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Effective and efficient water resources management it meelt theincca:sing demands for food, energy, and domestic andindustrial water is an impcrative for Asian coutriis. As a basis for analszing Asian watcr resources management problems,a three-clement COnlCCptual fratnesork is presenied: (1)s,ater resources mamnement as a sylent, composed of a st offacilities, operating niles. incentivesdilt] applied to %\iatcrresotces through an .nstiltlional arrangement; (2) water re.sourccsmanagement as a process ins olving scv:ral stages beginning with plannlim: an1d ctitinr, with design, construction,operation and roainlt.n;ice: and (31 water ics'.orc s trllageineit isa set of linked activities and tasks required to producethe desired oupuis Using this framuevkork Itoassess perftirarie it is possible to analyie tie nkaUges aitnving water reso,,Urcesproblems, water resources IIriaecttrctt and \.atcrresourccs organications arid adninistrative arrangementits. Esaniplespresented of such linkages is applicd 
te 

Io problems of eroslor and sediinentatior. ioafJing. salinity, \%alcrdeniand-supplimbalances, aiid \katil,011111on. ric :alt cKalsulrrr:;cafics of eight critical aalcrr,.sur1cs itanagenient problems itt Ast. arc presented. along with an illustration of the complexity of water resources oreani/ation and adinistration, using 
Thailand as 

1. INTROD)UCTIION 

In the decades since World War II. as rapidly increas-
ing populations and production activities have put
heavy pressure on avail ablc land and water resources. 
the village-scale pattern of waler developtmetnt and 
use has been todified in various ways and I 
different decrees. commonOne modification has 
been the supplanting of' local facilities to providc
irrigation water with lar'e-SCalC wate resour-ccs 
developnent works, typically invokving large d(Ltns
and muhti-purpose prject;. often plannCd Ol a 
ri-gitlal or river basin scale. At the same time. 
tvpicallv few no chances have beenor made at ithe 
rser end of the system. e .g.at the fIarm level. 

Large-scalc platis and associated pro ects and 
progratus havC bcct hackcd hy veicrntents inmatny 
countries and have bccn suppotlc financialby by the 
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tic evamiple. 

World 3:ank. the Asian Development Bank, the US 
Agency for International Developnrent, and other aid 
agencies. 

As the structural cotnponenis of such developments 
were con "od and :xperience gained in their 
opertion, . as fotnd that: 
(1)they often did not liroduc ,2 the expected levels 

of outputs: 
(2) seriol., ett'iotnetaal and social co(nsequences 

were oftent encouttered that were not anticipated in 
tht planning staoe (Farvar and Milton 1972).

In spite of such problets. increased demands for 
food, energy. atnd domestic and indtstrial water 
require that surface and groundwater resources be put
to tUCh tnore efftciet use thin :tt preset. The 
challenge fOr planners, ni;anagers, and policymakers 
is how to achieve efficient water resources ntlna e

,itah' (''it t,'ott.rlr i .oan,r d o/(i.ttant inlRe.tide'.i tResourcrifoir Thekur%m, i , h k'v ,'i 't,.a l idylhc adm i l .ml i ali o l l . Inc',It . ih'has derr'x.il 

Maynard M. ItuFschmidl i6 a li Ilhsin the Environment and Policy It.outit , Ea.u-1est Cetter specializing in economric valuationof naiturtlream er'C.a tridco uit,imental quality ind water ifl'.cisou Ii i 't'Qenr'nl If; Asia. 
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ment to meet social and *conomic goals, while 

maintaining water resources of high quality, avoiding 
the physical environment andserious degradation to 

unacceptable Social disruption. 

OF WATER2. 	 CHARACTERIZATION 

RESOU ! CES PROBLEMS 


Various publications on water resources contain lists 

p roblets witiout ally attempt at
of water resources 

are identified: (a)
syste~nv:,!ic classification. Problems 

in physic,,! tcrnts, e.g. 'flooding', 'erosion and 

sediultntation' (b) as unilet human needs, e.g. 
'inadeqlate safe water for human use'; (c) 

e.g. 
as 

or institutions,in managmentdefcencies 
of water for 1 rrigation', 'water'inefficient use 	 use 

conflicts over rights or priorities'. Table I shows two 
fro m recent USillistrative lists of tois type taken 

Water 	Resources Council and UN Water Conference 

reports. 

As a start toward developing 
a useflul classification, 

water resources problems are expressed in this paper 

in terms of their ec:onomic and social significance. 
is not defined as

For example, juil erosion, per se, 
soil erosior and its associatedthe problem. Rather, 

in a specific sub-watershedphysical consequences 
may reduce tile economic return frot an area and, by 

in a reservoir, mav reduce the
depositing sediment 

from the operation of the reservoir.economic return 
resourcesTable It shows examples of some water 


problems classified oi this basis. 
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TABnLE I 

