[image: image1.png]Ay, = B.
, +Bot+ 0
Lt + 0y, + ol +







Original Research Article
Wage Dynamics of Farm and Non-Farm Labour in Godavari Delta Zone - A Cointegration Analysis
Abstract 
The present study was undertaken to analyse integration among wages of farm men, farm women, and non-farm labour in Godavari Delta Zone. Time series data on monthly average wages of farm and non-farm labour over a period of twenty years were used. The growth rate of farm men, farm women, and non-farm wages showed an increasing trend. The unit root test indicated that, the wage series became stationary after first differencing, and Johansen co-integration test confirmed the presence of a long-run relationship among the variables. The Vector error correction model revealed that, both men and women farm labour wages adjust to restore long-run equilibrium when short-run deviations occur. Whereas, non-farm wages showed divergence from equilibrium. Pairwise Granger causality results revealed a bidirectional causal relationship between farm men and farm women wages, while non-farm wages exhibit unidirectional causality toward both categories of farm wages.
Key words: Co-integration, Farm labour, Non-farm labour, Godavari Delta, VECM model, and Wages.
Introduction
Agriculture remains a cornerstone in the development of India’s economy. Although its share in the country’s GDP has gradually declined over the years, agriculture and its allied sectors still provide employment to a major share of the rural population. Since agricultural operations are largely labour-intensive, wages constitute an important component of production costs (Jammugani et al., 2022). In Andhra Pradesh, agricultural labour wages experienced wider fluctuations during the early 2000. The same trend prevailed in Godavari Delta Zone also, which is known for its cultivation of labour-intensive crops like Paddy and Sugarcane. After the implementation of Mahatma Gandhi National Rural Employment Guarantee Scheme in 2005-06, wages began to increase after remaining stagnant for more than two decades (Bhattarai et al., 2014). Besides government interventions, the growing prevalence of non-farm employment opportunities and increasing farm mechanization have also influenced the rural wage structure. These factors have contributed to mismatches between demand and supply of labour, leading to fluctuations in farm wages. Despite these impacts, a considerable gap continues to exist between wages paid in farm and non-farm activities. However, there were no scientific attempts made towards studying the integration between farm and non-farm labour wages in Godavari Delta Zone. With this background, the present study was undertaken to analyse the temporal trends of wages in different labour markets viz., farm men, farm women and non-farm labour and the nature of integration among them in Godavari Delta Zone.
Materials and Methods 

Data 

The data on monthly average wages of farm and non-farm labour in Godavari Delta Zone of Andhra Pradesh was collected from various sources viz., the Directorate of Economics and Statistics, Andhra Pradesh, and Ministry of labour and employment, Government of India. The time series data subjected to analysis pertained to the period from 2002-03 to 2022-23.
Tools for Analyses
Trend analysis
To study the growth trend in wages of farm men, farm women and non-farm labour markets, the compound growth rate was computed using the exponential growth model 

Yt = abt                               …….(1)
Where, 
Yt = Wages at time ‘t’ (in Rs.), a = Constant term, b = Parameter to be estimated, 
t = Time period in years.
By taking natural logarithm on both sides of the equation (1), the following form was obtained.
ln Yt = ln a + t ln b                ……..(2)

The compound growth rate was obtained using the formula. 
r = (Antilog of β2 - 1) × 100     …….(3)
Integration of Labour Wages
Wage integration is a word used to describe how wages in related labour markets exhibit comparable trends in terms of rise or fall in wage rates. According to Hicks (1963), wages are the price of labour and thus in the absence of control, they are determined like all prices, by supply and demand. 
Augmented Dickey – Fuller (ADF) Test
The augmented Dickey-Fuller test was employed to test the stationarity of the wage series. The test is augmenting a random walk with drift around a stochastic trend by adding the lagged values of the dependent variable ∆yt. The test is based on following model,
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Where,

Yt = Wage in particular labour market at time ‘t’, [image: image4.png]


 = yt - yt-1, [image: image6.png]


= Constant, 
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 = Co-efficient on a time trend, e = Pure white noise error term, m = optimal lag selected based on Akaike Information Criterion (AIC) and Schwartz Information Criterion (SIC).
Johansen Cointegration Test

Johansen Cointegration test is used to ascertain whether the variables have any cointegrating relationships or in testing hypothesis about the rank of the co-integrating space. To examine the wage relationship among different labour markets, the following basic model was applied.
Trace statistic ([image: image10.png]
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Where, [image: image14.png]


 = estimated Eigenvalues (Characteristic roots) obtained from the different wage categories, T = number of usable observations.
Vector Error Correction Model 

