
1\ 

(()~ 

Farmer Organization's Potential for Reducing Waterlogging 

and Salinity Through Improved Equity and Reliability of 

Irrigation Water: Evidence from Hakra 4-R Distributary in 


Southern Punjab 

MEHMOOD -OL-HAS SAl'i '" , A.BD UL HAl\IJD *, KHALlD MAIIMOOD *, AND SHAHZAD l\1AHMOOD* 


ABSTRACT 

The sto le IIwr/aged swjuce irrigalion ill Pakislal1 has been supplyillg ullreliable and 
inequituble irrigation waler 10 jilrll1e!'S, forCing farmers 10 irrigole sub-oplimaliy, 
e:opeciolly", oleos where gmulldwoter is brackish. Fanners having excess or L1nre/whle 
water tend to ol'er-in:igate and cause drainage. Those having less waw·tend 10 LLnder­
irrigate, which causes salinity. Improvll1g reliability and equity in waler supplies lviiI, 
thaefore, IWI on(y save drainage producrion, but also may lead 10 more eJfieientlise oj 
water and agricultural productivity, and conselving environment. 

Through in slitL/tionol reforms in the irrigation and drainoge sectors, the secom{wy 
level managemen t of the system is being handed over to the FOs (Forillers 
Orgoniza tions) The FOs are expected to provide warer to the m ember Flimer.1 1170re 
reliably and in on equituble mannCJ: Howevel; there are concerns about Filmer's IIbilir)' 
10 mO/wge Ihe :oystem properly. The paper addresses the Cjuestion Ifill e FOs {{re oble ro 
distribute Ivata equitab le and reliably by taking Hakm 4-R FO as 0 cose. The FO 
took-ol'er th e system manogement during Moy, 2000 [I!li1 (internationol lingatioll 
Man agement InstitUl e) stat/has been m onitoring the irrigation system before and afler 
the change 111 mOl7ogell1ent with respect to re/lobilily and equity. Previous do to sliowed 
tiz ot there Iwd been huge variatiolls in respect of equity among varioLls ou tlets. The 
monitoring dota is anol),zed to compare the siluation of equllY ond rellubtlic), during 
th e slate and farmers ' management. Analyzing the initial pelformance of the Fa. the 
paperwgues th attit t! FO has brought considerable improvements il1 equity ond reliabdi0' 
of irrigation water 

INTRODUCTION 

he e fficiency from the canal head to ro o t zone 
of the canal irrigation sys te m in Pakistan due to 
age, over use , and poo r ma lDtenance is around 

-';)-4(1% which is extrem elv low and ca uses wate r loss 
SliDeAcial ly within tbe wate~rco urs e commands. Such ~ 

of extremely precious natura l resource reduces 
Ie water for cr o ps , and co ntribute s t o 

-=.. ,..,,,,,'., and salinity [1]. The situation is furtber 
~llI,,Y"' llC; U in areas where the groundwater can not be 

_ ,irrigation due to poor quality, because the los t 
not only is no t re usable, but also leads to raising 
t~ble 

The o riginal design co nsid e rations were ba sed un 
supplying a limited but equita ble vol um e of water to 
various wate rco urses and farm units. Howeve r, due [0 

political pressure , rent see kin g and physical systcm 
de te rioration , water supplies Me no more eq uitable 
among wate rcourses as well as among di s tril)lItaric~ . 

Bes ide s, the m a in a nd branch canals' operational 
practices and fluctuation s make water supplic ~ 

unreliable fer farmers The unreliable and in equitable 
supplies of irrigation water force farm ers to irriga te sub­
o ptimally, especially in areas wh e re groundwater is 
brackish. Farmers having excess or unreliable water tend 

"'~"~U"UI al Irrigation M a nagement Institute (llM J), 25-Y Housing Colony, Haroonabad, District Bahawalnagar. 
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to over-Irrigate and cause dra inag [2]. Those having 
less wate:r tend to undcr -irriga te. which causes sa li nity. 
Improvlllg reliability and equity in water supplies will, 
therefore:, not only save drainage production. but also 
mav Ic:au to more efficient use of wate r and ag ricultural 
prc;ductivity, and conserving environment. Besides, the 
chances of conflicts within and among watercou rses 
reg<lrding inequity will reduce. 