List of Water Resources Problems asIllustrative 
Conventionally 

Fc.,rcc'iU.S. f',t,. Nat],real 
(Cwnt'il 	.(o 't'm 

I-,.iscnt.975" 
Inadequate mipplv 
Grioutid Ictcrd ti 

o n 

Surface , :Itcr poltion 

Groindii .','altcr CoTit.'oii Iniitiot 

Domestic water stpply 

1:r' si ton' tl IC,,iili? .11ttil 

1,redge atl fill 
)ramgc 
lay . cS(Iiary and co.:,.IA 

x\%iters iect:1dt ioli 

1 \ 
ln.dt 
5Vi 


Identified 

.. r..,7" 1:9,7 

e,,t.',.itcr ,uppic, 

iWiihtiicii 

I'cxc miht.aicCi, 
Ru i: c,cr iuppi 

O\.r c tiell l i of 

.,Iiitlttll 
tion 

. and mita.ation 
Iii .altIdii .ciin 

trcOScit ,IiidI .c iHIicit1itidtio 

(_rounId ,iciiir deplicti 
Inefficient u fi" aIter 
ITpensi\ %aier-dise techitflogy 

I, thing U1, ,Carce 1iiic iali 

IC,,Urce 
ar ie ,ontlictfl in rights and 

p oreiies1 

'U.S Water Rcusciies Couilcct. 1t07S 

tmited Nactions, 197-
7. 

problems in relation to
Expressing water resources 

and social effects, i.e. in relation to final
economic 

as a resul' f water resourcesoutputs t be achieved 
over simply identimanil etleit, is an improvement 

in physical terms, as illustrated in
fying 'problems' 

a procedure is insufficient as
Table I. Ilowever, suLCt 

tool for dii~gnosing causes of 
an operational 
problents. What is needed is I cottceptual framework 
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Examples of Physical Maui festatiotts of Selected Wiater Resources Problems and of their Economic and
 

Social Significance 

-I'hviical ,Mh ifit ation 

iig sheet intd gully erosion acd
1. Sil c,loit, jimvc 

Of On-site prtoduictiVity i1 1,1ldS,
I ICndSiICes, CuSi1' lIsOt 	 s 

un iti 
and til-ite .edilnentali of strenisi", rcseri d 

ctiuaries. 
to rivers, with associated

Se'o re 1lb Tilc4 of lit s adl,, -tit 
. and

cItt;ICC 	 to aLiricdUl ural hnltt!.;i ,it 1 wrks ofi it 

cu'hctges in river regiticn. 

itl iviVicgIx-,,s ci agriculturaland whnlinttv.3. i'htierlo4t,,tingt 
pro iductivty 

ccliztii' tp ,vint unteven
4. lI'ater sipplv- dentlnd i 

to t wrueland
distribui n of water resirces in relation 


or location of populatio .
 
limit direct use fcr domestic5. Poifltiin of' \attrs mty 

tlichealth.nnd inll iitctttv tos5. pplit 	 .111d iyIc 111111,t cr 111 Acdl i 

attd inducced 
tAsociat.d wit such facor, ci uored reswtletn eit 

'cco mic nd1 
d 

I -ctitti aniiOften xclerc ccili 
' rdjhicthittdiisruption i,C:tJC Oft 

ci prodtci lio 

(ften se rious cu'onomic osC s tI 

CCOticttiC Vitite 

.Stcc(iitl ' t'nifittic 

icciw itti t social 

;f ut-,,itC 111d Ot- lte 

.c crtccilturc. hi csJioltls. 

i ldt iy. 'ud iir'rax tuti!re . tIlh CtllieueCtit mmtli 

disruptio . 

t:E coomic" tos-cs and tti t-. iidtptio '. 

cnd ci,I beleetis foi rapidly growing
I'ocnctiii 	 ecclctcic 

io[ heing elized.cr "10icc ic activity 

elrci i wasctwar ircaliiei t.' , ic increased health costs and 

poplationt 	 are 

cr 
, , , . 

0Il.ClnclOVIlnet. 

il .
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for analyzing water resources management in relation 

outputs and in different societal contexts.to different 
Below is presented and illustrated tile application of 

one suc'r framework. 

3. 	 CO.)NC'-PTU,-\L. FRt,,\+N, I E\\'OP.K 

waterThe conceptual framne, ork for analyzing 

has ,hrce hasic facets.resources nmanaoen'nt 
as a1) Water resources managenlent is elivisaged 

as a set of facilities, operating rules.sy'stem, dCtined 

and incentives (econwiric, regulatory, judicial , social 


to water ard related land resourcespressure) applied 
in thc rnatural state, through an institutional arrange-

zment. Such an arranCemuent typically inivolves the 

working together of both water-related and non-

pubkic and private.water-related Cntities, 
maintea:uce of aThe development, operation and 

water resources management ;ystem require inputs of 

lind managementlabor, materials, energy,. and 


skills. The ManaCed system ields desired ou1l1ptpts, 


which may be either citermdiate'
e.g. domestic 

wVater for irrigation, orand industrial water supplies, 

'findi . c.g,. hydroelectric energy, flood taniagc 

reduction. Dcvcloplnilet, operation and mainteL:ilnce 

of the system also generate environmental anld social 

side effect,, which may be beneficial or harmful, both 
or adirect and indirect. The definition of an 'output' 

,side effect' depends, il part. on how tile boundaries 

of tile system are delineated and 	 on the specific 
to be managed.purposes for wh:ch the system is 

