
resources In partIcular, contamffiatIon figures prommently as a SIgnficant pressure on the nahon's
water resources

2 1 2 ScarCIty

GIven a phySIcal mventory and charactenzatlOn, It IS poSSIble to begm dIscussmg the nature
of scarCIty m the El Salvador's water resources The concept of ScarCIty IS an essentIal to an
economIc assessment smce the value ofany resource anses from Its ScarCIty Part of the ScarCIty to
be consIdered here can be attnbuted to the phySIcal llmIts ofnatural processes In the case ofwater,
aVailable amounts are lImIted by the frequency, quantity, tImmg, and geographIc dIstnbutIon of
rmnfalI, by the absorptive capaCIty of the soIls and shape of the terrmn, and by ambIent condItIOns
that affect evapotranspIratIon However, scarCIty m an economIc sense also has much to do With
the charactenstics of water use These are consIdered below

Some uses ofsurface water resources, such as boatmg, may be nonconsumptIve In this case,
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scarCIty stIU holds but m practIce may really come mto play only once the number of boaters IS
enough to create congestIOn Other uses may be consumptlve, or at least extractlve Drawmg water
from surface or ground water sources for human consumptIon, rrngatIOn, or productIOn creates
scarCIty and therefore competItIOn for the resource However, ScarCIty can be even more mtncate
m these cases A stock of pnstme water that IS avallable at the far reaches of the country may for
all mtents and purposes have zero econoIDlc value If the cost ofaccessmg tlns source exceeds the
highest value of the uses to wmch It could be put If It were transported, then the water has no current
econoIDlc value for drrect use SlIDllarly, ramfall m excess of current consumptIOn needs IS not
scarce StIll, If tlns excess can be stored and saved for a dryer tlme, then this excess ramfall takes
on econoIDlc value

When wastewater IS dIscharged to a receIvmg surface water body, another fonn ofscarCIty
15 created Up to a pomt, the water body may be able to assrrmlate the waste Without damagmg the
plant and ammal speCIes that mhabItm or depend on the water Eventually, however, the loadmgs
can be hIgh enough to damage these speCIes TIns damage could mfnnge on other uses such as
fishing, boatmg, and other forms ofoutdoor actIVIty and recreatIon that are tIed to a healthy aquatIc
ecosystem In thIs crrcumstance, these competIng uses (dischargmg waste for asS1IDllatIOn versus
water-based occupatIOnal and recreatIonal aCtIVItIes) create SCarcIty There SImply IS not enough
water to satIsfy everyone's unconstramed demands

Other senous damages can arISe from wastewater dIscharges beyond the ass1lll1latIve capacIty
of a water body When humans draw on this water for consumptIOn WithOut treatIng It, health
problems can anse From fecal contamIDatIon, gastroentenc dIseases that marnfest themselves m
acute diarrhea can be mduced The morbIdIty and mortalIty asSOCiated With this acute dIarrhea can
be substantIal Sectlon 4 Will prOVIde more detaIls on estImates ofwater-related health damages that
have been made for EI Salvador

Beyond fecal contamIDatIOn, toXiC contamIDatIOn can create more latent damages that
marnfest themselves only after longer penods of exposure and that may be delayed m therr effects
Lead contamIDatIOn ofdrmkmg water IS one such health threat that could be affectmg mdividuals
m EI Salvador Exposure of young chIldren to lead can Impede mtellectual development and
therefore affect therr prodUCtlVIty once they are adults EstImates of thIs type ofhealth damage are
also presented m SectIon 4 WhIle It IS unknown whether the lead contammatlOn m drmkmg water
that has been IdentIfied m EI Salvador ongmated m human actiVItIes or not, the theme of scarCIty
still applIes Because these contammated sources ofdrmkmg water are not swtable for consumpnon,
It IS necessary to seek other, more SUItable sources of dnnkmg water These sources are lIkely to be
less acceSSIble and therefore more costly

The fmal example of a competIng use that helps create scarCIty and therefore value m the
water resources of EI Salvador IS hydroelectnc power generatIon Because hydroelectrIc power
depends on lffipoundmg surface water flows to create a stock of water to dnve power-generatmg
turbmes, the quantIty ofwater aVaIlable for downstream use could be compromIsed Furthennore,
the phySIcal and ecolOgical character ofthe water bodies upstream and downstream could be changed
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markedly Whether and how these changes may have mfrmged on other uses (such as artesanal and
recreatIOnal fishIng other other water-based actIvItIes) IS unknown It IS also conceIvable that the
unpounded water behInd a hydroelectrIc dam can provIde other beneficIal sefVlces beSIdes power
generatIOn - such as open water for boatIng (that may not have been possIble before) and better
control of potentIal floodwaters that would otherwIse cause damages downstream

2 1 3 Manmade Capital

Focusmg on water resources alone proVldes only a partIal pIcture of assets relevant to the
water sector What IS lDlssmg so far IS an mventory of all of the manmade capItal whIch
complements the avaIlable water resources, and as a result, enhances therr value The manmade
capItal m questIon mcludes all of the plant and eqwpment whIch faCIlItates the followmg

• supply of water to water systems (such as, plpelmes, purnpmg statIons, wells, and storage
systems),

• dIstnbutIOn of water to mdIvldual households, farms, factones, and offices (such as pipes
connectmg mdlvldual users to a mumclpal system),

• wastewater collectiOn, and
• wastewater treatment

Each of these forms of capital complement water resources differently as WIll be dIscussed next

A plpelme that bnngs water from the Lempa RIver for use m San Salvador has the potential
to raIse the value ofthe Lempa's water resources Usmg thIs water to meet drmkmg water demand
m the greater metropolItan area may proVlde greater econolDlc value than uses m the duect VlC1ll1ty
of the Lempa (such as agnculture) The mcreased econounc value ofLempa water IS the dIfference
between the values as dnnkmg water delIvered to the system m San Salvador (say, 40 colones per
cubiC meter) and Its htghest valued alternatIve use at the Lempa (say, 20 colones per CUbIC meter)
By bUlldmg the plpelme (at, say, a cost of 15 colones per cubiC meter) the water m the Lempa has
mcreased m value by 5 colones per CUbIC meter

It IS also worth mentIonmg the nnportance of capItal for storage In a country lIke EI
Salvador where there are dramatic seasonal fluctuatIons m ramfall, water storage tanks, holdmg
ponds, and nnpoundments that add to the natural storage capacity of the country's surface terram
(lakes) and subsurface (aqUlfers) ThIs storage extends the usable hfe oframfall at a given tIme and
thereby evens out the vanatIon m supply and mcreases the 1DllllffiUIn aVaIlable supply, as shown m
the hypothetIcal example proVided m Exhtbit 1

The plant and eqwpment assOCIated WIth water dIstrIbutIOn have a sunIlar effect on the value
of actual water resources Because water can be brought to where people are, they do not have to
rely on pnvate wells or lIve dIrectly adjacent to water bodIes to obtam therr water Smce plant and
eqwpment for water dIstnbutIOn faCIlItate access to more remote water sources, thIs form ofcapital
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Plant and eqmpment for wastewater treatment have the potential to complement water
resources by protectmg them from contarmnatlOn Whether tlus potentIal IS realIZed WIll depend on
whether the treatment IS suffiCIent to render the receIvmg water body usable for some other purpose
Not surpnsmgly, treatmg the wastewater suffiCIently that the receIvmg water body can be used as a
dnnkmg water source poses one of the lughest goals for treatment and accordmgly reqmres
sigruficant capItal and operatIon and mamtenance expendItures In other words, for the treatment to
truly contnbute to the value of the receIVIng water body, a sIgmficant mvestment may have to be
made m the treatment capItal Itself

Exhibit 1
ILLUSTRATION

AvaIlable Surface Water Storage vs Flow
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Plant and eqmpment for wastewater collectlOn have a two-edged sword m theIr relatlOnslup
to the value of water resources On the one hand, collectmg wastewater IS essentIal for any
wastewater treatment effort but espeCIally for murucipal wastewater whIch comes from dIverse,
dIffuse, and numerous sources In tlus regard, manmade capItal for wastewater collectlOn can also
complement and therefore enhance the value of the water's resources by facilItatmg the protectlOn
that treatment offers

The hypothetIcal example ofExlubit 2 suggests how contarmnatlOn can dramatIcally deplete
avatlable water that IS usable for dnnkmg water, recreatlOnal, and other dIrect contact uses Dunng
the dry season, contarmnatlOn could easIly deplete all of the surface water that would otherwIse be
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the dIy season, contamma1lon could easIly deplete all of the surface water that would otherwIse be
avaIlable Without contamma1J.on Treatment ofwastewater dISCharges or ofcontammated water Itself
can reverse thIs outcome - partIally or entuely, dependmg on the level of treatment

However, where collectIOn systems eXIst WIthout treatment or With very hmIted treatment,
as IS the case for most wastewater sources m EI Salvador, they can actually contnbute to the
deprecla1lon of the econOmIC value ofthe receIvmg water bodIes smce contamtnatIon they facIhtate
can make the receIvmg water body unswtable for human consumpnon In thIs case, the collec1lon
and dIscharge eqwpment takes advantage of the asSImIlatIve value of water bodIes but the
contammatIOn dnmmshes the dnnkmg water value ofthe water body at the same tIme

There IS then a tradeoff companson to be made Whether the collectIOn and dIscharge
eqwpment IS a complementary asset or not Will depend on whether the water body's assJ.ID.I1atIon
servIce IS more or less valuable than Its prOVISIOn ofdnnkmg water In the case that asslffillatIOn 15

the more valuable servIce, the eqwpment IS complementary In the alternanve case (where proVIdIng
dnnkmg water IS more valuable but thIs value IS bemg dtmmlshed by the dIscharge), the collectIOn
and dIscharge eqwpment IS not complementary Instead, It results In lowermg the value of the
receIvmg water body
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ExhIbIt 2
ILLUSTRATION

Surface Water Available vs Usable
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TIns companson can change over time For example, If the area adjacent to a water body IS
sparsely populated and If the wastewater load IS small relative to the recelvmg water body, the
asslml1atIOn value may easl1y exceed the foregone dnnkmg water opporturutles (If these are even
affected) However, as populatIOn m the area grows and dnnkmg water demands mcrease, the
opporturuty cost ofcontammatmg a nearby dnnkmg water source w111 grow slgruficantly Then, the
dnnkmg water value may readl1y dOffilnate the asslffillatlve value of the water body With specIfic
reference to EI Salvador, the water bodies m the VlClruty of San Salvador clearly serve a substantial
role m asslml1atmg wastes from the metropohtan area but It remams to be quantified whether
asslffillatIOn or another use such as dnnkmg water has greater value If the value ofdnnkmg water
prevatls, as many people suspect, then the current system ofdischarges IS dnvmg down the total value
ofwater bodies m the San Salvador area

