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Efficiency Differentials in Xrrigated Rice Farming
in Bangladesh: A Test of Neutrality.!

Md. Nazral Islam and John J. Quilkey?

Abstract;

In this paper an attempt is made 1o test the neutrality of improved management rechnology
of irrigated rice farming between socio-cconomic groups of irrigated farmers in terms of
technical efficiency. Analysis of Covarlance models are used to test the hypothesls that the
production funchons for irvigated rice across farmers' groups are homogeneous A numnber
of production funciions were estimated for different groups of farmers by stratifying data
aceording 1o farmesize, tenancy, and farm location. The results are consistent with the view
that the production functions are often not homogenons across the different groups of
farmers.

Introdiction

The modern sod ferldiser technology has a clear comparative advantage relative to traditional techpology
only in the arcas which are ‘properly’ irrigated (Hsich and Rutan, 1967; und Wickham ct al., 1978), The
posittve impact of wrigauor levelopment on land productivity, generation of employment and income and on
ceonomic growth is well documented m the literature (Hayami ond Ruttan, 1971, Haque, 1975 and Hayanm
and Kikuchi, 1978). However, a common observation in most of the developing countries is tha the modern
technolagy 1s used much below potential at farm level, and consequently, the benefits 1o the farmers have
been helow expeciations.

There is also dispule regarding the distribution of benefits from new teetmology (Lipton 1978, Critics have
claimed that the new technology bas led 1o n widening of existing disparities In wcome distribution
(Grabowski 1979 and Dusgupta 1979). On the other hand, it has been argued that the technology is scale
neutral, provided that there is equal access 1o inputs for all farmers. A mumber of studies have examined the
accessibility of inputs, especinlly of secds, fentilisers, chemicals and credit in the context of the new
technology (Schiuter and Mellor, 1972, Hossain, 1977; Alanddin and Tisdale, 1991). Although the adoption
rate of seed-feruliser technology is relatively lugh in arcas under irviganon, in the literature it is suggesied
that even in areas under irnganon the adoption mte is Jow and that the disrribution of benelits is unequal
because of the “technological externality’ and 'instinutional uncertiainty’ inherent in the irrigated environment
(Bromley, 1982). These two phenomena induce farmers in developing countries to aflocale resources
cautiously, or 0 adopl 'cauttons optimising hehuviowr' (Bromley, 1982), A lile elaboration of these
concepts may help in - understanding why farmers in developing countnes adopt new technology below Jts
potential,

Technological externality grises in the irrigation cnvirohment because the use of water and ofher resources
are essentially physical activities and farmers are linked with the physical conveyance stem and this link
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introduces interdependence among farm units, In tie production process, whenever the output of a farm
depends not only on the factors of production uilised by that farm but also on the ouput and factor
ublisation of another farm or & group of famy, techaological extemality exists (Seitovsky, 1954), Under
such an environment the marker mechanisi fails to reap the benefit of new sechnology o its full potential,
Therefore, it is suggested that the development of appropriate ‘institutions’ Is necossary for effective
utilisation and adoption of new technologies (Bromley, 1977; Carruthers, 1983 Sagordoy et al., 1982),

Here, institutions are defined as the indispensable roles and conventions with the ald of which a social and
cconomic sysiem operates (Schultz, 1968). Propenty rights are the essence of the prediciability in these rules
and conventions, When these rules and conventions are either ignored or selectively followed or ehanged in
an arbitrery manner the best plans of entreprencurs are confounded and such elrcumstances give rise to a
siuation beset by institutional uncertaintics, As farmers adoptive hehaviour is based upon their feedback
from their prior experience they are unwilling to adopt more productive agriculiural practices when they
experience institutional uncerwinty in an irrigation sysiem. Hence fanmers may not adopt more prodluctive
aricultural practives because of their pogsible or likely inability fo get wrrigation water when the crop needs
1 Most.

Where there s a lack of effective institutions, farmers with ceonomic and social power have an incentive ©
exereise their influence on the schame’s management to increase the quantity of water supplicd to them gt
the expense of fess powerlul farmers (Islam, 1987; and Islam and Quilkey, 1987), The arbitrary exercise of
power increases the uncertainty of the less powerful who may be induced ag & result 10 reduce the
commitment of resources mcluding land 10 iigate even where, under free market conditions, such
commutment wonld be privately and socially beneficial,

The farlure of the new wehnology 10 achieve its full powential has led 1o the recognition that its success in
increasing output depends not only on a high rate of adoption induced by cheap smputs, but also on the
efficient application of the new technology at farm level through significant improvement in water use by the
establishment of effective istitutons (Bromley, et al., 1977; Carruthers, 1983; Shapito 1983). A major goal
of this institutional change is the provision of improved management giving appropriste weights to cloments
such ast construction, operaion and thaintenance of water ways and pumping equipment;  input supply
(imely and adequate quanuties), agricullural extension, credit factiitic s, inarkeling, farmer organtsations, lines
of communication between water users and their organisations, us well as liaison between these orgamsations
and public departments and instutons which accommodate financial planning and fund raising, including
the collection of user charges. The main parpose of institutinnal change is lo create incentives for farmers,
whose land has potential for inclusion in an irrigatn o scheme .o apply new technology most effectively.

