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FOREWORD

This Research Report Series is funded through the project, "Streng-
thening Institutional Capacity in the Food and Agricultural Sector in
Nepal,”" a cooperative effort by the Ministry of Agriculture (MOA) of His
Majesty's Government of Nepel and the Winrock International Institute for
Agricultural Development. This project has been made possirle by
substantial financial support from the U.S. Apency for Interrational
Development (I'SAID) and the German Agency for Technical Cooperation (GTZ).

One of the most imporcanc activities of this projec*t is funding for
problem-criented research by young professional staff of agricultural
agencies of the MOA and related institutions. - This research is carried

out with the active progfessional assistance of the Winrock staff.

The purpose of rhis Research Repors Series is tc make the results of
these research acrivities available to & larger audience, and to acquaint
vounger staff and students with advenced methods of research  and
statistical analysis, It is also hoped that publication of thé Series
will stimulate discussion among policymakers and thereby asszist in the
formulation of policies which are suitable to the develspment of Nepal's
agriculture.

The views expressed in this Kesearch Report Series are those of the
authors, and do not necessarily reflect the views . of their respective
parent institutions.

Gerard J. Gill
Series Editor
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DIFFERENTIAL ADOPTION OF MODERN RKICE TECHNCLOGY
AND REGIONAL WAGE DIFFERENTIAL IN NEPAlL?®

Har{ K. Upadhyaya, Keijiro Otsuka and Cristina C. David®

ABSTRACT

In Nepal, which consists of ecologically distinct favorable
and unfavorable regions, modern rice technology has been widcly
adopted 1in favorable parts of the country. It is generaliv
believed that modern rice technology has accentuated the exlsting
regional income disparfity. Iln this study, however, vhich is based
on village surveys, wve found that despite tne significantly
positive effect of new technology on demand for hired labor, vage
rates are largely equalized across different eniironments due (o
permanen( as well as seasonal wigration from unfavorable 1o

favorable areas.

8 This paper was originally published as IRRI Agricul-
tural Economics Paper No. 88-19. It is reproduced here by
permission of the authors.

b Respectively HMG/Nepal, Ministry of Agriculture; Tokyo
Hetropoclitean University, Japan; International Rice Research
Institure, the Philippines. This paper draws heavily on a PhD
thesis by Upadhyaya (1988).



I. Intrecduction

Nepal is a predominantly agriculture-dependent country; 94 percent
of the economically active populatiun are engaged in agriculture
contributing 56 percent ot GDP 1n 1984. Within agriculture, rice 1s by
far the mest important crop occupying abou* helf of the total cultivated
area located nmostly in the twe ecoledically distinct regions of the
country, i.e., the hills end the tara: r lowland areas.

Traditionally, the liepalese population has been concentrated in the
hill regicn, includirng the Xathmandu talley. With growine population
pressure in the hills, and the eradication of malaria and construction
of highways linkin¢ the cast and western parts 1n the tarail, a large
number of the hill population have miyrated t¢ the <arai region since
the 1930s. The availability of uncuitivated frontier lané and the
higher =zroductivity associated w1tk more faverable production
environments in the tarai are considered tc¢ be the major factors, which
have attracted migrants from the nhills t¢ taraa ttheadka, 1977; Dahal et
al., 1977; llew Era, 1981).

The modern varieties (MVs) of rice were introduzed to Nepal in the
early 1960s tut their adoption was still limited to only 36 percent of
paddy areas by the mid-1980s (IRRI, 1985}. As in other develcping
ccuntries in Asia, dirrigation it a major factor constraining the
adoption of MVs, since their productivity effect critically depends on
the degree cf water control (Barker and Herdt, 19v853). The MVs of rice
have been more widely adopted in the tarai where most larye scale

irrigation projects were constructed in the 1960s and 1970s. Even



before the introduction of MVs, however, income of farm population in
the tarai was generally higher than in the hills (Islam, 1984). There
is con. ern, therefore, that the differential adoption of mcdern rice
technology has accertuated the existing regional income disparity
between the favorable and unfavorable arcas.l In the Uepalese
context, this meang not only between irrigated ané non-irrigated areas
nut alsc between the taral and nills regions.