MIchaels / Camacho 8 Abt/USAID-MARN
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value of water bodIes m the San Salvador area

3. Physical Assessment of Water Resources in EI Salvador

Feb/98

El Salvador has abundant water resources at Its dIsposal thanks to strong ramfall patterns and
the eXIstence of water bodIes and aqwfer recharge zones that facilitate the longer tenn storage of
water from ramfall The supply ofdnnkmg water m El Salvador usmg groundwater sources has been
very Important because of the abundance, qualIty, and low costs assocIated With Its use as opposed
to surface water sources Nevertheless, With growth m populatIOn and water demand, El Salvador
has been oblIged to use surface water sources at greater and greater dIstances from populanon centers
and as a result at hIgher costs

ThIs CIrcumstance applIes partlcularly to the CIty of San Salvador where It has become
necessary to extract surface waters from the Lempa RIver m order to meet the CIty'S water needs
TIns neceSSIty IS attnbutable prImanly to two factors FIrst, the recharge zones ofaqUIfers have been
reduced because ofurban expansIOn that affects the quannty ofground water Second, deforestanon
and poor management of vegetanve land cover have led to the compactlng ofsoIl whIch m turn has
led to the reductIOn of water mfiltratIOn mto aqwfers In addItIon to these two factors, addItIonal
contamInatIon of ground and surface water sources IS Immment given the poor management of
wastes (from mdustnal, domestIc, and other sectors)

In the followmg sectIOns, descnptIOns ofsources ofwater m El Salvador and the current state
of theIr quantIty and qualIty IS prOVIded

31 Surface Water

El Salvador compnses ten pnncipal hydrographIc regIOns, as shown m ExhIbIt 3 The nvers
m each of these ultImately all dram to the PacIfic Ocean ExhIbIt 4 prOVIdes detaIls on the area of
each region and the estImated average surface water flows (runoff) through each regIOn durmg the
ramy and dry seasons Among the hydrographIc regions, the Lempa RIver stands out, With an area
of approXImately 10,000 square lalometers, whIch accounts for 70% ofthe superfiCIal water flow
ofthe country From thIs exhIbIt, It can also be seen that 37% of ramfalliS embodIed runoff whIle
the remammg 63% IS lost through evapotranspIratIon Considenng the total dramage area of30,000
square lalometers (whIch mcludes watershed areas m neighbonng countnes), the average annual
ramfalliS eqwvalent to 1,900 nun, ofwhIch 700 nun results ill runoff
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ExhIbIt 3
Map HydrographIc RegIOns of EI Salvador

HYDROGRAPHIC REGIONS
A LEMPA RIVER
B PAZ RIVER
C PAZ-SAN PEDRO RIVERS
D SAN PEDRO-SENSUNAPAN RIVERS
E BANDERA-JIBON RIVERS
F JIBON RIVER
G JIQUILISCO BAY
H GRANDE DE SAN MIGUEL RIVER
I G SAN MIGUEL RIVER- PACIFIC OCEAN
J GOASCARAN RIVER

Feb/98
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The hydrologIcal regIme and avaIlabIlIty of water m EI Salvador are controlled by two
seasons - a dry season from November to Apnl and a ramy season from May to October The ramy
season account for 85% ofthe total runoffvolume Dunng the dry season, nvers are fed by ground
\\ater sources and some supplIes proVIded by lakes and artdiclalImpoundments EI Salvador has
at Its dIsposal natural lakes whIch are fed by ramfall and whIch can serve as an Important source of
'water ExhIbIt 5 presents the four largest lakes and therr SIZes In addItIon to these natural water
bodIes, dams and the resultmg Impoundments constItute unportant stores ofwater The largest of
these are the Cerron Grande, the 5 de NOVlembre, and the 15 de SeptIembre Impoundments

Exhibit 4
Hydrographic Regions of EI Salvador*

Annual Water AvaIlabIlity

Region Primary River Area Ramfall Volume Volume Total
wlthm El (Mnf)** m m Volume
Salvador Ramy Dry (Mnf)

(Kni) Season Season
(Mnf) (Mnf)

A RIo Lempa 10,000 33,317 12,891 2,002 14,893
B RIo PazlRto

Sonsonate 925 3,051 771 212 983
C RIo paz 674 1,281 310 45 354
D Sonsonate 875 1,736 529 112 641
E Sonsonate/JIboa 1,399 2,164 643 93 736
F RIo JIboa 608 3,018 130 39 169
G JIboa/Lempa 955 1,325 260 41 301
H Lempa/RlO Grande

de San MIguel 968 3,742 420 95 515
I RIo Grande de San

MIguel 2,356 1,385 1,021 229 1,251
J Goascoran and 2,241 5,662 824 58 882

others

Total 21,000 56,682 17,800 2,925 20,725

Source Ventura (1993)
** Source Plan Maestro y Aprovechamlento de los Recursos HIdnCOS El Salvador 1992 Documento Bfu;rco No

14 Resumen General sobre Recursos y Demandas
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Exhibit 5
Important Lakes m EI Salvador

Water Body Area
(Krn2)

Lago de Ilopango 705
Lago de GUlJa 441
Lago de Coatepeque 248
Laguna de Olomega 242

3.2 Ground Water

Feb/98

Ground water constitutes one of the pnncipal sources of dnnkmg water for EI Salvador
Recharge ofground water supplIes IS facIlItated by the prevalence ofvolcamc sOlIs whIch permIt the
percolatIOn of ramfall Recharge areas are located ill San Salvador, Santa Ana, San VIcente,
Usulatan, San Miguel, and Conchagua ill La Uruon The assocIated aqUIfers are located ill alluvIal
deposIts and pyrOclastIC SOlIs The alluvIal deposIt zones mclude areas located along the Lempa
River, m San Salvador, and ill the coastal zones of the departments of La Paz, Usulatan,
Ahuachapan, Sonsonate, and La Uruon The pyrOclastIC deposIt zones mclude areas that surround
the llopango and Coatepeque lakes and the Laguna del Llano ExhIbIt 6 lIsts the pnncipal aqUIfers
and pertment measures of therr recharge tendenCIes

From thIS exhIbIt, It can be observed that the recharge of these aqUIfers reaches on average a
level of 1 4 bIllIon CUbIC meters per year Ofthis amount, 40% corresponds to aqUlfers lInked to the
Lempa River In general, the maJonty of the SOlIs of EI Salvador have a lImIted capacIty for
mfiltratIOn, whIch IS reflected ill hIgh levels of runoff durmg the ramy season and ill low levels of
runoff durmg the dry season because of the low base flow commg from ground water sources
(Estrada, 1993)

3.3 Water Production and Demand m EI Salvador

DespIte the abundance ofwater demonstrated ill this profile, El Salvador has entered a cntIcal
penod where the secunty of the country's supply IS sIgmficantly threatened Growmg demand,
contammatIon, and poor land uses put eXlstillg water supply sources and therr qualIty at nsk Exlnbit
7 summarIZes the productIon, consumptIOn, and theoretIcal demand for water mEI Salvador ill 1995
Based on a typICal per capIta reqUIrement of 165 lIters per person per day, the ImplIed demand for
water IS 303 mIllIon CUbIC meters, an amount whIch cannot be satIsfied by the annual produrctIOn
of239 mIllIon CUbIC meters Worsenmg matters IS the fact that only 163 tmllIon CUbIC meters IS
actually accounted for as consumptIOn, Implymg a loss of32%
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The figure for the nnphed demand for water may appear small relatIve to the aVailable water
resources CIted earher but thIs vIew Ignores the dIfficulty of attammg water of good qualIty at
reasonable costs Not only are surface waters generally unavatlable Without treatment but ground
\\ ater resources are vulnerable, as mdICated elsewhere In thIs report Furthermore, the ImplIed
demand for water IS expected to grow substantlally For example, by the year 2000 It IS antlclpated
that the annuallffiplIed demand for water m San Salvador Will reach 315 mIllIon cubIC meters
(ANDA, 1991) To satlsfy thIs demand would reqUIre more than doublmg the productIOn ofpotable
water from the Lempa RIver, the North Zone, and other AMSS sources

ExhIbIt 6
Important AqUIfers m EI Salvador

Aquifer LocatIOn Recharge Recharge
Area (mIllIOns of
(Kni) Mper

year)

Hydrographic RegIOn A

Smgllli Volean Smgl1ll 80 10
Texlstepeque RIO TeXIS 40 10
Santa-Ana MaclZo VoleaIllco Santa-Ana 200 90-100
Agudares Agulares-RIO Acelhuate 140 40
Coatepeque Oeste Lago Coatepeque 60 30-40
San Salvador Group

South Sector Santa Tecla
West Sector Valle Zapotltan 112
North Sector Quezaltepeque-NeJapa 130 100-110
East Sector Area Metropohtana de San Salvador 160 42

nopango North Lago Ilopango 38 LlII1Itado
San Vlcentre Ladera Norte Volcan San VIcente 100 55
AluV16n Rio Lempa RIO Lempa ND

Subtotal 948 489-519

HydrographIc RegIOn B

AtlqUlzaya Departamento de Ahuachapan 250 114
Chalchuapa Volean Smg{lll 30 9
Pianicle de Omoa ND ND

Subtotal 280 123

Hydrographic Region C

Costero paz AcaJutla 100 124
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Aquifer Locatlon Recharge Recharge
Area (mIllIons of
(K"r) Mper

year)

Hydrographic RegloD D

Volcmuco IzaIco Volcan IzaIco 75 5S
Valle de Sonsonate Valle de Sonsonate 200 108
San Juhan. San JulIan. 5S 41

Subtotal 330 204

Hydrographic RegIOD E

La LIbertad-Comalapa La Llbertad Costa del Pacifico 30
Balsamo Desembocadura del RIo Jute ND NO
Renderos ND ND

Subtotal 30

HydrographIc RegIOn F

Llbertad-Lempa Zona Costera Llbertad, Desembocadura del Lempa 400 ND
San VIcente Laderas del Norte y Noreste-VoIcan San VICente ND ND
Ilopango Lago Ilopango ND 20

Total 400 20

RegIon HldrologIca G

Lempa-Usulutlan. Zona Costera del no Lempa y el Dep Usulutlan 100

Region HIdrologIca H

VOlCan.ICO Usulutlan. Usulutlan. 100
Cuenca Jocotal SanMIguel 92 45
Valle de Olomega Zona de la laguna de Olomega 100 ND
Quelepa Zona Norte Volcan. San MIguel 30
Chapelnque Valle de Chapeltique 200 60

Total 392 235

Regton Hldrol6gica I

La Um6n Golfo de Fonseca ND ND

Region Hidrologlca J

Valle Este Pasaquma Departamento de Morazan 30 NO

TOTAL 2,480 1,325-1,355
Key ND =No Data
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ExhIbIt 7
Annual Water Statistics, 1995

