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Abstract 

This study investigated the efficiency of smallholder farmers in Northern Province, Zambia. The 

research utilized data collected in 2014/2015, which was representative of the province and gathered 

by the Institute for Agricultural Policy Research Institute in collaboration with the Zambia Statistical 

Agency and Ministry of Agriculture. To assess technical efficiency, a stochastic production function 

with a translog functional form was developed. The model included four characteristics related to the 

farms and farmers, as well as three institutional variables, all of which were found to be statistically 

significant. The efficiency levels observed ranged from 0.02 to 0.93, with a median value of 0.67. The 

findings indicated that the primary factors influencing total output were the extent of cultivated land, 

followed by the use of fertilizers. The empirical analysis demonstrated that access to credit, extension 

services, and farmer input support programs, as well as the distance between the household's residence 

and the farm, the gender, age, and educational level of the household head, all played vital roles in 

determining the technical efficiency at the farm level. 

Keywords: Smallholders, Technical efficiency, Stochastic Frontier Analysis (SFA), credit, farmer 

input support programme, Northern Province, Zambia. 
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Chapter 1: Introduction 
 

1.1 Background to the Zambian Economy       
  

During the period spanning from 1940 to 1970, the price of copper experienced a consistent increase, 

which positioned Zambia as one of the most successful nations in sub-Saharan Africa upon gaining 

independence from Britain in 1964 (Seshamani, 1992). The stability and favourable nature of exchange 

and inflation rates, coupled with low interest rates, contributed to this prosperity. Furthermore, the 

elevated copper price resulted in a positive trade balance for the country (Karmiloff, 1990). 

Regrettably, this era of affluence was short-lived, as copper prices plummeted in the mid-1970s. 

Consequently, Zambia's terms-of-trade index suffered a staggering decline of 49% within a single year. 

Subsequently, from 1975 onwards, the country experienced the worst terms of trade among sub-

Saharan African nations (Wulf, 1988). The value of commodity exports dwindled by over forty 

percent, thereby destabilizing the overall economy (Karmiloff, 1990). Throughout the period from 

1974 to 1985, economic growth slowed down to less than 1% per annum, while the population 

continued to grow at a rate of 3.3% per annum (Saasa, 1994). 

In an endeavour to counter the economic downturn, the government resorted to accumulating more 

debt, which eventually plunged Zambia into a severe debt crisis (Wulf, 1988). Subsequently, measures 

were undertaken to restructure and diversify the economy, shifting the emphasis away from copper 

and towards agriculture. A key focus was placed on enhancing the productivity of smallholder 

agriculture to ensure food security and alleviate rural poverty (Kydd, 1988). It was believed that by 

promoting the adoption of appropriate modern agricultural technologies among smallholder farmers, 

positive effects would be observed in the sector's productivity (Thurlow and Wobst, 2006). The 

government implemented a series of strategies and reforms to improve the performance of the 

agricultural sector. These included setting prices for most crops, providing subsidies to farmers in 

remote areas through direct payments to marketing agencies, and offering cross-subsidies to farmers 

located in urban and peri-urban areas (Kydd, 1988 and Seshamani, 1992). These efforts were aimed at 

enhancing the overall performance of the agriculture sector. 

Between 1980 and 1994, Zambia’s economy was in turmoil. See Figure 1. In the early 1980s 30-40% 

of the economy derived from services. The primary sectors of agriculture and mining each contributed 

about 25% while manufacturing added about 15%. Between 1985 and 1995 the copper price collapsed, 

which reduced the mining sector’s contribution to less than 15%. Weakness in copper spilled over into 

the services sector whose contribution fell to 25%, barely half of the sector’s earlier share. With the 
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copper economy shrinking the rest of the economy became more prominent. Copper prices recovered 

in 1993 and there was an immediate associated changes in the service sector’s contribution to the 

overall economy, and together it had an adverse effect on agriculture and non-copper manufacturing. 

Over the following two decades the contribution of the manufacturing sector hovered around 10% of 

gross domestic product (GDP) while agriculture returned to levels last observed in the 1980s and the 

service sector continued to grow. 

 

Figure 1: Zambia Sectoral Shares, 1980-2020 (Source: Zambia Ministry of Finance, 2021) 

The mining sector experienced another slump during the early 2000s but grow steadily over the period 

2005 to 2017 and continues to be a major driver of the economy, accounting for 17.5 percent of GDP 

and over 70 percent of foreign exchange earnings in 2021. Production has, however, stagnated at an 

annual average of 797,000 metric tonnes in the last 5 years (Zambia Ministry of Finance, 2022). 

1.2 A brief history of agricultural policies in Zambia 
 

In 1991, Zambia witnessed a significant political shift as the United National Independence Party 

(UNIP) government, led by Kenneth Kaunda, was defeated in elections by Fredrick Chiluba's 

Movement for Multiparty Democracy (MMD). The new administration embarked on an ambitious 

policy agenda aimed at liberalizing the economy, which involved the elimination of input and output 

subsidies, exchange controls, and import/export embargoes (Howard and Mungoma, 1996). However, 

the country faced a severe drought in 1991/2, resulting in the destruction of the maize crop and a 

substantial increase in consumer prices that became unsustainable. To address this crisis, the MMD 
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government took action by establishing the Food Reserve Agency to enforce price ceilings and 

implement a surplus removal scheme (Neubert, et al., 2011). 

In 2001, under the leadership of Levy Patrick Mwanawasa, the New Deal MMD government 

implemented various maize subsidy programs with the aim of boosting maize production (Neubert, et 

al., 2011). One such program was the Food Security Pack, which targeted vulnerable rural households 

engaged in farming on less than one hectare of land, providing them with support (Neubert, et al., 

2011). To expand the program's impact, the government initiated the distribution of subsidized 

fertilizers on a large scale to smallholder farmers registered through cooperatives, transitioning the 

fertilizer support program into a grant-based system (Zambia Ministry of Agriculture and 

Cooperatives, 2008; Chapoto and Jayne, 2006). The primary objective of this program was to 

encourage private entities to participate in the supply of fertilizers and hybrid seeds, while also 

ensuring timely access to agricultural inputs for smallholder farmers (Mason, et al., 2013). 

Significantly, the aforementioned government actions and reforms, namely the implementation of a 

price ceiling and a surplus removal scheme by the Food Reserve Agency, along with the introduction 

of production subsidies, exhibit a certain level of contradiction with the objective of augmenting maize 

production. The reintroduction of production subsidy programs, while in effect, proved to be less 

effective due to the continued enforcement of price ceilings. Consequently, the most efficient 

governmental policy would have entailed either entirely abolishing or, at the very least, raising the 

price ceiling, thereby rendering maize production a profitable venture. Such a course of action would 

also serve to stimulate both production and supply.  

In 2008, the Fertiliser Support Programme was changed to Farmer Input Support Programme. With 

this change, the government distributed smaller amounts of fertiliser to more beneficiaries identified 

not only by means testing but also nominated by  local community leaders, women cooperatives, and 

youth farmer organisations (Mason, et al., 2013). More crops such as rice, sorghum and groundnuts 

were further added to the programme, whereas in the past, only maize was considered (Zambia 

Ministry of Agriculture and Cooperatives, 2008). The third innovation under Farmer Input Support 

Programme involved the land under cultivation. To qualify for the programme, a farmer was now 

supposed to cultivate half a hectare of land in line with the reduction in the size of input (Mason, et 

al., 2013). However, like previous versions of input support programmes, the Farmer Input Support 

Programme was characterised by several changes. Key among them included high cost of delivering 

inputs to various districts, limited private sector participation in the delivery of inputs, limited crops 
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grown by farmers and resource allocative inefficiency (unintended beneficiaries received inputs, and 

in certain cases, beneficiaries were duplicated) (Mason, et al., 2018). 

To offset these challenges, in 2015, the government introduced Farmer Input Support Programme e-

voucher (e-FISP) as a replacement for the conventional Farmer Input Support Programme that used 

paper vouchers. Initially, the government used a combination of direct input support and e-voucher 

system, and only fully-implement the e-Voucher system during the 2017/2018 farming season. The 

inputs were delivered through a combination of the Direct Input Support and electronic Voucher 

system (e-voucher) (Mason, et al., 2018). The e-Vouchers administration of Farmer Input Support was 

thought to be less costly to administer and strengthened the distribution chains (Mason, et al., 2018). 

Over time, the government’s expenditure on farmer input support programme increased significantly 

in nominal terms without a corresponding increase in the number of beneficiaries and input package 

allocations (Zambia Ministry of Finance, 2021). In 2019, the Farmer Input Support Programme 

budgetary allocation accounted for the largest percentage of total government spending on agriculture 

(World Bank, 2021). In 2020 the total expenditure increased by more than half the budget for the entire 

agricultural sector (World Bank, 2021). Despite this increase, some smallholder beneficiaries reported 

having received fewer inputs compared to others (Zambia Ministry of Finance, 2021, Zambia Ministry 

of Finance, 2022). What is more, in certain cases where the e-voucher system was employed, some 

smallholder farmers indicated not receiving inputs even though they made contributions. Equity in 

terms of allocation and distribution of inputs. Some regions received more inputs in comparison to 

others (Zambia Ministry of Finance, 2021, Zambia Ministry of Finance, 2022).  

With the transition of government in 2021, the United Party for National Development (UPND), under 

the leadership of Hakainde Hichilema, embarked on a new era known as the New Dawn. This 

administration made ambitious promises to effectively tackle the aforementioned challenges, 

particularly by implementing a comprehensive agriculture support program that encompasses 

extension services. The program, slated to commence in the upcoming farming season of 2022/23 

starting in October, has been allocated funding in Zambia's national budgets for 2022 and 2023 

(Zambia Ministry of Finance, 2021). Its primary objective is to facilitate the supply of high-quality 

agricultural inputs in a cost-effective manner. Notably, the revised program will also encompass the 

provision of extension services, access to production credit, irrigation facilities, support for value 

addition, and improvements in storage and logistics. To ensure that subsidized seeds and fertilizers are 

solely provided to the intended and deserving farmers, the government has emphasized its commitment 

to scrutinizing the beneficiaries meticulously (Zambia Ministry of Finance, 2022, p. 14). 
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The New Dawn government has already taken tangible steps to demonstrate its dedication to 

supporting the agriculture sector. In July 2022, the president announced his directive to the Minister 

of Finance to increase funding for fertilizer assistance through supplementary budget allocations, a 

move subsequently approved by parliament. 

The New Dawn government has expressed its belief that the implementation of a comprehensive 

agriculture support programme will result in more effective targeting, promote crop diversification, 

ensure equitable distribution of benefits among all recipients, and ultimately lead to increased 

production and productivity within the agricultural sector in Zambia (Zambia Ministry of Finance, 

2021). Additionally, the government aims to prioritize food security, particularly among vulnerable 

populations (Zambia Ministry of Finance, 2022). However, the effectiveness and inclusivity of the 

New Dawn government's agricultural policy, as well as its ability to achieve food security and 

significantly reduce poverty in Zambia, remain uncertain. To accomplish these goals, it is imperative 

to enhance the productivity of the agriculture sector and improve the efficiency of smallholder farmers. 

1.3 Problem Context 
 

In spite of numerous endeavours to enhance agricultural production in Zambia, rural households in the 

country continue to grapple with poverty. According to the United Nations’ Office for the Coordination 

of Humanitarian Affairs (2021), more than 1.5 million Zambians are extremely food insecure. The 

agricultural sector faces a multitude of challenges that impede its progress, encompassing limited 

access to production credit, insufficient integration into commercial value chains, inadequate provision 

of inputs, and a lack of access to agricultural technical services (Thurlow and Wobst, 2013; World 

Bank, 2021; Zambia Ministry of Finance, 2021). It is noteworthy that Zambia's Eighth National 

Development Plan underscores the stagnant growth of the agricultural sector, which experienced an 

increase of less than half a percent between 2011 and 2020 (Zambia Ministry of Finance, 2022). 

Moreover, during this period, the sector contributed only 5.8 percent to the total gross domestic product 

(Zambia Ministry of Finance, 2022). Despite agriculture being the primary source of livelihood for 

over seventy percent of the population, its growth rate has been lower than the population growth rate, 

standing at 2.8 percent annually (Zambia Ministry of Finance, 2022).  

Consequently, the income levels and living standards of rural households reliant on agriculture have 

significantly declined (Zambia Ministry of Finance, 2021). The underperformance of smallholder 

farmers, characterized by low productivity and technical inefficiency, has been identified as a key 

factor contributing to the sluggish growth in the agricultural sector (Mason et al., 2018). Therefore, an 
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analysis of the factors influencing the technical efficiency of smallholder farmers, particularly in 

predominantly agricultural regions like Northern Province, is imperative. 

1.4 Objectives and Research Questions  
 

Against this background, the thrust of this study is to investigate the technical efficiency of smallholder 

maize farmers in the Northern Province of Zambia, and to discover their inefficiency factors. 

Specifically, the study will attempt to answer the following empirical questions:  

1. What is the status and extent of access to production credit among smallholder maize farmers 

in Northern Province, Zambia and how does credit affect both male-headed household’s and 

female-headed level of technical efficiency? 

2. Does access to extension services help improve the technical efficiency of smallholders, and 

what sort of services are available for maize producers in Northern Province? 

3. What is the coverage of farmer input support programme in Northern Province, and how does 

the programme affect smallholders’ technical efficiency? 

4. What are the implications of farm and farmers characteristics such as distance between 

homestead and farm, age of farm household head, gender of farm household head and level of 

education of farm household head? 

1.5 Research Hypothesis 
 

The null hypothesis outlined below will be tested: 

𝐻0Smallholder maize farmers in Northern Province are on average not technically efficient. 

𝐻0: Institutional factors such as access to credit, access to extension services and access to 

farmer input support programme do significantly influence farmers technical efficiency. 

𝐻0: farm and farmer characteristics such as distance between homestead and farm, gender of 

household head, age of household head and level of education of household head significantly 

influence farmers technical efficiency. 

