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Abstract
This paper empiricaly investigates the relationship between commodity prices and wagesin
the rural labor markets of a developing country (i.e., Bangladesh). Givenitsbasison a
theoreticd judtification for hysteresis, thisempirical study provides a more complete method for

investigating labor market hysteresis than previous research.



Empirical Analysisof Hysteresisin Rural Labor Marketsin a Developing Country:
The Case of Bangladesh

W. Parker Whestley, Donald J. Liu, and Carlo del Ninno

| Introduction
Background and Purpose

The relationship between commodity prices and wages is centrd to the question of socid
welfarein rurd areas of developing countries such as Bangladesh. Given that rurd laborers are
often unable to produce sufficient food for their own consumption, they must supplement home
production with goods purchased in the market. Furthermore, many landless laborers must
obtain dl of their food from market purchases. The necessary income to pay for such purchases
will generdly come from laboring on the larger farms of neighbors or even from farm work in
other regions. The relationship between commodity price and wage income in the rurd markets
of Bangladesh isimportant because a sufficiently duggish response of wages to price rises could
have negative consequences for rura laborers. In fact, it has been argued that a“sizegble
proportion of the excess mortdity observed during faminesin Bangladesh can be attributed to a
shortfal in the food purchasing power of incomes, associated with higher prices” (Ravalion and
Thamargjakshi, 1991).

Traditional economic theory of labor demand predicts that the effects of price riseson
labor are tempered by the diminishing margind product of Iabor. Two principles support this
notion: (i) the margina value product of labor (pfi ) equals the wage rate (w) in equilibrium and
(i) the margina product of labor is diminishing with increasesin labor (fir < 0). Thistheory

predicts that if output prices rise, then a profit-maximizing farm owner will hire additiond abor



up until the point where the equilibrium condition holds. Note that even if fii = 0, thereisno
assurance that a one unit increase in prices will trangmit to a one unit increase in wages unless
fi=1

Thisstudy asksif there aretimesin rurd labor markets when hiring remains unchanged
despite commodity price rises and despite the concomitant increase in the margina value product
of labor. If so, what motivates those farm owners who are potential demanders of labor to hold
back on their production and hiring and, thus, cause some short-run gtickiness in the relationship
between prices and wages? In answering these questions, we may better understand why rura
laborers may find it difficult to survive short-run risesin prices—problems particularly relevant
to the rurd markets of Bangladesh. What becomes an interesting and potentialy enlightening
direction of inquiry isto cast the problem within aframework of the farm owner’s dynamic
production and hiring decisions. Specificaly, we seek to answer how the structure of adjustment
codsin hiring and firing labor impedes the smooth and ingantaneous change in labor usein
response to output price changes.

The basis for our conceptua framework is the concept that |abor is a quas-fixed factor
due to adjustment costs associated with hiring, training, and termination (Oi). Using thisidea,
we then resort to the recent literature on investment under uncertainty with sunk costs to form a
theoretica foundation for the existence of arange of pricesin which it isoptima for farm
ownersto leave their hiring decisons unchanged. If labor is quasi-fixed and farm owners face
stochastic behavior by prices, then farm owners will balance sinking expendituresinto |abor
hiring/firing againgt uncertain input and output price behavior in the future (Abe and Eberly;

Dixit). In an environment with such adjusment costs in hiring and firing, demand encompasses
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three regimes: hiring, firing, and inaction. Alternaively, even if adjustment cogts are Smply
assymetric but not sunk, there will till be assymetric, we can sill speak of demand
encompassing a hiring and firing regime where the firing regime exhibits asmdler

responsveness to price changes.

Organization of Paper

In developing this research, Section |1 discusses the previous literature on commodity and labor
markets in Bangladesh in order to provide a stronger motivation for the current research. In
Section 111, we will provide an overview of the literature on quasi-fixity and decison making
under uncertainty that will form the foundation for our conceptual modd. In Section IV, we
adapt Abel and Eberly’s 1994 modd in order to provide afoundation for rigidities in the price-
wage rdationship. Specificdly, we argue that such rigidities arise from the dynamic decison
making process of farm owners who face adjustment costsin their hiring/firing of Iabor inan
environment in which the output price is stochastic. In Section V, we discuss our empirica |abor
demand mode which alows for price threshold(s) for the hiring and firing of [abor.

Furthermore, we cdibrate a labor supply function using aggregate time series data and parameter
edimates from apand estimation of household labor supply. In Section VI, we use our
aggregate labor demand modd and our cdlibrated aggregate labor supply equation to smulate
and andyze the equilibrium relationship between prices and wages. This research goes beyond
previous studies (Pamer-Jones, R. and A. Parikh, 1998; Boyce, JK. and M. Ravallion, 1991,
and Ravalion, M. and R. Thamargjakshi, 1991) by basing the empiricd study of price-wage

rigidity on a sound theoretica foundation. It is hoped that this conceptua framework and the
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accompanying empirica findings can lead to improvements on policy with respect to food

Security among poor rurd households in Bangladesh.

[I. Literatureon Bangladeshi Agricultural Commodity and Labor Markets

Bangladeshi rice and food markets have often been the focus of research related to spatia
market integration and pricing efficiency (Ravalion, 1986; Das, Zohir, and Baulch, 1997).
These studies have been performed with the idea that improved price integration will support a
“we| functioning market” and will “generate prices that truly reflect the scarcity vaue of the
commodity” (Das, Zohir, and Baulch, 1997, 1). Thisline of research has intended to test for the
existence of impediments to interregiona trade and a so, to some extent, address the question of
market efficiency. Specificdly, Das, Zohir, and Baulch address how liberdization of
agriculturd markets in Bangladesh has affected the trading between regions and generdly found
that market integration had improved due to reduced government intervention in such markets.

The previous studies give us some idea as to the nature and degree of commodity market
integration across markets, but they tell uslittle about why some people are unable to feed
themsdves, even when thereisnot afdl in food supply. Thet is, these sudiesfail to heed
Amartya Sen's criticiam that a“food- centred view tells us rather little about Starvation.” (Sen,
1981) Evenif markets are integrated and efficiently price agricultural commodities, this
understanding does not explain how prices affect wages and thereby affect the ability of workers
to obtain the food they need to survive.

To that end, Thamargiakshi and Ravallion (1991), Boyce and Ravallion (1991), and
Pamer-Jones and Parikh (1998) have studied the relationship between prices and wagesin

Bangladesh. Neverthdess, while these works indicate stickiness in the transmission of prices



into wages both in the short and long runs, one is il left with an unclear sense of the source of
thisgtickiness. That is, despite the improvements in characterizing the degree of rigidity, we are
il left with the question: What are the sources of such rigidities? Specificaly, we investigate
in this study the connection between the hiring decisions of farm owners and the downess of
wages to adjust to price changesin rurd labor markets.