Parameter Water
~rdJlOn nf)

ProductIon
LempaRIver 315
North Zone 42 I
OtherAMSS 708
Central RegIon 314
Western RegIOn 388
Eastern RegIon 239

Total 2393

ConsumptIon 1632

ImplIed Demand 3034

Source ANDA Comportamiento de Vanables e IndIces de Acumulados 1995

34 Water QualIty

Feb/98

The lugh level of water contarmnation In EI Salvador has been documentedwell In the last ten
years ContamInatIon from household, muncipal, and Industnal wastewater, from sohd wastes, from
sedimentatIon, and from agncultural actIVItIes have rendered the maJonty of nvers In the country
unusable for many purposes Although IImlts In aVaIlable data make It dIfficult to quantIfy the extent
to wluch each of these actIVItIes contnbutes to tlus UbIqUltous problem, It IS possIble to prOVIde a
snapshot of the magmtude and dIstnbutIOn oftlus contamInatIOn USIng measures taken In vanous

.. locatIons Exlubits 8, 9, and 10 respectIvely proVIde measurements of total colIform (a measure of
human and anImal waste contammatIOn), ofdIssolved oxygen (a measure of the absence oforgaruc
contamIDatIon), and bIOlogICal oxygen demand (a measure ofnutnent contammatIOn) Exlubit 11
presents a clasSIficatIOn system for categonzmg nvers for dIfferent uses Class 4 nversare the
lnghest qualIty and Class 1 the lowest A SImple companson of the IndIcated measurementss With
the classIficatIon system lnghhghts the extent and magmtude of contamInatIon ill the country
Exlubit 12, whIch lughhghts drfferences ill populatIon densIty m the country shows that much of thIs
contammatIon ongmates In densely populated areas (urban) and IS destmed to more sparsely
populated areas (rural) The dIstnbutIOnalimplIcatlOns oftlus phenomenon are consIdered later m
thIs paper
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EXlhlblt 8
Map Total Coliform
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Exhibit 9
Map Dissolved OXigen
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Exhibit 10
Map Biological Oxygen Demand
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ExhIbIt 11
Water Body ClassIficatIon Parameters

Feb/98

Parameter Umts Penmtted Use
Class Class Class Class

1 2 3 4

Cohfonnes Totales Count/l00ml <1250 <1250 <20,000 <20,000

DIssolved Oxygen mg/l 02 >6 <5 >4 >2

BOD5,20oC mg/102 3 5 10 15
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ExhIbIt 12
Map PopulatIOn DensIty

Feb/B8
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4 Economic EstImates of Health Damages Associated wIth Water ContammatIon

The prevIOus sectIon proVided extensIve eVidence on contamInatIOn ofwater resources m El
Salvador GIven tlus phYSIcal eVIdence, the next step of analysIs focuses on the econOmIC
sIgnIficance oftlus contamInatIOn The approach taken IS to estImate the costs unposed on users
from havmg to rely on water sources of compromIsed water qualIty SpeCIfically, two types of
contammatIOn are conSIdered, as mamfested by therr Impacts on human health and development
The first type IS fecal and other contammatIOn whIch result In acute cases of diarrhea and other
water-related gastromtestIOnalillnesses The second type IS lead contamInatIOn, which can Impede
the mtellectual development ofyoung chIldren

ExhIbIt 13 provIdes an overvIew ofthe IncIdence ofacute dIarrhea cases per 1000 people In
drfferent areas ofEl Salvador Because tlus mformatIOn IS compIled at a very gross level ofdetail
(at the department level), It IS not possIble to draw ngorous lmks between mCldence of dIarrhea and
exposure to contamInated water resources Still, It suggests pOSSIble vanatlOn across the country
and, more Importantly for tlus analysIs, lInkages between water contamInation and the InCIdence of
dIarrhea

To construct natIOnal estImates of the econOmIC damages generated by dIarrhea and other
water-related gastromtestInal dIseases, the econOmIC costs ansmg from the mCIdence ofdebilItatmg
and occasIOnally fatal effects of these dIseases are calculated In ExhIbIt 14, age-specIfic StatIStiCS
for El Salvador on morbIdity and mortalIty from these dIseases are presented HaVIng these statistIcs
by age IS Important SInce measures offoregone productiVity (caused by the mCIdence ofdIsease) vary
by age

For morbIdIty, econOmIC output IS lost for each day that an economIcally actIve mdiVIdual
IS mcapacltated by Illness In tlus analYSIS, It was assumed that only mdIvlduals who are 15 to 64
years of age are economIcally actIve Consequently, only morbIdity mCIdence for the age cohorts
m thIs range are estImated Furthermore, It was assumed that the assocIated morbIdIty IS senous
enough to mcapacitate each mdiVIdual by the eqUIvalent of two full work days The econOmIC
consequences ofmorbIdIty are than calculated as follows

• The product ofall morbIdity cases (101,688) IS multiplIed by the number ofwork-days lost
(2) and then dIVided by the assumed number ofwork days m a year (250) ThIs calculatIOn
generates an estImate of "work-years" lost to morbIdIty

• Usmg mformatIon from a 1994 Salvadoran government survey ofhousehold mcome, the per
capIta annual mcome ofeconomIcally actIve household members was calculated ($1725)

• Multiplymg the estImates of work-years lost by per capIta annual mcome ofeconomIcally
actIve household members generates an estImate ofproductiVIty lost ($1 4 mIllIon)
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Exhibit 14
Incidence of Diarrhea-Related Illnesses, By Age

EI Salvador, 1994

Feb/98

Age Cohort MorbIdIty MortalIty

Less than 1Year NA 328

1 to 4 Years NA 141

5 to 14 Years NA 28

15 to 44 Years 63824 64

45 to 64 Years 37864 98

65 Years and Older NA 234

TOTAL 101688 893

NOTE Morbichty was estimated for certaIn age cohorts usmg mformatlon from the M1mstry
of Health and from the "Anuano EstadiStICO de Consulta Extema." ''NA'' mdicates
that morbichty was not estImated for the associated age cohort (smce members of the
cohort were assumed to be out of the labor force and therr morbichty were not
assumed to productIVity losses) MOrtalIty data were obtamed from "Salud Pubhca
en Clfras 1995 "

For mortalIty, econoIDlc output IS also lost for each work year foregone by the death ofany
mdividual who IS currently workmg or will work m the future Agam, It was assumed that
mchVIduals who are 15 to 64 years ofage are the econoIDlcally actIve members of SOCIety at a gIVen
pomt m tIme However, willIe foregone prodUCtIvIty was calculated only for the year of mCIdence
of morbIdIty, m the case of mortalIty, foregone productIvIty extends mto the future and as such IS
calculated for all future years that a given mchVIdual would have worked. Future productIVity losses
carry less weIght m the estunates ofeconOIDlC damages smce they are chscounted by 3% per year (the
assumed SOCIal rate of tlme preference) Based on tills approach, the econoIDlc consequences of
mortalIty are than calculated as follows, for each age cohort

• LIfetime mcome for an average mchVldual m the age cohort IS calculated LIfetIme mcome
IS consIdered the present value of annual mcome expected m the year ofdeath and all future
years For the current year, the same estImate ofmchVIdual annual mcome was used ($1725)
To reflect potentIal econoIDlc growth, annual mcome and, correspondmgly, foregone
prodUCtIVIty were assumed to grow by 4 5% per year As a result, the assumed mcome m the
year 2 was $1725*(1 045), and so forth m future years
Offsettmg tills growth m future mcome IS the econoIDlc concept ofchscountlng, whIch holds
that future mcome IS worth less today than today's mcome A SOCIal rate ofchscount of 3%
was apphed Accordmgly, the present value of mcome lost m year 2 would be
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$1725*(1 045)/(1 03)

Feb/98

For example, an mfant (less than 1 year of age) who dIes IS assumed to lose 50 years of
future productIvIty that would have begun m 14 years had the mfant survIved For that
mfant's lost 15th year, thIs mcome would have been greater by the growth factor (1 045 14

)

but thIs mcome must also be translated mto Its present value by a dIscount factor (111 0314
)

The subsequent must be sImllarly mcreased and dIscounted The sum of all of these
dIscounted future years' mcome IS the estnnated hfetIme mcome foregone by an mfant who
dIes

• Foregone hfetIme mcome for a typIcal mdIVIdual m the age cohort IS multIphed by the
number ofdeaths m that cohort from dIarrhea and water-related gastromtestmal dIseases

Makmg these calculatIOns for all age cohorts results m an aggregate estImate of $88 6 mIlhon m
econOmIC damages from mortalIty assocIated WIth water-related gastromtestInal Illness ExhIbIt 15
prOVIdes a summary by cohort of econOmIC damages based on morbIdIty and mortalIty

Exhibit 15
Annual Economic Damages

Morbidity and Mortahty from Acute Diarrhea and Other Water-Related Illnesses

Age Cohort TOTAL
(US$)

Less than 1 Year $54,106,053

1 to 4 Years $22,596,074

5 to 14 Years $4,055,258

15 to 44 Years $6,155,552

~5 to 64 Years $1,781,682

~5 Plus $813,367

tTOTAL $89,507,987

Per Capita Damages $1666
Total Dam3.2esrrotal Population)

lPer Cantta damages as Percent of Per Cantta Income 224%

Lead contamInatIOn of drmkmg water IS the second type of contamInatIOn for whIch
econOmIC damages are calculated ThIs analySIS was motIvated by a study conducted by the
UmversIdad Centro Amencana (DCA) and FIAES 1bJ.s study found hIgh levels of lead m wells m
the SUCIO/OpICO aqUIfer whIch supphes approXImately one-SIxth of the dnnkmg water for the San
Salvador metropohtan area All 19 samples exceed the USEPA standard of 15 ug/l The
concentratIOns ranged from 20 to 800 ug/l, and averaged apprOXImately 150 ug/l In the mIdst of
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lngh envrronmental contanllnatIOn, even these findmgs stand out.
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Among other effects, exposure to lead among cluldren from mfancy through age 7 can lmllt
mtellectual development (as measured by "foregone IQ pomts') Based on research m the Umted
States, It IS estImated that lIfetIme mcome IS 2 18% lower for each IQ pomt lost as the result of a
chIld's exposure to lead As result, for thIs one effect oflead contamInatIOn and for tlus smgle
srte, the estunated annual econOmIC damages are $118 millIon It 15 unknown whether thIs level of
contammatIon eXIsts anywhere else Wlthm EI Salvador but lead 15 present mother dnnkmg water
sources Because contamInatIon m excess of the USEPA standard for lead has been IdentIfied m the
past mother dnnkmg water delIvery systems and because other detnmental effects from lead
exposure (such as, mcreased nsk of mortalIty from hIgh blood pressure) have not been explIcItly
mcluded, It IS very possIble that the estImated econOmIC damages presented here constItute a
conservatIve estImate