1.6 Organisation of the Study 
 

The rest of the dissertation proceeds as follows: The literature on model specification and factors that 

influence productivity is reviewed in chapter 2. Chapter 3, on data and methods outlines the research 

strategy, introduces the dataset, and presents the preliminary specification tests. The main results are 

presented in Chapter 4, discussion of main results in chapter 5, and the policy significance of the study 

follows in chapter 6. Appendix 1 contains excerpts from the questionnaire on the variables used in 

model specification, appendix 2 contains the data used. 
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Chapter 2: Literature Review 
 

The commencement of this chapter is marked by a comprehensive exposition on efficiency 

measurement, delving into its theoretical underpinnings and the conceptual framework employed in 

this particular investigation. A panoramic survey of various empirical studies conducted in Sub-

Saharan Africa is subsequently presented, which subsequently transitions to a focused examination of 

the Zambian landscape. Ultimately, this chapter culminates with a succinct summary highlighting the 

study’s valuable contributions to the extant body of literature. 

2.1 The concept of technical efficiency and measurement 
 

The concept of efficiency has become commonplace in most agricultural studies. The idea is to find 

out how the decision-making agents (typically firms) transform the inputs into outputs. Broadly, two 

methods that have been developed to measure production efficiency parametric Stochastic Frontier 

Models which was developed independently by Aigner, et al. (1977) and Meeusen and Van den Broeck 

(1977) and the non-parametric Data Envelopment Analysis (DEA), which was initially used by 

Charnes, at al. (1978). As Wadud and White (2000) note, determining which of the methods to use is 

normally a determined by the availability of data and the objective of the research. Under a non-

parametric method, decision-making agents (firms) are considered to have absolute control over the 

factors of production (inputs) and the deviation or departure from the frontier are attributed to technical 

inefficiency (Battese and Coelli, 1995; Kumbhakar, et al., 2000).   

Data Envelopment Analysis is silent on functional form, and thereby it allows the researcher without 

any priori ideas about functional form to mix observations representing different technologies (Aigner, 

et al., 1977). While this is often offered as an advantage in the literature, the present study considers it 

to be a disadvantage since it could produce misleading results. 

When farmers operate under uncertainty part of the observed inefficiency deviations from the frontier 

is due to inadequate management skills and part of it is due to randomness, including randomness in 

management. The main advantage of the stochastic frontier method is that it replaces observed input-

output ratios with estimated ratios. The error term is decomposed into white noise (measurement error 

or unobserved stochastic variation in the environment) and observed differences in a farmer’s 

circumstances or skill (e.g. education or rainfall received) and the latter is called technical inefficiency 

(Hayatullah, 2017; Aigner, et al. 1977; Meeusen and Van den Broeck, 1977).The exogeneous shocks 

that are not controlled by the production function, which comprises errors emanating from 
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measurement discrepancies and statistical noise which are common in empirical relations (Aigner, et 

al. 1977; Kumbhakar and Lovell, 2000).  

Wadud and White (2000) points out that the stochastic frontier approach (SFA) is advantageous 

because it allows for construction of intervals and hypothesis testing somethings is not possible to do 

using the non-parametric approach. The advantages notwithstanding, the SFA approach also has 

disadvantages, one of them being that a functional form for the frontier technology must be determined 

or assumed. The second reason relates to the distribution of technical inefficiency term which also 

requires a prior assumption of its functional form (Hayatullah, 2017).  

As in Battese and Coelli (1995), the present study employs a parametric approach (stochastic frontier 

analysis) instead of the Data Envelopment Analysis approach. This is because smallholder rural 

agriculture in most cases exhibits random shocks (farmers tend to be affected by external 

characteristics outside their control such as climatic conditions and inefficiency effects) and because 

the overriding goal of the study is to measure the contribution of three conditional variables on 

measured efficiency. This is not possible in the Data Envelopment Analysis approach.  

Technical efficiency has become the standard method for measuring the performance of commercial 

farmers and smallholder and subsistence producers alike (Bravo-Ureta, at al., 2007; Musaba and 

Bwacha, 2014; Mango, et al., 2015; Prasanna and Lakmali, 2016; Rana and Bapari, 2018). According 

to Farrell (1957), an agent (farmer) achieves economic efficiency when the costs associated with 

production are significantly low, and consumer(s) are willing to purchase a mixture of goods (products, 

farm produce, etc.) and services .  Farrell (1957) further divides economic efficiency measure into two 

key components: allocative and technical efficiency. 

The first measure is allocative efficiency (also called the input-oriented efficiency), which denotes the 

ability of a farmer to utilise a mixture of agricultural inputs to produce a given level of output at the 

prevailing prices and technology. The second efficiency measure is known as technical efficiency (also 

called output-oriented efficiency). Technical efficiency entails that economic agents (farmers) produce 

the highest possible level output given available set of production inputs. This means that technical 

efficient economic agents do not waste available resources (Farrell, 1957). 

According to Farrell (1957), technical efficiency is only achieved if an agent (farmer) can produce as 

much as possible (of any product) by leveraging on the available input combination. Assuming 

constant returns to scale, Farrell (1957) showed technical efficiency using two inputs, 𝑋1 𝑎𝑛𝑑 𝑋2, to 

produce a single output, 𝑌. This was depicted by Coelli, et al. (2005) and illustrated in Figure 2 below 
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(input-oriented efficiency). Line 𝑆𝑆′ represents the fully efficient economic agent (farmer), which 

makes it possible for technical efficiency to be measured.  

 

Figure 2: Technical and Allocative Efficiencies (Source: Coelli at al., 2005) 

Point 𝑃 in figure 2 above denotes an inefficient farmer. Assuming a farmer is utilising a set of inputs 

(represented by point 𝑃) to produce a unit of output, then the distance 𝑄𝑃 depicts the farmer’s technical 

inefficiency. Technical inefficiency (𝑄𝑃) in this case entails that output will remain unchanged when 

the inputs (𝑥1 and 𝑥2) are reduced proportionally. To achieve an efficient production, the inputs (𝑥1 

and 𝑥2) must be reduced by the ratio 
𝑄𝑃

𝑂𝑃
 (see figure 2). Technical efficiency (TE) of a farmer is therefore 

given by TE= 
𝑂𝑄

𝑂𝑃
= [1- 

𝑄𝑃

𝑂𝑃
]. Technical efficiency scores range from zero to one. When the technical 

efficiency score is equal to one, then a farmer is said to be fully technically efficient (as depicted by 

point 𝑄 which is on the efficient frontier). Similarly, when the technical efficiency score is equal to 

zero, a farmer is said to be fully technically inefficient. On the other hand, Coelli, et al. (2005) noted 

that if the gradient of the isocost line (denoted by 𝐴𝐴′) represented the price ratio for the inputs, then 

the ratio 
𝑂𝑅

𝑂𝑄
 could represent allocative efficiency (AE). The focus of this study, however, is technical 

of efficiency of smallholder farmers in Northern Province, Zambia. 

2.2 Cobb-Douglas Production Versus Translog functional forms 
 

When implementing stochastic frontier analysis, it is important to specify the production technology 

and inefficiency variables correctly. Under the stochastic frontier analysis with inefficiency effects 

(Battese and Coelli, 1995), the distribution of the inefficiency term can the gamma, exponential, 
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truncated normal or half normal (Jondrow, et al., 1982, Duffy and Papageorgiou, 2000; Kneller and 

Stevens, 2003). Three commonly used functional forms in empirical studies are Cobb-Douglas, the 

constant elasticity of substitution and the translogariththmic functions (Constantin, at al., 2009).  

Among the three specifications, the most widely used function is the translog specification due to the 

fact that it provides a good first-order approximation to a variety of functions including the constant 

elasticity of substitution and in special cases the Cobb-Douglas (Kneller and Steven, 2003; Constantin, 

et al., 2009), The Cobb-Douglas production function is easier to measure and interpret since the 

coefficients are the elasticities (Duffy and Papageorgiou, 2000; Constantin, et al., 2009). The 

multiplicative Cobb-Douglas production function can be estimated with the ordinary least squares if 

the variables are transformed into natural logarithms (Constantin, et al., 2009). One key disadvantage 

of the Cobb-Douglas production function is that it assumes constant elasticity of substitution between 

the associated factors of production (Constantin, et al., 2009). This assumption also means that the 

inputs display a constant cost share (Miller, 2008; Constantin, et al., 2009).  

Addressing this disadvantage of using the Cobb-Douglas model, a translog function form is preferred. 

The use of the translog model is because of the fact that it does not require the constant elasticity of 

substitution assumption (which is a must when using the Cobb-Douglas function). Notably also, the 

Cobb-Douglas function is a special case of the translog if there is constant elasticity of substitution 

(Kumbhakar and Tsionas, 2006). Several studies have compared the Cobb-Douglas production 

function and the translog production function. Like Constantin, et al. (2009) most empirical 

applications now routinely test if the coefficients on the square and the interaction terms are 

significantly different from zero by applying likelihood ratio tests. If the null hypothesis is rejected, 

then translog production function is superior to the Cobb-Douglas.  

Using panel data for eighty-two countries for a period of twenty years, Duffy and Papageorgiou (2000) 

also rejected the null-hypothesis and adopted the translog as the best function to measure technical 

efficiency. Piesse et al. (2018) reached the same conclusion for a panel dataset of 77 wine farms studied 

over a decade and translog even proved superior to Cobb Douglas for fitting a SFA model on an 

unbalanced panel of just 199 observations in a case study of livestock production in arid areas 

(Conradie et al, 2019)When sample size falls much below that, for example to n = 125 in the case of 

Conradie et al. (2021) or to n = 94 in Conradie and Genis (2020), the LR test fail to reject the 

assumption that the coefficients on the interaction and squared term are jointly zero, and the analysis 

proceeds with a Cobb Douglas functional form. 
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Other empirical studies have also found the translog to more useful and informative compared to the 

Cobb-Douglas and the data envelopment analysis (DEA). For example, Headey et al. (2010) compared 

the results of the DEA to that of the translog and found that the translog fitted the data better than the 

DEA. Other advantages associated with the translog frontier analysis are that the results obtained from 

the translog are more useful in providing additional information with regards to how the variables are 

interacting and the SFA approach is more flexible with regards to the assumption of the shape of the 

factor shares (Kumbhakar and Lovell, 2000; Kneller and Stevens, 2003). 

2.3 Empirical Literature: Technical Efficiency of Smallholder Farmers 
 

In any form of production, whether in area of agriculture or manufacturing sector, financial resources 

play a very important role in the production process. With increased access to credit, smallholder 

agricultural households can potentially meet their various financial needs, including the purchase of 

improved inputs such as seeds, fertiliser, agrochemicals and hiring of additional labour. Abate et al. 

(2016) and Mariyono (2019) observe that access to financial resources help smallholder farmers to 

start using modern farming technologies that has the potential to increase their productivity. Further, 

smallholder farmer who have access to financial resources become increasingly more resilient to 

external shocks such as changes in climate conditions (Janzen and Carter, 2019).  

The literature abounds with technical efficiency studies showing that access to financial resources for 

smallholder farmers plays an important role in improving farm efficiency. Studies differ in terms of 

methods and context. Koricho and Ahmed (2021) examined the impact of access to credit on the 

technical efficiency of maize production by Ethiopian smallholders using a combination of a 

Propensity Score Matching technique with a stochastic frontier model. Their results showed that credit 

improved smallholder farmers technical efficiency. The main advantage of combining the propensity 

score matching and stochastic frontier approach is that it eliminates the effects of self-selection into 

the treatment group, which would otherwise be attributed to one or more inefficiency effects. However, 

the present study does not adopt this method because only a small number of the sample reported 

having access to credit. Therefore, only the stochastic frontier approach was adopted.  

Matsvai, et al. (2020) examined the impact of access to microfinance on the productivity and technical 

efficiency of smallholder sugarcane farmers in Zimbabwe using household level survey cross-sectional 

data. The study used Translog Stochastic Frontier Analysis. The translog production function revealed 

that access to credit, extension services, tertiary education, secondary education, farming experience 

of the household head and farming experience positively improved technical efficiency. The translog 

stochastic frontier has a comparative advantage over the Cobb-Douglas approach since it enables 
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researchers to determine the interaction between inputs in the production function. This approach is 

further important because it reveals whether the regressors have a linear or nonlinear relationship with 

the dependant variable, output. Like to Matsvai, et al. (2020), the present study adopts the translog 

stochastic frontier analysis approach. This is because the sample is large enough, which is one of the 

requirements for fitting the many parameters in a translog functional form. 

Dube and Guveya (2014) employed the Data Envelopment Analysis (DEA) approach to investigate 

the technical efficiency of smallholder tea farmers in an  out-grower scheme in Zimbabwe. The authors 

used cross-section data collected from a sample of 50 smallholder farmers. Technical efficiencies of 

farmers ranged from 0.37 to 1.0, with the mean being 0.79. Tea farming experience, the amount of 

labour used in the production process, the area under cultivation, access to agricultural technical 

services, and yield positively and significantly improved technical efficiency. Amount of fertiliser in 

production, age and extent of commercialisation had negatively and significantly influenced technical 

efficiency. However, the age of tea was found to be statistically insignificant. While the DEA approach 

allows for simultaneous analysis of outputs and inputs, it ignores the effect of exogeneous variables 

and statistical errors. The DEA approach also presents difficulties when it comes to performing 

statistical tests with the results. For these reasons, the present study uses Stochastic Frontier Analysis 

approach which overcomes these shortcomings and is more flexible with regards to the assumption of 

the shape of the factor shares (Kumbhakar and Lovell, 2000; Kneller and Stevens, 2003). 

Dessale (2019) used a combination of both primary and secondary data as well as quantitative and 

qualitative cross-sectional household data to analyse the technical efficiency of smallholder wheat 

growing farmers in Ethiopia. The authors used a Cobb-Douglas Stochastic Frontier Model. Results 

showed that wheat output was positively and significantly influenced by land size, labour, number of 

oxen and fertiliser. The estimated mean levels of efficiency were 82%. Age of household head, 

education of household head, use of improved seed, access to credit and training were found to improve 

the technical efficiency of farmers. Although the Cobb-Douglas production function is straight forward 

and easier to use, it does not allow the researcher to see how the regressors are interaction. The Cobb-

Douglass is also convenient especially when the sample size is small. Therefore, in the present study, 

the Translog Stochastic Frontier Approach is adopted. Key advantages associated with the translog 

frontier analysis are that the results obtained from the translog are more useful in providing additional 

information with regards to how the variables are interacting. 

