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Is mechanization in agriculture curse or blessing for the rural labor 

market in Bangladesh?                  

Md. Fuad Hassan1, Lukas Kornher2 

1.1   Introduction 

There still exists a huge productivity gap in agricultural activities between developing and 

industrialized countries. This productivity gap has several causes (e.g. input use, farming 

techniques, crop varieties), but can be partly attributed to the lack of mechanization in 

agriculture. Mechanized agriculture usually refers to the use of tractors and other agricultural 

machinery for land preparation, weeding, and harvesting, but also involves the 

automatization of value chain activities, such as processing, packaging, and other services 

(FAO, 2016).  Beyond controversy, mechanization has the potential to enhance agricultural 

production and to reduce the unit costs of production (Pingali, 2007).  Productivity gains are 

mainly driven through technological progress referred to as total factor productivity (Apiors 

et al., 2016;  Gautam and Ahmed, 2019).  In addition, mechanized agriculture allows cropland 

expansion and intensification of cropping activities (Verma, 2006;  Houssou and  Chapoto,  

2015). This development can lead to poverty reduction and increases food security and can, 

therefore, contribute to the progress towards the achievements of the Sustainable 

Development Goals (SDGs). 

The agricultural sector in Bangladesh, like in many other developing countries, experiences a 

structural transformation towards mechanization and industrialization of agricultural 

production and processing.  Data from the periodical agricultural household survey of the 

BRAC organization show that agricultural yields have significantly increased over time.  At the 

same time, machine ownership and the demand for machine rental services has increased. 

For instance, farm machinery ownership of irrigation pumps and power tillers has increased 

by 33% and 25%, respectively, within the last six years (Hossain and Bayes, 2015). This was 

driven by a liberalization of import markets for agricultural machinery since the 2000s. In this 

respect, Bangladesh is no exemption in Asia, where agricultural mechanization is much more 

advanced than in sub-Saharan Africa (Pingali, 2007). Gains in productivity are necessary to 

feed Bangladesh’s growing population under hard agricultural land constraints. 

The mechanization of agricultural activities is the consequence of the structural 

transformation of the Bangladeshi economy towards the industrial sector.  Rural-urban 

migration has rapidly expanded and has contributed to a reduction of the rural-urban wage 

gap.  Empirical evidence suggests that urban wages have become the main driver of 

agricultural wages in Bangladesh within recent years (Hassan and Kornher, 2019).   Higher 
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labor costs have induced the agricultural sector to look for labor-saving technologies to 

reduce production costs. Since early industrialization, there is the concern that 

mechanization, although productivity-enhancing, will lead to a replacement of labor.  If this 

holds true, decreasing demand for low skilled farm and non-farm workers will exert pressure 

on rural wages (Yamauchi, 2016). For instance, mechanization is accompanied by increasing 

supply of rural non-farm labor when labor-saving technologies are utilized on-farm (Ahmed 

and Goodwin, 2016).  Missing employment opportunities in rural areas have severe welfare 

consequences for rural livelihoods.  The substitution of human labor through farm machinery 

drives rural-urban migration.  However, urban areas are not capable of building infrastructure 

and creating employment opportunities at the same speed as urbanization advances.  In 

consequence, urban unemployment rises and slum areas expand rapidly (Rashid, 2009). 

When a low-income agrarian economy experiences structural transformation, then it usually 

attracts policy maker’s attention to understand the relationship between factor markets for 

agricultural labor and machinery. The implications of the structural transformation of the 

economy may motivate agricultural and rural development policy interventions to mitigate 

adverse consequences the development.  With regard to the mechanization of agricultural 

activities, very little is known how it affects rural labor markets. In labor market theory,  the 

impact of mechanization on labor demand and wages is unpredictable due to two opposing 

effects: the substitution and the scale effect.  Yamauchi (2016) for Indonesia and Wang et al. 

(2016) for China found that rising wages led to labor substitution by machines, but also report  

economies  of  scale  from  mechanization  which  may  create  additional labor  demand.  

Similarly,  Gautam  and  Ahmed  (2019)  report  a  diminishing inverse  farm  size  productivity  

for  Bangladeshi  farms  which  they  attribute to productivity gains of larger farms.  However, 

none of the existing studies have looked at the welfare implications for rural workers.  To the 

best of our knowledge, our study is the first one investigating the relationship between 

agricultural mechanization and rural wages at the macro level.  Specifically, we aim at 

understanding the drivers of rural wages in Bangladesh.  We examine the short, medium, and 

long-term dynamics of rural wage determination and are able to assess impact of agricultural 

mechanization on rural wages. 

By applying a dynamic panel model to account for the time series nature the  wage  rate,  this  

paper  shows  evidence  that  agricultural  mechanization had positive effects on agricultural 

wages in Bangladesh over the period from 1995 to 2014. The increasing opportunity for 

farmers to enhance agricultural productivity through the emergence of functioning rental 

markets for agricultural machinery has allowed to increase labor demand through 

productivity gains and production growth, which compensated for the substitution of farm 

labor by machines. That is, the substitution effect is outweighed by the scale effect of  

mechanization  which  is  the  increase  in  labor  demand  in  response to productivity gains 

and the expansion of agricultural activities.  Thus, the empirical findings do not contradict 
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earlier studies that find a significant substitution, but support the evidence on the 

complementarity of labor and capital in agricultural production processes. 