In this paper, following the approach used by Shand and Kalirajan (1986), an attempt has been made to
determine whether teehnological externalities are removed by the introduction of appropriate institutions in
wngated agriculture in a developing country, The objectives are 1o test in terms of technical efficiency, the
neutrality of improved management technotogy on irrigated rice farming, introduced by istitutional changes,
between locations, and socio-economic groups of farmers, The question addressed is essentially whether or
not the implementation of new technology has resulied, ex post, in 2 umiform improvement in the productive
performance of farmers as a result of the scheme,

The Datu

The IDA Deep Tubewell Project in the NortheEast region of Bangladesh, was o major small-seale irrigation
scheme development progect financed by the World Bank, the British Government and the Govemment of
Bangladesh in carly 1983 and completed in 1992, The project was designed to install 4,000 deep tubewells
(DTWs) phase by phase over 10 years. On average each DTW with 2 cusec discharge capicity, was

Technological extemulity iy distingt from "pecuntary extermatity’ in temns of the terdependence of econonic
agents. In the former concept economic agents are physically ndependent whereas i the later coneeps they ane
ierdependent in the input-omtput market (Schiid, 1978),
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designed to inrigate 25 heetares of land to canble irdgated viee cropping in o dry season; increase cropping
intensity and achicve a substantial increase in rice yields, based on the farmers' adoption of igh-yiclding
rico varictics, and improved water management wehnology; strengthening farmers' two-tler coopetative
sysiem® and ensuring farmers aceess (o essential fnputs and credits, A compreliensive analysis, prosented in
a;)% gina! Report (MM, 1992} of the project elaimed that its major objeetives had largely been nchioved in
i E ‘]

Daw were collected as a part of the annual monitoring sutvey in 1989-90 irrigation season, at a time when
the project was considered to have reached the stage of maturity when the full range and extent of benefits
were expeted 10 be available 1o farmers within the command arca of the project, In this study the analysis w
test the uniformity of ‘suceess’ of the IDA Deep Tubowell Project, was conducted with these data derived
from the Project from a stratified randor sample of farm plots (parcels) within randomly selecied DTW's ,
The sample plots were stratified according 1o ownership entegories such s, farmesize and 1enaney, and
distance of the sample plot from the water pump. The following is the distribution of sample plots according
1o the above stratification ¢

Sample Size

L Distance of o plos from the pump:

a) Close Distance ( < 200 metres) 221

] Middle Distance ( 201 1o 500 meires) 162

¢) For-distance (> SO0 metres) 51
2, Tenure status of the sample plots

a) Owner operated 397

b Tenant operated kY]
KN Operational farmesize of the sample plot;

a) Smaollest furme-size (< 1,50 neres) 147

h) Small farmesize (1,51 - 2,50 ueres) 86

¢) Medium tarm-size (2.51 -5.00 ncres) 133

d) Large farm-size (> 5,00 ucres) 68

Production function analysis is applicd both to the whole sample, and separaiely to the samples of plots
cultivated under different farm-size, wenancy and distance within the command area,

The following transcendental production function was selected for the present study:

y=alli{'exp (By X,) (1)

Where ¥ is output and the X,'s arc inputs,

From the viewpoint of production ccunomics, this functional form incorporates all the three stages of the
production process proposed in neo-classical theory, The mathematical propertics of this functional form is
presented in Table 1. The algebraic values of B and ¥ estimated from the model (1) explain the three stges
of production. Qf these, the most important and interesting cases of the production process oceur when the
estimated value of v Is negative, and at the same time, the modulus of 5 {s greaser than one, In (his context,

This two-tier cooperative system was developed by the Bangludush Acaduny for Ruesi Development, Conilla,
Bangladesh,

W



Table: 1

The Propertics of the Transcendental Production Function (Adapted

from Halter ef ai, 1957),

Values of y Values of B Y = aXPer®
v<0 O<P=or=1 Increases at a decreasing rate uniil  Xe=ofify,
then decreases.
o1 Increases  at  an  increasing rate  until
x=;’ﬁ$i§ » then increases at a decreasing
rate until X=+f/y, then decreases
B Deereases at a decreasing rate
v=0" OBl Increases at a decreasing rate
B=1 Increases at a constant rate
B>1 Increases at an increasing rate
v>0 0D=Pe Increases at @ decreasing  rate  until
x::.’:ﬁiﬂi , then increases at an increasing
¥
rite
Bror=] Increases at an increasing rate
B0 Decreases at a decreasing rate until  X=-f/y.

then increnses

" When vy = 0, this function is the Cobb-Douglas production function,



output first grows at an increasing rate until value of the dnput, . HE 1 then grows ol o

decreasing rats, until Xw»";g » and finally it deereases, When cach 4 in the above model (1) turns out to
be zero, the transcendental function becomes the standard Cobb-Douglas function,

The following variables were selected for the present siudys whete the eaplrical production funietion was of
the form

vealltexp (y,%,+Da,b,40 (2)
¥ = total paddy (rough rice) output per sninple irrigated plot fn mashds & mound =
17,38 k),
X, = arca of the sample irrigated plot in 0.01 acro,
Xy & nitrogenous fertitiser applicd per sample irigated plot In kg,
X, s family Inbour utilisedd in paddy production per sample ferigated plot in man-days.
X, w tured labour utitised in paddy production per sample irrigated plot in man.days®,
u = the random esror tern,
D, = groups speeific dumniies, where { stands for number of dummies,

This transcendental functional form was  applied by Desai (1973) in Indian Agriculure and by Shand and
Kalirajan (1986) in Malaysian Agriculture. In thelr empirical mode) these two researchers used whole-year
aggregated farm houschold data and Investigated diffetences in production functions between and within
developed and less developed agriculural regions, Desai (1973) in his study, has used gross value of
production of all ¢rops grown on a farm in a year as dependent variable and has used net sown aren, (otal
annual expenditure on plant nutrients, irrigation water, hired labour, all other Inputs (such as seeds pesticides,
bullock labour, repuir and maintenance etc.) and number of family labours working on farm as Independent
vitriables, Shand and Katirajan (1986) have used quantity of annual paddy production per furm us dependent
variable and in physical uaits, paddy operational area, chemical fertiliser and total labour as independent
variables,