Mango, et al. (2015) used a linearised Cobb-Douglas production function to analyse the technical 

efficiency of smallholder maize farmers in Zimbabwe. The authors used randomly selected sample of 
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522 maize producers. Results indicated that approximately 90% farmers in the sample were between 

60 and 75% technically efficient. The mean efficiency score was 65%. Agricultural extension services 

and household size negatively and significantly influenced technical efficiency. Gender of household 

head, frequency of extension visits, farming region and farm size positively and significantly improved 

technical efficiency. Access to credit, weeding frequency, cattle ownership, age of household head, 

farming experience, level of education of household head and adoption of conservation agriculture 

practices were found to be statistically insignificant. Contrary to the author’s findings, this study 

expected access to credit and access to extension services to improve the efficiency of smallholder 

farmers. This is because availability and accessibility of credit would allow for timely access to 

sufficient inputs. The present study expects farmers technical knowledge to adopt efficient farming 

practices. In terms of model, one key disadvantage of the Cobb-Douglas production function is that it 

assumes constant elasticity of substitution between the associated factors of production (Constantin, 

et al., 2009). This assumption also means that the inputs display a constant cost share (Miller, 2008; 

Constantin, et al., 2009). Addressing this shortcoming of the Cobb-Douglas functional form, the 

present study uses the translog stochastic production function, which relaxes the assumption of 

constant elasticity of substitution is preferred. The Cobb-Douglas function is a special case of the 

translog if there is constant elasticity of substitution (Kumbhakar and Tsionas, 2006). 

Dube, et al. (2017) assessed the technical efficiency of smallholder tobacco farmers in Makoni district 

of Zimbabwe using a Cobb-Douglas stochastic frontier analysis (SFA) approach. The authors used 

cross-sectional data from 98 randomly selected farmers constituting 78% contract farmers and 22% 

non-contract participating farmers.  The study followed two-step estimation model. The authors started 

by specifying and estimating the Cobb-Douglas stochastic frontier production function and the 

prediction of technical efficiency effects. The authors then specified a regression model for the 

predicted technical inefficiency effect. Efficiency results showed that farmer type (contracted versus 

non-contracted), farmers level of education (at least secondary education), total cropping area and 

gender significantly improved technical efficiency. Conversely, access to loans apart from the contract 

farming credit negatively and significantly worsened technical efficiency of farmers. The authors 

found that male farmers were less efficient compared to their female counterparts and the results were 

significant at 1% level. The argument was that female farmers can just be as efficient as male farmers 

provided that individual characteristics and input levels are controlled. The negative effect of access 

to loans was based on the possibility that farmers with alternative loan sources could easily borrow to 

repay the contract farming loan. Therefore, this could lead to not using the contract farming loan 

optimally. The present study differs from this study because it considers farmers who do not have an 
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already existing loan contract. It is therefore expected that access to credit should positively and 

significantly improve the technical efficiency of farmers in Northern  Province. In terms of functional 

form, the Cobb-Douglass stochastic production function used in this study does not allow for the 

interaction of independent variables. Therefore, in the present study the translog stochastic production 

function is adopted. 

Tchale and Sauer (2007) applied a stochastic error component approach to assess the technical 

efficiency of maize producers in Malawi using the flexible functional form of a translog production 

function. The authors used farm household and plot level cross-sectional data of 376 households (573 

farm plots). The results provided evidence that credit provision, gender of household head, access to 

agricultural technical services, access to agricultural input and output markets positively, amount of 

rainfall and significantly influenced smallholders’ technical efficiency. The authors attributed the 

significance of access to credit to the low level of access to production credit among smallholder 

farmers. This was further attributed to high interest rates and collateral requirements associated with 

the seasonal agricultural loans in Malawi. Similarly, it will be interesting to see the effect of access to 

credit on smallholder farmers’ technical efficiency in Zambia where the lending rates are significantly 

high. The author’s findings highlighted the importance of strengthening public policy bordering on 

provision of financial services for the smallholder to ensure poverty reduction.   

Koirala, et al. (2015) used a Cobb-Douglas stochastic frontier production function to assess whether 

gender affected productivity and technical efficiency of rural smallholder farmers in Malawi. The 

authors used cross-sectional data collected through the integrated household survey in Malawi. Results 

showed that female farmers were more technically efficient than male farmers. This was contrary to 

priori expectations. The authors attributed female-headed households high efficiency scores to the use 

of more capital in agriculture production. The study also found that subsidies, access to credit, marital 

status, and level of education of farm operators positively and significantly improved technical 

efficiency. Months of informal labour, food security and  age of farm operators had a negative and 

significant relationship with technical efficiency. Contrary to the findings of Koirala, et al. (2015), the 

present study expected male-headed farm households to be more technically efficient than female-

headed households. This is because women face difficulties in having access to production credit 

(Fletschner, 2008). Women are also discriminated against access to agricultural technical services 

compared to their male counterparts (Udry, 1994). 

Okoye et al. (2016) used a Cobb-Douglas stochastic frontier production function with inefficiency 

effects to measure the technical efficiency of smallholder cassava farmers in Madagascar. The authors 
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used cross-sectional data of 180 smallholder rural farmers across 6 districts. Results showed that 

gender of household head, occupational status and age of household head negatively and significantly 

worsened technical efficiency. In terms of age, the authors submitted that older farmers are less 

energetic than younger ones, resulting in reduced productivity and technical efficiency levels. The 

level of education of the household head negatively and significantly worsened technical efficiency. 

This was contrary to the author’s priori expectation. However, the authors argued that maybe more 

educated farmers in their sample tended to work part-time on their farms and had other livelihood 

options. Similar to level of education, household size negatively and significantly worsened the 

technical efficiency levels of farmers. This too was contrary to the priori expectation of the authors. 

The justification was that with large households, more resources would be channelled away from farm 

activities towards looking after family members. Farm size, membership of farmer organisation and 

farming experience were statistically insignificant.  

Achandi (2018) employed the translog stochastic frontier model to analyse the determinants of 

technical efficiency of smallholder rice producers in Tanzania. The results showed that access to 

production credit, gender of household head, group membership, primary occupation of household 

head and fertiliser use  increased smallholders’ productivity and technical efficiency of production. 

Age of household head, growing in irrigated ecology, access to extension services and marketing of 

produce were found to be statistically insignificant. Contrary to the findings of Achandi (2018), the 

present study expected access to extension services to improve productivity and technical efficiency 

of smallholder farmers positively and significantly in Northern Province. This is because access to 

agricultural technical services can help boost smallholder farmers productivity and technical efficiency 

by educating them on how to properly utilise their resources (i.e., inputs and technology) (Masunda 

and Chiweshe, 2015). 

2.4 Productivity studies on Zambian agriculture 
 

In the Zambian context, there are a few studies that have directly and specifically analysed the effect 

of access to financial resources on smallholders’ technical efficiency. In addition to the best of the 

authors knowledge, no similar study has been conducted in Northern province, covering all the major 

districts.  Previous studies have focused on other provinces and small groups of farmers. However, 

Northern Province is different from other provinces given its unique economic, climatic, and 

ecological conditions as well as geographic location (Seshamani, 1992). Chiona et al. (2014) employed 

a translog stochastic frontier model to analyse the technical efficiency of smallholder farmers in the 

Central Province of Zambia. The author used cross-sectional data from 400 households. Results 
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showed that access to loans, access to extension services, off-farm income and age of household head 

positively and significantly influenced technical efficiency. Contrary to the findings of this study, the 

present study expected age of household head to affect productivity and technical efficiency negatively 

and significantly. This is because younger farmers are likely to be more energetic and can therefore 

spend more time working on the farm than older farmers. Younger farmers are also likely to have 

better access to agricultural technical information through the use of mobile applications and other 

forms of technology (Okoye, et al., 2016; Girabi and Mwakaje, 2013).  

Focusing only on Masaiti district, which is one of the districts in the Copperbelt Province of Zambia, 

Musaba and Bwacha (2014) examined the technical efficiency of smallholder maize producers using 

a Cobb-Douglas stochastic frontier production function model. Using this methodology, the authors 

found that maize production was significantly affected by area planted and fertiliser. Seed and labour 

variables were insignificant, with negative signs. This was contrary to the expectation of the study. 

The authors attributed the unexpected results to the possibility the farmers in their sample could have 

not used improved seed varieties. In terms of labour, the authors mentioned that sampled households 

were characterised by large household size, with each member able to supply more labour. Meaning 

that any increase in labour input could potentially reduce technical efficiency. This explanation is 

contestable given the fact that both labour and seed were statistically insignificant. Further, the 

inefficiency model results revealed that access to fertiliser, age of a farmer, cooperative membership 

and farm size were significant and positively affected technical efficiency. Given the importance of 

fertiliser, it could have been useful for the study to also consider the effects of access to farm input 

support programme (FISP) on the technical efficiency of smallholder farmers. The study could have 

further considered the impact of access to credit on farmers productivity and technical efficiency. 

Having access to credit could further have explained the source of fertiliser, especially for those 

farmers who perhaps were not under the farmer input support programme. In addition, the study found 

that the education level of the farmer, crop rotational practices and the use of different seed types had 

negative and significant impact on technical efficiency. Access to extension services was found to be 

statistically insignificant. This is contrary to the expectation of this study. 

Mukwalikuli (2018) used cross-sectional data from 120 smallholder rice farmers in Lukulu—one of 

the districts in the Western Province of Zambia. The author developed a stochastic frontier Cobb-

Douglas production function to determine their technical efficiency. Results of the inefficiency model 

showed that planting method and number of cattle owned significantly and positively improved 

technical efficiency. Access to credit and access to extension services were only positive and 

significant at 10%. This contrasted the expectation and empirical evidence that both access to credit 
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and extension services could strongly improve productivity and technical efficiency (Girabi and 

Mwakaje, 2013; Abate, et al., 2016; Melkani, et al., 2019; Koricho and Ahmed, 2021). Age of 

household head, gender of household head and marital status were statistically insignificant.  

Ng’ombe and Kalinda (2015) used a stochastic frontier analysis (based on both the half-normal and 

exponential model distributions) to assess the technical efficiency of smallholder maize producer that 

practiced minimum tillage.  The authors used Zambia’s nationally representative cross-sectional data 

of 160 smallholder farmers who practised minimum tillage. Results indicated that access to loans, level 

of education of household head and square of household size did improve technical efficiency; while 

off-farm income, marital status (1=if single) and distance to vehicular road worsened the technical 

efficiency of smallholder farmers. Household  size, belonging to farmer association, access to fertiliser, 

distance to input market, distance to product market, livestock holding, access to extension services 

and gender of household head were statistically insignificant. The insignificance of access to extension 

services and access to credit are contrary to the priori expectation. Ng’ombe (2017) applied a stochastic 

meta-frontier and region-specific stochastic frontiers to estimate the technical efficiency of smallholder 

maize production in Zambia. Results revealed that some regions in the country were more technically 

efficient than others while those with technical efficiency values above 90% operated further below 

the potential output compared to those with moderate technical efficiency values. Stochastic meta-

frontier parameter estimates showed that land, square of land, square of capital, square of fertiliser and 

the cross-products of labour and capital. Labour and land, labour and fertiliser, land and capital, land 

and fertiliser and fertiliser and capital were statistically significant. Capital, labour, the square of labour 

and the square of capital were statistically insignificant. 

The present study will contribute to the existing literature in various ways. First, to the author’s 

knowledge, this is the first study that is using the translog stochastic frontier production function to 

assess the impact of access to credit on technical efficiency of smallholder maize farmers in Northern 

Province, Zambia. As mentioned above, previous studies focused on other provinces (Musaba and 

Bwacha, 2014; Mukwalikuli, 2018; (Chiona, et al., 2014). Northern Province is different from these 

other settings in many respects. Secondly, the study will improve on Ng’ombe (2017) [which used 

nationally representative panel data for 2000 and 2008] by using a more recent and updated data from 

2015 RALS. In addition, more empirical work is needed to assess smallholders’ performance and 

efficiency constraints, especially following the regime change in 2011 (when the Movement 

Multiparty Democracy [MMD] lost power to the former ruling part, Patriotic Front [PF]).  
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Further, under the Patriotic Front government the expenditure on agriculture and number of farmer 

input support programme (FISP) beneficiaries was increased, and therefore, it is necessary to assess 

the impact that these changes have had on smallholder crop farmers. Finally, exploring the effect of 

FISP, extension services, distance between homestead and farm, gender of household head, age of 

household head, level of education of household head and the possible interaction between them can 

provide policy makers and decision makers with more elaborate pathways of the effects that these 

variables have on technical efficiency.  This study, therefore, sort to analyse the factors influencing 

the technical efficiency of smallholder maize farmers in Northern Province, Zambia. More specifically, 

the study aimed to identify the direction and magnitude of effects of access to credit, access to 

extension services and access to farmer input support programme on technical efficiency, and 

consequently highlight any potential benefits from access to these institutional factors. 

2.5 Chapter Summary 
 

This chapter provided a theoretical overview of efficiency measurement and introduced the conceptual 

framework utilized in the study. It commenced by emphasizing the primary methodologies employed 

for evaluating the technical efficiency of smallholder farmers. These approaches included the non-

parametric approach (data envelopment analysis (DEA) and the parametric approach (stochastic 

frontier approach). The present study employed a parametric approach (stochastic frontier analysis) 

instead of the Data Envelopment Analysis approach. This is because agricultural crop production 

typically exhibits random shocks (farmers tend to be affected by factors beyond their control such as 

climatic conditions and inefficiency effects) and because the objective of the study is to measure the 

contribution of three conditional variables on measured efficiency. This is not possible in the Data 

Envelopment Analysis approach. The chapter further provided an overview of several empirical 

studies that have been conducted in Sub-Saharan Africa and thereafter narrows down to the Zambian 

context. In conclusion, this chapter presented a summary of the policy relevance of the study and 

contributions to the existing body of literature. 
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Chapter 3: Data and Methods 
 

This chapter delves into the approach employed to evaluate the technical efficiency of smallholder 

maize farmers in the Northern Province of Zambia. To commence, a concise overview of the study 

area, namely the Northern Province, Zambia, is provided. Subsequently, in section 3.2, the sample size 

and its distribution are presented. Section 3.3 proceeds to describe the distribution of the sample across 

different districts. In section 3.4, the analysis relies on the Rural Agricultural Livelihood Survey 

conducted by the Central Statistical Office in 2015, which is outlined. Additionally, section 3.5 

provides an overview of the sample distribution according to districts. Lastly, the concluding section 

of this chapter specifies the production function from which efficiency estimates are derived. 

3.1 Brief Geographical Overview of Northern Province, Zambia 
 

The Northern Province constitutes one of Zambia's ten provinces (as illustrated in Figure 3). 

