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Rural Labour Market Developments, Agricultural
Productivity, and Real Wages in Bangladesh,
1950-2006

AKHAND AKHTAR HOSSAIN

This paper provides an overview of recent develogmeén rural labour markets in
Bangladesh and also examines the trends and mot@wfeagricultural productivity and real
wages with annual data for the period 1950-2006e Phaper links the movements of
agricultural real wages to macroeconomic developgsein general and agricultural
development in particular. As part of empirical éstigation, the paper develops a simple
model of agricultural real wages that depend oiicatjural productivity. In order to examine
the long-run relationship between agricultural pratévity and real wages, the paper applies
the Autoregressive Distributed Lag Bounds testipgraach. Empirical results suggest that
there exists a long-run relationship between agtical productivity and real wages, and that
agricultural productivity can be treated as a ‘long forcing variable’ in explaining
agricultural real wages. In the dynamic specifmatof real wages, the coefficient on one-
period lagged error-correction term bears the ebgoenegative sign and is significant. The
forecasting ability of the error correction modelsiatisfactory with respect to the level or the
percentage change of real wages. The overall seatdt consistent with the findings of earlier
studies that agricultural productivity is a keyetetinant of real wages in Bangladesh.

JEL classification:C32, J43, O13
Keywords: Rural Labour Markets, Agricultural Wages, Agritubl Productivity,
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[. INTRODUCTION

After remaining relatively stagnant over the 195Bsough the 1970s, the
Bangladesh economy has been growing steadily gimeel980s at a rate of about 5
percent per annum. Foreign capital flows in therfaf workers’ remittances, foreign aid
and loans, and foreign investment have contribtdedodern economic growth, which in
turn caused a structural transformation of the eognin favour of the non-farm and
services sectors [Hossain (2006§onsequently, labour markets have undergone a
structural change in terms of employment and waakeons' Therefore the structural
change in the labour markets represents a structtznasformation of the economy
especially since the 1980s. This did not howevad l® the expected rush of workers to
the urban areas. The significant improvement inatpecultural terms of trade since the
beginning of economic deregulation in the mid-198Bherent rigidities in urban
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The distribution of employment indicates that agtize employed about 80 percent of the total laliarge
in the 1950s and 1960s [Hossain (1995)]. Sincee#inly-1980s the share of agriculture in employnimast declined
steadily. Agriculture’s share in employment in reéggears was about 58 percent [Hossain (2007)].
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(formal) labour markets and the increasing urbalitufpon and environmental problems
appear to have slowed the shift of labour froma@agdture to manufacturing and services.
Nevertheless the structural change in labour ank \watterns has been reflected in a
number of ways. These include the associated latmoility from the rural to the urban
areas, between the farm and non-farm activitighin the rural areas, between the
formal and informal activities within the urban aseand from both the rural and urban
areas to overseas destinations for employment agdhtion. Additional changes in the
labour markets have included the rise in the pagton of women and the productivity
and wage differentials across sectors [Hossain 780®Vith such developments, the
economy has lately moved to a higher growth pathibiting considerable dynamism,
although the Lewisiahturning point in the rural laboumarket (which may lead to a
sharp rise in real wages) is yet to be witnessid.fdcus of this paper is developments in
the rural labour markets and the trends and movenanagricultural productivity and
real wage$since the 1950s given that they provide informmatim poverty, welfare and
market forces in the rural labour markets withiteaegulated, open economy setup.

The remainder of this paper is organised as foll@&estion Il reviews the changing
rural employment and work patterns and discusses ntovements of agricultural
productivity and real wages since the early 1958sction Il provides economic
explanations for the movements of agricultural rwages since the 1950s by linking
them to macroeconomic developments in general agritudtural development in
particular. Section IV develops a simple model gfi@ultural real wages that depend on
agricultural productivity. Section V examines thengd-run relationship between

%For lack of consensus on various terminologies usetkfine employment and economic activity in
poor countries, this paper uses the conventiondfiding in the non-farm category those activitiest are not
directly related to the production, distributiondamarketing of agricultural products. Thereforeadfdition to
rural off-farm activities, non-farm activity incled the urban informal sector activity such as sselling and
petty retailing, repair and other personal servicesfts and other manufacturing, construction wemkl non-
mechanised form of transport, such as rickshaws.thé rural areas, non-farm (off-farm) activitiexlude
construction work, wood and bamboo crafts, fishingal transport, small-scale manufacturing, pétaging
and personal services [Amin (1981); Hossain (1998 wage rates for farm and non-farm activitiesym
differ but are generally interdependent.

3According to the Lewis model, the real wage rat¢hia labour surplus rural sector remains constant
and well below (say, about 30 percent) the indalsgector real wage rate. The industrial sectortbarefore
increase employment by drawing workers from thalrgector without raising the rural wage rate slbhnly
when the surplus labour in the rural sector is ialated through industrialisation that there couddebrise in
rural real wages. The main criticism of this approackégelopment is that if the size of surplus labauthie
rural sector remains large and the industrial seies not grow rapidly and raise the demand fooda (given
the capital-intensive nature of its productionyatueal wages may not rise much unless there in@nase in
agricultural productivity that would determine thepply price of labour for the rest of the econofApB
(2005); Todaro and Smith (2003)].

“Given the availability of data, this paper defiregricultural productivity as agricultural output at
constant prices per cropped acreage, expressadimdex. Agricultural productivity is therefore egalent to
land productivity (or yield) and also representsitéactor productivity given that land, labour acapital have
a stable relationship, especially in traditionaii@gture [Sen (1960)]. Agricultural real wages defined as the
average of the daily wage rates in Rupee/Taka @uitliood or payments in kind) over 12 months across
regions of Bangladesh, expressed in an index afiatel by the cost of living index for rural houséds. In
general, agricultural wages represent the wage faterural workers engaged in farm activities. &ivthe
aggregation of data over time and regions, theyataapture the regional and seasonal variationgages but
represent the general trends over time for thetcpas a whole. The data appendix reports the stateces and
the estimation methods of agricultural productiwtyd real wages.
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agricultural productivity and real wages by the @dvegressive Distributed Lag bounds
testing approach. An associated short-run erraection model is also estimated and used
for forecasting both the level and the percentabbenge of real wages. Section VI
summarises the results and draws conclusion. Tiher freas an appendix, which reports the
data sources and the unit root tests results ahlas deployed for the regression analysis.

