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Abstract 

 

Sustainable Agricultural Practices (SAPs) are believed to play a vital role in addressing adverse 

effects of climate change and improving households’ welfare.  While literature provides robust 

evidence on their welfare impacts in isolation, there is limited evidence on how combinations 

of SAPs contribute to households’ welfare. Due to complementarity and substitution effects 

and cost involved in adopting SAPs, combinations may have impacts that are higher or lower 

than individual effects. To shed light on this question, we investigate the adoption and impacts 

of SAPs on net crop income per acre and consumption expenditure per capita using a cross-

sectional survey of 421 household and 1229 plots from northern Ghana. We employed a 

maximum simulated likelihood estimation of a Multinomial Endogenous Treatment Effect 

Model to account for observable and unobservable heterogeneity that influences SAPs adoption 

decisions and the outcome variables. As a departure from existing studies, our paper 

incorporated the effects of individual risk preferences, quantified using an experimental game 

with real payoffs, on the adoption and impacts of SAPs. Our results reveal that adoption 

decisions are affected by household and plot level characteristics including risk preferences of 

households. We find that adoption of SAPs significantly increase net crop income and 

consumption expenditure except when soil & water conservation is adopted in isolation. 

Contrary to some few previous studies on the effects of combinations of SAPs elsewhere in 

Africa, we find that SAPs have a stronger effect on plot income and consumption expenditure 

when adopted as a full package (all together) rather than in isolation or in subgroups. Policy 

implications to be derived from this study are promoting adoption of integrated SAPs and 

improving access to SAP inputs would prove higher and positive welfare and productivity 

effects in the face of climate change. 

Keywords: Net crop income; Consumption Expenditure; SAPs, Multinomial Endogenous 

Treatment Effect, Ghana 

JEL Classification: O13, Q1, Q12, Q16 
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1. Introduction  
 

Feeding a surging population which is expected to double by 2050 (close to 2 billion) becomes 

a major agricultural research, development and policy challenge in Sub-Saharan Africa (SSA) 

(FAO, 2006). Improving agricultural production is widely regarded as a major objective 

through which the widespread lack of food security and poverty in SSA can be tackled (Future 

Agricultures, 2010). In effect, much emphasis has been given on how to transform the stagnant 

and low performing African agriculture into a more productive and dynamic sector. Previous 

studies in SSA have recommended the use of improved technologies such as improved seeds, 

pesticides and chemical fertilizer as a means of transforming the region’s agriculture to 

improve the welfare of rural households (e.g. Amare et al., 2012; Asfaw et al., 2012; Bezu et 

al., 2014; Faltermeier and Abdulai, 2009; Garnett et al., 2013; Kassie et al., 2014; Minten and 

Barrett, 2008; Ricker-Gilbert and Jones, 2015; Shiferaw et al., 2014;  Tilman et al., 2002; 

Vanlauwe et al., 2014). However, emphasis should also be given to the protection of natural 

resources and ecosystems that play a vital role in environmental regulation and mitigating the 

adverse effects of climate change (Pingali, 2012; Tambo and Abdoulaye, 2012). In fact, the 

literature points out that many ecosystem services like nitrogen fixation, nutrient cycling, soil 

regeneration, and biological control of pests and weeds are already under threat in key SSA 

food production systems (Jhamtani, 2011; Lee, 2005; Pretty, 1999; Teklewold et al., 2013; 

Woodfine, 2009). Given adverse effects of climate change, crop intensification through 

continued use of only high-input technologies is riskier for SSA farmers who largely depend 

on rain-fed systems (Hillocks, 2014). Therefore, a paradigm shift from the old system of 

improving agricultural production to a sustainable agricultural practice system is essential to 

achieve the intended welfare objectives and addressing adverse effects of climate change 

(Brooks and Loevinsohn, 2011; Lybbert and Sumner, 2012; Juma et al., 2013; Pretty et al., 

2011; Pretty et al., 1996; Ringler et al., 2014; The Montpellier Panel, 2013). Sustainable 

Agricultural Practices (SAPs) are believed to play this vital role by increasing households’ 

welfare with little impact on the environment, and biodiversity and losses of ecosystems. 

 

SAPs which include, improved crop varieties, complementary use of organic fertilisers, soil 

and water conservation structures, cereal-legume diversification2, conservation tillage and 

                                                           
2 In this study Cereal-legume diversification refers to cereal-legume intercropping or cereal-legume  rotation 
applied at household and plot level 
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residue retention, can address some of the environmental and ecosystem problems through 

sequestering soil carbon, improving soil fertility, and enhancing crop yields and incomes (Lee, 

2005; Woodfine, 2009; Branca et al., 2011; Manda et al., 2015; Teklewold et al., 2013). In 

other words, those SAPs can be considered as climate smart technologies as they help farmers 

cope with adverse impacts of climate-induced crop failure and also they could help in 

improving households’ welfare through improving agricultural productivity. 

 

This study will focus on three SAPs: modern maize varieties, cereal-legume diversification and 

soil & water conservation structures. Improved varieties (e.g. maize varieties) have been one 

of the core development aspects of African agriculture. Teklewold et al., (2013) indicated that 

adoption of improved seeds is likely to be an important strategy for adaptation to future climate 

change, especially when it is combined with other SAPs like cereal- legume rotation. Cereal-

legume diversification has been  proven to deliver many ecosystem services, including soil 

carbon sequestration, nitrogen fixation and breaking the life cycle of pests, improving weed 

suppression (Di Falco et al., 2010; Jhamtani, 2011; Tilman et al., 2002; Woodfine, 2009) while 

increasing crop yield. Teklewold et al., (2013) further reports that cereal-legume diversification 

can also reduce the use of chemical fertilizer and pesticides and hence contributes to mitigation 

of climate change. Adoption of soil & water conservation structures is another important aspect 

of SAP especially in areas where there is low distribution of rainfall as it can help increase soil 

moisture and reduce soil erosion. A review of empirical studies shows that farmers tend to take-

up a single practice or a combination of those agricultural practices due to the complementary 

and substitution nature of SAPs.  

 

There is a long established literature on the adoption of different single agricultural 

technologies and their impact on rural household’s welfare. Previous empirical studies (e.g. 

Abdulahi and Huffman, 2014; Amare et al., 2012; Asfaw et al., 2012; Bezu et al., 2014; Becerril 

and Abdulai, 2010; Elias et al., 2013; Faltermeier and Abdulai, 2009; Garnett et al., 2013; 

Kassie et al, 2014; Kassie et al., 2011; Khonje et al., 2015; Mendola, 2007; Minten and Barrett, 

2008; Olrinade et al., 2011; Shiferaw et al., 2014; Shiferaw, et al., 2008; Wu et al., 2010) have 

estimated the adoption and impact of single agricultural technologies on household welfare 

measured by outcomes like productivity, household income and food security. However, 

despite the potential complementarity or substitution among individual or combination of 

SAPs, very few studies have analysed the simultaneous adoption and impacts of SAPs on 

smallholder farmer’s welfare. To our best knowledge, the only studies known to us to have 
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analysed the adoption and impacts of individual and different combinations of SAPs on 

households’ welfare are those by Teklewold et al., (2013) in Ethiopia, Kassie et al., (2014) and 

Mutenje et al., (2016) in Malawi and Manda et al (2015) in Zambia. However, Ghana might 

have different ecological setup and agricultural policies compared to Ethiopia, Malawi or 

Zambia, hence the adoption and impacts of SAPs could be different in the Ghanaian context. 

We also included soil & water conservation structure as one part of the SAPs considered as 

very little empirical evidence exists on the effects of soil & water conservation structure 

(especially when it is combined  with other SAPs like improved maize seed varieties and cereal-

legume rotation/intercropping) on households’ welfare.  

Therefore, while this paper contributes to the limited but emerging literature on the adoption 

and impacts of different packages of SAPs in SSA, our paper have made two substantive 

contributions. Our first contribution is the investigation of the impacts of SAPs on net crop 

income and consumption expenditure. The previous few studies (Manda et al., 2015; Mutenje 

et al., 2016; Teklewold et al., 2013) have used either maize yield or maize income per area and 

household income as indicators of welfare outcomes, showing that their main interest was only 

on maize plots ignoring plots which are covered by other crops. But this could under or 

overestimate the true impacts of SAPs for the following reasons: Firstly, SAPs like soil & water 

conservation and cereal-legume diversification may bring benefits to other crops including 

maize, which could not be captured by considering only maize yield or maize income. 

Secondly, a recent bioeconomic study from Ethiopia on conservation agriculture (Tessema et 

al., 2015) indicated that higher maize yield could be obtained under the maize-legume 

diversification SAP but this yield gain in maize yields comes at the expense of reduced legume 

yields in every consecutive seasons to come. This shows that only looking at maize yield per 

area or maize income might again mislead the true effects of SAPs on households’ welfare. To 

address these deficiencies, this study estimates net crop income per acre as a measure of welfare 

outcome for the plot level analysis. We valued all crops that have been grown in a plot using 

market prices and deduct the variable costs of production. We have considered all plots owned 

by the sampled households in our analysis. This is important, especially in study areas like 

ours, where other crops such as sorghum and millet play role as important as maize, and farmers 

apply different SAPs. We also took consumption expenditure per capita instead of income per 

capita as the former is less susceptible to errors. To the best of our knowledge, no attempt has 

been made so far to look at the effects of combined effects of SAPs on consumption 

expenditure. 
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Furthermore, we have also contributed to the literature by including a measure of the risk 

preferences of sampled households as a determinant of adoption of SAPs. We accounted 

households’ subjective risk preferences3 using the Ordered Lottery Selection design with real 

payoffs (Harrison and Rutström 2008). Previous studies (Binswanger 1980, 1981; Wik and 

Holden, 1998; Yesuf and Bluffstone, 2009) suggest that rural households in developing 

countries are generally risk averse. Despite this fact, however, very few studies have attempted 

to address the effect of risk preferences on adoption of agricultural innovations in general and 

SAPs in particular. In addition, this paper employs detailed plot level and household data which 

enables us to build a quasi-panel data set to partly control for endogeneity and selection bias 

which might arise due to the correlation of unobservable heterogeneities and observed 

explanatory variables. 