In our view, such annual aggregate farm level duta conceal inter- and intra-seasonal variations of productivity
within and between farming groups, We believe that the effect of improved mamagement on the technical
efficiency of production function s betler evaluated from a set of dat which Is collecied from  randomly
seleeted picces of land in an irrigaton season, In this study, the differences in production function is tested
between sampie groups within the IDA DTW project,

Anulysis of the Results

With the introduction of a new management technology for irrigated paddy production in the IDA DTW
project where furmers are assured of equal access 10 essential inputs, including water and credit, it Is
hypothesised that the production functions across the sample group within the project area will be
homogeneous,

To conduct the covariance unalysis, it was necessary 1o estimate twenty five production functions (See

i Pamily labou and hired labour are consideted as separate variables considering differences in terms of quality and

¢lfort (e Stiglitz, 1974; and Binswenger and Rosenzweil, 1986),
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jon funetions, a serles of statistical

¢ OLS estimat produsti

onships (See Appendix
Test of differentials: The tost of neutrality of improved managenient et
Firstly, a staistical test has been conducied (o detemiine whether
about homogeneity in production functions across the sampl
waler source Wwithin the command area of the project, In an h : ment, allocation ol
resources. (such us seed, fertiliser, Tabour atid other inputs) by the fan. « 15 induced by the farmer’s expectation
about water availability on time and In adequate guantity, it s commonly obse iak bocause of the
inherent technological extemalitics, reliability of water supply to an ama is negatively related 1o its dist
from the water source thereby inducing farmers, belonging to different physical and socio-ceonomie elasses,
1o allocate resoutces enutiously and operate on different production functions. This analysis is catred out to
wvestigate whether in the IDA DTW 1T project such xternalitles were removed by the implementation and
transfer of improved management echnology to farriers,

Appendix Tables A=l to A7), Using
tests were conducted 1o examine the reluti

rrif i envifonment; as the atlocation of

The tests applied show that  the production functions are learly not homogencous overall for farm plots
focated at different distances (Table 2) from the water source. However, the interceps for middie-distance
and far-distance plots are not significantly different, This Indiemes that the performance of middle and far-
distance plots, in terms of technical efficiency are the same. But the intereepis between close and middle,
and close and far-distance plots are significanly different, The values of the ﬁucrmm coefficients (Tuble 3)
indicate that fam plots located close 1o the water souree are technically more efficient, "This test result also
indicates thut there s an inverse relationship between disance of farm plots from the water source fnd
technical efficiency. '

In terms of differences in the slopes of the production functions only close and middle distance plots gre
homogencous. This result suggests that despite improved management practiees production functions ucross
the distance groups are significantly different,

The second step is to find whether the prodiction functions are different between owner and 1enant operid
plots. The tests applicd show that, the production functions are significandy different both in intercept and
overall (Table 2). However, in terms of slopes, the functions e homogencous, In terms of technieal
efficiency the 1enant operators appenred 1o be more efficient (Table 4), IF one Is interested i the distributlon
of benefits it is Interesting to note thut the majority of the irrigated sample plots were operated by the owners
farmers,

Thirdly, an atempt has been made to test whether the fmproved management techinology is scale neuteal,
The results show that overall, smallest and small farnpsize groups opesate on the same production function,
However in terms of techmical cfficiency they are significantly different (Table 5). The values of the
intercepts show that the smallest farmesize groups are technically more efficient,

Comparison between small and medium farm-size groups shows that in all respeet they operate on different
production functions. In terms of techoical efficiency smail farm-size groups ore mote efficient than medium
size groups. However for medium and large farm-size groups, their teehnleat efficiency is not significantly
differcot bul overall and slope-wise they operate on different production functions ¢Tables 2 and 5), It is
interesting to note that the values of intercepts consistently decrease with the inereases in farmesize, From
this result one can argue that, i the TDA DTW project smaller farmssize groups are technically more
cificient in operating jrrigated plois,

Matginal Analysis: The above analysis of wsts of newtrality of improved management technology indicates
that all sample groups operate on different production functions, Therefore, for margingl annlysis 1 cxamine
the productivity of resources, production functions for each individunl sample group which have been
estimated are used separately, The regression results of these selected produgtions functions for each of these
groups along with the resulis of the pooled model are given In Tables 3, 4 and 5,



Table: 2 Test of Differentials in Production Functions

Test Intercept

Slope

Qvirall

Characteristics CF-Values  DF. FeValues DF,  FValues DR,
Plot Distance fraom Pamyp:

Close Vs. Middle 16.334° (1373) 0.56) (8,365) 2296 (9,365)
Middle Vs. Far 0,157 (1,103 2,302 (893) 2005 (9,95)
Close Vs. Far 4176 (1,262) 2.869° (8,256) 3041 (9,256)
Plot Ownership:

Owner Vs. Tenant 12,527 (1424) 1,748 (8416)  2.956" (Hau)
Smatlest Vs Small 4.859' (1.223) 0.370 (8215) 0858 ©.215)
Small vs. Medigm -11.880° (1227 12331 (8.269)  9.209° (9,269)
Medism Vs. Large 0.204 i1,191) 2605 (8,183) -20.333" 9,183)

* Significant at 5% level,



Table: 3 OLS Estimutes of Transcendental Production Function Models for
Samples from Dilferent Distances from Water Souvce.
Close Distanes Middte Distanice  Fap Distanes
Varlables Parain: Coeffl Standsrd Coefe  standard Coelfe  Standurd
] clents — Ereors  clente  Treors  clepts  Hreyr
Intreept ] A0 02 05T D46 L33 082
Pios Area (in 001 nere) i gt 0450 0362 0224 AN 041
% Q002 0004 0008 0008 0031 D008
Fentilizer (kg.) B 4014 0087 0262 0I6Y 00N 0337
¥ 0003 0002 0005 0006 0007 00N
Fanuly laboue On manadays) B, 003 0064 Dy s DR 0086
% Q008 008 0L03 0010 0008 0O
Hired Labous tin manays) i, 01719" 0070 0271 003 0355 0934
A Q001 0.004 Q004 Q0 0041 0.020
Nomber of Observations 2 162 51
R? 01 0.64 (.56
Al an 0.62 048
b Statisties nr 3329 6.72
Degrees of Freedom (8,212) (8,153) (8,42)

* Significant at 1% level,
# Significant at 5% level.