II. CHANGES IN RURAL EMPLOYMENT AND WORK PATTERNS

Until the mid-1980s most rural workers in Banglddesrked in the farm sector,
especially in the crop sector. There were onlytihinon-farm activities available as a
source of gainful employment. The situation hasngea significantly since the mid-
1980s. The agricultural sector has become diversdind workers remain engaged in
both farm and non-farm activities. Similar chanpave taken place in the urban areas.
Traditionally the urban labour market was male-dwateéd and not many women were in
the labour force. The scope of employment in tHerimal sector was limited. This has
changed significantly, especially since openingthg economy in the early-1980s. An
increasing number of female workers now work in lesvly emerging industries in the
private sector, such as the garment industry amibu& construction and retail trade
activities. Many rural workers are therefore aldedivide their time between the rural
and urban activities, which include constructioefty trade and services. Such switch
from rural to urban activities remains conditional the relative availability of work in
the rural and urban areas given that there areosabities in both the rural and urban
activities. For example, rural farm activities aheavily concentrated during the
plantation and harvesting seasons, while the ucbastruction activities increase sharply
during the dry seasons. The entry of rural worlei urban sector activities is relatively
easy given the informal nature of job contracts #madavailability of replacement with a
short notice. The remainder of this section prosid@ overview of changes in work
patterns in the rural labour markets.

Farm Mechanisation and Employmenigriculture in Bangladesh remains a
small-scale family-based farming operation. Thecadfural technology is traditional and
only since the mid-1970s the agricultural sectos badergone change by adopting the
seed-fertiliser-irrigation technology. Since th®eld970s farmers have started small-scale
mechanisation of activities in the areas of cutiia plantation, processing and
distribution [Hossain (1988)]. The process has lecated since the mid-1990s. For most
farm activities, small-scale mechanised tools ampléments are now widely used. There
are a number of interrelated factors behind theegming demand for mechanised farm
tools and implements, including the shortages afught power, the availability of
imported cheap tools, the availability of electsicin villages, the consideration of low
time-requirement for cultivation and the utilisatiof mechanised tools for alternative
income-generating activities [Alam, Rahman, and 8dn(2004)]. Farmers who need
credits for the purchase of farm machineries ate &b borrow subsidised loans from
publicly owned agricultural banks. A large numbénon-government organisations also
provide small-scale loans to rural borrowers fovestment purposes. Contrary to
expectations, the increased farm mechanisationndalevith infrastructural and
technological developments) has created employropportunities for otherwise low-
skilled workers while the most enterprising andls#lifarm workers have opted for more
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remunerating non-farm activities in both the ruaatl urban areas. With increasing farm
mechanisation the women labourers’ involvement dthifarm and non-farm activities
has increased significantly.

Expansion of Non-farm ActivitiesAccording to a study by Hossain, Bose,
Chowdhury and Meimzen-Dick (2002), the relative artgance of agriculture as a source
of employment for the rural workforce has decreasigphificantly over the past two
decades. For example, only 14 percent of the daral-poor households depended on
agriculture for their employment in 2000 while thige was 31 percent in 1988. Income
from rural non-farm activities has also grown ats@gnificantly faster rate than
agricultural income during 1987-2000. About 40 petcof the rural labour force is
presently engaged in rural non-farm activities. Sehénclude construction, retail trade
and business, transportation and professional ces\jiAhmed and Sattar (2004)]. The
increasing importance and potential for rapid glowt the rural non-farm sector has
lately been recognised by the World Bank (2003).

Livestock and Poultry Rearinds indicated earlieruntil the 1970s the crop sector
dominated agriculturdt is only since the early 199@ke livestock sector has become
important in terms of its contribution to outputdaamployment. Presently this sector
contributes about 10 percent of the value addedgiiculture and about 3 percent of
GDP. Leather and leather products also contribigrificantly to exports. This sub-
sector remains labour-intensive and provides emmpéoy for about 20 percent of the
population.

Export-Oriented Shrimp SectoBince the economy opened up in the early-1980s,
Bangladesh has developed an export-oriented fistmdgstry. This activity grew at a
record pace in the 1990s, driven by the exportrbei@ shrimp production. Fisheries
doubled its share in agriculture value added dutireg1990s and accounted for nearly a
quarter of total value added in agriculture in 20@lorld Bank (2003)]. The favourable
exchange rates, trade incentives and the libetiglisaf imports (that allowed duty-free
inputs for commercial fish farming) helped the chgrowth of this sector. In the coastal
areas, shrimp farming has become the most praoditabbnomic activity. In fact in the
mid-1990s Bangladesh accounted for about 4.4 perckrithe global production of
commercial shrimps. After garments, the shrimp @ebas lately become the second
largest export industry in the country. As shrinapafing remains labour-intensive, this
sector employs over half a million rural poor irrieas stages of processing and shrimp
culture. This sector also employs a large numbédemfle workers in both upstream and
downstream activities, such as services, transpatthing of shrimp fries, and shrimp
processing [Ahmed and Sattar (2004)].

Summing UpThe rural economy of Bangladesh has diversifieer die past two
decades and this has created considerable emplowppartunities for both skilled and
unskilled workers in farming and non-farming adtas. Given the informal nature of
employment contracts, the switch from farm to nam¥f activities remains relatively
easy and this has helped rural workers who latelyote a considerable amount of time
to gainful non-farm activities. The increase of émgment opportunities in non-farm
activities explains why there has been absorptioth@ incremental labour force in the
rural economy. Given few wage-rigidities, employméas increased at a steady pace
while real wages have increased at a relativelyvsbace. This fits well with the
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Lewisian model [Lewis (1954); Todaro and Smith (2)0f unlimited supply of labour
in the rural sector. However it was not the indassector but the non-farm activities in
both the rural and urban areas that provided mogi@yment for the incremental labour
force. The industrial sector did not exhibit exgectlynamism. Likewise, the agricultural
sector faces a number of growth-inhibiting constimisuch as controls over output
pricing and marketing, less export orientation ah& slowdown of demand for
agricultural products, especially food crops thaténa lower than one income elasticity
of demand [Ahmed and Sattar (2004); Abdullah anah@buddin (1997)].

Ill. REAL WAGES IN BANGLADESH'S AGRICULTURE:
TRENDS AND MOVEMENTS

Figure 1 plots agricultural real wages in Bangladés the period 1950-2006.
Contrary to expectations, agricultural real wagad h steady upward trend during the
mid-1950s to the mid-1960s. Since then agricultueal wages declined steadily and
reached to the floor during 1974-1975. In the 198&@siculture in Bangladesh was
weather-dependent and stagnant but showed somentdgmaduring the early 1960s with
the introduction of chemical fertiliser and modeeeds. Since the late 1960s to the mid-
1970s the country suffered from political instdliland crises and no major economic
initiatives for agricultural development were urtd&en. After the country's
independence in 1971, a combination of negativeplyugshocks and expansionary
macroeconomic policies caused high inflation arrlaaconomic crises that sharply
lowered agricultural real wages [Hossain (2000)e BEconomy was stabilised during the
late 1970s. Since the early 1980s agricultural weajes started to rise steadily and have
accelerated since the early 1990s. The introducbbrthe seed-fertiliser-irrigation
technology since the 1970s, the opening up the arognand other macroeconomic
developments have generated a self-sustaining edorgrowth process that has caused
a general increase in wages and employment aceotw's, including agriculture.

