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ABSTRACT 

 

Livelihood diversification is one of the essential climate adaptation strategies with positive outcomes on household’s 

standard of living. Therefore, the identification of factors that are necessary for livelihood diversification are crucial. 

Within a gender perspective, this study analysed the determinants of livelihood diversification among farmers in the 

northern regions of Ghana. A multistage sampling procedure was used to select 619 farmers and the data was analysed 

using multivariate probit regression for the pooled and separately for the gender groups.  The livelihood diversification 

strategies identified were crop diversification, crop-livestock diversification, crop-trade diversification, crop-agro-

processing diversification and crop-professional/skilled employment. The multivariate probit results showed that 

socioeconomic, institutional factors, climate factors, and household assets have significant influence on each 

diversification strategy. The assumption of gender difference in the factors that influences livelihood diversification is 

appropriate since some factors which influence specific livelihood diversification for females do not have significant 

effect on males. Improving the financial assets, social and human assets of farmers is important to enhance the 

diversification of farmers. There is also the need to improve awareness of farmers on climate shocks in order to enhance 

diversification decisions.  
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INTRODUCTION 

 

Climate change and its associated impacts have become a 

global concern. The effect is not universally distributed as 

some groups or geographical areas are more impacted than 

others. One of the major group with differential climate 

impact is gender groups. Generally, two options are 

available for responding to climate change and these are 

mitigation and adaptation. Although both strategies are 

crucial in the fight against climate change in the short and 

long term, adaptation has become a localised strategy that 

is implemented at the individual or group levels. Adaption 

has also become more crucial to provide short term gains 

to households and to recover from environmental shocks 

such as floods and droughts. Adaptation is crucial because 

it is mostly stimulated by climate variability such as floods 
and droughts other than climate change (Berrang-Ford et 

al., 2011). Mostly, these strategies are adopted as 

anticipatory, reactive or proactive measures. Among 

others, the primary goal of adaptation is to reduce or 

spread risks and secure income or resources (Berrang-
Ford et al., 2011).  

Adaptation is the adoption of specific strategies in 

order to secure livelihoods by using resources more 

efficiently. Adaptation occurs by reducing exposure to a 

known threat (Wilby and Dessai, 2010), in this case, 

climate change and variability. It is a localised concept as 

the strategies to adopt depends on the available 

opportunities in terms of the presence of the strategy and 

the availability of resources for its adoption. Efforts 

towards sustainable agriculture requires that actions and 

inactions of farmers and other actors in the agriculture 

sector contribute positively to ending hunger and poverty 

and ensuring a carbon-neutral world. From Downing 

(1993), the ultimate effect of climate change depends 

largely on the adaptive responses. As such, adaptation to 

climate change is gaining more prominence. FAO (2016) 

argued that in the absence of “adaptation to climate 

change, it will not be possible to achieve food security for 

all and eradicate hunger, malnutrition and poverty”. An 

important characteristic of adaptation is that the costs of 

action is a fraction of non-adaptation or inaction.  Wossen 
et al. (2017) argued that with smooth adaptation, climate 

change impacts can be minimised substantially and 

adverse effects of food security could be altered.  

Generally, the recent literature on adaptation can be 

classified as following a bottom-up or a top-down 

approach (scenario-led) (Wilby and Dessai, 2010). Top-

down studies examined adaptation in a global perspective 

and therefore generalised conclusion on the nature and 

effects of adaptation. Contrarily, bottom-up studies 

examined adaptation in a local perspective. In bottom-up, 

the analysis commence with the factors and conditions that 

enable successful coping with climate related threats at the 
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individual, household or community level (Wilby and 

Dessai, 2010). Although both provide insights into the 

need and potential effects of adaptation, there is the need 

to give much attention to the bottom-up approach in order 

to identify localised strategies required to address the 

environmental changes. Yaro and Hesselberg (2016) 

noted that understanding adaptation in West Africa is 

essential since developmental challenges are knotted with 

climate. Also, a detailed analysis of adaptation helps to 

identify which interventions or diversification strategies 
are more helpful and to whom it is most helpful (Yaro et 

al., 2016). Economic views and analysis of adaptation are 

moving from market solutions and cost-benefit to include 
inequalities and behavioural biases (Wong et al., 2014). 

This is because of class differences in adaptation and 
returns from adaptation. For instance in a study by  Jost et 

al. (2015), male farmers in Ghana mentioned female 

farmers as primary decision makers in the adoption of new 

crop varieties since they are responsible for household 

food supply. On the other hand, the female farmers 

described their male counterparts as the primary adopters 

since the males aim mainly at maximising their profits. 

Similarly, due to control over resources, male farmers 

adopts strategies such as fertiliser application while 
female farmers diversify into non-farm jobs  (Riede et al., 

2016). 

Although adoption of sustainable agricultural 

practices could improve yields and income, the increases 

in income cannot be sustainable under the uncertainty in 

climatic conditions, hence the need for diversification to 

further enhance farmers’ resilience (FAO, 2016b). Thus, 

one of the localised adaptation strategies is livelihood 

diversification. Farmers’ understanding of climate 

variations has preconditioned them to diversify into non-

farm and on-farm activities, primarily, to reduce the risks 

from agriculture and to maintain or improve household’s 

livelihood outcomes. In a focus group discussion in 

Kanshegu community of Ghana, men’s group indicated 

that ‘farming is no longer good so we need to diversify our 

livelihood’ while the female’s group indicated that ‘every 

woman now wants to engage in more than one activity as 
a way of achieving livelihood security’ (Yaro et al., 2016, 

pp.71). To maximise the expected benefits from these 

diversification strategies, it is imperative to understand the 

factors that influence the adoption of each livelihood 

strategy within a gender perspective. This would help 

identify the factors that are needed to be promoted to 

enhance livelihood diversification among males and 

females. Therefore, this study is designed to analyse the 

determinants of the adoption of various livelihood 

diversification among farming households.  

 
Review of empirical studies on livelihood diversification  

Ofolsha and Mansingh (2015) analysed the determinants 

of livelihood diversification among female headed 

households of Ethiopia using a multinomial logit. This 

study showed that farm and livestock based diversification 

are the major diversification strategies adopted by farmers. 

However, there are other diversifications into non-farm 

activities such as petty trading and handcrafts. The factors 

that had significant influence livelihood diversification of 

the households were dependency, irrigation water, total 

livestock ownership and land area cultivated. The authors 

concluded that female headed households engage in 

diversification in order to offset low resource endowment 

challenges. The study of Debele and Desta (2016) found 

that the major diversification strategy of pastoralist were 

crop production, petty trades, firewood and charcoal 

production while livestock contributes more to household 

income. The factors that significant influenced the 

adoption of the various diversification strategies were the 

age of the household head, education level of household 

head, size of livestock holding, distance to market and 

access to rural credit. The authors argued for an enhanced 

provision of credit facilities and the development road 

facilities. Contrary to most studies on the role of credit in 

diversification, Simtowe (2010) found that access to 

credit reduces the probability of diversifying from 

agriculture. 