Geographically, it is strategically positioned, sharing its borders with the Democratic Republic of 

Congo (DRC) to the north, the Republic of Tanzania to the northeast, and providing access to the great 

lakes region through the presence of Lake Tanganyika (Taylor and Banda-Thole, 2013). Northern 

Province lies between Luapula Province in the west and Muchinga Province in the east. Until 2011, 

when Muchinga Province to the southeast was split off from Northern Province, Northern Province 

was the biggest and most rural province in the country. After the division Northern Province became 

Figure 3:  Northern Province, Zambia (Source: Districts of Northern Province of Zambia) 
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the third largest in the country covering an area of approximately 77,650 square kilometres. With an 

estimated 1.3 million inhabitants, the province’s population density is less than 19 people per square 

kilometre (Central Statistical Office, 2015). It is divided into nine districts, with Kasama as provincial 

headquarters. By road transport, the distance from Kasama to Lusaka and from Kasama to the coast at 

Dar-es-Salaam is approximately 880 kilometres and 1100 kilometres respectively.  

 

Figure 4: International port at Mpulungu on Lake Tanganyika (Source: Horizon Unlimited) 

Fifteen tribes live in the province, with varying cultural practices and traditions. Settlement patterns 

are influenced by the availability and accessibility of both social services (schools, health services, 

shops, etc.) and infrastructure (roads and railways). Bemba is the dominant vernacular language 

(Nelson, 2000). Agriculture is the main economic activity and more than 75% of the population is 

active in farming and there are no major industries (Taylor, et al., 2013).  

Rainfall is high, with most districts receiving an average of more than 1000mm p.a. during the rainy 

season which lasts from November to March/April (Nelson, 2000). The length of the summer rainy 

season is 140 to 170 days, which allows rainfed crop production. Normally, during the rainy season, 

the number of sunshine hours reduces in the province, and as a natural consequence, the potential yield 

of most crops tends to drop significantly. There is a high rainfall belt stretching from the western part 

of Mbala to the north-western part of Luwingu districts where the levels of sunshine are below 700 

hours. However, agricultural production in other regions in the province is not affected because there 

is sufficient sunshine even during the farming season (Norwegian Centre for International Agricultural 

https://www.google.com/search?q=mpulungu+port&sxsrf=ALiCzsYoJRtzQRCKIcmFNVU1FH0Z9DFNhA:1663150816938&source=lnms&tbm=isch&sa=X&ved=2ahUKEwj26JrNh5T6AhWUOcAKHeuwDMIQ_AUoAXoECAMQAw&biw=1280&bih=520&dpr=1.5#imgrc=xhZBjPkLbeoSeM
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Development and the International Union for the Conservation of Nature and Natural Resources, 

1989). Although not the provincial headquarters, Mbala is the main farming district (Nelson, 2000).  

Mbala has good access to water, electricity and road infrastructure and is positioned as a gateway to 

Tanzania, via the border town of Mpulungu. 

Mpulungu on Lake Tanganyika is the only international port in Zambia and from it good are exported 

to Burundi, Tanzania, and the Democratic Republic of Congo. Like Kasama and Mbala, Mpulungu 

also has good road infrastructure. Through the port, smallholder crop farmers can sell their produce to 

international markets such as Burundi and the Democratic Republic of Congo.  

3.2 Sample Size and Distribution 
 

This study analyses the Northern Province subsample of RALS (2015).  

Table 1: Sample size and response rates by province 

Province Sample Size Observations Response Rate (%) %New hh 

Central 840 650 77.3 0 

Copperbelt 680 549 80.7 0 

Eastern 2340 2063 88.2 14.5 

Luapula 840 692 82.4 0 

Lusaka 520 446 85.7 30.8 

Muchinga 860 717 83.4 20.9 

Northern 1000 791 79.1 0 

North-Western 640 516 80.6 0 

Southern 1040 893 85.9 0 

Western 760 617 81.2 0 

National 9500 7934 83.5 6.9 

Source: CSO, et al., 2016, p.15)  

At the national level, the Rural Agricultural Livelihoods Survey (RALS) conducted in 2015 utilized a 

two-stage stratified sample design based on Zambia's 2010 Census of Housing and Population. The 

survey included a sample size of 7,934 households, randomly selected to ensure representativeness. In 
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the first stage, primary sampling units were identified as one or more standard enumeration areas with 

a minimum of thirty agricultural households, defined by census sketch maps. The second stage 

involved listing all households in selected enumeration areas and selecting agricultural households. 

Stratification was performed based on factors such as total cultivated area, unique crops, and income 

sources. To distribute representation evenly, a systematic sampling technique was applied, selecting 

twenty households from each stratum (A, B, and C) within every standard enumeration area. This 

rigorous methodology aimed to capture the diversity of agricultural households while considering 

cultivation area, crop variation, and income sources (for further details see Rural Agricultural 

Livelihoods Survey 2015 Survey Report). 

Northern Province has a total number 50 standard enumeration area and a total of 791 households were 

interviewed in 2015. The province had one of the highest numbers of standard enumeration areas, 

ranking third after Eastern (117) and Southern (52). The attrition rate was 8.7% relative to 2012. This 

was explained by a few households that had shifted to other places from the study area. As opposed to 

covering the entire ten provinces of Zambia, this study only focused on Northern Province using cross-

sectional data from the RALS 2015. Specifically, the study utilised data from the agricultural 

households that were reinterviewed in 2015. Of the one thousand households in fifty enumerator areas 

in this province, 791 were resampled in RALS (2015). However, after adjusting for missing 

observations, the sample was reduced to 634 complete observations (a respectable 80.2% response 

rate) and the same were used in analysis. 

3.3 Rural Agricultural Livelihood Survey 
 

Data for this study was drawn from nationally representative household survey of smallholder farmers 

in Zambia. The Rural Agricultural Livelihoods Survey (RALS) was conducted between June and July 

2015 by Indaba Agricultural Policy Research Institute (IAPRI) in collaboration with Zambia Statistical 

Agency (formerly called Central Statistics Office) and the Ministry of Agriculture and Livestock. At 

the time RALS was the most comprehensive and nationally representative (covering all the ten 

provinces of Zambia) rural survey for small and medium-scale farming sector in Zambia to date. The 

RALS is primarily designed to provide comprehensive information that is useful to policy makers as 

they attempt to formulate relevant policies. The survey presents a broader picture of the state of 

livelihood activities and outcomes among the rural smallholder farmers. It further makes it possible 

for Zambian policy makers to accurately monitor the trends in the country’s agricultural and rural 

sectors or assess the progress toward national policy objectives.  

 

https://agriprofocus.com/upload/post/RALS_2015_Survey_Report__Finalv-_edited1456827249.pdf
https://agriprofocus.com/upload/post/RALS_2015_Survey_Report__Finalv-_edited1456827249.pdf
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3.4 Sample Distribution by District 
 

The 634 complete observations used for this study were drawn from all the eight major districts of 

Northern Province, Zambia. This ensured that the sample was a good representation of the smallholder 

maize farmers in the province.   

 

Figure 5: Sample percentage distribution by district (Source: CSO, et al., 2016) 

Mbala district had the highest number of responses (25%), followed by Kasama (17%), Mungwi 

(14%), Luwingu (13%), Mporokoso (9%), Mpulungu (10%) and Kaputa (10%). The district with the 

least number of observations is Chilubi (2%).  

3.5 Model specification 
 

This study employs the stochastic frontier analysis framework to estimate technical efficiency of crop 

smallholder farmers in Northern Province. A production function is used to benchmark technical farm 

efficiency, and in the tradition of Battese and Coelli (1995) these deviations as a linear combination of 

farm and farmer characteristics in the inefficiency sub-model of this joint specification. The farm-level 

prices needed to measure allocative efficiency have not been collected. 

3.5.1. Stochastic Production Function 
 

The formulation of the stochastic frontier model can be specified for cross sectional data in terms of  a 

stochastic production function which was first proposed by Aigner, et al. (1977)  and Meeusen and 

Broeck (1977) as shown below: 
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Yi=f(X𝑖𝑘,β) + vi-ui                                                                                                                           (Eq. 1) 

where Yi denotes the value of the production of the ith farm household, such that i =  1, ... n); Xik 

represents a vector of the associated inputs (land, labour, seed and fertiliser) used by the ith farm 

household to produce output Yi; β is a vector of unknown parameters to be estimated; vi represents the 

statistical noise (random error term) distributed symmetrically; ui is the technical inefficiency term 

(asymmetric error term). The assumption made on the technical inefficiency term is that it is 

independently and identically distributed (iid) and independent of vi. 

While estimating equation 1 above by Ordinary Least Square (OLS) would provide consistent 

estimates for the parameters except for the constant (β0) given the assumption that the expected value 

of the aggregate error term (𝜖𝑖) is non-zero, E(𝜖𝑖) ≠ 0, the OLS method fails to provide estimates for 

farm-specific technical efficiency (Kumbhakar and Wang, 2015 and Hayatullah, 2017). Therefore, 

since this study aims to measure farm-specific technical efficiencies, the Maximum Likelihood 

Estimator will be adopted which makes that possible. 

              3.5.2. Technical Efficiency Term 
 

The ui estimate is also termed the output-oriented (technical) inefficiency and takes a value on the 

interval [0,1]. A fully-technically efficient farm household is expected to have an efficiency value of 

1, while a fully technically inefficient farmer is expected to have the technical efficiency score equal 

to zero. In addition, the lower the technical efficiency score, the less efficient a given farm household 

is (Kumbhakar and Tsionas, 2006).  

In line with equation 1, given the 𝑥𝑖 input vector and the farm households, the technical efficiency of 

the 𝑖𝑡ℎ farm household can be expressed as: 

TEi =   
Yi

Yi
* = 

𝑓(𝑥𝑖∶ 𝛽) 𝑒(𝑣𝑖−𝑢𝑖)

𝑓(𝑥𝑖∶ 𝛽) 𝑒𝑣𝑖
 = 𝑒𝑢𝑖                                                                 [Eq.2] 

which denotes the farm-specific technical efficiency as the ration of observed output (Yi) to the 

corresponding frontier output Yi
∗, which is the maximum possible level of output the farm household 

can produce given the current level of technology and in an environment characterised by the stochastic 

elements described by vi  (Battese and Coelli, 1995; Kumbhakar and Lovell, 2000).  

Technical efficiency is only achieved if a farmer can produce the highest possible amount of output 

from a given set of inputs. Assuming constant returns to scale, Farrell (1957) showed technical 

efficiency using two inputs, 𝑋1 𝑎𝑛𝑑 𝑋2, to produce a single output, 𝑌. This was depicted by Coelli, et 
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al. (2005) as shown in Figure 2 above (input-oriented efficiency). Line 𝑆𝑆′ represents the fully efficient 

farmer, which enables the measurement of technical efficiency possible. Point 𝑃  represents a 

technically inefficient farmer. Assuming a farmer is utilising a set of inputs (𝑋1 𝑎𝑛𝑑 𝑋2 ) (This depicted 

in figure 2 above by point 𝑃) to produce a unit of output, then the technical efficiency of that farm 

would be depicted by distance 𝑄𝑃. To achieve efficient production, the inputs (𝑋1 𝑎𝑛𝑑 𝑋2 ) must 

equivalently reduce the ratio 
𝑄𝑃

𝑂𝑃
  (see figure 2 above). Technical efficiency (TE) of a farmer is therefore 

given by TE= 
𝑂𝑄

𝑂𝑃
= [1- 

𝑄𝑃

𝑂𝑃
]. Technical efficiency scores range from zero to one. When the technical 

efficiency score is equal to one, then a farmer is said to be fully technically efficient (as depicted by 

point 𝑄 which is on the efficient frontier). Similarly, when the technical efficiency score is equal to 

zero, a farmer is said to be fully technically inefficient. On the other hand, Coelli, et al. (2005) noted 

that if the gradient of the isocost line (denoted by 𝐴𝐴′) represented the price ratio for the inputs, then 

the ratio 
𝑂𝑅

𝑂𝑄
 could represent allocative efficiency (AE). 

3.5.3. Log Likelihood Ratio Test 
 

As Conradie (2019) pointed out, the presence of 𝑢𝑖 (inefficiency term), which implicitly suggests the 

existence of the frontier, is to a larger extent based on prevailing statistical conditions. These statistical 

conditions must therefore be accounted for using a generalised likelihood ratio (LR) test (Battese and 

Coelli, 1995; Conradie, 2019). The LR test is expressed as in equation 3 below: 

𝐿𝑅 𝑡𝑒𝑠𝑡 = −2[𝐿𝐿𝐻𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 −  𝐿𝐿𝐻𝑢𝑛𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑]                                                                      [Eq. 3] 

Where 𝐿𝐿𝐻𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 denotes the log likelihood statistic for the restricted model in eq. 1, and the 

𝐿𝐿𝐻𝑢𝑛𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 is the corresponding statistic produced when the translog production function 

(equation 5) is fitted. The LR test statistic follows  a chi-square distributed with degrees of freedom 

equating the number of restrictions imposed (Battese and Coelli, 1995, p. 332). The  assumed 

distribution on the inefficiency term (𝑢𝑖) influences the cumulative density function which is used to 

compute gamma. Gamma equals to zero characterises a mean response function, regardless of whether 

𝑢𝑖′𝑠 distribution was assumed to be half normal or truncated normal.  

3.5.4. Variance Parameter 
 

Using a lambda  (λ) parameterisation Battese and Corra (1977) formulated the log likelihood function. 

The choice of λ  was based on the fact that the model is fitted with Front 41. If the model was fitted in 

Stata lambda parameterisation would have been applied.   
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More specifically, using gamma parameterisation by Battese and Corra (1977), eq. 2 above can be 

expressed as follows: 

𝛾 =  
𝜎𝑢

2

(𝜎𝑣 
2 +𝜎𝑢

2)
                                                                                              (Eq. 4) 

Where 𝛾 = 𝜎𝑢
2 𝜎2⁄  and 𝜎2 = (𝜎𝑢

2 +  𝜎𝑣
2) are variance parameters; 𝛾 describes the total variation of 

observed output (Yi) from the frontier output (Y*) that is explained by technical inefficiency. 𝛾  ranges 

from 0 to 1, i.e., [0≤ 𝛾 ≥1]. A value of 𝛾 close to 1 means that the random component of the 

inefficiency  contributes substantially to the production system. A truncated normal distributional 

assumption with mean 𝜇 and variance 𝜎𝑢
2 characterises the technical inefficiency parameter, 𝑢.  