Fig. 1. Agricultural Real Wages: 1950—2006
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There is ongoing debate on agricultural wage détetion in developing countries,
including Bangladesh. Since real wages are very ilowhese countries and remain
relatively unchang€dover a long period, there is a body of literatwiech suggests that
agricultural real wages in a labour-surplus coufiky Bangladesh are determined by the
subsistence and nutrition-based efficiency wagertes® According to these theories, in
the long run real wages wander around the subsistem at an efficiency level by
institutional factors rather than are determinezkifily by the market forces of labour
demand and labour supply. Empirical stufliBewever suggest that in ‘labour surplus’
countries such aBangladesh, Egypt and India, agricultural real \gagehibit long-term
upward trends and fluctuations during peak andkstsasons. Such upward trends and
fluctuations inreal wages can be explained by the demand andysiampbrs of labour. For
example, in a survey of rural labour markets inedigping countries, Squire (1981, p. 96)
has drawn the following conclusion:

Given the evidence on high rates of labour marketigipation, low rates of open
unemployment and...high rates of geographical aocupmational mobility, the
presumption should be that rural labour marketssabgect to the forces of supply
and demand in either a competitive, dualistic, onapolistic setting.

In the line of such finding, Ahmed (1981) and Haes@d 990) have provided
evidence that the traditional subsistence and tionrbased efficiency theories of
wages are not adequate to explain the behaviouagsfcultural real wages in
Bangladesh. They suggest that the idea of surglosur is not a valid reflection of
rural labour market conditions. Their empirical ukts are supportive of the market
theory of wages that respond to both the demandsapgly factors in rural labour
markets. In another study, Khan (1984) has estidhateagricultural wage model for
Bangladesh in which he has shown that agricultpraductivity and the terms of
trade between the agricultural and non-agricultgedtors can explain the variation
of real wages over the period 1949-1980. Since tfierstudy has become the focus
of a number of other studies. The major criticismktnan’s study has come from
Boyce and Ravallion (1991), who argue that Khantdel suffers from specification
errors and that he has used low quality data. &irtre-specified model, they have
not found any positive effect of agricultural prativity on real wages for the period
1949-50-1980-81. In fact they have found a long-dlownward trend in real wages
since the mid-1960s to the early 1980s when theais &an increase in agricultural
productivity. They do not however suggest that sdehline in real wages is due to
the seed-fertiliser-irrigation technoloythat apparently led to the productivity
growth. They argue that the decline in real wageshie effect of an increase in
agricultural labour supply, caused by the combirdiécts of population growth,

*This represents stagnant agriculture in the presehtsurplus labour'.

®For a review of the classical theories of wages Sgiegel (1971), Sraffa (1970) and Schumpeterl(198
The subsistence wage theory is a key building bloickhe dual growth models. For example, Lewis @)95
suggests that in labour surplus economies, ‘tree i labour...is a wage rate at the subsistene.|Schumpeter
(1981) considers the subsistence wage theory afaitomprehensive wage theory but not the whidle o

"Such studies are Bardhan (1973, 1977), Bardhar9419979b) and Rosenzweit978, 1980) for India,
and Ahmed (1981) for Bangladesh. On the issueraf wage variability in Egypt, see Hansen (1966919671)
and Hanson (1971).

8This is popularly called the ‘Green Revolution’.
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rising landlessness and insufficient economic ghowt non-farm sectors. Palmer-
Jones (1993) has criticised the Boyce-RavalliongtiHe has shown that their model
fails the prediction and stability tests when itestimated with an expanded data set
up to 1989. By including a dummy for 1972-1974 andiscontinuous time trend
with a value one for the period 1949-1964 and zfterward, he has come to the
conclusion against the Boyce-Ravallion finding.dmrebuttal, Ravallion (1994) has
acknowledged the prediction failure of their mobtet criticised Palmer-Jones’s use
of dummies and the time trend. He stands by the ¥ieat agricultural real wages in
Bangladesh were declining much of the 1960s d8d0s. Palmer-Jones (2004) has
not conceded but maintains his view against anylinieg trend in real wages in
Bangladesh.

While the above studies have kept the issue incalitiral wage determination
alive, they remain exposed to criticisms. First, these studies probably use non-
stationary data and therefore the regression reseftorted may not be robust, if not
spurious. Provided that the variables of interesmteha unit root, the cointegration-
error correction approach may provide better rasulin error-correction model is
also useful to investigate the dynamic behavioureal wages. Secondly, some of the
earlier studies focused on responses of agricdltmominal wages to commodity
prices, although in a theoretically consistent,spapnious wage model the focus
should be real wages. Theoretically, a wage detmtiin model does not make
much sense when agricultural nominal wages areedirtb the prices of rice, jute and
cloth because all these prices move together aeddarermined simultaneously by
say an exogenously determined policy variable—tteney supply. In a long-run
wage model, real wages should be determined byfaetbrs such as agricultural (or
labour) productivity. Rashid (2002) has updatedliearstudies and used the
cointegration approach to determine the relatiopslmong agricultural wages, rice
prices, urban wages and so on. Although he hastada@psound statistical approach,
he has fallen in the same trap of examining th@aases of nominal wages to a set
of commodity prices. He did not examine the linkalgetween agricultural real
wages, productivity and other variables of intergstt may explain the growth of
agricultural real wages.

As pointed out earlier, there have been major chsuing Bangladesh’s agriculture
since the 1950s. Agricultural real wages have etddbupward trends and sharp
fluctuations over time. Rather than determineditusonally, there are reasons to believe
that the long-term real wages in Bangladesh adticilremain linked to agricultural
productivity? This proposition can be established analyticatlyai broader context of
agricultural wage determination in developing coigst

Figure 2 represents different views on the deteation of wages and employment
in rural labour markets in developing countrieseTdebate is about the shape of the
labour supply schedule. The classical view is thatlabour supply schedule is vertical,
which is determined by demographic, sociologicadl amstitutional factors. Assuming