The present paper is organized as follows. Section 3.2 describes the structural  transformation  

of  the  Bangladesh  economy  and  the  level  of  mechanization currently observed.  Then, 

Section 3.3 provides standard labor market theory and illustrates the possible effects 

agricultural mechanization can have on rural wage rates.  The empirical approach and the 

data used for the analysis are presented and discussed in Section 3.4.   The regression results, 

split into the determinants of rural wage rates and the channels of the scale effect, follow in 

Section 3.5, followed by concluding remarks in Section 3.6. 

 

1.2  Structural transformation in Bangladesh 

A country’s economic development is strongly related to the structural transformation of the 

economy.  In this process, the labor force moves from the primary, which includes the 

agricultural sector, into more productive industrialized sectors.  This trend in Bangladesh is 

depicted in Figure 3.1. Official statistics from the labor force surveys show an increase in 

agricultural employment until 2002, and stagnation, in spite of population growth, thereafter. 

This can be explained by migration flows from  the  agricultural  into the  manufacturing  and  

construction  sector  as  indicated  by  the  two  panels of Figure 3.1. In the course of this 

structural transformation process, the migration of workers to the non-agricultural sectors 

will reduce the pressure on rural wages. 

Bose (1968) found that real agricultural wages in Bangladesh reduced after the end of 

colonialization.  Other studies observed a decoupling of rural wages from agricultural prices 

in the late 20th century (Boyce and Ravallion, 1991; Rashid, 2001).  The described shift of 

labor out of the agricultural sector had positive effects on the development of rural wages 

(Zhang et al.,2014). In addition to that, agricultural wage growth was much faster than the 

growth in urban wages as shown in Figure 3.2 and 3.3. Moreover, Figure 3.2 illustrates that 

the growth in wages was not accompanied by a similar increase in food prices.  Specifically, 

the terms of trade (ToT) in other words food wages, the value of the wage earnings measured 

in kg of rice, doubled between 1995 and 2015.  Among other factors, this development has 

contributed to a significant reduction in rural poverty in Bangladesh (Zhang et al., 2014). 
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      Figure Error! No text of specified style in document..1: Trend in Sector transformation                                        

  Source:  World Bank (2018) 

 

Related to the transformation of the economy towards more industrial activities and in light 

of the limited land resources of Bangladesh, there is strong advocacy for agricultural 

machinery use to increase returns to land and labor.  The shift to mechanized agriculture is 

expected to induce significant changes in the agricultural sector.  Given the substantial capital 

investment required, the governments support ‘scale-appropriate’ machinery which can 

preclude smallholder machinery ownership. The increasing machinery demand has resulted 

in relatively well-developed markets for rental services for tillage, irrigation, and post-harvest 

operations (Hossain, 2009).  Many smallholders thereby access agricultural machinery that 

may have otherwise been cost-prohibitive to purchase through fee-for-service arrangements.  

On the other hand, machinery ownership remains related to asset ownership, liquidity 

constraints, electrification, and road density (Mottaleb et al., 2016). 

Farm machinery used has advanced considerably in Bangladesh within recent years (Biggs and 

Justice, 2015), particularly for land preparation, irrigation, and post-harvest activities.   In  

1996  there were only 0.1  million power tillers,  1.3 million pumps (including deep,  shallow 

and surface water pumps)  and  0.18  million rice-wheat threshers used in Bangladesh.   By 

the early 2010s, these figures increased to at least 0.55 million power tillers (Ahmmed, 2014), 

1.61 million pumps (BBS, 2011; BADC, 2013), and 0.25 million threshers.  Figure 3.4 shows the 

overall trend in agricultural mechanization for two indicators, namely tractor imports in USD 

and the capital-labor-ratio in agricultural.   The pace in the adoption of mechanization was 

particularly strong around 2007-2011 during the global commodity price boom.  In addition 

to that, the use of irrigation pumps has been a key ingredient in Bangladesh’s current level of 

near rice self-sufficiency (Hossain, 2009; Mainuddin and Kirby, 2015).  
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Figure Error! No text of specified style in document..2:  Trends in rural wages 

Source:  Authors’ calculation based on FPMU (2018); DAM (2018) 

1.3 Labor market theory and agricultural mechanization 

To understand the impact of agricultural mechanization on rural labor markets, in particular 

on rural wages, we make use of several interlinked theoretical concepts. All of them relate to 

the structural transformation of labor markets which we observe in Bangladesh.  The first 

model is the efficiency wage hypothesis by Leibenstein (1957).  Accordingly, as in the classical 

model, labor demand is related to labor productivity and supply is relatively elastic at a low 

wage rate (due to the surplus labor) since wages need to cover at least the expenditures for 

food consumption to render work effort (see Figure 3.5).  It follows that the reduction in the 

abundance of rural labor is a prerequisite for increases in rural wages. 

 

Figure Error! No text of specified style in document..3:  Trends in the rural-urban wage gap 

Source:  Authors’ calculation based on FPMU (2018); DAM (2018) 



6 
 

The expansion of urban employment opportunities, for instance in the manufacturing sector, 

induces migration of rural labor to urban centers.  The Harris-Todaro model is the theoretical 

basis to describe rural-urban migration and its implications on wages.  The model considers 

three sectors:  the rural economy as well as an informal and a formal urban sector.  Wages in 

the informal urban sector are much lower than wages in the formal sector.  The rural laborers 

will choose to migrate to the urban area as long as the urban wage is higher than the rural 

wage level.  However, urban wages in the formal sector are less flexible and it is assumed that 

there is a certain minimum wage.  At this wage level, there is a fixed level of labor demand.  