 Owitti (2015) analysed the gender differences in 

livelihood diversification on the premise that there is less 

research effort on the analysis of gender-based 

inequalities. In addition to on-farm diversification, both 

men and women engages in off and non-farm livelihood 

diversification strategies to mitigate food stress in periods 

of shock. The study found a significant power imbalance 

between men and women. Women than men were found 

to engage in unpaid jobs, with high domestic work burden 

and constraints of livelihood diversification such as 

socioeconomic and sociocultural constraints. In analysing 

livelihood diversification within a gender perspective in 
northern Ghana, Zakaria et al. (2015) found that although 

livelihood diversification is common among gender 

groups, it is high for males than females.  In a similar 
study, Javed et al. (2015) found that non-poor, female 

headed households with larger family sizes have high 

diversity than the male heads with smaller household 

sizes. This is similar to the finding of Simtowe (2010) 

where female heads have high probability of diversifying 

into non-farm activities. Albore (2018) argued that 

diversification is a norm in most economies since farm 

income is insufficient for a decent living. In a review and 

consistent with many others, Albore (2018) classified the 

determinants of livelihood diversification into push and 

pull factors. The author showed that push factors dominant 

in high risk and low potential agricultural areas, and this 

includes climatic conditions, land constraints and market 

constraints. On the other hand, pull factors are 

opportunity-led conditions where there are expanded 

range of high return livelihood activities in addition to 

farming. Albore (2018) outlined that these factors can be 

social, institutional, economic or demographic. 

Specifically, Gebreyesus (2016) found in their study that 

the livelihood diversification is significantly explained by 

the age, education, number of non-farm activities, market 

distance, number of livestock, credit cost and farm size of 
the respondents. Similarly, Kassie et al. (2017) found age, 

gender, membership of farmer cooperation, education and 

distance to the proximate market to influence livelihood 

diversification in different directions. The literature on the 

determinants of livelihood diversification in northern 

regions of Ghana appears to be absent, hence the need for 

this study to address this literature gap.  
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DATA AND METHODS 

 
Study area 

The study was conducted in the three northern regions of 

Ghana (Upper East, Upper West and Northern regions). 

The area is located within latitude 80-110N and longitude 

00-30W. As at the last general housing and population 

census in 2010, the three regions had a total population of 

4,228,116, representing 17.1% of Ghana’s total 

population. The average population growth of the region 

is 2.0%, lower than the national population growth rate of 

2.5% (GSS, 2012). 

Unlike in the southern and middle belts of Ghana, the 

northern regions experience a unimodal rainfall. The 

rainfall in the regions range between 916mm to 1,169 mm. 

the unimodal rainfall limits crop production to a single 

season in the while year. Therefore, farmers have lots of 

idle periods for other livelihood activities. The soil pH is 

within 4.5-6.8 with about 0.5-2.5% organic matter 

(MoFA, 2013). Agriculture is the main economic activity, 

employing 71.9% of the economically active group; the 

three northern regions has the highest proportion of 

agricultural households and far above the national average 

of 45.8% (GSS, 2014). Poverty levels, inequality and rural 

population is higher in the three northern regions than 

other regions of Ghana.  

 
Sampling design 

The study population is maize farming households who 

cultivated maize in the 2016 cropping season and located 

in the three northern regions. The study lack data on the  

actual number of maize farming households in the targeted 

regions. Therefore, the sample was determined using 

single population proportion approach (Cochran, 1977; 

Tessema, 2017) which rely on information on the 

proportion of a particular interest in the total population. 

In this study, the interest is the proportion of farmers in the 

entire active workforce which is 71.9% (GSS, 2012). The 

single population proportion approach is given as Eq. 1  

(Cochran, 1977). 

 

𝑛 =
𝑍2∗𝑝(1−𝑝)

𝜀2   (1) 

Where: z is the z score,  is the margin of error, 𝑝̂ is the 

population proportion. Given a population proportion as 

approximately 72% (0.72); a 95% confidence level that 

the estimated sample reflects the true sample if the actual 

population was known, thus a Z score of 1.96; and a 5% 

margin of error, the sample was obtained as Eq. 2.  

 

𝑛 =
1.962∗0.72(1−0.72)

0.052 = 307 (2) 

 

Therefore, a minimum of 307 farm households must be 

selected for the study.  However, this was adjusted to 432 

farm households.  

In selecting the respondents, a multistage sampling 

procedure was used. Among the ten administrative regions 

of Ghana, the three northern regions were selected due to 

their high vulnerability to climate change, high reliance on 

agriculture and high poverty levels. Again, maize farmers 

were purposively selected because it is the number one 

crop cultivated and consumed by almost all households. In 

the second stage, stratified sampling was used to put all 

districts the regions into three strata based on the 

prevalence of poverty in the region (GSS, 2015). Poverty 

was used as the basis for stratification since it is one of the 

major livelihood outcomes. The strata were poor, middle 

and rich class districts. Simple random sampling was then 

used in selecting at least one (1) district from each stratum 

in each region. Also, using simple random sampling 

approach, three communities from each district were 

selected, given a total of 27 communities from the three 

regions. In the final stage, stratified sampling was used to 

put maize farmers from the selected communities into 

groups. Thus, the sample frame was categorised into two 

as female and male household heads. From the 2010 

population census (GSS, 2012), 23% of the household 

heads in the three northern regions are females while the 

remaining 77% are men. Therefore, using proportion 

allocations in stratified sampling, a total of 324 male and 

108 female household heads were selected, respectively. 

Also, to account for intra-household gender differences in 

livelihood diversification, a wife of 57% of the sampled 

male household heads who had also cultivated maize on 

their own farms in the 2016 cropping season were 

selected. This gives a total of 187 female spouses. 

Therefore, the total sample becomes 619 farmers.  

 
Data type and data collection 

The study used cross sectional primary data which was 

collected using questionnaire. The questionnaire was 

designed through a comprehensive process with input 

from other scholars and policy makers. The questionnaire 

was administered by a minimum of four Research 

assistants in each region. The research assistants were 

selected based on their experience in questionnaire 

administration, fluency in English and local dialect. A 

training workshop was held for the Research assistants.  

The literature provides that several livelihood 

diversification options are available for farmers. 

Therefore, farmers make decision on engaging in various 

livelihood activities based on their expected utilities and 

available resources. Since a farmer can engage in a 

number of livelihood strategies simultaneously, a 

multivariate probit was used to estimate the factors 

influencing farmer’s decision under each option. The 

advantage of multivariate analysis is that it allows the 

estimation of household’s choice of one or more 

livelihood activities simultaneously and also provides the 

opportunity to demonstrate the joint decision making 

processes (Rahman and Akter, 2014). Following 

Greene (2012), this is discussed below.  

The multivariate probit is an extension of bivariate 

probit that is used in situations where there are two binary 

response variables. For instance, if we want to examine the 

factors influencing farmers’ crop diversification and crop-

livestock diversification, the decision by a farmer on these 

two diversification systems are autonomous. Therefore, 

we model for the two options simultaneously using the 

bivariate probit model.  