9As pointed out earlier, agricultural productivigydefined as agricultural output per acre of landhe
absence of (reliable) time series data for agticaltlabour force, labour productivity cannot b&mated and
hence agricultural output per acre of land rougbjyresents the demand factor of agricultural labGiwen the
particular shape of the supply schedule of labagricultural productivity can explain the movemeatseal
wages and employment.
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that the supply schedule of labour is vertiCakal wages fluctuate between and w in
response to a shift in demand for labour and thefelbemployment is maintained. In
contrast, the Keynesian/structuralist supply cuofelabour is horizontal say at the
subsistence wage level {wand a shift in the demand for labour changeslakiel of
employment between ,Eand E. Unlike the classical case of full-employment, the
Keynesian/structuralist horizontal supply curvelafour predicts unemployment when
there is a downward shift in the demand for laboerause real wages remain inflexible
downwards on subsistence and efficiency grounds. Standard Lewisian rural labour
market with surplus labour [Lewis (1954)] also amss a horizontal supply curve of
labour at the subsistence wage rajeintil the level of employment reaches the Lewisian
turning point (&) when a further increase in the demand for labaises real wages
given the upward sloping segment of the labour Bugphedule.Thus, in short, the
different models of rural labour markets provid#etent implications for changes in real
wages and employment from any shift in the demarat fabour. The
classical/neoclassical model predicts fluctuatiohseal wages in response to any shift in
demand or supply schedule of labour or both whiledmployment is maintained. The
Keynesian/structuralist model predicts fluctuati@fisemployment in response to a shift
in the demand for labour while real wages remadlst at the subsistence level. In the
Lewis model, real wages remain stable until th@lsisrlabour is exhausted. Although the
neoclassical model predicts fluctuations of waged amployment, it can explain a
relatively stable real wages over time when a vigintl shift in the demand for labour
schedule matches a rightward shift in the suppiedale of labour.

Fig. 2. Agricultural Real Wages and Employment
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Empirical studies suggest that the agriculturablabsupply schedule in a developing country like
Bangladesh is positively sloped rather than pdsfegiastic. For example, based on a large-scald@ment
and unemployment survey of households in West BeBgadhan (1979a, p.73) has concluded: ‘my evidenc
seems to be against teandard horizontal supply curve of labour assumeallarge part of the development
literature’. His estimated wage elasticity of thggly of labour is roughly between 0.2 and 0.3dasual farm
workers and small farmers, which is certainly vieryy compared with the infinite elasticity presumedthe
horizontal supply curve of agricultural labour.
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One stylised fact of the rural labour markets im@adesh is the very low rate of
(open) unemployment, say, about 3 percent of theuaforce. Given that the rural
workers are very pobrand there are no well-developed social-securigrayements, the
poor workers simply cannot afford to remain unemgpth Those who remain
unemployed may not be actively in the labour fascenay prefer to remain unemployed
because most of them come from relatively rich bbotds and keep themselves
occupied with non-farm activities.

This paper maintains that agricultural real wage8angladesh are flexible
and can be explained within the classical/neoctadsiabour market paradigm.
Although the agricultural sector was relativelygtant during the 1950s and early
1960s, the introduction of the seed-fertilisergation technology since the late
1960s has raised agricultural productivifyarious income generating activities in
the non-farm sectors have also affected the supplyabour in farm activities.
However the sharp fluctuations of real wages rdflearious shocks to the
economy, especially in the 1960s and 1970s. FigG@replots agricultural
productivity over the period 1950-2006. It reve#isit agricultural productivity
has increased steadily since the mid-1950s andthiesé is a distinct upward trend
since the late 1980s.

Fig. 3. Agricultural Output Per Cropped Acreage: 1950-2006
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“Most rural workers come from landless householdstaay hold only limited productive assets.

2This paper does not investigate the factors tHat®agricultural productivity. However the viewath
the seed-fertiliser-irrigation technology is linked agricultural productivity is well-establishedidssain
(1996)].
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IV. AGRICULTURAL WAGE DETERMINATION MODEL

This section specifies a simple model of agricaltieal wages. The model is
specified in accordance with the market theoryhef demand for and supply of labour.
Assume that agricultural production in Bangladestes a Cobb-Dougl&sorm:

Q=Q(L; A @

whereQ is agricultural output per acre of larid|s the variable input labour per acre of
land andA is the technological parameter. In this productfanction, capital is not
included on the assumption that it bears a fixddtiomship with land, especially in
traditional agriculture [Sen (1960)]. A shift irctenology represents the introduction of say
modern technology and/or opening up the economipfeign trade and investment.

Let w be the real wage rate in agriculture. Assuming #wicultural output is
exogenously determined, the restricted cost fundt@iven by

C=Cw, Q) U (7))

For a given Cobb-Douglas production function (g testricted cost function can
be expressed, following Varian (1984), as:

c=Qw .. )

wherea <1.

This cost function is popularly called the Cobb-Dlais cost function [McFadden
(1978)]. The partial derivative of the restrictambtfunction with respect to the wage rate
yields the labour demand function. From Equationtli@ derived demand for labolyg is
given by:

Lg=8C/w=Qaw*™ (@
In a logarithm form, the labour demand equationlmexpressed &3:
InL%=Ina+InQ+ (0=1)In w .. (5

wheret is the time subscript. Equation (5) suggests that demand for labour is a
decreasing function of the real wage rate urtetskes the value one.

Assume that the supply of labolitis an increasing function of the real wage rate.
On the assumption of a constant elasticity, thelitegar labour supply schedule can be
expressed as:

In L% =1InBo+PByInw . (6)

3shahabuddin (1985), using farm level data, hasdiahat the Cobb-Douglas restrictions are validated
against both transcendental and translog funcfmnaman rice, pulses, wheat, oilseeds and boey biat not in
case of aus rice and jute. For aus rice, the tigrfsinction gives a better fit, but for jute, trestt results are
inconclusive. In an aggregative production funcijand in the yield equation), the Cobb-Douglas fianal form
seems a reasonable approximation.

It is expected that the labour demand and labauplguelations are inherently non-linear. A logear
form is postulated because such a transformatioititdtes estimation and the estimated coefficieraa be
interpreted as elasticities. Moreover, logarithfoitns are almost exclusively employed in the lit@r@ on labour
market analysis [Rosen and Quandt (1978)].
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The equilibrium real wage rate® is assumed to be determined by the demand for
and supply of labour. Equating the demand and guggphations for labour, the following
reduced form wage equation is obtained as:

Inw, =5 +3,InQ )

wheredy = In a-n B¢/B—(a—1) andd; = 1B:—(0—1). Given that the values pf anda are
positive, the termd; = ,—(a—1) is positive. This suggests that, given a neghtisloped
demand for labour schedule, agricultural real wagspond to productivity depending on
the slope of the supply curve.ff OO (the horizontal labour supply schedule), an ineeea
in productivity (Q) (say because of the adoptiontioé new seed-fertiliser-irrigation
technology and/or opening up the economy) would inotease real wages but only
employment. On the other handfif is positive (the neoclassical labour supply sclgdu
an increase in productivity would increase both vwesges and employment. In cgse= 0
(the classical vertical labour supply schedule)jremnease in productivity would increase
only real wages but no employment.