The  eguity effect of the differential technology adoption
critically depends on the extent tou which the favorable and unfavorable
areas are linked by interregiovnal migration., If people migrate from
unfavoranle to  favorable areas responding to the wage differential
created by the difrerential adoption of new technology, wages in the two
areas wili tend to be evgualized., If the interregicnal labor market does
not adjust eftficiently to the wage differential, interregional income
disparity will widen, or at least persist, as adcption of new technology

sreads 1n the favorable areas (Evensoi, 1475; Quizon and Binswanger,

No research, however, has been made to examine the impact ot modern
2

rice technology on interregicnal income distribution in Nepal. In
thiz paper, we will explore labor supplv adiustments to the differential
atoption of new technclogy toweards the vinalivetion of wage rates across
Eroaucticrn  environment throu.b.  permonent and  sessonal  migration.
Specifically, the following guestions are asked. First of all, whether
and to what extent 4id the adoption of modern rice techrology raise the

labor demand? Secondly, did migrati.rn in fact result from the



differential shifts in labor demand? aAnd finally, did the migration
contribute significantly to closing the interregional wage gap, which

otherwise would have existed between favorable and unfavorable areas?

II., sampling Procedures

In MNepal, the availabilityv of official data necessary to answer the
above questions is extremely limited. 1In this study, we conducted two
sets of surveys from August 1987 to January 1988. The first is an
extensive survey of 42 villages located in wide areas of hills and
tarai which served as the basis f{or estimuatine migration, wage
dirferential and technology adopticr functions, Data on vields,
technology, iabor market characteristics, seascunal migration, and
history of permanent migration at the village level were cbtained by

interviewing knowledgeable farmers. The villages were selected by a

stratified random sampling procedure from @ si. districts using
environmental and technology informaticr cktained from district
agricultural officers. Twe of the Jdistricts are the largest rice

growing areas in the tarai portion of the tastern Region (see fig.l).
The other four districts (two each in the hills and the tarai,
respectively) are the leading rice growing areas in the Central Recion.
Nearly two-thirds of the country's total paddy area and production
originate from these two regions.

The second set of data which i1s the basis for estimating labor
demand function is an intensive household survey of two villages, each

representing the favorable and unfavorable production environments.



Trese villages, both located in the Sarlahi district in the Central
Region, were selected from the extensive survey, The two villages,
which are adjacent to each other, were deliberately chosen for ease of
identifying the labor demanc wffects of irrigation and modernn rice
technology as ractor and ocutput prices ond other characteristics of the
production environment besides irriqgatior arve highly similar., A census
ot all households was first conducted to collect micretion information.
Lztailea data on production related guestions were then collected from a

sample of [armers.

III. Labor Demand and Migration in the Tarai

It has been well established by a large number of case studies
conducted in other countries that the MV rice increases the labor
demand, in general, and the hired labor demand, in particular (e.g.,
Barker and tlerdt 12885%). MVs considered i those studies were either the
IR varieties developed by the International Rice Fesearch Ingtitute or
the crosses hbetween the IR varieties and lccal varieties which are
characterized by short stature, non-photopericd sensitivity, short
growth duration, and fertilizer responsiveness. The dominant "nodern”
variety in  hepal, however, is Masuli, which was developed by the
assistance of Japanese sclentists in Malaysia in 1965, using the Ponlai
variety {or Taichung 0%} and the local variety as parents (Kawakami
1983) . HMasull is generally less responsive to fertilizer application
and  thus yield gain over local varieties is more modest than the

Ik-varieties. This variety, however, 1s adawntable over wider areas



including the cold environment which may explain its popularity in

Nepal.

Characteristics of two tarai villages

Labor demand effects of Masull is analyzed using the intensive
survey of 2 villages in tarai. In one of the villages (called the
favorable village) almost 90 percent o cultivated area is irrigated.
Settlement in this village started only in  the early 1950s. An
irrigation dam was constructed in the late 1luyGus but widesprcad adoption
cf MVs did ncot take place until Masuli was introduced in the mid-1970s,

he other village was scettled i as carly as the 1930s but the lack of
irrigation hindered the widespread adoption of MVs. Lately, however, a
few farmers have started using deepwater tubewells for irrigation and
adopted the Masuli.

Although the favorable wvillage 1is larger than the unfavorable
village in terms of the number of households and the total cultivated
area, the average farm size was much smaller (table 1). While the ratie
of irrigated paddy area 2nd the rate of MV adoption were higher in the
favorable village, there was uno difference in *he overall cropping
intensity. Rice is produced once a vear 1in almost all fields in the
favorable village but only in 60 percent of areas in the uniavorable
village, reflecting the difference in the production environment for
rice production. The tfertilizer aprlication measured in terms of
nitrogen and paddy yield per hectare were significantly higher in the
favorable village, though they are not high as compared with ather Asian

countries.



The number of working family members above 15 ycars and below 60
years of age were larger in the favorable villace inspite of <he smaller
farm size. Moreover, the ratio of agriculuural  landless worker

households was higher 11 the favorahle village. fhere seems to Le nho
appreciable difference in the guelity ol labor between the two villages,
judging from the ratio of working family members whe completed the five
years of primary schocl education. Tnus, the supply of labor relative
to land seems higher in tvhe favorable village than in che mfavorable
village. The major guestion 185 how the difference in the adoption of

modern rice technoloyy affected the structurs. of labor demand in the two

villages.