Pakistan t hro ug h its provincial gove rnments [3J has 
emharked upo n the instituti o nal refo rms in irrigation 
(lnd drcllnage sector with broad objectives of 
stream lining the Irri ga tion and D raln(lge Systems, 
re placi ng the existing administrative set up and 
procedures with more responsive, efficient and 
transparent arrangemen ts, ach ievi ng economical and 
effective: operation and mai ntenance of the irrigation, 
drClinage and flood contro l system in the Province , 
mClkin u the: irriua tion and draina£e network sustainableb b ~ 

on (I long term basis: and in trod ucing participation of 
be neficiar ies in the o peration a nd management of 
irrigation Clnd drainage syste ms. 

The search for so luti ons to the irrigation and drainage 
proble:ms has resulted in 1997 in the passage of the 
PIDA (Provincial Irrigation and Drainage Authority) 
Acts In the Punjab, Sindh , Baluchistan and Northwest 
Frontier Provinee:s. Lnder these acts, the presen t 
Pr ovll1cltll Irrigati on Departments would become 
financiCllly autonomous PIDAs. The authorities would 
be respllnsible for the po li cy level decisions and water 
acqui si tion and a ll ocation at th e provincial leve ls. 
-armers wou ld be organized into Farmer FOs to take 

over operation and maintenance of wa tercourses, minor 
canals , distributaries and the lower leve l drainage 
infrastructure. FO::; would be responsible for equitably 
dis t ri buting the available water to their members and 
Icvying charges tor irrigatio:1 and drainage services, with 
thc procceds divided among the P ID As, AW Bs and F Os 
to rd1cct costs at each level. A new institution - the AWB 
(Area WClter Board) would ')e the intermediary between 
tbesc two levels, receiving water from the PIDAs and 
eq uitably distributing water among the F Os. 

The success of these reforms depends greatly on F O's 
hydraulic and finan cial performance. If FOs are ab le to 
delivc:r better service, in terms of reliability and equity, 
farmers would be willing to pay for the system O & M . 
The paper uses data from H akra 4-R D istributary and 
cvaluates the potenti a l of the 0 in supplying reliable 

2. BACKGROUND 

2.1 Site Characterization 

T he Hakra 4- R D istributary along the Ha kra Bl<lI1ch 
Canal of the Fordwa h Eas tern Sadiqia ir rig a tion svstC Il1 
has a total dischargc of 197 cusccs. and ,1 total uf 124 
irrigation outlets serving a commanu ,Irea of Ill'd lly 

18,000 hectare s. This distributary systc m h,ls two 
mll1ors, i.e., l-RA Labsingh and l-R Badruwala. cach 
discharging 22 and 43 cusecs, re spectively and with 16 
and 33 watercourses, respective ly. Both the minors and 
the distributary below Rd 72 + 000 are lined The average 
annual rainfall ranges from 125 mm to 250 mm . A hOI 

and dry climate, low rainfall and unfit groundwater 
necessitate the ensured, a nd regular, surface irrigation 
water supplies. T he distributary system su p plies water 
to 4690 warabandi sharehol d ers. The banks ol the 
distributary are now dete riorating in some places due 
to frequent use as livestock routes. T he t rl.!c board of 
the distributary has almost disappe ared in the head and 
middle reach due to continuous deposition of sedlillent, 
especia lly in the head reach. For the :(ha rif season, 
cotton, sugarcane and rice are the most populM cash 
crops. Recent years of drought have limited ricc and 
sugarca ne in the head re ac h only, where lands arc 
relatively waterlogged. Sorghum, millet, and m,li ze ,II'C 

sown as fodder. O ccasionally, veget,lblcs die also sown, 
but usually for domestic eonsumptilln D UrIng \\'i nler, 
or the Rabi season, wheat is the most popular crop. wh de 
clovers are the main fodder crops generally sown to feed 
domestic livestock. Some o f the farmers also cultivate 
vegetab les and oilseeds, and o n a few farms , orclla 
especia lly of the citrus family, can also be seen. The 
cropping intensity was 122 percent , higher a t the head 
reaches (147%) compared to the tail reaches (97 
The average farm income wa .. Rs . 78,963 tor an aV e:rCl 
operated 0.rea of 13.25 acres, as re:ported by t 