ExhIbIt 16 proVIdes a summary of the total econOmIC damages calculated m thIs analySIS
GIven rough estImates ofWIllmgness to pay for access to clean water and SanItatIOn that have been
CIted for EI Salvador, these estImated econOmIC damages seem credIble Based upon studIes
conducted mother Latm Amencan countnes, households have mdIcated a WIllmgness to pay at least
1% of mcome to pay for access to clean water ApplIed to EI Salvador, the resultmg aggregate
'\lllmgness to pay IS $395 mIllIon (ofwhIch, $97 mIllIon IS based on rural households, $298 mIllIon
on urban) Clearly, Salvadoran households would be WIllmg to pay to aVOId a lot of the problems
assocIated WIth water (and many ofwluch have not quantIfied m dollar terms m thIs analySIS)

In conclUSIOn, an econOmIC perspectIve adds yet further motIvatIOn for concern about the
mIsuse ofwater resources mEl Salvador The motIvatIOn IS even greater once a longer term VIew
IS taken CapItalIzed over a ten penod, annual econOmIC damages of thIs level would JustIfy an
mvestment of at least $1 8 bIllIOn dollars to elmunate them ThIs fmdmg prOVIdes a good Impetus
for the dIscussIon of takmg a broader capItal perspectIve ofwater resources presented m the next
sectIon

ExhIbit 16
Annual EconomIc Damages

Impact from Water PollutIon Annual EconOIDlC Damages

Diarrhea and Water-Related Gastromtestmal Disease $89 mIllIon

Lead ContammatIon (One Site Only) $118 millIon

TOTAL (Based on PartIal Inventory ofImpacts) $207 mIllIon
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5. Broader View of Capital Formation

5 1 Background
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The ann oftins presentatIon IS to put water contamInatIon mto a recent econonuc context m
EI Salvador The usual means for comparmg the enVIronmental unpacts of dIfferent pollutIng
mdustnes IS to look at theIr dIscharges m physIcal terms (such as amount ofmatenal dIscharged or
the change m water qualIty as a result of these dIscharges) ThIs companson IS mdeed proVIded m
a subsequent sectIOn of tins memo However, the objectIve ofcODSldermg enVIronmental Impacts
m an econonuc lIght IS to attempt to VIew the SOCIal unplIcatIOns of these physIcal effects In thIs
case, SOCIal SIgnIficance IS measured m econOmIC terms

To put the unpact on water resources mto an econOmIC context, these resources are
charactenzed as econonuc assets whIch needed to be mamtamed by ongomg expendItures, by
addItIonal mvestments, or both In partIcular, these water resources are treated as If they were
actually assets ofthe pollutmg mdustnes and therefore could be compared WIth the level ofcapItal
fonnatIOn bemg undertaken by those mdustrIes As a result, It was poSSIble to fmd an mdustry that
appeared to be on a real growth path (as the result of exhIbItIng poSItIve net capItal fonnatIOn ill

tenuS ofconventIonal econonuc accountmg) would more accurately be VIewed as losmg ground once
the detenoratIOn of Its water assets was taken mto account

52 Incorporatmg Water Resources mto Capital Account of Industry Two Approaches

The econonuc value ofenvIronmental detenoratIOn was estImated usmg the potentIal costs
of each mdustry to protect Its water resources Two approaches for estImatmg such costs were
consIdered One approach was to estImate the costs ofeach mdustry's dIlutmg Its waste loads pnor
to dIscharge such that detenoratIOn of the recelvmg water body would be ID.l11llIllzed or effectIvely
elImmated ThIs approach would reqUIred the acqmsitIon of uncontamInated water to dIlute the
waste load Ofcourse, acqmrmg this water from a water system source, such as ANDA, would come
at a cost It was assumed that thIs cost would be approxunately equal to what ANDA charges on
average for the water It supplIes The second approach focused on the waste load Itself To aVOId
detenoratIon of the qualIty of the recelvmg water body, the wastes would be treated first to reduce
or elImmate the pollutant dIscharge The treatment chosen was a combmatIon of pnmary and
bIOlOgical treatment that could be proVIded by a central treatment plant These two approaches were
chosen because they are reasonable alternatIves for addressmg the problem and because estunated
urnt costs were readIly avaIlable It should be noted though that these approaches to estunatmg the
opportumty costs could be supplemented through other potentIal solutIons In partIcular, the set of
solutIOns offered by a pollutIon preventIOn reVIew stand out

The asset balances constructed for several Salvadoran mdustnes based on these two
approaches are presented m the follOWIng pages (ExhIbIts 17 and 19) The findmgs from these
applIcatIOns are used m a subsequent analYSIS to help draw conclusIOns about where a demonstratIon
effort on clean productIOn mIght be focused m EI Salvador To faCilItate mterpretIng these tables,
an Item-by- Item descnptIOn of the components of these tables IS proVIded m ExhibIts 18 and 20
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Exhibit 17
Asset Balances for Major Industries

Takmg Degradation of Water Resources mto Account
DILUTION Method

ndustry Number Value Dtlutlon Value Gross Costs of Gross Capital Capital
of Added Requrrement Added per Capital DtlutlOn Capital 8tock Stock, Net of
Facihtles Mm30f Formation Water Formation~ Dtlutlon

Dduhon Net of Costs
Water DtlutlOn

Costs

($U81000) (Mm3/year) ($USI000) ($USI000) ($U81000) ($U81000) ($US1000) ($US1000)

Food Products 360 $343202 6,480 $5296 $58.800 $740571 ($681~77l) $197,291 ($543280

Textiles 305 $212368 2.593 $8192 $20.227 $296,286 ($276,059) $195237 ($101049

Tannenes 20 $8376 170 $4927 $9 $19429 ($19419) $133.346 $113917

Chemical Products 160 $255604 1920 $133 13 $16384 $219429 ($203044) $83.769 ($135.660

Coffee Processmg 93 $62098 6475 $959 $15.978 $740.014 ($724036' $245,587 ($494,427

Metals & Metal 213 $266,754 2,130 $12524 $7,059 $243,429 ($236,370) $328,887 $85~45CJ
Products

Wood Products 139 $12121 5213 $233 $835 $595.714 ($594880) $274,942 ($320,772

Paper 161 $98526 6038 $1632 $21.638 $690,000 ($668362) $309,550 ($380,450

Sugar Processmg 9 $73,438 649 $11320 $4,156 $74,143 ($69,986) $7,617 ($66,526

TOTAl 1.dllO '1:1 '1'1") AVO 11 Illlil 'l:1Ll'\ O1l7 '1:1 ~ 10 I) 1.d ('1:1 A.71 Q?7'\ '1:1 771l?17 ('1:1 RA.? 7RR'
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Exhibit 18
Item-by-Item DescnptlOn
DILUTION Approach

Feb/98

Item

Industry

Number oj
jacllztles

Value Added

Dllutwn
ReqUirement

Value Added
perMm30j
DilutIOn
Water

Gross
Capltal
FormatIOn

Costs oj
DilutIOn
Water

Descnpnon

The mdustry categones were constructed from economIC sectors defined by the 1993
EconomIC Census m EI Salvador These sectors correspond WIth varymg degrees of
rehablhty to the sectors for whIch we have pollutIon dIscharge mformatIOn In certam
cases, sectors that appeared as mdividual categones m the Census were aggregated m
order to correspond to mdustry clasSIficatIOn apphed m other reports we referenced
For example, food products encompass three categones m the Census fabncatIon of
food products, elaboratIon of food products, and beverages It IS beheved that thiS
aggregatIon was necessary and appropnate In other cases, the Census categones were
more aggregated than those m our other mformatlOn sources ThIS was the case WIth
mdustry sector deSIgnated as paper In the EconomIc Census, paper productIOn,
products, and pnntmg appear as one category LackIng any means of disaggregatmg
thiS sector, It was necessary to treat thIS entIre sector as havmg a pollutant profile
SImIlar to that of the paper productIOn sector alone Because the different paper sub
sectors may have very dIfferent pollutIOn profiles, a bias may be mtroduced by
applymg one pollutIOn profile to all sub-sectors No mformatIOn IS avaIlable whIch
would pennIt determmmg the dIrectIOn or magnItude of such a bIas

Selfexplanatory ThIS mformatIOn was taken from the EconomIC Census

ThIS figure IS an estimate of the economIC surplus generated by an mdustry net of
labor, capItal and matenals costs ThIS mformation was taken from the EconomIC
Census

These mdustry-specific estimates were drawn from the UCAIFIAES January 1997
report, InvestigacIOn Aphcada Sobre el Impacto Amblental de la Contammacion del
Agua en las Cuencas de los RIos SUCIO, Acelhuate, y Cuaya (Table No 423)

CalculatIon based on estImates ofvalue added and dIlutIOn requIrement

WhIle no detaIled documentatIon ofthIS figure was avaIlable, It was mterpreted as an
estimate of the monetary value of new, durable plant and eqUIpment acquIred by the
mdustry m the year of the Census or of mvestments to mamtam eXlstmg plant and
eqUIpment dunng the Census year thiS mformatIOn was taken from the EconomIC
Census

A cost of 1 colon per CUbIC meter ofwater as assumed ThIS figure was converted mto
dollars usmg an exchange rate of 8 75 colones per dollar The resultmg umt cost was
apphed to the amount ofwater needed to meet the mdustry's dilutIOn reqUirement
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Item Descnpnon -- ~

Gross ThIS figure Illustrates what the mvestment flow of the mdustry sector mIght look lIke
CapItal If the water resources contammated by the mdustry's discharges were also counted
FormatIOn explIcitly as part of the mdustry's assets In thiS respect, It prOVIdes an estImate of
Neto! capItal formatIOn net ofwater resource depreCiatIOn (but not other forms of
DIlutIOn depreCIatIOn smce these are not avaIlable from the Census) A negative number
Costs ImplIes that the mvestment m thIS particular year was not suffiCIent to offset the

detenoratton of the mdustIy's assets (mcludmg water resources) and as a result that
the mdustIy IS on a path ofdeclme rather than growth

CapItal Stock WhIle no detaIled documentatIOn of thIS figure was avaIlable, It was mterpreted as an
an estImate ofthe value of the eXlstmg plant and eqUIpment held by the firm (or, m
other words, the accumulated net capital formatIOn ofthe firm) ThIs mformatIOn was
taken from the Economic Census