An early attempt at locating the source of the wage rigidity was made by Bardan (1979)
who argued againg the notion that agricultural labor markets are being driven by the interaction
of demand and supply in a competitive environment. He notes that the emphass of neoclassica
economigts on the equilibrating of the margind vaue product of labor with wages hasfailed to
explain the perastence of unemployment. Consequently, he proposes an imperfect markets
modd. Bardan's gpproach has been to focus on the purported monopsonistic or oligopsonistic
power that employers exert in fixing the terms of alabor contract. He argues that this power
derives from the unequd distribution of labor thereby leading to wages that do not fal or risein
step with changes in prices (Bardan, 1979, 486-7). Ravalion (1997, 1222-1223) aso remarks
that the neoclassca framework Sitsill with respect to the persstence of underemployment.

However, Bardan' s approach does not coincide with the finding of Pamer-Jones and
Parikh (1998) that the wages in urban markets are transmitted to rural labor markets. That is,
even if there are large or dominant landholdersin a particular area, they are congtrained, to some
extent, by the larger economy to competitive levels of payment. Furthermore, as Richards and
Petterson (1998) find, once farm laborers have moved to work in urban aress, they are unlikely
to return even when wages in the agricultura sector rise to parity to the urban wage levels. This
argument is based on the notion that these laborers have incurred acost in the initial migration

and the return would entail another round of sunk costs without long-run certainty that parity



between urban and rurd wageswill persst. Thisingght further supports the argument that
imperfect competition, even if it exigts, istempered by the wage dynamicsin other sectors of the
economy. Consequently, other factors may better explain these price-wage rigidities and would
therefore have different policy implications than those of the imperfect markets modd. So,
whileinitia efforts have been directed at pinpointing the source of therigidities, the rgection of

competitive marketsis only one part of the answer.

I11. Quasi-fixity of Labor and Costs Associated with Changesin Labor Use

By asserting the quas-fixity of labor we introduce an impediment to the “ efficient”
functioning of the labor markets in the Marshdlian sense while a the same time dlowing for the
existence of competitive markets. Oi (1962) provides an argument that firmstreat labor asa
quas-fixed factor in someways. A quas-fixed factor is defined as afactor for which the sum of
its employment costs includes variable component such as wages and a non-wage component
associated with adjudting the level of employment. While the wage codts of |abor are the largest
component, the firm must necessarily incur employment costsin hiring a specific stock of
workers reated to the training and initia oversight of new labor. Specifically, we will focuson
what are cdled hiring and training cogs in Oi’ swork. In the vocabulary of Oi, hiring costs
include cogts related to employment termination and layoffs. Training costs consst of time and
effort spent in orienting and directing workersin therr initiad work assgnments. Eveninthe
context of the fairly unskilled labor needed in the agriculturd markets of Bangladesh, these costs
might till be of relevance. If afarm owner needs additiond labor, he must spend sometime,
however smdl, in finding and hiring labor and paying for initid trangport to the farm.

Furthermore, even though such laborers may have the necessary kills, the farm owner must



gpend timein directing laborers as to exactly what work needs to be done and what are the
expectations of the laborer during his employment with the farm owner.

We ds0 argue that ingtability associated with weether and volatile markets implies that
when work needs to be done, it must be done in atimely manner given the risk and costs which
must be borne when thereisadelay in an important farm activity. Asaconsequence, farm
owners will desire to engage potentid employees in some form of forma or informa contract
thereby imposing some adminidrative codts. If farm owners choose not to involve themsdlvesin
such contracts, they must be aware of the potentialy heavy recruitment cost related to last
minute hiring (Bardan, 1979, 488). In terms of other adjustment costs found in agrarian labor
markets, it has aso been found in the case of the neighboring West Bengd India that large
landowners provide workers with plots of lands, low interest sdary advances for housing
congtruction, and other forms of perquisites prior to the initiation of work. These costs amount
to an adjustment cost associated with hiring of |abor thereby supporting our argument that Iabor
is aquas-fixed factor (Bardan, 1979, 489).

Given the above support for our assumption that farm owners trest laborers as a quas-
fixed factor, the literature on investment under uncertainty provides vauable insgghts into the
price-wage transmisson in Bangladesh. The recent literature in agricultural economics and
economicsiis replete with discussion regarding sunk costs and uncertainty providing afoundation
for duggish changesin quas-fixed inputs used by firms. (Abel and Eberly, 1994; Chavas, 1994,
Dixit, 1989; Dixit and Pindyck, 1994; and Lansink and Stefanou, 1997). Abel and Eberly (1994)
extend the traditiona adjustment-cost mode under uncertainty by integrating three different
costs into an augmented adjustment cost function: purchase/sale codts, traditiona convex

adjustment cogts, and fixed cogts in adjustment. In earlier research, Dixit (1989, 623) discusses a



smilar problem in terms of entry and exit decisons and points out thet the rigidities we have
aluded to earlier can be the consequence of even quite small sunk costs. Others have further
argued that the existence of asymmetric adjustment costs (in our case adifference in hiring and
firing costs) may underly the more rapid adjustment to long-run equilibrium levels of capitd
(Iabor) in invegting (hiring) than when disinvesting (firing) (Lansink and Stefanou, 1997). As
dluded to earlier, we have two possibilities: (1) sunk adjustment costs giving rise to arange of
inaction and (2) assymetric adjustment costs leading to uneven responsivness to changesin
relevant variables depending on whether afirmisin ahiring or firing phase. Based on this
information, we can now look a how the quas-fixity of labor can create a Stuation where

hysteressin the labor demand will occur under uncertainty.

V. Conceptual Framework Explaining Hysteresisin Rural Labor Markets
A Theoretical Model Explaining Farmer Decisionsin Hiring and Firing Labor

Drawing from Abd and Eberly’ s 1994 paper on investment under uncertainty, we now
model the farm owner’ s decison to hire and fire labor. Thiswork will lay the groundwork for an
explanation of the stickiness and assymetric adjustment of labor employment discussed above.
The evolution of labor stock is:

@D L=L,+dk

where L; isthe stock of labor at timet and dl; isthe amount hired (dl; > 0) or fired (dl; < 0) at
timet. When the farm owner has L; units of labor stock in place, the flow of output isg; =
L¥AY™. Theterm A corresponds to the amount of land used in production and is considered
fixed, and without loss of generdity, we assumethat A = 1 for the remainder of this paper. The
farm owner is assumed to be a price taker in the output market, and the stochastic output priceis

assumed to follow a geometric Brownian mation with drift:
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dR = dt+s dz

) =)

where a isthetrend rate, s isthe variance coefficient, and z is a sandard Weiner process with dz
= e/t and e isdistributed asN(0,1).