The objective of this paper is therefore to identify the determinants and impacts of SAPs on 

rural households’ welfare measured in net crop income per acre and consumption expenditure 

per capita. To address this objective we specifically answer two questions: What are the 

determinants of adoption of single and combined4 SAPs and what is the adoption’s impact on 

net crop income per acre and consumption expenditure per capita? Further, what are the SAPs 

packages that yield the highest welfare effects? We have applied a maximum simulated 

likelihood estimation of a multinomial endogenous treatment effect model (METEM) to 

account for observable and unobservable heterogeneity to address our objective.  We find that 

generally, SAPs increase rural households’ welfare and payoffs are higher when combinations 

of SAPs are adopted both at the household and plot level, except when soil and & water 

conservation is adopted in isolation.  

The paper proceeds as follows: The next section outlines the data used and its source. The 

conceptual framework, model specification and estimation strategy applied in the study are 

presented in section three.  Section four presents the descriptive statistics of the variables. 

Results and the discussion are presented in section five. The last section concludes. 

 

 

                                                           
3 We quantify the risk preference of households by playing a lottery game with real payoffs where a player 

could get from 0 up to maximum 8 Ghana Cedis (2$) as a reward. The experimental approach we have used  is 

discussed further in section 2  
4 We use the terms ‘combination’ and ‘packages’ interchangeably in this paper  
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2. Study Area, Data and Sampling Procedure 
 

Our data comes from a survey of 421 farm households and 1229 plots conducted between 

April and July of 2015 in the Upper East Region of Ghana. Our study is part of the project 

West African Science Service Center for Climate Change and Adapted Land Use (WASCAL) 

currently running since 2010 in collaboration with the Center for Development Research 

(ZEF), University of Bonn and partners at ten West African countries.  

The survey was conducted in four districts (Bongo, Bawku West, Kassena Nankana East and 

Bluilsa South) of the Upper East Region of Ghana. The region is characterized by its low 

income and most vulnerable region of Ghana to adverse effects of climate change. An extensive 

household survey with personal interviews and observations was prepared and administered by 

trained enumerators who had an earlier experience in data collection and who speak the local 

languages through personal interviews and observations. Community level data was also 

collected. 

Stratified random sampling was used to select our sampled households. At first stage seven of 

the thirteen districts of the Upper East Region were identified based on their intensities of SAP 

use (specifically improved maize). From the seven identified districts, four districts were 

randomly selected. In the second stage, seven5 communities were randomly selected from each 

district. Finally, farm households were randomly selected from each selected community, with 

the number of households selected from each community being proportional to the size of the 

community. 

In addition to the socio-economic household characteristics6 (e.g highest education attained, 

age, gender, and family size) we have also collected plot level data which includes land tenure 

of each plot, the distance of plot from homestead, fertility level of plot, the size of plot and 

slope of the plot. This allows us to estimate the Mundlak fixed effects using the mean value of 

plot-varying explanatory variables to, in part, control unobserved heterogeneity that may be 

correlated with observed explanatory variables. Data on expenditure, forest based income, crop 

yields and the use of SAP’s such as improved maize verities, cereal-legume intercropping and 

or diversification and soil & water conservation structure were collected. 

                                                           
5 Six communities were selected from the Bongo districts because the districts has bigger population than the 

others.      
6 Variables used in the model and their definitions are presented in Table 8-1 at the appendix.  
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We have also collected data on risk preference of households. In this study, we follow the 

experimental design developed by Binswanger (1980) and applied recently by (Bezabih and 

Sarr, 2012; Teklewold and Köhlin, 2011; Yesuf and Bluffstone, 2009) to unearth the risk 

preference of rural households. We developed an experiment which reflects actual farming 

decisions through predetermined choices approach by observing the reactions of farmers to a 

set of actual gambles in one period game. In our experimental game, respondents were 

presented with six certain realistic lotteries of the form (maximum payoff, minimum payoff, 

P), promising a monetary prize for maximum payoff with probability P, or minimum payoff 

with probability (1 – P). For each alternative from A to F, the expected gain and spread 

increased (Table 2-1)7. Once they had selected one of the six categories, a coin was tossed to 

determine the actual payment which has a 50% probability of getting either the maximum or 

minimum payoffs.  

Table 2-1: Choice sets for the risk preference experiment 

Choice 

Maximum 

payoff (GH¢)* 

Minimum payoff 

(GH¢) 

Expected 

gain (E)  Spread 

Risk-Aversion 

category  

A 3 3 3 0 Extreme  

B 4 2.5 3.25 1.5 Sever  

C 5 2 3.5 3 Intermediate  

D 6 1.5 3.75 4.5 Moderate  

E 7 1 4 6 Slight  

F 8 0 4 8 Neutral  

*GH¢= Ghanian currency (Cedi). 1$=3.66 GH¢ 

 

The choice of any alternative from the choices classifies respondents into a risk aversion class 

(Binswanger, 1980). As can be seen in Table 2-1, the experiment consisted of offering farmers 

a set of alternatives where higher expected gain could only be obtained at the cost of higher 

variance—thus a decline in risk aversion. Basically, individuals are considered as risk averse 

when they chose a certain outcome with a lower payoff instead of an uncertain outcome with 

a higher expected payoff. On the other hand, the risk-seeking behaviour occurs when 

individuals consistently choose an alternative with a certain payoff with a higher payoff value 

(Bezabih and Sarr, 2012; Teklewold and Köhlin, 2011). For example, choice A is a safe 

alternative where respondents could earn GH¢ 3, with both a maximum or minimum payoff 

and the payment can be offered without tossing the coin. In alternative D, a coin was tossed, 

                                                           
7 To make the experiment simpler and understandable to our respondents, we present a figure version of the 

table which contains a picture of the minimum and maximum payoffs of the award in each choice. (The picture 

version is available upon request).  
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and the respondent received GH¢ 6 if the coin showed heads and GH¢ 1.5 if the coin showed 

tails. Compared to choice A, the individual’s expected gain now increased by GH¢ 0.75, but if 

tail (minimum payoff) turned up, it would reduce the return by GH¢ 1.5. In the meantime, the 

spread in gain increased from GH¢ 0 to GH¢ 4.5. Therefore, with such uncertainty in gains, 

choice D involves more risk than the previous choices (choices A, B, and C). As can be seen 

in Table 2-1, the extreme risk aversion category represents households who are willing to take 

the smallest spread in gains and losses, followed by severe, moderate, intermediate, and slight 

risk aversion categories, while the neutral risk aversion category corresponds to respondents 

willing to take the biggest spread in gains and losses. We measure the risk aversion behaviour 

by generating a set of six dummy variables each representing the various categories of risk 

aversion revealed by the experiment.  

As explained in the introduction, we have considered improved maize varieties (V), cereal-

legume diversification (D) and soil & water conservation (C) as components of SAPs in this 

study. This results in eight possible combinations of SAPs which are, improved maize seed 

varieties only (V1C0D0) , soil & water conservation only (V0C1D0), cereal-legumes 

diversification only (V0C0D1), improved maize varieties and soil & water conservation only 

(V1C1D0), soil & water conservation and cereal-legume diversification only (V0C1D1), 

improved maize varieties and cereal-legume diversification  only (V1C0D1), improved maize 

varieties, soil & water conservation  and cereal-legume diversification (V1C1D1) and finally the 

base category which constitutes none of the three SAPs (V0C0D0).  But we find that the 

improved maize varieties and soil & water conservation only (V1C1D0) SAP have been adopted 

by only nine plots and eight households. This shows we have got too few observations in this 

category such that treating it separately would make the model not to converge due to the 

negative degrees of freedom. Hence, we have combined8 this category with the soil & water 

conservation and cereal-legume diversification only (V1C1D0) category, which leads us to have 

seven SAPs categories. The distribution of SAPs over plots and households9 are presented in 

Table 2-2 below. 

 

 

                                                           
8 This method of combining different packages in the case of few observation in certain packages have been 

used in the literature. For example, see Mutenje, et al., 2016 and Di Falco and Verona, 2013 
9 We consider household as an adopter if the household adopts at least in one of his plots 
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Table 2-2: Distribution of SAPs packages on plot and household level 

SAP Categories HH freq  Per(%)  Cum.  Plot freq Per(%) Cum. 