Thus, 'side effects' can b( converted into 'outputs' by 

, xpalding tile geographic and purpose scope of th 

system. A scheiatic ot' gcneralized water resourecs 

ianagclent systein is 	 .thown in Fig. I. 
of a waterEstablishing tie relevant 	 hoLIndaries 

l is a crucial step in thc resources manaicement 	s'ste 
a the houndaries andanalysis. In analyzing system, 

outputs are interrclated. For cx'alple, if the output of 

ater the caise of an irrigationthe %% resource svstctm il 

project is defined as water delivered at the farm 

enitire agricultural productionheadglate. thent the 

activity - including the relevant outputs of food 

tiher -. lie'. tit',idC the ,,vater resourcesand/or 

llianagecient systeml, 


not only to outputsThe hOiundary question relates 

but al o to related 

acenc, jurisdictions. 

plains and enforcing 
Of reducing flouHd 

tasks., gccigrapic scope, and 

For example, zoning of flood 

ie zoning represent one means 

damage. However, the vater 

resources nanagcment agency may have no authority 

use in tile flood plain. Similarly,to legulate land 
to reduce erosion from forestedmanagement input' 

reduce adverse effects downwatersheds in order to 
not likely to be within the authority of thestream are 

arewater resources ialln-lgement aency, but rather 

likely to he the responsibility of the f0restr, ministry. 

Rcgardless of the in:;titutioMl uuilieir. if the water 
l l en system is to he adequatelyresources ilanagem


must be
analyzed, all clenlents of that systeml 

purview of tile analysis.inctuded within the 

(2) Water resources manageient is a process 

involving various stages beginning with planning,
 

construction,
and continuing through to design, 
asoperation and maintenance. Although often shown 


strictly sequential, is in Fig. 2. in reality these stages
 

are unidertakcn with considerahle ovcrlap 
 in time or 

\ water resources imanagemnentevcn siulultaneously. 
ageucy is f-Cquently engaged in planning, construe-

For example,tion and operation all Lit the same time. 

one project - such as a dan and reservoir - may he 
while other projects, suchin the planning stage. as 

levees, are heinrg constructed, and still others, such as 

a set of irrig:mtion water diversion works, are being 

operated. 
(3) Water resoturc,_s nanagenent involves a set of 

tasks. From1 this viewpoint,linked activities and 
management of a water r,.sources ,ste can he suc

divided for analytical purposes into a number of 

steps that water resources managene-ntspecific 
or othel actors ill ally given context mustagencies 

produce the desired outputs andperform in order to 
system.deal with the side effects of the malagCd 

waterThesc steps can be identified by alalyzing the 

resources nmanagecnillt systel as a set of linked 

for which specific management tasks areactivities 
in a typical alreadyrequired. For example, 

devclopcd surface water irrigation project with 

reservoir storagie. the water must be stored, released 

frool storagc, transported via river channel to 

divcr,;ion winl .s or transported by canal dircctly frot 

tile rcs,.rvoir to the irrigated area, allocated to 
tosubsidiary clals, subsequently made available 

and applied to agriculturalindividual farming 1,nits 

lands, and the effluent mutS be rem1ovCd fromt tile 

lands or recycled, and each irrigator nust be 

monitored to insure no application greater than his 

these teps is ti activity 	 thatallotnimt. Each of 

icquires tnanag'mnent action. 
facets of water resourcesGiven these three 



INPUTS 

Labor, materials, land, and management 
skills for planning, design, constrt.,:ion, 
operation, and maintenance OUTPUTS 

"Fi 	 real"
* 	 Hydroelectric energy (KWH) 

* Reduction in flood damages 
e lmpro~eJ sTreamnfiow-quantity 

and'or quality for: 
The Water Resources Management recreation 

ae -Sve: in stream fisheries 
s f u navigation 

quantity, quality, Faciliies: dams, reservoirs, canals, power v..ste assimilation 
time, and place Iaplents

Ooerating rules/operation "t iate0 Water tor irrigation (input to 
Maintenance azricultur ' production activity)
Incentives 

M Water for municipa: use (input to 
irnunicipal .,ater system) 

* 	 Water for self supplied domestic 
and industrial use (input to 
domestic ano incustrial production 
actvwt es) 

Environmental and Natural System Effects 

* 	 Loss of habitat and forest ,and 
agricultural land because of 
reservoir inundations 

* 	 Upstream channel aggradaton 
-	 Downstream cha'lnel degradation 

and aggradation 
* 	 Seuimentation in reservoir, 

especially at upstream end 
& Loss of nutrienits for flood plain 

agricultural lands b caiuse of 
retenton in reservoir 

Note; 	Thi! scherr:c can be used to depict a ystem a Increase in water-borne disease, 
it. the (1) plannit.g, (2) design, (3) construction, e.g., schistosomiasis 
or (4) operation stage. * Waterlogging and salinity buildup 

from irrigation 

Fig. 1. Schematic of a generalized water resources management system. 
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WATER RESOURC'S IN ASIA 

PLANNING 

EXECUTION 

Ow.- t 

- M.t FresourcesNo -

Fig. 2. The five sIages of water resources managemnt. 