The farm owner’s profit flow at t can be written as Py L¢* - wg Lt.1 - h(dl;, Wi, Lt.1) where w,
isthewagerate a t and h(dl;, w;, Li.1) isamodified verson of Abel and Eberly’ s augmented
adjusment cost function, including wage payment to the additiona |abor hired at timet (i.e,, w

dl;). Thediscusson of this augmented adjustment cost follows.

Augmented Adjustment Cost Function

Following Abel and Eberly, the farm owner is assumed to consider three types of costsin
his labor hiring/firing decisons. (i) conventiond adjustment codts, (ii) fixed cogtsin adjusment
and (iii) achange in payroll dueto hiring/ffiring. The conventiond adjustment cost function [say,
Y (dly, Lt-1)] istypicaly assumed to be strictly convex, twice differentiable with respect to dl and
reaches aminimum of zero for dl = 0 (Abel and Eberly, pp.1371-72). To dlow for asymmetry in
capita investment, Abel and Eberly consider dso the possibility that the adjustment cost
function may not be differentigble a dl = 0. The fixed costs in adjustment are nonnegative costs
incurred whenever dl * 0. The cost associated with a change in payroll isthe increase (decrease)
in wage payments due to hiring (firing).! Abel and Eberly refer to the sum of these three cost

components as the augmented adjustment cost function, which by congtruction is convex, and

! Since the change in payroll can be either positive or negative, this third cost component is the labor market analogy
to Abel and Eberly’s purchase/resal e costs of capital assets, asthe farm owner only rents the laborers’ time and does
not own the laborers.
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everywhere differentiable with the possible exception a dl = 0. This augmented adjustment cost
function is presented as h(dl;, w, L-1) above.

Since the conventiona adjustment cost function [i.e,, Y (dl;, Lt-1)] and changesin payrall
(i.e., w; dl;) are both zero for dl = 0, and since the fixed costs are incurred for any nonzero value
of dl, however smdl, the limit of the augmented adjustment cost function as dl approaches zero
has the interpretation of being the fixed cost of adjustment. Thisfixed cost will be denoted as
h(O, w;, Lt-1). Let ha_(0, wi, Li-1) and hg+(0, w, Li.1) denote the left-hand and right-hand partia
derivatives of the augmented adjustment cost function with respect to dl evaluated at dl =0. By
convexity of the augmented adjustment cost function, hy+(0, wt, Lt-1) isaways positive and
ha+(0, Wi, Lt-1) 3 ha_(O, wi, Lt-1). Without considering payrall related costs, ha_ (0, wt, Lt-1)
would be negative due to convexity; however, because of the reduction in payroll costs from

firing, it is possble for hy_(0, wi, Lt.1) to be zero or positive.

The Farmer’s Decision Making Process
It is assumed that the farm owner is risk-neutral and chooses his labor usage to maximize

the expected discounted profit flow over time.

¥
@ VPW,L1)= max Fd(Pusliss = Wslis 1)~ Vies (O 1s, Wevs Lisg 1)} €S

t+s't+s O

where the maximization is subject to the evolution of L; in equation (1) and that of P; in equation
(2), r > 0isthe discount rate, and v is adummy variable with avaue of Owhendl =0 and 1
otherwise. Since h(0, w, Lt-1) isanonnegdive fixed cogt of adjusment, the dummy varidblev is

necessary to ensure that the augmented adjustment costs are zero when dl = 0. Equation (3)
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dates that the vaue of the farm, V, should equa the maximum expected present discounted
profits.
Following Abel and Eberly, the Bdlman equation of the above maximization problem

can be written as;

@ VLD = max (L - W)« W L)+ EOV)
tVt

This equation states that the required return on the farm is equa to the maximized expected

profits and the expected “ capital gain” represented by E(dV)/dt. Using Ito’slemma, one obtains:
(5) E(dV) =[V,d¢+ mev +%s eV Jdt

Equation (5) states that the “capital gain” depends on the vaue to the farm of the

additiona unit of labor (V,d?) and the vaue to the farm of the evolution of price over time as

represented by the last two termsin the above equation. Defineq® V) > 0 asthe margind
vauaion of an additiond unit of employed labor, and subgtituting this definition into (5), the

expresson in (4) becomes:.

1
©® V(WL )= g}ax{(a L - el 1) - (Al W Ly g) + G o + B Ve + 2 S € Vee)
t: Mt

We can now solve the farm owner’ s problem of hiring and firing for any given planting
season. AsAbd and Eberly direct, let usfirst assumethat v = 1 in order to solve the incrementd
problem when farms are in a hiring/firing regime. We then compare that solution with the
solution associated with the case where v = 0 and choose the optima v. To solve the

maximization problem where v = 1, we note that the only termsin (6) involving the decison
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variable dl are-h(dl) and q; therefore, the optima value of dl will solve the following

maximization problem.

(7) max [Gedly - h(dfy,wy, Ly y)]
t

The solution for this conditiond problem (i.e., conditioned on v = 1) can be found by solving the
associated first-order condition that the margind cost of hiring/firing equas the margind benefit.

Thet fird-order condition is:

@  hg(die,w, L) =q

Recdl that the augmented adjustment cost function h(.) may not be differentiable with respect to
dl at dl = 0 and we denote the | ft-hand and right-hand derivative by hy_ (0, wt, L¢-1) and
ha+(0, wi, Ly-1), respectively. Together with convexity, the non-differentiability of h(.) at dl = 0

means that the optima condiition (8) implies the following switching decision rule for |abor

hiring/firing (Abd and Eberly):
<0 q<ha_(0, w, Lt-1)

9) dg gondiiond =0 ha+(0, Wi, Lt-1) ® g3 ha_(0, w, Lt-1)
> 0 q> ha+(0, W, Li.1)

The thresholds for hiring and firing are hy+(0, Wi, Lt-1) and ha_(0, wi, Li-1) ,and g $ Ois
the shadow vaue of labor. We noted in the previous section that, while hy+(0, wi, Li-1) is
positive, hyi_ (0, wi, Lt-1) can be ether positive or negative. Equation (9) dictates that it is optimal

for the farm owner to restrain from additiona hiring/firing if the shadow vaue of labor lies
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between the upper threshold defined by hy+(0, wi, Li-1) and the lower threshold defined by
hai_(O, w, Lt-1). Asnoted, thislabor hiring/firing decison rule is conditioned on the assumption
that the farm owner has aready chosen to hire or to fire additiond labor, i.e,, v = 1. Clearly, the
owner aso has the option of smply doing nothing, i.e., choosngv = 0 a the outset.  Assuch,
the optimd labor hiring/firing rule in (9) has to be generdized to dlow for this second
dternative. In other words, snce the hiring/firing rule is derived exclusvely from the margind
condition in (8), it ignores the additiona requirement that the vaue to the firm from adopting
this policy should be at least aslarge as the va ue associated with choosing not to adjust the labor
stock at dl.?