The Vector Error Correction Model is a technique used to estimate the equilibrium correction mechanism for the short and long-run relationships of the wage variables viz, farm men wages, farm women wages and non-farm wages in the study (Jammugani et al., 2022). For non-farm wage variable, wages of blacksmith, carpenter, and construction workers were included. The general equation for the vector error correction model is as follows,
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From eq. (5) and (6), the [image: image20.png]


’s represent the speed of adjustment and the [image: image22.png]


’s represent the cointegrating equation.
Granger Causality Test

The Granger Causality test was used to determine the causation among the labour markets. It determines the direction of wage changes among the labour market. The causational relationship may be unidirectional (where wage transmission occurs in only 
one direction), bidirectional (where wage transmission occurs in both directions), or 
have no causational relationship (where labour markets might be unrelated). The regression to estimate the relationship among the wage series is as follows,
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Where,

X and Y = wage series of the labour markets, ln = logarithmic form of the wage series, m = number of lags of the variables in the model. 
Results and Discussion
Trend Analysis 
The details on trends in wages of men and women farm labour and non-farm labour are given in the Figure 1. It could be observed from the figure that, the wages of farm men, farm women, and non-farm labour showed positive and increasing trend with growth rate of 0.76 per cent, 0.83 per cent, and 1.02 per cent respectively. But, the wages of the farm men and women labour remained lower than the non-farm labour wages throughout the study period. This could be the reason for the general perception of considering farm jobs as low esteem employments, which needs to addressed with due concern.

Figure 1. Trend in Farm and Non-Farm Wages in Godavari Delta Zone
Integration of Labour Wages

To estimate the extent of wage transmission among the rural labour markets, and degree of wage integration among the markets has been analysed using Johansen co-integration test and Vector error correction model. 
Unit root test

The results of Augmented Dickey-Fuller (ADF) were furnished in Table 1. It could be observed that, original time series data is non-stationary with p-value more than five per cent level. Consequently, after the first difference, all the time series data was found to be stationary at five per cent level of significance i.e., I (1).
Table 1. Results of Unit Root Test for Wages of Different Labour Markets 
	S. No
	Wages
	Original data
	First difference

	
	
	t-statistic
	p- value
	t-statistic
	p- value

	1.
	Farm men
	-3.429
	0.098
	-4.547***
	0.002

	2.
	Farm women
	0.963
	0.999
	-3.363**
	0.050

	3.
	Nonfarm
	-3.223
	0.082
	-14.169***
	0.000


Note: ** and *** indicates significance at 5 per cent, and 1 per cent levels.
Johansen Cointegration Test

Johansen cointegration test was performed on the data and the results are presented in Table 2. The table shows that, the value of the trace statistics is greater than the critical value at 5 per cent level for the hypothesis of none, at most one, at most two co-integrating equations which leads to rejection of the null hypothesis. This implies that, three cointegrating equations were found to be significant at five per cent significance level. Thus, it confirmed the presence of long run cointegrating relationship among the selected variables.
Table 2. Results of Johansen Cointegration Test (Trace Statistic) for Labour Wages
	S.No
	Co-integrating equation(s)
	Eigen value
	Trace statistic
	Critical value

(at 5% Level)
	Probability

	1.
	None*
	0.4145
	312.13
	29.80
	0.0000

	2.
	At most 1*
	0.3419
	179.37
	15.49
	0.0000

	3.
	At most 2*
	0.2626
	75.57
	3.84
	0.0000


Note: *denotes rejection of the hypothesis at the 0.05 level,

Vector Error Correction Model 
A Vector error correction model establishes a short-run relationship between the labour wages, while correcting with the deviation from the long-run co movement of wages (Winarno et al., 2021). The error correction term indicates the speed of adjustment at which the wage rate returns to equilibrium in case of any disequilibrium. The estimates of Vector error correction model are presented in Table 3. It could be observed from the table that, error correction term coefficients were negative and significant for farm men and farm women. This indicated that, system would revert back to long run equilibrium with a relatively high speed of adjustment in both men and women farm wages. Such a fast adjustment could be attributed to the high seasonal labour dependence and mobility of agricultural labour in the Godavari Delta region. In case of non-farm wages, error correction term coefficient was positive and significant at one per cent level, which implied that non-farm wages diverged from the long-run equilibrium path. 
Also, it could be observed from the table that, farm men wages respond significantly to its own two-month lagged changes as well as to lagged changes in farm women and non-farm wages. This indicates the presence of short run wage transmission occuring from farm men to farm women and non-farm labour categories. Similarly, non-farm wages respond significantly to its own lagged changes and to lagged changes in both farm men and farm women wages, indicating that wage movements were transmitted across labour categories in short-run. In contrast, farm women wages exhibit significant short-run responses to its own lagged changes and to lagged changes in farm men wages, but not showed significant response to non-farm wage changes. This shows that, short-run wage transmission from farm women occurred mainly within the farm sector and did not extend to the non-farm sector. Overall, among the selected wage series, farm men and non-farm wages are highly integrated in the short run, whereas farm women wages are integrated with farm men wages but not with non-farm wages. This may be attributed to the fact that, farm men labour can more easily shift to non-farm employment when wages rise, whereas farm women labours face greater constraints in transitioning to non-farm activities, particularly those involving higher levels of physical exertion, such as construction work.
Table 3. Vector Error Correction Model Estimates of Labour Wages
	S.No.
	Error Correction
	D