For this reason, the informal urban sector will absorb surplus labor in the urban area.  In 

consequence, rural-urban migrants will face a probability of being employed in the informal 

sector only, instead of the formal sector.  Therefore, the decision to migrate will be based on 

the expected urban wage which is the weighted mean of the formal and the informal wage 

rate (Harris and Todaro, 1970). 

 The implications of the model for rural labor markets are straightforward. Increasing labor 

demand in urban areas will induce (seasonal) rural to urban labor migration. Thus, the 

expansion of non-farm employment opportunities in the manufacturing sector in urban areas 

causes rural labor shortages to increase rural agricultural wages (Zhang et al., 2014). In 

addition, as the more unskilled labor force in rural areas is attracted to non-agricultural 

sectors, the necessity of adopting the labor-saving technologies is critical to sustaining current 

levels of agricultural production. 

 

 

Figure Error! No text of specified style in document..4:  Agricultural mechanization in Bangladesh 

Source:  UN Comtrade (2018); FAO (2018) 

The argument of the theory on induced innovations by Hayami and Ruttan (1985) is that 

relative prices dictate the direction of technical change. In this vein, the update of agricultural 
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mechanization depends on the costs of agricultural labor.  As long as the cost is low, farmers 

have little incentive to substitute labor by machines.  Instead, high labor wages induce the 

adoption of mechanization (Ratolojanahary, 2016). In the present context, an increase in farm 

wages can induce the adoption of labor-saving technologies, such as mechanization, for 

instance through new institutional arrangements that increase the availability and 

affordability of agricultural machinery. More importantly, in light of the seasonal demand for 

machinery services, by establishing a functioning rental market for machinery and machinery 

services and lower costs for tractors, threshers, seeders, small and medium-sized farmers are 

enabled to effectively substitute labor with machines. 

Many South Asian countries have observed a prompt increase in agricultural wages in recent 

years (Wang et al., 2016).  Most of the small farms in the region tend to rely on family labor, 

while larger farms are more likely to draw on hired labor.  With increasing rural-urban 

migration, those farmers face difficulties to hire enough labor.  Insufficient supply of farm 

labor as well as other frictions in the labor market, such as costs related to search,  

contracting, and supervision reduce the use of labor in agricultural production (Foster and 

Rosenzweig, 2011; Deininger et al., 2016).   

 

 

Figure Error! No text of specified style in document..5:  Labor supply at the subsistence level 

The expansion of new technologies as well as the liberalization of machinery imports has 

catalyzed the reduction of prices for agricultural machinery. In consequence, the relative price 

of machines, as compared to labor, has declined in an accelerating way (Mottaleb and 

Krupnik, 2015). In accordance with this trend, the demand for machinery services has rapidly 

increased as micro evidence from Indonesia (Yamauchi, 2016) and China (Wang et al., 2016) 

shows the same. Both studies find a substitution relation between labor and machines.   In an 

early study, Pingali et al.  (1987) reviewed several studies in sub-Saharan Africa and found 

that in almost all cases, mechanized farms substitute labor with machinery; most of it for land 
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preparation. In this case, the demand for agricultural labor decreases and the marginal 

product of labor (wage) will also decrease as shown in the left panel of Figure 3.6. 

 

Figure Error! No text of specified style in document..6:  Labor market effects of mechanization 

 

On the other hand, agricultural mechanization has positive impacts on agricultural 

productivity which could lead to overall agricultural growth.  Increased technical efficiency 

allows to intensify agricultural activities on the existing land (MMP, 2018), but also to expand 

the area cultivated which is known as scale effect (Wang et al., 2016; Apiors et al., 2016; 

Gautam and Ahmed, 2019).  In this case, labor and machines are complementary inputs. Thus, 

there will be a positive shock to the demand for labor which re-increases agricultural wages 

as illustrated in Figure 6 (right panel).  Given that agricultural mechanization and productivity 

gains drive rural employment opportunities along the value chains (e.g. in the rental market 

for machinery), the opportunity costs for agricultural laborers increase which could make 

labor supply less elastic (SL to  SL
’ ).   In consequence, the new equilibrium wage rate in C could 

be above the initial wage rate in B. 

The overall effect of agricultural mechanization on rural agricultural wages depends on the 

size of the substitution and scale effect. However, it is unknown how large the changes in 

labor demand for both effects are and how attenuated the change in the slope of the labor 

supply curve can be. The different possible scenarios call for an empirical inquiry.  The effect 

also has further implications on labor markets and urban welfare. If agricultural 

mechanization, ceteris paribus, has increased agricultural wages and has reduced the gap 

between rural and urban wages, enhancing agricultural mechanization is a viable policy 

option to reduce rural-urban migration, and thus the population pressure of increasing 

urbanization. 
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1.4 Empirical approach 

1.4.1 Econometric model 

Different from many of the existing studies (Zhang et al., 2014; Hassan and Kornher, 2019), in 

this study, we analyze the determinants of real agricultural wages, which we call terms of 

trade (ToT) or food-wage.  The ToT is defined as the daily agricultural wage rate divided by 

the per kg rice price, the most important staple food commodity in Bangladesh.  Using the 

rice price as the numeraire allows us the explicitly test the efficiency hypothesis of Leibenstein 

and whether the Lewis turning point has been overcome in Bangladesh.  The empirical model 

takes account of the time-series properties of the data by including lags of the dependent 

variable to account for the stickiness of agricultural wages. Further, we use a panel of the 

eight divisions of Bangladesh, namely Dhaka, Chittagong, Rangpur, Khulna, Barishal, Sylhet, 

Rajshahi, and Mymensingh. 