The bivariate probit model is given by (Greene, 2012) 

(Eq. 3).  
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𝑦1
∗ = 𝑋1

∗𝛽1 + 𝜀1,         𝑦1 = 1 𝑖𝑓 𝑦1
∗

> 0, 𝑎𝑛𝑑 0 𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

𝑦2
∗ = 𝑋2

∗𝛽2 + 𝜀2,       𝑦2 = 1 𝑖𝑓 𝑦2
∗ >

0, 𝑎𝑛𝑑 0 𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 (3) 
 

Where ys are the latent for the bivariate responses and Xs 

are the independent variables. From Equation 3; 

 

(
𝜀1

𝜀2
|𝑋1, 𝑋2) ~𝑁 [

0
0

(
1 𝜌
𝜌 1

)] 

 

This also means that; 

 

𝐸[𝜀1|𝑋1, 𝑋2] = 𝐸[𝜀2|𝑋1, 𝑋2] = 0 

𝑉𝑎𝑟𝐸[𝜀1|𝑋1, 𝑋2] = 𝑉𝑎𝑟𝐸[𝜀2|𝑋1, 𝑋2] = 1 (4) 

𝐶𝑜𝑣[𝜀1, 𝜀1|𝑋1,𝑋2] = 𝜌  
 

Using maximum likelihood estimation, the bivariate 

normal cumulative distribution unction (CDF) can be 

given as Eq. 5. 

 

𝑃𝑟𝑜𝑏(𝑋1 < 𝑥1,𝑋2 < 𝑥2) =

∫ ∫ ∅2(𝑧1,𝑧2, 𝜌)𝑑𝑧1𝑑𝑧2 = 𝛷2(𝑥1,𝑥2, 𝜌)
𝑥1

∞

𝑥2

∞
 (5) 

 

Therefore, the density function would be given by Eq. 6.  

 

𝛷2(𝑥1, 𝑥2, 𝜌) =
𝑒−(1

2⁄ )(𝑥1
1+𝑥2

2−2𝜌𝑥1𝑥2)

2𝜋 (1−𝜌2)
1

2⁄
 (6) 

 

To derive the log-likelihood, the following notations are 

used; 

 

𝑞𝑖1 = 2𝑦𝑖1 − 1 

𝑞𝑖2 = 2𝑦𝑖2 − 1 
 

Thus, 𝑞𝑖𝑗 = 1 if  𝑦𝑖𝑗 − 1 and − 1 if 𝑞𝑖1 = 𝑦𝑖𝑗 = 0;. Now, 

let  𝑧𝑖𝑗 = 𝑋𝑖𝑗
′ 𝛽𝑗 , 𝑤𝑖𝑗 = 𝑞𝑖𝑗𝑧𝑖𝑗  and 𝜌𝑖∗ = 𝑞𝑖1𝑞𝑖2ρ.  

Where: the subscript 2 indicates a bivariate normal 

distribution of the density ∅2 and 𝛷2. The probabilities 
that enters the likelihood functions are; 

 

 

Table 1: Definition of the variables and their expected signs.  

Variable  Definition Apriori 

Gender Dummy: 1 if male, 0 if female + 

Age  Total number of years of a famer from birth - 

Adults  Number of household members with age 18 and above + 

Home keeping   Number of hours spent on domestic activities - 

Experience   Total number of years in farming + 

Extension  Dummy: 1 if a farmer had access and 0 if otherwise. + 

Contract farming  Dummy: 1 if a farmer engaged in contract farming and 0 if otherwise. + 

Training  Dummy: 1 if a farmer had agricultural related training and 0 if otherwise. + 

FBO  Dummy: 1 if a famer belongs to an FBO and 0 if not + 

Credit access  Dummy: 1 if a farmer had access to agricultural credit and 0 if otherwise. + 
Windstorm  Dummy: 1 if experience a windstorm that affects properties within the 

past 3 years and 0 if otherwise. 

+ 

Flood  Dummy: 1 if a farmer experienced flooding within the past 5 years and 

0 if otherwise. 

+ 

Drought Dummy: 1 if a farmer experienced drought within the past 3 years and 0 

if not  

+ 

Forest fires  Dummy: 1 if a farmer experienced forest fire within the past 3 years and 

0 if not 

+ 

Climate information Dummy: 1 if a farmer had climate information and 0 if not + 

CCV Perception Dummy: 1 if a farmer perceives an increase in temperature and decrease 

in rainfall simultaneously and 0 if not  

+ 

Financial asset  Measured using access to credit. 1 if a famer had access to credit and 0 

if otherwise.  

+ 

Physical asset  PCA weighted sum of physical assets (tractor, car, mobile phone, TV, 

radio, bicycle, motorbike, sewing machine and electric cooker) of a 

farmer 

+ 

Social asset  PCA weighted sum of social assets (number of single sexed groups, 

number of combined sex groups and conflict) of a farmer 

+ 

Human asset  PCA weighted sum of human assets (household labour force, number of 

days of causal labour provided in a month and education) of a farmer 

+ 

Technological asset  PCA weighted sum of all technological assets (access to irrigation, 

improved seeds and subsidised fertiliser) of a farmer 

+ 

Political asset  PCA weighted sum of all political assets (leadership position, family 

member involvement in active politics, membership of a political group) 

of a farmer 

+ 
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𝑃𝑟𝑜𝑏(𝑌1 = 𝑦𝑖1 , 𝑌2 = 𝑦𝑖2|𝑋1, 𝑋2) = 𝛷2(𝑤𝑖1, 𝑤𝑖2, 𝜌𝑖∗ ) 
Therefore the log-likelihood function (Eq. 7). 

 

𝐼𝑛𝐿 = ∑ 𝐼𝑛𝛷2
𝑛
𝑖=1 (𝑤𝑖1, 𝑤𝑖2, 𝜌𝑖∗ ) (7) 

 

Given the above information, the multivariate probit 

model can be extended as Eq. 8. 

 

𝑦𝑚
∗ = 𝑋𝑚

∗ 𝛽𝑚 + 𝜀𝑚, 𝑦𝑚 = 1 if  𝑦𝑚
∗ > 0,

and 0 if otherwise,    m = 1,2, … , M (8) 

 

Where; 

𝐸[𝜀𝑚|𝑋𝑚 … . 𝑋𝑚] = 0 

𝑉𝑎𝑟𝐸[𝜀𝑚 … 𝜀𝑚|𝑋𝑚 … . 𝑋𝑚] = 1 (9) 

𝐶𝑜𝑣[𝜀𝑚 … 𝜀𝑚|𝑋𝑚 … . 𝑋𝑚] = 𝜌𝑗𝑚  

(𝜀𝑚 … 𝜀𝑚)~𝑁𝑚 (0, Ɍ) 
 

The log-likelihood function (Eq. 10). 