In short, the model developed above suggests tptuéiural real wages are
determined by the demand and supply functions lmdug which, in the absence of any
institutional constraints, would yield a perfectigmpetitive market outcome. When there
are institutional wage fixing arrangements, theildaium real wages may however not
coincide with a perfectly competitive market out@ifbewis and Kirby (1987)]. It is
possible that there may also be a lag in the adprt of the actual wage rate to the
equilibrium wage rate. If there is any discrepabeyween the equilibrium wage rate and
the actual wage rate due to shocks, the actual reagenay move towards the equilibrium
wage rate through say a partial adjustment meafmasisch that

Inw—In wig =y (In Wi —In w_y) +u, .. (8)

wherey is the coefficient of adjustment, whose valuexgeeted to lie between zero and
one. Wheny equals 1, the labour market is in full equilibriuadjusting instantly to
exogenous changes in the demand for and supplgbofut. Wheny = 0, real wages are
independent of the demand and supply factors ofulabf the actual real wage rate adjusts
only partially towards its equilibrium value, theodel can be classified as a disequilibrium
model [Lewis and Makepeace (1984)]. The error t@mntakes into account any random
factors that may affect real wages.

Substitution of Equation (7) into Equation (8), asdrrangement of terms, yields the
following partial-adjustment model:

INnw =7y 8 +v0; Qi + (1) In wig+u N )]

The above dynamic model of the agricultural wage isin full agreement with the
laws of demand and supply. While excess demaniakittebour market acts as a trigger for
a wage increase, the model shows that the actugthitade of wage increase depends on
such parameters as the wage elasticities of thangrfor and supply of labour and the
speed of wage adjustment. At equilibrium= w,_; =w%. In short, the competitive model
of wage adjustment predicts wage changes by contpthree factors: the extent of stock
disequilibrium in the labour market, the elastastiof the demand for and supply of labour,
and the speed of wage adjustment in responsedqudigrium in the labour market.
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V. AGRICULTURAL PRODUCTIVITY AND REAL WAGES:
AN EMPIRICAL INVESTIGATION

Estimation of a long-run relationship between agdtical productivity and real wages
involves testing for the presence of a cointegedditionship between them. As part of
empirical investigation, the time series propertiethese variables are investigated by both
the ADF and the KPSS tests over the sample pef60-2006. The data appendix reports
the results. They suggest that both these serigs dainit root. However the Perron test,
which takes into account the structural break ii2[® suggests that these series do not
have a unit root. Such conflicting results are camrnm applied work given the low power
of unit root tests. For the present purposes, tiseaechoice with respect to the appropriate
procedure for estimation of a long-run relationdbgpween agricultural productivity and real
wages. In the literature, the two most commonlhyduseproaches to testing for the long-run
relationships between variables in levels are thgld&=Granger two-step residual based
procedure [Engle and Granger (1987)] and the Jemésystem-based reduced rank
regression approach [Johansen (1988); Johansedumetius (1990)]. These approaches
involve the cases where all the underlying varglaee integrated of order one. As most
applied researchers face the problem of not knowiitiy certainty that the variables in the
relationship under investigation have a unit rdlo¢re is a growing literature that uses the
autoregressive distributed lag (ARDL) cointegratimpproach. The ARDL cointegration
approach has been developed in a series of pap@&sdaran and Shin (1996), Pesaran and
Pesaran (1997), Pesaran and Smith (1998) and Re&him and Smith (2001), which
remains valid irrespective of whether the regressoe purely 1(0), purely 1(1) or mutually
cointegrated. Although this approach does not requie-testing for unit root in the series
before testing for the long-run relationship, anfpimation gained from testing for a unit
root in the series may become useful for makingrerice when the calculatédstatistic
falls inside the critical value bounds. In addittorthe conflicting unit root test results, there
are practical advantages of the bounds test. BistARDL approach is statistically superior
to the Johansen approach when the sample sizalik $ire Johansen approach in particular
is highly sensitive to choices made with respettiéointercepts and trends and the lag length
in the variables. Secondly, the ARDL approach aldar distinguishing between jointly
determined and ‘long-run forcing variables’, whitlay become useful for the interpretation
of results based on theoretical insights.

Having considered these factors, this paper apphes ARDL bounds testing
approach to determine the relationship betweertagrral productivity and real wages in
Bangladesh. The testing procedure is describet] fifsich is followed by the empirical
results.

The ARDL Modeling Approach

Following Pesaran and Pesaran (1997), an erroeat@n version of the ARDL
model in the generic variablgandx is given by

Ay, =0dp+ o Trend +2B; Ay + 2@ AX i + 01 V1 + O X1 (1 =1, 2,3..p) ... (10)

*The country became independent in December 1974.PBmron test takes this exogenous event into
account while examining the time series properiies. data appendix reports the procedure and snés®btained
by the Perron test.
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where the coefficient; and@ represent the short-run dynamics of the underlyaripbles
in the ARDL model and the coefficien represent the long-run relationship. The
underlying null hypothesis that there is no long-ruelationship (implying no
cointegration) betweey andx is anF-test for the restriction thatHd, = 8, = 0 against
the alternative thatl;: 6, # 0, 8, # 0. The model is estimated first in a restrictedrfdyy
excluding the level form lag variables and thert fes the significance of the lagged
level variables through variable addition test.

Accordingly, the error-correction form of the ARDhodel in the variables RWA
(real wages in agriculture) and AQ (agriculturadgurctivity) is specified and estimated with
the order of maximum lag 5% 1,2,...,5):

Aln RWA=a, + 0, Trend +2f; Aln RWA; + @ Aln AQ; +D72
+0 INRWA+&InAQ +u ... .. (11

This specification is based on the maintained hypsis that the time series
properties in the relationship between agricultymadductivity and real wages can be
well-approximated by a log-lineaWARp) model, augmented with deterministic
intercepts and (probably) trends. Also, in the #pmation, an intercept shift dumn72
is included to account for any shift in the intgetcimm 1972. The dummy variablg72 = 1
if t >1972 and 0 otherwise.

Testing for the Hypothesis that=,= 0

As suggested above, the model is estimated firatrgstricted form by excluding
the level form lag variables and then is testedtlfier significance of the lagged level
variables through variable addition test. The eatéudF-statistic for the restriction th&t
= 0,= 0 in the specification with agricultural real vesgas dependent variable is denoted
by F(In RWAIn AQ). This process is repeated for specification wagricultural
productivity as dependent variable. The estimatathEstic for the restriction th&t = 6,
= 0 in this specification is denoted Byln AQIn RWA. The estimated F-statistics are
compared with the critical values in order to deti@e the long-run relationship between
agricultural productivity and real wages. In adtfiti the F-statistics provide information
on whether one of these variables can be considarémhg-run forcing variable in
determining the other.