CapItal Stock ThiS measure proVIdes a way to evaluate the scale of the detenoratIOn m an mdustIy's
Neto! water assets By companng the depreCIatIOn of water assets (measured m terms of
DIlutIOn dIlutIOn costs or treatment costs) to the value of remammg capItal stock, one can get a
Costs sense of the relatIve SIZe of the economIC depreCiatIOn asSOCiated WIth water

dIscharges A negatIve number mdicates that the depreCIatIOn asSOCIated WIth the
water assets of the mdustIy IS greater than the value ofall other capItal stock In other
words, every year, the mdustIy IS usmg up more In water resources than It has
avaIlable to It m the form ofother capItal stock
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ExhIbIt 19
Asset Balances for Major IndustrIes

TakIng DegradatIOn of Water Resources mto Account
TREATMENT Approach

ndustl'y Number Value Treatment Gross Gross CapItal CapItal CapItal Stock,
of Added Costs Capital FormatIOn, Stock Net of
FacIlItIes FormatIon Net of Treatment

Treatment Costs
Costs

($USI000) ($USI000 ($USI000) ($USI000) ($USI000) ($USI000)
)

r;'ood Products 360 $343,202 $18.456 $58,800 $40,344 $197,291 $178,835

TextIles 305 $212,368 $8.039 $20,227 $12,188 $195,237 $187.198

TannerIes 20 $8,376 $2.603 $9 ($2.593) $133.346 $130.743

ChemIcal Products 160 $255,604 $29,394 $16,384 ($13,009) $83.769 $54,375

Coffee ProcessInl2; 93 $62,098 $19.855 $15.978 ($3.877) $245,587 $225,732

Metals & 213 $266,754 $32,609 $7,059 ($25,550) $328,887 $296,27(J
Metal Products

Wood Products 139 $12,121 $16,830 $835 ($15,995) $274,942 $258,113
Paper 161 $98.526 $19,493 $21.638 $2,145 $309,550 $290,057

Sugar ProcessIng 9 $73438 $27.612 $4.156 ($23455) $7,617 ($19.995

TOTAl 14t\O ~11,,]"AQO ~174 RRQ ~14"OR7 (~'Q QM.) ~1.776.227 ~ 1.60 1.11"
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ExhlhIt20
Item-by-Item DescrIption
TREATMENT Approach
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Item

Treatment
Costs

DescrIptIon

Treatment costs were estImated by usmg mumcipal wastewater treatment costs as
a reference pomt FIrst, It was necessary to determme the populatIOn that would
typIcally generate the eqwvalent amount ofwaste (m terms ofBOD and solIds)
We obtamed facIlIty-specIfic estImates for each mdustry for these populatIOn
eqwvalent loads from the 1982 UN Development Program (UNDP/PNUD)
report "Plan Maestro de Desarrollo y Aprovechamtento de los Recursos HIdnCOS,
£1 Salvador, Documento BasiCO No 14" PopulatIOn-eqwvalent loads for an
entIre mdustry were denved by aggregatmg these facIlIty-specIfic estImates
across all faCIlItIes m an mdustry The resultmg populatIOn benchmark
multIplIed by theIr expected wastewater flow per day (assumed to be 200
gallons/day/person) proVIded the estImated aggregate flow ofwaste that had to be
treated each day The total treatment costs were based on applyng a combmatIon
of low-dose chemIcal pnmary and bIOlogICal treatment to thIs wastestream The
annual umt costs of thIs treatment IS approxImately $1,100 per mIllIon gallons of
wastewater treated per day (from the 1993 NatIonal Research CouncIl book
"Manag;mg Wastewater m Coastal Urban Areas")

Note Only the umque Item ("Treatment Costs") that does not also appear m the DILUTION
approach IS descnbed here OtherwIse, IdentIcal terms m the TREATMENT approach have
the same ongm and explanatIon "Gross CapItal FormatIOn, Net ofTreatment Costs" and
"CapItal Stock, Net ofTreatment Costs" are exactly analagous to theIr counterpart terms m
the DIlutIOn approach The only dIfference IS that mdustry-specrfic treatment costs have
been substItuted for dIlutIOn costs
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5.3 ImplIcations for Capital Formation
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Two approaches have been exammed for unplementmg a broader VIew ofcapItal formatIon
that consIders water resources as a form of capital The first approach assumes that the harmful
effects of pollutant dIscharges can be mItigated through dl1utlOn ThIs approach would be very
expenSIve and reqmre enormous quantIties of water (eqwvalent to approxImately 60% of the
country's annual ramfall) Though thIs approach IS mfeaslble, It does Illustrate an Imporant pomt
In order to satisfy water needs, you w111 have to look harder and harder and go further to obtam
usable water from "natura!" sources Such a task would ofcourse Imply the need for substantlal
mvestments Accordmgly, thIs findmg underscores theJudgment that there IS msufficlent mvestment
by mdustry m Its use ofwater resources

The second approach consIdered here suggests a form of mvestment that could be more
economIcally feasIble Still, the results from applymg thIs approach also underscore the basIC pomt
of the broader VIew of capItal formatIOn suggested here, wmch IS that the capital needs of the
mdustnes conSIdered are much greater than ordmary capItal accounts would suggest

To remedy the shortcommgs ofcurrent capItal accountmg, It IS recommended that an effort
be made to treat water resources hke other Important assets The ultlmate aIm would be to determme
the asset value of water resources to dIfferent sectors (such as, households, commerce, mdustry,
agrIculture, government, and power generatIOn) An Important step m thIs duectIOn would be to
develop more detal1ed mdustry-specific and sector-specific mformatlon on water use and wastewater
generatIOn and dIscharge A second step would be to estImate the value ofthese serviceS from water
resources

Once estlmated, the asset value ofwater resources could be mtegrated mto a Wider econonuc
polIcy context As an example of such an applIcatIOn of thIs broader View ofcapital formation, an
attempt IS made m the followmg section to use estImates of wastewater control costs to understand
pnonties m potential pollutIOn prevention actiVities With Salvadoran mdustry

5 4 InvestIgatIon of PollutIon PreventIon OpportumtIes m EI Salvador

In 1997, aJomt effort by AID, ItS global pollutIOn prevention project (EP3) and the InstItuto
Centro Amencano de InvestIgacIOn y Tecnologla Industnal (lCAIT!) of EI Salvador mvestlgated
opportunltIes for lmplementmg pollutIOn preventIOn actIVitIes m Salvadoran mdustry The
EP3IICAITI team evaluated 8 mdustnal sectors for therr potentIal for Implementation of a clean
production and energy effiCIency proJect ill EI Salvador 1 In an lDltlal reView, the team Judged each
sector's potential ill terms of four sets ofparameters and a fifth parameter to capture other, mdustry
specmc consIderatIOns Each ofthese sets ofparameters were asSigned a range ofmdex values The

Envrronmental PollutIOn Prevention Project and the InstItuto Centro Amencano
de InvestIgaclOn y Tecnologla Industnal 1997 EvaluatIOn of Seven Industry Sectors ill EI
Salvador for PartiCIpation ill a Clean Production and Energy EffiCIency Program Draft Report.
Apnl17
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four sets ofparameters and therr associated range ofmdex values were
• clean productIon and energy efficIency opportunItIes (0-3),
• economIC Im.portance of the sector and chance for rephcablhty (0-3),
• propensIty of the plant management to Implement recommendatIOns (0-2), and
• team's expenence mother Latm Arnencan countnes (0-2)

The scores asSigned by the team to each sector accordmg to the mdIVldual cntena and the
resultmg aggregate score are presented m the followmg table

Exhibit 21
RankIng of mdustnes for clean productIon and energy effiCiency

Sector OpportuOIties Economic Management Experience Other TOTAL

Metal 1 1 2 1 0 5

Paper 2 2 2 2 0 8

Coffee 2 3 2 1 1 9

Prmtmg 1 1 2 1 0 5

Tannenes 3 2 2 2 1 10

SugarCane 2 2 2 1 0 7

Textdes 3 2 2 2 0 9

DaIry 2 1 2 2 0 7

By therr approach, the team found tannenes, coffee processmg and textIles to be the best candIdates
for a demonstratIOn project on clean production and energy effiCiency

5 4 1 EnVironmental Impact AnalySIS

As the EP3IICAfTI team acknowledged, no specIfic conSideratIOn was given m therr rankmg
scheme to the potential envrronmental Impacts of the plants considered m the mdustnes that were
evaluated We have attempted to fill thIs gap With the results of our own analySIS of the water
discharges of these and other Salvadoran mdustnes, as reported below Despite the lack of accurate
data to quantify the enVIronmental rrnpacts on water for each mdustry sector, we were able to
evaluate potential rrnpacts to water contammation based on avaIlable InformatIOn from different
studies and data bases for the mdustnes mEl Salvador The sources used m thIs analysIs mcluded

• Plan Maestro de Desarrollo de los Recursos Hldncos (pNUD, 1982)
• EvaluacIOn de Ecoslstemas ACuatiCOS Contammados (RubiO, 1993)
• InvestIgaclOn Aphcada sobre el Impacto Amblental de la ContammaClOn del Agua en las

Cuencas de los RIos SUClO, Acelhuate y Cuaya (UCA-FIAES, 1997)
• InventarIo de Industnas SumIillstrado por el ANDA (1996)
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5 4 2 Methodology
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Charactenzahon of mdustnal effluents from the sources menhoned above were used to rank
the Industry sectors based on the potentIal unpacts to water qualIty USIng three methods (1 )
populatiOn eqUivalent loads (1 e Industnal dIscharges expressed as number of people that produces
an eqUivalent dIscharge of contammants), (2) reqUITed dl1utlOn flows to ffillllmize Impacts on the
water quahty, and (3) treatment requrrements

(1) Rankmg ofmdustry sectors usmg populatlOn eqUivalent loads

Exhibit 22
RankIng of Industry sectors USing population eqUIvalent loads (1982)

Rankmg Industry Number of Industnalloads (EqUivalent Population)*
Facdltles

1 Coffee 211 2,123,357
2 SugarCane 11 1,590,718
3 Maguey (Henequen) 4 694,535
4 DlstIllenes 3 193,808
5 Tannenes 14 85,872
6 Dauy 10 24,162
7 TextIles 19 23,604
8 Meat Processmg 42 18,435
9 Paper 2 11,414

*Source PNUD (1982)
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Exhibit 23
RankIng of mdustry sectors usmg populatIon equIValent loads (1993)

Feb/B8

Rankmg Industry Number of IndustrUllloads (Equivalent PopulatIOn) *
Facdmes

1 Coffee 31 1,409,982
2 SugarCane 10 1,110,628
3 DIstI1lenes 4 193,319
4 Tannenes 8 108,642
5 Maguey(Henequen) 2 68,600
6 TextIles 18 30,303
7 Meat Processmg 27 20,759
8 Darry 7 15,326
9 Paper 2 11,414

10 Cement 7 9,441
11 others 1 2,275
12 Soaps 3 435

*Source RubIO (1993)