As shown in Abd and Eberly, the modification results in an enlargement of the range of

inaction. Denote the modified upper threshold by gy (with g, 2 ha+(0, L)) and the modified

lower threshold by g (with g, £ ha_(0, L)) and write the modified (unconditiona) optimal

labor hiring/firing decison rule as

<0 q<q, (g, can be positive or negative)®
(10) dr, =0 q *adq

> 0 q> q, (g, ispostive)

Now, given tha our god isto find theimpact of changing commodity prices on the farm owner’s
demand for rura labor and wage rates, we need to cast the decison rule in (10) into one
pertaining to output prices. This can be done by noticing that the shadow vaue of labor qis, in

part, afunction of output prices. As such, one can obtain a mapping of the decison rule from the

2 A static model analogy of this concept is that while a profit-maximizing competitive firm should always produce at
apoint where the output price equal marginal costs, the firm would be better off shutting down the operation if the
priceis not high enough to cover the variable costs.
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space of g to that of p (Chavas, 1994, 121). Dencting the corresponding upper and lower

thresholds in the output space by py and p., respectively, (10) can be equivaently written as:

<0 pP< p.
(11)  de, =0 P, 2 P3P,
>0 P> py

Adjustment Costs and Equilibrium in the Labor Market

The above discussion provides the foundation for amode where wages adjust dowly in
response to rises in output prices dueto rigidity in labor demand. This mode assumes that farm
owners sl their agricultura output in a competitive market and the price of such commodity
follows a stochastic process. In other words, the consderation of commodity’s demand is
embodied by the evolution of output prices, and the justification of this treetment liesin the
dominance of internationd trade in determining loca prices. Given that farm owners maximize
profits subject to stochastic output prices, labor demand can be consdered as having arange of
inaction whereby increases in the output price will not affect or will be dow to affect the
quantity of labor demanded. As such, this mode argues that the rigidity between prices and
wages will arise from the rational demand choices of farmers faced with uncertain future output
prices and adjustiment cogtsin hiring and firing labor. Using this framework, we can begin to
invedtigate how stochastic output prices and adjustment costs associated with labor hiring/firing
can cause stickiness and assymetry in wage responses to output price changes. While it can be
shown that the introduction of imperfect input markets can lead to downess in wage adjustments,

the current model provides an dternative and compounding justification for such rigidities.

3 Aspointed out in Abel and Eberly, if the lower critical value, g, is negative, then capital disinvestment (i.e.,
firing) is never optimal (q> 0) and investment (i.e., hiring) would appear to beirreversible to an outside observer.
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V. Discussion of Data
Wewill employ two types of data: (1) aggregate time series data for estimation of the |abor
demand equations and estimation of the stochastic output price series and (2) household pane
datafor the labor supply estimation. The aggregeate times series data are used to cdibrate an
aggregate labor supply equation using the pand estimation results. We have obtained time series
data on agriculturd labor force participation, agricultura wages, wholesae prices of rice and
whest, and producer prices for jute for the period from 1971/72 to 1998/99. We have dso
obtained time series data of output of rice, whest, and jute for the same period. These dataare
used in the estimation of our threshold labor demand equations. The data used for estimating
household labor supply come from three rounds of household surveys of approximately 750

households collected in 5 of the 6 divisons of rurd Bangladesh.

Tablel. Times SeriesVariables

Description Variable Names
Agriculturd Labor Force It
Weighted Output Price Series P
Nomina Agriculturd Wages Wi
Nomind Price for Urea Pturea

1/ Please see Appendix | for full documentation of the sources and manipulations performed to
obtain these series.

Panel Data

The data set used for the household labor supply estimation consists of data collected from three
rounds of a household survey of approximately 750 households collected in seven thanas® in 5 of
the 6 divisons of rurd Bangladesh. The immediate purpose of the survey wasto conduct a

detailed study of the impact of the 1998 floods. Although these thanas were not sdlected to be

* Thanais a political/geographic denomination much like a county for Bangladesh.
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datidtically representative of dl of rural Bangladesh, because of their geographica

representation, they give avery good indication of the Stuation of the rura |abor market between

October 1997 and October 1999. The actuad data collection was carried out three times: in

November 1998, April 1999 and November 1999. Using the observation from the different

recal questions available in the three rounds of the survey we have the participation and wages

of dally laborers at 7 different points of time. The number of workers and the monthly averages

of the amount of time and wages earned for each of the period are reported in Table 2 below.

Table 2 - Summary of Survey Data By Period

Jul.-Oct. 97  Jul.-Oct. 98 Oct.-Nov. 98 Jan.-Apr.99 Apr.-May 99 Jul.-Oct. 99 Oct.-Nov. 99

Observetions 373
Hours worked per month 153.3
Days worked per month 17.8
Hours worked per day 8.5
Dally wage 55.6
Hourly wage 6.7

309
98.3
110

8.6
56.6
6.9

356
127.9
14.8
8.5
57.4
6.9

432
129.1
151
8.6
59.4
7.1

405
124.0
13.8
9.0
66.2
7.6

334
120.9
13.9
8.7
59.1
6.9

321
114.7
13.2
8.6
60.9
7.2

Source: FMRSP-1FPRI Household Survey 1998-1999

Notice that the lowest number of worker isfound to bein the period of July-October 1998 that

coincides with the flood period. After that period, the demand for |abor increased due to the

cultivation of severa crops and the tending of rice cultivation and reaches the peek in January-

April 1999. Thisisthe time when the demand for labor is highest because of the preparation of

the cultivation of the boro rice crop and the cultivation and harvest of whesat, potatoes and other

vegetable crops. In the period between July and October 1999, the demand was higher than the

previous year, but till lower than in the winter month because of the naturd dowing down of

economic activities due to anormal flood. In the following month the leve of activity seemsto

be higher than the previous year, but till not too high, probably due to theincrease of dternative
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job opportunities. Daily wages remained stagnant between 1997 and 1998, but after the flood
they registered and increase, especidly in the winter when demand for |abor appearsto be high

due to the increase of labor activities.

VI.  Empirical Procedures
Based on threshold estimation procedures discussed in Hansen (1999, 2000), the aggregate time
series data are used to estimate labor demand equiations characterizing the different hiring
regimes discussed in the conceptua modd. These estimations enable us to test for the existence
and magnitude of output price thresholdsin labor hiring and firing. In order to analyze the
effects of uncertainty on rurd labor market equilibrium, we derive alabor supply function in the
following way. Wefirg estimate a Heckman corrected supply function using pand datafrom
rurd household surveysin Bangladesh. Using the estimated supply elagticity and intercept, we
then calibrate an aggregate labor supply equation use aggregate labor supply and wage time
series. While we could have performed a standard s multaneous equiation estimation of the labor
supply function, we argue that the vaue of this procedure is that this method cdibrates
parameters that include household information and corrects for selectivity bias, aswell as
reduces the burden placed on the time series data in identifying the supply parameters.