The observation period is restricted to the time between 1995 and 2014. This leaves us with 

214 observations per division.  We employ a dynamic panel model to tackle the omitted 

variable bias (OVB) due to the unobserved heterogeneity across the divisions.  The model 

estimated illustrates as follows:  

∆𝑇𝑜𝑇𝑖,𝑡
𝑟𝑢𝑟𝑎𝑙 =  𝛽∆𝑇𝑜𝑇𝑖,𝑡−1

𝑟𝑢𝑟𝑎𝑙 +  𝛶∆𝑤𝑖,𝑡
𝑢𝑟𝑏𝑎𝑛 +  𝜁∆𝑀𝑡 +  ή∆𝐾𝑖,𝑡

′  + 𝑢𝑖,𝑡  …………….(1) 

where 𝑖 represent the divisions and 𝑡 the time unit of observation.  ∆𝑤𝑖,𝑡
𝑢𝑟𝑏𝑎𝑛 stand for urban 

wages in the respective division, Mt for the indicators of agricultural mechanization, which 

are available on a country level basis only, and  K′   is a vector of control variables.  𝑢𝑖,𝑡   is the 

error term.  We estimate Equation (1) on a monthly,  seasonal, and annual basis to understand 

the dynamics of the change in rural agricultural wages.  To obtain seasonal and annual values 

we average the values of the observations in the respective time period.  The indicators of 

agricultural mechanization are observable only on an annual basis. 

As described above, motivated by the theory of induced innovations, the casual relationship 

between mechanization and wages is not unidirectional. To properly identify the effect of 

mechanization on wage growth, we employ the Area llano-Bond estimator based on the 

general methods of moments (GMM) estimator that uses lags of differences and levels to 

instrument the endogenous variables.  Since the data is non-stationary, we use the difference 

GMM estimator.  This explains why all variables in Equation (1) are referred to as changes (∆).  

The estimation is implemented in Stata 14 using Rodman’s xtabond2 (Roodman, 2009a).  This 

estimation technique also addresses the dynamic panel bias, as described by Nickell (1981), 

yet, the problem disappears with sufficiently large T.
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Table Error! No text of specified style in document..1:  Summary statistics 

Variable name                                            Mean Standard 

deviation             

Min Max 

ToT (log)                                               -2.896 0.325 -3.737 -1.838 

Urban wage (log)                                   5.401 0.442 4.299 6.259 

Level of public rice 

stocks (log)            

6.157 0.662 4.113 7.133 

International rice 

price (log)                 

5.592 0.339 4.856 6.583 

GDP growth (%)                                    5.568 0.740 4.100 7.100 

Rainfall abnormality                             -6.450 115.086 -424.972 779.250 

Temperature 

abnormality                     

0.144 0.762 -3.154 3.263 

Rainfall abnormality 

squared               

13279.400 35125.600 0.001 607231.000 

Temperature 

abnormality squared       

0.602 1.077 0.000 10.646 

Machinery use # 

(mil.)                         

0.162 0.113 0.020 0.389 

Tractor stock in mil.  

USD                  

208.511 152.711 19.314 515.366 

Capital-labor ratio 

(%)                          

2.114 0.321 1.750 2.898 

Yield (log)                                               0.829 0.465 -2.796 2.393 

Production (log)                                         6.713 1.082 2.467 8.161 

Labor productivity 

(log)                      

-6.883 1.098 -10.443 -5.091 

 

1.4.2 Description of the data 

The statistical model of this study relies on a comprehensive database covering the period 

between 1994 and 2014.  At present, Bangladesh is divided into eight major divisions and 

sixty-four subdivisions (districts). The Bangladesh Bureau of Statistics (BBS) collects data on 

wages at the district level on a regular base and publishes them in the Monthly Statistical 

Bulletin. Rural wages represent daily agricultural wages including key agricultural activities 

like harvesting, transplanting, etc. Division level wage rates are computed as the average of 

the district level wage rates. Rice prices are collected from the Food Planning and Monitoring 

Unit (FPMU) and the Department of Agricultural Marketing (DAM). Among the different 

varieties in the market, we consider the coarse rice price that is available in the market during 

the respective rice marketing seasons (Aus, Aman, and Boro) as the most relevant reference 

price.  Missing values of rice prices are replaced by interpolation. 

BBS reports two types of urban wages, industrial and constructional. Constructional workers 

wage is estimated by considering the daily averages of carpenters, masons, and the brick 

breakers, while the industrial wage rates include the aggregate average of daily wage in 
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cotton manufacturing, textile, and jute industries.  Several missing values in the urban wage 

series are replaced by the wage rate of the nearest districts. Both constructional and industrial 

wages move together and are highly correlated.   Hence, we take only constructional wages 

as the urban reference wage in our regression analysis.  For Barishal, constructional wages 

are not available and we use the industrial wage as the urban reference wage. 