Labor use in rice production

Table 2 presents the labor use per hectare, measured by mandays, in
rice production by activity in the two villages. In land preparation
and crop care, the labor input was modestiy higher in the favorable
village, but 1in cther activivies ne difference was observed. As a
result, the total labor input per hectare was higher in the favorable
village only by 10 mandays, whi<h is far from impressive.

Labor input usually increases with the adoption of Mvs,
particularly in crop care activity due to the larger appliication of
fertilizer and the resulting need for weeding, and also in harvesting
and threshing activities due to higher yield per hectare (Barker and
Cordova 1978). Yet in the villages under consideration, fertilizer

application was guite low and the yield difference was relatively small.



Consequently, the aggregate labor demand effect of the modern rice
technology was small.

Nonetheless, the composition of the family and h'red Llabor was
remarkably different between the two villages. The hired “abor input in
mandays per hectare was 118 days in the favorable village compared with
101 days in the unfavorable viilage. ©On the other hand, ‘he family
labor input in mandays was smaller in the favorable village than in the
unfavorable village, despite the fact that the farm size was smaller and

the number of werking family nembers was larger in the former viilage.

Therefore, the effect of modern ice technology on the ~omposition of

labor demand seems substantial.,

Estimation of labor demand function

We have estimated the labor demand functions per hectare separately
for hired and far” lapor, using the double log specification except
for the variables cxpressed in ratios. The wage rates and other ractor
prices are not included as independenrt variables hecause of the lack of
variation between the two villages which are only 6 Rwms apart.

Equations (1) and (3) in table * show estimation results of the
labor demand frunctions by the ordinars least scuares method including
the rate of MY adoption es on independent veriable. The MV variable is
highly significant in the hired !<bor demand regressicii with
coefficient of 0.49, which literally implies that the complete adoption
of MVs raises the demand for hired labor by as much as 49 percent.
There ils no evidence that an increase in the use of hired labor reduced

the demand for family labor, since the coefficient of MVs in the family



labor demand function is non-significant. As expected, larger farm size
is associated with larger employment of hired labor and smaller
enployment of family labor, whereas the number of working family members
Las opposite =ftects.  The ratio of educated working family members and
tenancy dummy, however, do not have any significant effects in either
equation.

Somewhat surprisinglv, the irrigation ratio is not significant,

either. Yet &s the estcimation resuli of MV adoption function shown in

n

eguation y  demonstrates, which is based on the two-limit probit
regression proposed by Rosett and lelson (1975), the irrigation 1is
undoubtedly a highly significant factor contributing to the adoption of
MVs, Therefore, the irrigation aftects the labor demand indirectly
through its effect on the M adoption. indeed, if we omit the MV
variable and estimate the reduced form equations, the irrigation ratio
turns significant in the hired labor demand tunction [sec eguaticn (2)1.
1t is also found that neither the rarm size nor tenancy dummy has
significant coefficient in the MV adoption tunction, which 1s consistent
with' %he generaliration of Ruiltan (1972} on the green revolution that

tenure difference ard the difference in ferm size arc not important

sources of dirferential growth in productivity,

IV. Modern Rice Technology and bLabor Supply Adjustments

Since the MV technology is intensive ir the use of hired labor,

wage rates of nired labor will increase, at least in the short-run, in

the favorable areas adopting the new technology. The wage differencial
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is expected to induce migration from unfavorable to favorable areas
equalizing wages in the long-run.

Permanent migration from the hills, the genzrally unfavorable rice
areas, to the lowland tarai region is a well-known demographic
phenomenon in the Nepalese histery. Official district levet data where
the extensive survey was conducted indicate the relation among  land
endowments, irrigation, and population growth (table 4). In general,
man-land ratic was higher in the hills in 1971 but was largely equalized
in che two regions by 198l. An exception is Sarlahi where the man-land
ratio was higher than in the hill é&istricts in both years, This
district, however, was characterized by the highest proportion of
irrigated area, much of which were constructed prior to the 1970s. The
increase in man-land ratic was highest in Morang, which initially had
the lowest man-land ratio.

