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MANAGEMENT STRATIGIZS FOR MITIGATING ADVERSE HEALTH IMPACTS CF WATER RESOURCZS
DEVELOPMENT PROJECTS

Patricia L. Rosenfield and Blair T. 3ower

Resources for the Future, 1755 Massachusetts Avenue, N. W.,
Washingeon, D, C. 20036 U,S,A.

INTRODUCTION
Substantial evidence exists cthat water resources development projects in tropical areas have
Tesultad in unaoticipated adverse side effects. Increased prevalence of wacer-relaced dis-
eases Is an example of such adverse effects. The failure to consider these side effeces,
and to provide explicit management strategies to mitigate them, can reduce the economic pro-
ductivity of cthe development project and actually decrease the net well-being of the project
populacion.

The purpose of this paper is to suggest, by analysis of a typizal sype of water resources
development projecz, how project planning should be underctaken in order to consider explic~-
itly both potencial negative impacts and also possible means for limiting such izpacts while
achleving the usual econcmic development goals. The exanple chosen zo illustraca the
approach is an irrigation project in a daveloping councry with specific potential short-term
and long-terx negacive impacts resulting Zrom increasing the transmission of schistosomiasis,
for a given projec: design. The example will be used as the basis ZFor indicating what tyves
of management scrategies, that is, combinations of phy:ical measures, implementazion incen-
slves, and tuscitutional arrangements, mighc be incorporated in che project to treduce the
negative eifeccs.,

The zlobal concern wich and emphasis on increasing food supplies in the. face of continuing
large increases in population, coupled with the limited supply of agriculturzal land, has
resulted in pressure for more intensive use of existing ag-iculcural land in virtually all
areas of the world. 1Irrigation is ome of cthe prime meaas for intensifying land use %o in-
crease agriculzural production. Therefore, a careful appraisal is warranted wich respect
to: (1) wnether or noc current project planning of irrigacion projects and the projects
waich szem from these are adequate; and (2} if noc, how they can be improved. Estimating
the impacts of irrigaction projects includes estimating the likelihood of disease veczor
populacions increasing as a resul: of che project, the corresponding number of persons
affacted, and the consequencas, as well as estipating the increased crop vieids and asso=
ciated benefits stemming from the project. Although it is difficulr co predice accuracely
how many persons will be infezred with a disease for any given set of conditioas, i: is
essential that the portentizl for such adverse side affecszs be included in estimating project
"costs and berefits. The example of schistosomiasis and irrigation projects is used co ax-
plicace the suggested changes.

SCHISTOSOMIASIS AND IRRIGATION

Schistosomiasis, a disease carried by a parasizic worm, is intimately associated with wate-
at each stage of its life cycle. More than 200 million people in Africa, the Middle Zasc,
Asia, and parts of Lacin america are currently estimared to be infected wish ac least one
of the chree species of schiscosomes (worms) infective =0 man: Schiscosoma haemacobium,
S. mansoni, and S. ifaponicum. Schistosome eggs are :ransmizted by infectad individuals
through urine or feces, depending om cthe parasite species. The eggs must reach water to
hatch. Once in wacter, che eggs hatch into the firs:t larval stage, or niracidium, which
nust find an appropriate smail species to continue the life c¥cle. Oopce in che snail, the
airacidia undergo asexual reproduczion and are sned by zhe smail as cercaciae, the staze
infeczive zo hunans and to some spaclas of other acimals. Tue cercariae can penetrate any
part of the body that touches water. Once inside a person, the worm migrates Lo zhe veias
surrounding she intescine cr bladder (depending on species); after Dales and females mate,
che 2ggs are laid and passed chrough the walls of the intescine or Sladder to be axcrecad.
The life cycles of the tharee major schiscosome species infactive o man are smown in

Tig. 1.

Clinical effects of schistosomiasis range ftom general weakness and anemia to obscrueczion
of flow of blood or urine. Warren (1) erphasizes that schisctosomiasis, although usually
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FIG, 1. The life cycle of schistosomiasis. Source: P. Jordan and
G. Wabbe, Burwan Scehiscosomiasis, Sor.ng'ield Ill., Charles C. Thomas
Publishers (1969), p. 7.
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not fatal, is "a potentially lethal infection from the Katagana fever of the early scages
to . . . carcinoma of the bladder, cor pulmonale, epilepsy . . . and other complications
of the later stages.' Seriousness of disease consequences is thought to be related to
frequency of re-infectionm, longevicy of infection, and numbers of worms in che body.

An irrigaced area complete with canals, laterals, field delivery of water, and drains pro-
vides addi.ional possibilities for smails to survive and for people to come in contact wich
infected water above those already existing in non-irrigacted areas such as ponds or rivers.
This is especially true for irrigacion systems located close to villages and where no alter-
aative wacter sources are available for drinking, baching, washing clothes, and watar recre-
ation. Snails thrive on che sides of canals, laterals, and drains where weeds have grown,
in weed-overgrown bars in the middle of canals and drains, and/or in the side pools that
@ay form alongside of canals or drains as a result of seepage. Snails also are attracted
to organic macter that may be deposited in canals, laterals, drains, or side pools by vil-
lagers. Thus, if snails exist in the area, they are likely to be found around all sites
where people use water.

The impact of irrigation systems on the transmission of schistosomiasis has been documented
in scudies in EZgypt (Ref. 2), the Sudan (Ref. 3), Tanzania (Ref. 4), Zambia (Ref. 5),

Ghana (Ref. 6), Nigeria (Ref. 7), and Iran (Ref. 8). As shown in Table 1, in most cases
there was aither no infeczion, as iz the sudan, or some infeccion, as in Egypt and Iran,

in the project area before cthe irrigation system was puil: and operaced. Where no previous
irrigation exisced, parasices were brought into an area by infected migrants and by vector
snails clinging to animals and clothing. The impac: of irrigazion has been to increase
subscanctially the level of infection (prevalence) in a relatively shorz time (Ref. 9).