(Farm Men)
	D

(Farm Women)
	D

(Non-farm)

	1.
	CointEq1
	-1.964524***
	-1.159450***
	0.469227***

	a.
	
	(0.17080)
	(0.16475)
	(0.14240)

	2.
	D [(Farm Men) (-1)]
	0.542723***
	1.003438***
	-0.325666***

	a.
	
	(0.13540)
	(0.13060)
	(0.11289)

	3.
	D [(Farm Men) (-2)]
	0.232017***
	0.516517***
	-0.282502***

	a.
	
	(0.08756)
	(0.08445)
	(0.07300)

	4.
	D [(Farm Women) (-1)]
	-0.301875***
	-1.139287***
	0.130196

	a.
	
	(0.09287)
	(0.08958)
	(0.07743)

	5.
	D [(Farm Women) (-2)]
	-0.195676**
	-0.629923***
	0.234110***

	a.
	
	(0.08548)
	(0.08245)
	(0.07127)

	6.
	D [(Non-farm) (-1)]
	-0.555439***
	-0.368256
	-0.552853***

	a.
	
	(0.08699)
	(0.08391)
	(0.07253)

	7.
	D [(Non-farm) (-2)]
	-0.258494***
	-0.134930
	-0.319054***

	a.
	
	(0.07204)
	(0.06949)
	(0.06006)

	8.
	Constant
	-0.015905
	-0.007213
	0.006658

	a.
	
	(1.16641)
	(1.12507)
	(0.97248)

	9.
	R-squared
	0.605423
	0.486983
	0.446915

	10.
	Adjusted R-squared
	0.593915
	0.472020
	0.430783


Note: ( ) indicates standard error, ** and *** indicates significance at 5 per cent, and 1 per cent levels. (-1) represents one month lag, (-2) represents two month lag period.
Granger Causality Test

The results of pair wise Granger causality test are furnished in the Table 4. It could be inferred that, farm men, farm women, and non-farm wages showed granger causality. The farm men wages exhibited bidirectional causation in wage transmission with farm women wages at one per cent significance level which indicates that, the wage changes in one category significantly influences the other in both directions. This might be due to the fact that, there always existed a gender-linked interdependence in rural labour markets, where the revision of men wages often lead to subsequent adjustments in women wages, and vice versa. 

The non-farm wages exhibited unidirectional causation in wage transmission with farm men wages at five per cent significance level, which indicated that changes in non-farm wages Granger-cause changes in farm men wages but farm men wages did not influence the non-farm wages. Similarly, non-farm wages were found to granger cause farm women wages at one per cent level. This might be due to the fact that, rising non-farm wages attract rural labours away from agriculture, creating competition for labours and forcing farmers to raise both male and female agricultural wages to retain labour during peak farming operations. The above discussed unidirectional relationship needs to get noted earnestly since it vividly indicates the social and economic inferiority of farm jobs, which needs to be addressed with utmost seriousness.
Table 4. Pair-wise Granger Causality Test of Labour wages

	Causing wage category
	Responding wage category

	
	Farm men wages
	Farm women wages
	Non-farm wages

	Farm men wages
	-
	10.92***
	0.199 

	Farm women wages
	11.18***
	-
	0.59

	Non-farm wages
	8.79**
	12.31***
	-


**, *** indicates significance at 5 per cent, and 1 per cent levels
Conclusion
The study found that, farm wages are strongly influenced by non-farm wage rates, as confirmed by the long-run cointegration relationship. The causality patterns further indicated that, farm men and farm women wages influenced each other mutually, while non-farm wages exert a unidirectional influence on both categories of farm wages. Overall findings revealed that rural labour wages are interconnected, but the wage structure remains influenced by the expanding non-farm employment opportunities in the region. It could be concluded that, the farm wages remain less remunerative compared to non-farm wages in absolute terms, and agricultural labour often participates in farm work as a last resort employment option. Therefore, policy measures may be considered to revise and strengthen minimum agricultural wage rates by taking non-farm wages as a reference, in order to reduce migration from farm to non-farm sectors.
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