+ Significant at 10% level,



Table: 4

Sample under Different 'Wennre Status,

OLS Estimates of Transcendental Production Function Models for

Al Surple Grouy

gy Opersted Tonunt Opeyated
Variubles Params  Coeffle  Standard Coett  Stundard Coefthe  Standard
ders  elents  Ertory clents  Ereory clents — Breor
Tntercept « - - 928" 0212 LOSL 1118
Tenancy Dummy-1 t QT8 0213 o . - e
Tenancy Dummy-2 [ Q088 02 » - - .
Plot Area (10 601 sem) B 0876 0417 DORS 047 A4 G6uy
1 4007 0003 A0 o 0029 04
Fertitrzer (kg ) i LY aort A0 0077 0423 0434
% nnog oom 0003 000 a2 000y
Famiby Labouy On man-days)  f}, DI04 0047 DIt D047 Q010 0278
% ALGOGT K6 .00 0006 013 0040
Hirad Labour (n man -days} B, My 0Nss 0032 o087 0323 0236
% 0006 04 009 0003 Q018 0023
Number of Obsetvations 4 307 37
R 15113 0 062
fé'.! 098 0o 0.5}
I Stanstis 1942.57 Hsmn R
Diegrees of Freedom (10,424) (8,38k) (8.28)

¥ Significant st 1% level.
# Slgnificant at 5% level,
+ Significant at 109 level,
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Table: § OLS Estimates of Transcendental Production Function Models for
Different Farmssize Groups,

Sinallest Size Sl Koo Medlim 51 e !.n'rgu”Sl?}q

Yartatiles Purame  CoefM  Standurd Coofle  Standord Coee  Stordaed ool Standard
wlers elenls  Eerors  clents  Eorors  oents  Ereos  olests  Errors

Intercept f 0044 0420 36 osh 004 0385 1618 0838

Plot Area (In Q.01 acre) I8 0356 0258 0493 0306 LIBB 090 1408" 0498
W 0o 00t D002 0010 00200 0.004 Q004 0012
feruhizer (kp) 1A 0120 01e2 0082 (238 (4T G407 (0483 0280
1 H003 0008 0003 0.008 0008t 0.0m oo bom
Fanuly Laboer (n man-days) [, 000 0093 DT st 0 007 02210 ol
¥ a0l 00l 06 G0l 0004 009 00t 0012
Hired Labour (0 man-days)  f, 0416 0407 DY 0140 309 010 0300 0203
Y 0005 0010 0001 0000 0014 0006 Q0 0010
Nuinber of Ohservations 147 86 [kX) (4]
R? 058 060 0n 01
j’?“a 0.56 (1] 047 0.6
b Sutstes 277 18 0h A 2137
Degrees of Freedom (%,134) .77 (8.124) (8,59)

* Significant at 1% level.
# Significant at 5% level.
+ Significant at 10% Jevel,

10




The results of the pooled data nre presented in Table 4, and reveal that most of the cocliicients nre
significant, However, tesis npplied ubove Indieate that theso ostimntes dro plused because the paoled samplos
belong to different populations. For individual groups the signs of the coefficients are not always us expected
in theory and the coelficients are not always significant, However, the signs of the [} and y coofficlents for
the plol areu variable are, in the maln, consistont with theoretical expectations (e, B0 and y<0) except for
midgle-distance, tenant operated and small farmesize groups. But for the fertliser and the Iabobr variables
the signs of both the B und ¥ eouflicients are not consistent,

For fertliser, the signs of B and ¥ are consistent only for middle and farlistance and for small farmesize
groups. Similarly, for family labour, the signs are consistent anly for closexlistance, owner operated and
medium and targe farmesize groups. In the cuse of hired fabour Input, the signs are conststent only for close
and middle-disianee, tennt aperited and for large faem size groups,

Compartive analysis of mean input use and yield reveals thit per hectare fortiliser use Is much e same for
all sample groups, However, there are remurkable differences in the use of Jabour (both Fmily and hired
labour) and yleld (Tuble 6). In the ease of distance, yield is the highest (120 maunds poer heetire) for close
distance plots which could be Interpreted s that elose distance plots are favoured by the relishle supply of
water, The pattern of tnput use (Le. fortiliser and tabour) is similar between close and medinm distance
groups, However, in general, more hired labour is used In all <ample groups exeept in the smallest farm-size
and fur-distrce groups. U is revealed in the table that there appears 1w be u definite relationship botween
farm-size anct the type of fabour used, The higher the farm-size, the fess family fabour is used, The opposite
retutionshit  «ists with hired tnbour,