The main challenge is to capture the level of agricultural mechanization through key indicator 

variables.  We use three main indicators, namely the number of tractors (40 CV tractor-

equivalent), the capital-labor ratio in agricultural, and the tractor stock measured in USD.  The 

40 CV tractor- equivalent machinery use in agriculture is collected by USDA ERS (2018) based 

on Fuglie (2015).  We compute the capital-labor ratio as the ratio of fixed capital in agriculture 

of the total employment in the agricultural sector both provided by (FAO, 2018). Both 

indicators are standard to measure the level of agricultural mechanization (Kiriu and von 

Braun, 2018).  In addition to these two indicators, we make use of the fact that Bangladesh 

does not produce tractors domestically, but imports all machinery; mainly from China. UN 

Comtrade (2018) reports the quantity and value traded for different products and services by 

Harmonized Commodity Description and Coding Systems (HS). The product line 8701 

represents tractors for agricultural use. We gather data on the exports to Bangladesh 

reported by its trade partners since Bangladesh does not report its imports. To convert import 

values into an approximation of the actual capital stock, we depreciate imports by an annual 

rate of 10%. Thus, tractor stock comprises of current imports and a weighted sum of the 

imports of the past nine years.  All these indicators are available only at the national level and 

on an annual base. To avoid structural changes within individual years, we split the annual 

change in the indicators into equally sized monthly or seasonal changes.  All summary 

statistics are available in table 3.1. 

In addition to that, we include several control variables in the panel regression, related to 

either rural agricultural wages or rice prices. The international rice price is equal to the export 

price of India, the major trade partner of Bangladesh, and taken from GIEWS (2018)3.   Public 

rice stocks are available from FPMU (2018).  Both public rice stocks and the international rice 

price are positively related to local rice prices.  However, an increase in the public reserve 

level may also stimulate the demand for agricultural labor. The GDP growth rate, obtained 

from World Bank (2018), is included as a demand shifter, which potentially affects both rural 

agricultural wages and rice prices positively.  We also include four weather indicators, namely 

rainfall, and temperature anomalies and their respective squared values.   The anomaly is 

defined as the deviation of the monthly observation from its long-term trend.   We expect a 

negative relationship with ToT, as weather shocks reduce agricultural supply, which drives 

                                                      
3  During  India’s  rice  export  ban  between  2008  and  2010,  we  use  the  export  price  of Vietnam. 



12 
 

rice prices, and the demand for agricultural labor. Finally, we control for seasonality by 

including dummy variables for both Aus and Amon season (the Boro season is the reference)4. 

To investigate possible channels of the mechanization impact on rural wages, we also run 

standard fixed effects regression testing the effect of changes in the mechanization indicators 

of agricultural outcomes.  We consider the seasonal level of rice production, rice yield, and 

labor productivity.  The level of labor productivity is measured as the rice production divided 

by the number of agricultural households in Bangladesh.  Rice production and yield are 

obtained from the annual Yearbooks of Agricultural Statistics in Bangladesh. The number of 

agricultural households is taken from the 3rd and 4th agricultural censuses of Bangladesh in 

1991 and 2008.  The annual number of households by division was computed by linear 

interpolation. 

1.5 Results 

The Arellano-Bond estimator for dynamic panel models is highly sensitive to the specific 

instrument choice. Furthermore, over-identification, as a consequence of too many 

instruments, can cause biased coefficient estimates (Roodman, 2009b). Therefore, we limit 

our instruments to two lags (3rd and 4th) for the lagged dependent variable and all the other 

independent variables. We also exclude lag 1 and lag 2 from the set of instruments to avoid 

the risk of autocorrelation.  The Arellano-Bond autocorrelation test is performed to confirm 

the validity of the lags as instruments.   Hansen and Difference-in-Hansen tests are conducted 

for the over-identification and validity of GMM type instruments, respectively.   We present 

the instrument count, the Arellano-Bond autocorrelation test statistic, and the test statistics 

for both Hansen and Difference-in-Hansen test at the bottom of each regression table.  To 

remove autocorrelation of second-order we include lags of the independent variable urban 

wage. 

1.5.1 The impact of mechanization 

We start the discussion of the results with the monthly model (short-term) presented in Table 

2. The terms of trade (ToT), measured as the rural agricultural wage in kg of rice, is the 

dependent variable. Columns (1) to (3) show the different specifications using all three 

indicators for the level of mechanization. In all models the lagged dependent variable is 

positive and significant and lies between 0 and 1. This expresses the persistence of the ToT. 

The persistence of the ToT indicates that agricultural wages in Bangladesh are not anymore 

at the subsistence level but change with labor supply and demand.  In all specifications, the 

indicator for agricultural mechanization is positively associated with the ToT. All coefficient 

estimates are significantly different from zero. Precisely, the model predicts that an additional 

usage of 100,000 tractors (equivalent to the increase in the tractor equivalent from 2010 to 

                                                      
4 Aus:  sown  in  (May)  along  with  pre  monsoonal  rains  and  harvested  in  July.  Aman: sown in rainy season 
July-August and harvested November.  Boro:  sown in November and harvested in March-April. 
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2014) would increase the ToT by 4% in the short-run.  An increment of the capital-labor ratio 

by 0.3 (equivalent to the change from 2010 to 2014) and an increase of the tractor stock by 

100 million USD (equivalent of the 2014 import value) could lift the ToT by 15% and 4%, 

respectively.  Given that the unit price of a power tiller is around 10,000 USD (Mottaleb et al., 

2017), the coefficient estimates for the regressions in Columns (1) and (3) correspond closely. 