Table 1 reports thé-statistics with different lags in the specificatiand the
critical values at the 90 percent and 95 percardlde The asymptotic distribution of the
F-statistic is non-standard under the null hypdathtsat there exists no level relationship
irrespective of whether the regressors are [(0)(br. Two sets of critical values are
provided: one when all regressors are purely (@) the other if they are all purely I(1).
These two sets of critical values provide a bangraog all the possible classifications of
the regressors into purely 1(0), purely I(1) or malty cointegrated. If the test statistic
exceeds the upper critical value, the null hypathe$ no long-run relationship can be
rejected regardless of whether the underlying srdémntegration of the variables are zero or
one. Similarly, if the test statistic falls belohetlower critical value, the null hypothesis is
not rejected. If the test statistic falls betwedre two critical bounds, the result is
inconclusive and information on the time seriespprties of the variables is requirdtihen
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Table 1
Testing for the Long-run Relationship between InARAfNd In AQ
F-statistic F-statistic
Order of Lag (with C, T and D72 in the (with C and D72 in the
(1=1,2,3,4,5) Specification) Specification)
1 F(InRWA| InAQ)=18.43  F(In RWA| In AQ) = 10.52
2 F(nRWA| InAQ)=1454  F(nRWA| In AQ) = 11.41
3 F(nRWA| InAQ)=12.92  F(InRWA| In AQ) = 11.29
4 F(n RWA InAQ)=10.49  F(In ARW/| In AQ) = 10.79
5 F(InRWA| INAQ)=11.11  F(In ARW/ In AQ) = 11.57
1 F(n AQ| In RWA) =5.15 F(In AQ| In RWA) = 2.44
g F(In AQ| In RWA) = 3.55 F(In AQ| In RWA) = 2.65
p F(In AQ| In RWA) = 1.49 F(In AQ| In RWA) = 3.25
c F(In AQ| In RWA) = 1.17 F(In AQ| In RWA) = 2.46

F(In AQ| In RWA) = 1.23

F(In AQ| In RWA) = 0.81

Note: The critical value bounds of tirestatistic (with C) are {4.042—-4.788} and {4.93434} at the 90 percent and
95 percent respectively and those (with C and &Y%649—6.335} and {6.606—7.423} at the 90 percamd
95 percent respectively.

the order of integration of the variables is kncaml all the variables are I(1), the decision
can be made based on the upper bound critical siaBimilarly, if all the variables are 1(0),
then the decision can be made based on the loweadbmwitical values.

The model is estimated for two cases: with an @efetr and trend and with intercept
only. In the specification with intercept and anttethe critical value band for k = 1 is
{5.649-6.335} and {6.606-7.423} at the 90 percemda95 percent respectively. The
estimated F(In RWHn AQ) statistics exceed the upper limit of theical band. The null
hypothesis of no long-run relationship between W/ARand In AQ is therefore rejected
irrespective of the order of integration of theresgor. In the specification of In AQ, the
statistics F(In AQIn RWA) for different order of lags fall below tHewer bound of the
band. Agricultural productivity can therefore bensidered a long-run forcing variable in
determining agricultural wages irrespective of \ethe series is 1(0) or I(1).

In the specification with only intercept, the @di value band for k = 1 is {4.042-
4.788} at the 90 percent level and {4.934-5.934}wt 95 percent level. The estimated F(In
RWA| In AQ) statistics for different order of lags exdethe upper bound of the critical
value. The null hypothesis of no long-run relatiipsbetween In RWA and In AQ is again
rejected irrespective of the order of integratibthe regressor. In the specification of In AQ,
the F(In AQIn RWA) statistics for different lag orders agadtl below the lower bound of
the band. Therefore agricultural productivity canconsidered a long-run forcing variable in
determining agricultural real wages irrespectivevbéther the series is 1(0) or I(1).

The overall results suggest that there exists@ion relationship between agricultural
productivity and real wages and that this resutibissensitive to the inclusion of a time trend
or whether the series are 1(0) or I(1). The reslite suggest that agricultural productivity can
be considered a long-run forcing variable in expej agricultural real wages irrespective of
the inclusion of a trend in the specification amel different order of lag.
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Estimating the Coefficients of the Long-run Relahup

The second stage of the ARDL modelling involvedneating the coefficients
of the long-run relations and making inference dme testimated values. The
estimation procedure is however untidy becausenab®eu of choices need to be made
with respect to the inclusion of intercept, trentlahe lag-length. This makes the
procedure experimental. In general, in estimatihg tong-run coefficients, the
ARDL technique estimatesp£1)¢ number of regressions in order to obtain the
optimal lag length for each variable, wherés the maximum number of lags akds
the number of variables in the equation. The maddeselected using the model
selection criteria like the Schwartz Bayesian GCiae(SBC) and the Akaike
Information Criteria (AIC). While the SBC selectsparsimonious model with the
smallest possible lag length, the AIC selects aeghbdving the maximum lag length.
Table 2 reports a summary of the long-run coeffitsén the models with the order of lag
4 in the variables. Preliminary estimation of thedal without a trend has been found
superior to one with a trend and hence it is nttimed in the final model. Both the SBC
and the AIC select the ARDL(1,0) specification. fidfere the point estimates and the
standard errors are the same. In general, the Ad@qes smaller standard errors because
of the higher order ARDL model that it selects cangal to the SBC. The coefficients on
agricultural productivity and the intercept shifidmy (D72) are significant at the one
percent level. The proposition that the coefficieatue on agricultural productivity is
one cannot be rejected by the Wald test.

Table 2

The Estimated Long-run Coefficients (1951-2006)
Model: SBC/AIC-ARDL (1,0)

Regressors Long-run Coefficients t-ratio (Prob.)
Intercept -0.26 —0.34 (0.738)
In AQ 1.06 6.10 (0.000)
D72 -0.34 —4.57 (0.010)

The Wald Test for Restrictions on Long-run Coeéiits

Ho: Coeff. on In AQ=0 X*(1)=37.21 (Prob. 0.000)
Ho: Coeff. on In AQ= 1 X*(1)=0.12 (Prob. 0.727)
Ho: Coeff. on D72 =0 X() = 20.89 (Prob. 0.000)

The Error-correction Representation

The estimated long-run relationship is associateith van error-correction
representation. Table 3 reports the error-corraatimdels corresponding to the long-run
estimates. Except the intercept term, all coeffitiein the error-correction models are
significant at the one percent level. The erroraxiion coefficient measures the speed of
adjustment. The estimated coefficient value —Ougfjests a moderate speed of convergence
to equilibrium. The presence of a significant ecomrection term confirms the existence of a
long run relationship between agricultural prodtittiand real wages.
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Table 3