V0C0D0 96 22.8 22.8 474 38.57 38.57 

V1C0D0 42 9.98 32.78 73 5.94 44.51 

V0C1D0 31 7.36 40.14 68 5.53 50.04 

V0C0D1 102 24.23 64.37 416 33.85 83.89 

V1C1D0 & V0C1D1 40 9.5 73.87 86 7 90.89 

V1C0D1 51 12.11 85.99 72 5.86 96.75 

V1C1D1 59 14.01 100 40 3.25 100 

Total 421 100   1229 100   

 

Table 2-2 above shows that 22.8 % of households and 38.57% of plots did not adopt any of 

the three SAPs. Cereal-legume diversification is the most common SAP practiced by 

households in the Upper East Region of Ghana, being practiced by 24.23% households and in 

33.85% plots. The most comprehensive package (V1C1D1) is adopted by 14.01% of 

households but this package is employed in only 3.23% of the 1229 plots.  

3. Conceptual and Econometric Framework 

3.1 Conceptual Framework 
 

This study adopts a theoretical framework of (Singh, et al., 1986), a neo classical model of 

agricultural household production and consumption in a typical developing country context 

where factor markets are either absent or ill-functioning.  The model integrates the decisions 

about, sustainable agricultural practices to implement, crop combinations and varieties to grow, 

the amount of land to allocate to each crop, available labor to allocate into different activities 

in a single framework (Becker, 1965; Sadoulet and de Janvry, 1995). Production and 

consumption are interacted due to imperfect input and output markets, which implies that rural 

households act as a sole producer and consumer of goods and services with the objective of 

maximizing expected utility. For example, market imperfection influence labor allocation into 

different activities and hence labor allocation decision is likely to be endogenously determined 

by the shadow wage rate rather than the market equilibrium wage rate. Furthermore, imperfect 

access to credit limits households to depend on only on their savings and already accumulated 

capital market which limits smallholder households from investing in capital intensive SAPs 



13 
 

(Mutenje et al., 2016). Market imperfections, information asymmetry, compounded with high 

transaction costs could also force farmers to be subsistence oriented instead of market oriented 

(Barrett, 2008). Furthermore, market imperfections  could limit the implementation of  SAPs 

like cereal-legume diversification in a mixed crop-livestock production farming systems as it 

might fail to provide sufficient feed for livestock as compared to the scenario where only cereal 

production is implemented (Tessema et al., 2016). In such circumstances, a non-separable 

household model that partially or fully incorporate input and output market imperfections are 

suitable for modelling household decisions and resource allocations.   

Following (Fernandez-Cornejo et al., 2005; Weersink et al., 1998), utility(U), depends on the 

consumption of purchased goods (G) and leisure (L), subject to  exogenous factors such as 

human capital (H) and other household characteristics  hZ . Thus: 

                                                                                      (1) 

The utility is maximized subject to  

Time constraint: 
0,)(  eejf LLLdLT

                                                (2) 

Production Constraint: 
  0,,,),(),(  jjjfj dRdHdLdXQQ

                     (3) 

Income Constraint: 
ALWXWQPGP eexqg 

                                 (4) 

 

The farm household’s utility function is constrained by three constraints. The first constraint 

relates to household labour decisions into, leisure (L), working on the farm  
fL , or off-farm 

work  eL  which cannot exceed the total households’ time endowment (T). The second 

constraint is a convex continuous production function, assuming that the quantity of crops 

produced (Q) depends on, farm inputs(X), family labour deployed in agricultural production 

process
 aL

, human capital (H), the choice of SAP adopted  
jd  and a vector of exogenous 

factors that shift the production function (R). X and fL
 are functions of jd

 since some of the 

SAPs affects directly the input or labour demand of farm households. For example, soil & water 

conservation affects the labour supply of the farm household as some amount of labour is 

),;,( hZHLGMaxU
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needed when soil & water conservation structure is constructed or for repairing it. The choice 

of SAP adopted (dj) in turn is determined by households’ experience of shocks  S , social 

capital (Sc), household assets (Ö), plot level characteristics  lP , risk preference (RP),  H, and 

Zh. Thus: 

 hlcj ZHRPPöSSd ,,,,,,
                                                                                     (5) 

Equation 4 depicts the final constraint, where, the household has a standard budget constraint 

such that the total household expenditure (price of purchased goods (Pg) times quantity of 

purchased goods) should be less than the net income from agriculture, off farm income (wage 

rate (We) times (Le)-total off farm labour supplied by the household) and other income sources 

such as remittances and pension (A).  

Substituting equation 3 into equation 4 yields a farm technology-constrained measure of 

household income:  

  ALWXWRdHdLdXQPGP eexjjfjqg  ,,),(),(
                                               (6) 

The Kuhn-Tucker first order conditions can be obtained by maximising the Lagrangean 

expression   over (G, L) and minimising it over (λ, ɳ): 

  

 LLdLT

GPALWXWRdHdLdXQP

ZHLGU

ejf

geexjjfjq

h







)(

,,),(),(

),;,(







                       (7) 

Where λ and ɳ represent the Lagrange multipliers for the marginal utility of income and time, 

respectively. 

 

Following (Tambo and Wünscher, 2014; Fernandez-Cornejo et al., 2005) solving the Kuhn-

Tucker conditions, reduced-form expression of the optimal level of household income (Y*) can 

be obtained by: 

),,,,,,,,(* hgqxj ZRTHAPPWdYY 
                                                               (8) 

and household demand for consumption goods (G) can be expressed as: 
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),,*,,,,( hgej ZTHYPWdGG 
                                                                       (9) 

Thus, the reduced forms of Y* and G are influenced by a set of explanatory variables, including 

dj. Equation 8 and 9 motivates the econometrics procedure outlined in the next section since 

SAP choice is a result of optimal household decision making strategy. The main objective of 

this paper is therefore, to estimate the effect of dj on net crop income per acre and consumption 

expenditure per capita.  

3.2 Empirical Model 
 

Several components of agricultural innovations are usually introduced in packages (Manda et 

al., 2015). The technologies could be substitutes or complements and their use and adoption 

depend on household-specific observed and unobserved characteristics. Farmers may adopt 

combinations of technologies in response to agricultural constraints such as drought, weeds, 

pest and diseases.  

Farmers’ decision to adopt one of the above mentioned SAPs in a single plot or at the household 

level is voluntary self-selection. This implies that farm households who adopt a specific SAP 

may have systematically different characteristics from those households that did not adopt or 

adopted a different SAP package; because farm households that adopt a particular SAP are not 

a random sample of the population as our study is not based on a controlled experiment but an 

observational study.  Therefore, the adoption decision of SAPs is likely to be influenced by 

variables which are unobservable or impossible to quantify using standard household surveys 

(such as managerial skills and motivation) and  these unobservable could be correlated with 

the outcome variable of interest (net crop income and consumption expenditure).  

This necessitates a selection correction estimation method. In response, we apply maximum 

simulated likelihood estimation of a multinomial endogenous treatment effect model proposed 

by Deb and Trivedi (2006a,b) to account for observed and unobserved heterogeneity. In the 

first stage, the adoption decision to the SAP packages is modelled in a mixed multinomial logit 

selection model. In the second stage, the impact of each SAPs on the outcome variables is 

estimated using ordinary least square (OLS) with selectivity correction terms.   
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3.2.1 Multinomial Endogenous Treatment Effect Model 

 

The multinomial endogenous treatment effect model consists of two steps.  In the first stage, a 

farmer chooses one of the eight possible combinations of SAPs in a given plot or at the 

household level. Following Deb and Trivedi (2006a,b), let 
*

ijV be the latent variable that 

captures the expected net crop income per acre or consumption expenditure per capita from 

adopting SAP packages j (j=0,1….J) instead of implementing any other strategy k. We specify 

the latent variable as 

                                                   ijik

J

k

jkjiij lzV   
1

'*
                                (10) 

Where iz  is a vector of exogenous socio-economic, social capital, risk aversion and plot-

level covariates that affect the decision to adopt a specific SAP package and the outcome of 

interest, j  is the vector of corresponding parameters to be estimated; ij are the independently 

and identically distributed error terms; ikl is the latent factor that incorporates the unobserved 

characteristics common to the households implementation of SAPs and the outcome variables 

(Net crop income per plot and annual expenditure per capita), such as the technical abilities of 

the farmer in examining new technologies, imperfect rural labor market structure, information 

asymmetry and/or high transaction cost incurred (Mutenje et al., 2016; Manda et al., 2015; 

Abdulai and Huffman, 2014; Pender and Kerr, 1998). Following Deb and Trivedi (2006b), let 

j=0 represents non-adopters of any of the SAPs in a plot or at the household level and 0*

0 iV . 

While 
*

ijV  is not observed, one can observe the choices of SAP packages in the form of a set of 

binary variables and these are collected by a vector, .321 .............,, iJiiii ddddd  Similarly, let 

.321 ....,,, iJiiii lllll  Then the probability of treatment can be written as: 
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J
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k
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;

22

;

11

' .....),Pr(                         (11) 

Where g is an appropriate multinomial probability distribution. Following Deb and Trivedi 

(2006b), we posit that g has a mixed multinomial logit (MMNL) structure defined as: 
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                                                              (12) 

In the second stage, we investigate the impact of adopting the SAPs packages on two outcome 

variables: the natural logarithm of net crop income per acre and total household consumption 

expenditure per capita. The expected outcome equation is formulated as follows: 

ij

J

j

jij

J

j

jiiiii ldxlxdyE 



11

;),,(                                                          (13) 

In the above equation iy is the welfare outcome measures, net crop income per acre and 

consumption expenditure per capita, for a household i; ix  represents exogenous covariates 

with parameter vectors  . Parameters j  represent the treatment effects relative to the non-

adopters. Specifically, coefficients j  indicate the impacts of SAPs on the welfare of farm 

households. Since ),,( iiii lxdyE is a function of the latent factors ijl , the outcome variables 

are affected by unobserved characteristics that potentials also affect the selection into 

treatments. It is also important to note that when the factor-loading parameters ( j ), is positive 

(negative), treatment and outcome are positively (negatively) correlated through unobservable 

characteristic, i.e there is positive (negative) selection, with  and  the associated parameter 

vectors, respectively (Manda, et al., 2015). Because our outcome variables are continuous, we 

follow a normal (Gaussian) distribution function. The model was estimated using Maximum 

Simulated Likelihood (MSL) method10.  