The more rapid growth in man-land ratio in the tarai was due mainly
to the much hi ter growth in population, though the cultivated area also
increased in the tarai compared to the hill districts. The average
annual population grcwth rate in the two hill districts was 2.1 percent,
whereas the corresponding figure in the four tarai districts was 4.4
percent from 1971 to 1281,

The large difference in the population growth rates between the
hill and tarai districts irndicates substantial interregional migration
from the hills to the tarai during the 1970s. Moreover, the facts that
the labor was more scarce relative to land in the tarei in 1971 and that
the tarai districts are more favorable in terms of irrigation strongly

suggest that the availability of land and the adoption of modern rice
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technology in warai were important pull tacters in the hill-to-tarai
migration. In this and the following =cction, we explore the causes and
the consecuences of such demographic hanges with particular focus on

the impact of moder:i rice tecunclogy ard the reuicnal wage differential.

Characteristics of Sample Villages

Table 5 shows the characteristics of 42 sample villages in the
extengive usurvey classified by the region and by irrigatior. Purely for
tne expository purpose, villagesz in which more than 30 percent of area
was 1irrigated are ceonsidered favorable. In general, the ratio of
irrigatea area was much higher in the tarai than in the hillis. Due to
the difference in the availability of irrigaticn water, the adoption
rate of MVs was higher in favorable than in unfavcorable villages.
Within the favorable environment, however, there isg no difference in the
ratio of MV adoption octween the tarai and hills, despite the fact that
the irrigation ratic was iower in the hills,

The difference in the averace raddy yvield was closely related to
the difference in the ratio of irriguted area, the hicghest being 3 t/ha
in the favorable tarai wvillages and the lowest beinyg 1.6 t ha in the

unfavorable hiil villages. On the other hand, cropping intensities were

~

elatively similar across four areas.

The average farm size and paddy area per farm were found to be
greater in the tarai than in the hills., The ratic of paddy area was
larger in the tarai, becavse rice is a dominant crop in this region.
Corresponding to the larger farm size, the ratics of landless households

were much higher in the tarai than in the hills. This may be the result
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of the migration of landless and near-landless people from the hills to
the tarai. 1t must be alse obscrved that the ratioc of landless
households was higher in the favorable “1llages than in the unfavorable
villages in both regions. This is crrsistent with cur hvpothiesis that
the modern rice technology attracts the migration of landless
nouseholds. Yet the ratio of the landless households in the hills was
very low even in the favorable villages. This may be explained by the
greater availlability of seasonal misrante in the hills during peak
seasons, such as trancsplanting and harvesting (sec table 5).3 Unlike
in the tarai, where rice is a dominani. crov, mamy different crops are
grown in different villages with diffcrent peak seasons in the hills.
Therefore the short-distant seasonal nmigrants are readily available ir
the nills, even though the transportatior netweork is poorly developed in
this region. The availability of off-Iorm jobs may be also an important
tactor in rural labor market, but there appears to be no systematic
difference in the accessibility to commercial centers across areas in
terms of the distance from the villacves.

The above observations suggest the hypotheses that the MV adoption
is largely determined by irrigation .rd “hat the rightward shift of
hired labor demand function arising frorn. the adopticn of modern rice
technolegy was followed by the rightward shift of hired labor supply
functions due to the permanent inmic:eation of laraless people and also
due to the seasonal inmigration. These hypotheses will be subjected to

the statistical testing below.
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MV adoption, landless population, and seasonal migration

We estimated the MV adopticen funcuion, landless ratio function, and
seasonal inmigration function, expressing dependent variables ac ratios
and employing essentially the same set of independent variables in three
functions. Information on the rate of permanent miyration obtained from
the extensive survey, however, was of very dubious quality due to the
difficulty tor farmers tc recall the dates and the number of migrants iIn
the past. Results of intensive survey indicate that the ratio of
landless households is positively rolated with the adoption of modern

. - 4 . . .
rice technology. Hence, the ratic o1 landless households was used
as a proxy variable for permanent inmaigration,
i ; ) o 5 , .

The regression results are shown in table 6. Again, it is found
that the irrigatiorn is a major determinant of MV adoption, whereas tarai
dummy, distance rfrom the nzarest commerciel center, ané the farm size
are unimportant. ‘The coefficient of the ratio of owner cultivator is
significant, which suggests that owner cultivators were more active in

6
the adoption of innovation.

The second equatior. in table 6 shows that the irrigation affected
the ratio of landless households positively, which supports our
hypothesis that the adopticn of modern: rice technolouy represented by
irrigation cum MVs affected the labkor supply positively by attracting
the landless population from less favorable areas. Both tarai dummy and

. o s e . 7
the average farm size have positive and significant coefficients.
These findings suggest that the landless migrated to tarai not only

because of the larger demand for hired labor associated with the larger

farm size in the tarai, but also because of other possible advantages,
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such as the lower man-land ratio and the larger opportunity to become
tenants.8 The distance variable, whose coefficient is also
significant, is likely to capture certain advantageous effects of remote
area on the hired labor employment, such as the larger skewness of farm
size distribution, which would result ia the larger aggregate hired
labor demand.