Among the control variables, we only find a systematic relationship between ToT and the 

weather variables as well as the international rice price. In line with our hypothesis, positive 

changes in the international rice price reduce real rural agricultural wages, most likely through 

its inflating effect on domestic rice prices.  Both higher (than normal) temperature and rainfall 

are negatively associated with ToT. In Bangladesh, where flooding during the monsoon 

periods is common, too much rainfall represents the biggest threat to crop production. 

Interestingly, the coefficient estimates for public stocks are positive, yet only significant in the 

specification (2), suggesting that public policy intervention, besides its impact on rice prices, 

also stimulates labor demand and positively affects rural wage.  The coefficient of the 

contemporaneous urban wage is significant and positive in Columns (1) and (3) and negative 

and significant in Column (2).  At the same time, the lagged urban wage rate is negatively 

associated with the current ToT in Columns (1) and (3) and positively associated in (2). 

However, the sum of the coefficients of the contemporaneous and lagged urban wage is not 

different from zero in all specifications.  Thus, the influence of the urban wage seems 

insignificant in the short run, which supports similar studies underlying the stickiness of 

agricultural wages with respect to changes in urban wages (Hassan and Kornher, 2019).  Last, 

seasonal dummies are insignificant.  This is not surprising as both rural wages and rice prices 

are lower in the Boro season, which is the reference for the analysis. 

The second model is the seasonal one, which we consider as medium-term, and present in 

Table 3.3. Most importantly, the positive association between all indicators of agricultural 

mechanization and the ToT remains significant, whereas the coefficient estimates are slightly 

larger than in the monthly model suggesting that the impact of mechanization increases over 

time.  Similar to the monthly model, the coefficient of the lagged dependent variable remains 

significant but is smaller than in the monthly model.    By contrast, the coefficient estimates 

of the international rice price, the public stock level, and the annual GDP growth rate are 

larger than in the monthly model. The coefficients for public stocks and GDP growth rates are 

also significantly different from zero.  Hence, it appears that both public rice procurement 

and overall economic growth increase the demand for rural labor and lift rural agricultural 

wages.  Different to the monthly model, in the medium- term rural ToTs are largest during 

the Aus season. Last, the coefficient of the urban wage is significant and positive in 

specifications (1) and (2). A finding that supports the recent literature on the relationship 

between rural and urban wages in Bangladesh and supports the hypothesis that changes in 

wage rates are sticky and take time to transmit to the rural areas. 



14 
 

The annual model in Table 3.4 confirms the findings of the seasonal and monthly models.  In 

general, all the coefficients of all variables increase in size as the observation period increases. 

This is particularly true for the indicators of agricultural mechanization.  For instance, the 

annual model predicts for an additional 100,000  tractors, an increment of the capital-labor 

ratio by 0.3,  and an increase of the tractor stock by 100  million  USD,  a  positive effect on 

rural ToTs at a magnitude of 33%,  39%,  and  25%,  respectively. Notably, all these effects are 

short-term effects in the respective models. The long-term equilibrium effects can be 

computed by ζ/(1-β). The only observed difference between the annual and the other models 

is for urban wages which are negatively associated with ToT.  
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Table Error! No text of specified style in document..2: Monthly model ToT 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 (1) (2) (3) 

VARIABLES ToT ToT ToT 

    

L.ToT 0.871*** 0.400*** 0.815*** 

 (0.0214) (0.0654) (0.0469) 

Urban wage (nominal) 1.868*** -1.013*** 1.615*** 

 (0.437) (0.349) (0.387) 

L. Urban wage (nominal) -1.848*** 1.332* -1.613*** 

 (0.449) (0.808) (0.396) 

L2 Urban wage (nominal)  -0.368  

  (0.527)  

Level of public rice stock 0.00404 0.0983*** 0.00869 

 (0.0199) (0.0281) (0.0272) 

Aus (=1) -0.00867 0.115*** 0.00440 

 (0.0199) (0.0192) (0.0178) 

Aman (=1) -0.00558 0.0237* -0.000765 

 (0.0160) (0.0124) (0.0161) 

International rice price -0.0532*** -0.179*** -0.0750*** 

 (0.0190) (0.0306) (0.0266) 

GDP growth -0.0108*** 0.00809 0.00435 

 (0.00321) (0.00524) (0.00550) 

Rainfall abnormality -8.68e-05** 2.72e-06 -8.00e-05** 

 (3.52e-05) (3.16e-05) (3.17e-05) 

Temperature abnormality -0.00945** -0.00761** -0.00835** 

 (0.00372) (0.00356) (0.00370) 

Rainfall abnormality squared 8.80e-08 8.49e-08 9.15e-08 

 (7.07e-08) (8.73e-08) (7.21e-08) 

Temperature abnormality squared 0.00246 0.00636*** 0.00177 

 (0.00253) (0.00244) (0.00241) 

Machinery use 0.362***   

 (0.0725)   

Capital labor ratio (%)  0.549***  

  (0.0988)  

Tractor stock in USD   0.000389*** 

   (7.49e-05) 

    