nianagelerit, it is apparent that performance of' the 

be alil'zed at the planning,it systeti c.lll 
design, construction, opcration, a' "aintenlanTice 

stage:. Also, certain ittanageimoent dcficiencies that 

could arise at later sta es of the sequence can be 

b previmis 

ma na1grmL7c01 

eliminated or reuuce, proper actions at 

stages. It a1illcases, clear definition of systeil 

boundaries is necessary. 
beTo be achievable, iinageient objectives must 

defined in specific ternts with respect to svstem 

outputs, activities and the tasks related thereto. For 

example, 1 nianagellient objective involving efficient 

use of water for irrigation in a surface water system 

would be defined in terns of: 

(1)the reservoir mn,1gelent activity, i.e. to store 

and release vatcr for irrigation; 

(2) the watershed natagenent aZictivity, i.e. to 
mintain the quality of the inl'ow,s to the reservoir: 

the canal sstem manage lent activity, i.e. to 

allocate water to ir, igation \ ater u.,Crs; 

(4) tileagriculturai production activitv. i.e. to 

provide 	 inputs (o the irrigation fartimer and to install 

meaisures to reduce rCsidualsadL operat,- physical 
dischargcs froni the farms; 

(5) the drainage ,,ystcn nana emcnt ictivity. 

These five are illustrated in Fig. 3. The activities and 

related tasks may he associated , ith a specific 

I--ana-u or a set off a'cencics.eitient agency
Ianaeiei211112 t CtfillAlee cai AlSO be associS0tCd 

with: (a) the us," oft rcsmrce inputs, in the planninlg. 
design, construiction. opratioll, and maintelance 

stages: (b)the s,,ten outputs; ind direct and(c)tile 


indirect economic. cnvironmental and social effeci.s 

of' the imanaged s stell. For c\ample., probicnls cirn 
arise from tihe incfticcnt use of resource iptits in 

construction, such that tile real cost ot' a pro~cct is 
greater than nccessary or ,onstruction time is lomger 

than ic.essary. Also, inellicient and ineffective 

systell plannini., LesiCgn, construction, operation. and 
to levels ald quailitiCs ofineiniicetC ca.iilead 

outputs thlt are bhelo, those that otherwise could be 

achieved. In additiot, 	 inappropriate construction and 

opcration f a project can lead to serious adverse 
er6sion,envionmental effect,; such as increased 

sedimentation, and salinitv. 

From tile it follows that in aintalyzing waterabove, 
ntanageient peri'ortance, it is essential to 

anal-e thle linkage antong: (I) -ater resources 
polcis, both as conventionally perceived in the 

litrattC aind as redefined in this analysis; (2) water 

resources liunceniln, as chairacteritd a)ove; and 

(3) or,,atizations and administrativC arrainil ents. 

lihese linkages are portraiye in Fig. 4. For caiuple, 

:i water resources problem. dcfined is a rcduction in 

viluc of' agricultural outpit caiusCd 1W increased 

levels of watcrlogging and salinity, iiai be traced to 

inaelCquite water resources ittagellcnt idcntified by 

deteritninim that the ,y'stertn poorlydrainaec was 

iaintaiitCd. Iis inadequacy in inanitgeinicit may in 

turn be traced to an inideCuLIte Issignmnent Otfidlnini

strative responsibility 	 for inaintenance of drainage 

works. 
Examples of the application of the problen

inageifle.t-rgamiitiin linkage to sone types of 

water resources problens :ire shown in Table 1Il. In 

that table, water rCsoirces problems, such as erosion 
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Fig. 3. 'W~ater resources mlanagettet activiies and task., Ibr a 



NATURE 
 (Defined as: 
HUMAN Causes Water Resources Problems Advere effects on humanwell-being as reflected in ourpurs and external impactsof water resources systems 

in 

Absence of or deficiencies in: Identified by examining WATER RESOURCES MANAGEMENT . . . 1 performance or nonperformanceof specific water resources 
management activ!,ies and tasks 

Lead 
to 

Water Resources ProblemsNot Perceied INADEQUATE______________CIncluding organizational and administra. Identified by relating them toSolution of Water Resources tive arrangements, inadequate linkagesProblems Given Low Priorities inadequate performance ofamong actors, insufficient and inade- specific water resources manage.
Et.quately trained personnel, Ltc. me it activities and tasks 

Etc. 

Fig4. 4. Linkage of water rsource 5 problems, water resource~s nruarsacrunt and water resources managenment institutions. 
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TABLE III 
Water Resources N11age1dnt, and Organization and 

Linkage of Water Resources Problems, 
Administration 

tai:,ti 
Dir,'t and Indirect Piii ater Imph',1 omi lr ( r'pIlit'utiiiom 10r 

'ater Re'.csrcs Prulit . iimimtrijinnoenttRe'rce ,iihtAln tAtfillrte'Sh'."1 c 
or Ih. ..iiiAixipr,, ted in Owputirmt ]rs 

itcr r"sltiirc s 
lcl a ctd raltc t'r reselwx ir Ilmpliestilte absencc it 

-t ion antid .Si i etItNtINI 
s iris

sedmietl-tiioati n. Caused by deCicniC-,e in s\iCI lsh iid .i.'iieiii ,ci 
-cololll; - losses to 	 for stt,ri dcs i.* i.liAllith 

po l cl	 
olt tl" tt.ers-.d inds. iiitu1igeelltit Ihu

tit itllttiral and ht rN 	 Il hIsh 	 ,:1 i.h!ti iL.eil n:uisenilo
in turn b improper M Cci 	 t " 

and lh)driel.c'ri: cncrg' 	 stie-'Ic it ll i ic his 
aid grazing bot pliva.te and public use ,'I

igriculturaigeneratiin becatuse at 	 thi, scpo;ii tihdits Fir s t.i 
. andt public lands, I2) ioI:Ctlon 

ss it' reer'voir prayctices, limber cuttinpreliattire l 	 t\si, ,t ii tie. C . ,stri
. 	 atd rc;tration pi graltis ilt i', h.