In crying to assess the impact of a projecz on disease transmission, it is imporcanc to
emphasize two different measurement problems. The first is thac of astimating the distri-
bution of infeczion in the populacion over time. Prevalence of §. haematobium, for example,
is measured oy the rresence or absence of schistosome eggs in the urine. The presence of .
only one egg ian an individual's urine classifies the person as being infected. To estimate
prevalence, it is necessary to examine urine specimens {rom a sample¢ of the populatiom. -
This requires a cteam of parasitologists and crained cechnicians to go to the villages to
collect and analyze specimens, and then to record results. An addizional aspect of this
problem is that che population may be reluctant to give specimens. '

The second measurement problem is that of estimating the discribucion and size of snail
populations over zime. It is impessible to counc every snail in a habicac, especially
given their propensizy to burrow into muddy subsctrata. Thus, there is alwavs a sanpling
problen. In addizion, che appropriace unit to define che sample could vary wich habitac,
i.2., number of snails per square meter for ponds, number of snails per linear mecter for
canals.

In addicion to the difficulcy of zeasuring the prevalence of schiscosomiasis in relacion
to a specific project, it is even harder to measure che specific economic impacts of
schistosomiasis on the infected population. Studies have actempced to assess the impac:s
of diseases on worker produczivity and increases in worker absenceeism due co schistoso~
niasis infections , Results have been inconclusive, In Cameroon, infected workers
appeared to cut more sugar cane (Ref. 10). In Tanzania, one study showed that output of
infectad workers did not differ “rom output of noninfected workers, though absenteeism was
greater (Ref. 1ll). Yet, in anocher Tanzania study, bonus earnings were lower for infacted
workers (Ref. 12). 1In Sc. Lucia, 2o economically significant effect from schiscosomiasis
was detected (Ref. L3).

These sctudies lead to the conclusion thac: (1) more daca are needed before the economic
impacts of schistosomiasis can be estcimaced accuracely; and/or (2) the ozner factors
affecting productivicy may mask zhe effects of schiscosomiasis. Many items not considered
in the sctudies cited above need zo be taken into account: variaction in severicy of infec-
tlon by age and sex in diffarent geographic areas; examinacion of impaczs on the communiry
as a vhole, not only che workers; and excernal economic conditions indicating what the
benefits to che local economy would be Srom reducing schistosomiasis. 3ecause adequate
data are noc avaiiable to escimate accuracely che aconomic consequences of this debilizac-
ing disease, recourse in project planning must be o express the ob‘ective in zerms of
achieving a cargec ievel of schiszosomiasis prevalence in zhe project areza.

A _droctoctvoe irrigzacion oroject (Ref. 14)

To facilitate discussion of che spectrum of schistosomiasis Qanagement strategies, a proco~-
type irrigacion project in a developing countrv is posited which, as designed ia the usual
@anner, would resulc in negative side effects on human healch. his procociype project pro-
vides the basis for identifying and evaluating alternative schisctosomiasis management
strategies as part of the toral irrigation project planning, consctruczion, and operation.

W



TABLE 1. Examples of increased prevalence of schistosomiasis resulting from
vater resources development projects

Pre=project Post-project
Country Project prevalence prevalence Schistosome
(refs.) (yr. completed) (percent) (percent) species
Egypec Aswan Dam (first) 6% 60X (3 yrs. lacer) S. haematobium
(Ref. 2) (1906) S. mansoni
Sudan Gezira Scheme 0% 30-607 (15 yrs. later) S. mansoni
(Ref. 3) (1925) §. haematobium
Tanzania Arusha Chini low 50-85%7 (30 yrs. later) S. mansoni
(Ref. &) (1937) R
Zambia and Lake Kariba (14 157% adules S. mansoni
Rhodesia (19538) 70% children S. nhaematobium
(Ref. 3) (10 yrs. lacer)
Ghanz Volta Lake low 90% (2 yrs. later) S. haematobium
(Ref. 6) (1966)
Nigeria Lake Kainji low 307 (1 yr. later) S. haemazobium
(Ref. 7) (1969) 45% (2 yrs, lacer)
Iran Dez Pilot 152 . 30% (2 yrs, lacer) S. haematobium
(Ref. 8) Irrigation
Project

(1965)




In che descriprion of baseline condicions, it is assumed that go activitias speciiically
dizeczed coward schiscosomiasis ave underrcaken.

Pre-orniecr condicions. The Jresent populacion ia rhe protoctype project area is engaged
primarily in subsiscence agrizulzure, essentially non-irzigacted, iacluding Taising a small
aumber of livestock ~- cows, goats, and sheep. Only a small amount of water is conveyed
ZTom the Tiver and applied irregularly to a faw hectares ia the area of the proposed proj=-
ect. Liztle of che crop outpuc is tracsporzed outside of che arsa. The populacion is
dispersed chroughout zhe proposad prrject aiea im small cluscers. River wvacer ig used Zor
riaking, persomal and clothaes wasniag, recreation, and watering of livestock. 3och house-
hold and personal wasces are dis:harged directly onco land or inco wacer. The population
is stable with essentially a0 in- or ouc-migration. Bocth nucricion and licaracy levels

are low.

The televant epidenmiologi:al informacion indicaces chat smails thac cransmiz schistosomia-
sis are presen: iz che river system. To simplily :the discussion, i{f s assuped that only
Schistosoma hasmatobium is endemic iz the population. Prevalence, or :the percent af people
infaczed at any given tize, is astizated o be 20 sercen: of =he zoral populazion. The
assumed approximate age disssibucion of prevalence, based on rapresentacive iaformacion

from andemic araas of §, haemasobium, is shown ia Fig. 2 (Ref. 13). I= should Se emphasized
that the gsurve is illuscracive. The human population mainzaizns che disease c7cle by rassiz
eg3s into the watar dodies where vecsor snails are present. Livestock are involved ia t-ang-
Tission o the exzent tha: they may €arry sunails Irom one habizat to amocher (Raf. 15).

Characsesistics of oroposed irrigazion osrodecs. The irrigacion project is planned co shifs
the bulk of produczion o nmacker crops of grain and fruic plus legumes and alZaifa, wizh
provision for a wider vasiecy of focds for consumption by the carger populacion than occuss
ac prasent (Ref. 17). The irrigaction systea is 2o comsisc of diversion dam, main canal,
@ain lateral, Iield lacerals, and érains. The main canal, lateral, and zain drainage

canai aze o de unlined bur wel] compacced. Furtow irrigacion is co be used for :trees

and lagumes; border check irrigacion for wheat and alfalfa. 3och Ziald irTigatcion sysceas
are co be supplied with vacer by hand-operated siphons. The irTigacion saason is normally
€o De six zo seven aonchs during che dry season. During the wez season when zhers arte
heavy rains, snails uay be flooded our of some pond habizacs and/or fiushed ouz of canals
and drains ino the river. Tramsmission of schistosomiasis would zherefore be seasonal and
peak in zhe dry (ivrigacion) season.