The goodness of fit of the seasonal inmigration function is low,
essentially because of the difficulty to obtain accurate village level
information ¢n the extent of scasonal inmigration during peak seasons.
This was particularly so in the hills, where production environme:rts are
quite diverse even within one village. It 1is remarkable, however, to
find the positive and significant effect of irrigation and negative and
significant effect of tarai dummy on the seasonal inmigration. The
positive effect of irrigation renders clear support for our major
hypothesis that the modern rice technology increases the seasonal
inmigration by increasing the hired labor demand. On the other hand,
the negative locatiocnal eiffect of tarai is consistent with cur earlier
cbservation that the seasonal migration is less common in the tarai
because of the dominance of rice production. The coefficient of output
sharing harvesting contract dummy is positive and significant, because
everybody can participate in harvesting under this contract, unlike the
case of daily wage contract, which often requires certain
gualifications,

To sum up, differences in the landless ratio and seasonal
inmigration across different environments are observed to be consistent

with the hypothesis of interregional labor market adjustments to the
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differential adoption of modern rice technelogy and the differential
endowment of land relative to labor. Particularly interesting is the
finding that the supply of the casuai labor tends to be higher in the
tarai because uf the higher ratio of the landless but lower because of
the lower availability of seasonal inmigrants during peak seasons. How
+rhese characteristics are related to the regicnal wage differential is a

topic to which we now turn,

V. Technology and Kegional Wage Differential

Regional wage differential

The average wage rates of casual laborers in major activities
across the hills and the tarai villages classified by production
envircnaments are shown in table 7. Wages are standardized to eight
hours work a day and expressed in real terms using paddy price as a
deflator. The wvalue of free fued provided by employers wes estimated
and included in wage payment. Female workers usually perfurm jobs that
regquire relatively  Jess  physical  sirength  such ds transvlanting,
weeding, manuring, and harvesting, whereas male workers are mostly
engaged in plowing ana threshing, which rejuire more physical effores.
In table 7, therefore, gender-specific waye rates are shown. [n certain
villeges in  the rtarai, outpat sharing contract was practiced in
harvesting. 1In such cases, we have vstimated the imputed labor earnings
per day.

Except for land preparation, the difference in wage rates between

the hills and tarai was generally small. Wage rate was higher in the



hills in land preparation partly because of the larger physical efforts
required to plow paddy fields located in mountainuous topography. The
difference in wage rates “etween the favorable and unfavoralble villages
within the tarae:r was denerclily smell, whercas i- the hille wase rates
are  consistently higher 1 the favorabie villages  than  in the
unfavorable villages.,  This may be partly explained by the fact that
unfaverable villages are located more romote arecas i the hills.

The imputed wage rates under coutput sharing contracts were much
Algher then the dally wage in harvesting. According to the theory of
contract, the daily casual waue is likely to be lower than the imputed
contract wage, partly because daily wage workers are less motivated to
work since their income is fixed regardless of their cfiorts, and partly
because more able workers prefer the output sharing contract to the
daily wage contract for its higher remuneration at the hicher level of
work effortyg (Stiglitz 1975; Roumassct and Uy 1980; Ctsuke and Hayami
1988) .

In general, wage rates were different #for different activities.
Therefore, we estimated the wage rate functicns sep..rately for land
3

ng, weeding and manaring, harvesting, and

V-

rreparation, transplant
threshing. 7The dailv wage rates were almost identical between weeding
and manuring, and harvesting. For hevves'ing wace function, we used the
imputec wage rates where both daiiy waige ard output sharipg contracts
coexisted, since the lat'er contract was more prevalent in every
Case. We do not have explicit o tu on labor guality, but activities
considered here are unskilled, standardized iobs, and hence, 1t is
unlikely rhat the qualitv differences in workers can explain a major

part of the regional wage differentials.
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Estimation of Wage Determination Function

ideally we sbould like ve identify separately the direct effect of
medern rice technology on the wage rate through its effect on the hired
ltabor demand and its indirect, cffsetting effects on the wage rate
through its influunce on the ratic of landless population and the
seasonal inmigraticn. We could not estimate such simultaneous cquation
systems, however, because of the paucity of exogenous variables.
Theretore, we simply estimated the reduced furm wage rfunctions employing
“he same set of i1ndependent variables as in  the estimation of My
cdoption, landless ratio, and seasonal inmigration functions.