slo-ag' 	 Capaity road cotnstrutction. turest, eriving id a rictul- culture, ni .noi :'c 

"a )actty 


itural laui ds, unt 1) tchlicil Ihilc io c'iT eltf c'tiC 

ciiiT \V lth It'I;ill cr of
And t-nfa iCil ujit to irsI ate 

Jl,clh.sc" no ltl.ll\ repons
laidist tiers. 

ible . theic Iris he oI 

cicci-tic Ic.rl rNrfip il 

Coordilhrlatie riiecl'.IIIbii 

hr 	 r ttllce11rt piIlli 	 tilte ablsetnce oIncreased Huod peaks cut,,lFloodingti 	 . '0t'h
icii , it st itet stiedll Ill l it.c'll c'l\rirrihicby lost i forest clrleEconomic lasses ti agri-	 ol tilllitip

is ,bos' ai.lttt.and h.1s te'p!shit 
diminished infiltrationiclturC, htotseholdittcS, Indstrv, 	

imitllct Md l's11111 sl'odiil.ieil opertu'gradmitit n listd pli,li 
and infrastructure, hecatusett caIpll i of laind, 	

Ihl: litic, raicl) t sth 

use. Hod prolfing r1lspihilitid force of flood of sireat i letL die t0 -ir .r lit,, iii;ludttiliciitr 	 iinundationi i 1,,. ' ilerN ed
 
incrcased Sed'ttinit I0hloS. Mid is - -l
r iord 

waters. 	 ii , . t tlr floods Sti stertis. ii 
icreased oCtpancv of. flood atnd flood 

1,i ,i , till ,t11,llIttgi asures 
plains. 

siuchis l,1iticeoitirols Mtid 

SailinityN 

ilen baseiti'llti0 ,Icei' l 
e of' s;Lter for litiplis (td iasence io Irr 

losse t ) airi- ExCcessiveFcumnonic 	 rkles ill itrltiei'eti Ii it"11,.ishihintur
aidor ewxesive dce itcl-re1anrd ti irrigali i,tliltre. forestrv, 	 utcrliine atid,andIhti ,.of irrmietot sitter by 


dotmtiestic and idttrl'rial s.iter uilldui oit 'art
l akage I'rtlinlitied caitals. 
,mthiili 

Users because if litnitalions liihdeItaLt di inage facilitics Ilrillers. iir ece"sve ground-
f.i1d N o,' , I atr

%%,iter piuttmping itt coastal 
on ttses of ighly saline for irritatiun projects. 	 ' 

rt;'ic s Ill'ill' elilieill av'it-cc
.i tfersifExcessive lp'lling\ter. twts h'c itll rcspiilsibility

groulndswater or refductil lof " 
tlntro csc' sleftir c ellg 

sur!' cc \iter tlasv, in coastal 
erorund.tt er 111.irpitis 

areas cat cause salinte tatcr 

infiltrationi fromti te sce. 

lilplies lilficult Iiallageillietit Et. slii l t, for tcr 

lWater I)uithtii-S u AIu. elit ItiavVariahilitv f prectiiiiin 
river basin, resiturecestict.lo

friot year it) ve'ir probcnis at theanditrunoffthnbnllta'ncs 	 ni hreatntl f'ariti utitsigiiedin iretlin district, rr be 
causes iliiccrt;lllii-cotoiie dsvellpiietl tfer of 

linted siipi lics )ruught cars may lesels italttetll ts ti adjust to , llt.et ,it ithit; ,1 nu 
opportunities call be differetnt aigcics

tring extreie reductiitn in s riltbility.
by itidqUtte aid Licertain 


SIpplies tit" )recipitatiioiiand antri.ultural productiin. The
 

sict--ilry scesi llpieni le [loll

runotif. 


liitthis airicltitrai production
 
,

titih iit cxicrittl stpilics
or No aget. hat, till resplotsi

lliulgicAl 1101t11itt0 caMued hiplies tile ibemi:c 
a'l'tr Pollution 

it' brdity ti hantilc \%,ater
if iititd ituac. ifiprgraits

ur igricul- by itideltuate dispOsalEconoitnic lisses in ritral plilution irtleis. Auhtrity 
tire, fisicrics. industry o)'and hunlai am iittial sates in Ilic 

toi Llii l ,Sut ty Of 
h rural a it uri cdtlsti, imtea, m i ,tasietuter

ireats to ttI ulttSeiIILs,plus 
it polluttion II.i) tc tnllassigtied 

public health, front biologicah Chieniical potltlution frim 0!illnC1lt0 Atd treatein'ti 
resiurces ttailage

i tudh, n areas. Improiper use a' Vilfer 
iiOllutiio tIf airricuhtural fertilic'rsaid teiCtmiJical 	 i llai 'ayfive iiiicites tililicthermli eels mli t iii . llitil ticllticatlakes, a t c(taries. pesticiCstrea; , 	 responsibility fur pillutioititricititir.wastes, 	 including tiusics. 

contril.
friu inth stries Midii bitan 

areas. 
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and sedimentation, flooding, and water pollution are 
expressed in output terms, such as economic losses 
fr'mt reduced productivity. For each type of problem, 

the direct and indirect physical effects, and (2) the 
implications for water resources manaigement amd 
organization and administration are indicated. 

