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ABSTRACT

	A study was conducted to explore the nature in which smallholder maize producers respond to price and non-price incentives. Specifically the study aimed at assessing the hectarage response of smallholder farmers in maize production to price and non-price incentives. Using a case study of farmers in Lilongwe District, Central Malawi -the study employed an Auto-regressive Distributed Lag  model to assess smallholder maize farmer’s responsiveness to price and non-price incentives. Time series data for a period of 20 years ranging from 1989 to 2009 was used for the analysis. Study findings show that the important factors affecting smallholder farmers’ decision to allocate land to maize included the lagged hectarage allocated to maize, availability of labour and inorganic fertilizer. Lagged maize prices and weather were found to be statistically insignificant in influencing farmers’ decision to allocate land to maize. Study conclusions are that price incentives on their own are inadequate to influence smallholder farmers’ decision to allocate land to maize. This is because farmers are largely constrained by land and cash resources with which to hire labour and to purchase inorganic fertilizer in order to respond to higher market prices.  Therefore policy needs to go beyond market and price interventions as a means of incentivizing staple food production as non-price incentives are critical in influencing smallholder farmers’ production decisions in relation to maize in Malawi.
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1. Introduction
	Malawi has long been dependent on the agricultural sector both as the leading foreign exchange earner and for subsistence particularly among smallholder farmers, contributing more than a third of the gross domestic product (GDP) and generating more than 90 percent of total export earnings (GoM, 2005). Around half of the citizens in paid employment work in the agricultural sector and 85 percent of the population is supported by the agricultural industry. As a result of centrality of agriculture in the economy, Malawi’s development strategies and policy reforms have concentrated heavily on this sector (Harrigan, 2003).
Jere (2008) reported that the importance of agriculture to the Malawian economy and to the livelihoods of most Malawians is the central reason behind continual government support. Lack of investment and development of the sector has resulted in poverty and productivity traps that have further constrained input and output market development, and the ability of rural poor people to protect themselves from wider economic shocks. Jere (2008) further points out that this has been the case because the majority of producers in the agricultural sector are resource-poor farmers, such that the need for government intervention in the sector is, sometimes, a necessary prerequisite for meaningful development. Mataya and Kamchacha (2005) indicated that government intervention in the market place has been justified by the existence of market failure and the need to ensure adequate supply of commodities with some degree of price stability. Until 1994 prices of agricultural commodities were controlled with the exception of maize. This was made possible through the establishment of the Agricultural Development and Marketing Corporation (ADMARC) which was solely responsible for purchase and sale of agricultural produce and inputs, respectively.
This study aims to access the response of maize farmers to market price volatility. The focus of the study is on smallholder farmers’ response to market price volatility. Larger scale farmers are excluded from the study as it has been demonstrated that with prices that are often below the cost of production, many large scale farmers have abandoned maize production in recent years – thus maize production is largely the focus of smallholder farmers (CISANET, 2008). According to Jayne et al. (2005), Malawi has been described as the country with the highest magnitude of maize price instability between 1994 and 2003 amongst four other countries in the region (Kenya, Zambia, Zimbabwe and Malawi). There is also a widespread recognition that the existing maize marketing policy environment in Malawi is not generating the growth in farm productivity required to raise living standards and reduce poverty.
One of Malawi’s major development challenges is to identify and put in place policies, institutions and investments that will enable agricultural marketing systems to catalyze productivity growth on the millions of smallholder farms in the country. Problems of uncertainty, price instability, access to markets and weak coordination between the various stages in the food supply chain pose major challenges for the farming community as well as policy makers (Jayne et al., 2005).
In most countries, the objectives of government intervention in maize markets have mainly been the improvement of national food self-sufficiency levels and the stabilization of consumer prices. In many cases however governments have not been particularly successful in achieving either of these objectives (Conroy, 1993). In Malawi, the government declared a policy reversal to turn ADMARC into a monopoly and monopsony of maize trade – this was done without consideration of the implications that the policy would have for agricultural and market development in Malawi (CISANET, 2008).  The policy reversal was seen as necessary by government due to the proliferation of unscrupulous maize traders who purchase maize from smallholder farmers at low prices; high consumer prices for maize; low stock availability; speculative pricing tendencies by private traders; public pressure for cheaper government prices and increased vulnerability and poverty.  Policy changes often occur in Malawi as government has to deal with the conflicting interests of producers and consumers. . On the one hand government is concerned that the escalating prices will increase vulnerability among net food buyers. On the other hand, lower producer prices act as an implicit tax that hurt maize producers and may in the medium to long-run have adverse effects on the supply response. The figure below shows the maize price trend in Malawi from 1998.