 

𝐿𝑚 = 𝛷𝑚(𝑞𝑖1𝑋𝑖1
∗ 𝛽1, … . , 𝑞𝑖𝑚𝑋𝑖𝑚

∗ 𝛽𝑚, Ɍ∗) (10) 

 

Where 𝑞𝑖𝑚 = 2𝑦𝑖𝑚 − 1 and Ɍ∗
𝑗𝑚 = 𝑞𝑖𝑚𝑋𝑖𝑚

∗ 𝜌𝑗𝑚 

The empirical model estimated for livelihood 

diversification is given as Eq. 11. 

 

Livelihood diversification = β0 + β1Gender +
β2Age + β3Adults + β4Homekeeping +
β5Experience + β6Extensiion + β7Contract farming +
β8Training + β9FBO + β10Credit access +
β11Arable land + β12Windstorm + β13Flood +
β14Drought + β15Forest fire +
β16Climate information + β17CCV perception +
β18Financial assets + β19Physical assets +
β20Social assets + β21Human assets +
β22Technological assets + β23 Political assets (11) 
 

Table 1 provides the definition of variables and their 

expected signs.  

 

 

RESULTS AND DISCUSSION 

 
Distribution of livelihood diversification among farmers 

The distribution of livelihood diversification among the 

sampled respondents (Tab. 2) shows, that irrespective of 

the gender group, the majority of maize farmers engage in 

crop diversification and crop-livestock diversification. 

These were nonetheless higher for male heads than the 

female groups. However, more females (both female 

heads and female spouses) engage in other livelihood 

portfolios than male heads. This implies that while on-

farm diversification is higher for males, non-farm 

diversification is higher for females.  
 

Model diagnosis  

From the result, the estimated Wald chi squares in all four 

models were statistically significant, implying that the 

estimated models were well fitted. The joint correlation 

tests in all the models were also significantly different 

from zero (Table 3). The significance of the joint 

correlation means the hypothesis that the adoption 

decision of livelihood diversification strategies is 

independent (zero correlation between the error terms) is 

rejected; hence, the estimation of the multivariate model 

is appropriate. Also, most of the paired correlation test 

between livelihood strategies were significant and positive 

or negative (Table 3). The positive correlation means that 

these livelihood diversification strategies are 

complementary with the negative correlation means that 

these strategies are substitutes. Generally, majority of the 

paired correlations were negative, suggesting a high 

substitutability of the diversification strategies. This was 

expected as engaging in these strategies require resource 

investment.   
 

Factors influencing the adoption of various livelihood 

diversification strategies 

In the following sections, the factors that influenced the 

adoption of the various livelihood diversification 

strategies are provided.  
 

Factors influencing crop diversification 

Crop diversification involves the cultivation of more than 

one crop either on the same plot or on separate plots. In 

this study, crop diversification is defined as the cultivation 

of any other staple crop in addition to maize. In 

diversification literature, crop diversification is one of the 

strategies that is highlighted to improve household food 

security and welfare, amidst climate change. For instance, 
Neudert et al. (2015) provides that households become 

wealthy with higher crop diversity while Birthal et al. 

(2015) argued that crop diversification into high-valued 

crops can enhance household’s livelihood outcomes such 

as food security and welfare. The factors that significantly 

determine households’ decision into crop diversification 

are gender, age, extension, contract farming, windstorm, 

flood, climate information, financial assets, physical 

assets, social assets, human assets and technological assets 

(Tab.4).  

 

 

 

Table 2: Level of engagement in various livelihood strategies  

Livelihood strategy Male heads Female heads Female spouses 

Freq. % Freq. % Freq. % 

Crop diversification 288 88.89 85 78.70 153 81.82 

Animal rearing 262 80.86 61 56.48 104 55.61 

Trading 88 27.16 35 32.41 56 45.99 

Agro-processing 92 28.40 48 44.44 54 28.88 

Professional/skilled employment 77 23.77 30 27.78 60 32.09 
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Table 3: Correlation matrix of error terms 

 X Sample category CD CLD CTD CAD 

CLD Pooled 0.142(0.076)*       

Male heads 0.035(0.139) 
   

Female heads 0.235(0.194) 
   

Female spouses 0.527(0.118)***       

CTD Pooled -0.200(0.075)*** -0.111(0.068)*     

Male heads -0.121(0.131) -0.027(0.109) 
  

Female heads 0.182(0.207) 0.079(0.174) 
  

Female spouses -0.54(0.116)*** -0.29(0.122)**     

CAD Pooled 0.069(0.077) -0.024(0.072) -0.058(0.068) 
 

Male heads -0.006(0.116) -0.157(0.08)** -0.077(0.096) 
 

Female heads -0.009(0.245) 0.352(0.122)** -0.382(0.227*) 
 

Female spouses 0.363(0.137)*** 0.092(0.143) -0.124(0.135) 
 

CPD Pooled -0.003(0.081) -0.019(0.071) -0.19(0.0678)*** -0.23(0.069)*** 

Male heads -0.061(0.145) -0.059(0.117) -0.015(0.104) -0.37(0.108)*** 

Female heads -0.66(0.150)*** -0.310(0.222)* -0.331(0.259) 0.033(0.259) 

Female spouses 0.059(0.132) 0.219(0.133)* -0.35(0.116)*** 0.024(0.126) 

Chi sq. Pooled 33.744***     

Male heads 24.278*** 
  

Female heads 18.034* 
  

Female spouses 50.598***      

Note: ***, ** and * indicates significant levels at 1%, 5% and 10%, respectively; CD=On-farm (crop) diversification; CLD=Crop-
Livestock diversification; CTD=Crop-Trade diversification; CAD=Crop-Agro-processing diversification; CPD=Crop-Prof/Skilled 

job diversification 

 

Table 4: Factors influencing crop diversification 

Variable Pooled Male heads Female heads Female spouses 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Gender 0.373b 0.162 
      

Age -0.015 b 0.007 -0.033 a 0.012 -0.036 0.029 0.0001 0.017 

Home keeping 0.049 0.053 -0.025 0.095 -0.020 0.144 0.104 0.105 

Experience 0.008 0.007 0.016 0.010 0.019 0.019 0.013 0.016 

Extension -0.364 b 0.156 -0.871 a 0.249 -0.219 0.737 0.457 0.323 

Contract farming 0.616a 0.212 0.923 b 0.399 2.811 b 1.363 0.360 0.337 

Training 0.195 0.158 0.251 0.255 0.490 0.573 0.050 0.300 

Adults 0.018 0.022 0.019 0.038 0.011 0.080 0.010 0.040 

Windstorm -0.133 0.165 0.217 0.271 -1.00 c 0.541 -0.35 c 0.356 

Flood -0.071 0.159 -0.639 b 0.276 1.254 b 0.629 0.403 0.320 

Drought 0.099 0.154 0.141 0.242 0.729 0.485 -0.294 0.301 

Climate info. -0.268c 0.149 -0.131 0.245 0.413 0.452 -0.68 b 0.281 

Forest fires 0.012 0.059 0.071 0.099 0.002 0.157 0.021 0.126 

CCV perception 0.087 0.158 0.255 0.260 0.196 0.473 -0.439 0.322 

Financial asset 0.683 a 0.183 0.647 b 0.288 0.778 0.822 0.273 0.330 

Physical assets 0.049 0.094 0.089 0.153 0.360 0.389 -0.24 b 0.107 

Social assets 0.031 b 0.016 0.030 0.038 1.074 b 0.454 0.020 0.022 

Human assets 0.068 a 0.023 0.049 0.037 0.156 0.101 0.066 0.042 

Technology assets 0.284 c 0.156 0.283 0.257 1.164 c 0.706 0.537 c 0.314 

Political assets 0.097 0.154 0.291 0.232 -0.507 0.535 -0.592 0.383 

Constant 0.801 0.384 1.915 0.626 0.202 1.236 1.047 0.797 

Note: a, b and c indicate significant levels at 1%, 5% and 10%, respectively 
 

 