Asour ultimate god isto consgder how policies might mitigate the adverse effects of
labor market rigidities through intervention in labor markets, we propose the following
samulation procedure. Firg,we use the estimated supply and demand equations dong with the
output price and urea prices to obtain basdline equilibrium wages in the market aswell as
basdline equilibrium in the labor market. We then compare the impacts on equilibrium labor and
Iabor income when there are labor, hiring, or production subsidies during times when price

changes are particularly high. In particular, comparisons will involve the degree to which
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deviations of wage changes below price changes are mitigated by such subsidies. In addition, we
perform asimple caculation to show the amount income increase to labor as a proportion of the

cost of these various subsidies aswell.

Estimation Procedure and Results for Labor Demand

Hansen (1999) devel ops a procedure for estimating and testing a threshold modd ina
least squares regression context. In this study, we follow a smilar procedure and modify the
Gauss code developed by Hansen to perform athreshold estimation of agriculturd |abor demand
in Bangladesh. In accord with our conceptual model but with some reasonable modifications, we

seek to estimate threshold mode of the following form.

< Xi&g +a p< p,
(12 (| =X&+a P, 3 P2 P,
> Xidg+ @ P> p,

Instead of using the variables in level form, we estimate equations in terms of percentage change.
We arguethat it is sengble to use the percentage change form since it is the actua percentage
increase or proportiona increase over the previous decision period's prices that drives the
decison makers choices. That is, the decison maker waits to consider additiona hiring or firing
until the percentage change in prices is above or below certain upper and lower threshold
changes. Essentidly, the nondtationarity of output pricesin both real and nomind terms would
preclude the possibility of level thresholds over time. Furthermore, we dlow for the percentage
change in |abor to aways be nonzero given that natura trend growth in aggregate equilibrium
labor. Consistent with our conceptua framework, the hypothesized parameters on price and

wage should be stronger in the regimes above and below the upper and lower thresholds and
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weekest in the intermediate threshold. Alternatively, if we regject the two threshold modd (i.e,
the modd of inaction), we would hypothesize a greater responsveness to price changesin the
hiring regime (i.e., above the angle threshold) than in the firing regime (i.e, below thesngle
threshold).

Hansen's (1999) methodology alows us to test the presence of one and two thresholds,
where a pogitive test of one threshold is an indication of asymmetry of responsiveness and two
thresholds would be consistent with our model. Specificdly, we estimate the following demand
model in accord with equation (12) and cons stent with a Cobb- Douglas production function

where | isan indicator function.
(13) gt =g+ b11Puear + (D2awt + b31P)*I(P £ PL) + (boowt + b P)* I(PL< P EPy) +

(b2zw; + boz P)*I(Pu< P)

For given (P , Py), equation (13) islinear in its dopes, so we proceed with an OLS
egtimation. Consequently, for any given threshold pair, the concentrated sum of squared errors
can be calculated where (P , Py) are sought to jointly minimize the concentrated sum of squared
erors. Hansen (1999) remarks that such estimates might be overly cumbersome as they would
required T? regressions for atime series model asisours or (nT)? regressionsif we had a pand
of countries for which to estimate such athreshold moddl. Consequently, he draws from the
multiple changepoint literature to illustrate a sequential estimation procedure thet yields
consgtent estimates for the multiple threshold framework. In the first lage, one minimizesthe
single threshold sum of squared errorsto define an initial estimate for P, where this
preliminary threshold estimate is consastent for P or Py depending on which effect dominates.
Fixing the firg-state estimate P;, the second state criterion (i.e., the concentrated sum of squares)

isof the form:
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S (P4, Po) if PP1< P,
(14) S%(Py) =

STo(P2, P=y) if Po< P&y
Where P~*, is the argument which minimizes the above expression. It has been shown that
while P, is asymptotically efficient, P is not because it is obtained from a sum of squared
errors function which is contaminated by the presence of a neglected regime. Hansen shows that
the asymptotic efficiency of P, can lead to the improvemernt of P, through athird-stage
edlimation according to the following refinement estimator. Fixing the second- stage estimate
P*,, the refinment criterion becomes the following.

S (P1, PPy if Pi< P,
(15) S{(Py) =

S (P, Py) if PPo<Py
where P®% is the refined estimate which minimizes this expression. It has been shown that this
refined estimate is efficient in the changepoint estimation; therefore, Hansen has argued that the
same should hold in the threshold case.

In determining the number of thresholds, Hansen (1999) proposes an gpproximate likelihood
ratio test Fp = (Sy(P®'1) - ST2(P™*%2))/(( ST2(P ™2 )In(T-1)) of one versus two thresholds, where
the hypothesis of one threshold isrgjected in favor of two thresholdsif theratio islarge. Hedso
congtructs confidence intervas for the two threshold parameters such that the confidence
intervals are the set of vaues of the threshold variable such that the likelihood retio of thet term
(i.e, F = (SN(P) - S{P=))I(( S%(P™*,)In(T-1))) isless than the appropriate critica value for
agiven confidence leve.

Empirical Results
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The test Satistics F1 and F» and their asymptotic p-values are shown in Table 2. We see that
the test for a single threshold F; is highly significant with a bootstrap p-value of 0.000, and the
test for a double threshold F, isdso strongly significant with a bootstrap p-value of 0.000. From
this test and given our earlier criteria, we conclude that the double threshold model is more
appropriate. With that in mind, we only report the parameter estimates for the double threshold
model (see Table 4).

Table3. Test for Threshold Effects

Tedt for Single Threshold

F1 3.3024984
P-Vdue 0.00000000
5% Ciriticd Vdue 3.3024984
Test for Double Threshold

F2 617.87181
P-Vdue 0.00000000
5% Criticd Vdue 8.0169495

In table 4, we observe that the estimate thresholds are 7.935124 and 30.607577, both with
extremely 95% confidence intervas at [-17.841838, 30.607577]. Given the presence of a
reaively high degree of multicollinearity among the variables used and the very smal amount
of dataused. Notably, Hansen (1999) argues that since the null sampling digtribution of F»
depends on the threshold estimate as well as the regression parameters, one cannot expect to
obtain as accurate critical values for the second estimation.