Figure 1: Maize price trend in Malawi 
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Figure 1 shows a rising maize price trend over time.  Smallholder farmers respond in different ways to increasing and unstable maize prices as well as other non-price factors such as availability of fertilizer and weather.  This is because higher maize price variability and inconsistencies in of non-price factors all pose a risk to producer investment. Use of high priced agricultural inputs such as inorganic fertilizer and hybrid seed is intensified with better crop prices as the farmers perceive profits.  This therefore entails that low market prices may contribute to low use of these agricultural inputs.  The degree of responsiveness to both market and non-market factors requires empirical research in order to substantiate existing theoretical frameworks that have been developed and adopted to explain the dynamics of supply response in agriculture (Albayak, 1998). In Malawi, this is the case in that there is the assumption that price and non-price factors   influence maize hectarage response but there is lack of robust empirical evidence to support the assumption.  This paper therefore aimed to understand how smallholder maize famers respond to prices and non-price factors using empirical evidence. 

2. Theoretical Framework
	Supply response measures the degree to which the level of production and/ or marketed surplus changes in response to stimuli provided by changes in some important variables mainly prices. It attempts to explain the behavioural changes of producers with respect to the production, consumption and exchange decision of a certain product or set of products due to changes in economic incentives (Nkang et al., 2007). Price expectations obviously involve uncertainty, and considerable work had been done on this problem before Nerlove (1958). The earliest and simplest explanation of agricultural price expectations that producers are influenced solely by the most recent season’s prices and that price expectations are that last season’s price will prevail in the next period, is embodied in the so called cobweb model. Over the years this has been proposed as illustrative of a number of economic market situations where changes in the quantity for a market occurs in a discrete rather that continuous fashion (Askari & Cummings, 1976). The Nerlove model, hypothesizing farmer reactions in terms of price expectations and/or partial area (or production) adjustments has been adopted in this case.
Some work has been done in the past to analyse supply response of farmers. Nkang et al. (2007) state that the response of farmers to price and non-price incentives in sub-Saharan African (SSA) agriculture has received wide attention in the past because of the raging controversy among economists as to whether farmers in SSA are responsive to economic incentives and to what degree. They addressed the concerns using maize supply responsiveness in Nigeria as a case in point by using the method of cointegration and its applied error correction model. They found out that the response of real maize prices is very high particularly in the short run and with a higher adjustment toward long-run static equilibrium. Conclusions of that study are that  since maize supply benefits by a larger than proportionate amount by increase in the real price of maize, market prices in Nigeria should thus be raised or at least not allowed to drop below their current levels by stimulating further demand.
Muchapondwa (2008) used relatively recent time series techniques on data spanning over different pricing regimes to estimate the aggregate agricultural supply response to price and non-price factors in Zimbabwe. He applied the autoregressive distributed lag (ARDL) approach to cointegration and produced consistent estimates of supply response in the presence of regressor endogeneity. In addition the study permitted the estimation of distinct estimates of both long-run and short-run elasticities when variables are not integrated of the same order. The results confirmed that agricultural prices in Zimbabwe are endogenous and the variables are not integrated of the same order hence use of the ARDL was appropriate. Study conclusions are that agricultural price policy is rather a blunt instrument for effecting growth in aggregate agricultural supply.
Kanwar (2004) wanted to check for structural homogeneity of supply response function of cocoa production between 1933 and 1983 in Ghana. Using aggregate production data and a modified Nerlove model, a generalized Chow test showed that the nature of the supply response function changed between 1947 and 1948 and again after 1961. These changes in the supply response function represented farmers' reaction to changes in the institutional structure for buying and marketing cocoa that influenced the profitability of cocoa farming. When estimating supply response function for wheat in the Irbid Governorate of Jordan, Alwan (2002) also based on the Nerlovian Model. Alwan’s conclusions were that land holdings fragmentation was the major factor that negatively affects wheat production in the study area since the heritage system is the main factor that affects holding fragmentation. Lagged weighted prices were also found more suitable than current weighted prices from an economic and statistical point of view. Thirdly, the partial adjustment coefficient was low which means that the farmers needed more than one year to change their producing habits. Finally, the farmers were found to be risk-neutral, because their decisions depended mainly on the level and distribution of rainfall during the rainy season.
Askari and Cummings (1976) stated that although industrialization remains the prime goal of political and economic planners throughout the developing world, the last decade has seen a strong resurgence of interest in and concern for agriculture. One area where such endeavours have been clearly evident has been the estimation of farmer supply response to prices and to other incentives. This sector of economic research was immensely advanced by Marc Nerlove's seminal work of 1958. The Nerlove model, hypothesizing farmer reactions in terms of price expectations and/or partial area (or production) adjustments, has been adopted, modified and even extensively revised by numerous later authors in examining supply response.
Nerlove (1958), in his seminal study of dynamic response, proposed three types of output changes for consideration: (1) those in response to changes in prices which do not portend any particular changes in expectation about future prices; (2) immediate response to changes in expected future prices; and (3) response to changes in expected and actual prices after sufficient time has elapsed to allow for full adjustment. He restricted his attention to the two more common responses - short and long run responses to changes in price expectations, and to the problems of distinguishing empirically between the two. Braulke (1982) also concluded that judging by the number of studies which follow a particular approach more or less closely; Nerloves’s famous formulation of agriculture supply response is certainly one of the most successful econometric models introduced in literature.