The axisting cluscers of villages are o0 be locared Yoth wizhia aad adjacent o the proposed
irzizacion syscem. ?Provision of domescic ootable wacer supply is not o be a parsz of :zhe
PToject; thus, river wacar — 35 ar presear -- and/or canal wacter would be the sourzs af
domeszis and livestock wacter. The cesarvoir for tegulation of screamflow o provide water
for che irrigacion sysctem is locaced upsciream at a distance such that there is sssencially
go inzaraction detween human aczivizies around the reservoir and those in the projecs area
(Ref. 18). Yo immigration is expected- as a vesul: of -tha jrojec:.

Various aspec:s of zhe design, comscTuction, and operation of an irrigacion project ifn-
Iluence the transmission of schiscosomiasis. 4ith respect o0 projec: design, imporzant
faczors are the location of :he irzigacion project in telatiom to che locaczon of villages,
the presance or absence of domestic pocable water supplies, and che design of che irTiga-
tion project in cerms of flow velocities in canals and lacterals, wacer scorage vequirce-
aeacs, mechod and frequency of wacer applicacion, and degrae of contiauity of flow. Wi:ch
respect I2 project conscruction, che nacerials and qualicty of comscrucsion 9f camals will
azfect zhe amournt of seepage f=om camals and lacerals, zhe gTading of Iields; the quali:cy
of zomstTuczicn of Jieid lacterals and irrigacion IurTovws and checks will affacs the amouas
of scanding wacar. Wwizh Tespect 1D Jalatenance, the degree of removal of vegeraction and
silc Irem canals, laterals, and drains will influeace spail habizacs and nence schistoso-
alasis transmission. Higher lavels of naiacemance can resul:z ‘n mora affizienc uzilization
of watar as well as less hapitac “or snails. T water is entirely ~emoved Irom che irTiza-
tisn syscem curiag che gom-irTigaszion saason, schistosomiasis zramsaission will bHe izpi-
dized.

ide 2ffacts oY Jroiecs as olammed. Ia order oo illusct-ace the management problems asso-~
Slacad with scniscosomiasis ane irTigaciom, :he axpectad side affac:ss Irom the pToiacs as
described above, in the absence of 20y scaistosomiasis zanagement scrategy, ara delineacad.
3ecause of increasiag recognizion cthat sida effeccs 22y de suostancial, project pianniag
snould include aa sseimacion of projecs iopacis on cthe acasyszem of zhe area and che sub-
sequent 2ffacis of chose impaczs om che ?roject population. Disease :ransaission models
nave deen developed Zor use in projecc impact analyses (Ref. l3). Iszimacad changes ia the
characzaristics of zhe aacural syscen and in wacer relacad bepavior af =he oroiect popula-
iion have Heen lizkad iz chese nodels with baseline prevalence data =0 escimace the axzant -
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FIG. 2. Estimaced age-prevalence of Schistosoma haematobium under pre-
irvigation projec:t conditioms.*

* This curve was based on ore-irrigacion and ore-disease control project

data from the Dez Projecc, Iran (F.G.L. Gremliza, Ecolozv of Endemic
Diseases in the Dez Irrigacion Piloc Area, Development and Resources
Corporacion, New York, 1962, p, 128). The curve is {llustracive and
could be derived from daca in any area with endemic S. haematobium,




of project impacts.

In any {rrigation project sysctem, even with careful constructiom, permanent side pcols are
likely to be Zormed due to seepage Srom the main canal and the main laceral with resulcisz
development of randomly spaced pools of water. Furrow or bordar-check irrigaction is likely
to result in some standing water, at least at cthe ends of the furrows and checks. Similarly,
drainage canals will likely have some pools. All the canals, laterals, and drains will have
some vegetative growth and some sediment deposits even if 2 normal maincenance progranc is
carried out. Therefore, che project is likely cto result in substancially increased snail
habitat compared to pre-project conditioms. Because of the proximity of cluscers of homes
to the irrigacion syscem, cthere is greacter human accessibility to water, chereby leading co
increased water contact. The canals, laterals, and drains offer a readily accessible depos-
itory for wastes, Including organic macerials. Table 2 liscs the human activicies involved
and the resulcing likely poincs of comtact with snails.

Estimated impacts of the prototype irrigation project, with no schistosomiasis management,
on prevalence of schistosomiasis in the project population are shown in Tigs. 3 amd 4.
Figure 3 shows how total prevalence in the population is estimaced to change over time.
Figure 4 shows, aftar three years of project operation and no schiscosomizsis management,
the estinaced age-distzibucrion of schistosomiasis prevalence in the populacion. This may
be compared with pre-projecz age discribution of prevalence shown in Fig. 2 and reproduced
in Fig. 4. The distribucions are based on results from the srojects listed in Table 1.
These discributions are given to illustrate how an {rrigation projecz comstruczed and
operated without consideration of explicit measures for prevencing schiscosomiasis trans-
oission mav increase schiscosomitasis prevalence over time,

MODIFIZD IRRIGATION PROJECT PLANNING

Recognitcion of the potential impacts of irrigacion projects as planned lead logically to
consideration of how the project mignt be modified to include explicicly schiscosomiasis
Janagewent. A nanagement stractegy consists of a combinaction of physical measures, imple-
Qentation incentives, and inscitutional arrangements. In projects described in Table 1,
actention was paid only to cthe first of these concerns, the physical measures. However,
all chree elements of a strategy are critical and must be considered simulcaneously. The
choice of a schiscosomiasis management sctrategy is deterained by knowledge of boch irviga-
tion and relaced epidemiological conditions of cthe disease and cthe cost and effectiveness
of each alternative strategy. The cost and effectiveness ia turn are affecced by che
social scructure and mores of the society in which zhe project is being undertaken.

Figure 5 shows the sequence of analysis for project planning in which explici:z considera-
tion is given to schistosomiasis. A crictical componentc of the analysis is the astimacion
of the prevalence of schistosomiasis under any given set of conditions. Such a quanciza-
tive estimation, however, requires use of a disease transmission model which isg bevond

the scope of this paper.