Nevertheless, by looking at Table 4, we can begin to seeif our hypothesis are correct to
some extent. Particularly, with regard to the responsveness of labor demand to output price
changes, we see that the hiring regime is most responsive to output price changes, and while the
sgns on our intermediate and firing regimes are negative, we note that the intermediate regime
response is more negative than the firing regime response to price changes. Consequently, we

have at some leved vadidated the hypothesis that price changes yidd their poorest responsein the

23



intermediate regime. Our standard errors are dl quite large relaive to our parameter estimates,
however, given the strength of our likelihood ratio test, it is possible that this problem arises

from the strong collinearity among our varigbles aswell as limitations in variation because of the
Sze of the dataset. In terms of the respons veness of labor demand to wage changes, we note
that hiring regime is most reponsve to wage changes, the firing regime second most responsive,
and the wage coefficient from the intermediate regime is positive, in fact. Additiond time series
data or the possibility of panel estimation across regions within a country would likdly yield
stronger results than we have here; however, we have nonetheless provided some support for our
hypothesis of arange of “inaction” in which labor demand is not postively responsive to output
price changes. Subsequent research will focus on obtain additiond dataas well astesting

restrictions on the intermediate regime coefficients to provide stronger empirical support for our

hypothesis.
Table4. Double Threshold Estimation Resuts
Vaiadle Parameter Estimate White St. Error
©0) &)
Regime Independent Parameters
Congtant 1.1545859 0.096303903
Pt urea -0.0032906098 0.0029557707
Regime Dependent Parameters
For P, <= 7.935124
Wi -0.0052486767 0.0088053668
P -0.0020847713 0.0057060995
For 7.935124< P, <= 30.607577
Wi 0.011390190 0.0080408105
P -0.0046910976 0.0044753314
For 30.607577< P
Wi -0.0089043340 0.010835107
P 0.0015645070 0.0033464961

Estimation of Household Labor Supply Function

In the model we egtimate the total number of hours worked in amonth by daily laborersasa

function of the daily wage rate and the other individua and household characteristics. In
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particular: Ln(Hours per Month) = f[In(daily wage), gender, age, age squared, categories of

educationa achievement, household size and dummiesfor location (thanas)]. To take into

account any bias with respect to the participation in the market, we used the standard Heckman

correction procedure. (Maddaa, 1983) We firgt estimate the probability that an individua over

the age of 15 and not engaged in other permanent activity will participate in the agriculturd 1abor

market during the period under consideration. We consider this probability to be a function of

gender, marital status, number of dependents under 5, between 5 and 10 and over 55, categories

of education achievement, age and categories of farm ownership. The coefficient of the wage

variable represents the dadticity of the number of hours worked with respect to the daily wage

earned by dally laborersin rurd Bangladesh. The vaues of this dadticity vary from ahigh value

of 49 percent in the first period (July-October 1997) to a minimum of 10 percent, two years later.

In the maority of the estimations the coefficient of the inverse Millsratio is Sgnificant thereby
implying that it was necessary to correct for the participation biasin this preliminary labor

supply estimation. The estimated dope and intercept coefficients are summarized in Table 4.

Table 5 — Wage Coefficients and I ntercept Terms Obtained by Period

Jul.-Oct. 97 Jul.-Oct. 98 Oct.-Nov. 98 Jan.-Apr.99 Apr.-May 99 Jul.-Oct.99  Oct.-Nov. 99
Wage coefficient 0.46 0.35 0.12 0.26 0.26 0.22 0.10
z datidic 5.42 219 1.27 2.01 2.76 1.49 0.71
Congtant 3.65 5.89 5.06 4.76 3.83 3.74 5.48
z gatigic 5.47 6.08 7.71 6.12 5.96 4.09 5.45

Source: Author's estimation using the FMRSP-IFPRI Household Survey 1998-1999

Calibration Procedure for Labor Supply
Using these cross-sectiona coefficient estimates and our aggregate |abor market and output

market data, we calibrate an aggregate labor supply function. Given that our cross-sectiond

esimates for |labor supply are from pand data, are in log form, and are in terms of hours of |abor
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supplied per day, we perform various manipulations and a cdibration method. This procedure

alows usto produce an aggregate labor supply function that is compatible with our aggregate

labor demand equations. Please see Appendix |1 for a detailed description of the procedure used.

From this calibration procedure, we obtain the following vaues for the labor supply dope and

intercept terms respectively, 0.005854 and 1.0166251.

Smulation Exercise

Table 5 shows the parameters for our overall labor supply and demand mode.

Table6. Parametersto Be Used in Simulations

Constant W, P, Pt urea
1) %) 3 (4)
Labor Supply:
1.0166250 0.0058540150 - -
Labor Demand:
Hiring Regime 11545859  -0.0089043340 0.0015645070 -0.0032906098
Intermediate Regime 1.1545859 0.011390190 -0.0046910976 -0.0032906098
Firing Regime 11545859  -0.0052486767 -0.0020847713 -0.0032906098
P 7.935124
Pu 30.607577

Our smulaion exercise will dlow usto investigate dternative policies to mitigate the wage-

pricerigidity. Wefirg create a basdine estimation of equilibrium wages and |abor given the

data we have available on output prices and input prices as well as the parameters from our

demand estimation and our supply cdibration. Specificaly, we equate aggregate |abor supply

equal to aggregate labor demand for each regime and solve for w; for each of the periods of the

sample.  Abdracting from the threshold mode for a moment, this formulawould Smply be the

falowing:
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(16) W — (gd - gs) + (prt + burea Pt,urea)
t (bw,s - bw,d)

Where & and & are the intercept parameters for demand and supply respectively and &, g and

ay s are the wage coefficients for demand and supply, respectively. Intermsof our threshold
mode and its parameter estimates, we have Table 6 which illugtrates the determination of wages

for each of the regimes.

Table 7. Equilibrium Wage Formulae Under Different Regimes

For P> Py

w; = [0.138 +(0.0017*P; - 0.0033* Py, urea)]/0.0148

For Py 3 P >P.

w; = [0.138 +(-0.0021* P; - 0.0032906098* P, yrea)]/-0.0055
ForP.3 P

W = [0.138 +(-0.0047* P;_- 0.0033* Py urea)]/0.011

Chart 1 shows agraphical presentation of the actua and estimated wage series along with output

prices.
Chart 1. Actual and Estimated Wage Series
110 -
% -
g 701
g 50
@)
% 30 —+—Actua
3 —B— Estimated
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g

1971/72
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1991/92
1993/94
1995/96
1997/98

While the mode tracks actual wage changes rdatively well, we note that the estimated

mode is actudly more rigid than the actud data gppearsin some locations and lessrigid in
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others. Despite thisissue, we can see clearly in this graphicd presentation that there are periods
when output price increases for primary commodities far outstrip percentage increases in wages.
Consequently, this smulation exercise will now investigate dternative policies to mitigete this
problem. Wewill draw some tentative conclusions as to some of the generd policies available;
however, we will not address actua implementation concerns.