This framnework can b, suunmiarized as: relating 
outputs front water resources iiam lenin system-l1s to 
activities and tasks required to produce the outputs 
;nd to mitigate the adverse side eftects of' pro(ducing 
them, and then to the "actors' (government agencies, 
private associaltions, individuals) responsible for 
carryine tut the activities and tasks. Two iittportant 
idvant:iCes 1how lront use of this framework. First, 
the anak'st is able to idCntify required tasks that e 
not being pcluforilted hy any actor, and is able to 
pinpoint inadequate iaawenet performance in 
specific teritis. Second, the frt;enwork helps tile 
analyst to trace and idCntify underlying causes of 
water resource,, problen, through the output-task--
aictor Lthaiin. 

-4.C'URR!-N F WATVIER RF.SO)URCEtS
NIAN.\GENINTINASIA 

With tile:otmeeptuli framework described above as a 
base, a preliminary exaittinatioi of water resources 
Iaolll.emletIlt itl Asia Was Undertaken. Deficiencies 
rather than ,trengtts itt mt:iangement were Ciii-
phasized because an understandin t deficiencies is 
necessary before specific actions can he taken to 
ittprove water resources imtmaizmtent. The review 
ctnsistecd of discussions \%ith individuals with 
experielnce inwater resources itanatgemncit inAsia 
and ai extensive sea;:kh of the literature. Fie follow-
ittL etteralizations about the current status of wat( r 
resoulrces mat'imaemeit in Asia are the result of that 
review. The order of' listitig does not indicate the 
order of, illpoilalnce. 
Il)Vith repecl to the iajor sll's ot watCr 

Itu.c,0hesuitget t there is tver entph:isis oi 
plaitin, and undcrentphalsis ott iipletmentatiut. This 
deficiency takes at least t olforllls. First, it f'orttu-
lating plain mtlphasis ik, placed ott platlt.iit for 
facilities, c.g.,svtr contrhl structures, at tle 
e.\pettse t planning for: (a) other itteais !Ot 
producing 'utlluts; (b)incenive systems to induce 
desired Felta . or; and (c) apprttpriate Itstitutional 
arratigeinents, including orlanizitiltalh attd :adiniti-
stralive entities ittcarry ottit tie Lasks of water 
resoturces ianagerent (Carruthers and Clavtol, 

1977; United Nations, 1980; Jayaranman, 1982). 
Second, in the implementation stage emphasis is 
placed on construction of physical facilities with little 
biought to the operation and maintenance of those 
Iacilities ('arruthers, I981 " Kcllar ti al. , 108 1:1 lowe 
1nd lixon, 1983). ()ne factor tdin,inadequate 
operationii p ro r and mintentance. M ris the.977).choice of 
iaapprtpriite techMtiolv (Bower. I9 " 
(2)The wvatcr rcolurces manaicnllt sCtelm is 

oft,tn dehnedl too n-arrowlv to include only the 
physical control o' ,,ater. lrrigatitn agriculture is a 
good e.x\a itI of this litttita tiu I.i r ,t a. . 1)77;,tar 


o',,ard. 198). To he efltcient water resources 
tianaeluemnt h'r irrigaition must have regard for thle 

ultitlae outputs inl terms of' flood and Ftlber produced 
by tile:igicultural sstemin (laheswaran, 1979). 
Ilhrce ,tib,,vstciiis are inlvolved: 
(a)the %\mercontiol subsystetm, involving eflicient 

collection ind di,,ribution of' irrigation vatcr to, and 
elficient icitoval of draiinage water frot., the farls; 
(b) the agricultural productiot subsysteitl, in

volvin,, the eflicicnt comibiiing Of'v.ier, seeds, 
'ertilize:rs, ecnerg, imichints,lie:Z manaeeme t0'I0d ILibor ;iltd 
r prttductioti of food amAt fiber: and 
Ic) the agricultural marketing subsystem, involvingl 

(tie eflicicnt collectiom and trltsport oit' produced food 
and fiber to ittarkets ad to processing. 

Typically, water resources ittalaeiletlt has 
Cittphasi,:ed only the water control stuhsystem; only 
recently has imicreasinm attentionm been given to the 
agricultural produictito stuisystem (Shermtan, 1978; 
la.,lor, 1980: Asiait Productivity Commission, 1980; 
Siitdlt, 1981 LentittM, 1982). TIe agricultural 
marketing subsystemt has as yet rc,:eivcd little 
attention by, water re',, maagers. isurces It 
recgntized of Course tb:, his subsystent is rarely 
under the iuridiction of tl,water resources manage
mictt agency. 