Parameters of the fitted model can be identified even an exclusion restriction variable is not 

included in the treatment equation. But Deb and Trivedi (2006a) recommend the use of at least 

one exclusion restriction or instrumental variable for a more robust identification. As previous 

studies indicated (Manda et al., 2015; Teklewold et al., 2013; Di Falco et al., 2011) getting a 

valid instrument is theoretically and empirically challenging. We used previous information or 

training about SAPs as an instrumental variable. Our instrumental variable is a binary variable 

which takes one if a sampled household had information or prior training about SAPs in a 

demonstrations plots, and zero if no information or training on SAPs was obtained. Though in 

                                                           
10 We have estimated the model using the Stata command known as mtreatreg which is an extension of the 

treatreg Stata command of a multinomial approach by Deb (2009). 100 simulation draws were used. 



18 
 

most cases the primary sources of information is usually through government extension agents, 

demonstration plots are also important sources of information on SAPs (Manda, et al., 2015). 

In addition, in our study area, there have been a demonstration training programs in the past, 

for example through Root and Tuber Improvement and Marketing Programme (RTIMP) in the 

Farmers Field Fora (FFF) framework, where farmers are grouped and demonstrate about 

agricultural activities. Information or previous training about SAPs is likely to enhance SAPs 

adoption but is unlikely to have any direct effects on net crop income per acre or household 

consumption per capita unless through adoption of SAPs for the adopter sub-sample 

households.  Previous studies in Africa have proven information or training about SAPs can be 

used as a valid instrumental variable (Di Falco et al., 2011; Di Falco and Veronesi, 2012; 

Manda et al., 2015).  

 

Following (Di Falco et al., 2011) we conducted the admissibility test of the instrument by 

performing a simple falsification test. According to this test, a variable is a valid instrumental 

variable if it affects the decision of adopting SAPs equations but will not affect the outcome 

variables among the non-adopting sub-samples (Di Falco et al, 2011; Di Falco and Veronesi, 

2013). Results show that (Table 5-1 and Table 8-2) information or previous training on SAPs 

is statistically significant among most of the adoption equations and is not statistically 

significant in affecting the outcome variables for the non-adopting sub-sample households 

(Table 8-4) suggesting that our instrument11 is valid.  

 

Most importantly, we exploit plot-level characteristics to deal with farmers’ unabsorbed effects 

such as their innate abilities. Plot specific information can be used to construct a panel data and 

can be helped to control for farm specific unobservable (Udry, 1996). Including standard fixed 

effects, where farm specific variables are created in deviations from their averages, is, however, 

complex in a multinomial treatment effect approach. We, therefore, follow Mundlak (1978) 

approach to control for unobservable characteristics. We exploit the plot level information and 

insert the mean values of the plot specific characteristics in our multinomial equation.  

 

                                                           
11 Following Deb and Trivedi, 2006a, we have also tested for the exogeneity of our treatment variables using the 

likelihood-ratio which is a test for the joint hypothesis that the s are equal to zero. Our results show that our 

treatments are indeed endogenous. This confirms the use of instrument to get rid of endogeneity problem.  
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4. Variables and Descriptive Statistics 
 

The outcome variables used in this study are net crop income per acre and total consumption 

expenditure per capita for the 2014/15 agricultural season. All crops produced by the household 

in a certain plot was valued at market price and all variable inputs such as the cost of fertilizer, 

seed, hired labour, ploughing and manure used were deducted. Finally, the net crops income 

was divided by the total plot size to get the net crop income per acre. We have also used per 

capita consumption expenditure in favour of per capita income because it is more reliable 

(Deaton 1997). A 7-day recall period was used to capture food expenditure by the household, 

and a 30-day recall period was used for frequently purchased items or services and non-durable 

goods; while a 12-month recall period was used for durable items and transfer payments spent 

by the household. All the consumption categories were converted into their respective total 

annual consumption levels. The total annual household consumption expenditure was 

standardized by the adult equivalent of the household to get the consumption expenditure per 

capita. 

Our empirical model relies on a review of similar adoption and impact empirical studies (Di 

Falco and Verona, 2013; Di Falco et al., 2011; Kassie et al., 2010, 2011; Manda et al., 2015; 

Mutenje et al., 2016; Neill and Lee, 2001; Teklewold et al., 2013; Wollni et al., 2010). Previous 

studies suggest that many factors affect the adoption decision and intern affect the outcome 

variables. Those factors include household characteristics (such as age of the head, education 

level of the head of the household, family size and gender); resources ownership and market 

access (such as total livestock holdings, total asset, total cultivable land, distance to input 

market, credit constraint); social capital and information (membership in farmers association, 

number of relatives and friends that the household relies on times of difficulties or events within 

and outside the community, extension contacts, climate change awareness), plot specific 

characteristics (distance of plots from homestead, land tenure security of plots, self-reported 

slop, as well as fertility of plots); household risk preferences (which we have captured using  

an experiment with actual payments) and geographic locations ( which we have captured using 

district dummies). Table 4-1 presents descriptive statistics12 of the household and plot level 

characteristics based on the SAP packages as a pairwise comparative analysis with the base 

category of non-adopters.  

                                                           
12 The descriptive statistics are based on the plot level sample  
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Table 4-1: Descriptive Statistics of the Variables included in the model 

Variable   Mean values for SAP package           
SD of 

all 

SAPs   V0C0D0 V1C0D0 V0C1D0 V0C0D1 

V1C1D0 
& 

V0C1D1 V1C0D1 V1C1D1 

mean 
of all 

SAPs 

Household 

Characteristics          
AGE 55.02 50.94** 51.98* 52.48** 55.11 50.2** 56.35 53.5 0.4 

MHEAD 0.81 0.92** 0.76 0.84 0.8 0.8 0.97*** 0.83 0.01 

FSIZE 7.12 7.1 7.74 6.62** 7.77* 6.43* 6.17** 6.95 0.08 
EDUHEAD 1.09 2.97*** 1.62* 2.24*** 2.18*** 2.31*** 1.75 1.78 0.09 

Resources Constraints and market access      
DISINPUT 111.13 99.08 97 113.16 93.58** 104.25 93.775 108 2.08 
CREDIT 0.24 0.19 0.34* 0.13*** 0.07*** 0.24 0.125 0.19 0.01 

Ln_ASSET 7.52 7.63 7.84** 7.74*** 7.88*** 8.05*** 7.98*** 7.69 0.02 

TLU 4.76 5.62 4.97 5.36 5.99* 6.8*** 6.6** 5.3 0.18 
LTCL 1.83 1.83 1.82 1.87 1.79 1.78 1.91 1.84 0.02 

DSHOCK 0.63 0.55 0.71 0.55** 0.67 0.6 0.65 0.6 0.01 

Social Capital and Information       
GROUPM 0.33 0.53*** 0.47** 0.4** 0.49*** 0.65*** 0.65*** 0.41 0.01 

V_KINSHIP 3.77 4.34 4.26 4.18 4.1 5.61** 5.625** 4.16 0.16 

NV_KINSHIP 1.9 2.11 3.37** 4.55*** 3.08** 4.36*** 1.45 3.1 0.18 
EXT 0.503 0.73*** 0.71*** 0.46 0.64*** 0.64** 0.7*** 0.53 0.01 

CCHANGE 0.88 0.91 0.97** 0.95*** 0.98*** 0.94 0.975* 0.92 0.01 

Mundlack fixed 

effects          
LP_DIS 6.3 6.41 6.44 6.05* 6.03 6.15 5.96 6.19 0.05 

AP_TENURE 0.9 0.92 0.91 0.92 0.94* 0.88 0.93 0.91 0.01 
ALOWFERa 0.46 0.29 0.17*** 0.26*** 0.17*** 0.24** 0.202** 0.29 0.01 

AMODFER 0.52 0.58 0.68*** 0.6*** 0.66*** 0.59 0.59 0.57 0.01 

AHIGFER 0.12 0.12 0.14 0.13 0.16 0.18 0.21** 0.13 0.01 

ASTESLOb 0.03 0.03 0.18*** 0.06** 0.07* 0.08** 0.05 0.06 0 

AMODSLO 0.35 0.23** 0.34 0.35 0.25** 0.35 0.25 0.33 0.01 

AFLASLO 0.62 0.74*** 0.48*** 0.59 0.68 0.57 0.7 0.61 0.01 

Risk preference          
EXT_RP 0.23 0.12** 0.26 0.18* 0.19 0.11** 0.05*** 0.19 0.01 

SEV_RP 0.17 0.16 0.07** 0.16 0.09* 0.18 0.1 0.15 0.01 

MOD_RP 0.14 0.18 0.04** 0.13 0.104 0.15 0.15 0.14 0.01 
INT_RP 0.22 0.2 0.2 0.1*** 0.13** 0.1** 0.075** 0.16 0.01 

SLI_RP 0.1 0.14 0.09 0.2*** 0.16* 0.17* 0.1 0.14 0.01 
NEU_RP 0.14 0.19 0.32*** 0.22*** 0.32*** 0.29*** 0.52*** 0.22 0.01 

SAP_Inf_Tra 0.42 0.73*** 0.63*** 0.49*** 0.73*** 0.71*** 0.75*** 0.51 0.01 

N      474 73 68 416 86 72 40 1229   

Note: each SAPs packages are compared with the base category (non-adopters) (V0C0D0) which has 474 observations at plot level.*, **, *** 

denotes significance level at 10%, 5% and 1% respectively. a farmer ranked each plot as “low fertile” medium fertile” and “high fertile”. b 

farmer ranked each plot as ‘step’ , ‘moderate step’ and ‘flat’ slope 

5. Results and Discussion 
This section presents results of the mixed multinomial logit model estimates of factors. We 

first present the factors affecting the adoption of single and combinations of SAPs and then the 

implication of adopting these particular SAP on the welfare of households.  