In addition, if 𝛾 is statistically insignificant (𝛾=0), then the model is not a frontier because neither of 

the error variance can be explained by the farm specific inefficiency effects (Battese and Corra, 1977; 

Battese and Coelli, 1995; Hayatullah, 2017). 

3.6 Empirical Model 
 

As highlighted in chapter 3, the translog functional form is widely used in empirical studies because it 

meets the second order flexibility condition (Constantin, et al., 2009) and also its logarithmic form 

makes it possible to capture inefficiencies by using an additive term and therefore simplifying the 

estimation. Equation 5a below presents the general estimating equation used to fit a production frontier 

with a translog functional form.  

lnyi = α0 + ∑ αklinxik
𝐾
k=1  + ∑ ∑ 𝛼jklnxiklnxij

J
j=1

K
k=1  + vi-ui                                                        [Eq. 5] 

where ln represents the natural logarithm;  Yi denotes total revenue generated from the farm produce 

by the ith farm household 𝑖; K represents the number of inputs used by the farm household, xij 

represents a set of inputs (land, labour, seed and fertiliser) used by the ith farm household  in the 

production process; 𝛼𝑘 and 𝛼𝑗𝑘 are (kx1) vectors of unknown parameters to be estimated; ϵi  denotes 

the composed error term, ϵi  = vi-ui, such that 𝑢𝑖 ≥ 0. 𝜐𝑖′𝑠 represents all the factors (stochastic effects 

or statistical noise) outside the control of farm household as well as the measurement errors. On the 

other hand, − 𝑢𝑖 is the asymmetrical error term which depicts farm household 𝑖’s deviation from the 

best practice frontier and is the basis for calculating the farm household’s efficiency level.  

These variables are all in natural logarithms and have been mean differenced. By dividing each of the 

unlogged observations by the unlogged sample mean, the units of measurement are made more 

convenient for the calculation of elasticities from coefficients produced by the translog functional 
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form. The partial derivative of the production function with respect to a given input contains the logged 

values of this and other inputs, for example in the two-input case we have: 

𝜕 ln 𝑦

𝜕 ln 𝑥1
= 𝛼1 + 𝛼11 ln 𝑥1 + 𝛼12 ln 𝑥2 

Now, if the mean value of 𝑥1 = 1 as it becomes as a result of demeaning, the natural logarithm of one 

is zero, and terms two and three drops away, conveniently simplifying the output elasticity of 𝑥1 to 𝛼1. 

3.7 Inefficiency Model 
 

In line with eq. 4 and the assumption made on ui, the Battese and Coelli (1995) inefficiency model is 

expressed as follows: 

−ui = δ0 + ∑ δi
3
i=1 𝑍𝑖 + 𝑤i                                                                                                           (Eq. 6) 

where (ui) is the inefficiency, zi is the vector of exogeneous (inefficiency) variables (access to credit, 

access to extension services, access to farmer input support programme, distance between homestead 

and farm, gender of household head, age of household head and education level of household head) 

that are likely to affect the efficiency of farm households; 𝛿𝑖 are the parameters to be estimated; and 

finally, the inefficiency of the error term is given by an independently and identically distributed error 

term ωi~(0, 𝜎𝑤
2 ). Since the dependant variable in eq. 5a is the technical inefficiency, a farm-specific 

variable associated with positive (negative) coefficient will have a negative (positive) effect on 

technical efficiency (Kumbhakar and Wang, 2015).  

3.8 Variable Description  
 

A one-stage stochastic frontier with technical efficiency effects model in the tradition of Battese and 

Coelli was specified to explore the contribution of access to credit to the efficiency of smallholder 

production in Northern Province, Zambia. The production function is for crop production, typically of 

casava and maize with a small amount of cash crops. Livestock is scarce in these communities due to 

diseases outbreaks, although the climate, water and the veld is conducive dairying. 

The dependant and independent variables used for this study are as follows: 

Yield: Yield describes the total harvest per farm. Yield of the following crops were considered in this 

study: Maize, sorghum, millet, soya beans, mixed beans, sweet potatoes, rice, sunflower, groundnuts 

and Bambara nuts. Bambara nut is a legume that is related to cowpeas and peanuts. They are mostly 

hand harvested and the nuts are dried. Since the quantity of home consumption is not included in the 
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dependent variable, the conclusion of this study refers explicitly to the efficiency of surplus production. 

The exact phrasing of the question used is presented in Appendix 1. 

Land: Land is an essential input of smallholder production. The variable here measures the combined 

size of the three production systems above and includes all plots cultivated by the household in 

hectares. Measured in hectares, the size of land cultivated was hypothesised to have a positive 

significant impact on the productivity of farm households.  

Labour: In this study, labour was calculated in terms of the number of days each household member 

contributed to the household’s farm in 2013/14 growing season (The exact phrasing of the question 

used is presented in Appendix 1). The growing season ranges between October and April. Labour only 

consisted of family members’ labour days. Data for hired labour was not available. 

Seed: Some farm households purchased seeds on their own while others accessed it through the 

government’s farm input support programmes.  The quantity of seed in this study is a combination of 

seeds that were accessed through government’s support, seeds saved from own production, cash 

purchase from private trader/retailer as well as direct commercial exchange or barter. Farmers acquired 

seeds from the government either direct from farmer input support programme or through  farmer 

cooperations. Other government sources included Ministry of Community Development, Mother and 

Child Health through food security packs. Data detailing the quantity of seeds acquired through 

government support was not separately available. Cassava production in Northern Province does not 

require actual seeds, and so farmers planted stalks from existing crops. These cassava stalks are what 

some local farmers call seeds, but they not actually seed. 

Fertiliser: Inorganic fertiliser is measured in kilograms. The inorganic fertiliser considered in this 

study is the one used by rather than the one the farm household had access to (The exact phrasing of 

the question used is presented in Appendix 1). Most farm households used fertiliser primarily to 

produce maize. Crops such mixed means, cassava, sorghum, millet, soya beans and sweet potatoes do 

not require fertilizer. Some farm households purchased fertiliser on their own while others accessed it 

through the government’s farm input support programmes.  The dataset for this study combines the 

two sources of fertiliser. Data detailing the quantity of fertiliser acquired through government support 

and through private purchase was not separately available. 

Access to credit: This is a dummy variable  =1 if a farm household received any form of credit to buy 

crop inputs and =0 otherwise. Credit overcomes liquidity constraints enabling smallholders to adopt 

modern inputs (fertiliser, high-yield seeds) and thereby it increases the level of efficiency of 

smallholder production, the focus of this study. Access to production credit is therefore hypothesised 
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to help increase efficiency of crop smallholder farmers in Northern Province (Girabi and Mwakaje, 

2013; Abate, et al., 2016; Melkani, et al., 2019; Koricho and Ahmed, 2021) .  

Access to extension services: This is a dummy variable which is equal to 1 if farm households had 

access to agricultural technical services and zero otherwise. Relevant Technical services, as drawn 

from Zambia’s 2015 rural agricultural livelihoods survey (RALS), include “information on topics such 

as minimum tillage using planting basins (potholes), minimum tillage using ripping, leaving crop 

residues in the field and incorporating it into soil, rotating cereals with legumes or nitrogen-fixing 

crops, intercropping cereals with legumes” and growing “crops that are well suited to soil and weather 

conditions”, among others (CSO, et al., 2016). Only 30% of surveyed households has access to 

extension services (CSO, et al., 2016). It was hypothesised that having access to agricultural technical 

support services would increase the productivity and efficiency of farm households (Tchale and Sauer, 

2007; Dube and Guveya, 2014; Koirala, et al., 2015). 

Access to Farm Input Support Programme: Access to inputs (improved seed and fertiliser) is one 

of the most important factors that determine the quantity of production of crops among smallholder 

farmers. Smallholder farmers who have access to improved seeds are expected to be more efficient 

than those who do not. This is because the use of modern inputs, like improved seed varieties improves 

efficiency (Melkani, et al., 2019; Koricho and Ahmed, 2021). Instead of sowing a kilogram of 

traditional seed, if a farmer sows one kilogram of hybrid seed, the hybrid seed plants grow more 

vigorously, responding better to rainfall and fertilizer applications, resulting in greater yield. Similarly, 

the use of fertiliser is expected to improve efficiency. By adding the fertiliser input adds the correct 

amount of potassium in the root zone so that plants can grow optimally. Farmers who do not have 

access to fertiliser often opt for inefficient methods such as Chitemene which involves the cutting 

down  and burning of trees. It was therefore hypothesised that having access to farmer input support 

programme would increase the productivity and efficiency of farm households (Tchale and Sauer, 

2007; Dube and Guveya, 2014; Abate, et al., 2016; Mariyono, 2019). 

Education: In this study, education was calculated in terms of the number of years the household head 

spent in formal education. The inclusion of education variable is premised on the idea that smallholder 

farmers that have attained at least basic education could make well-informed production decisions 

compared to those farmers that did not attain any level of formal education. Therefore, this study 

hypothesised that the household head’s level of education would increase the productivity and 

efficiency of farm households (Koirala, et al., 2015; Matsvai, et al., 2020). 
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Age: Age was calculated in terms of number years of the household head. The sample average age was 

calculated to be 47 years, with a maximum of 89 years. The average age for women was 52 years 

compared to 46 years for men. On average, female farmers are older than their male counterparts. As 

a possible proxy for experience, older farmers were expected to have acquired better technical skills 

and farming expertise compared to younger ones. Measured in years, age of household head was 

therefore hypothesised to have a positive and significant impact on the productivity and technical 

efficiency of farm households. It was expected that younger farmers would be more technically 

efficient that older farmers (Okoye, et al., 2016; Girabi and Mwakaje, 2013). 

Gender: This is a dummy variable which is equal to 1 if farm household is headed by a male and zero 

otherwise. This study expected male-headed households to be more productive and technically 

efficient than the female-headed households. This is because women have an additional role of looking 

after children and performing other household duties. In most cases, this it is a cultural requirement 

that women be the ones to look after children. Gender (1=male, 0=female) was hypothesised to have 

a positive significant impact on the productivity and technical efficiency. 

Distance: In this study, distance between homestead and farm was calculated in kilometres. The 

average distance was found to be 2.7 kilometres, with a maximum of 40 kilometres. Longer distance 

from homestead to the field was expected to reduce productivity and technical efficiency. The 

explanation for this is straightforward. If a farmer lives farm away from his / her fields, a portion of 

the day is spend commuting, and this tightens the labour constraint, causing poorer outcomes.  

3.9 Maximum Likelihood Estimator (MLE) 
 

There are several methods that could be used to estimating the stochastic frontier model. The choice 

of method is a function of which assumptions are made concerning the distribution of the error 

components (Greene, 1980; Hayatullah, 2017). Two of the methods identified in literature to measure 

technical efficiency without necessarily having to impose assumptions on the distribution of the 

inefficiency component of composite error term are the Corrected Mean Absolute Deviation (CMAD) 

and the  Corrected Ordinary Least Square (COLS) (Kumbhakar and Wanga, 2015, Hayatullah, 2017). 

These two approaches, however, assume that the variation in inefficiency is the only cause of the 

model’s randomness.  Both the COLS and the CMAD furthermore assumes that the frontier is 

deterministic in nature (Kumbhakar and Wanga, 2015) 

The use of the Maximum Likelihood (ML) approach is sensitive to the assumptions made concerning 

the distribution of the inefficiency and random errors (Greene, 1980; Battese and Coelli, 1995; Battese 

and Cora, 1977). Once these assumptions are imposed, the log-likelihood function of the model is 
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obtained, and numerical maximisation procedures are thereafter employed to derive  the maximum 

likelihood estimates of the model parameters. The maximum likelihood estimate of an unknown 

parameter is defined as the numerical value of a given parameter of interest that maximises the 

probability of drawing a particular cluster of observations (Green, 1980; Lee, 1983; Hayatullah, 2017). 

The first derivative results are thereafter equated to zero. However, given that the first order conditions 

cannot be solved mathematically for parameters and at the same time they  are highly non-linear the 

likelihood function is maximised using iterative optimization method (Green, 1980; Lee, 1983; 

Kumbhakar and Wang, 2015; Hayatullah, 2017). 

3.10 Data analysis: Software 
 

The study uses “FRONTIER version 4.1” (a computer programme for stochastic frontier production 

and cost function estimation developed by Tim Coelli) to estimate the translog stochastic frontier and 

the subsequent likelihood ratio test (Battese and Coelli, 1988, 1992, 1995).  

3.11 Chapter summary 
 

The chapter has discussed the geographic location of the study area and presented the methodology 

used to achieve the objectives of this study. The study employs a stochastic frontier analysis model to 

estimate the technical efficiency of smallholder maize farmers in Northern Province. In the production 

function, the dependent variable is maize harvested (in hectares), and the independent variables are 

land size measured in hectares, labour days, seeds and fertiliser used per farm.  In the technical 

inefficiency model, the farm household specific independent variables are access to credit, access to 

farmer input support programme, access to extension services, distance, age of household head, 

education of household head, gender of household head and household size. 
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Chapter 4: Results and Discussion 
 

Chapter four of the study provides a summary of the results obtained from estimating the Cobb-

Douglas and translog frontier production functions, with the detailed specifications explained in 

chapter three. The chapter begins by introducing the agriculture context in Northern Province, Zambia, 

followed by presenting descriptive statistics. It then discusses the specification tests conducted and 

presents the main results using Tables 4 and 5. The chapter concludes by presenting and analysing the 

technical efficiency scores of the sampled farm households, offering insights into their performance.  

4.1 Agriculture in Northern Province, Zambia  
 

The diversity in socio-economic and agro-ecological conditions in the region produces  complex land 

use arrangements. The Rural Agricultural Livelihood Survey (RALS, 2015) divided farmers into three 

size classes of 1-2.5 ha, 2-5ha and 5-15 ha. Most smallholders fall into the smallest class, with 26% in 

the medium and 7% in the large size classes. At this scale hand tools are sufficient and family labour 

the main labour force. With seed and fertiliser obtained through farmer input support programme, 

smallholders can cultivate an average of 0.97 hectares of land. RALS (2015) further shows that 85.17% 

of the farmers cultivated one field, while 14.83% cultivated several fields. The highest number fields 

cultivated per farm household was 8. As much as  80% of farmers who cultivated more than one field 

reported having access to credit that the author believes could have been used to acquire inputs for the 

second, third and fourth fields. Approximately 90% of the farmers that cultivated several fields had 

access to seed and fertiliser through farmer input support programme. 