respondents [4 J 

Groundwater in this area is generally consid e rcd u 
for irrigation . H owever, due to a shortage of canal 
and inequity and unreliability of callal wate r suppli 
fa rmers have been compelled to look for groundw" 
A bout 237 sha ll ow tubewells are located a lo ng 
distributary. T he baseline soc io-econom ic survey 
conducted during J uly-August J995, on a sample of 
respondents selected randomly from J3 wa te rcou 
commands of t he dist r ibu tary , provide d sO 
information about the socio-economic features of 

and equitable water to its members. pilot site. The majority of farmers (56%) owned up 
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5 acres of lan d alon g th e H akra 4- R D istrib uta ry, 
whereas 6 percent ow ned land of 25 acres, or above. A 
major ity of the responde nts ( 62 % ) h ad no tormal 
literacy. Abou t 45 percent of respo nd e nts repo rted 
water inequi ty among distrIbutaries , of which 23 % 
attributed the problem to th e " intlue ntial s" . A bo ut 80% 
referred to inequ ity within th e distr ibutary, a nd this 
number ranged fro m 67 % in the head reaches to 84% 
in the tai l reaches; most respo nd ents att ributed the 
prob lem to big landlo rds and irrigation officials. None 
re port ed inequity wlthm the wa terco urse. Ove r 9U% of 
the sam pled farmers along the H akra 4-R D istributary 
were of the view th at they missed the ir water turns due 
to dis trib utary rotation Almost 50 % of these farmers 
missed 1l1 o r ~' th an 10 irrigatio n turns during 1994-95. 

Background Situation 

The IIMI had organi zed the farmers of Hakra 4-R 
Distributary into a 0 during 1995-97 through a slow 
and ste pwise socia l orga nizati on me thod o logy The FO 
negoti ated a n IMT ( Irrigation M a nagement Turnover) 
with the PIDA between 1997 a nd 2000 , and fina lly took 
over the managcment of the di stributary system on May 
10,2000. Since then the 0 has e mployed its own staff 
and is ma naging the d istributary system. In th e original 
organizational design, the FO had 5 subsyste m level sub­
organizations rep rese nting the 5 hydra ulic subsystems, 
where farmers could measure wa ter [5). In 2000, whe n 
PIDA conducted ele ctions , the subsystems became 
irreleva nt as the PI DA rules do not recognize any 
sUbsys1I: m orga nizati on. H oweve r , th e s ubsys te ms 
reflect the distinct soeio- technieal characteristics, wh ich 
are im portant for wa ter di str ibution . Subsystem 1 is the 
bead reach (RD 0-46). subsystem 2 is th e midd le reach 
RD 46-72), subsystem 3 is the ta il reach of the 

distributary (RD 72-Tai l). Minor 1 RA is the fourth and 
Minor 1R is the fift h subsystem. T he fO still refers to 
the subsystems a nd manages water according to the 
U~stems . 

D uring the 1999-2000 closure period, the Pakista n A rmy 
nd the PIDA staff ha d rcmodelec most of ou tlets to 

foster equity The expectation was that the outlets would 
draw proportio na te discharges afterwards. H owever, 

eto the lining of the rCaeh es below RD 72 of H akra 
ib SUbsystem 3) and minor lR (Subsystem 5), these 
~stems can oot rece ive more than 120 % of the 

estgn, discharge. Due to a design fault in minor 1R, the 
ater Use d to accumulate in the middl e reach 

2), and th e wate r could no t he delivered 

equ itably among vario us ou tlets. In the IMT Agreement, 
PIDA agreed to re mode l outl ets in such a way that 
proportionate wa ter reaches to th e t,lil subsystems. In 
prClct iee, the remode lin g lInde rt ,d(e n in Apr il ::W()() 
reversed inequities and wate r rushed tu t'li b. D ue to 

sowing season, farmers we re dissClti s tied emu the FO hml 
to immediately remodel o utl ets to dis t] ibute wa ter more 
equitably. These three re-m odeling efforts offe red a 
good op portunity to study pote ntia l of the FO in 
distributing wate r equitab ly. 