5.1 Determinants of Adoption of SAPs 
 

Parameter estimates of the mixed multinomial logit model of the plot and household level 

determinants of SAPs adoption are presented in Table 5-1 and Table 8-213. The base category 

is non-adoption of any of the SAPs indicated in a given plot (Table 5-1) and in a given 

                                                           
13 Table 8-2 is presented at the appendix  
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household (Table 8.2). The model fits the data very well with the Wald test, 
2

1217.37 ; 

000.02  P
 and 

2
1278.20 ; 

000.02  P
 for the plot and household level, 

respectively,  indicating that the null hypothesis that all the regression coefficients are jointly 

equal to zero should be rejected. 

Our results show that age has a significant negative effect in adopting the improved maize 

varieties only (V1C0D0) package both at the plot and household level adoption decision. Our 

results are consistent with previous studies who find age to have a negative effect on technology 

adoptions (Di Falco and Verona, 2013; Teklewold et al., 2013) but contrary to the findings of 

Kassie et al., (2014)  who find age to have a positive effect on SAPs adoption. Our results also 

suggest that gender of head of the household is negatively related with the adoption of SAPs. 

We find a positive effect of family size on soil & water conservation with cereal-legume 

diversification or improved seed package (V1C1D0 / V0C1D1) adoption. This could be due to 

the fact that soil & water conservation structure is labour-intensive and hence positively 

associated with family size. Nevertheless, the effect of family size is negative on the cereal-

legume, improved seed and cereal-legume as well as the combination of all the three SAPs. 

This could be due to the fact that bigger households need more staples rather than legumes 

which are produced mostly for cash. This is consistent with the findings of Kassie et al., (2014).  

As expected, we find a positive and significant effect of education on the adoption of most of 

the SAPs both at the household and plot levels. Education plays a vital role in understanding 

agricultural innovations and in processing available information about new innovation. This 

result also adds to the evidence of the positive effects of education on adoption of technologies 

in multiple combination scenarios (Kassie et al., 2014; Manda et al., 2015; Mutenje et al., 

2016). 

Distance to input markets is negatively associated with the adoption of SAPs and is 

significantly related with soil & water conservation with improved maize varieties or cereal-

legume diversification package (V1C1D0/V1C0D1) at the plot level.   The negative and 

significant effect of credit constraint on the adoption of most of the SAPs packages is as 

expected. Specifically, credit constraint is negatively related to improved maize varieties only 

(V1C0D0), cereal-legume diversification only (V0C0D1), soil & water conservation with 

improved maize varieties or cereal-legume diversification (V1C1D0/V0C1D1) as well as with all 

the comprehensive package which contains all the three SAPs (V1C1D1). This result is 
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explained by the economic theory which posits credit constraint to be the most important 

bottleneck of technology adoption in developing countries. Our results are consistent with the 

findings by Teklewold et al., (2013). 

Not surprisingly, we find that total asset holding to have a positive effect on most of the SAPs 

adoption. We find that total cultivated land holdings to be associated negatively with the 

adoption of improved maize varieties only (V1C0D0) and the soil & water conservation with 

cereal-legume diversification or improved seed packages (V1C1D0/V0C1D1) at the plot level. 

This is contrary expectation although at the household level it is not significant. Teklewold et 

al., (2013) finds similar results and argues that it could be because smaller holder farmers tend 

to achieve food security by sustainably intensifying production in their small lands. 

Economic theory predicts social networks to play an important role in agricultural technology 

adoption through facilitating learning. Consistent with this theory, membership in farmers 

association or group found to increase the adoption of improved maize varieties and cereal-

legume diversification (V1C0D1) and on the three SAPs (V1C1D1) at the household level. It has 

also a significant and positive impact on the adoption of improved maize varieties and cereal-

legume diversification (V1C0D1) package at the plot level. This proves that membership in 

farmers group could play an important as a source of information, input and innovation 

(Abebaw and Haile, 2013; Ma and Abdulai, 2016; Mutenje et al., 2016). Nonetheless, the effect 

of village kinships and non-village kinships on the adoption of technologies is mixed. Village 

kinship is strongly associated with the adoption of all SAPs simultaneously but negatively 

related with cereal-legumes diversification only (V0C0D1), whereas non-village kinship is 

positively associated with the adoption of soil & water conservation technologies (V0C1D0), 

cereal-legume diversification only (V0C0D1), soil & water conservation with cereal-legume 

diversification or improved maize varieties (V1C1D0/V0C1D1) and the improved maize varieties 

and cereal-legume diversification(V1C0D1), but negatively related to with the adoption of all 

SAPs (V1C1D1) together.  While arguments of the social capital would predict more social 

networks would increase the probability of information spreading and therefore, increase the 

adoption of SAPs, sometimes more social networks could also lead to negative outcomes in 

the case of compulsory sharing within networks which can lead to free-riding and could limit 

incentives to adopt SAPs (Di Falco and Bulte, 2013). Climate change awareness is strongly 

and significantly associated with the packages cereal-legume diversification (V0C0D1) and 

improved seed and cereal-legume diversification (V1C0D1). This highlights the importance of 

upgrading the climate change awareness to the adoption of SAPs. 
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Extension contact is positively and significantly related to the adoption of soil & water 

conservation only (V0C1D0) package at the household level. But to our surprise, it is negatively 

related to cereal-legume diversification only at the plot level. This is possibly due to the fact 

that crop rotations are very known to farmers themselves and they don’t rely on extension 

(young source of information) rather they trust their indigenous knowledge. 

 Bio-physical plot level information was exploited to control in part the issue of unobservable 

heterogeneity such as hidden abilities of households. As expected, the distance of plot from 

homestead has a negative and significant effect on adoption of the comprehensive package 

(V1C1D1). Tenure security improves the adoption of cereal-legume diversification (V0C0D1) 

and soil & water conservation with improved maize varieties or cereal-legume rotation 

(V0C0D1/ V0C0D1). This supports the hypothesis that land investment such as soil & water 

conservation increases with secure land tenure than otherwise. Having moderately fertile or 

fertile plot is positively associated with adoption of almost all of the SAPs packages. However, 

the probability of adoption of the SAPs which involve soil & water conservation (both in 

isolation and jointly with other SAPs) is low on plots with flat or moderate slopes than those 

with steeper slopes. 

Risk preference is one of the important factors cited to affect adoption of agricultural 

technologies. Although it is not well considered in the literature as a determinant of technology 

adoption. Hence, our empirical analysis also investigates the relationship between adoption of 

SAPs and risk preferences. As discussed in section 2 of this paper, Farmers’ risk preference 

was categorized into six distinct categories of extreme risk averse, severe risk averse, 

intermediate risk averse, moderate risk averse, slight risk averse and neutral risk averse based 

on the choices made in the experiment. Then, a dummy variable was created for all categories 

and extreme risk-averse is used as a base reference for the analysis and interpretation.   Results 

of our plot level analysis (Table 5-1) indicates that, as compared to the base category (extremely 

risk averse), other relatively risk preferring households are less likely to adopt the soil & water 

conservation only (V0C1D0) package.  For the rest of the SAP categories, relatively risk 

preferring households are more likely to adopt SAPs than those extremely risk- averse 

households.  For example, our results show that risk neutral households are more likely to adopt 

comprehensive SAPs as compared to extreme risk averse households. Specifically, risk neutral 

households are more likely to adopt SAPs such as cereal-legume diversification (V0C0D1), soil 

& water conservation with cereal-legume diversification or with improved maize varieties 

(V1C1D0 / V0C1D1), improved maize varieties with cereal-legume diversification (V1C0D1) and 
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all the three SAPs together (V1C1D1) than extreme risk averse households . Similarly, an 

analysis regarding the determinants of SAPs adoption at the household level (Table 8-2) also 

shows that relatively risk preferring households are adopting SAPs than the baseline category 

of extremely risk averse household’s. This suggests the importance of reducing risks exposure 

through, for example, crop insurances to enhance risk aversion behaviours enhance so that to 

speed up SAPs adoption rates. 
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Table 5-1: Mixed Multinomial Logit model estimates of adoption of SAPs in Upper east Region of Ghana  

 (1) (2) (3) (4) (5) (6) 
VARIABLES V1C0D0 V0C1D0 V0C0D1 V1C1D0 

/V0C1D1 

V1C0D1 V1C1D1 

       