The results of the mean murghnal products and pomt elasticities of the faetors of production are presented in
Table 7. The mean marginal produci- and suiput elasticities of plot area are much the same for all Pample
groups except for large farm-size wroups. For the large furm-size group the marging! produst of plov acen is
the highest and outpul elasticity i+ grenter than ene, AL the mean of fertlliser input level marginal produels
are negative for fardistance plovs and for small and large farmesize groups, For fur-distance plois mean
marginal product of fertilizer is negative, ‘The mean fertiliser applicd is 27.3 Kg., i nwch higher than the
output. maximising level of 1.57 Kg.(Table 8), On the ather hand, for small and Inrge Tarmssize gronps the
mean marginal producis of fertilizer ure negutive beenuse, fertiliser is applica v the  stage of decrensing
retyrns, Comparisons of labour product vities indicate that, in general, hired tabourers ore mote produetive
than family labour, except for owner operated plots,

Comparisons between Tables 7 and 8, in tenns of mean Input use levels and owp ul maxhnising levels of
input reveal thil In most cuses, where it 15 possible 1o determine, the outpul max-mising level of input is
much higher than the mean level of inpm use. It appears from his result that there remains scope for
increasing output by substantial inereases in the levels of input use, However, as outnt maximising levels of
all inputs in all groups could not be determined it is not possible o distnguish the differences 1n the
technicn! efficiency of resouices use among all the sample groups.

Conclusions and Policy Impileations

i is necessary (o point out that, given the nature of the functional form, determination of the vuiput
maxmasing levels of inputs depends on the signs of the B and v coelticients. As mentioned carlier the
regression models estimated for different sample groups did not produce theoretically ideal signs and modul
of the B and ¥ coelficients for all inputs used in the model. Therefore, determination of the oup
maximising level of some fevels of input use was not possible, partieularly when output response from an
input was in the increasing returns stage and signs of both the § and ¥ coellicients of the inputs were the
same, Further, when the signs are the sume, the level of Inpur which maximises output becomes negative,
which is meaningless for cconomic interpretation, Therefore, figures from Table 8 should be Interpreted
carefully,




Table: 6 Mean Puddy Yield and Input Use per Hectare Under Different
Sample Groups.

Groups Yield Fertiliser Labour (in mansdays)

(in maunds) (in kg.) Family Hired
Pooled Diata 114,944 244,546 91,109 127,974

Plot Distance from Pump:

Close 120,160 241,997 89.216 128.686
Middle 109,183 254.273 84,742 137716
Fur 111013 226.609 116911 97.124

Plot Ownerships

Owner 115.954 240.454 91.741 129,490
Tenant 103.786 289.814 84,119 111,212
Smallest 106.580 254.671 114,047 102,671
Small 121,299 259.313 99.096 136.002
Medium 116.581 225.941 81,980 137,213
Large 122.020 240,530 48.676 155,291
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Table: 7

Mean Mavginal Products (MPs), Point Elasticities (PEs) and Mean
Values (MVs) of Factors of Production Under Different Sample Groups,

Sample Groups

MPs PEs MVs

MPs PEs MVs

Pooled Data

Piot Area (0.01 sere)

Fertilisors (kg

0,293

Plot Distance from Pump:

Close
Middle
Far

0.357
0.268
0.330

Plot Ownership:

Owner
Tenam

Farm-size:
Smallest
Small
Medium
Lurge

0.310
0.314

0.269
(204
0.324
0.614

Family Labour_(days)

Pooled Data 0.160
Plot Bistance from Pump:
Close -0.067
Middle 0.161
Far 0.155
Plot Qwnership:
Owner (155
Tenamt 0.086
Farm-size:
Smallest 0.175
Smal 0.278
Medium 0.108
Large 0.151

0.634 32.019

0,733 33.151
0611 31155
0.769 30.041

0.665 31.885
0.731 33.500

0,637 25515
a1 30,956
0.695 34,629
1,233 42.500

0.101 9.347

0040 9.627

0098 8329
0.134 11.176

0.967 9.292
0.059 9958

0.161 9.929
0.185 9.761
0,063 9.455
0052 7.333

0.032 0068 31.252

0.041 0083 32,393
0047 0307 31.047
-0.085 -0.180 27,338

0034 0,069 30.401
0.072 0,204 40.667

0016 0.040 26.798
0.290 -0.613 31.053
0,056 0109 31,140
-0,035 -0.068 41.522

Hirved Labour (days)

0.175 0.202 17.090

(.144 0.161 18,000
0.155 0.200 17.676
0.141 0129 11.811

0.161 0.188 17.298
(0.098 0.101 14.792

0.171 0.170 10.692
0.246 (1.302 18.027
0.132 0.153 18,708
0.004 0,005 26,789
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Table: 8 Output Maximising Levels of Inputs Under Different Sample Groups.

Groups Plot Area  Fertiliser  Family Labour Hired Labour

Pooled Data 122,57 8.67° NE NE

Plot Bistance from Pump

Close 399.50 4,67 4.63 179.00
Middie NE 52.40 NE 67,75
Far 66.67 1.57 NE 8.66"

Plot Ownership:

Owner 98.40 7.33" 106.00 NE

Tenant 8.31" NE 538 21.53
Farmesize:

Smallest NE 40.00 NE NE

Small 246.50 NE NE NE

Medium 69.40 9.40" 25.25 7.79°

Large 350.75 48.30° 9.61 27.27

The figure 1s not an output-maximising level of input and is rather to be interpreted
as an output-minimising level of input Le. beyond this level of input-use output
will increase a1 an increasing rate,

NE  Not estimated because they produce negative values for the maximum values of
inputs which do not have any economic meaning,
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The empirical findings of this sudy show thit despue 1avourable aceess 1o inputs with an improved wator
management sysiam, fem households did not benefit equally. In theif study, Shand and Kalirajan (1986) also
found simitur results for on frvigation development project, The analysis roveled that production technologics
are significantly different between sample groups. In offier words, the new improved management teehnology
wis toither distance neutral nor Size neitrel nor tenure ticutral, ‘