The following seczions therefore discuss in a qualitative manner sets of physical measures
for reducing the precvalence of schistosomiasis and some of the implementation incentives
which are appropriate to induce application of those secs. Only minimal considerazion is
given to the third component of a management strategy, iastitutional arrangements. This
is not because institutional arrangements are less cricical -- if anything the concrary

is true — but because: (1) the relevant inscitutional arrangement is country and culcure
specific; (2) more empirical research and analysis needs to be done beforea reasonably
valid specificacions concerning iastitutional arrangements are possible; and (3) the rele~
vant insticucional arrangementc must encompass more than the ac:tivities relacing to che
reduction of prevalence of disease. However, a few commencs are made wizh respect to con-
ditions deemed necessary for effeccive inscitucional arrangements.

Phvsical . easures for raducing schiscosomiasis prevalence

There are two categories of physical measures for reducing the prewvalence of schiscosomia~
sis: (1) reducing human conctac: with snail-infesced water; and (2) medically :creating che
infection in the target populacion. The fizst has two subcactegories: (a) reducing snail
habicars; and (b) modifying the activities of che target population to reduce concacc wich
exiscting snail habitac. Table J liscs possible physical measures which could be applied
‘o reduce the prevalance of schistosomiasis in the project area.

Reducing snail habizat can be accomplished by such measures as: using pipelines iastead

of oven canals; lining canals to reduce seepage; better grading of fields and construction
of laterals, checks, furrows, and draims to reduce standing wacer; removai of vegecation
and silt Irom canals, laterals, and drains; more efficienc izrigzation; snifcing from sur-
face irrigaction o spray irrigation, subirrigation, or drip irrigacion; use of mollusci-
cides; and applicaction of biological methods (Ref. 20). Molluscicide use involves frequent



TABLE 2. Human activicies and poincs of human-snail conctac:t in

irrigacion projects

Human accivicy

Human-snail contacc points

Irrigacion of fields

Maincenance of irrigacion
syscem

Wéshing (personal, laundry,
dishes (see note a))
Recreation

Obtaining (fetching) water

Drinking water

Residuals disposal:

?ersonal
Garbage

Livestock management

Standing water in fields

Manipulating siphons from secondary
(£ield) lacerals

All canals and drains
Laterals (secondary), drains, rivers,
sidepools

Sidepools, rivers, canals, main
lacteral

Lacterals (secondary), drains, rivers,
sidepools

Laterals (secondary), drains, rivers,
sidepools

Fields, drains, laterals (main and
secondarv), river

Drains, laterals (main and secondary),
river

Flood plain of river, sidepools,
ponds, swamps

Note a: If domestic water is separatelv supplied, there could be less of

a problem for disease transmission.
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TABLE 3. Classification of physical measures for reducing the prevalance
oI schistosomiasis

I. Reducing numan concact with smails

A. Reducing snail habitats and/or snall populations

3

2.

.
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o .
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9.

ITI. Medizal

Mollusciciding

a. all habicacs

b. Zfocal (treacting only habitats wihich are known transmission sites,
e.g., which human contact occurs)

Constructing mechanical screening at diversion point to prevent entry

of snails ianco irrigation system

Lining of main canal

Draining standing water in fields and from main canal and laterals

Vegetation/silc removal from main canal, laterals, drains

Inzroducing predator -or competitor species

Piped transpor: of water to secondary laterals

Increasing efficlency of irrigation

lodifying auman activicies

Provision of domestic water supplies by standpipes in courtyards
Provision of laundries

?rovision of showers

Provision of swizming pools

?roceccion (s2e nota2 b) of water Tecraation sites

Location of canals and drains away from axisting setzlemen:s
Provision of boots for irrigators and irrigation systam maintenance
workers

Provision of latrines and garbage disposal sites ia closer proximicy
to villages than canal, laterals. drains

Protec:zion (see note b) of animal grazing areas

lv treaciag oooulation with drugs (chemocherapv)

A. All infected population

3. Specific segments of cthe population (i.e., heaviest egg passers, O-co=li-
year—-olds)

Wote b: Protection in this context means paysically restricting access to or agress
Irom che area, such as by fencing.



reapplicacion Secause :total eliminartion of szmail populacisn is impossidle, eizher because
Part of czhe existing smail populacion surrives bV suzh means as busTowing i2CO the subscraca
or because of a comciaual inflov of snails STom ouzside of the area or boca (Ref. 22). 1Ia

addizion, the 2£isccts of Irequent molluscicide use ox zom-carget species are assanczally ua-
xnown. 3iclogical concrols are promisiag, espaciz 1y whaere compecing smail specias are used,
buz such comcrols have yet o0 be used for Large-scale spmail zoevcrol on a long~-cera bdasis
(Ref. 22).

ModiZying activiiies of che zarget populacionm to reduce contact with snails can be aczomp=-
lished 57 such physical ndeasuzes as: providing altermarive souzces of wacer “or domescic
purposes (Rei. 23); providing alternative sizaes far disposal of wastas From humam accivicias
ocher than canals, draias, and land surfaces Srom which che wastes run off inzo wacter
bodies; and limiting cthe comtact of workers durizg irzagaclon and during irsigation syseem
Qaiacanance. The {irst Two imply provision noc onliy of potable drinking wacer suppliss and
lacrines, buz also of laundries, shovers, and procecczed swimming sices. Ia carefully maia-
tained programs, these have been affective (Ref. 24). Heal:zh and hvgisane educacion are
lecessary componen:ts oI any afforss 1o raduce human-snail habizar concacs.

Chemotherapy iavelves zhe use of drugs Zo kill the parasites Iz inlectad persons {Ref. 25).
Availaple drugs are Zzirly eaffzctive iz killiang zhe worms but <9 not pravear reinfeczion.
Wizh no prophylactic affec:, chemocherapy, withour use 37 achar measuras, reguires zonciaual
Teappliczacion :¢ mainzain a given level of prevalaace. Typizal shorz-run side afiec:zs of
chemotharapy ara nausez, dizziaess, aad scomachaches: zha affaccs dapend on the drug used.
In addizzon, all of :the imfaczed populaciom camnot be reached wisheus 4 well orgacizaed
nealch care delivery syszem.