 

Figure 6: Maize Ibala , Northern Province, Zambia  (Source: ZNBC)  

 

https://www.google.com/search?q=Farming+in+Northern+Province+Zambia&tbm=isch&ved=2ahUKEwjfupuQmJT6AhVngs4BHa8VC4UQ2-cCegQIABAA&oq=Farming+in+Northern+Province+Zambia&gs_lcp=CgNpbWcQAzoECCMQJ1DhA1jEGWDUG2gAcAB4AIAB2QKIAbEQkgEFMi00LjOYAQCgAQGqAQtnd3Mtd2l6LWltZ8ABAQ&sclient=img&ei=NLwhY9_QGeeEur4Pr6usqAg&bih=503&biw=1263&hl=en#imgrc=lFKhNSe_r-q8MM&imgdii=E1OMeDvqUCT15M
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RALS (2015) shows that most respondents  cultivate virgin ground first in cassava, which is an inferior 

food crop, and then rotate the land into cash crops like beans, maize, or groundnuts (CSO, et al., 2016). 

There are three main methods of cultivation, namely chitemene (Figure 6), fundikala and ibala. These 

methods differ mainly in how they achieve soil fertility in the absence of inorganic fertiliser, which is 

an uncommon input in smallholder farming in Northern Province, Zambia.  

 
Figure 7: Burned Chitemene field (Ubukula) (Source: Mapio.net) 

In the past, chitemene (slash and burn) shifting cultivation system was the dominant land-use method 

but as the population size increased, households with less land began to use their resource more 

intensively. In the chitemene system potash and charcoal released by burning enrich the soil and 

improves soil pH (see figure 7). Trees and brush are cleared early in the dry season and burnt towards 

the end of the dry season, awaiting the first rains in October. 

In the fundikila system composting rather than burning improves the organic content of soils. This 

method is most suited to areas that have been burnt before. In these clearings, the sod is turned into 

“windrows” or ridges at the beginning of the dry season and left to compost for six months. When the 

rains are imminent the organic rich ridge soils are either spread to cover the full area or maize or 

cassava is planted directly onto the ridges. In most cases, finger millet is planted among the maturing 

maize and cassava plants and harvested in the rainy season.  

Ibala refers to intercropped home gardens. Most of the crops are grown on compost ridges, although 

when fertiliser is available, the ridges are flattened for the growing of finger millet. Almost all 

smallholder farmers in the province have Ibala or amabala (gardens). Sometimes farmers make 

amabala fields near perennial streams for irrigation purposes. A variety of vegetables like rape, 

cabbage and tomatoes are grown together with beans and maize. The nearer the field to the homestead 

https://www.google.com/search?q=Chitemene+system+of+production+in+Zambia&tbm=isch&ved=2ahUKEwiKrqnkjpT6AhUDEhoKHewGAgcQ2-cCegQIABAA&oq=Chitemene+system+of+production+in+Zambia&gs_lcp=CgNpbWcQAzIECCMQJ1DfFFjRF2C2HmgAcAB4AIABrQOIAfAJkgEHMi0zLjAuMZgBAKABAaoBC2d3cy13aXotaW1nwAEB&sclient=img&ei=aLIhY4raG4OkaOyNiDg&bih=520&biw=1280#imgrc=jvqiIAb39kDdbM&imgdii=yIPtR-0z0TsYzM
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the lesser the amount of labour is required for transportation of the produce from the field. While this 

permanent production system close to the homestead is very convenient it is the most vulnerable to 

soil degradation from acidification and weed encroachment, which are easily avoided by rotating 

outlying fields (Pottier, 1988). Continuously cultivated maize fields wear out within five years. 

Cassava is the most prevalent food crop in Northern Province, followed by maize, groundnuts, and 

dried beans. Cassava is easy and cheap to grow and does not require fertiliser or certified seeds 

(Nelson, 2000). Maize, groundnuts, and dried beans produce large yields from improved seeds than 

from seeds kept back from the previous harvest. These crops also benefit from the application of 

chemical fertilisers. Minor crops include millet, sorghum, rice, soybeans, cow peas, sunflower seeds, 

and sweet potatoes. A variety of vegetables are grown as are tree crops such as avocados, oranges, 

mangoes, and coffee. Staples in the local diet include maize, cassava and people aspire to also consume 

rice (Taylor and Banda-Thole, 2013).  Surplus foods are sold into the market economy, at a fixed price 

to the Food Reserve Agency in the case of maize or to other households within the community. It is 

not always the case that farmers would sell their produce for money; sometimes farmers barter their 

produce for other items such as clothes, shoes or even livestock (Nelson, 2000).  

In the Northern Province, it is common for merchants who specialize in clothing and other 

commodities to visit rural communities, particularly during harvest seasons, to engage in bartering. 

They offer their goods in exchange for maize or mixed beans. For instance, if a household has grown 

maize, they can trade a portion of their harvest for clothing or other household necessities. This practice 

is prevalent due to limited direct market access for smallholder farmers in the province, leading them 

to rely on these middlemen or merchants who often exploit them (White, et al., 2005). One significant 

issue is that smallholders frequently lack knowledge about the true value of the items they exchange 

for their agricultural produce. 

In the rural areas of the Northern Province, cassava and maize serve as the fundamental dietary staples. 

These crops are meticulously processed, transforming them into flour by removing the husks and 

obtaining a refined white powder. In the local Bemba language, maize flour is known as "Ubunga bwa 

Mataba," while cassava and millet flours are referred to as "Ubunga bwa Tute" and "Ubunga bwa 

Male," respectively. During periods of scarcity, households often rely on cassava and millet meals as 

maize production requires significant investment in seeds and fertilizers. The preparation of these 

dishes involves blending the flour with warm water and heating it to create a thick, porridge-like 

consistency. Typically, this thick porridge is accompanied by cooked vegetables, primarily cassava 

and bean leaves, complemented by groundnuts. However, due to the presence of tsetse flies, which 
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transmit trypanosomiasis (African sleeping sickness), livestock such as cattle and goats are not 

commonly raised, resulting in scarce availability of meat. 

To supplement their meals, many households incorporate ubwali (maize meal) into their diet and also 

consume insects like caterpillars, as well as a diverse array of wild plants collected throughout the 

year. Unfortunately, a concerning reality is that most rural households can only afford a single main 

meal per day, which falls short of meeting adequate nutritional needs (Mwanamwenge and Harris, 

2017). Despite a relatively better food supply during the harvest season in the Northern Province, it 

remains insufficient to adequately address the requirements of the majority of households. Excess 

crops are traditionally stored in "Ubutala," which are storage facilities made from wood and grass. 

The Northern Province holds the position of the fourth largest producer of maize nationwide in terms 

of marketable surplus. Additionally, it excels in beans production, ranking first, and secures the second 

spot in groundnut and cassava production, as reported by the Zambia Central Statistics Office in 2014. 

This implies that enhancing the productivity of smallholder agriculture in the Northern Province would 

have a direct impact on national food security and contribute significantly to local economic 

development. What is more, given the predominantly rural nature of the province and the limited land 

area currently dedicated to commercial agriculture, any growth achieved is likely to be fairly 

distributed among the most impoverished individuals. Consequently, such growth would lead to 

improved livelihoods for the local population. 

4.2 Sample Characteristics 
 

This section presents the sample descriptive statistics.  Table 2 summarises the farmer and household 

characteristics that will feed into the maize production function and the inefficiency sub-model that 

explains the observed variation in calculated farm efficiency. Table 3 contains information on the 

inputs and outputs. Government support for smallholders, in the form of the Farmer Input Support 

Programme, or FISP input packs, extension services and access to credit is summarised in Table 3. 

Smallholder agriculture serves as the prevailing vocation and lifelong pursuit in the Northern Province 

of Zambia, where limited access to secondary and particularly tertiary education severely constrains 

alternative opportunities (White et al., 2005). Within the most impoverished rural households, a 

staggering 81% of children abandon formal schooling to assist with farming activities. This approach 

highlights the paramount importance of achieving food self-sufficiency in the remote rural areas of 

Zambia, coupled with the scarcity of non-agricultural jobs that necessitate formal education. At the 

tender age of 12, children become actively involved in harvesting, while both girls and boys assume 

responsibilities such as ploughing and planting from the age of 14. In the sampled population, the age 
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range of farmers spans from 23 to 89 years, with a mean age slightly surpassing 47.49 years. Most 

households examined in this study are helmed by males, accounting for 85% of the sampled 

households, leaving a mere 15% under female leadership. Regarding household size, the distribution 

ranges from 1 to 15 members per household, with an average of 6 individuals. Notably, the household 

composition includes children aged six and above. This portrayal accurately reflects rural households 

and families, not solely within the Northern Province, but throughout Zambia as a whole. 

Table 2: Farm Household Characteristics (n=634 households) 

Variable Description 
Mean or 

Number 

Standard 

Dev. 
Min Max 

Household 

size 
Total number of household members 6.749 2.350 1 15 

Gender 

Male heads of household 539    

Female heads of household 95    

Age Age of household head in years 47.492 14.017 23 89 

Education Years of schooling of household head 6.409 3.418 0 17 

No schooling 44    

Primary schooling 380    

Secondary schooling 197    

Tertiary schooling 13    

Source: Author’s Own Computations Based on RALS 2015 Data 

Older household heads in the sample are associated with larger household sizes compared to younger 

heads of households. The average number of years spent in formal education by heads of household is 

just over 6 years. 60% of the sampled households attained primary education, with only 2% of heads 

of household attaining tertiary education. Male heads of household in the sample are better educated 

than females. This study only considered gender (male=1) of household head, age (in years) of 

household head and education of household head were considered in the model. 

Table 3 provides a summary of the descriptive statistics for maize production, revealing that the 

average household in the sample produced slightly over 3 tons of maize grain during 2014/5. 
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Cultivation areas ranged from one-tenth of a hectare to nine hectares, with an average yield of 3.6 tons 

per hectare achieved by households with the largest crop on the largest area. In comparison, 

commercial maize yields in Zambia surpass 15 tons per hectare, indicating significant potential for 

productivity improvement among smallholder farmers. Notably, the typical maize plot requires nearly 

200 man-days per season for essential activities, with an average sowing density of 21.16 kg of seed 

per hectare and a typical fertiliser application of 342.09 kgs of both basal dressing and top-dressing 

fertiliser. These findings highlight the scope for enhancing productivity in the smallholder sector, 

considering the considerable gap between current yields and the commercial benchmark, as well as the 

labour-intensive practices and fertilizer usage observed. 

Table 3: Farm Output, Inputs, and Institutional Factors (n=634 households) 

Variable Description 
Mean or 

Number 

Standard 

Dev 
Min Max 

Output Total harvest of maize (Kgs) 3,140.83 4,912.76 8 77,395 

Land Total area cultivated (ha) 0.97 1.03 0.03 9 

Labour Total labour days  196.13 98.19 20 600 

Seed Total kgs of seeds used 21.16 22.97 0.50 220.40 

Fertiliser Total kgs of fertiliser used 315.80 382.49 0 3600 

Credit Access to credit (yes=1) 51    

Extension 

services 

Access to extension services 

(yes=1) 

313    

FISP Access to farmer input 

support programme (yes=1) 

363    

Source: Author’s Own Computations Based on RALS 2015 Data 

Table 3 illustrates a notable disparity in access to production credit within the sample. Merely a small 

proportion of the participants had such access. Interestingly, 86.27% of the recipients belonged to 

male-headed households, whereas only 15.69% were from female-headed households. According to 

CSO, et al. (2016), most of the credit or loans were obtained from informal sources such as friends, 

relatives, or moneylenders (e.g., kaloba), constituting 49.02% of the total. Community-based savings 

groups accounted for 21.57%, while farmers' unions or cooperatives made up 5.88%, and NGO/faith-
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based organizations/churches constituted 5.88%. Other sources of credit or loans included commercial 

banks (3.92%), the Zambia National Farmers Union (ZNFU) Lima Credit Scheme (1.96%), 

microcredit institutions/community credit schemes (1.96%), out-grower schemes (1.96%), and input 

credit from private companies (excluding out-grower schemes) (1.96%). 

Among the sampled farm households, access to extension services was reported by as many as 49.37%. 

Out of this proportion, 84.31% represented male-headed households, whereas only 13.73% were 

female-headed households with access to extension services. Additionally, over half of the sampled 

households had access to the farmer input support program. Within this group, 86.78% comprised 

male-headed households, while a mere 13.77% consisted of female-headed households with access to 

the farmer input support program. 

4.3 Functional form for the stochastic production function     
 

Table 4 and 5 present the empirical estimates of a Cobb-Douglas and translog stochastic frontier 

production function model, respectively. These tables also display the associated inefficiency effects 

models, which aim to identify factors influencing the productivity and technical efficiency of maize 

smallholder farmers in the sample. The results of these two models are discussed individually, starting 

with the Cobb-Douglas model. Additionally, a formal specification test is conducted to examine the 

desirability of imposing the Cobb-Douglas restriction on the production function.      

The estimated Cobb-Douglas production frontier parameters presented in Table 4 exhibit the 

anticipated signs and display statistical significance. The returns to scale (RTS) value of 1.19 for the 

dependent variable in the production function indicates that a unit increase in input levels would lead 

to a more than proportional increase in total maize output. Consequently, further inputs are expected 

to yield an output increase greater than proportionate, suggesting that farmers should be encouraged 

to expand their cultivation area and utilize more purchased inputs. In the Cobb-Douglas framework, 

the coefficients associated with input variables, namely land, labor, seed, and fertilizer, are interpreted 

as output elasticities. Empirical findings reveal that land use (0.49) is the primary driver of output 

variation, followed by seed (0.43) as the second most influential input. Fertilizer use (0.12) accounts 

for the least variation in output, with labor days (0.16) ranking slightly higher. This ranking can be 

attributed to the fact that individual farmers have greater control over the size of their cultivated fields 

compared to the amount of fertilizer applied, which is determined by the input package. 