Gender had a positive effect on crop diversification 

and this means that male heads have a higher probability 

of engaging in crop diversification strategy than the 

females. This could be due to the vital role men play in 

providing food for the family. In most rural homes, men 

usually engage in the cultivation of multiple food crops to 

meet the food diversity needs of their families while 

women’s crop productions are mainly to complement 

males’ production. This is consistent with the findings of 
Abay et al. (2009). FAO (2016) and Adam and Zakaria 

(2015) also estimated that male farmers have higher crop 
diversification than females. Contrary, Rehima et al. 

(2013) estimated a negative effect of gender on crop 

diversification and argued that female heads may be more 

concerned about providing food for the family than the 

males.  
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Age had a significant effect on crop diversification 

among the male heads and also for the pooled sample. The 

negative marginal effect means that the younger male 

heads or the younger farmers in general have a higher 

probability of cultivating an additional staple crop than the 

older farmers. In adoption studies, younger farmers are 

described as early adopters due to their innovativeness and 
their desire to try new things. Consistently, Shahbaz et al. 

(2017) and Asravor (2017) found a negative relationship 

between age and crop diversification and labour 
diversification, respectively. Jiao et al., (2017) argued that 

younger household heads are likely to engage in labour 

intensive diversification strategies than capital intensive 
strategies. Contrary, Asante et al. (2017) and Abay et al. 

(2009) found that the extent of crop diversification is 

higher for older farmers and argued that the older farmers 

are risk averse.  

Extension access had a significant effect on crop 

diversification among male heads and the pooled sample. 

These effects were negative. Thus, male heads or farmers 

who had access to extension services have a lower 

probability of engaging in crop diversification. Although 

this is contrary to expectations, it is conceivable since 

extension services are often crop tailored. Thus, the 

services are provided to farmers cultivating a particular 

crop with no or minimal crop diversification promotion. 

Generally, FAO (2011) indicated a low access to 

extension services by women. Consistent with this study, 
Mesfin et al. (2011) and Abay et al. (2009) found a 

negative effect of extension on crop diversification. 
Mesfin et al. (2011) argued that, extension services aimed 

more at improving productivity and profitability which 

favour specialisation and neglects the role of crop 
diversification in risk reduction. The study of Asante et 

al. (2017) however estimated a positive effect of extension 

on crop diversification decisions as well as the extent of 

diversification.  

The effect of contract farming is positive in all models 

but significant for the pooled sample, male heads and 

female heads. This means that farmers, particularly, male 

and female heads who engaged in contract farming have a 

higher probability of diversifying crops. Contract farming 

provides opportunity for farmers to receive both physical 

inputs such as improved seeds and technological 

assistance from their partners.  

The effect of flood on males’ decision was negative 

but positive on females’ decision and when pooled 

together, the effect was also negative. This was significant 

for male heads and the female heads. These effects mean 

that while male farmers who experienced flood within the 

past three years have less probability of engaging in crop 

diversification than those who did not experience flood, 

female farmers who experienced flood have higher 

probabilities of diversifying their crops. The study of 
Abay et al. (2009) revealed that there is a positive 

relationship between average rainfall and crop 

diversification. FAO (2016) also estimated that rainfall 

shocks have a negative effect on crop diversification in 

Niger.  
Contrary to expectations and the findings of Ngigi et al. 

(2017), farmers who received climate information have 

lesser probabilities of engaging in crop diversification. 

One would expect that with climate information, the 

farmers would cultivate multiple crops other than only 

maize. However, the survey revealed that farmers that 

received climate information are able to identify the type 

of crop or maize variety to cultivate based on the 

information available to them. Therefore, they are likely 

to engage in crop specialization than crop diversification. 

Financial asset (measured by access to credit) 

significantly influenced farmers’ decision into crop 

diversification. Thus, male farmers and farmers as a 

whole, have a higher probability of engaging in crop 

diversification if they have access to in-cash or in-kind 

credit. The effect of credit on diversification can be 

explained through its effect on resource mobilization. The 

credit risk averse nature of females could explain the 

insignificant effect among the female spouses. 

Consistently, Adam and Zakaria (2015) also estimated 

no significant effect of credit on crop diversification by 

females. Physical assets had a negative significant on crop 

diversification decision of female spouses. On the other 

samples, the effect was positive but insignificant. The 

negative significant effect means that female spouses with 

higher physical assets have a higher probability of 

engaging in crop specialization than diversification. From 
Ngigi et al. (2017), the level of consumer durable assets 

was found to improve the probability of female spouses’ 

adopting crop related climate smart technologies. 
Shahbaz et al. (2017) also found that households with 

tractor (a physical asset) ownership have higher crop 

diversification intensity. Social assets had a positive effect 

on both males and females as well as when gender blind is 

assumed. However, this effect is significant in only female 

heads and the pooled samples. While groups serve as a 

source of labour, providing assistance to each other (Ngigi 
et al., 2017), peaceful coexistence ensures that farmers 

have peace of mind to engage in their livelihood activities. 

This is consistent with the findings of Dube and Guveya 

(2016). There is a positive effect of human assets on crop 

diversification in all models but significant for only the 

pooled samples. Thus, with higher human assets, famers 

have higher probabilities of engaging in crop 

diversification. Studies such as Asravor (2017) and FAO 

(2016) also estimated a positive effect of education on 

crop diversification.   

Technological assets had a positive effect on all 

models and also significant for all except male heads. This 

implies that the probability of engaging in crop 

diversification increases with the technological assets 
level. Empirically, Mesfin et al. (2011) found that farmers 

who own machineries such as water pumps have a high 

probability of crop diversification. However, Dube and 

Guveya (2016) found that farmers who engaged in 

irrigation farming have lower crop diversification index. 

 
Factors influencing mixed maize crop-animal 

diversification  

This section examined the factors influencing maize 

farmers’ decision to engage in animal rearing as a 

livelihood strategy; thus, simultaneous maize-animal 

farming. Mixed crop-animal production system is an 

environmentally and economically sustainable production 

method where farmers engage in the production of crops 
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and animals on the same piece of land or different pieces 
of land (Liebig et al., 2017; Nhemachena et al., 2014; 

Lemaire et al., 2013; Ryschawy et al., 2013; Tarawali 

et al., 2011). The system provides mutual benefits to both 

crops and animals (Thornton and Herrero, 
2015;Valbuena et al., 2012; Herrero et al., 2010), cost 

effective (Asante et al.,  2017) and have less agricultural 

carbon footprints (Gil et al., 2016; Thornton and 

Herrero, 2015). Animals can easily be managed on farms 

in periods of climate shocks such as droughts (Chandra 
et al., 2017). Chandra et al. (2017) further argued that not 

only are livestock cheaper and less labourious, but also 

serve as an insurance for droughts and floods and a source 

of relief in times of hardship and crop failure. In this study, 

a number of socioeconomic, climate and asset factors had 

significant influence on both male and female farmers’ 

probability of engaging in this farming system (Tab. 5).  