P?resent conIrcli programs sctill ral
schistosome infections iz human popu
combinacion of Jeasurss (Rafs. 25-33). Table % shows che availzble infarzation an irriga-
tion projects where various physiczal seasurss have been used =0 manage schiscosomiasis.  Foc
32ny of these rrojecis, it has deea hard o assess exactly what cthe affacszs aave baan,
eizher Ior a single physical measure or 2 compinazion of measuces. waere some evaluacion

of efleccts was 3ade, cthe vasulzing -educzion of prevalence is siven, The daca in Table &,
although limized, suggest that use of a combinacion of physical seasuras ajpears o de zove
eflaczive in reducizg prevalecce chan use of a single zeasuze (Ref. 38).

y pTimarily on chemocherapy and zoliluscicides Zor reduciag
lacions. Some coacrol programs have zTied a variacy or
2

“hat level of pravalence 'should" be achiaved by a zomsral srogram ia a given area i3 ot
easily speciiied. Some low level 2f prevalence =may have lizitad adverse healzh sonsequeacss
and zay e sudsctaaciazlly easiar o achiave than zers prevalance. VNoz doiag amyihing, su :he
scher hand, a2y enzail aigh medical cara costs and possible complicacions from diseasa. The
diffarent sets 2f physizal zeasuces deseribed delow raflacs increasing inctensizv of zmanage-
3eal, Increasizng <osis, and iacrezased raduceIion in schissosomiasis srevalance. 3ecause LI
is diflicul: o measurs :he aonecary bYenefizs of reducing schiscosomiasis prevalencs, as
desczibed earlier, acher criceria 2us: be established Zor cRoosiag among alzerma:zives.

At leasc zhree zypes of decision sriterta d2v be usad. The Iirsc is a physical stancdard in
tar=s of snail popuiaciom, foT exampla, no ;wre chan oue inlaczad szail Jer mertar lengzh

of wacter chanael. DPresumably, such a scandard would be Yasad on an ascimacs 5% che zagni-
tude of infecced smail populaciom which would keep cthe prevalence of schistosomiasis ac ar
belov 2 cargec level. A second Zype is a physical scandard defined in cerms of prevalencs
of the disease in che relevanc populacica, for example, maintain prevalence at the pre~
irzigacion drojecs level. However, it is imporzanc to smghnasize chaz the scandard zan be
axpressad i terms of ovarall prevalence in the population, ia z2rms of prevaleace 5v age
gToups, or bvoth. Wik Tespecz It Soch of :these srTizaria, the zosts and affectiveness o%
various alternacives need 0 be astizmaced 9 Jee: the designacas scandarsi. 3acausa thie 295%S
af physical neasures can bYe speciiied veasonably acguraczely, zhe lsast :ostly combination
9T =easures can de dacerzined.

A nizd apordach to salactiag i Janagemenc stTaczegy is to :oasider diffarans goals, i.e.,
dililarenc scandards in carms of combigacicns of overail prevalance and prevalance among

ige sToups, and 2acerdine =he l2asc cosl stractegy o achieve 2ach zombization.  Suczh 2
procedurs 2naplas examining now Duszh LT 30$3s 0 achiave incraasizgly low lavels of Jreva~
lenca. For 2ach level of raduczicn 13 pravalemce, che incremencal cos: incraasas.

Achiaviag zero prevalanca is likaly 2o he quiz2 c¢ostly and not necessary o saduce huzan
suifaring zo a znlarabiz levei. However, iz should also be noced chat some of zhe ahvsical
ae2SuT@S SOMPTISIAg 2 danagement strategy igdT have ocher adéizional Senefi:s, 2.3., pro-
vision of a domestiz wacar supply aighc raduce zie pravalence 3f zascToencari:z Zisaases.
These Yenefizs should be zakea inzo zonsideraczon

Table 5 illuscratas possidle secs of pnysical neasuces =0 reduce scalstosomiasis pravalancs
{n relaction ¢o tne protocype LIvigactiom prorecs. These secs iLncliude deasuTss waich have
sfizen been :Tied and thosa wnich have rarely bSeen :Iriad. The astimaces 5f the cosc and
afisctiveness ol aach ser are Ya‘ed on Jast Jrolects. such 4s :hose shown in Tapbla 4.

~
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TABLE 4.
irrigaced areas

Physical measures used for schistosomiasis management in selected

Couatry
(ref.)

Set of physical measuras

Implemencation incentives

Japan
(Ref, 26)

S. Africa
Ref. 27)

S. Africa
(Ref. 28)

S. Africa
(Red. 29)

Malagasy
(Ref. 30)

Sudaa Geriza
(ReZ. 31)

“anzania

(Raf. 32)

Rhodesia
(Ref. 33

Igypet
(Ref. 34)

3razil

(Ref. 35)

Molluscicide
Cemencing of ditches
Land reclamation

Molluscicide
Used clearing in canals

Piped water
Swimming pools
Lining dams and straams

Bridges reduced
o 3.%

Cementing of canails N.E. (see note c)

Canals located above homes

?rocected swimrming pools

Cementing of canals N.E.

Piped (borehole well)

water

Chemotherapy

Molluscicide (unprotected

drains)

Molluscicide N.E.

Molluscicide
Chemotherapy (lacer)

Molluscicide N.2.
Partial sprinkler irriga-

tion

Canals cement lined

b~
T3

Chemotherapy

Snail concrol
Zavironzental sanitacion
(fountains and lacrines)
Mechanical barriers

New housing

Chemotherapy N.Z.
Molluscicide; where possi-

ble increased velocitzy in

canals, draining, sanita-

tion

Marked decrease

in S. japonicum
Not effective

S. haematobium re-~
duced Zrom 797 to
21%; S. mansoni

S. mansoni re-
ducad from 50%
to 20X prevalence

Provision by national govern-
ment of materials, personnel,
equipment

None

Reorganization of irrigation
system management sctructure

Swirming prohibiced 1971:
Scate Heal:th Depar:zment
drew up official policy

for cercain areas wizh:
safe domestic water supply
laczines, safe recreatiomal
facilicies

Cooperation becween public
healch and irzrigation
personnel

Provision by national govera=~
ment of resources for control
program

None reported

Legislacion
Miniscry of Heal:zh
advisory and supervisory role

Special governmen:z units for
chemotherapy and snail con-
trol; trained personnel-
health aducacion; incegrate
schistosomiasis control into
other health services ~-
Society for Contzol of
Schistosomiasis

Department of Rural Zndemic
Diseases (trairing courses,.
orovision >f moliluscicide,
establish priorizies); co-
ordination of pudblic heal:h
and izrigacion ofiicials;
healch education

noc evaluactad.
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TABLE 5.
schiscvsonmiasis:

Selected secs of physical measures for reducing prevalence of
Qualitative management requirements, costs, and effectiveness