The Error-correction Model
SBC-ARDL(1,0): Dependent Variablein RWA
Model: ECM-SBC-ARDL(1,0)A In RWA

Regressor Short-run Coefficients t-ratio (Prob.)
Alntercept -0.12 —0.34 (0.733)
ecm —-0.45 —4.61 (0.000)
Aln AQ 0.47 4.45 (0.000)
AD72 -0.15 —3.72 (0.000)
Adjusted B 0.27
Standard Error of the Regression (SER) 0.078
DW 1.69

Dynamic Forecasts

Given that the error-correction model, selectedton basis of SBC or AIC is
robust and parsimonious, it can be used for fortggpurposes. Accordingly, in
order to examine the forecasting ability of the mlodelected by SBC, it was
estimated for a reduced sample period 1951-200Qtendemaining six observations
were used for forecasting both In RWA aanth RWA. Figures 4-5 report the in-
sample fitted values and out of sample forecastslnofRWA and Aln RWA
respectively. They show that the model tracks teads and fluctuations remarkably
well. Table 4 reports the out-of sample forecastiagults in a summary form, which
suggest that the root mean squares of forecasibait 5.1 percent for In RWA and
about 2.4 percent foAln RWA. The forecasting errors are much smallemtiiae
value of the same criterion computed over the estion period 1951-2000.

Fig. 4. Dynamic Forecasts for In RWA: 1951-2006
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Fig. 5. Dynamic Forecasts foAln RWA: 1951-2006
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Dynamic Forecasts: In RWA

Observation Actual Prediction Error

2001 4.6738 4.7158 —-0.042084
2002 4.7167 47551 —0.038402
2003 47715 4.7926 —-0.021065
2004 4.7983 4.8346 —0.036328
2005 4.8097 4.8660 —-0.056210
2006 4.8243 4,9088 —0.084458

Summary Statistic for Forecast Errors

Estimation Period: 1951-2000 Forecast Period: 2006

Root Mean Sum Squares 0.078930 .050501
Dynamic Forecastgs In RWA
Observation Actual Prediction Error
2001 0.037094 0.079178 —0.042084
2002 0.042949 0.039267 0.036819
2003 0.054820 0.037483 0.017337
2004 0.026735 0.041998 —-0.015263
2005 0.011476 0.031357 —0.019881
2006 0.014563 0.042811 —0.028248

Summary Statistic for Forecast Errors

Estimation Period: 1951-2000 Forecast Period: 2006

Root Mean Sum Squares

0.078930

0.024191
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VI. SUMMARY AND CONCLUSION

This paper has provided an overview of recent agraknts in rural labour
markets in Bangladesh and also examined the trandsmovements of agricultural
productivity and real wages with annual data foe theriod 1950-2006. As part of
empirical investigation, the paper has developesingple model of agricultural real
wages that depend on agricultural productivity. drder to examine the long-run
relationship between agricultural productivity am@l wages, the paper has applied the
Autoregressive Distributed Lag bounds testing appino Empirical results suggest that
there exists a long-run relationship between agtical productivity and real wages and
that agricultural productivity can be treated a®ag-run forcing variable’ in explaining
agricultural real wages. In the short-run dynampecification of real wages, the
coefficient on one-period lagged error-correctiemt bears the expected negative sign
and is highly significant. The forecasting abilitf the error correction model is
satisfactory with respect to the level or the petage change of real wages. The overall
results are consistent with the findings of eaditerdies that agricultural productivity is a
key determinant of real wages in Bangladesh.

Empirical results obtained in the paper have sool&ey implications. Despite
Bangladesh being considered a labour surplus cpuagricultural real wages have
been found to respond to productivity and probabliier factors that affect the
demand for and supply of labour. An implication tlat productivity enhancing
technological adoption and other measures, suchpasing up the economy that
creates external demand for agricultural produetsyld raise real wages. Given the
ongoing integration of the economy, any shift irbdar from farm to non-farm
activities would also affect agricultural real wageAlthough agriculture remains
vulnerable to supply shocks that affect the demimmdabour, the structural change
that has taken place in the economy since thell@89s appear to have lowered the
sensitivity of agricultural real wages to supplyosks because of the increasing non-
farm employment opportunities in both the rural aomdban areas that has
significantly increased the intersectoral labourbiity.

Appendix A
DATA SOURCES AND THE UNIT ROOT TEST RESULTS

Real Wages in Agriculture (RWA)

Agricultural nominal wage rate represents the daipge rate in agriculture in
Rupee/Taka per person without food or paymentsind.KThe annual wage rate is the
unweighted average of the average daily wage mtes 12-months. The wage data for
the period 1949-69 are for the calendar year amdettfter the wage rates are for the
fiscal year that begins in July and ends in Junth@ffollowing year. The nominal wages
for the period 1949-69 are taken from Bose (197 thereafter the wages data are
taken from various issues of tBeatistical Yearbook of Bangladeahd theYearbook of
Agricultural Statistics of Bangladesiror missing data in 1954, interpolation is made.
Data for the cost of living for rural households fbe period 1949-69 and 1970-1978 are
taken from Bose (1974) and Khan (1984) respectivihe remaining data are taken from
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various issues of th8tatistical Yearbook of Bangladeshe Yearbook of Agricultural
Statistics of Bangladeslihe Bangladesh Economic Review and the Economic Trends
The Bangladesh Bureau of Statistics, the MinistfyFmance of the Government of
Bangladesh and the Bangladesh Bank publish thasstistal publications. The real wage
rate is calculated as the nominal wage rate inadbatgd by the cost of living index for
rural households with a common base (1969 = 100).

Agricultural Output per Gross Cropped Acreage (AQ)

Data for the index of agricultural output per-grasepped acreage for the period
1950-1981 are taken from Boyce and Ravallion (198@) thereafter the data are
generated from output and acreage statistics fhaalisn various issues of tigtatistical
Yearbook of BangladesiThe data series have been transformed into a corase
1950=100.

Tables A1-A2 report the two widely used unit roestt results. They are the
augmented Dickey-Fuller (ADF) and the KwiatkowdRhillips, Schmidt and Shin (KPSS)
tests. The first test treats the series under deraion non-stationary as a null hypothesis
while the second test treats the series underdemasion stationary as a null hypothesis. It is
better when these tests results are consistentrdirroatory because most unit root tests
have low power, especially when the sample sizamiall [Maddala (2001)]. For testing
purposes, both the series have been transformechattiral logarithmic forms. The tests
have been conducted for the sample period 1950-Jb@6adjusted sample size is however
smaller depending on the number of lag terms usékei specification. As the tests results
are sensitive to lag length, the test statistis® Heen generated for up to 5 lags of the first-
difference of the variable in the logarithmic foemd then the Schwartz Bayesian Criterion
has been used to select the optimal lag lengthruhéerestriction that the maximum lag
length is 5. Because the data are annual, fivéelags have been found more than adequate
to make the residuals in the regression a whiteenddoth the ADF and the KPSS tests
results suggest that agricultural real wages amitudigiral productivity have a unit root.
Although this finding may be considered adequateonfirm this finding the Perron test
is conducted where allowance is made for any siratbreak in the data series in 1972.