Gender had a positive significant effect on 

diversification into animal production (Tab.5). This 

implies that the male heads have higher probability of 

engaging in this diversification portfolio than the females. 

This again justified the need for the segregation of the 

estimation based on the gender groups.  

In all models, age had a negative effect on farmers’ 

decision to engage in animal rearing. This is significant for 

all models except male heads’ model. This means that 

younger farmers, particularly, younger female have a 

higher probability of engaging in mixed maize crop-

animal farming system than the older farmers. Consistent 
with the findings of this study is the work of Jiao et al. 

(2017). Extension service had a negative significant effect 

on farmers’ decision when the pooled sample is assumed. 

However, the effect is insignificant when gender samples 

are considered. The negative effect means that farmers 

who had access to extension services have a lesser 

probability of integrating animals into the crop farming 

systems than those who did not received extension service. 

Training had a mixed effect on crop-animal diversification 

as this was positive and significant for male heads but 

negative and significant for female heads. Thus, while 

male heads that had some form of training in crop 

production have a higher probability of engaging in mixed 

crop-animals farming, the reverse is the case for the 

female heads.  

The number of adults in a household have a negative 

effect on animal rearing decision in all samples except that 

of the male heads. However, this effect is significant on 

only female spouses. This means that female spouses that 

have many adults in their households have lesser 

probability of engaging in mixed crop-animal farming 

system as a respond to climate change. In most agrarian 

households, adults provide readily available labour to each 

other, especially, the household heads.  

Farmers, particularly male heads and their spouses, 

who experienced droughts over the past three years have a 

higher probability of engaging in integrated crop-animal 

farming. The reverse is true for the female heads, although 

insignificant. One reason for which animal rearing is a 

preferred adaptation strategy is the low dependence on 

rainfall for animal rearing. Therefore, it is conceivable that 

maize crop farmers who have experienced drought would 

engage in animal rearing since they can obtain water from 

sources such as pipes, boreholes or streams for the 

animals. However, flood had a negative significant effect 

on crop-animal diversification for the female spouses. 

Although insignificant, the positive effect of flood on 

diversification by the pooled sample, male heads and 

female heads are consistent with the researcher’s apriori 

expectation. Generally, farmers who are able to observe or 

perceive the trend in climatic variables such as rainfall and 

temperature have a higher probability of rearing animals 

than those who perceive the trends in climate variables 

wrongly. The implication thereof is that those who have 

the right predictions are able to take precautionary 

measures and adapt to climate change accordingly. This is 

particularly significant for the pooled sample.  

In all samples, financial assets have a positive effect 

on the decision to integrate animals into crop farming, but 

significant for only the pooled model. Thus, farmers or 

households with high financial assets have higher 

probabilities of engaging in mixed crop-animal farming 

than those with lesser financial asset. Financial assets 

provide a source of income for farmers and this could be 

a source of motivation towards the decision on animal 
rearing. Soltani et al. (2012) explained that access to 

financial capital encourage households to engage in 

lucrative activities that require less labour and land. 
Similarly, Asante et al. (2017) estimated a positive 

significant effect of credit on both the decision and extent 

of livestock diversification and also, a positive effect on 

the extent of crop-livestock integration. The effect of 

social assets on integrated crop-animal farming is positive 

in all models but significant for only the female headed 

households. In most farming communities, social asset is 

a major source of information, knowledge and labour. 

Therefore, with higher social assets, households can make 

the decision on rearing animals since they may get the 

social support for such activities. Human assets also have 

a positive effect on farmers’ decision into integrated crop-

animal farming. This is however significant for all 

samples except for male heads. This implies that farmers 

with high human assets have a higher probability of 
engaging in animal rearing. Consistently, Jiao et al. 

(2017), Gil et al. (2016) and Soltani et al. (2012) found a 

positive effect of education on diversification into 
livestock production. Contrary, Winters et al. (2009) 

found that, there is a negative relationship between 

education and livestock rearing in Ghana. The study also 

revealed that with increased technological assets, famers 

in general have an increasing probability of rearing 

animals in addition to crop production. This support the 

need for making technologies more available, accessible 

and easy to understand and use by the households.  

 
Factors influencing households’ crop-trade 

diversification decision 

Trading involves buying and selling. It is one of the 

common livelihood strategies especially in informal 

economies such as rural agrarian communities. From the 

literature, trading is generally classified under non-farm 

diversification portfolios. The results for the determinants 

of crop-trade diversification (Tab. 6) shows the factors 

that had significant effect on the decision by farmers to 

engage in trading and crop farming simultaneously as a 
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livelihood strategy in response to climate change and 

variability are discussed.  

Expectedly, gender had a negative significant effect 

on trading decision by the farmers. Thus, females have a 

higher probability of engaging in trading activities than the 

males. Observation from Ghanaian economy suggests that 

females often engage in trading activities than males. This 

is contrary to the result of Mathenge and Tschirley 

(2015), where male heads have a higher probability of 

engaging in business and informal activities.  

The higher the number of hours spent at home, the 

lesser the probability of engaging in trade activities (Tab. 

6). This is specifically significant for female spouses and 

the pooled samples. Female spouses have much domestic 

activities to perform than the males, for instance, the 

provision of water, cooking and caring for children. 

Therefore, this effect is observed through the loss of time 

for engaging in trading activities in addition to farming.  

The number of adults present in a female headed 

household decreases the probability of engaging in crop-

trade diversification for the female heads. Contrary to this 

finding, Asmah (2011) found that the number of 

household members in various adult categories (15-59 

years) have positive significant effects on non-farm 
diversification activities. Owusu et al. (2011) estimated 

that while household size generally leads to higher 

probability of non-farm employment, dependency ratio 

decreases the probability of engaging in the same 

activities.  In general, experienced farmers have a lesser 

probability of engaging in crop-trade diversification than 

the less experienced farmers. This is significant for the 

pooled sample and the female heads. The study observed 

that, the experienced farmers have fair knowledge on 

climate change and are able to adopt crop production 

systems to minimise its impacts. Therefore, the probability 

of engaging in trading as a climate response strategy is 

lower for these experienced farmers. Access to extension 

services have a negative effect on the decision to engage 

in crop-trade diversification by both males and females. 

This effect is significant for all samples except male heads. 