Effactriveness
Management in reducing
Physical measures used requirements Costs schistosomiasis
Sec I No physical measures None None None
explicitly for
schistosomiasis
Ser II Mollusciciding all Trained opera- Low investment, Low
sices tors, local high mainte-
workers nance costs
Set III Chemotherapy for all Doctors, local Low iavestment, High short~toerm;
workers high mainte- low long-term
nance CcCOSCS
Sac IV Caemocherapy for all Doctors, engi- Medium invesr=- Mediun
infected persons; neers, local nent, medium
mechanical screening workers maincenance
at diversion poinat; costs
drainage faciliries;
vege:zation aad sil:c
cemoval; improved
irrigation efficiency
Sec V Focal mollusciciding; Trained opera- Mecdium investc- Medium
provision oi domestic tors, angineers, ment, medium
watar supplies; protec- doctars, local maintenance
tion of water mecrea- workers costs
cion sites; provision
of boots for irriga-
tors and irrigacion
systam daintenance
workers; chemocherapy
for specific segment
of infecced populazion
3a2¢ VI Mollusciciding all Doctors, angi- Hizh investment, High

sitas; mechanical
screening at diversion
soint; drainages; vege-~
tation/silt removal;
provision of domestic
water supplies, laun~
dries, and showers;
provision of lactrines
and garbage disposal
sites; targeted chemo-
therapy

neers, trained

operators, local

workers, nealth
educacors

nigh maintenance
costs




The irrigation project with no explicit schistosomiasis management scrategy comprises che
base sirtuacion, termed Sez I. Under this set, cthe endemic narure of schistosomiasis trans-
mission would be changed from a steady-scate situation to one of disequilibrim. Wich no
physical measures, snail habitat and human contact with soails would increase. Prevalence
in the project population would likely rise toward 100 percent, but probably would never
quice reach 100 percent because of acquired immunity or because some individuals have little
water contact. This situation would entail increased medical care costs if those infected
sought out ctreatment.

Set II is comprised of a single physical measure, the use of molluscic.des on all habicacs.
Alcthough chis measure would conceptually be easy to apply, ics efiectiveness is likely to
be quice low over time. As notad previously, snails can survive successive molluscicide
applicacions by burrowing inco muddy botcoms or banks. To be effective, frequent and
thorough surveillance would be necessary, usually followed by extensive reapplication of
molluscicides. Because there were infected persons and infected snails in the pre-project
populaction, unless zll snails were eliminated, prevalence could rise under this set.

Set III also is zcaprised of a single physical measure, chemotherapy for all infected in-
dividuals in zhe roject populacion. This approach would immediately reduce prevalence
levels. However, because snails would continue 2o =hrive in canalis and other wacers, and
people would still have contact with the watar, prevalence would likely rise over time.
In addition, because drugs do no: zonfer immunicy, even those zreated would be likely o

be reinfeczed.

Sec IV is comprised of: chemotherapy for all infected individuals, beiore and after project
construction; zechaniczal screening at the diversiom point £ lini: the incraduczion of
snails Irom the river into the irrigarion system; zore careful grading of laterals and
Zields to reduce standing wacer and enable zore efficienc irrigacion; and continual vege-
tation and silt removal. <{Corntiauing use of both chemotherapy and engineering Jeasures has
not usuaily beer zried in schiscosomiasis managenent programs. 3Jecause engineeriag mea-
sures could permanen:zly 2l.minate snail breeding places and because chemotherapy is effec-
tive in killing parasites, prevalence would probabl' over cize ba raduced belaw that prior
to the project. However, only with careful survaii_ance of the svstem, and checking for

and treatment ol infected persozs, would that lower level be maintaiged.

1
a
o

Sec V is comprised of: focal mollusciciding, i.e., zollusciciding o active transmission
sizes or nigh potential contribucors of snails zo the irrigation svstem; provision of
various facilities o modify human activizies to reduce sontacz wizh snails; ard chemo-
therapy for selaczad segments of :the populacion. Domes:tic water supplies woulc be provided
wizhout changing cthe locations of the canals and lacarals. Targecad creatmen: of the proj-
3¢t population would limic egg contamination of canals and other watere. Use of focal mol-
lusciciding and cargecad chemotherapv fepresents an actempt o zininmize the pudblic healch
activisy necessary :c achieve desired schiscosomiasis prevalence i2vels. These =wo mneasures
combined with the provision of alrernative wacer facilities should gradually reduce prava-
lence to some Low lavel. Sact V would likely have similar resulzs z¢c Sec IV, oecause numan
contact wizth snail hapitac is limited in Sec IV by the permanent 2iiminaction of the habizat
and in Sec V by the provision of Zomescic wacter supplies. 2oth s=2¢5 reaquire con%iaual
Taincenance programs.

Set VI is comprised of: mollusciciding of all habitacs; mechan:ical screeu.ng at che
diversion point; drainage facilicies; vegecation an. siltc removal; provision of domestic
water supplies and other warer-related facilities; provision of swimming pools; provision
of latrines and garbage disposal facilicies; and cargected chemccherapy. This comprehen-
sive set 2f physical measures has no: been used in any schiscosomiasis management program,
most likely because of its financial and organizacional requiresments. Izs use would lower
schistssomiasis prevalence gradually over zime. If inrzZaced at an early sctage oI che
project, its use aight possibly reduce zhe prevalance of schiscosomiasir =o verv low levels
vapidly and chexz maintain zhose low .evels over rize. Schiscoscmiasis would no longer be

a public healzh proplem.

In a "real world" projec: planning comtexz, more specilic informacion is neaded on

costs and eifecziveness of onysical measures. although project planners and the salavanct
decision-makers -~ local and national -- mav have 2staplished a cargec or desirad lavel
9f schistosom<asis pravalance ac the szarz of projact plamning, that targect lsvel aight
well be modified afzar che analvsis of cthe cos:t and 2ffaecziveness of alrzersacive secs of
paysical measuras and :he associazad implemenzaczion incerntives and iastizutional arcange=-
aencs.

Iapiementacion incentives and inscircucional arrancements
Installacion, operaction, zaincenance, and continued use of 2 given sert of physical measures
to Teduce cthe prevalence of schistosomiasis aze nor automazic. Tadiriduals responsible ZIor




or involved in cperating the irrigation svstem must be induced noc only to comstruct the

physical npeasures for schiscosomiasis management, but also to operate anc maintaia the physi-

cal measures over ctime. Individuals living *a the project area must be induced to change
their behavior patterms. Inducing action and changing behavior requires both culcurally
sensizive implemencation incentives — zhose inscruments, techniques and procedures which
induce individuals, groups, agencies =5 acc -— and insticuciomal arrangemenzs. The lazter
are the organizational =c:ucture, formal or informal, which has auch ricy and responsipilizy
for imposing implumentation incentives.