(2) Rankmg of mdustry sectors usmg d1lutIOn requrrement factors

Exhibit 24
RankIng of mdustry sectors usmg dIlutIon reqUIrement factors

Rankmg Industry* Number of Water Demand/or DilutIOn
Facilities* (Mm3)**

1 Coffee 211 14,691
2 Distillenes 3 900
3 Sugar Cane 11 793
4 Maguey (Henequen) 4 567
5 Meat Processmg 42 244
6 Darry 10 180
7 TextIles 19 162
8 Paper 2 75
9 Tannenes 14 2

*Source PNUD (1982)
**Water demand calculated usmg d1lutIOn factors from UCA-FIAES (1997)
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Exhibit 25
RankIng of mdustry sectors usmg dilution requirement factors
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Rankmg Industry* Number 0/ Water Demand/or DilutIOn
FaclluU!S* (Mm3)**

1 Coffee 31 2,158
2 Distillenes 4 1,000
3 SugarCane 10 721
4 Meat Processmg 27 157
6 TextIles 18 153
7 Darry 7 126
8 Maguey (Henequen) 2 125
9 Paper 2 75

10 Cement 7 69
11 Soaps 3 3
12 Tannenes 8 2

*Source RubIO (1993)
**Water demand calculated usmg dIlutIOn factors from UCA-FIAES (1997)

ExhibIt 26
RankIng of mdustry sectors usmg dIlutIon reqUIrement factors(1996)

Rankmg Industry* Number of Water Demand/or DilutIOn
Facilltres* (Mm3)**

1 DistIl1enes 11 3,300
2 Food 179 3,222
3 Coffee 42 2,924
4 Paper 14 525
5 Metal/Plasttc/Glass 40 400
6 TextIle 44 374
7 Other 52 260
8 Chemtcal Products 45 225
9 Wood 1 38

10 Pamt 7 35
11 Meat Processmg 5 29
12 Farm 2 12
13 Tannenes 12 3

*Source ANDA (1996)
**Water demand calculated usmg dIlutIon factors from UCA-FIAES (1997)
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ExhIbIt 27
RankIng of mdustry sectors usmg dIlution reqUirement factors(1997)

Feb/98

Rankmg Industry* Number of Water Demandfor Dduhon
FacIlItIes* (Mm3)**

1 Food Products 360 6,480
2 Coffee 93 6,475
3 Paper 161 6,038
4 Wood Products 139 5,213
5 Textlles 305 2,593
6 Metals & Metal Products 213 2,130
7 ChemIcal Products 160 1,920
8 Sugar Processmg 9 649
9 Tannenes 20 170

*Source USAID Green Project!Abt AsSocIates, March 17 (1997)

3) Rankmg of mdustry sectors usmg the treatment method

ExhIbIt 28

Rankmg Industry* Number of Treatment Costs
FacIlItIes* ($USIOOO)**

1 Metals & Metal Products 213 $32,609
2 ChemIcal Products 160 $29,394
3 Sugar Processmg 9 $27,612
4 Coffee 93 $19,855
5 Paper 161 $19,493
6 Food Products 360 $18,456
7 Wood Products 139 $16,830
8 Textlles 305 $8,039
9 Tannenes 20 $2,603

*Source USAID Green ProJect!Abt AssocIates, March 17 (1997)

5 5 Imphed PnontIes for PollutIOn Prevention ActivIties m EI Salvador

In the analysIs presented here, the potentIal waste burdens dIscharged to water bodIes by
dIfferent Salvadoran econOmIC sectors have been estnnated These estnnates are mtended to
complement the findmgs of the EP3IICAITI team by cOllSidenng the envrronmentallIDpacts of
dIfferent Salvadoran mdustrles These mdustrles are candIdates for pollutIOn preventlon actiVIties

MIchaels / Camacho 37 Abt/USAID-MARN



Salvadoran Waters Workmg Capital for the Nation Feb/98

6. Balance Sheet of Assets and LiabilIties for the Water Sector: An
Illustration

6 1 Hypothetical Example for EI Salvador m 1998

The followmg exhIbIts present a hypothetical example of a "balance sheet" of assets and
habUItIes embodIed m water resources and complementary capital m the water sector m EI Salvador
m 1998 TIns exhtbit IS dIVided mto four parts The first three parts (Exhtblts 29 a, 29 b, and 29 c)
respecnvely present assets embodIed m water resources, habIhties assocIated WIth the use ofwater
resources, and assets and hablhtIes embodIed m manmade capital m the water sector The final
exhtblt for 1998 (ExhIbit 29 d) proVIdes a compoSIte picture of the net worth of the assets and
habIhnes assocIated WIth water resources and manmade capital Tlus net worth IS mtended as a
measure of the ''workIng capItal" available m the water sector m EI Salvador

In ExhIbIt 29 a, a profile of water resources for each of the country's ten hydrograpluc
regIOns IS presented Water resources are the pnmary form that assets take m the water sector In
tlus example, only the annual flow of surface water resources are tallIed ThIs mventory takes two
forms - the amount of aVllilable annual flow and the amount of annual flow that IS usable (whlch
means, by assumptIon, that the qualIty If suffiCIent for consumptIon) The definItion of ''usable''
could take many forms but here It IS taken to be mdicatIve ofa Wide range of consumptive uses
Consequently, for the water to be deemed usable, It must be of a swtable qualIty to satisfy typical
human consumptIOn, mdustnal, and agncultural needs As such It represents a portIon of the total
aVllilable water (assumed to be 31%) wluch ImplIes that the remammg 69% ofthe aVllilable water
IS too contammated for any consumptive use

The average urnt value (colones per CUbIC meter) IS meant to capture a generalIzed value for
the uses CIted above ThIs value vanes for dIfferent hydrolOgiC reglons smce willmgness to pay and
the cost ofaccessmg the water can vary by regIOn Whlle many ofthe figures presented m the table
are on the same order as therr counterparts m the real world, It IS very Important to note that thls IS
a hypothencal example It IS mtended to illustrate what could be learned Ifsuch a balance sheet were
actually constructed

The pnce (unIt value) of surface water flow vanes across hydrograpluc regions Such
vanatIOn could denve from dIfferences m acceSSibility and qualIty For example, m regions E and
F and POrtiOns of region A, water resources are more acceSSIble to urban populatIOns where water
can presumably be applIed to hlgher valued uses In the remammg regions, It IS assumed that the
access for urban populatIOns are currently mfeaslble and Instead rural uses constItute the hlghest
valued use Informatlon from an assessment ofwI1lmgness to pay for water m rural areas suggests
that urnt values are lower m rural areas Consequently, m thls IllustratIOn, the urnt values are
correspondmgly lower m rural than m urban areas As mdlcated later m thls report, differences m
the valuatlon between urban and rural areas could be an Important component of the dlstnbutIonal
problems that affect the water sector m EI Salvador

In thls IllustratIOn, the current total value IS constructed to be apprOXImately 10 bIllIon
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colones (approxImately $1 2 bIllIon) Of tlus total, 80% denves from surface waters m the RIO
Lempa regIon, as would be expected gIven Its large phYSICal endowment of surface water and ItS
relatIve prOXImIty to populatIOn centers

By compartson, the damages Imposed on Salvadoran socIety by contammatIOn of surface
water resources are more Important Exlnblt 29 b presents an IllustratIOn of the damages to human
health and to mdustnal and commercIal output that denve from water of poor qualIty The
"damages" component represents the flIp sIde of water as a provIder of servIces Instead of
representIng servIces proVIded, "damages" represent servIces foregone LIabilitIes arIse because the
current state ofwater resources Imposes costs (damages) on SOCIety The damages to human health
mclude the econoffilc costs such as morbity and mortalIty asSOCIated With acute dIarrheal dIsease and
other water-related dIseases as well as ImpedIments to mtellectual development m chIldren that
denve from exposure to lead contamtnatIon 2 The damages to mdustnal and commercIal output
mclude the mcreased costs ofproductIon (such as havmg to punfy water pnor to use) and reductIons
m the qualIty ofproducts that result from usmg water contammg contamtnatIon or ofmfenor qualIty

In tIns example, the total damages amount to 12 bIllIon colones (approXImately $14 billIon)
These damages exceed the asset value of surface water resources by 20%, Implymg a negatIve net
worth ThIs example illustrates the Importance ofhow water resources are managed m the country
To the extent It IS pOSSIble to aVOId the effects of contamtnatIOn (such as by the treatment oflIqIDd
wastes or the development ofother sources ofwater), It Will be feasIble to mcrease the value ofwater
resources

Investments In complementary capItal can make thIs Improvement pOSSIble, addIng to the
asset base m the water sector Complementary capItal proVIde the means for accomplIshIng thIs
Improvement, by proVIdIng access to additlonal sources (such as groundwater or more dIstant and
as yet uncontammated surface water) or reducmg contammatlon dIrectly (such as wastewater
treatment facIlItIes at mdustnal or murucipal dIscharge sItes) As Illustrated m Exlnbit 29 c, thIs
Improvement comes at the pnce of addItIonal debt Nonetheless, as long as Wise Investments are
made such that the capItal mvolved (3 bIllIon colones) return greater value than they cost (2 94
bIllIon colones), thIs element of the water sector WIll have a pOSItIve net worth. In thIs example, the
net value IS mdeed pOSItIve for each type ofcapItal and accordIngly for all manmade capItal (0 06
bIllIon) colones) but small

ExhibIt 29 d presents an aggregate pIcture ofassets and lIabIlItIes based on the hypothetIcal
examples given In ExhIbIts 29 a through 29 c The bottom lIne IS that the sector would be consIdered
Insolvent IfIt were audIted as a pnvate enterpnse smce Its lIabIlItles exceed Its assets A poSItIve
balance m mvestments m manmade capItal (0 06 bIlhon colones) only offsets a small portIOn ofthe
capItal defiCIt whIch eXIsts In the water resources component of the sector (-1 99 bIllIon colones)
The overall defiCIt of 1 93 bIllIon colones ImplIes that the water sector IS reducmg the econOffilC
well-bemg ofEI Salvador rather than contnbutmg to Its growth

data.

2 Separately m thIs report, these types of damages are also estImated usmg actual
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Wlnle the results mExlublt 29 d are hypothetIcal, they are consistent With the findmgs of an
analYSiS of specIfic key Salvadoran mdustnes With respect to capital fonnatlOn, proVided elsewhere
m thIs paper Thts analysIs mtegrates wastewater treatment mto the calculatIOn of overall capital
fonnatlOn to prOVide a more complete view of the Impact of econOmIC productIOn on the state of
Salvadoran water assets Thts example underscores the need for additional mvestment In the water
sector In EI Salvador Appropnate capital mvestments can mcrease the volume of usable water
resources (and therefore therr value) and thereby reduce the damages Imposed on the country by
contamtnated water ThIs posslblhty IS conSidered In the next sectIOn

Exhibit 29 a
ILLUSTRATION

Balance Sheet for Water Resources and Complementary Capital

Assets Embodied m Water Resources

Hydrograplnc AvaIlable Usable - JVaterPnce Value - -:--~ ~ .;.
RegIon

~
(million m3) (mtlliOlf -'::.