Specificdly, we will investigate three possible instruments for periods when percentage
price increases are 20 percent or greater. Figure 3 illustrates the fact thet it iswhen price
increases reach these levd s that purchasing power is sgnificantly impaired by the rigidities we
have hypothesized and tested for above. The three ingruments are as follows: (1) a government
payment to agricultura workers equivaent to the value of a 20% increase over the last periods
wages, (2) agovernment payment to agricultura producers equivaent to the value of a20%
increase over the last periods wages, and (3) a price subsidy for producers equivaent to a 20%
increase over the last periods prices for output. In terms of our wage formula, these subsidies

enter the equation asfollows.

- + *
(17) W, = (gd (gs 20 bW’S)) + (prt + burea1 Pt,urea ) + 20
(bw,s - bw,d)
(18) W = ((gd- Zo*bwvd)- gs)+(bppt+bureapt,urea)
" (b,.-b,,)
(19) W = (gd - gs) + (bp(Pt + 20) + burea Pt,urea)

t (b,.- 0,4
Ignoring any output market effects, we calculate the above equations for the sample period to
arrive and relative benefits from each of the regimes. The wage and hiring subsdies perform
equaly well and sgnificantly better than the output subsidy. Notably, in equetion (17) we note

that the wage subsidy actudly lowers the market equilibrium wages by inducing a greeter
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quantity supplied of labor but the net effect is the same as the hiring subsidy illugtrated in
equation (18) which smply raises wages by increasing the demand for labor. Chart 2 showsa
graph illugrating the relative performances of these policy messuresin mitigating the effects of

dramétic price increases.

Chart 2. Comparative Impact of Subsidies

pt —8— Estimated —€—— Wage/Hiring Subsidy - - X - - Production Subsidy

Per centage Change

1971/72
1973/74

As noted above, this chart indicates that the wage and hiring subsidies are significantly more
effective in closng the gap between price increases and wage increases when there are price
spikes, however, during the historic famine of 1974, even such fairly extreme subsidies would
have been only margindly helpful. In order to make afind comparison between these methods,
we perform some caculations to get arough idea of the relative costs and benefits of such

measures. Table 8 shows the results of these calculations.
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Table 8. Calculations of the Benefitsand Costs of Different Subsidy Programs

TmMmoO @ >

0V IVOTVTOZZIrA"R~TITWO

Base Estimations

Average Positive Deviation over All Positive Deviations excl. 1974 18438

Average Percentage I ncrease in Employment 1.229

Average Agricultural Employment for 1971-1999 32,074,107.143

Average Real Value of Daily Wages (in Taka) 1971-1999 45.717

(C)*(D): Average Total Paymentsto Agricultural Labor (in Taka) 1,466,346,564.105

Weighted Average Annual Value of Agricultural Production (in Taka) 4,037,842,189.166

20 Percent
20 Percent 20 Percent Production
Labor Subsidy Hire Subsidy Subsidy

Average Positive Deviation over All Positive Deviations excl. 1974 12.953 12.953 17.474
Increase over Base (G)-(A) 5485 5485 0.964
Average Percentage I ncrease in Employment 1.261 1261 1235
Difference In Employment Increase From Base (1) - (B) 0.032 0.032 0.006
Additional Workers (J)*(C) 1,029,862.791 1,029,862.791 180,948.687
Wages Paid to Additional Workers (1 +.01* (H))*(D)* (K) (in Taka) 48,885,751.429 48,885,751.429 8,221,162.966
Additional Wages Paid to Base Worker Workers .01* (H)* (E) (in Taka) 79,165,887.168 79,165,887.168 13,909,584.326
Total Additional Wages Paid to Labor L + M (in Taka) 128,051,638.597 128,051,638.597 22,130,747.291
Total Cost to Obtain Additional Wages (in Taka) 302,685,854.073 302,685,854.073  807,568,437.833
Difference Between Total Additional Wages and Total Cost (in Taka) 174,634,215.476 174,634,215476  785,437,690.542
Total Additional Wages Converted to Dollars 5,300,029.305 5,300,029.305 14,140,523.346
Total Daily Cost Converted to Dollars 3,057,845.113 3,057,845.113 13,753,013.961
Difference Converted to Dollars Q-R 1,386,194.684 1,386,194.684 243556.822
Total Additional Wages/Total Cost (In Dollars) 0.262 0.262 0.017

The above table is smply intended to illustrate the costs and benefits of the different subsidy

regimes relative to one another as well asrelative to no policy. Rows A through F provide the

base data for subsequent ca culations of the different subsidy scenarios proposed. Row G shows

the average positive deviation of a percentage increase in prices over the percentage increase in

prices. Thisvduewas smply caculated by averaging the positive deviations of price over wage

increases excluding the 1974 va ues because of their heavy influence on this average. Row H

shows the degree to which this average deviation is reduced by the policy in questions. The

labor and hire subsidies both dicit areduction of 6.704 from 22.536 in the base estimation. This

reduction in average pogtive deviaion would correspond with a sgnificant reduction in hunger
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by increasing the means of laborers to buy food in hard times. Notably, the production subsidy
hardly affects the average deviation. Furthermore, the average percentage increase in labor
during the same periods when there are high percentage price spikesis compared. Taking the
difference from the base level and multiplying it by the average leve of agriculturd employment
and we seein row K that this would amount to a million more laborers being able to find work
during periods of price crises whe ether the labor or hiring subsidy occurs. The production
subsidy only dlows for the addition of about 200,000 workers. Also, comparing the total
additional wages to labor in the two schemes, we see that the [abor and hiring subsideslead to an
additiona 128 million taka per day while the production subsidy only adds about 22 million taka
per day (about 5 million dollarsaday). Finaly, the labor and hiring subsidies cost about one
third the cost of the production subsidy so that the proportion of the total expenditures on the
subsidy programs transmitting to labor in the form of wages is about 32 cents per dollar spent by
government; while the production subsidy transmits only about 2 cents per dollar spent.

While there are clearly potentia second-order effects on worker incentives or incentives
for rent-seeking under such policies, this Smulation exercise provides a starting point for such
discussons away from the traditiona commodity market focus. That is, rather than concerning
oursalves with manipulating commodity markets to keep prices down, we look to methods by
which we can cause wages to increase in step with price spikes. Given the gpparent falure of
traditional commodity control programs, this approach perhaps will alow policy makers to more

directly affect the problem of short-term questions of extreme hunger.
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X. Conclusionsand Relevance

This research extends from previous models relative to the price-wage transamisson in
Bangladesh by looking more closdly & the firm-level justification for inaction or “ postponed”
reaction in the face of pricerisesand fdls. The andytica framework described provides the
foundetion for an empirical analys's of the Bangladesh labor markets. We estimate the |abor
demand eguations via a threshold estimation procedure proposed by Hansen. These equations
and threshold aong with our cdibrated supply alow usto empiricaly investigete the
relationship between equilibrium price and wage changes in agricultura [abor markets.our labor
supply which can then be used in the Smulation of labor market equilibriain the rurd labor
markets of Bangladesh. Our evidences provides weak support for the notion that wages are dow
to react to output price increases because of our conceptual modd. Notably, as we continue to
develop the empirical mode, we will incorporate a methodology which dlows usto explicitly
test for arangeinaction. While assymetry labor demand may be an important determinant of the
uneven response of wagesto price changes, if we are able to find support for the range of
inaction hypothess, this result would provide even more vauable information as to the behavior
of the labor markets in Bangladesh.