Izplemencation ilacentives can most usefully be considered in relation to: (1) the various
elements of an ecomomic development project; and (2) the levels of agencies -- governmental
and oon-governmencal -~ typically involved in such a project. One characterization of che
elemencs and levels is shown in Table 6. The parentheses in the ctable indicate thac the
designacted level a2gency may or may not be invelved in the raspective element, but could ve.
External agencies include both goveramental and non-governmental agancies: international
agencies such as I3RD and =he special U. N. agencies; individual countrv "foreign aid" agen-
cies, such as U. §. AID; and private Zoreigm aid agencias, such as the Swiss Helveras.

The Implemencatzion incentives componea: of a Zanagement strategy can aow be defined more
specilically: what implemencarion incencives zan be apolied act which levels of govermment
in relation o which phavsiczal measures ro reduce the orevalence of schistosomiasis in rela-

zion to the proposed irrigation projec:z {(Ref. 38)? Table T conzaias a partial listing, a
listing which is veanz 20 be suggesctive, not exhauszive. No astamdrt has been made to Iill
in all che ralevant bSoxes. Onlv a few of the incicarad implementation inceatives will be

discussed, for illustration; the anctries ia the table are basically seli-explacacory.

funds could be made contingenz upon incorporating the analysis of project izmpac:s on che
prevalence of schistosomiasis and upon incorporating a schistosomiasis managemen:t scracegy
in che projec:s. The effor: since 1973 by the World 3ank co svaluace voctential impaczs of
irrigation projacts on schistosomiasis =zransmission is an imporzant Iirst step ia this
direction (Ref. 39). Provision of cechnica. assiscance for analysis of impac:ts and for
the developmen: and evaluation of alternative schiscosomiasis sco tegles woulé comstitute
an addizional incenczive.

The "power of the purse” is an effective incentive in many culzures. Tor exampls, loan

A Dajor problem in inducing aczion izvolves che perception of the problem on the parc of
the populacion ar visk, both with respec: 2o the exiscence and effeccs of schiscosomiasis
and the options Zor reducing prevalence. The individual aay not recogunize either cha: he
has the disease or whaz the 2ffects of zhe disease are on himsel?. The ohvsiological stace
of the individual is aZfecced by mulziple facrors, including nutrizional level. He may or
may not de able to associata his phvsical scare with a specific cause. Similar sympctoms
Tmay be caused by more cthan one :sype of scress.

Zven iI there is perczeption on zhe part of che individual zhar his physiological condicion,
2.g., debilitacion, is che rasul: of schiscosomiasis, i nay noc bSe easy co iaduce him to
initiace and concinue actious which will eliminate his infeczion. For example, for chemo-
therapy o be effective, repeaced treatment is generally necessarv decause of reinfaction
(Ref. 40). 3ut if there are shorrc-run side affaccs of chemotherapy such as nausea, vomit-
ing, dizziness, abdominal pain cor cramps, and headaches, the iadiwvidual pay consider thac
having to underzo such side effeczs for several days every Iew years is worse than haviag
the disease. 3ecause schistosomiasis is a chronic disease, such consideracions present
very real difficulties co chemotherapy programs.

-
-

At least two implications follow Zrom tha problem of serception. Tirst, because it is the
affected population which aust be fnduced =o act over time, involvement of zhe accepted
leaders of thar population in the plannizg process Ls provably 2ssential in order o achiave
a reasonably high level of desiced aczion. If =zhose leaders can be convinced 27 zhe oroblenm
and how it can be handled, they iz turn can help convince the rest of the affecred oopulazion
of zhe necessicty for zerzain aczions. 4 nealch and nygiene educacion program can help co
explain how schiscosomiasis is :ransmictzed, what izs 2ffaccs are, how potable water supplies
help reduce zransmission, and how %o use and saintain water supply and wascte disposal sys=-
tems. However, alchough an ex:zeranally provided nealrh education sregram is necessarv, Lt

is not likely to be sufficient. Approval by the local power szructure is a necessary con-
dition for the success of such a zrogrzm. Such has deen che axperiance in 5t. Lucia where
che provision of watar supplies, the use 97 heal:ch aducazion, and zne involvemenz 2f the
local populacion led zo reduccion in schiscosomiasis prevalence Zrom 50 percent o 29 per-
cent in three years (Ref. &1).

Second, although cthe moni:oring of performance and zhe :imposizion of sanctions, senalties,
and rewards Zor performance could conceptuallv be czarried our at the local level, genera’ly
a higher lavel of zovertmen:t -- as well as che local level -- must perfcrz zhese funccions.
Thus, the 1ationai -~ or regional or stace -- governmen:t would have =9 have :zhe rasponsi-
bilicy for monizoring the snail habitac, zhe prevalence of tzhe disease, the zondizion of
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TA3SLZ 6. Elements of and levels of agencies which

schistosomiasis management programs

could be involved in

External

agenciles National Local
Project planning x X (x)
Project financing X x (x)
Project comscruction/installacion x x
Project operation/maintenance (x) x
Projec: monitoring (x) x X

Noce 4:
involved

The parencheses indicate that the designated level agency may or may not be

in the respecrive element, but could be.



TABLE 7.

Implementacion incentives in relation to projec: elements and levels of
agencies involved in schistosomiasis Danagement programs

External agencies

National agencies

Local agencies

Project planning

Provision of technicail
assistance; development
of guidelines for analy-
sis of impacts and of
schistosomiasis manage-
ment stracegles

Promulgacion of raquire-
ments for impac: analy-
sis and of guidelines
Zor such analysis

Requirements of includ-
ing responsible local
individuals and person-
nel from healch agency
in project planning

Integral participation
in projectc planning

Project financing:
conscruction and
inscallacion

Specificacion dv Zimanc-
ing agency that financ-
ing is concingent upon:
(1) explici:z analyses be
made of impacts on
schistosomiasis;

(2) local individuals
wno will Se responsible
for project 0&M, in-
cluding schistosomiasis
Janagement, be incegral-
ly involved in project
olanning; and (3) schis-
tosomiasis management
stracegy be incorporated
in projec: plan

Financing of potable
water supply, laundry,
waste disposal faciii-
tles

Project construc-
tion/inscallacion

Provision of comstruc-
zion imspection by
nealch authorities

Project operation
and maincenance

Provision of :rainaing
to local individuals
in 0&M of irrigation
systam, including
schistosomiasis man-
agement