With less variation in fertilizer use observed within the sample, this variable has less explanatory power 

in accounting for output variations. The positive coefficients associated with cultivated area (land), 

fertilizer, seed, and labor days indicate that increasing the levels of these inputs leads to higher maize 
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production. This finding demonstrates that the Cobb-Douglas production function exhibits desirable 

behaviour. These results align with the empirical findings of Conradie and Genis (2020), who similarly 

found that increasing fertilizer, seed, and labor significantly enhanced crop output. The outcomes 

surpass those reported in similar studies conducted in Zambia. For instance, Musaba and Bwacha 

(2014) found labor and seed to be insignificant, while Ng’ombe and Kalinda (2015) discovered that 

labor exhibited a negative effect despite being significant, and capital did not significantly contribute 

to output. Only fertilizer and seeds were found to be significant with expected signs. Ng’ombe (2017) 

found that only fertilizer, seed, and capital positively influenced output, while labor was not 

statistically significant. 

Table 4: Estimates of the stochastic Cobb-Douglas model with inefficiency effects 

 Cobb-Douglas Model 

Variable Coefficient Std. error T-test Significance 

Constant 5.554 0.298 18.631 *** 

Land 0.491 0.067 7.346 *** 

Labour 0.158 0.042 3.718 *** 

Seed 0.427 0.068 6.326 *** 

Fertiliser 0.116 0.012 9.375 *** 

Constant 1.135 0.485 2.341 ** 

Credit -1.136 0.621 -1.831 * 

Extension services -1.755 0.486 -3.614 *** 

FISP -2.280 0.596 -3.826 *** 

Distance 0.053 0.025 2.115 ** 

Male Gender -1.133 0.363 -3.119 *** 

Age -0.020 0.008 -2.416 ** 

Education -0.509 0.138 -3.679 *** 
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sigma-squared (𝜎2) 3.307 0.831 3.978 *** 

Gamma (𝛾) 0.961 0.011 87.01 *** 

***p ≤ 0.01. ** p≤ 0.05, *p ≤ 0.10, 𝜎2=total error variance, 𝛾=
𝜎𝑢

2

(𝜎𝑢
2  +  𝜎𝑣

2)
⁄ , All variables are in logs 

Table 5 below presents the empirical estimates of a translog stochastic frontier production function 

model and the associated inefficiency effects model to identify factors that affects the productivity and 

technical efficiency of the sampled maize smallholder farmers in Northern Province, Zambia. The 

estimated coefficients of the translog production frontier parameters are positive for land, seed, 

fertilizer, labour, labour squared, fertilizer squared, the cross product of land and labour, cross products 

of land and seed, cross product of land and fertilizer, cross product of labour and fertiliser, but negative 

for land squared, seed squared, the cross product of land and fertiliser, cross product of labour and 

seed as well as the cross product of labour and fertiliser. 

Table 5:Estimates of the translog stochastic frontier model with inefficiency effects 

 Translog Model 

Variable Coefficient Std. error T-test Significance 

Constant 0.261 0.054 4.853 *** 

Land 0.411 0.072 5.676 *** 

Labour 0.147 0.042 3.524 *** 

Seed 0.272 0.068 4.005 *** 

Fertiliser 0.316 0.043 7.426 *** 

Land x Labour 0.228 0.127 1.788 * 

Land x Seed 0.500 0.225 2.217 ** 

Land x Fertiliser -0.022 0.036 -0.615 ns 

Labour x Seed -0.176 0.118 -1.488 ns 

Labour x Fertiliser -0.005 0.022 -0.238 ns 

Seed x Fertiliser 0.005 0.034 0.156 ns 
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Land x land -0.297 0.122 -2.442 ** 

Labour x Labour 0.048 0.049 0.972 ns 

Seed x Seed -0.223 0.118 -1.887 * 

Fertiliser x Fertiliser 0.056 0.011 4.859 *** 

     

Constant 0.772 0.840 0.919 *** 

Credit -1.529 0.479 -3.189 *** 

Extension services -1.690 0.226 -7.488 *** 

FISP -2.694 0.258 -10.423 *** 

Distance 0.063 0.020 3.127 *** 

Male Gender -1.477 0.269 -5.497 *** 

Age -0.012 0.007 -1.683 * 

Education -0.456 0.041 -11.021 *** 

 

sigma-squared (𝜎2) 3.382 0.389 8.694 *** 

Gamma (𝛾) 0.967 0.004 259.037 *** 

***p ≤ 0.01. ** p≤ 0.05, *p ≤ 0.10, 𝜎2=total error variance, 𝛾=
𝜎𝑢

2

(𝜎𝑢
2  +  𝜎𝑣

2)
⁄ , All variables are in logs 

The returns to scale estimate from the levels data is 1.24. The land coefficient (0.41) indicates that land 

accounts for the biggest source of variation in output followed by fertiliser use (0.32) seed and labour.  

This is a different order than was produced by the Cobb Douglas specification, but the basic Cobb 

Douglas coefficients still conformed with theoretical expectations. In the translog model the coefficient 

on land was 16% smaller than the estimate produced in the Cobb Douglas model and its square term 

carried a negative and significant sign. This is to be expected in smallholder production where a fixed 

amount of household labour will lead to less intensive cultivation of larger plots of land. Land’s 

interactions with labour and seed were significant and both coefficients were positive, which indicates 

complementarity between these inputs. 
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The technical inefficiency sub-model, which is part of the translog specification, treats the technical 

inefficiency variable as the dependent variable. In this model, various farm-specific socio-economic 

and demographic variables (such as age, gender, education, and distance) as well as institutional 

variables (including access to credit, access to farmer input support programs, and access to extension 

services) are considered as independent variables. Positive coefficients on these variables indicate a 

worsening effect on technical efficiency, while negative coefficients suggest an improvement in 

technical efficiency. The results of the farm inefficiency sub-model, using the translog stochastic 

frontier model, are presented in Table 5. All the parameters in the model are statistically significant, 

and most of them have the expected signs.  

Notably, when comparing the translog specification to the Cobb-Douglas model, it is observed that the 

significance of the credit variable has greatly increased. In the translog specification, access to credit 

is highly significant at the 1% level. The negative sign associated with the credit variable indicates that 

smallholder farmers in the sample who have access to any form of credit or loan exhibit higher levels 

of technical efficiency compared to those who do not. This finding aligns with previous studies by 

Melkani et al. (2019), Koricho and Ahmed (2021), and Matsvai and Tatsvarei (2022), where the 

authors similarly concluded that access to credit improves the efficiency of smallholder farmers. The 

above-mentioned studies are comparable to the present study because they focused on smallholder 

rural farmers and used the stochastic frontier analysis approach. Most of these studies linked high 

efficiency scores of farmers who had access to production credit to the fact that they can more easily 

make use of modern farming practices and inputs (improved seeds and fertiliser) (Girabi and Mwakaje, 

2013; Abate, at al. 2016; Melkani, et al. 2019).  

Koricho and Ahmed (2021) mentioned that smallholders who have access credit can smooth their 

cashflow and purchase inputs on time. Matsvai and Tatsvarei (2022) submitted that it is easier for 

smallholder farmers who have access to credit to produce markets and achieve efficient risk 

management. Khandker and Koolwal (2014) confirmed that farmers who have access to credit are 

better positioned to handle climate change related risks. It is also possible that smallholder farmers 

who have access to credit are more productive and efficient because they can overcome technical 

barriers including access to extension services. It also helps farmers meet farming needs before they 

harvest their crops and during those times when they are selling their crops. Without access to 

production to credit, it’s possible that farmers would end up selling premature maize (and other crops). 

Worse still, others may end up selling their produce at very low prices for quick cash. Access to 

production credit combined with extension services can bring about beneficial market linkages that 

can help smallholder farmers (Khandker and Koolwal (2014). 
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The estimated coefficient of access to farmer input support programme is negative and statistically 

significant. This implies that farmers who have access to farmer input support programme are more 

technically efficient than those who do not. This result confirms earlier findings by Tchale and Sauer 

(2007) and Dube and Guveya (2014), which found that the use of modern inputs improved productivity 

and technical efficiency of smallholders. Additional evidence shows that farmers who have access to 

agricultural inputs are more likely to increase more land under cultivation  (Abate, et al., 2016). It is 

possible that, instead of sowing a kilogram of traditional seed, if a farmer sows one kilogram of hybrid 

seed, the hybrid seed plants grow more vigorously, responding better to rainfall and fertilizer 

applications, resulting in greater yield. Similarly, the fertiliser input adds the correct amount of 

potassium in the root zone so that plants can grow optimally. Farmers who do not have access to 

fertiliser often opt for inefficient methods such as Chitemene which involves the cutting down  and 

burning of trees. It was therefore hypothesised that having access to farmer input support programme 

would increase the productivity and efficiency of farm households.  

Access to extension services had a negative coefficient which was significant at 1% level. This result 

was according to the priori expectation and showed that farmers who had access to extension are more 

technically efficient than those who do not have access to advice from extension officers. There is no 

information in the dataset to shed light on the specific nature of information and frequency of 

encounters with the extension services. However, this finding of the beneficial effect of extension on 

farm-level productivity confirmed Dube and Guveya (2014) finding that access to extension services 

improve farmers’ crop and animal husbandry skills. Distance between homestead and field was found 

to have a positive and significant  effect on technical efficiency according to priori expectations. This 

result is consistent with Ng’ombe and Kalinda (2015), in which the authors reported that distance to 

vehicular road negatively affected technical efficiency. This means that farmers who have fields nearer 

to their homestead are likely to be more productive and technically efficient. The explanation for this 

is straightforward. If a farmer lives farm away from his / her fields, a portion of the day is spend 

commuting, and this tightens the labour constraint, causing poorer outcomes.  

Male gender is negative and significant at 1% in both the Cobb-Douglas and translog functional forms. 

This indicated that male-headed farm households were more technically efficient than those headed 

by females. The result here is in accordance with Dube, et al. (2017), in which the authors found that 

female farmers were more technically efficient than male farmers, arguing that female smallholders 

can just be as efficient as their male counterparts if they are presented with the same level of inputs. 

The results further refute the finding of Ng’ombe and Kalinda (2015) and Ng’ombe (2017) that the 

gender variable was not significant in smallholder agriculture. In Northern Province, it is possible that 
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female farmers less likely to adopt more efficient farming methods and purchase modern inputs 

because of a lack of access to production credit and extension services. Low efficiency scores of female 

smallholder farmers the in the sample could further be linked to the fact that women in rural areas of 

Northern Province have extra responsibilities of looking after children and performing other household 

chores such as cooking and washing. This is especially true in Northern Province where the average 

household size was found to be 7 members per household. 

The coefficient of age of household head is negative but only significant at  10% in the translog model 

compared to 5% level of significance in Cobb-Douglas model. The negative estimate for age of 

household head means that older farmers in the sample are more technically efficient than younger 

farmers. This is consistent with the Musaba and Bwacha (2014) in which the authors found that order 

farmers were less likely to adopt modern farming practices compared to younger farmers. The results 

here further contradict the finding of Ng’ombe (2017), in which the author failed to find a statistically 

significant difference between older farmers and younger farmers in Northern Province. The possible 

explanation for this is that in smallholder agriculture age of a farmer could be a proxy for experience. 

This entails that older smallholder farmers may develop good managerial skills and efficient farming 

practices over a long time. Significantly, and perhaps more importantly, older farmers are more likely 

to spend less time on off-farm activities and therefore focus more on farm activities. 

Education level of household head is negative and significant at 1%. This implies that better educated 

famers in the sample tend to be less inefficient. This is consistent with Koirala, et al. (2015) and 

Matsvai, et al. (2020), in which the authors found that the farmers who attained higher level of formal 

education were more productive and technically efficient. This is because better educated farmers were 

able to make well-informed production decisions. The high efficiency scores of more educated farmers 

in Northern Province could be because smallholder farmers who attained some basic levels of formal 

education are most likely to adopt technology and experience the yield augmenting effects of 

education. Better educated farmers are also more likely to benefit more from extension services 

compared to less educated farmers. This is because education would allow them to better have access 

to agricultural technical services and make use of the information provided by extension service 

officers. Better educated farmers are also likely to understand and leverage modern technological 

advancement to increase their productivity and technical efficiency.  

In addition to the technical inefficiency sub-model parameters discussed above, the gamma estimate 

is almost the same in both the translog functional form (𝛾= 0.9672 or 96.72%) and in the Cobb-Douglas 

functional form (𝛾 = 0.9613 or 96.13%). On average, both estimates show that more than 96% of the 
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error variance is due to inefficiency. This means that most of the variation in maize output from the 

frontier (by farmers in the sample) is explained by technical inefficiency. The coefficient estimates of 

sigma-squared (𝜎2)  is equally almost the same in both the translog functional form (𝜎2=3.382) and 

the Cobb-Douglas functional form (𝜎2=3.307).  

4.4 Specification Tests 

4.4.1 Cobb-Douglas Versus Translog Functional forms    
   

To compare which model best fitted the data between the Cobb-Douglas and the translog functional 

form, the Generalized Likelihood Ratio (LR) test was employed as in Conradie (2019). After 

computing the test statistics, the author compared them to the critical values of the mixed chi-square 

distribution (Kodde and Palm, 1986). The generalized likelihood ratio test is computed as: 

LR = −2[𝐿𝐿𝐻𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑  −  𝐿𝐿𝐻𝑢𝑛𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑] 

where 𝐿𝐿𝐻𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 and 𝐿𝐿𝐻𝑢𝑛𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 are values of the Log Likelihood for the Cobb-Douglas model 

and the translog frontier model, respectively. The Log Likelihood statistic follows a mixed chi-square 

(χ2 ) distribution with degree of freedom equal to the number of restrictions between the Cobb-Douglas 

model and the one produced by the translog model (Conradie, 2019; Kodde and Palm, 1986). The 

restricted model is nested within the unrestricted model. 

Results show that the log-likelihood ratio for the restricted (OLS) and unrestricted models are −534.34 

and −509.47, respectively (see table 4 above). The calculated likelihood ratio statistic is 49.74. The 

chi-square critical value is 17.67 (based on ten degrees of freedom). Since the critical value (17.67) is 

less than the likelihood ratio statistic of 49.74, the null hypothesis that Cobb Douglas is adequate is 

rejected and therefore the translog model is the preferred functional form. 