Windstorm has a mixed effect on household’s 

decision to engage in crop-trade diversification. While 

male heads whose homes were affected by windstorm for 

the past three years have a lesser probability of engaging 

in crop-trade diversification, female heads that had similar 

windstorm impacts have a higher probability of engaging 

in crop-trade diversification. This effect was also positive 

for female spouse except that it is insignificant for these 

respondents. This demonstrates gender difference in 

factors that drives adaptation to climate change.  The 

effect of forest fires on crop-trade diversification is 

significant and negative for female spouses. Thus, female 

spouses who experienced bushfires have a lesser 

probability of engaging in trading activities.   

Assets that have significant effect on crop-trade 

diversification includes financial assets, physical assets, 

social assets and human assets. Financial and human 

assets have positive effects on female heads’ decision to 

engage in crop-trade diversification; physical assets have 

a positive effect on male heads’ decision to engage in 

crop-trade diversification; social assets have negative 

effect on female spouses’ decision to engage in crop-trade 

diversification. The positive effects of financial, physical 

and human assets suggest that the probability of engaging 

in trading increases if the levels of these assets increase. 

This demonstrates the need to expand the asset level of 

these households in order to enhance their diversification 
into non-farm activities such as trading. Jiao et al. (2017) 

also estimated that households with high physical assets 

are more likely to engage in business activities, described 
as high remunerating livelihood strategies. Owusu et al. 

(2011) also estimated a positive effect of financial asset on 
the decision to trade. In a more recent study also, Aziz et 

al. (2017) estimated a positive effect of access to formal 

credit on diversification into non-farm activities such as 
trading. Similarly, Osarfo et al. (2016) estimated that the 

ownership of physical assets such as truck and motorbikes 

improves the probability of engaging in non-farm 

livelihood activities such as petty trading. The negative 

significant effect of social assets on trading decision 

among the female heads could be as a result of low 

effectiveness of female heads’ participation in social 
networks. This is contrary to the findings of Aziz et al. 

(2017). The positive effect of social asset on trading is 
consistent with the findings of Ngigi et al. (2017) who 

established that there is a significant difference (favouring 

husbands) in farmer group participation although group 

members enjoy economies of scale.   

 
Factors influencing farmers’ crop - agro-processing 

diversification decision  

This section involves the analysis of the factors that 

influence farmers’ decisions to engage in diversification 

into agro-processing activities. A number of factors had 

significant effect on the farmers’ decision (Table 7). These 

includes home keeping hours, experience, adults, 

extension access, training, drought, forest fires, climate 

information, financial assets, physical assets, social assets, 

human assets, technological and political assets. The 

specific effect of each factor is discussed below.  

Although negative, the effect of gender on 

diversification into agro-processing is insignificant. 

Generally, female farmers and entrepreneurs are engaged 

in agro-processing than the males. This is consistent with 

the findings in Table 7 where more females than males 

engage in agro-processing.  

The total number of hours spent on domestic activities 

had a positive significant effect on male headed 

households’ and a negative effect on females’ (significant 

for female spouses) decision into agro-processing. In most 

instances, men have much time to engage in off-farm 

activities than females since domestic works such as 

cooking are solely women activity in the northern Ghana. 

Matshe and Young (2004) argued that, the low level of 

females’ participation in off-farm work is due to their time 

commitments at home and the general bias in labour time 
allocation. Relatedly, Kassie et al. (2017) elucidated that 

females perform activities such as cooking and child 

bearing/caring which are not considered as income 

generating activities but limits available time for engaging 

in diversification activities outside the farm. 
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Table 5: Factors influencing crop-animal diversification  

Variable Pooled Male heads Female heads Female spouses 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Gender 0.520 0.136             

Age -0.016 0.006 -0.004 0.010 -0.035 c 0.021 -0.049 0.014 

Home keeping -0.045 0.044 -0.024 0.081 -0.125 0.132 0.005 0.079 

Experience 0.028 0.006 0.014 0.009 0.026 c 0.015 0.059 0.014 

Extension -0.235 c 0.134 -0.045 0.202 -0.322 0.411 -0.170 0.243 

Contract farming 0.020 0.156 -0.064 0.245 1.606 0.643 -0.288 0.269 

Training 0.079 0.132 0.407 c 0.208 -0.912 0.424 0.164 0.253 

Adults -0.004 0.019 0.042 0.033 -0.046 0.061 -0.058 c 0.032 

Windstorm -0.091 0.139 -0.291 0.215 -0.157 0.379 0.329 0.301 

Flood 0.016 0.137 0.058 0.224 0.063 0.386 -0.450 c 0.249 

Drought 0.537a 0.133 0.749 a 0.205 -0.361 0.403 0.423 0.247 

Climate 

information 

-0.154 0.126 0.029 c 0.203 -0.528 0.357 -0.244 0.230 

Forest fires -0.010 0.049 -0.006 0.081 0.154 0.134 -0.049 0.092 

CCV perception 0.297b 0.133 0.336 0.209 0.566 0.368 0.186 0.240 

Financial asset 0.279 b 0.141 0.107 0.211 0.468 0.454 0.242 0.267 

Physical assets -0.005 0.084 -0.160 0.133 -0.164 0.203 0.280 0.184 

Social assets 0.017 0.012 0.034 0.027 0.109 c 0.068 0.001 0.019 

Human assets 0.034 c 0.019 0.034 0.031 0.220 b 0.086 0.059 c 0.033 

Technological 

assets 

0.299 b 0.127 0.302 0.210 0.448 0.393 0.030 0.234 

Political assets 0.065 0.135 0.175 0.192 0.187 0.410 0.114 0.295 

Constant 0.036 0.324 -0.220 0.503 2.018 1.087 1.252 0.631 

NOTE: a, b and c indicate significant levels at 1%, 5% and 10%, respectively 

 

 

Table 6: Factors influencing households’ crop-trade diversification 

Variable Pooled Male heads Female heads Female spouses 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Coeff. Std. 

Error 

Gender -0.453a 0.127 
      

Age 0.007 0.006 0.007 0.009 0.085 a 0.026 -0.003 0.012 

Home keeping -0.112 a 0.042 -0.112 0.074 -0.010 0.149 -0.187 b 0.074 

Experience -0.009 c 0.005 -0.002 0.008 -0.052 a 0.018 -0.005 0.012 

Extension -0.337 a 0.125 -0.103 0.176 -0.865 b 0.417 -0.709 a 0.239 

Contract farming -0.119 0.143 -0.016 0.208 -0.698 0.669 -0.203 0.258 

Training 0.160 0.122 0.285 c 0.177 -0.277 0.440 -0.076 0.243 

Adults 0.014 0.017 -0.001 0.025 -0.275 a 0.086 0.049 0.031 

Windstorm -0.039 0.129 -0.40 b 0.197 1.366 a 0.448 0.006 0.279 

Flood 0.009 0.126 0.277 0.193 -0.316 0.386 -0.209 0.242 

Drought 0.001 0.125 -0.019 0.183 0.067 0.408 0.124 0.243 

Climate 

information 

-0.001 0.117 -0.194 0.178 0.046 0.366 0.335 0.221 

Forest fires -0.065 0.045 0.023 0.066 -0.184 0.141 -0.207 b 0.093 

CCV perception 0.053 0.128 0.085 0.197 -0.154 0.385 0.140 0.238 

Financial asset 0.233 c 0.127 -0.042 0.185 0.571 0.447 0.618 b 0.263 

Physical assets 0.032 0.079 0.240 b 0.123 -0.533 0.368 -0.211 0.175 

Social assets -0.002 0.011 0.026 0.017 -0.147 c 0.082 -0.023 0.019 

Human assets -0.006 0.018 -0.003 0.028 0.187 0.118 -0.005 0.031 

Technological 

assets 

0.110 0.112 0.170 0.167 0.176 0.419 -0.112 0.227 

Political assets -0.040 0.122 -0.104 0.164 -0.172 0.422 0.362 0.312 

Constant -0.020 0.301 -0.912 0.440 -1.804 1.213 0.763 0.585 

NOTE: a, b and c indicate significant levels at 1%, 5% and 10%, respectively 
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Table 7: Factors influencing farmers’ crop- agro-processing diversification decision 