3. METHODOLOGY 

IIM I s taff had conducted inflow-o utflow tests during 
1995, 1999 and 2000. The s ta tl has also been monitor i ng 
the di stributary inflows a nd 15 s(lmp le o utl e ts along the 
di stributary during 2000 Based on 1<:J99 intlow outtlow 
results, three sample out let s were se lected from each 
of the 5 subsyste ms in such a way that the out lets dnlwing 
more, less and propo rtion ilt e s hil res were equall y 
represented. Besides, the t(li l o utlets clnd the wa te r leve ls 
at the subsys tem intake arc also being monitored . The 
questions th,lt need to be answered arc (I) is welte r su pply 
at the head more reliab le after the i C 's takeover" A nd 
b) After FO's takeove r, is water supply more equitable 
among subsystems and among out lets') 

The reliability has two dimensions, i.e. con tin uity, and 
~;leadiness. Estimat ing the CV (Coefficient of va ria tio n) 
of the delivery perform ance ratio for the intlow at the 
head ca n capt ure both these v(lr iah les. Diviclinp. the 
actual disehClrge wit h the des ign disc harge prod uces 
DPR and CV can be obt2l ined ,IS a rCltiu ur stCllld,lrd 
deviation of D P R to the avenlge OrR CIt the head. as 
suggested by Modlen clnd Gates. l6 J Thus, th e 
pe rformance indicator for rel iClhility (P 1J can be defined 
as equation 1. 

PR = CV (Q"j Qd,) ( I ) 

Where :.1,,, is the actu a l disc harge into the chdnne l ,Inc! 
Q,k' is the design discharge. In ,I perfectly reliable water 
supp ly si tu atio n, the valLIe OfP sho uld be zero.ld e,dl y.

'l 
if the water supply is equitab le. each st ructure o n the 
distributary s ho uld rec e ive water with the same 
proportion, as tha t of the head of the distributmy. T he 
proportionate share ca n be co mputed t hro ugh D RP 
(D e li ve ry Perfo r mance Rat io) of va r io ll s structures. 
Ma thema ti ca lly, DPR is defined as equ a tion (2). 

DPR = Quell Qdes (2) 
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Till! r,ltio of DPRs of various structures (subsyst l! rn 
he ,llis ([ nd outlet he(tds) to th at o f the head regulator, 
llr rci<lti ve OrR es timate s th e leve l 01 equity amo ng 
til e ,uhsyst e ms and outlets . Thus lo r il s tru cture, 
eq u;lti un ( :1 ) estimat es re l,lti ve DP R. 

(J) 

\-" here Dr R" is th e relJ t ive DPR oithe structure, OPR ., 
is the DPR of the st ructure, and OP R is the O PR a t 

II 

Ihe hea d of the channel or sectionl subsystem. Following 
Hypot hesi s ([IT te sted in thi s pa per. 

• Th e temporal (,V of the sU iJp lics at the head 
01 the di stributary during the FO manage ment 
is lower compared to the sa me period last year~ 

• Th e re lative OPRs of the subsys tem arc lowe r 
during FO period than befo re; and 

• OPRs of o ut lets a re closer to those at th e 
suhsys te m int akes durin g FO pe ri od tha n 
befo re. 

4. RESULTS AND DISCUSSIONS 

This section pJ(:se nts and di scusses the results or th e 
hypll thesis testi ng. 

4.1 Reliability of \V1lter SUI)ply 

Tlbl e prese nts the average DP R at the head of the 
d ist r ibutary, its s ta ndJrd deviation and te mpo n t\ 
coefficient of variatio n fo r the period after the FO too k­
ove r the manage me nt, a nd al so fo r the sa me period fo r 
the IJ s t ye ar . Th e ta b le s hows th a t th e d e li ve ry 
perform a nce has impro ved durin g th e yea r 20 00 
compJred to the S<l me period during 1999. T he standard 
de via tion has declin ed ~ howing <l more consistent water 
su pply. The val ue of coe tli cit nt o f variation has dropped 
to halL Indica ting a co nside ra ble improve ment in th e 

r e li a bility of water sup iJlies ,It til t' head 01 th e 
distributary . Morc re lia ble suppli es at the head have 
pa id di vide nci:-; for various re, lches ,tiSll Tdhle 2 prl'SCnts 
th e situ clti n n of IT li<lhilit \' ill vd riou s re(\ cllL's tor lhe 
pe ri od befo re ,lI1d alter IMT duril1g 2(l(}(J. L\ce pi for 
the mino r 1R, thc rcl i,lhi lilv ~ee ms 10 il lltJ: UI 'e hy ,I [<lCIO r 

of ove r 4 lu r all o the r suhsystc m,) For I R millO!". the 
imp rove me nt is double due to ,I ,t ruc tural C;lull ill the 
li ni ng that prohibits p ropo rt iona te withdr ,lw, ti at lower 
or higher fl ow . 