          4.4.2 Mean Response Model Versus Frontier    
    

With the translog functional form selected (based on the Generalized Likelihood Ratio test) as a 

preferred model, the Likelihood Ratio (LR) test of the one-sided error was conducted to determine 

whether the translog was a mean response (OLS) model or a frontier. The test statistic value of 178.25 

was greater than the critical value (CV) of 10.37. Therefore, the mean response (OLS) model was 

rejected, and it was concluded that the model was a frontier.  
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4.5 Farm Household Efficiency Estimates 
 

The estimated mean technical efficiency score stands at 0.67 or 67%, thereby revealing that, on 

average, the smallholder farmers included in the sample are capable of attaining only 67% of their 

potential output from the given set of production inputs. This finding highlights a considerable level 

of technical inefficiency, amounting to 33%, among the smallholder farmers in the sample. The 

average technical efficiency of 67% implies that smallholder farmers in Northern Province, Zambia, 

possess the potential to enhance their productivity by 33% through the more efficient utilization of 

existing technologies and resources. 

Table 6:Technical efficiency of the studied farmers 

TE Range Frequency Percentage (%) Cumulative (%) 

0.00-0.09 7 1.10 1.10 

0.10-0.90 13 2.05 3.15 

0.20-0.29 21 3.31 6.47 

0.30-0.39 32 5.05 11.51 

0.40-0.49 45 7.10 18.61 

0.50-0.59 48 7.57 26.18 

0.60-0.69 97 15.30 41.48 

0.70-0.79 161 25.39 66.88 

0.80-0.89 199 31.39 98.26 

0.90-1.00 11 1.74 100.00 

  

Min 

Max 

Mean 

S.D 

No. of observation 

0.02 

0.93 

0.67 

0.01 

634 

 
Table 6 presents the descriptive statistics, including the minimum, maximum, mean, standard 

deviation, frequency, and respective percentages, of the estimated farm household efficiency. The 

results reveal that the average technical efficiency of maize small-scale farmers is noteworthy. The 

efficiency estimates for the sample encompass a broad spectrum, ranging from as low as 1 percent to 

as high as 93 percent, with a mean of 0.67 or 67 percent. This indicates that, on average, smallholder 
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maize farmers in the sample can only capture approximately 67 percent of the potential output given 

the available inputs. Moreover, a significant majority (66.88 percent) of the farmers in the sample 

operate at an efficiency level below 0.80, while only 33.12 percent of the farmers exhibit a technical 

efficiency greater than 0.79. 

4.7 Chapter Summary 
 

This chapter presented the findings of the study. It commenced by providing an overview of agriculture 

in Northern Province, Zambia, along with descriptive characteristics of farm households. The results 

showcase the estimated parameters of the production function and the technical efficiency sub-model 

for smallholder maize farmers in the region. The inputs employed to establish the production frontier 

encompass the total land cultivated, total labor days, total kilograms of seed utilized, and total 

kilograms of fertilizer employed per farm. Notably, all of these input variables demonstrate statistical 

significance and exhibit the anticipated signs in both the Cobb-Douglas and translog models. This 

indicates that both models exhibit desirable behaviour. 

With regard to the inefficiency variables, as anticipated, access to credit, extension services, the farmer 

input support program, distance between the homestead and farm, gender of the household head, age 

of the household head, and level of education of the household head were all observed to enhance the 

technical efficiency of smallholder farmers in the sample. 

 

 

 

 

 

 

 

 

 

 

 



57 | P a g e  
 

Chapter 5: Conclusion and Recommendations 
 

This chapter presents a summary of the findings in relation to the study objectives, along with policy 

recommendations and insights for future research. 

5.1 Summary and Conclusions of the Study      
  

The agricultural sector assumes paramount importance in the Zambian economy, serving as a 

cornerstone of national development. However, the persistently low productivity levels, primarily 

among smallholder farmers, pose a significant cause for concern. This worrisome trend becomes even 

more critical considering that a substantial portion of the population depends on agriculture for 

employment and their overall livelihood. 

This study aimed to assess the determinants of technical efficiency among smallholder maize 

producers in Northern Province, Zambia. The selection of this province was based on its agricultural 

potential and its predominantly rural population. The inclusion of multiple crops in addition to maize 

facilitated a comprehensive analysis of the entire agricultural system, with a specific focus on maize 

production. The analysis involved a sample of 634 smallholder farm households, selected from an 

initial pool of 791 households after accounting for missing observations. 

The study revealed a mean technical efficiency of 67.02% among the sampled smallholder maize 

farmers in the Northern Province, indicating a substantial degree of inefficiency in their operations. 

Notably, land under cultivation emerged as the most influential production factor, followed closely by 

the use of fertilizers. Furthermore, the inefficiency sub-model identified several socio-economic 

factors that significantly influenced technical efficiency. These factors included access to credit, access 

to extension services, participation in farmer input support programs, distance between the homestead 

and farm, gender of the household head, age of the household head, and level of education of the 

household head. 

In addition, this study provides valuable insights into the determinants of technical efficiency among 

smallholder maize producers in Northern Province, Zambia. The findings underscore the critical role 

of effective land management and appropriate fertilizer usage in enhancing efficiency. Moreover, the 

study highlights the importance of socio-economic factors, such as access to credit and extension 

services, as well as the household head's characteristics and educational attainment, in improving 

technical efficiency. These findings have implications for policymakers and stakeholders seeking to 

promote agricultural productivity and sustainable development in the region. 
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Based on these findings, it can be inferred that the agricultural production in the Northern Province 

can be enhanced through policies aimed at facilitating smallholder farmers' access to production credit, 

extension services, and maximizing their benefits from the farmer input support program. 

Consequently, the introduction of a new comprehensive agriculture support program by the United 

Party for National Development government of Zambia, as outlined in both the 2022 and 2023 national 

budgets by the Ministry of Finance, holds tremendous potential for significantly improving the 

productivity of smallholder farmers. 

5.2 Policy Recommendations of the Findings 
 

Considering the significance of agriculture to the Zambian economy and in light of the findings of this 

study, the following recommendations have been identified to enhance the productivity and technical 

efficiency of smallholder farmers in Northern Province: 

1. The government should encourage the uptake of credit through promoting and strengthening 

rural savings groups such as village banking to facilitate access to credit to support agricultural 

activities. By taking part in these savings groups, members can get small production loans. 

Importantly, farmers with good loan repayment records could further have access to loans from 

other finance institutions such as microfinance institutions. 

2. The government should prioritise the recruitment of additional extension officers to ensure 

widespread access to extension services. Current statistics reveal an alarming ratio of only one 

extension officer for every 1,000 smallholder farmers, indicating an urgent need for 

improvement. Furthermore, the scarcity of extension workers is worsened by the lack of 

efficient transportation options, as most officers rely on bicycles, which presents challenges in 

reaching remote areas promptly. To tackle these issues, the government should consider 

allocating a higher budget to these services.  

3. The government should endeavour to enhance the extent and/or adoption of the input support 

program. If the challenge primarily stems from insufficient funding, the government could 

allocate a portion of the Constituency Development Fund (CDF) towards bolstering input 

support. The CDF serves as a funding source for rural development, which can encompass 

localized agricultural advancements. Addressing the matter of appropriate targeting 

necessitates comprehensive monitoring and evaluation measures. 
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4. In addition to the aforementioned strategies, the government could explore the involvement of 

smallholder farmers themselves in assessing the effectiveness of the input support program. By 

actively engaging beneficiaries, they can contribute to identifying potential gaps and offering 

need-based recommendations. Furthermore, it is crucial to ensure the provision of high-quality 

inputs, as research indicates that farmers who utilized improved seeds and fertilizers exhibited 

greater productivity levels (Mason et al., 2018). To achieve this, it is imperative to bolster the 

regulations governing input supply, thereby minimizing discrepancies between farmers' 

expectations and the actual inputs they receive. 

5.3 Recommendations for further Research  

1. The findings of this study deviate significantly from those of Ng'ombe (2017), whose study 

also examined the Northern Provinces. In contrast to our study, Ng'ombe (2017) discovered 

that labor and nine out of ten variables in the inefficiency sub-model were not statistically 

significant. This disparity could be attributed to the fact that the author considered an excessive 

number of variables for a sample size as large as 791. Another possible explanation is that 

Ng'ombe (2017) utilized data from 2001, 2004, and 2008, whereas there have been numerous 

developments in the agriculture sector since then. To address these limitations, future research 

could employ more recent data and replicate our study in other provinces. Nonetheless, caution 

should be exercised in future studies employing the translog functional form to ensure that an 

excessive number of variables is not included, especially when dealing with relatively small 

sample sizes, as this could potentially distort the results. 

2. Further research should consider a comparative analysis of smallholder famers in all the 

districts in Northern Province to determine possible differences in productivity and technical 

efficiencies. This could potentially help policy makers decide on how to distribute productions 

credit, extension services and agricultural support programme.  

3. Future research should examine the impact of crop diversification on the efficiency of 

smallholder maize farmers in Northern Province, Zambia. This is important because these 

farmers grow multiple crops and own multiple fields, but the current study couldn't explore this 

due to data unavailability. Investigating this relationship would provide valuable insights into 

the technical efficiency of smallholder maize farming. 
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Appendix 
 

Appendix 1: Questionnaire (Source: IAPRI, 2015) 

 

SECTION 1: DEMOGRAPHIC CHARACTERISTICS OF HOUSEHOLD MEMBERS 

Tell us about each adult member of the household born in or before 2000 (12 years and above) who lived in this household 

between May 2013 and April 2014. If this household is part of a polygamous family, ask only about the household members 

at this household. 

1.1 List all the members of this household (List the household-head’ first and then all adult members born in or before 

2000 who lived in this household since the beginning of May 2014). 

 

Member Name 

In which 

year 

was …… 

born? 

 

What is the 

sex of .... ? 

1=male 

2=female 

What is 

The marital 

status of 

…...? 

What is the 

highest level of 

formal 

education .... 

completed? 

(See codes 

below) 

How many labor days did each 

adult member contribute to this 

household’s farm in the 2013/14 

growing season? (1=none at all 

→ go to next member; 2=less 

than 20 days; 3=more than 20 

days) 

1       

2       

3       

4       

5       

6       

7       

8       

9       

10       

 

Education Levels 

00 None  06 Standard 5 (Grade 6)  13 Form 6 (Lower) 

01 Sub-standard A (Grade 

1) 
 07 Standard 6 (Grade 7)  14 Form 6 (Upper) 

01 Sub-standard B (Grade 

1) 
 08 Form 1 (Grade 1)  15 College student 

02 Standard 1 (Grade 2)  09 Form 2 (Grade 9)  16 Undergraduate student 

03 Standard 2 (Grade 3)  10 Form 3 (Grade 10)  17 Certificate/Diploma 

04 Standard 3 (Grade 4)  11 Form 4 (Grade 11)  18 Bachelor’s degree 

05 
Standard 4 (Grade 5)  12 Form 5 (Grade 12)  19 

Master’s degree & 

above 

 

 

SECTION 2: FARMLAND AND USE 

 

2.1. Tell the respondent that we would like to know about the household farmland and use during the 2014/2015 

agricultural season.  

 

Field 

ID 

What is the total 

area of this 

field? (Unit 

1=lima; 2=acre; 

3=hectare; 

4=square 

Metre) 

 

What portion of 

the area was 

planted? 

(Unit=Hectares) 

What main crop or use did the 

hh put this field to this 

agricultural season (2014/15)? 

(See Codes below) 

What 

quantity of 

basal 

dressing 

fertiliser 

did the 

household 

What 

quantity of 

top-

dressing 

fertiliser 

did the 

household 

How much of 

this crop did the 

hh harvest from 

this field? 

(Unit=Kgs) 

https://www.iapri.org.zm/
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apply? 

(Unit=Kgs) 

apply? 

(Unit=Kgs) 

1        

2        

3        

4        

5        

6        

 

Crop codes 

1 Maize  8 Soya beans  15 Cowpeas 

2 Sorghum  9 Seed cotton  16 Sugarcane 

3 Rice  10 Irish potatoes  17 Popcorn 

4 Millet  11 Virginia tobacco  18 Coffee 

5 Sunflower  12 Burley tobacco  19 Cassava 

6 Groundnuts  13 Mixed beans  20 Paprika 

7 Velvet beans  14 Bambara nuts  21 Other’ crop (specify) 

2.2 What is the distance in kilometres of this field from the homestead? 

 

SECTION 3 – ACQUISITION OF SEED AND/OR PLANTING MATERIAL 

 

3.1. Did you receive any maize seed or fertiliser through farmer input support programme (FISP)? (1=yes, 0=No) 

 

SECTION 4: RURAL LOANS/CREDIT  

 

We now want to ask about any loans/credit the household may have acquired to support agricultural production and the 

household’s access to loans/credit. 

 

4.1. Did any member of your household borrow money or obtain a loan/credit (cash or in-kind) from any of the sources 

below to support agricultural production during the 2013/14 agricultural season? (1=yes, 0=No) 

 

1 Government-run programme 

2 Commercial bank 

3 ZNFU Lima Credit Scheme 

4 Farmers’ union or cooperative (excluding ZNFU Lima Credit Scheme) 

5 Micro credit institution / community credit scheme 

6 Out-grower scheme 

7 Input credit from private company (excluding outgrower schemes) 

8 NGO / faith-based organization / church 

9 Friend/relative/informal moneylender (e.g., kaloba) 

10 Company leasing equipment to own (e.g., Rent to Own) 

11 Community-based savings group (e.g., SILC, VSLA, etc.) 

12 Other (specify) 

 

SECTION 5: QUESTIONS ABOUT AGRICULTURAL INFORMATION 

 

Please tell us about the advice/information the household received from government extension officers, organizations, 

private agents or individual farmers. 

 

5.1. Has any member of the household ever received any advice on the following services? (1 = Yes; 2 = No →go to next 

type of activity/advice). 

 

1 Zero tillage (excluding chitemene)? 

2 Minimum tillage using planting basins (potholes)? 

3 Minimum tillage using ripping? 

4 Leaving crop residues in the field and incorporating it into the soil? 

5 Using crop residues as mulch (cut and spread on field)? 

6 Rotating cereals with legumes/nitrogen-fixing crops? 
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7 Intercropping cereals with legumes/nitrogen-fixing crops? 

8 Applying animal manure? 

9 Applying plant manure/green manure or compost? 

10 Applying lime? 

11 Leaving land fallow to rest the soil? 

12 Growing crops that are well suited to soil and weather conditions in your area? 

13 Agroforestry (Use of trees to protect/improve your crop or crop yields) 

14 Information about the problems associated with aflatoxin in maize and/or groundnuts? 

15 Use of chemical grain protectants (e.g., Actellic chirinda matura dust) to protect 

maize in storage from weevils? 

 

 

Appendix 2: Data Consent Form 
 

 
 
 