Household Characteristics     
AGE -0.0198* 0.0002 -0.0092 -0.0012 -0.0077 0.0088 

 (0.0109) (0.0132) (0.0069) (0.0128) (0.0131) (0.0163) 

MHEAD 0.830 -0.815* -0.430* -1.478*** 0.00733 1.469 
 (0.541) (0.452) (0.244) (0.437) (0.513) (1.079) 

FSIZE 0.0162 0.0304 -0.0967*** 0.128** -0.161*** -0.188** 

 (0.0645) (0.0590) (0.0346) (0.0600) (0.0584) (0.0909) 
EDUHEAD 0.103** 0.0244 0.118*** 0.187*** 0.0299 0.0947 

 (0.0412) (0.0679) (0.0324) (0.0552) (0.0580) (0.0863) 

Resource Constraints and market access     
DISINPUT -0.0016 -0.0020 0.0013 -0.0035* -0.0001 -0.0037 

 (0.0019) (0.0028) (0.0012) (0.0021) (0.0023) (0.0025) 

CREDIT -0.707* 0.315 -1.171*** -2.185*** -0.534 -1.051* 
 (0.423) (0.358) (0.247) (0.479) (0.466) (0.598) 

Ln_ASSET 0.130 0.308 0.296** 0.663** 0.540** 0.396 

 (0.207) (0.236) (0.123) (0.258) (0.218) (0.347) 
TLU 0.0189 -0.0184 0.0044 0.0237 0.0367 0.0188 

 (0.0260) (0.0281) (0.0167) (0.0273) (0.0232) (0.0259) 

LTCL -0.559* -0.350 0.158 -0.664** -0.193 0.0107 
 (0.300) (0.373) (0.205) (0.332) (0.347) (0.454) 

DSHOCK -0.0427 0.629 -0.180 0.122 0.0658 0.430 

 (0.314) (0.398) (0.193) (0.347) (0.332) (0.449) 

Social Capital and Information      

GROUPM 0.367 0.105 0.295 0.0145 0.997*** 0.848 

 (0.330) (0.390) (0.214) (0.335) (0.340) (0.538) 
V_KINSHIP 0.00180 -0.0576 -0.128*** -0.0532 -0.0496 0.0891** 

 (0.0366) (0.0370) (0.0257) (0.0386) (0.0405) (0.0359) 

NV_KINSHIP -0.00731 0.0942** 0.168*** 0.121*** 0.102** -0.247* 
 (0.0565) (0.0438) (0.0292) (0.0416) (0.0444) (0.134) 

EXT 0.188 0.661 -0.613*** -0.572 -0.491 0.497 

 (0.354) (0.416) (0.237) (0.478) (0.374) (0.573) 
CCHANGE 0.216 1.076 1.405*** 1.514 1.569** 1.094 

 (0.504) (0.906) (0.413) (1.066) (0.610) (1.332) 

Mundlack fixed effects     
LP_DIS 0.0498 0.117 -0.0852 -0.0889 -0.0235 -0.203* 

 (0.0944) (0.100) (0.0521) (0.0946) (0.0971) (0.122) 
AP_TEENURE 0.962 0.733 0.697* 2.566** -0.374 2.008 

 (0.725) (0.750) (0.421) (1.104) (0.719) (1.548) 

AMODFERa 0.797** 1.454** 0.542** 2.107*** 0.789* 2.323*** 
 (0.402) (0.609) (0.263) (0.539) (0.456) (0.732) 

AHIGFER 0.0595 1.270 0.0362 1.699*** 0.480 1.704* 

 (0.617) (0.806) (0.376) (0.642) (0.636) (0.928) 
AMODSLOb -0.444 -3.073*** -1.478*** -1.398 -1.841** -2.296* 

 (1.321) (0.795) (0.559) (1.001) (0.884) (1.339) 

AFLASLO 1.318 -3.931*** -1.357** -0.584 -1.722** -1.502 
 (1.346) (0.738) (0.536) (0.965) (0.815) (1.221) 

Risk Preference      

SEV _RPc 0.201 -1.207* 0.424 -0.0551 0.682 1.785* 
 (0.536) (0.643) (0.299) (0.582) (0.595) (1.063) 

MOD_RP 0.282 -1.695** 0.166 0.534 -0.214 2.754*** 

 (0.571) (0.709) (0.333) (0.620) (0.618) (1.025) 
INT_RP 0.140 -0.895* -0.638** -0.105 -0.935 1.361 

 (0.504) (0.478) (0.305) (0.516) (0.663) (1.138) 

SLI_RP 0.395 -0.892 1.114*** 0.962* 0.853 2.427** 
 (0.576) (0.579) (0.337) (0.532) (0.660) (1.045) 

NEU_RP 0.682 0.126 0.694** 1.165** 1.054* 3.449*** 

 (0.528) (0.485) (0.285) (0.459) (0.607) (0.899) 
SAP_Inf_Tra 1.187*** 0.516 0.410* 1.828*** 0.965** 0.732 

 (0.331) (0.401) (0.242) (0.484) (0.396) (0.505) 

Constant -5.352*** -6.243*** -2.535** -12.40*** -5.958*** -12.65*** 
 (2.008) (2.413) (1.110) (2.778) (2.084) (3.616) 

District fixed 

effects 

 Yes Yes Yes Yes Yes Yes 

Wald test    
37.12172   

 
000.02  P

 

   

Sample size is 1229 plots generated from 421 households and 100 simulation draws were used.***<0.01, **<0.05, *<0.1. Robust standard 

errors in parenthesis. Fixed effects at plot level are included. Base categories are low fertile plots, step slope plots and extremely risk averse 

in ‘a’ ‘b’ and ‘c’, respectively.  
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5.2 Average treatment effects of SAPs 
 

The study estimates the productivity and welfare effects of adoption of SAPs (in isolation or 

as a combination) and identifies which package(s) yield the highest economic impact. To this 

effect, the impact was estimated on net crop income (a proxy for productivity) and per capita 

consumption expenditure (a proxy for welfare). Results of the analysis are summarised and 

presented in Table 5-1. 

Interestingly, we found that most of the SAPs have a positive effect on the two economic 

outcomes, both when adopted in isolation (with the exception of soil & water conservation) 

and in combination.  Other exogenous determinants that affected crop income per acre and 

household expenditure per capita are presented in Table 8-3 at the appendix.  

We find that the average adoption effect of improved maize varieties only (V1C0D0) package 

to be a 5.76% increase on net crop income per acre after controlling for observed and 

unobserved heterogeneities. This is relatively low as compared to the effects of improved maize 

seed varieties found elsewhere. For example, Manda, et al., (2015) and Mutenje, et al., (2016) 

find a 90% and 14.6% impacts of improved maize varieties in Zambia and Malawi, 

respectively. However, they use maize yield as an indicator, while we use net crop income per 

acre where we have deducted all the variable costs from the crop revenues and also we consider 

all crops grown at a specific plot. The relatively low impact findings in our study could also be 

partly explained by the difference in the agro-ecological context of Ghana and the farming 

systems. We did not find any significant impact of soil & water conservation only (V0C1D0) on 

net crop income per acre when it is adopted in isolation. Cereal-legume diversification leads to 

about a 4% increase in net crop income per acre when adopted in isolation, but to a 16% 

increase when adopted with improved maize varieties. Interestingly, we find a 20% impact on 

net crop revenues per acre when improved maize varieties, soil & water conservation and 

cereal-legume diversification (V1C1D1) package is adopted in a plot. This proves the 

complementarity of the SAPs and their synergetic effect. Although due to the multinomial 

nature of our modelling, it is not possible to elicit the real complementarity effects figure of 

the SAPs considered among each other, one can reveal that there is a strong complementary 

effect among the SAPs. For example, improved maize varieties and cereal-legume 

diversification lead to a 5.78% and 4.08% increase when they are adopted in isolation. But 

when they are adopted together, the marginal effect increases to 16%. This shows there is a 
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strong complementary effect, more than even their individual arithmetic summations (5.76% 

+4.08%=11%). This shows that there is a complementary effect among the two SAPs and the 

effectiveness to one another is more than 100%. 

On the consumption expenditure per capita, Table 5-1 shows that improved maize varieties 

increase consumption expenditure significantly when they are adopted in isolation and when 

they are combined with the other two SAPs at different levels, although the degree of impact 

varies from package to package. In quantitative terms, improved maize varieties lead to around 

2.65% and 4.62%, when it is adopted in isolation and it is diversified with legume, respectively. 

Our results also show that soil and water conservation increases consumption expenditure per 

capita by 7.98% when it is adopted with improved maize varieties or cereal-legume 

diversification (V1C1D0/V0C1D1).  When adopted in isolation, cereal-legume diversification 

only (V0C0D1) package leads to an increase of around 3.79% in consumption expenditure per 

capita. Our results also revealed that all the three packages (V1C1D1) positively and 

significantly increase consumption expenditure per capita by 7.84%. 

Interestingly, we find the highest payoffs both in the net crop income per acre and consumption 

expenditure per capita when all SAPs (V1C1D1) are adopted.  This finding is contrary to the 

few studies elsewhere in Africa. For example, Manda et al., (2015) in Zambia find that 

improved maize varieties to have the strongest impact when it is adopted in isolation than when 

it is implemented with any other SAPs. On the other hand,  Mutenje et al., (2016) in Malawi 

reports that improved maze and improved storage package yields the highest payoff than even 

the most comprehensive package that contains all the three technologies they considered in 

their study (Improved maize, improved storage, and soil and water conservation). Furthermore, 

in Ethiopia, Di Falco and Veronesi, (2013), show that two climate change adaptation strategies, 

soil conservation and changing crop varieties, provide more payoff than when these strategies 

are combined with another climate change adaptation (water strategy), to make a three sum up 

package, and concluded that climate change adaptation strategies that are more comprehensive 

do not always provide higher net revenues when compared to less comprehensive packages. 