According %o the estimation results shown in table 8, none of the
estimated coeflicients of irrigation ratio is sivrificant, cven though
they are ccnsistently positive. Given that the irrigaticn was a major
determinant of MV adeptiorn and that the adoption of MVs signirficantly
raised the hired labor dem:nd, non-sicnificant wage ecffect of irrigation
car hardly be cxplawned unless we take Into account the subseguent labor
supply adjustments to the higher labor cemand throuah the chanyes in the
landless populoc:orn ond seasonal inmicroetion.

fuch intervretaticn s reinforcoed by the 1inding that the tarai
dummy has significant and negative coerfricients in non-peak season
activities of land preparati.n and threshing, but positive, though not
always  significant, coefficlents in  peak  season activities  of

- . , 10
transplanting, weeding and manuring, and harvesting. The schedule
of non-peak activities can be s!'ugoered, whereas the peak season
activities cannot be delayad without sianifican* production loss. While

the labor demand for non-peak seascn activities is generally met with
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the supply cf family lapor and the :esident landless labor, seasonal
migrants become an i1mportant scurce of the labor supply during the peak
seasons. As was shown 1n the last section, the tarai 1+ charactericed
by the larger supply of the resident lardless and  the lesser
availability of seasonal inmigrants compared - .th the hills. The lower
wage rates during non-peak scasons and somewhat higher wage rates during
peak seasons in the taral are clearly consistent with suck dif<e rence 1o
the labor market characteristics between the twe regions. An important
implication of this finding is that the "average" wage rates throughout
the crop seascn would not be different substantially between the hills
and tarai.

The estimated coefficients of distance from village to the nearest
commerclal center are consistently negative and significant, which would
reflect che difficulty of conveving the labor market information and the
large cost of travelling to distant areas. The farm size is found to
have no effect on any wauce rates, over though it is positively
associated with the hired labor demanc. The ratic of owner cultivators
nas  significant  coefficient  only .o transplanting, whereas the
harvesting contract dummy thas  large  and significantly positive
coefficient in harvesting wadge regression.

The statistical cvidence provided in this section, coupled with
carlier findings or the labor suppl, odjustments, strongly supports the
hypothesis that  the interragional labor  markets in  MNepal  are
sufficiently integrated so that the adiustwent of supply and demand in

local labor markets leaves no significant ditferences in the wage rates
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over wide rural areas through permanent as well as seasonal migration.
This 1is remarkable in view of the fact that  the faverable and
unfavorable areas arzs, in a large measture, geographically separated and
the transportation and communtcation facilitles are underdeveloped in

depal, so that the migraticn costs appear to be far from negligible.

VI, Concluding Remarks

Analysis on the indirect effect o technological change on income
distribution has been largely neglected in  the ¢reen revcolution
literature. 1In this study, we focused on the cffect of the differential
adoption of modern rice technology on regional wage differvential with
special reference to the adjustments of labor supply to the shift of
labor demand in Nepal. We found that responding to the increased demand
for hired 1labor due to the adoption of the MV technology, the
interreqional labor market adjustments in the form of permancnt ac well
as seasonal migration from unfavorakle to favorable arcas toock place so
as ts egualize wage rates between the different production ernvironments,
As a result, as far as the averayge vage is concerned, ne substantial
difference was ubserved between irvidated and nor-irrigated areas and
between such yeographically separated favorable zod unfavorable arcas as
the tarai and the hills.

An important policy implication of our anelysis 1is that the
adoption of MV technology in favorable area did not create the
significant regional income differential within the poor segment c¢f the
rural population, whose livelihood depends on wage earnings, despite the

fact that it created the regional productivity differential. 1In HNepal,
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rice yield is still very low and the most widely grown variety 1is
Masuli, which is not as high yielding as more "moderrn" MVs. In order to
raise the efficiency of rice production in Nepal further, the
deveiopment of new MVs suitable for Nepalese environment ic needed.
Like Masuli, however, productivity gains from such varieties will be
limited mainly to favorable part of the country. However, the trade-off
between efficiency and equity arising from such technology development
will not be as large as commonly thought judging from the efficient
adjustment of interregional labor market towards the equalization of

wage rates across regions observed in this study.
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FOOTHOTES
1 . .
The same concern haz been widely :xpressed in the green

revolution literature (Lipton, 1985; Ruttan, 1978).

2In India, several cross-sectional studies found the positive
impacts of modern rice technelogy o waje rates (Bardhan 1979; Dhar
1984; Johl 1975; Lal 1976; kozensweiy 1984). These findings, however,
are based on the wage data in the carly 1970s, when the substantial
change in technology was taking place. A morce recent study in the
Philippines by Ctsuka, Cordova, and David (1988) found no such relation

between the technology and wage rates,

3 , - Lo

Data on the ratic of seasonal inmigrants to the total number of
hired laborers shown in table 6 refer to the average ratio in
transplanting and hervesting, since the importance of seasonal migrants

did not differ significantly between these two peak season activities.