The mujor finding of this swdy is that technical officiency in production decrenses with litcreases i the
distance of irrigaied plots from the source of water supply. The implication of this finding Is that, wlthin the
comnund area of the project, access to water, declines with increasing distance of plots from the waer
source, It would appear that technological externalities have not been removed by the Improved mangement
teehnology, introduced in the IDA DTW project,

Differences in production performance among the varlous slze and tenure groups operuting within the IDA
DTW project indicate different yield responses from the same fevel of input applications per unit of land. It
could be that these differences indicate the differences between groups in the level of knowledge, or the
capacity to manage irrigation and the other componenis of the new technology,

Another explanation of the differences in production performance could be that they arise from variations in
the levels of maoagerinl or skill efficiency of individual cperators with which the improved manggement
technology was applied. The problem could be informational as well as motivational, However, explonation
of the dilTerences due to these factors is beyond the scope of this study.

The study suffers from several limitavons. Firstly, the study is fimited to one-shot cross-seztional data
covering only one trrigation seasoh. Any changes resuling from sueh institutiona) developmunt require
sufficient nme for the adjustment process to be completed (Schulz, 1978), Although the study was
conducted during the muture stage of the project adoption of all new farming ond tpanageient practices may
have not been completed i all the DTW schemes, particularly in those DTWs which were installed during
the completion phase of the project. Hence, the differences in the production techuology may not be
sustained over time with inereasing knowledge of farmers and consequently thelr more effective application
of the new technology. Secondly, inclusion of other explanatary variables sueh as topography and soll type
i the model may have produced different resulis, In that respeet the dats were also limited,
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Table; A<l OLS Estimates of Transcendentsl Production Function Models with
Distance Dummics,

Lovrlies Modd Glose e Middle  Middle g Var  Cose & F
Varlablis Parame  Cooffis  Standard Cocffle  Standurd Coeffle  Shindard Coeme  Standard

‘ elevs  clents  Brrors  clenls  Brrors  dleaty  Error  clants  Ereor
istanee Dusinyl 1 Q68 0213 080" 02 . . DA 0248
Distance Dammy-2 t OB 0214 0684 02019 0901 0385 . .
Distanze Dupomy3 A AR08 0219 » 2 AEME 0488 008 0252
ot Area Gin 008 sere) A 080" 0417 0,6}4' 0123 DA D184 LS 042
L1 006" 0003 0002 0004 Q008 0008 DO Do
Venihzer (kg) s aox aun 0072 08 0135 0450 0075 DORE
% GO 0z 000 002 0003 0005 DOpd OO
Family lsbour On man-days)  fi, G061 0048 01064 0048 0045 00 0087 0063
% a0 00 SO 0 o oom LI 0008
Hired Labowt G manduyyy i, DI 0058 D22g 0058 0050 008Y G011 0004
¥, QO0T 0004 0003 00 DY 0006 000" 0004
hunber of Observiions 434 383 b1k o
R? 098 098 047 .98
»e 098 0.9% 0.97 09%
P blatiatiss 171028 192712 696 1405.54
Degrees of Freedom (1 A3) (10373) (102 Y (10,262)

* Significant at 1% level,
# Significant at 5% level.
+ Significant at 10% level,



eital Production: Function Models for
Sammcs fmm diffcrent Distances fmm the Water Souree,

glme N’Jaﬂm V Wi l)iﬁam‘a

Varlables Parsms Coentls Standued mm- Standari Qo Standary
_ olors cleots  Fredrs  dleals  Brvoss mm Ervor
Tnteroept t {072 0252 ST 0446 L33 08
Mot Area (in 0.01 acre) (i 0799 0450 036F 024 14N 04N
% D002 0004 0008 D008 M 0008
Fortihzer (kg) f, 0014 D087 0263 0169 pMy o 033
Y 0003 002 DU D06 4007 00
bamily ibout Qi matedays) Gm? G064 GO 05 0075 006G
% A008 0008 D3 001D 005 002
Haredt Labour Gn manddays) i, 0 00m D271 0103 0355 0aM
Y AR 0004 004 G007 0041F 0020
Number of (brervations U 162 51
R 0 0.64 0.56
ﬁ"a Bt 0462 048
b Statisncs 9272 33.29 6.72
Degroes of Peeedom (8,212) (5,153) (§.42)

* Signiticant at 1% level,
# Significant at 5% level.
+ Significant at 10% level,



Tabl2:A-3  OLS Estimates of Pooled Transcendenial Production Function Models
with Common Intercept for Samples from Different Distances from the

Water Source,
Closs & Middle Ml & ¥y Close & Var
Variables Porame  Coelfi-  Buandand Coeffis  Standard ol Standand
eters  clenle  Lrror cients  lors  glents  Hior
Intereep 1 0581 0222 £0.894* 0384 D915 0250
Mot Area Gn 01 sgre) B 045" 0128 0803 0484 1071 0143
% A0 0.4 AR 0408 S0 0004
Femlient tkgs B L4022 00 0338 0150 QD004 0088
12 000 0002 0003 0008 o0at 000
Pamily labour Qn snanays) 0.126" 0049 0045 000 0008 0.0m
Y Q004 0008 0o o0 Q000 0008
et Labour (in man-days) B a2 0% 0050 0089 0021 0065
Y 000 064 02 0006 o010 0.0
Number of Observations 183 219 1
IR 2 0.7 (.58 072
fé“é 0. 0.56 on
b Stanstiss ERH] KER X! 8116
Degrees of Freedom (8,3714) (B,004) (8.203)

o

* Significant m 1% level,
# Significant at 5% level,
+ Significant ot 10% level,



Table:A-4  OLS Estimates of Transcendentnl Production Function Models for
Sample under Different Tenure Status,