3. Methodology
3.1 Conceptual Framework
	This study is guided by the conceptual framework of farmers’ response to price and non-price factors which is given in Figure 2. 

Figure 2: Farmer response to price and non-price factors 
[image: ]

From Figure 2 it can be seen that the formal trade, informal trade and inter-household trade form the maize output market. The output market influences the output prices which are also largely affected by government through policy intervention. Government policy through subsidies also affects the agricultural input prices which in turn affects farmers’ decision towards production of maize. Government policy also affects formal trade through export and import bans as well as land policy and this also affects the amount of land allocated to specific crops. Prices of other crops influences the farmer’s decision of whether to invest in maize or not since the farmer is eager to invest in other crops which might be perceived as more profitable than maize. In turn the farmers’ decision affects the amount of land and labour allocated towards maize production. Household characteristics affect the farmers’ decision to invest in maize and physical conditions such as weather also contribute to maize productivity.

3.2 Analytical Technique

An Auto-regressive Distributed Lag Model (ARDL) was used in this study. The ARDL is a dynamic model, stating that hectarage is a function of own hectarage, expected price, and some exogenous variables. A model is described as dynamic if the time path of the dependent variable is explained by its previous values (Gujarati, 1995). The model was lagged once and the lag length of the model was determined by the Akaike Information Criteria (AIC).  The model was estimated using least squares method as presented below:

..(1)

Where: 
 		Natural log of maize hectarage under cultivation in period t.
	 	Natural log of maize hectarage under cultivation in period t-1. 
It is expected that farmers are willing to allocate more land to maize when they perceive favorable conditions. Therefore the coefficient of this variable is expected to be positive.
 	Natural log of amount of fertilizer applied to maize in period t-1 used as a proxy of amount of fertilizer available. It is anticipated that the more the fertilizer is available the more a respective crop is going to be produced hence the coefficient is expected to be positive.
 	Natural log of weather variable estimated by the annual rainfall amount in period t-1. It is anticipated that the more the rainfall is conducive the more the farmers are going to allocate land to maize hence the coefficient is expected to be positive.
  	Natural log of labour in man- hours applied to maize in period t-1. It is expected to be positive since the more the household has labour the more it is willing to cultivate more land. 
            	is error term assumed to be white noise.
 	are the coefficients to be estimated.

3.3 Diagnostic Tests

The estimation ARDL model may result in residuals that violate the assumption of normality of the error terms. This is a simplifying assumption of the classical normal linear regression model, and must be satisfied for the method of ordinary least squares to be the best linear unbiased estimator (BLUE) (Muchapondwa, 2008). To ensure normality of the residuals, the estimating equation used in this study is expressed in logarithmic form. The transformation is necessary because it ensures that the errors are both homoskedastic and normally distributed (Maddala, 2001). This is imperative to ensure the validity of the t and F tests. An additional advantage of using the logarithmic form is that the coefficient of the price variable can be directly interpreted as the short-run supply elasticity.
The Breusch-Godfrey LM test for autocorrelation was employed to allow a decision to be made regarding the presence of autocorrelation among the residuals.  The Augmented Dickey-Fuller (ADF) test was used to test each of the variables for the presence of a unit root.

4. Model Estimation and Discussion

The summary of results of unit root test of individual data series used in the estimations of the hectarage equation indicate that we should reject the presence of a unit root at 5 percent significant level; therefore we proceed to do the estimations. Results of multicollinearity test for individual variables as well as the mean Variance Inflation Factors are all less than 10. This indicates that there is no multicollinearity in the model. 
Using the Breush-Godfrey LM test for Autocorrelation the presence of autocorrelation is ruled out since the p- value rejects the presence of autocorrelation at 5 percent significance level. The Breush-Pagan heteroskedasticity test also rules out the presence of heteroskedasticity in the model at 5 percent significance level. Table 1 presents the results of the regression model for the hectarage response equation for Maize. 