If we are findly able to fully test our conceptual model, further investigation of a
household nature would be needed to find out what kind of sunk cogts, if any, areincurred in the
labor hiring/firing which create thisrigidity. Results of such astudy would increase confidence
in the results presented in this paper as wel as providing vauable information to policy makers.
Ultimately, government or private forces might then attempt to address such issuesin order to
create flexibility in the systlem and dleviate the stress to lower income groups when pricesrise or

fal.
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Appendix |
Time Series Data Names and Sources.
(1) Agricultura Labor Force (AGLAB) data come from the Food and Agriculture Organization's
(FAO) Agricultura Database.
(2) From 1971/72 until 1977/78 nomina wage figures (NOMAGW) in taka® per day are
obtained from Idam T and Tadim M.A., 1996 "Demographic Pressure, Technologica
Innovation, and Welfare: The Case of the Agriculture of Bangladesh” Journa of Devel opment
Studies, Volume 32, No.5, pp. 734-755. From 1978/79 onward, nomina wage data come from
the Bangladesh Bureau of Statigics (BBS) Monthly Bulletin.
(3) Combined weighted average nationa wholesde price of HY'V of coarse rice (NOMRICE)
data are obtained from the Bangladesh Department of Agricultural Marketing. These prices are
in taka per gintal where aqgintd is one tenth of a metric ton.
(4) Nationd average wholesale price of wheat (NOMWT) in taka per gintal were obtained from
the Bangladesh Department of Agriculturd Marketing.
(5) The producer prices of jute (NOMJT) in taka per metric ton were obtained from the FAO
Agricultural Database. These price data were subsequently converted into taka per gintal.
(6) Production datarice (RICPROD), wheat (WTPROD), and jute (JTPROD) are obtained from
the FAO Agricultural Database and are measured in metric tons.
Manipulations Performed on Data to Obtain Variables for Estimation
(Data are contained in Zip Disk 1 Bangdat10.xls Sheet 1)
(1) NOMRICE is missng adata point for 1971/72; therefore, alinear trend of the form
NOMRICE = 39.565t + 209.68 was fit to the data in order to obtain that data point wheret =0

for the data point 1971/72.
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(2) NOMWHT is missing some data points; therefore, alinear trend of the form NOMWHT =
29.488t + 156.25 wheret = 2 for 1973/74,t=1for 1972/73, and t = O for 1971/72.

(3) NOMJT is missing data points for 1995/96, 1996/97, 1997/98, and 1998/99 and these figures
are forecagted from an fitted trend line of the producer price of jute of the form, NOMJT =
113.91* (t°°83) with values of t = 25, 26, 27, and 28, respectively.

(4) Sincethe genera forms of NOMRICE, NOMWT, NOMJT dl follow smilar patterns and are
therefore strongly correlated, these series are collected into asingle seriesin order to avoid
serious problems of multicollinearity as well as avoid the unnecessary loss of degrees of freedom
in estimation and testing. First, each price seriesis multiplied by its respective production for

each year (where prices are multiplied by 10 to covert pricesinto price per MT as opposed to
prices per gintal). The resulting series are the respective vaues of rice, whest, and jute
productionin each year. We cal the sum of these terms the value of tota output. In each

period, the weight of each product as a proportion of totd vaueis obtained. These proportiond
vaue series are then used as weights to be multiplied by their respective nomind price series.

We then obtain aweighted sum of the prices of the products (WPO) which isused asa
foundation for our price seriesin our estimations.

(5) Now that we have our aggregated price series, we convert AGLAB, NOMAGW, and WPO
into percentage change form PCHLAB, PCHNAG, and PCHOP. Consequently, PCHLAB isthe
percentage change in labor from one period (year) to the next, PCHNAG is the percentage
changein nomina agriculturd wages from one year to the next, and PCHOP is the percentage
change in output prices from one year to the next. These series are those which are used in our

threshold demand estimations. These data are shown in Appendix Table 1 below.

® Takaisthe name for the Bangladeshi currency.



Appendix I

Aggregate Labor Supply Calibration Procedure

The labor supply equation we seek is PCHLAB = &; + &PCHNAG (Appendix equation
1(A.1))where PCHNAG = ((wage+1-wager)/wager)* 100; however, our estimated equation
provides alabor-wage relaionship of the form Ln(hours per month) = & + &*LN(wage;)
(Appendix equation 2 (A.2)). In order to obtain the values for & and &, we conduct the

following cdibration.

Step 1. Solve Appendix equations 1 and 2 for wage; to obtain the following equations.
Al. wage =wage.1/{1+ [(PCHLAB — &)/&*100]}
A.2". wage = exp[(In(hrs) — &1)/&)]
Step. 2. Set A.1' and A.2" equa to one another and solve for &,.
eln( hrs) - g, u
P2

a, U

i
i wage,., - apewu *100
T e q, Up

7* (PCHLAB- 1)

Step. 3. Setup
Set & initidly to 0
a Initiatlly, let hrs = average of data on hours per month worked from pandl
estimation (seetable 2).
b. Then, let hr(t) = hrg(t-1) + (PCHLAB/100)* hrs(t-1). This modification alows
the “estimated” wage; to have the same upward trend as exigs in the dataand which isin line

with the upward trend in agricultura labor force data.
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C. €1, €, aeweghted averages of those parameters obtained from the seven
cross-sectiona estimations of intercept and dope parameters based on household data. The
weights are the ratio of each period’s hoursto the total hours worked over the seven periods of
the cross-sectional data.

Step 4. With information derived in Step 3 and equation A.3 from Step 2, solve for &, for each
period (cal them &(i,t) where i indicates the iteration number and t represents the period
corresponding to the parameter).

Step 5. Insert this é(i,t) into equation A.3, and solve for &(i,t) for t = 1973 to 1999.

Step 6. Obtain the averages of &é(i,t) and &(i,t) over t to obtain & (i) and € (i).

Step 7. Set & inequation A.3. to equa &(i).

Steps 8 onward. Continue terate through Steps 4 through 7 until |&; (i) — é:1(i-1)| and

[€2(i) - €2(-1)| areless than haf a percent of the respective vauesfor &(i-1) and €,(i-1). Recdll,

i denotesthe iteration vaue.
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