Observations (N) 1,816 1,744 1,816 

Number of divisions 8 8 8 

N Instruments 17 17 17 

AR(2) 0.372 0.647 0.457 

Hansen Test     

Diff.Sargan (gmm)    
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Table Error! No text of specified style in document..3: Seasonal model ToT 

Dependent variable ToT (1) (2) (3) 

L.ToT 0.309*** 
(0.0239) 

0.243*** 
(0.0195) 

0.252*** 
(0.0200) 

Urban wage (nominal) 0.489*** 
(0.102) 

-0.0137 
(0.0630) 

0.396*** 
(0.0428) 

Aus (=1) 0.110*** 
(0.0103) 

0.129*** 
(0.0117) 

0.110*** 
(0.0119) 

Amon (=1) -0.00967 
(0.0122) 

0.00722 
(0.0124) 

-0.00627 
(0.00912) 

Level of public rice stocks 0.112*** 
(0.0134) 

0.141*** 
(0.0114) 

0.119*** 
(0.0149) 

International rice price -0.309*** 
(0.0287) 

-0.348*** 
(0.0170) 
 

-0.339*** 
(0.0198) 

GDP growth 0.0173** 
(0.00845) 

0.0323*** 
(0.00699) 

0.0433*** 
(0.00835) 

Rainfall abnormality -0.000294*** 
(0.0000825) 

-0.000259*** 
(0.0000678) 

-0.000261*** 
(0.0000747) 

Temperature 
abnormality 

-0.0404*** 
(0.00700) 

-0.0289*** 
(0.00865) 

-0.0325*** 
(0.00738) 

Rainfall abnormality 
squared 

0.000000317 
(0.000000354) 

0.000000293 
(0.0000003380) 

0.000000307 
(0.000000341) 
 

Temperature 
abnormality squared 

0.00550 
(0.0120) 

0.00236 
(0.0120) 

0.00391 
 

Machinery use # 0.619* 
(0.371) 

  

Capital-labor ratio (%)  0.664*** 
(0.0516) 

 

Tractor stock in USD   0.000777*** 
(0.000120) 

N 448 432 448 
N Instruments 17 17 17 
AR(2) 0.604 0.911 0.550 
Hansen Test 1.000 1.000 1.000 
Diff.Sargan (gmm) 1.000 1.000 1.000 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

This could have two explanations:  first, urban  wages  might, in  the  long-run,  be  a  significant  

demand  shifter  and increase rice prices stronger than they increase rural wages, and second, 

the diminishing  wag  gap  between  urban  and  rural  areas  could  cause  circular migration 

back to the rural areas which increase labor supply and reduces rural wages.  This hypothesis 

needs to be tested further. 
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Table Error! No text of specified style in document..4: Annual mode ToT 

Dependent variable 
ToT 

(1) (2) (3) 

L.ToT 0.639*** 
(0.169) 

0.288*** 
(0.0755) 

0.537*** 
(0.125)) 

Urban wage (nominal) -1.451*** 
(0.492) 

-1.126*** 
(0.261) 

-1.149*** 
(0.292) 

Level of public rice 
stocks 

0.828*** 
(0.112) 

0.620*** 
(0.0806) 

0.593*** 
(0.0773) 

International rice price -0.152*** 
(0.0624) 

-0.373*** 
(0.0643) 
 

-0.318*** 
(0.0334) 

GDP growth 0.844*** 
(0.0256) 

0.135*** 
(0.0235) 

0.142*** 
(0.0295) 

Rainfall abnormality 0.00117** 
(0.000590) 

0.000636 
(0.000535) 

0.000426 
(0.000501) 

Temperature 
abnormality 

-0.0504 
(0.0402) 

-0.0609 
(0.0399) 

-0.0239 
(0.0358) 

Rainfall abnormality 
squared 

0.00000124 
(0.00000133) 

0.00000156 
(0.00000121) 

0.00000193* 
(0.00000108) 
 

Temperature 
abnormality squared 

0.152** 
(0.0741) 

0.146** 
(0.0662) 

0.0620 
(0.0491) 
 

Machinery use # 3.391*** 
(0.887) 

  

Capital-labor ratio (%)  1.311*** 
(0.200) 

 

Tractor stock in USD   0.00247*** 
(0.000440) 

Observations  144 144 144 
N Instruments 14 14 14 
AR(2) 0.275 0.047 0.172 
Hansen Test 1.000 1.000 1.000 
Diff.Sargan (gmm) 1.000 1.000 1.000 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

1.5.2 Channels of the mechanization impact 

Finally, Table 3.5 shows the regression results of a standard fixed-effect model regressing 

indicators for a possible scale effect of mechanization on the indicators for agricultural 

mechanization.  We find the regressions for the indicator labor productivity in Columns (1)-

(3), production, in Columns (4)-(6) and yield in Columns (7)-(9).  All coefficient estimates are 

positive, those for production and yield are significantly different from zero. Hence, the 

regressions suggest that agricultural mechanization has increased productivity and overall 

rice production. Given that agricultural land in Bangladesh is scant, productivity gains are the 

only option to increase agricultural production. The results could imply that labor and 
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machines are complementary inputs in agricultural production, yet, we fail to test the 

hypothesis due to a lack of sufficient variation in the data on agricultural labor. 
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 Table Error! No text of specified style in document..5: FE regression on channel of mechanization impact 

 

 

Dependent 
variable  

              Labor productivity                    Production                     Yield 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

Aus (=1) -1.824*** 
(0.088) 