[bookmark: _Toc297639323]Table 1: Regression Results of the Hectarage Equation
	Maize Hectarage Regressors
	Coefficient Estimates
	Standard Error

	Constant
	4.6225***
	2.2271

	
	0.4039***
	0.2113

	
	0.0525
	0.1390

	
	0.2815**
	0.1262

	
	0.2353
	0.1426

	
	-1.1664***
	0.6044

	Adjusted R-Squared
	0.8193
	

	Prob > F
	0.0000
	


Note: ***significant at 10%, **significant at 5%, and *significant at 1%.

From 1 it can be seen that the adjusted R-Square statistic is high indicating that 81 percent of the total variation in the hectarage allocated to maize is explained by the model. The F-value is highly statistically significant at 1 percent significant level. The constant coefficient of hectarage equation (4.622) is significant at 10 percent significance level implying that farmers in Malawi will allocate 4.6 percent of their total land to maize regardless of other observed variables. This is so because maize is the main staple food crop that affects food security amongst smallholder farmers; therefore land will still be allocated to maize to cater for food security. Own hectarage (HM, t-1 ) of maize was significant at 10 percent significant level – with coefficient estimate for own hectarage implying that a  1 percent increase in the lagged hectarage allocated to maize  induces a 0.4 percent increase in the amount of land allocated to maize in the next  season. This indicates that lagged hectarage allocated to maize exerts a significant influence in cropped area allocation for  maize in a subsequent season.
Lagged maize prices (PM, t-1) were statistically insignificant. This was the case regardless of the positive relationship between the amount of land allocated to maize and the previous prices. This indicates that maize prices do not influence farmers’ decision in terms of the amount of land allocated to maize. Chembezi (1990) argued that smallholder farmer’s price risk is empirically less important and that they have developed a culture that maize apart from being a food crop is also a source of income. Other studies by Mapila (2011) have also demonstrated that maize production in Malawi is both income and price inelastic.  This is the case with smallholder farmers continuing to allocate land to maize for subsistence purposes regardless of changes in household income or market prices. Fertilizer availability to smallholder farmers (Fertt-1) was found to be critical in determining the amount of land allocated to maize in the current season with the variable being statistically significant at the 5 percent significance level. A 1 percent increase in the amount of fertilizer available would result into a 0.28 percent increase in the amount of land allocated to maize.  This clearly indicates that farmers’ willingness to allocate more land to maize will depend on the availability of fertilizer.
[bookmark: _Toc297711530]Regardless of the positive relationship between the weather variable and amount of land allocated to maize, the weather variable (Wt-1) (annual rainfall) was statistically insignificant. This implies that lagged annual amount of rainfall did not play any part in terms of influencing the farmers’ decision in current allocation of land to maize. Labour (Lt-1) was significant at the 10 percent significance level. But contrary to a prior expectations labour was found to be negatively related to land allocated to maize. . A 1 percent increase in the amount of labour resulted into a 1.2 percent decrease in the amount of hectarage allocated to maize. This could be due to the substitution effect between land and labour as well as other variables.

5. Conclusion and Policy Recommendations 
The study analyzed the response of smallholder maize farmers in Malawi to price and non-price factors.  Using a case study of Lilongwe district the study findings show that important factors that affect smallholder farmers’ decision to allocate land to maize are lagged hectarage allocated to maize, availability of inorganic fertilizer and amount of labour in a household. Lagged hectarage allocated to maize and availability of fertilizer had a positive and significant impact on maize hectarage.  While the availability of labour resulted into a decrease in amount of land allocated to maize in current season. Lagged maize market prices and weather conditions were found to be statistically insignificant in influencing smallholder farmers’ decision in land allocation. Thus it can be concluded that maize price policies and market interventions are on their own inadequate to influence smallholder land allocation in the case of maize. This is the case with farmers in this study being unresponsive to price incentives but responsive to non-price incentives. 
In order to enhance maize productivity and production, government policy of subsidizing inorganic fertilizer for the poor should continue.  There is also need for increased public investments in rural infrastructure and efficient facilities that facilitate fertilizer trade as will enhance access by smallholder farmers to inorganic fertilizer. Policy should also work towards consolidating smallholder land holdings to reach economies of scale thus ensuring that available land does not constrain efforts to increase production. Finally there is need for extension and agricultural advisory service providers to work with smallholders to enhance labour management skills and allocation. This can be achieved through capacity building efforts that hinge on farm business management skills and efficient allocation of available resources. 
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