Provision of concinu-
ing healch educacion
program for zargec
populacion

Provision of free
chemotharapy

Provision of free
molluscicide

Payment (f bonus Ior
Jerformance, L.e.,
based on snzil popu-
lacion, degree of
removal of vegetation/
silc Zrom canals

Pronibizion by
oridnance of &
of wastes in ¢
lacerals, river;
nibicing watar e
ation in canais,

lacterals, drains (as
long as al:ternacive

provided)

Continuaczion of pro-
gram of persuasion by
local power structure
to induce compliance

?rojes: monitoring

?rovision af survev teams:
(1) befora and aizer a0l=-
lusciciding; (2) for random

inspeccion of irrigartion
system maincanance (3) £

2]
random iaspeczion of irvi

tion aczivicy, =2.g., %o

check on waaring of bootcs




the irrigation svstem, e.g., main canal; laterals, draias. Of course, monitoring per se
provides lictle, if any, inducement to action. Therefore, there must be some associated
penalties or rewards related to non-performance or performance. For example, the workers
responsible for measures to reduce snail habitat might be given a bonus for each percentage
reduction in habicat below a given level. This kind of mulzi~level program has been Zzried
in modified form by the People's Republic of China where bonuses as vell as political pres~
sure has led to successful control of schistosomiasis (Ref. 42).

Appropriace institucional arrangements are essenzial for use of inplementation incentives
combined wich the chosen set of physical measures. Different inplementztion incentives may
be used with a given physical measure; a given combination of physical measures and imple-
mentation incentives can be carried out by differant imstitucional arrangements. Because
instictutional arrangements are country and cailture specific, no attempt is made herein to
suggest specific insticutional arrangements.

However, certain condizions are essential for an iastitutional arrangement to be effac:tive.
One, responsibili:ty and authority co carry out the specilic aczivizies relating both to
irrigation and to schistosomiasis danagement must be defined and issigned. Two, both che
relevant irrigacion agency and the relevant public health agency oust de involved as parz~
ners. Such a partaership has rarely axisced. Cooperation must e in terms of integrated
action, net in cterds of inter-agency memoranda. Thrae, srcposed irrigacion projects —
whether funded totaily bv the counzry or wizh support Zrom ourside donors — should be
reviawed before being approved by a committea consisting of lrrigation managers, public
health personnel, and iadividuais from the local formal and/or iaformal power structure.

CONCLUDING COMMENTS

Substantial evidence exists :hat some types of economic development projects have resulted
in unanticipated adverse side effeczs. Irrigation projects resulziang ia increased preva=-
lence of wacer-ralacted, water-borne diseases comprise ome tvpe of example. The faillure
to consider chese side effzcts, and to provide explicit nanagemen: strategies to raduce
them, can reduce the econmomic praduczivity of the develcpment projact and detracs from

the general well-being of the sroject population.

Thais paper has suggestr. components of management stracegies and their incorporation in
projec: planning in order :o reduce adverse side affeccs of irrigacion proieczs. To
achieve such reduczion clzarly raquires changes in boch project planning and project axe-~
cution,

First, in project planning explizi: estimates oust be made af: (1) the impacts the pro-~
fosed project will have oa the velevan: ecosvstems in che orojec: area and on the intTo-
duced =cosystems; (2) zhe effects o9f zhe project on the water-relarsd behavior pacterns
of the projec: populacion; and (3) che effacss of bozh on the Zoregoing on prevalence of
disease. Such astizmates musc be zade regardless of how rudimentary knowledge is on :the
underlying ecological and human processes.

Second, nanagement strategies zo misigate che adverse consequences of economic development
projeczs should de sought in tarms of effactiveness in atcaianing certain goals in relation
to incremental costs. Iacremental costs will almost certainly increase subscantially as
100 percent absence of infection is approached. For project planning, several target levels
of prevalence should be specified, and che costs of alternative nanagemen: strategies o
achieve each target estimated.

Third, the consequences af infection in humans is not simply a function of che presence of
parasizes and vectors, but also of autritionmal lavel and already present diseases. To re-
duce the prevalence of a ziven disease, such as schistosomiasis, 2 0 percent, requires
Teasures directed to more than the singla disease, and which may have bdeneii:ts bevond only
controlliing schistosomiasis.

Fourzh, a strategy for managing schistosomiasis — or any other vector-borne disease or

any other adverse environmental consequence —- consists of =hree assencial components:
physical measures Zor reducing zhe pravalance of the disease: inplementation incentives

20 Iinduce the carrying out of the pnvsical measures; and iastituzional irrangements which
allocace the responsibilicty Ior imposing che izmpiemencation incenctives on the rtelavant
actors. These three components aus: %e considered simuizaneously. There may be several
different izplementation incentives Zor a gziven pnysical measure; there are likely 20 de
cilferences in the applicability of various implementation incentives in diffarent culctures,
The same is crue Zor instirutional arrangemencs.

Filth, agencies at different levels — local, national, international =- are usually ia-
volved in water resources projects, in one or more o the activities comprising such
projects — planning, Zinancing, constvuction, operacion. Different impiemenzacion
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incentives may be applied at the differeat levels, but ther must be consistent.

Sixth, alchough conceptually che nonitoring of project performance could be carriad our at
the local (project) level, it is very likely that monitoring and eniorcement (imposition
of sanctions) will also have to be carried out by cthe next nigher level of govermmentc.

Iwo important deficiencies in the planning and axecution of water resources projeccs in the
past have been the failure to amalyze explicitly the possible adverse side effacts of such
projects and the failure to incorporace explicitly in projects the implementation incentives
and insctitutional arrangements necessary to iniciace, operate, and sainctain the projeccs
over time. To reduce the adverse side effects of such projects, were vigorous field moni-
toring and subsequent analysis must be done to decermine which combinations of physical mea-
sures, implementation incentives and instictucional arrangements are most effective in
achieving the desired reduction in adverse health impacts in differenc cultural contexcs.
This paper has actempted to suggest procedures for improving che planning and execucion of
water resources development projects.
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One caveat snould be indicated. Comparison of alternative combinations is hampered
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wich the escimates of the pnysical effaccs of the different combinations, because che
effects of all physical measures zannot be estimated with the same accuracy.

However, it i5 almost as difficult to do so when "benefits" are defined in physical
terms ac it is to mDeasure the monetary value of such benefits.
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