3) Water reomrces llltaClleit is often) detined 
too tiarowly ill trills of lie rie ol Illeastres 
conisidere.d or1prdum.iig theltlpts tkltat are desired. 
For ct mpl-, 'a,,atr reoutrcs ltattagClleit systell 
ia co i.it pritiarily of' plmysk:i- l facilities such as 
Lain1, iVals, poer pILIts, wastewater treatment 

plints t the exclusiot of' itany otier essential 
t.asures, such as ectouionc incentives, regulations, 

techitlical assistaricc, credit, land use zoning etc. 
Thus, a water resources nianagctent systeill to 
reduce f10od dalilage lmay consist solely of'a reservoir 
and the associated operating rules. Such a svstent 
w0vhld exclude Sich relevant possibilities as flood 



352 B. T. BOWER & M. N1.HUFSCIIMIDT NRF VOL. 3 NO. 4, 1984 

proofing, flood warning networks, evacuation and 
resettlement plans, and flood plain zoning (Prasad, 

1976; Wiener, 1977). 
(4) The planning activity, and theretore water 

resources managCement as a whole, is often too 

narrow in scope in that primary emphasis is placed on 

the eneinccrin.', Ccononic, anId financial data a,;nd 
analyses required to obtain apriroval of the projcet by 

donor agencies. InIdCquaC . cnItion is given 'o the 

direct and indirect envirimellnial qualit and social i 
aid 

.;ouLntry requirements to preparatiomn of civiron-

mental impact statellllti as a prt Ot, the planning 

process havC led to 0i11C ilipi'ovCillient, water 

re'<:1itrces planning and operation still give inadequate 

treatment to these important aspects (llahiri, 1976; 
Rooers, !977; Taylor, 19): Asian i)evelopient 
Bank, 1980; Necgi, 1)82). 

effects of projects .. \ lt,iough donor igncy 

agencies is given to water control and conveyance 
works, such as thle reservoir, diversion dam, and 

main canals, (13, C, aid 1), respectively) in the irri

natinsysteim portraycd inlig. 5. Little attention is 

given to iollanag llent of tie v,atcrshcld Upsmram f1rom 

the reservoirs, i . in ,pite of' tile fact that the 
,:oiStrUction of the dn a,,1 reser o,,riil t',,titiul;.'s 

devlopnclit of the WItClrShld, of[Cteni , ,ith cOIselquent 
r:itcs pollution 

)77; NCei, 1982: Amcrican Society of .. gronolI' --
Soil Science Society of ..\merica, 1982). ,\I so, 

inadequate attention is oltell given by water resourcCs 
iri:iiiaenetl izc:s t le problenirs of operation 

and laintIlaince of iriation works at the farm level, 

increased cl ion nlmd l tilads(Rogers, 

1: in Fi .5 (,azaro et al., 1977; Kandiah, !978; 

TLa\ or and Wickhunai, 197); ,Asian Productivity 
('ConliliiSSiOl. 198) C'arrtlhCrS, 1981 ). .ll too often, 
it iS assuIrICd that f"artiCrs will be able to dLo an11 

staCe the hfcctive jobh without technical advice and asSOciitCd(5) In the operation and liIll:i ce 

inajor emphasis of' w:iter resources tiraitaCetnent fin'ancial and CCliipniieCIt inptslit:iil, inadCqual 

A Reservoir 

watershed 

A Reservoir B Reservoir 

B Reservoir " 

C Diversion darn 

D Main canals 

E Far ms 

-F Drainage 

F i 

' / 

Fig. 5. Major physical facilities in a surface vater irrigation system. 
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operation and maintenance of the irrigation 'return 
flow' drainage system (F in Fig. 5) - if, indeed, one 
has bCen provided -- is all too commnon, often x,ith 
significant adverse 'vatcrlogging and salinization 
clects at the lower cnds o1" irrigation areas and o 
downstcam inds (loWC and Dixon, 1983). 

(6) All water resources management syste ins rely 
for succcss ol the co-operation of water users or 
pcoplc atfected by water - e.g. farmners using 
irrigation, oCtmliesic lilid industrial water U 
fishernien, -rsidCnts of flood plains. Yet, vater 
esrcesnii'CCiagiet a''encies often tail to seek and 

obtain the underitanding, support, and participalmiof the people af'ctedl, in plannig , designingP, 
o(hepeopeiftg , m esurcesand ainnig, ar 

building, oeu ti , m it n" "liireLtr, 
mlanaIl gemenlt ,vtcm. ,1Taahti 1977; Taylor, 
19M; lBotr:ll. I18: (arruthers and Clark, 19811. 
This deficiency in nuanagelinent is often reflected in 

filure to achi'vc planned Outputs ttf ptjcts, 
incrCasCd costs nin design and coitructiow of project 
elements, rapid dctcrioration of project facilities 
causI LV' inadcquate iu'<intcinamce, :lnd ihcrc .,acd 
adver;c cnvironnilental and social effects of projects
SKan'diah, 1978; "l'akalse and Vickhamn, 1(81): 

Bromley ct al., 1)80: L.eton, 1982). I'ailtn io 
Consider the situation and bchavior of users of' water 

leads to: (a) failurc to take into account Ime effects of 

their ilt'rnlal waterf use patternis ott the larger s 

e.g. recirculaltion oft% ter could lead to less reservoir 

capacity required than otherwise; :ind (I) I'ilure to 

consider the implenmentation otf incentives needed to 
induce changes in user bchivior. 