The Perron Test for Unit Root with a Structural Break in 1972

Perron (1989, 1990) has demonstrated that the atdmickey-Fuller tests for unit
roots could be biased toward accepting the nullottygsis of a unit root against trend-
stationary alternatives if the true data generatim@ghanism is that of stationary around a
trend with a one-time structural break. This implteat if an allowance is made for the
once and for all change in the level and/or indlope of the trend function because of a
structural break, the time series of a macroecooowariable may reject the null
hypothesis of a unit root. Perron (1989) has devtssts that can be conducted for unit
roots in the time series of variables by makingwaénce of a structural break in the
series. The essence of his methodology is to déttenoriginal series with an allowance
for a structural break and to conduct tests fot vmdts in the detrended series. As a
follow up of Perron’s (1989) methodology, Perro®4T), Perron and Vogelsang (1992)
and Zviot and Andrews (1992) have developed tegpiragedureghat can be used to
determine the structural break as an unknown peteamIn this paper, Perron(¢989)



Table A1

The ADF Test Statistics

Constant (C) and
Time Trend (T) in
the ADF Testing

ADF Test Statistics

ADF Statistics with Different Lags
(Mackinnon One-sided p-values are in Parentheses)

Variables Equation =0 =1 =2 =3 =4 I=5 Optimal Lag Length (SBC)
In RWA CandT -2.47 -2.44 -2.10 -1.92 -1.48 -1.47 =0 -2.47
(0.343) (0.355) (0.533) (0.629) (0.825) (0.827) (0.343)
In RWA C -1.79 -1.79 -1.68 -1.50 -1.15 -1.02 =0 -1.79
(0.381) (0.381) (0.438) (0.528) (0.688) (0.741) =0 (0.381)
Aln RWA C -7.52 -5.83 -4.89 -4.99 -3.89 -3.40 -7.52
(0.000) (0.000) (0.000) (0.000) (0.004) (0.015) =0 (0.000)
In AQ Cand T -3.78 -2.25 -1.09 -0.59 -0.86 -0.719 =0 -3.78
(0.025) (0.451) (0.921) (0.975) (0.953) (0.966) (0.025)
In AQ C 0.03 0.917 1.52 1.83 1.68 1.56 =2 1.52
(0.957) (0.995) (0.999) (1.000) (1.000) (1.000) (0.995)
Aln AQ C -11.69 -8.54 -6.16 -3.94 -3.31 -5.26 I=5 -5.26
(0.000) (0.000) (0.000) (0.003) (0.019) (0.000) (0.000)




Table A2
The KPSS Test Satistics

Constant (C) and Time
Trend (T) in the KPSS

The KPSS Test Statistics
LM-statistics with Different Fixed Bandwidths (Blett Kernel)

Variables Testing Equation 0 1 2 3 4 5 Newey-West (Bandwidth)
In RWA CandT 0.61*  0.34* 0.25* 0.21* 0.18*  0.16* 0.16%(5)

In RWA C 1.56*  0.86*  0.62*  0.50*  0.43 0.39 0.39(5)

Aln RWA C 0.12 0.12 0.13 0.14 0.15 0.17 0.15 (4)

In AQ CandT 0.57*  0.39*  0.30* 0.25*  0.22*  0.20* 0.20* (5)

In AQ C 5.25 2.76 1.89 1.46 1.20 1.02 0.90(6)

Aln AQ C 0.09 0.17 0.25 0.29 0.28 0.31 0.39 (12)

Notes: * Indicate that, on the basis of the Kwiatkowskilfps-Schmidt-Shin (KPSS) (1992) critical valu@146 when C and T are included and 0.463 when ©ris included),
the corresponding null hypothesis of stationastyejected at the 5 percent significance level.
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test is chosen because Bangladesh’s independent@7ih can be considered a well-
defined exogenous event. Assuming that this migelcaused a structural break in the
data series, the Perron test is conducted to cortfie results reported above.

The two-step procedure of the Perron test is devist

% =M1+ Brt+ (M) D72 + Br32) DT72 + 2, (D)
Z=pz,+t2yiAz +u (i=1,2.3,..) .. 2

wherex, is the generic variable whose time series is stjeto unit root testing,is a
linear time trendt(=1,2,..T), D72 = 1 ift>TB (TB refers to the structural break or event
at which changes have occurred in the parametertheftrend function) and zero
otherwise DT 72 =t if t>TB and zero otherwisg,is the residual or detrended structural-
break adjusted value fay andu is a random error term.

Equation (2) is estimated in the following form:

Az = (p-1)z_+ 2yiAz_ +u(i=0,1,2,3,4,5) ... .. 3

The test for the random walk hypothesis is a testtfie zero restriction on
0 (=p-1). It shows that the Perron test is essentidily Dickey-Fuller test on the
detrended serieg. The critical values for the Perron test are hawvedifferent from
those required for the Dickey-Fuller test. In thexrBn test, the critical values depend on
A, which is calculated as the observation numbeavhath the break is suspected to have
occurred by the sample size. In the present daseapproximately equal to 0.4.

The test results are not conclusive at the 5 péresel of significance. While

agricultural real wages appear to have a unit mgicultural productivity does not have
a unit root. The first differences of both the esrare stationary.

Table A3

The Perron Test Results
ADF Test Statistics (No Intercept, No Trend)
The ADF statistics with different lags (The Mackamone-sided p-values in parentheses)

Variables 1=0 =1 =2 =3 =4 I=5 Optimal Lag Length

(Detrended) (SBC)

In RWA -5.99 —4.82 —4.71 -3.96 -4.13 —4.66 I=0 -5.99
(0.000) (0.000) (0.000) (0.000) (0.000)  (0.000) (0.000)

Aln RWA -10.31 —7.09 —6.93 -5.13 -4.21 -4.99 I=0 -10.31
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

In AQ —4.85 -3.17 -2.18 -1.81 -2.24 =230 I=0 —4.85
(0.001) (0.002) (0.030) (0.067) (0.025) (0.022) (0.000)

Aln AQ -11.91 -8.48 -6.30 -4.01 -3.45 -5.45 I=5 -5.45
(0.000) (0.000) (0.000) (0.000) (0.001) (0.000) (0.000)

Source: Perron (1989): Table VI.B.
Note: Approximate critical values\§0.4): —4.81 at the one percent level and —4.2Beabtpercent level.
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