Al Sadiple “ﬁ"’,“l’ﬁ Owner Opernted Tenant Operated

Varinbies Params  Coeftle  Standard Coatrte Standard Coefits  Btandurd
‘ olerd  cleats  Errors clents  Errors denis  Error
Intereept (1} . . Q08 022 L0811
Tenancy Dummy-1 ty D718 0213 - - w
Tenuney Dommy-2 oy H988" 020 - ” .
Plot Area Gin .01 acre) HY 0876 0417 ooRe' G017 A2 0699
% D007 00m 000 0.0 0029 004
Fembizer (k) [N D04 00m 0022 0017 0123 0434
Y 0004 0102 03 000 0002 00K9
Family Labour (n map days)  fi, 014t 0.047 006" 0047 HDO70 0478
% O D00 Rize il {000 0013 0040
Humad fabour (o man-daysy  ff, a9 Q058 0032 0.087 0323 020
f oo 0.004 0o 000 A0 o
Numbxr of Olwervations 434 397 3
¢ K] 9% 0 62
}3‘2 0N 070 051
b Siatstics IV2FAY) 11573 573
Pegrees of Freedum (10.424) (8,148) (8,28)

* Significant at 1% level.
# Significant at 5% level,
+ Significant at 10% level,



Table: A5 OLS Estimates of Transcendental Production Fanetion Models with
FarmssizeDunmies,

Al Sumple Groups Smolles & Small - Small & Mediom — Medlum & Vv

Varlables Pavame  Coeffle  Standard Coulb  Standard Coefih  Stuniderd Qoo Standura
olers clonts  Ervors  clents  Breors  cents  Beeors ot Rerors

Tiyomesize Dummy | o QT34 0315 0465 0299 " ) - -
Fann-size Dummy-2 oy O601° 029 Q038 0304 L0940 0080 - -
Famesize Dummys3 0ty D608" 0218 " - X4 A X« S 17 S | . k]
fiann - Dummy-4 tty £.538" 0227 . s " " 668 0345
Plat Ares (i Q.01 pere) 1A 0826° 0.8 041" 0481 0687 DO L4t o
% L0060 0003 0003 0006 004 DOO3 D01 00
Ventibizer (kg) b DO 0.0M 006 0427 0067 00 DA 0096
% 0003 0002 0001 0004 0008 o002 DOOK 0002
Family Labour (in man-days) 0098 0048 0038 007 0t 00se 0144 0060
% DONNS D00 04 omn 0003 0007 D10 D007
Hired Labour (n man-duysy  fi, Q082 0055 olad' 0078 G0 08 0089 0090
A 0006 0.004 0004 vy K6 0004 ooy 0005
Number of Observitlons 434 213 287 m
R 2 (7] 0yt .98 0.99
R* 098 097 008 099
b - Satistics 1610.06 795.19 157566 1320.15
Degrees of Freedom (12,422) (10,223) (02 (10,191

ignificant at 1% level.

* 8
# Significant at 5% level,
+ Significant at 10% lavel,




Table: A<6 OLS Estimates of Transcendental Production Function Models for
Difierent FarmesizeGroups,

Suwmtest Slze Simalt Stye Medium Slze Large Size

Varlables Pagaios  Coeffb  Standarid Coeffle  Stondard Cootils  Standard ool Standard
elory clonts  Erpdrs  clonts  Ervors  glents  Brroes  cionts  Eeeors

Intercep « 0044 0420 0036 081 L6040 0385 615 0838

Plot Area (in 001 acre) L 0386 0258 0493 0306 1.388" 0490 1A 0498
7 D03 0010 D002 0010 020" D4 0004 02
Fertitizer (kg) B 0020 0162 D082 0238 L047 0007 (483 B8R0
Y D003 0008 Q003 0008 0005 0003 0o oM
bamuly Labour (in man-days)  f, 0002 0093 017 ol 0100 D06 a2t ol
" 0016 0013 0007 0018 0004 0009 D02 0012
Hired §aliour Gn man-days) [l 0116 0107 0.230° 040 AO409 Q4 0300 0.2m
Y 0005 0nto 0004 00 oMt 0006 A0 0010
Number of Obsorvationy 147 B6 133 68
he 058 .66 012 099
}’?‘3 056 (.08 [N} 076
b Statesties ek ek 18.66 40.63 2.9
Degrees of Frecdom (8,138 (8,77) (LRSS (8,59}

* Significant wt 19 level.
# Significant at 5% level.
+ Significant at 10% level,



Table: A7 OLS Estimates of Pooled Transcendental Production Function Models
with Common Intereepts for Diffevent Farm-size Groups,

Al Bample Groups Smulles & Small  Sinalt & Meilure — Modlon & ), ge

Variables Param.  Coeffle  Standard Coelfie  Standerd Coeff  Stosa #d Cooftl  Standard
elers  clonts  BEreors  conls  Breoes  cehts  Freors  cimls Srrors

Trereep u D7 026 D160 0300 L0 0260 LTS 08

Plot Area (in 0.0) acre) [N 0858 OMIR 047 083 L0 00 LA 0aw
¥ Q007 0003 0002 006 D012 00 Q017 0004
Verbwer (kg) A Q06 0o 0086 0028 0087 0087 DA12 0008
¥ 0003 02 Q002 0004 0008F 0002 00067 0o
Family Labour (in man-days) 009 0.048 0me 0074 044" 0088 0.344" DD
% om0 00s oMs 000 H006 0007 0010 D0
Hused Labour th man-daysy i, a0 D0se 0w 00% Q048 00N 058 000
% oM 000 D006 0006 0007 0004 0.000" 008
Number of Observations 434 233 kLY A
R? 068 062 0on 074
R 067 0 a7 073
¥ - Stanses 11092 41.75 §4.43 69.95
Degrees of Feeedom (8,425) (8.224) 8,278) (8,192)