Upadhyaya (1988) found rrom the intensive survey in the tarai
that the ratic of landless has increcased over time in the favorable

village due to¢ inmi¢ration hut not in the unfavorable village.

5 . . , .

We omitted the ratio of owner cultivator and included the duwmmy
for the practice of output sharinc contract in harvesting in the
seasonal inmigration function, because there is no economic reason to

assume that the ratio of owner cultivators affects seasonal inmigration,
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whereas the practice of output sharing contract, as distinct from the
dail'r wage contract, .is considered tu attract seasonal inmigrants since
everybody can participate in harvesting under this contract,
6 . .
In the green revolution literature, however, there 1s no
definite consensus on the effect of tenure con the adoption of new
technology. See, for example, a survey vy Feder, Just, and Zilberman

(1985) .

7 , , . .

We considered the farm size as exogenous, since 1ts difference
was not well explained by other exogenous variables including
irrigation. The lack of farm sizc adjustment te the dirference 1in

technclogy is 1likely to reflect rhe imperfection of land market

emphasized by Binswanger and Rosenzwelig (1984, 1986€).

8Upadhyayez ’1988) observed that some of the landless and near
landless people, who have migrated from other areas, have become tenants

1n the intensively surveyed tarai viilages.

9 . . .
Totally we have sixteen cases 1n which the twc contracts
coexisted.
10 - . .
Although the labor demand for weeding and manuring are less
+ime-bcund than trensplanting and harvesting, seasonal inmigrants were

also emploved in these activities.
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TABLE 1

Socioeconomic Characteristics of the Favorable and Unfavorable Tarai
Villages in Nepal Based on the Irtensive Survey, 1987.

Favorablie Unfavorable
village village
No. of households 31¢ llo
Average farm size (ha) l.¢6 2.1
Average paddy area (ha): 1.6 1.3
Ratio of irrigated area (%) 89 9
Ratio orf MV adoption (%) 70 5
Cropping intensity 2.1 2.0
Pice cropping intensity 1.1 0.6
Fertilizer (nitrcgen kg/ha) 15.5 7.7
Paddy yield (t/ha) 2.45% 1.87
Mo. of working family members: o 4.0 3.6
Ratio of educated (%)b 65 61
Tenure (%) :
Owner cultivators 51 53
Tenants© 17 26
Landless 31 21

aThe number o family members

bEducation is defined
schooling in primary school.

c
Includes owner-tenants.

as

above 15 and belcw 60 years of age.

the completion of five years

of
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TRBLE 2

Labor Use per ha in Rice Production in the Favorable and Unfavorable
Tarai Villages in Nepal Based or the TIntensive Survey, 1987 Wet G5eason
(mandays/ha)

Favorable Unfavorable
village village
. . _a
Land preparation 38 33
Transplanting 36 36
b 2
Crov care 44 39
Harvesting and threshing 41 41
Total: 159 149
v 12C
Family 41 48
d
Hired 118 101

®Includes plowing, harrowing, puddling and seedbed preparation.

b . s . - . . .
Includes fertilizer and pesticide application, manuring,
irrigating, and weeding.

c 5
Includes exchange labor.

d
Includes permanent labor.
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TABLE

Regression Results of the Demand Furctions for Hired and Family Labor
rer Hectare, the Favorable and Unfavcorable Tara: Villages in Nepal Based
or. the Intensive Survey, 1987 Wet Seascr.

Loy hirea labor oy rfamily labor MVa
{1 v (3 (4) (5)
intercept 4.80 4.83 2.16 3.15 -.81
(22.91) (22.37) (8.v4) (6.98) (-4.96)
MV .40 ~.13
{2.56) v=.40)
irrigation ratio .05 .38** -.23 -.32 1,82*%%
(.29) (3.21) {(-.77) (-1.65) (9.13)
Log farm size ST R . 55%* ~-.B9** - .69** -.04
(6.57) (6.57) (-4.98) (-5.05) (=.57)
Log working members —,40%% -.50** .69x* LT70**
(=3.78) (-3.71) (2.1e) (3.18)
Ratio of educated -.11 -.11 .01 .01 .08
members (=1.07) (-1.00) (.06) {.0%) (.85)
Tenar.cy dummy -.05 -.10 -.11 -.10 -.33
(-.39) {-.80) {(-.51) (-.406) ~1.20)
E” .45 .40 .31 .31
{(Log-likelihood) (~69.,10)
Y-value 10.85 10.97 6.35 7.67
1Chi-square) (174.71)

t-values are .n parentheses: **significant at the 1% level, and * at
the &+ level.