The difference between our results and previous studies could be due to the fact that we have 

used net crop income instead of maize yield or maize income as well as consumption 

expenditure instead of household income. Furthermore, agronomic and location differences 

between our study area and the other studies could also be another source of difference. In fact, 

our study area is vulnerable to water stress and drought due to shortages of enough rains and 
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comprehensive SAPs practice implemented may decrease water stress, and therefore, can 

generate higher payoff.  

Table 5-2: Multinomial Endogenous treatment model estimates of SAPs impacts on net crop 

income and household consumption Expenditure  

SAPs net crop income per acre (ln) 

consumption expenditure per capita 

(ln) 

   

V1C0D0 0.0576** 0.0265** 

 (-0.0253) (0.0112) 

V0C1D0 0.0090 0.0222 

 (-0.0321) (0.0154) 

V0C0D1 0.0408* 0.0379*** 

 (-0.0233) (0.0113) 

V1C1D0 / V0C1D1 0.0157 0.0798*** 

 (-0.0245) (0.0153) 

V1C0D1 0.160*** 0.0462*** 

 (-0.0288) (0.0134) 

V1C1D1 0.199*** 0.0784*** 

 (-0.0221) (0.0112) 

Selection terms ( )   

V1C0D0 0.110*** 0.0483*** 

 (0.0215) (-0.0089) 

V0C1D0 0.0294 -0.0030 

 (0.0199) (-0.0108) 

V0C0D1 0.00146 0.0101 

 (0.0232) (-0.0078) 

V1C1D0 / V0C1D1 0.0432** -0.0145** 

 (0.0199) (-0.0068) 

V1C0D1 0.0551*** 0.0109 

 (0.018) (-0.0087) 

V1C1D1 0.0215* -0.0073 

 (0.0122) (-0.0113) 

lnsigma 4.912*** -4.9760*** 

 (0.469) (-0.558) 

Observations 1229 421 

The baseline is farm households that did not adopt any SAP. Sample size is 1229 plots and 421 households and 

100 simulation draws were used. ***P<0.01, **P<0.05, *P<0.1. Robust standard errors in parenthesis. 

6. Conclusion and Implications 
 

Many ecosystem services like nitrogen fixation, nutrient cycling, soil regeneration, and 

biological control of pests and weeds, are under threat in key African food production systems 

due to unsustainable cultivation and climate change. Sustainable agricultural practices can 

potentially alleviate some of the environmental problems while increasing household’s welfare 

by increasing agricultural income and reducing food insecurity. Previous research mostly 

focuses on the adoption of single SAPs and their impact on user households. But interestingly, 

simultaneous adoption and impact of SAPs on households in Africa have only recently received 

attention and empirical evidence is still scant. In this paper, we have identified the determinants 
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of adoption of different SAPs both in isolation and as packages, and we assessed their impact 

on household welfare. We used a maximum simulated likelihood estimation of a Multinomial 

Endogenous Treatment Effect Model (METEM) to account for observable and unobservable 

heterogeneity that influence SAPs adoption decisions and in turn the outcome variables to 

estimate the impacts of SAPs on net crop income per acre and consumption expenditure per 

capita. 

Previous empirical studies on the adoption and impact of SAPs focus only on the household, 

institutional and plot characteristics as determinants of agricultural innovations. However, to 

our knowledge, no other study has looked into the effects of individual risk preferences on 

multiple SAP adoption. We fill this gap by revealing the risk preferences of households using 

an experimental game which we played with the sampled households. The adoption part of the 

mixed multinomial logit model reveals that the probability of adoption of different 

combinations of SAPs are influenced by observable household characteristics such as 

education level of the household head  and family size, plot specific characteristics such as land 

tenure security, average distance of plots from homestead and plot fertility, social capital and 

information sources such as group membership and households’ awareness about climate 

change and risk preferences.  

Our results show that generally SAPs have a positive and significant effect on net crop income 

and consumption expenditure.  The package that contains all three SAPs together (improved 

maize varieties, soil & water conservation and cereal-legume diversification) generates the 

highest payoff both in terms of net crop income and consumption expenditure. This has 

important policy implications. Future interventions that aim to increase agricultural 

productivity and enhance consumption expenditure should combine improved maize varieties 

with other best agricultural practices that enhance agronomic practices such as soil & water 

conservation measures and cereal-legume diversification.  
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8. Appendix 
Table 8-1: Variable Definitions 

Variable Definitions 

Dependent  

Net Crop Income (ln) Logarithm of Net Crop Income per acre 

Consumption Expenditure (ln) Logarithm of consumption expenditure per capita 

SAPs Packages 

Improved maize varieties only (V1C0D0) Dummy=1 if the farm household adopted only improved maize varieties, 0 otherwise  

Soil & Water Conservation only (V0C1D0) Dummy=1 if the farm household adopted only soil & water conservation, 0 otherwise  

Cereal-legume diversification only (V0C0D1) 
Dummy=1 if the farm household adopted only cereal-legume diversification, 0 
otherwise  

Improved maize varieties and soil & water 

conservation (V1C1D0) 

Dummy=1 if the farm household adopted only improved maize and soil and water 

conservation, 0 otherwise 

Soil & water conservation and Cereal-

legume diversification (V0C1D1) 

Dummy=1 if the farm household adopted only soil & water conservation and 

cereal=legume diversification, 0 otherwise  

Improved maize varieties and cereal legume 
diversification (V1C0D1) 

Dummy=1 if the farm household adopted only improved maize varieties and cereal-
legume diversification, 0 otherwise 

Improved maize, soil & water conservation 

and cereal-legume diversification (V1C1D1) 

Dummy=1 if the farm household adopted improved maize, soil and water conservation 

& cereal-legume diversification, 0 otherwise 

Explanatory  

AGE Age of the Head of the household 

MHEAD Dummy=1 if head of the household is male 
FSIZE Family size of the household 

EDUHEAD Years of education of head of the household 

DISINPUT Walking distance to input market from home in minutes 
CREDIT Dummy=1 if Credit constrained (credit is needed but unable to get it) 

Ln_ASSET Logarithm of  value of total asset  

TLU Total livestock holdings in TLU 
LTCL Logarithm of   total cultivated land holding 

DSHOCK Dummy=1 if household has lost hh member or relative in the past 5 years 

GROUPM Dummy=1 if household belongs to any group, 0 otherwise 
V_KINSHIP Number of relatives and friends that the household deal with in the same community 

NV_KINSHIP Number  of relatives and friends that the household deal with in outside the village 

EXT Dummy=1 if household had any contact with extension worker in the year, 0 otherwise 
CCHANGE Dummy=1 if household is aware about climate change, 0 otherwise 

LP_DIS Logarithm of the mean distance of plots from home  

AP_TENURE Mean of plot land tenure security  
ALOWFER Mean value of low fertile plots 

AMODFER Mean value of moderate fertile plots 

AHIGFER Mean value of high fertile plots 
ASTESLO Mean value of step slop plots 

AMODSLO Mean value of moderate slop plots 

AFLASLO Mean value of flat slop plots 
EXT_RP Dummy=1 if Extreme risk preference 

SEV_RP Dummy=1 if Sever risk preference 

MOD_RP Dummy=1 if Moderate risk preference 
INT_RP Dummy=1 if Intermediate risk preference 

SLI_RP Dummy=1 if Slight risk preference 
NEU_RP Dummy=1 if Neutral risk preference 

SAP_Inf Dummy=1 if household had information about or training on SAPs, 0 otherwise 
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Table 8-2: Household level mixed multinomial logit model estimates of adoption of SAPs in 

Upper East Region of Ghana (baseline category is non-adoption of SAPs)  

 (1) (2) (3) (4) (5) (6) 
VARIABLES V1C0D0 V0C1D0 V0C0D1 V1C1D0 

/V0C1D1 

V1C0D1 V1C1D1 

Household Characteristics     

    

AGE -0.0436** -0.0128 -0.00181 -0.0135 -0.0253 -0.0273 

 (0.0195) (0.0212) (0.0149) (0.0181) (0.0177) (0.0193) 

MHEAD 0.484 -0.304 -0.314 -1.368* 0.780 0.921 

 (0.877) (0.770) (0.518) (0.698) (0.749) (0.846) 

FSIZE 0.160 0.0424 -0.0183 0.221** -0.170* -0.0598 

 (0.110) (0.114) (0.0771) (0.0988) (0.101) (0.100) 
EDUHEAD 0.253* 0.209 0.288** 0.305** 0.179 0.248* 

 (0.140) (0.176) (0.133) (0.152) (0.146) (0.145) 

Resource Constraints and market access      

DISINPUT -0.0055 -0.0030 0.0036 -0.0045 0.0017 -0.0032 

 (0.0052) (0.0043) (0.0027) (0.0039) (0.0035) (0.0037) 