:(colones!m3) (bllhonJ~q}o~es)- "'~--,.r_- m3) - _- - -..;'"- ~
_ .... .,J"' ,.., ......._ ,

- -y. - - __ .<X ':.".<-....,

A 14,893 4,542 172 7 83

B 983 300 108 032

C 354 108 108 012

D 641 196 108 021

E 736 224 200 045

F 169 52 200 010

G 301 92 108 010

H 515 157 108 017

I 1,251 382 108 041

J 882 269 108 029

TOTAl 7077" t; 171 l':;R 1001
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Exhibit 29 b
ILLUSTRATION

Balance Sheet for Water Resources and Complementary Capital

Liabilities Lmked to Water Resources

Feb/B8

HydrographIc
Regt~lD ~

A

B

C

D
E

F

G

H

J

14,893

983

354

641

736

169

301

515

1,251

882

4,542

300

108

196

224

52

92

157

382

269

561

037

013

024

028

006

011

019

047

033

302

020

007

013

015

003

001

010

025

018

862

057

020

037

043

010

017

030

072

051

Exhibit 29.c
ILLUSTRATION

Balance Sheet for Water Resources and Complementary Capital
Assets and Liabilities Associated with Manmade Capital

P1an.t& ~pment Value . ..".-? ~-
4

Outstandmg Debt~ - - ~- - j. ~ - - - - :~~i~"-, - - (BillionColones) - - .:;-~- - (Bdhon Colone~f' ;:
~ - .;;

Water SupplylWatershed 12 1 18
ProtectIon

Water DlstnbutIon 09 088

Wastewater CollectIon 045 044

Wastewater TreatmentIPollutlon 045 044
PreventIon

TOTAL 3 294
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Exhibit 29 d
ILLUSTRATION

Balance Sheet for Water Resources and Complementary Capital

Aggregate Picture of Assets and LlabdltJes

A 783 862

B 032 057

C 012 021

D 021 037

E 045 043

F 010 010

G 010 017

H 017 030

I 041 072

J 029 051

SUBTOTAL, 10 01 1200 (199)
Water
Resources

~ <

Value LIabl1ltIes Net Value

SUBTOTAL, 300 294 006
Manmade
Ca Ita!

- "" - ......,- '- .r-
~

Value LlablhtIes Net Value

Feb/B8
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62 Comparmg Water Assets and Llalblhtes Over TlDle

Feb/98

..

To apprecIate the potentIal InSIghts that can be gamed from constructmg an econorruc balance
sheet for the water sector more fully, It IS useful to compare examples contructed for a larger tIme
frame These hypothetIcal examples Illustrate the changmg nature of

• phySIcal endowments,
• amount ofusable water,
• urnt value of water resources,
• total value ofwater, and
• mvestments m manmade capital m the water sector

Examples for a runety-year penod have been constructed winch proVide snapshots every thtrty years
(mcludmg the hypothetIcal example for 1998 already presented) m order to capture the potentml state
ofthe water sector at dIfferent stages of the country's development In ExhIbIt 30, a hypothetIcal
companson of changes m workmg capItal over a nmety-year penod (1938-2028) IS presented to
illustrate the econorruc SIgnIficance ofboth protectmg eXIstIng water resources as well as mvestmg
m manmade capItal m the water sector These examples are presented m graphIcal form m ExlnbIts
31 a through 31 d

The first major observatIon to draw from thIs companson across tIme IS that even though
gross assets m the water sector grow dramatIcally dunng these nmety years, lIabuItIes also grow
dramatIcally (and durmg the current penod, more than assets) The dramatIC growth m lIabIhtIes IS
conSIstent WIth what many people already perceIve m El Salvador - the ubIqUItous nature of
contammatIOn m surface water ThIs VIew IS supported by mformatIOn proVIded m the
charactenzatIon ofwater resources presented m thIs study What ExhIbIt 30 also shows IS that assets
are haVIng to grow substantIally to offset thIs contammatIOn For example, were It not for the capItal
purchased WIth the 2 94 nulhon colones (represented by the level ofdebt as of 1998), the damages
assOCIated With El Salvador's water sector could have been much worse and the amount of usable
water much lower

The relative combmed effect of the changmg levels ofassets and lIabIlIties IS captured m the
estImates of net workmg capItal for the penod 1938 to 2028 Through 1968, thIs hypothetIcal
example shows that the country IS stIll ahead, generatmg grOWIng levels of net workIng capItal
From 1968 to 2028, the SItuatIOn reverses Itself once (reflectmg madequate protectIOn of water
resources) and then agam (reflectmg greater efforts to protect water resources and/or to make
proVISIOns to obtam substitutes for contammated sources) ThIs second reversal comes at the pnce
ofhtgh mvestments m manmade capItal, whtch are 66% oftotal assets m the water sector by 2028
(or nearly 14 times greater than m 1938)
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Exhibit 30
ILLUSTRATION

he Water Sector. C o T

Feb/98

1938 1968 1998 2028

ASSETS
ill ' p' I I J
I

Usable Value Usable Flow Value Usable Value Usable Value
Flow Flow Flow
(mllln m3) (blln colones) (milln m3) (blln colones) (mllln m3) (bUn colones) (mllln m3) (blln colones)

Water Resources 20725 500 12642 1200 6321 10 00 7921 2000

Manmade CaPItal 015 060 300 2400

Subtotal. Assets 5 15 1260 13 01 4400

% Manmade 29% 48% 231% 545%
LIABILITIES /' h, I' 1~11~ ~" ,• 11 J~ '" , , ,\\ ': J I

,~J':.11~'\<:i I
! rl<.i.< 1" l

" J,;p j~J~;[~"'\1 {! ',:I,~, ' l~ I
, ,.('. j""

I I 1 I I .' I ~

Value Value Value Value
(bUn colones) (bUn colones) (blln colones) (bUn colones)

Damages 150 300 1200 1200
Debt 008 045 294 2280

Subtotal, 1 58 345 1494 3480
LtabllItIes

% Debt 48% 130% 197% 655%

NET WORTH \ !y. 4W(r(tL , ' , ,
lqIC~i\fI ~ 1'1 j

, , ~ I"
II ~ 1} It , '\'

(Working CaOltal)
, , I I ~ 'I ,

, {,'~ 1" 'I'

Value Value Value Value
(bUn colones) (bUn colones) (bUn colones) (billn colones)

Net Totfll 1"R Ql'i (] .93) 9.20
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TIns constructed example, despIte Its hypothetIcal nature, conforms well WIth a phenomenon that
seems to be operanng m El Salvador Water no longer comes easIly from nature Instead, slgmficant
mterventlOns through management and through capItal mvestments are needed to replace lost water
resources Because pressures from an already stramed system of water resources (e g , through
mcreased contammatlOn and mcreased demand) are lIkely to mcrease WIth populanon and econOmIC
growth m the country over the next few decades, the lIkelIhood ofdeprecIatlng the eXIstmg water
resource assets seems very htgh

To offset tlns depreCIatIOn, It WIll be necessary to make addItIOnal and substantIal
mvestments In plant and eqwpment that prOVIde access to usable water and WIll at least lImIt the
growth ofcontammatIon In Exlnblt 30, Invesments m manmade capItal are assumed to have nsen
to 24 bIlhon colones (from 3 bIllIon m 1998) and correspondmgly, the value ofwater resources have
mcreased and damages Imposed on socIety by contamInatIon have declIned As a result, m 2028,
the water sector IS no longer msolvent SInce It has a posItIve net worth of 9 2 bIllIon colones and IS
contnbutIng to the econOmIC welfare of the country

Exlnblts 31 a through 31 d help Illustrate the IndIVIdual trends that underlIe the overall
phenomena hIghlIghted above In partIcular, the follOWIng observatIOns are hIghlIghted

• The phySIcal quantIty of water declInes precIpItously from 1938 to the year 2000, when a
small turnaround begms as the result of proportIOnately greater wastewater treatment and
control from that year forward (Exhtblt 31 a)

• DespIte the declme ill the phySIcal quantIty of usable water, the value of these resources
grows durmg part ofthe penod (1938 to 1968) and only dechnes slIghtly from 1968 to 2000
ImplICIt In thIs example IS the assumptIOn that the real margmal value of water grows
enormously over tlns penod (from about 0 2 colones per CUbIC meter m 1938 to 2 4 colones
m 2028) because of the growth In demand (Exhtblt 31 b)

• The value ofdamages Increases WIth contannn.atlon (from 1938 to 1998) but levels off after
contammanon begIns to be abated after 1998 The reqUIred reductIon In contammatlon will
have to be substantIal SInce It IS lIkely that the margmal value of damages WIll contmue to
nse WIth econOmIC growth (denvrng m part, for example, from the nsmg value of foregone
producnVIty attnbutable to water-related morbIdIty and mortalIty IS worth more) (ExhIbIt
31 c)

• OffsettIng the depletIon and detenoratlOn of water resources IS poSSIble but It comes at a
pnce EI Salvador WIll have to mcur debt to be able to make the necessary Investments In
wastewater treatment and control Accordmgly debt nses throughout the nmety-year penod
(ExhIbIt 31 d)

To conclude thIs companson of hypothetIcal asset balances across tIme, It IS useful to
underscore one more phenomenon In 1938, water resources contnbuted 97 1% of the value of
assets In the water sector (and manmade capItal, 29%) In 2028, water resources constItuted only
455% (even though they were four tImes more valuable than they had been In 1938) It IS eVIdent
that nature has become secondary as a store of wealth ill thIs sector There IS somethmg at least a
httle bIt hopeful In tlns outcome, whIch IS, that proper mvestments can m theory restore at least part
of the value lost through explOItatIon of natural resources Whether these mvestments WIll be made

Michaels / Camacho 46 AbtlUSAID-MARN



Salvadoran Waters Workmg CapItal for the NatIon Feb/98

IS a separate questIOn But that questIon could be answered at least roughly With the ongomg
construCTIon ofactual asset balances for the water sector, lIke that presented here, usmg actual data,
estimatIOns, and mferences about the dIfferent components

ExhIbIt 31 a
ILLUSTRATION

ComparIson Over Time
Usable Water
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Exhibit 31 b
ILLUSTRATION

Comparison Over Time
Value
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ExhIbIt 31 c
ILLUSTRATION

Comparison Over Time
Damages

Feb/B8
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Exhibit 31 d
ILLUSTRATION

ComparIson Over TIme
Debt
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7. Special Issue: DistributIon of Water Resources between Urban and
Rural Areas