To suppl e men t this in lorl11 Cl ti on , the hydrogr ;! pll o l the 
two years is prese nted ,It Figu re I , whi eh show" mu ch 
more t1u ctuati ons in 1999 co mpmed to th e ve al' 2()()O, 

The highe r relia bility 01 di sc h,lrges is the outcome of 
FO's effo rt s to for ce PI OA sUlff to stop ro ta tion of 
distribu tari e s whe n <Im ple wate r is <l vili lit b lc ill the. 
branch c il n ~tI . The va lu e o f t he OPR suggests th at 
eomp <l re d to last ye<tI, the ,\ve rage amount o f water is 
a lso mo re. Im p roved rel iab ili ty o f wate r me ,lI1S a' 
gUilranteed wa te r supply for fa rmers, and the refore , 
will not tend to uve r- or under-irrigate the ir 
much as possi ble 

Improve d re liJbility hilS impo rta nt impl ica ti uns f 
wil te r use a nd cro p procluCl ivity. In an uncert a 
situ ati on, farmers tenel to fl ood their fiel ds lVith 
expecta tio n o f high ris k tha t they wil l miss the ir 
wa ter tu rn, so th ey need to a ppl y as muc h water ' 
possible . Thi s Ie il ds to llVe r i l' ri g,lti o n, lea din g 
accumulati o n of wate r in the rou t zo ne ,In <1 su 
leaching o f nutri en ts, and da mage to th e crop roo ts . 
th ere is a cl ay laye r in th e subsoil and "" ater can not 
down, the result is wa ter logging. However, whe n 
becomes more reliable , aJJCI the fa rmer predicts, 
the past beh Jv io r of the ea nil l, thilt he can irri gate 
fields eve ry wee k, he o nl y ap pli es such vo lum e of 
to fi c ld, whi ch is e nough t() Sdve ClOp from wil t ing 
nex t irrigati on Thll s, he the n te nds tll conserve W:I 

TA BLE l. OELl\ [ It y I'E I{FOWVIANC£ RATIO OF IJAKRA eJ-R D(STIUnUTARY HEAD (10 ,\ IAY TO I S JlIl)) 

l 'NY 2()(li) 

Mea n D PR 1 04 

Sl,IIHJ a rd Devi a llon or DPR os.') lU2 

TCln pClI"<ll C V or D PR 0.53 () 2') 
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LE 2. TEMPORAL CO£FFICIE!\'T OF VARIATION OF RELATIVE DI'R, FOR DIffERENT REACIIES OF HAKRA 4·R 
TAB DISTRIB TARY FOR YEAR 2000 
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FIC. 1. REUABIUTY OF SUPPLIES AT THE HEAD OF HAKRA 4-R FON MA Y 199Y TO JU LY 20110 

Equity Among Subsystems 

igure 2 shows the re la ti ve O PRs of subsyste ms with 

espect to the head o f the di stribu tary. Th e graph shows 

at after the a rm y and PIOA remodeled the o utle ts, 

here had be e n co nsid e ra bl e di fferen ces amon g 

&systems. Th e rel ative O PRs varie d between 0.7-2.5. 

~~_''-',au and middle reach had suffe red m ost of the 

~__._J_ust befo re the IM T, whe n prDA had revised the 

~~IQJ!~tuldina l section of the middle reach according to 

rOvisions of the agreement, the inequities narrowed 

but the relative O P R remained wi thin the ra nge 

~'''u~J,.-...l..:') , indica ting 50% of proportiona te supplies to 

of Supplies to some su bsyste ms. The FO took-

over the distrib uta ry manage me nt during firs t ha lf of 

M ay and started remod eling o utle ts. As a result, during 

la te June and onwards , the r(1 nge o f re la tive DPRs 

beca me within ::t:: 30% of the head supplies. This shows 

improveme nts in equity amo ng suhsyste ms. I oweve r. 

the FO still has to re model a few more o utl e ts in lined 

sections to abridge the ga p fu rther. 