“rwo-limit probit regression.
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TABLE 4

Man-Land Ratio anda Ratios «tf Paddvy and Irrigated Areas 1n Selected
Districts in Nepal.

Man-land ratlob Katio to cultivation
District (persons/ha) area in 1981 (%)
1971 1981 Annual Paddy Irrigation
growth
rate
(%)
Hills:
Muwakot 3.8 4.5 1.7 44 11
Kabhre 3.9 4.9 2.3 29 9
Tarai:
Sarlahi 4.1 6.1 4.1 65 80
Chitwan 3.3 4.7 3.5 49 24
Morarng 2.8 5.0 5.9 79 41
Sunsari 3.1 4.8 4.4 64 44

aE‘rom the Central Bureau of Statistics (1986, 1987).

b . . ,
The ratio of population to cultivated area.
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TABLE 5

Socioeconomic Characteristics of Sample Villages in the Extensive Survey
by Region and by Environment in Nepal, 1987 Wet Season.

Hills Tarai
Favoralb:le "nfavorable Favorable Urfavorable

No. of villages 7 9 17 9
Irrigation ratio {%) 34 4 70 11
MV adoption (%) 73 13 69 le
raddy yield (t ha) 2.7 l.6 3.0 2.2
Average farm size (ha) 1.1 1.0 1.9 1.8
Average paddy area (ha) .6 .4 1.5 1.3
Ratio of landless

housenholds (%) 5 2 30 20
Ratio of owner b .

cultivators (%) 89 91 49 70
Ratio of seasonal

immigrants (%)° 41 3 21 12
Distance from the nearest

commercial center (km) 3.7 5.0 3.4 2.5

aRatio to the total number of households.

b ) ) . .
Ratio tc the ctotal number of farming l.ouseholds excluding the
landless houscholds.

c . . ; . .
Ratlo to the total hired labor during peak seasons of transplanting
and harvesting.
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TABLE 6

MV Landlesg feasonal
ratis inmigration
ratio
Intercept -.15 -.12 -.08
(-.78) {=1.00) (~-.26)
irrigation ratio LBiEH Sl . 28%
(5.77) {2.10) (2.02)
Tarai dunamy .08 L17%* ~.20*
(.93) (2.90) (-1.82)
Jistance -.01 2% -.01
(-1.18) (2.39) (-1.07)
Log farm size -.01 .04 -.01
(-.20) (2.20) {(-.10)
Ratio of owner .25% -.06
cultivator (1.73) (~.68)
Contract dummy .23%
{2.39)
B .57 54 .24
F-value 9.68 8.47 1.80

t-values are in parenthesus:

Y., 5% level.

**cignificant ut

the 1% level, and * at
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TABLE ~

Daily Wage Rates of Hired Labor by Ac:iivity and by Environment, Sample
Villages in the Extensive Survey :n Nepal, 1987 Wet Season (kg
paddy/dayv) .

Hills Tarai
Favorable ""nfaverable Favorable Unfavorable

Land preparaticn

(male) 7.45 £.56 5.77 5.66
Transplanting

female) 4,62 4.14 4.74 5.19
Weedlng ond manuring

(female) 4,45 3,94 4.48 4,76
harvestina 4.45 4,10 4.48 b 4,76 b

(female) (10.88) (9.78)
Threshing (male) 6.91 ©.453 6.97 6.47

a ) B .
Standardized wage rates for eight hours vper day, expressed in
real paddy terms.

imputed wage rates per day under output sharing arrangements.
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TABLE 8

Functions Basced on the Extensive

Land Trans- Weeding & Harvest- Thresh-
prepa- planting ranuring ing iny
ration
Intercept 1.67 1.24 1.28 -1.42 1.88
(8.42) (5.42) (5.79) {6.95) (7.34)
Irrigation ratio .14 .05 .07 .23 .21
{.85) (.27) {.46) {(1.58) (1.1%9)
Tarai dummy -.22% . 20% .12 .05 -.28*
(=2.10) {1.85) (1.17) (.46) {(~2.30)
Distance -.03* -.04nr*% -.03* -.02* -.04*
(-1.92) {=2.79) (-2.20) (~1.87) (-2.27)
Loyg farm size -.02 -.05 -.01 -.04 -.01
(-.22) {-.61) {(-.20) {—.58) (-.16)
Ratio cf owner .10 .37% .23 ~.0% .04
cultivators (.59) (2.18) (1.37) (~.17) {.21)
Zer.tract dummy 1,12%+
(11.17)
P .24 .33 .22 .88 .26
F-value 2,31 3.55 1.98 41. 25 2.54

t-values are parentheses; **sigiiiicant

level.

at

the 1% level, * at the 5%
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