One Issue that has filtered through several of the analyses conducted for thIs paper but that
has not received drrect attentIOn IS the dlstnbutlOnal aspect of water use and degradatIon m EI
Salvador Will.le the allocatIOn ofwater resources may not have been managed m full recogmtIon
of the value of water resources, thls IS not to say that the value of water resources has been
completely Ignored On the contrary It appears that many deCISIOns about the allocatIOn of publIc
water resources have been engmeered to benefit urban populations For example, as local ground
water resources have become depleted m the greater metropolItan area of San Salvador, more dIstant
sources of dnnkmg water have been sought, m the rural areas of the country At the same tIme,
much of the mdustnal, mumclpal, and household wastewater generated m the country IS discharged
from major population centers downnver to rural areas of the country

Together these two tendenCies constitute a phenomenon that raIses concern about who IS
benefittmg and who IS losmg With the current allocanon ofwater resources m the country - valuable
water resources are bemg Imported mto urban population centers, from wluch contammated water
IS bemg exported The ultimate balance between these two tendenCies and Its dlstnbutlOnal
ImplIcanons deserve further evaluanon As of 1994, about 45% ofthe country's populatIOn, or 2 4
mIlhon people, lIved m rural areas In 1992, 48% ofthe rural populanon dId not have relIable access
to clean water Clearly, any detnmentalImpact on rural areas carnes great SOCial slgmficance

One of the challenges m consldenng the rural-urban dlstnbutlOnal unplIcatlons of water
allocatIon m EI Salvador IS that the urban areas can back up therr demand for water With SIgnIficant
econOmIC resources Given current mcome dlstnbutIon, an estImated 75% of the potential buymg
power for water reSIdes m urban areas (based a rough estImate ofWIllmgness to pay as a constant
1% mcome regardless of location)

Nonetheless, the rural areas stand to gam from Improvements m water resource management
and allocatIOn and may have suffiCIent economIC resources to pay for some ofthese Improvements
Already, water acqUIsItion IS an expensive proposItion m rural areas One estunate has suggested
that costs on the order of 4 to 7 colones per m3 (m 1988), or, $1 30 to 2 29 per m3 (m 1996) By
companson, average cost of water m US IS $1 22 per 1000 gallons (m 1994) ThIs crrcumstance
suggests that the savmgs made poSSible by mvestments m cost-effectIve means to proVide better and
more relIable to access to clean water may pay for themselves Usmg the same Wlllmgness to pay
calculus Cited above, rural households Without access to clean water may be Wlllmg to pay as much
as $47 mIllIon per year for access to clean water

These and other factors need to be weighed m the deSign of future mvestments m water
resources and then distrIbutIOn between rural and urban water needs
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ImplICIt m tlus report IS the assumptIOn that acluevmg economIC growth and development
m a sustaInable way IS a desIrable goal In thIs respect, mcome should be generated for the CItIzens
ofEI Salvador WIthOut drIvmg down the value of the natIon's wealth More preferred would be the
case where greater Income could be generated In tandem WIth an mcrease In the wealth of the
country

To pursue thIs goal, It IS necessary to have a very clear understandIng of the concepts of true
mcome and wealth Where nonmarket resources are concerned, natIonal tallIes ofmcome generatIOn
have been notonously defiCIent For several years, addressmg tlus general shortcommg has been the
domam of envIronmental and natural resource accountIng efforts m mdustnallZed countnes and
developmg countnes alIke One partIcular approach to thIs task has been codIfied m the Uruted
NatIOns' System for Integrated EnVIronmental and EconomIc Accountmg (SEEA) WhIle the current
paper does not exphcItly present Its findmgs m thIs context, the findIngs could mdeed contnbute to
an effort to construct natIonal econOmIC and envIronmental accounts for El Salvador And, Uruted
NatIOns authontIes mvolved m the development and applIcatIOn of the SEEA have expressed to the
AID/Abt project team a readmess to collaborate WIth Salvadorans m an effort to produce an InItIal
\ erSIOn of tlus mtegrated accountIng approach for the Salvadoran economy

One of the most Important lessons to be drawn from the collected expenence of trymg to
unplement enVIronmental accounts IS the dIfliculty of tryIng to assess the SIze and econOmIC value
ofstocks ofenvIronmental and natural resources Not surpnsmgly, thIs dIfficulty comcIdes WIth the
fact that the management of these resources IS very poorly pursued m most countnes m the world
Not knowmg much about the state ofthese resources also goes hand-In-hand WIth ambIguItIes about
who "owns" and can effectIvely control the resources No one orgaruzatIon or mdIvIdual knows
enough about what IS happerung to the resource AccordIngly, to protect and enhance these
resources, It IS fundamental to make a systematIc and perSIstent effort to fill thIs gap m
understandmg

The management ofwater resources IS a very good example of these problems Freshwater
resources are usually not well controlled The water Itself typIcally comes from "somewhere else"
(such as raInfall or from remote sources upstream or underground) And once the water resources
are used, they are sent yet "somewhere else" Tlus scenarIO plays Itself out m El Salvador at the
most mdIVldualleve1 (a smgle household or producer) and all the way up to the most aggregate level
conceIvable - the entIre country The latter case offers a compellmg example A SIgnIficant portIon
ofEI Salvador's mam watershed (of the Lempa RIver) IS supplIed by water that ongmates outsIde
th country (m Honduras) Furthermore, the Lempa and other major nvers dIscharge to the PacIfic
Ocean In short, El Salvador does not have full control of Its water sources or the fate of Its
dIscharges

Recogruzmg what IS bemg lost by mcomplete, and pOSSIbly defiCIent, management of the
water resources of the country IS an essentIal prereqUIsIte for IdentIfymg ways to protect the
country's water assets The pressures on freshwater resources are so large In El Salvador and
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growmg at such a substantIal rate that It raises doubts about the real net benefits that mmVIdual water
projects Will actually be able to realiZe m the future When an mdiVIdual water project can be
unplemented Witlnn a well-orchestrated natlOnal system of water resource management, It IS much
likelier to succeed than If It takes place m crrcumstances where water use and management IS rapidly
changmg If the entrre picture of what IS happenmg to the collectIVe water resources IS either not
understood or not taken mto account, It IS easy to unagme how a speCific water project could be
encroached upon by other larger factors For example, a project to draw dnnkmg water from the
Lempa watershed could certamly fall short of Its ongmal goals m the future Ifthe Lempa watershed
Itself IS not protected

This paper has suggested that takmg an econOmIC View of water resources and therr
associated complementary capital offers a useful means to assess how well these are bemg managed
mEl Salvador In particular, It IS recommended that an effort to evaluate the natlOn's freshwater
resources as a portfolIo ofnet workmg capital be undertaken At a IDInlIDUID, a prellIDlnary set of
balance sheets for the present water sector would be establIshed usmg actual data, estImatlOns, and
mferences about the d1fferent components Preferably, this assessment of the current status quo
could be compared With projectIons made for assets and liabilities m the water sector at pomts m the
future Such a companson of the present With the future crrcumstances could prOVide guidance for
current and near-tenn declSlons about mvestments m the water sector ofEI Salvador, at the natlOnal
level and at the level ofmdlVldual projects

In the current effort, actual data and estunates could be compiled for certam elements ofan
assessment of the assets and lIablhtIes m the water sector (such as the overall water balance,
estimates of human health damages, and estImates of net workmg capital for selected, Important
mdustnal sectors), further work IS clearly reqUITed It IS Important to note that these balance sheets
were constructed to J.1lustrate how they could prOVide Insights mto the current status of the nation's
wealth was embodied m water resources and complementary capital Although they are consistent
With a general understanding of the factors that affect assets and lIablhtIes m the water sector m EI
Salvador, certam parts of the presentatlOn are conjectural To construct a complete set of actual
estlmates ofthe asset and lIabilities figures presented here Will reqUITe additional data collectlOn and
estunatIon The followmg prOVides IS a bnefoverview ofthe associated data needs

FIrSt, the asset value of water resources Will reqUITe mfonnatlOn on the econOmIC demand
for water (Willmgness to pay) by different types of users (e g, households, mdustry, agnculture) m
mfferent locatIons and SOClOeconOIDlC crrcumstances ThIs mfonnatIon prOVides a better basiS for
estabhshmg the asset value of water resources Second, estunates of the supply costs of usmg
different water resources (from surface and ground water souces) are reqUITed m order to estunate
the net econOmIC value of these resources, which Will serve as the basiS for estImatmg therr asset
value These supply costs could mclude the posslbJ.1lty ofobtammg water from more remote surface
or ground water sources as well as the posslblhty of treatmg more accessible water that IS
contammated Thrrd, a better accountmg of complementary capital that IS already m place m the
pubhc and pnvate sector IS needed as well as the level of mdebtedness associated With this capital

AdIDlttedly not all of this mformatIon Will be aVaIlable m a first Iteration of trymg to
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unplement the concept of assets and habliities proposed here Nonetheless, It IS anticIpated that
certam data gaps can be filled through estimatIOn and unputatIOn In the end thIs approach wIll
provIde at least a basIC pIcture that IS useful 10 Its own nght as a rough 1Odlcator of the long-tenn
econormc prospects ofthe water sector Furthennore, the expenence ofcomposmg tlus basIC PICture
should be mstrucuve for detennmmg the types of actual data that need to be collected 10 the future

What IS bemg proposed here IS not a one-tune effort but the begmnmg ofa regular actIVIty
that can be conducted at the rmcro and macro level to mfonn publIc and pnvate econOmIC deCISIons
about the use of water resources m EI Salvador Consequently, the next steps that are taken to
Implement a broader View ofassets and hablhues m the water sector should be deSIgned to faclhtate
a longer-tenn effort, to the extent feasIble Tlus objective suggests the unportance of mvolvmg
Salvadoran counterparts m the pubhc and the pnvate sectors who have an 10terest m enVIronmental
and econOmIC pnontIes as well as mdlvlduals famIhar With unplementmg enVIronmental and
resource accountmg at the natlOnallevel (such as offiCIals from the Umted NatIOns mvolved With
the development of ItS protocol for such accounts) 10 the final deSIgn and ImplementatIOn of such
a framework The effort could also benefit from the partiCIpatIon ofdonor and lender representauves
and techmcal staff smce they too are concerned about the health of water resources and Its
reIatIonsmp to economIC and SOCIal welfare m EI Salvador

Because of Its current focus on water as a vemcle for many of Its development objectIves 10
EI Salvador, USAID appears to be well posItioned to take the lead 10 putt10g together the type of
consortIUm that IS needed to undertake the next steps m the actIVIties proposed here To succeed,
these actiVIties Will reqUIre both techmcal asSIstance as well as constructive adVIce on generat10g
pubhc and pnvate 10terest 10 the econormc health ofwater resources In each ofthese areas, USAID
can serve both as a contnbutor as well as a pOSSIble coordmator
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