17) Rarely is there cntforcement of regulations 

linitung ratewalcr dischares lill municipalities 

and fron indistrial actiitics. This has olten led to 

major deteriaorati of ater qJuLality in sirace antid 

groulWiter bodies. 
()- o teps
(,) Rarely is thcre a rmccmttitim 

and btween other agencies providing needed ion
water inputs, such as credit hanks and extension 
agencies, and agenics mitigating ,tdvcrsc side effects 
suCh as ciiironulint:il quality and hcalth agencies. 
Only occasionally has the Nced for such linkages been 
recognized and rarcly nave such linkagcs been 
actually dcv, hed ,,scfield and lower. 1978). 

5. "IIL R()l F OF INSTITI)NS 
There are any reasons rid e 
[C a, for inadequacies in water 
resources miiiienm depending upon the 
t) i-ticulr situation at the particular time in teparticular country in question. However, both review 
of the litrature ind discussions with experts hev 
mndinade clear the great iimlportalcC of inStitutionS, 

.hnluii or-niiainl damnsrtv 
inclding the oreani/ational ,ind adinisrtive 
aspects, both formal and inforimmal (Reidirger, I97., 
Wadc, 1)7':; Takah:alshi, 1977; Bottrall, 1979: 
\laheswarca, 1097T9 la,,or and \\'hain, 1979: 
T and Virkini. I tS0; ,roinlcv ' al. lt1980 

I 98W 
('ward situation eimeountered 

countries is the fragme1ntniation ol 
Imnla:l aIgilt lctivitics aiong
a''emcies, with both policy and nin 

illnmy Asian 

watcr resources 
Illany sectoral 

t ccntral

izd in the provincial or national capital. This frali-

Iiciamon is illustrated for Thailand in [able IV. The 

luctlic in Thailand,fragi ild li g,: li t 

involvin, 42 separate ,igcicics and nine inii,trie,, 

iliakos it very difheult to :m.hi-ve the integration 
"1101 is rCquii-Cd for ciicicit and effective w'itcr 

1,CeLtrcCS Manan;geulcmt. It is a ialajor factor in the 

inadequate attention given, for ev1xamplc, to: (I) 
is iMoreCrlCalilvimuip uCltntaltion , bcCusC plannir, ng 

don' it the central level thanI inplemltntation: 12) 

manaimcnt: 13) mnlintenlmuceUpstream %.,orshmd 
alld operatiomn of irrigatiom works at the fa',11 level

and atr supply and trcticn.n tacilitie .i wastewater 
economlic, tcchnologic, coloic Inkges aitoug at the uunicilv-m; and (4) commiilration ,iind

atiresato 
water supply, \vastcw ter imodit catio , and air qLul c\ecitio no a wide ralgle of po)ssibl llii 
it. ilcnt .mInilgeme;and solid rad,,iduals managemebleTh-1 

dafeterioti a one or me f 
result is of oi or mor e teterioration 
m1leitai media. ()f coursc . '('ogniti) l of lthe linkages 
is of little use illand of i What is required is theVclf. 
developmient of' explicit linkages between til ', ater 
resourceit Inmll eCiltlagClcy lind the agncCies 
having responsibility for air quality i,.nd solid 
residuals tilamAgement.1 

'These points imply that miultiplC linkages should 
exist aiong vater rsources iliagetmieti .gencies 

achicvc outputs, such as, integrating flood %arning
flood prh ig cvaci-io and return, 

lc,,'ccs, al, r', crv mrs. 

Uo.C(NC IN 'ONINIFNTS 

Tle irst prrfpo(itioi put forth in this paper is that 
mtemsicomiventionally defiined lis water resources 
problitis, or cx:mumple, waterloginmg, pollution, and 
sediiientition, tire iCtUally symiptonis or inanifes
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resources lianaentlent consists of mamy govern
tations of inade.luacies in the institutional arrange-
ment for water resources tuaage'-nt. These mental -Iecncic., at various levels in the governmental 

the basic roblems in structure, with ottCll ill-dcfhnJCi anid overlapping
institutionral inadequacies aire 
water resources managemuent. The second prop- rcsponsibilitics (and fir some cssential tasks no 

actors.that, in order to identify these itiad- rCspMitbilities), pIls tuai; nmgoverniilntatosition is 
relates lt pcnctratc this cti',.ironmcnt in order to apply the 

lCtImies, a coneptual framework which 

resource manactnt systLis (I) to collccpltual framcwrk desrbcl aohve Will be
oltputs of wacr 

to prodce the oututS, and t2) to the ditlcul' ;tnd ,,illrcouir.ic all" sts who are sensitive to
the tasks needed 


tasks, will he a usCtel ,'ultural nuan1cCs. But tile payoffs in terms 

actors resposistle for the of 

watcr resourcessubstantial iltsights for improviniganalytical tool. 

The typicall institutional ent onimnCnt (or water ltuiacieiuet can be 1:,ree.
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