-1.822*** 
(0.088) 

-1.823*** 
(0.088) 

-1.825*** 
(0.088) 

-1.824*** 
(0.088) 

-1.826*** 
(0.088) 

-0.625*** 
(0.035) 

-0.626*** 
(0.035) 

-0.628*** 
(0.035) 

Amon (=1) -0.359*** 
(0.088) 
 

-0.356*** 
(0.088) 

-0.356*** 
(0.088) 

-0.365*** 
(0.088) 

-0.364*** 
(0.088) 

-0.365*** 
(0.088) 

-0.612*** 
(0.035) 

-0.615*** 
(0.035) 

-0.616*** 
(0.035) 

Rice price 
(nominal) 

-0.000 
(0.000) 

-0.000 
(0.000) 

-0.000 
(0.000) 

-0.000 
(0.000) 

-0.000 
(0.000) 

-0.000 
(0.000) 

-0.000 
(0.000) 

-0.000 
(0.000) 

-0.000 
(0.000) 

Weather 
abnormalities 

Yes 
 

Yes Yes Yes Yes Yes Yes Yes Yes 

Machinery use 
# 

0.436 
(0.759) 

  1.286* 
(0.757) 

  1.806*** 
(0.297) 

  

Capital-labor 
ratio (%) 

 0.262 
(0.245) 

  0.425* 
(0.244) 

  0.449*** 
(0.098) 
 

 

Tractor stock in 
USD 

  0.001 
(0.001) 

  0.001* 
(0.001) 
 

  0.001*** 
(0.001) 

Observations 432 432 432 432 432 432 432 432 432 

Robust standard errors used; * p < 0.10, ** p < 0.05, *** p < 0.01 
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1.6 Conclusions 

This study examines the implications of agricultural mechanization on rural labor markets in 

Bangladesh. Mechanization of agricultural activities seems imperative to sustainable 

intensification, food security, and poverty reduction in many developing countries. This is 

particularly important inland constraint countries, such as Bangladesh, where land ownership is 

scattered, and a growing population needs to be fed. The present paper shows that agricultural 

mechanization has positively affected real rural wages, and thus has contributed to the reduction 

of the rural-urban wage gap. 

There are several distinguishing features of our study. First, our data spans over a long period 

using a unique subnational level data set on rural and urban wages and rice prices.  Second, we 

empirically test how agricultural mechanization has affected rural wages in Bangladesh since the 

1990s. Third, by estimating different models with varying time horizons, we are able to test the 

dynamics of rural wage determination. Last, we investigate the channels of the mechanization 

effect, namely its impact on agricultural productivity and production. By providing a theoretical 

framework, we are confident to attribute the positive effect of mechanization on rural wages to 

the scale effect associated with the increase in agricultural activities facilitated through 

agricultural mechanization.  Hence, our findings dispel the concern that the substitution of 

manual labor by machines has led to reduced employment opportunities and lower wage rates 

in rural Bangladesh.  This has important implications for policymakers aiming for a reduction of 

rural poverty and interventions which reduce extensive rural-urban migration and create more 

employment opportunity in the agricultural sector. 

Although agricultural mechanization in Bangladesh has considerably advanced in recent years, 

there is still needed to increase the adoption of machine use, in particular on small farms. The 

rental market of farm machinery is available in most rural areas which may help to adopt such 

services at an increasing rate, yet, often few suppliers are available leading to rationing of the 

services.  Further, the adoption of new types of renting services may create new employment 

opportunities for the rural labor force. Mechanization can certainly create jobs if it is scaled out 

across the whole value chain. That means if mechanization is inserted in sectors where there are 

labor shortages, like harvesting. Though the general conception is that there are a lot of people 

in low-income countries like Bangladesh but, there is a seasonal labor shortage. If mechanization 

responds to sectors that are on average labor-intensive like rice, wheat and potato cultivation in 
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Bangladesh, where farmers have labor shortages, it can create jobs. However, it may create jobs 

only, if it is scaled out across the whole value chain. That means It is not only just the power tiller 

or tractor owners, drivers, the maintenance, and the operators but also with the equipment for 

processing, grading, quality assurance, the transport sector, packaging, distribution,  all of it is an 

area where there are ample opportunities to can create jobs for the semi-skilled labor forces. 

Jobs are created when new market opportunities arise, however, the extent to which it creates 

new rather than destroying the old is a fundamental question. If mechanization done right then 

it can create jobs by improving the timeliness and efficiency of agricultural operations and 

reduces time spent on labors activities and reduce the drudgery e.g. in equipment maintenance 

and repair service sector, electricians, mechanics, etc. But for these to happen GOB need to invest 

in vocational training and skills development. There is a seasonal shortage of labor in Bangladesh. 

Therefore, when mechanization increases efficiency in agricultural production, especially in such 

value chains where there is a labor shortage, it can create more jobs. A successful mechanization 

process cannot be achieved in Bangladesh when the push is only coming from outside. 

Bangladesh needs its own agricultural machinery industry. Even if it is small, a small development 

is taking place in the industry in Africa. To make the process of mechanization in Bangladesh 

successful, we need to build an intelligent, technical and organizational partnership together with 

other developed countries. Acknowledging the importance of rural labor markets, policymakers 

are advised to continue investing in rural (on-and non-farm) productivity to create proper 

employment opportunities in the agricultural sector.
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