* Significant at 1% level,
# Significant at 5% level.
+ Significant at 10% level,




Table: A8  Descriptions of the Estimated OLS

Models for Different Sample

Groups,
Equation Description of Extimated Models Sume of Squaved  Nooof  No,of Paras
Numbir, Resldunls (SSR)  Obs: (N) miétays (B)
3 Covariance Mool with Distance Duminies S8R, = 61,346 434 K =1
2 Regression Model for Close Distance Plots S8R, = 22792 21 Kol &
3. Regtexsion Muodet for Medium Distanec Plots SSRy = 25368 162 K-l 8
4 Regrension Model for Far ! Mstanve Plots SR, = 8918 162 Rele 8
5 Cavariance Moded with C1sse and Medivm Distanee Dummies S5k = 48,752 m K =0
6 Pooled Model with Commaon Jntureet for Close and §8R, = 5U.887 383 Kef= 8
Mediam Dlistance Plots
7 Covanance Model with Medium and Far Distance Dummies S5R, = 37.519 213 K w10
B Peoled Mixde! with Common Intercept for Medinm ani S5R, = 37.548 213 K-z 8
Far Distance Plots
9 Covarance Model with Close and Far Distsnes Daraimies 88R, = 34.570 72 K s 10
i Pocded Modal with Coinmon intercept for Clase and S8Ry 35 121 m Kels 8
Far Distance Plows
] Covarance Model with {enaney dummy 85Rye 61 635 434 K =10
12 Repression Mode) for Owner Operated Plot S8R,y S04 7 K-ls 8
K] Regression Muode! for Tenans Operated Plots S8Ry 9552 ki Rele 8
14 Pooled Modet with Common Intercept for Al Groups 53Ry, 61 456 43 K-lw &
15 Covarianve Madel with Fasm size Dinnmies S8R, 61.654 434 K =12
3 Regrexsion Moddel for Smallent Fanm-size 850, 28327 147 Relw 8
7 Regrersion Mode) for Small Fann-size S8R 11388 R K-1= 8
1R Regrossion Model for Meduan Fann siz S8Ry 15190 133 .
19 Regression Moded for Large Famy sizg 85R= 9127 68 K-ts 8
20 Covanance Model with Smallest and Small S5Rye 3T 2R 233 K =10
Farm-size Dummies
21 Pooled Model with € Intercops for Sinall 8§81, 34029 23 Rl 8
and Smold Farm-size
2 Covatiance Model with Small and Mediom 8 e 30.326 by} K =10
Pamesize Duminies
k) Pooled Mindel with Common Intercept for Smali B8Ryy= 34708 87 K 8
and Medium Faem size
M Covariance Moded with Medium and Large 85Ry= 21.549 201 K =10
Tann-size Dummies
8. Possied Moded with Commaon Intercept for Medinm §8Rym 20,572 wm Kia §

and Smull Pann-stre




Table: A-9

Test of Differentials in Production Functions,

Test

Consteained  Unconsteained  BoStatistics

Degrees of

Criticst

Characteristics S88Rs  8SRy Freedom (5%)Value
Test of Differential Intercepts
Plot Distance from Pamp:
Close Vs, Middie S8R SSR, 16,334 (1,373) 3.84
Middle Vs, Fae S8Ry SSR, 0.157 (1,103) 392
Close Vs, Far SSRy S8Ry 4.176 {1,262) 3u2
Plot Ownerships
Owner Vs, Tenant S8Ry, SSBy, 12521 (1,424) 3.84
Eurisive:
Suallest Vs, Small S5R,, SS5R,, 4.859 {1,223) 3.84
Small vs, Medium S8Ry, SSRy, -11,880 (1,227) 384
Medium Vs, Large S8Ry SSR,, 0,204 (1,191 3.84
Test of Ditferential Slopes Veelors
Plot Distance from Pump:
Close Vs, Middle S8R, BSR, + S8R, 0.561 (8,365) 1.94
Middie Vs. Far SSR, S8R, + S8R, 2302 (8,95 .02
Close Vs, Fut S8R, 88R, + §8R, 2.869 (8,250) 1.94
Plat Ownersiip
Owner Vs, Tenant S8Ry, S8R, + S8R,y  1.M8 (8416) 1.94
Farnyssizes
Smallest Vs, Small S8Ry, S8Ry, + 8SRy,  03TH (R.215) 1.4
Small vs. Medium S8Ry, S8R,y + 88R,, 12,331 (8,269) 194
Medium Vs, Large S8R, S8R,y + 88K,y -2.605 (8,183) 1.94
Test of Ditferential Repression Across Groups
Plot Distance from Pump:
Close Vs, Middle S8R, S8R, + S8R, 2,296 (9.365) 1.88
Middle Vs. Far S8R, SSRy + S8R, 2065 995 1.96
Close Vs. Far S8R;s 8SR, + S8R, 3.041 (9,256) 1.88
Plot Ownership:
Owner Vs, Tenant S8Ry, 8SR; + 8SR,y 2906 (9,424) 1.88
Farmesize:
Smallest Vs, Small S8Ry S8Ry, + S8R,  0.888 (9,215) 1.88
Smatl vs, Medium S8Ry S8Ry + §8Ryy 6209 (9,269} 1.88
Medium Vs, Lﬂfge SSR” S8Ry + SSR]g 20,333 (9,183) 1.88