4.3 Equity Among Outlets 

If there is equ ity among various o utle ts, an o utlet should 

draw wa te r in the sa m e pro po rti o n as th a t o f th e 

subsys te m head . Thus, the rati o of these two DPRs 

(Relat ive O PR) should be idea ll y 1. 
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Since the outlets are yet being repaired in the two minors 
and tail portion of the distributary, the outlets from the 
head and middle reaches only are analyzed. Table 3 
presents the equity situation of the sample outlets in 
the head and middle reaches. as well as that at the tail 
clusters of the distributary and its two minors. 

At the tlI11e when the FO formation process was 

initiated. the averagc relative DPR of outlets was off by 

5(;;(, than the ideal value of L However, the value of CY 

suggested that there had bcen considerable variations 

among outlets. In 1999. or earlier part of the year 2000, 

the inequities had increased. The value of CY in 1999 

was around U.7. which dropped to around 0.3 after the 

revision of the longitudinal section. The FO's repair 
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efforts brought more equity and pulled the CY down to 

0.2. The value of relative DPR is also close to I. 

During the closure period of 1999-2000, Pakistan Army 

and the PIDA staff repaircd the defective outlets. Most 

of thc cffort was to install the outlets with accurate 

dimensions, without any reference to the water level Or 

bed level, which had changed overtime due to 

sedimentation and scouring. Therefore. as an effect the 

outlets in the head and middle reaches started drawing 

less than proportionate discharges, and water rushed 

to the tails. The trend-lines in Figure 3 show that during 

1999 the line is highest for the head reaeh and gradually 

falls below the proportionate share in the taiL After the 
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FIG 2 WATER SUPPLY TO SURSYSTEMS RELATIVE TO HEAD SUPPLIES DURING YEAR 2000 AT 4-R DISTRIBUTARY 

TABLE 3. RELATIVE DELIVERY PERFORMANCE RATIO OF SAMPLE OUTLETS TO HAKRA 4·R DISTRIBUTARY HEAD t'OR 
SELECTED PERIODS 

July 2000 

0.07 

0.19 

0.:20 

August 99 Parameter October 95 April 2000 

Mean Relative DPR 
tll Subsystem Head 1.:)51.05 1.22 

1.19 0.27Standard Deviation 0.25 

0.72 029Spatial CV 0.24 
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remodeling by Army, the situat ion became reverse. The 

o:ltlets towards the end started drawing much more than 

those at the head. After the FO took-over and repaired 

the outlets, the inequities narrowe d down. This shows a 

gradual improvement in water distribution among 

outlets. After a comp lete repair of the remaining outlets, 

the situation may improve further. 

CONCLUSIONS 

Distributary has 

lDOnstrated the potential for bringing improvements 

eliability and eq ui ty of water distribution among 

erCOurses as well as among subsY5tems. R eliability 

asa very special link to the drainage production. The 

management procedures followed by P IDA staff, 

need to be analyzed in terms of the constraints 

l'Oblems in delivering a quality service to farmers. 

~e. important lessons and implications for the 

The effort , which has gone into the socia l mobilization 

of farmers has paid dividends in terms of leadership 

devclopmen t and i m provi ng LHmer's skil ls fo r 

negotiating reliable water supplies and understanding 

of the importance of equitable distribution. The future 

efforts to form and mobilize FOs should focus on 

cre a ting proper understanding about the need to 

distribute water equitably The concept of subsystems 

th at was introduced as a social organization strategy to 

maximize participation is also important for water 

management and distribution. While the PIDA rul es 

should be general to cover th e en tire province, the 

organizational designs should be f1exiblc cnough to 

reflect the diversity of th e irri g,l t ion systems and 

commun ities. The prese nt FOs should be carefully dnd 

objectively monitored instead of monitoring the paper 

work of the FOs. The old performance indicators should 

therefore be revised in such a way that these provide 

Objective evaluation of the reforms performance at 

various leve ls of hierarchy of the system. 
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