CREDIT -1.049 0.227 -2.518*** -3.265*** 0.0711 -1.351** 

 (0.671) (0.625) (0.579) (0.752) (0.573) (0.634) 
Ln_ASSET -0.0475 0.341 0.422 0.401 0.591* 0.320 

 (0.330) (0.396) (0.258) (0.358) (0.314) (0.331) 

TLU 0.123** 0.102** 0.0499 0.00572 0.126** 0.169*** 

 (0.0510) (0.0466) (0.0585) (0.0697) (0.0498) (0.0487) 

LTCL -0.702 -0.710 -0.0874 -0.296 -0.0549 0.597 

 (0.524) (0.530) (0.390) (0.489) (0.482) (0.489) 

DSHOCK -0.0472 1.850** -0.0597 0.175 0.872* 0.664 

 (0.638) (0.722) (0.427) (0.553) (0.517) (0.532) 

Social Capital and Information      

GROUPM 0.553 -0.513 0.304 0.123 1.206** 1.421** 

 (0.511) (0.682) (0.485) (0.621) (0.566) (0.563) 

V_KINSHIP 0.0742 0.00800 -0.0801 -0.105* -0.0866 0.0733 

 (0.0571) (0.0666) (0.0541) (0.0619) (0.0746) (0.0556) 

NV_KINSHIP -0.0316 0.0860 0.172*** 0.179*** 0.142** 0.0478 

 (0.0741) (0.0788) (0.0527) (0.0618) (0.0685) (0.0644) 
EXT 0.578 1.667** -0.207 0.874 0.428 -0.136 

 (0.637) (0.672) (0.507) (0.692) (0.583) (0.611) 

CCHANGE 1.113 0.717 1.371* 1.640 0.941 1.460 

 (0.853) (0.942) (0.797) (1.360) (0.910) (1.221) 

Mundlack fixed effects      

LP_DIS 0.237 0.145 -0.0857 0.122 0.129 -0.00958 

 (0.162) (0.168) (0.108) (0.135) (0.147) (0.137) 

AP_TEENURE 0.264 0.441 1.888* 3.448** 0.250 1.016 
 (1.096) (1.286) (1.081) (1.621) (1.139) (1.165) 

AMODFER 0.516 2.025** 0.794 1.293* 1.285* 2.556*** 

 (0.662) (0.916) (0.552) (0.665) (0.664) (0.774) 

AHIGFER -2.608** 0.137 0.101 1.032 0.258 2.219** 

 (1.052) (1.562) (0.838) (0.950) (1.092) (0.948) 

AMODSLO 1.985 -3.228** -0.0255 -1.456 -0.237 -2.749* 

 (4.249) (1.408) (1.265) (1.402) (2.053) (1.406) 

AFLASLO 4.866 -4.954*** 0.384 -1.206 -0.306 -2.779** 
 (4.252) (1.379) (1.201) (1.354) (2.002) (1.373) 

Risk Preference      

SEV _RP -1.200 -0.534 0.488 -0.0932 0.189 2.195*** 

 (0.912) (0.900) (0.587) (0.756) (0.793) (0.836) 

MOD_RP 0.380 -1.882 -0.0154 0.363 -1.035 1.667* 

 (0.895) (1.245) (0.779) (0.975) (0.972) (0.944) 

INT_RP -0.572 0.237 -0.298 -0.0106 -0.506 1.226 
 (0.847) (0.872) (0.594) (0.848) (0.811) (0.935) 

SLI_RP 1.952* 0.959 2.469*** 2.332** 1.778* 3.087*** 

 (1.049) (1.069) (0.924) (0.977) (1.034) (1.152) 

NEU_RP 1.569* 1.656 1.514** 2.240** 1.870** 4.012*** 

 (0.938) (1.068) (0.701) (0.874) (0.892) (0.942) 

SAP_Inf_Tra 2.938*** 1.489** 0.504 1.037 1.859*** 2.041*** 

 (0.677) (0.681) (0.508) (0.709) (0.564) (0.629) 

Constant -6.925 -6.332 -7.534*** -12.13*** -9.326*** -10.75*** 
 (5.353) (4.227) (2.522) (3.941) (3.529) (3.341) 

District Fixed Effects Yes Yes Yes Yes Yes Yes 

Wald test   
2

1278.20                               
000.02  P

  

  

Sample size is 421 households and 100 simulation draws were used.***<0.01, **<0.05, *<0.1. Robust standard errors in parenthesis. Fixed effects at 

plot level are included 
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Table 8-3: Second Stage Estimation of the Multinomial Treatment Effect Model 

 (1)  (2) 

VARIABLES net crop income per acre (ln)  consumption expenditure per capita (ln) 

AGE 4.81e-06  -0.000602** 

 (0.0004)  (0.0002) 

MHEAD 0.0210  -0.0126 

 (0.0147)  (0.0134) 

FSIZE 0.00397**  -0.0104*** 

 (0.00190)  (0.0013) 

EDUHEAD 0.00169  0.00210* 

 (0.00150)  (0.0012) 

DISINPUT -8.25e-05  5.31e-05 

 (6.44e-05)  (5.55e-05) 

CREDIT 0.00842  0.00909 

 (0.0142)  (0.0101) 

Ln_ASSET 0.0164**  0.00947** 

 (0.0068)  (0.0045) 

TLU 0.000669  0.000608 

 (0.0009)  (0.0007) 

LTCL -0.0563***  -0.00808 

 (0.0104)  (0.0085) 

DSHOCK -0.00272  -0.00527 

 (0.0107)  (0.0095) 

GROUPM -0.00217  -0.0163* 

 (0.0112)  (0.0089) 

V_KINSHIP -0.000324  -0.000813 

 (0.0011)  (0.00093) 

NV_KINSHIP -0.00164  0.00177 

 (0.0010)  (0.00114) 

EXT 0.00517  0.00836 

 (0.0109)  (0.0108) 

CCHANGE -0.00429  0.0168 

 (0.0172)  (0.0108) 

LP_DIS 0.00860***  -0.000321 

 (0.0029)  (0.0028) 

AP_TEENURE -0.0180  -0.0328 

 (0.0225)  (0.0236) 

AMODFER 0.0439***  -0.00568 

 (0.0146)  (0.00979) 

AHIGFER 0.0662***  -0.00106 

 (0.0205)  (0.0160) 

AMODSLO 0.0294  -0.00547 

 (0.0283)  (0.0570) 

AFLASLO 0.0433  -0.000307 

 (0.0293)  (0.0559) 

SEV_RP -0.00352  -0.00440 

 (0.0167)  (0.0101) 

MOD_RP -0.00445  0.00920 

 (0.0173)  (0.0136) 

INT_RP -0.00358  -0.00674 

 (0.0177)  (0.0107) 

SLI_RP 0.0229  -0.0150 

 (0.0166)  (0.0136) 

NEU_RP 0.0284*  0.00647 

 (0.0161)  (0.0111) 

Constant -3.401***  -10.80*** 

 (0.463)  (3.355) 

District fixed effects Yes  Yes 

Observations 1,229  421 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 8-4: Test on the validity of instrument  

  (1) (2) 

VARIABLES  net crop income per acre (ln)  consumption expenditure per capita (ln) 

AGE -0.00265 -0.00431 

 (-0.00331) (0.00308) 

MHEAD 0.0312 -0.130 
 (-0.121) (0.115) 

FSIZE 0.0469*** -0.0641*** 

 (-0.0171) (0.0200) 
EDUHEAD -0.00874 0.0335 

 (-0.019) (0.0323) 

DISINPUT -0.000732 0.000351 
 (-0.000615) (0.000694) 

CREDIT 0.000998 0.126 

 (-0.105) (0.108) 
Ln_ASSET 0.00456 0.0783 

 (-0.0618) (0.0679) 
TLU 0.00762 -0.00287 

 (-0.0086) (0.0150) 

LTCL -0.299*** 0.00256 
 (-0.105) (0.105) 

DSHOCK 0.102 -0.311*** 

 (-0.0926) (0.102) 
GROUPM -0.00922 -0.0327 

 (-0.107) (0.115) 

V_KINSHIP -0.00348 0.0225* 
 (-0.00991) (0.0127) 

NV_KINSHIP -0.0095 -0.00180 

 (-0.0121) (0.0170) 
EXT 0.119 0.0750 

 (-0.105) (0.0933) 

CCHANGE 0.0246 0.182 
 (-0.153) (0.144) 

LP_DIS 0.0192 0.0419* 

 (-0.0261) (0.0243) 
AP_TEENURE -0.386* -0.246 

 (-0.205) (0.208) 

AMODFER 0.115 -0.0779 
 (-0.12) (0.109) 

AHIGFER 0.205 -0.146 

 (-0.19) (0.189) 
AMODSLO 0.133 0.313 

 (-0.299) (0.233) 

AFLASLO 0.0725 0.321 
 (-0.297) (0.231) 

SEV_RP -0.184 -0.0499 

 (-0.136) (0.120) 

MOD_RP -0.224 0.128 

 (-0.145) (0.147) 

INT_RP -0.176 -0.124 
 (-0.133) (0.129) 

SLI_RP -0.0315 -0.121 

 (-0.166) (0.246) 
NEU_RP 0.136 -0.0695 

 (-0.15) (0.167) 

SAP_Inf_Tra -0.1 0.0354 

 (-0.108) (0.0980) 

Constant 5.747*** 6.848*** 

 (-0.555) (0.539) 
District fixed effects                               Yes Yes 

Observations 474 96 

R-squared 0.081 0.599 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

 

 