Variable Pooled Male heads Female heads Female spouses 

Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error 

Gender -0.153 0.132 
      

Age 0.006 0.006 -0.010 0.008 -0.021 0.024 0.014 0.014 

Home keeping 0.037 0.043 0.120 c 0.071 -0.314 c 0.164 -0.131 0.084 

Experience -0.004 0.005 0.011 0.008 0.009 0.019 -0.034 b 0.014 

Extension 0.360 a 0.126 0.264 0.178 1.076 b 0.440 0.383 0.243 

Contract farming -0.152 0.152 -0.056 0.218 0.559 0.581 -0.440 0.283 

Training 0.117 0.124 -0.066 0.176 -0.143 0.433 0.400 0.249 

Adults 0.023 0.017 0.042 0.026 -0.005 0.067 0.061 c 0.032 

Windstorm 0.015 0.131 0.183 0.186 -0.394 0.419 -0.058 0.306 

Flood -0.179 0.131 -0.244 0.196 0.026 0.482 0.073 0.261 

Drought 0.358 a 0.130 0.339 c 0.182 0.267 0.430 0.422 0.268 

Climate information -0.212 c 0.121 -0.436 b 0.182 -0.583 0.432 0.250 0.241 

Forest fires 0.077 c 0.047 0.092 0.067 0.301 c 0.157 -0.044 0.104 

CCV perception -0.151 0.133 -0.162 0.195 -0.399 0.402 0.239 0.259 

Financial asset -0.473 a 0.136 -0.401 b 0.193 -1.913 a 0.522 -0.617 b 0.288 

Physical assets 0.070 0.081 -0.058 0.120 1.413 a 0.395 -0.262 0.211 

Social assets 0.024 b 0.011 0.037 0.017 0.490 b 0.251 0.003 0.020 

Human assets 0.022 0.019 0.011 0.029 0.198 b 0.099 0.026 0.034 

Technological assets -0.202 c 0.119 -0.130 0.172 -0.669 0.431 0.049 0.245 

Political assets 0.135 0.123 0.100 0.160 1.248 b 0.518 0.014 0.334 

Constant -1.088 0.309 -0.933 0.431 -0.093 1.216 -0.999 0.641 

Note: a, b and c indicate significant levels at 1%, 5% and 10%, respectively 

 

 

Household adults provides an essential labour that are 

readily available and at a minimum or zero cost. 

Therefore, households with many adults would have a 

positive urge to engage in off-farm activities. This was 

confirmed by the positive significant effect of adults on 

agro-processing diversification (Tab. 7). This is consistent 

with the work of Matshe and Young (2004) where 

households with many household adults had a higher 

probability of participating in off-farm work and spend 

longer hours on these activities than those with fewer 
household adults. In a related study, Ali et al. (2017) found 

that farmers with larger household sizes have a higher 

probability of engaging in off-farm activities such as agro-

processing. Experience had a negative effect on agro-

processing diversification on the pooled and female 

spouses but negative for the male heads and female heads 

samples. However, this was significant for only the female 
spouses. Consistently, Ullah et al. (2015) found that, 

experienced farmers are more likely to avoid 

diversification in response to climate risks. Contrary, 
Danso-Abbeam et al.(2017) estimated that farmers with 

higher experience in maize farming have a higher 

probability of engaging in off-farm work. Farmers, 

particularly, female heads that had access to extension 

services had a higher probability of engaging in off-farm 

diversification. This was expected as extension services in 

recent times include agribusiness education such as agro-

processing. Contrary and although not statistically 
significant, Kassie et al. (2017) found an inverse 

relationship between agriculture extension and off-farm 

work engagement.  

The climate related factors that significantly 

influenced the decision to engage in agro-processing are 

drought, forest fires and access to climate information. For 

instance, farmers who experienced climate shocks, 

specifically drought and forest fires in the past three years 

have a higher probability of engaging in agro-processing 

than those who did not experience any of these shocks. 

This is due to the fact that climate shocks farming is highly 

exposed to the negative impacts of these shocks and the 

farmers quest for maintaining the standard of living of 

their families. In recent years, drought has become a major 

challenge to most of the farmers in northern Ghana, while 

floods are also affecting lives and properties, especially at 

the cities. Therefore, farmers may engage in agro-

processing activities as a way of spreading risks from total 

crop failure due to climate shocks and add value to farm 

products. It is consistent therefore that household heads 

(both males and females) that had access to climate 

information have a lesser probability of engaging in agro-

processing. Thus, with access to climate information on 

climate shocks and information on the weather, farmers 

are better placed to make farming decisions and this 

reduces their probability of engaging in off-farm 

activities. This is consistent with Mathenge and 

Tschirley's (2015) noted that rural households engage in 

off-farm work to offset the effects of weather shocks on 

farms. 

All assets had positive significant effect on 

diversification into agro-processing except financial and 

technological assets that were negative. This means that if 

household’s assets are increased, the probability of 

engaging in agro-processing activities would also 

increase. This reiterates the important roles assets in 

shaping the livelihood of households. The negative 

significant effect of financial asset on agro-processing 

decision by the farmers can be due to the positive effect of 

credit on capital mobilization for farm activities and the 

ability to purchase farm inputs. The negative effect of 

credit on agro-processing in this study is consistent with 
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the findings of Kassie et al. (2017) but contrary to Beyene 

(2008) who found that credit enhances the probability of 
engaging in off-farm work. From Aziz et al. (2017), 

education which involves a measure of human assets have 

a nonlinear effect on diversification into non-farm 

activities. Generally, Matshe and Young (2004) found 

that, assets have a positive effect on the probability of 

engaging in off-farm work but a negative effect on the 

hours spent on these activities.  

 
Determinants of crop farmers’ diversification into 

professional and skilled employment 

One of the major forms of livelihood diversification is 

professional employment and skilled jobs. It is important 

to note that professional/skilled employment is a form of 

non-farm activity. In the case of professional jobs such as 

teaching and health works, farming is considered as a 

secondary job while farming remained a primary 

occupation for most farmers with skilled professions such 

as woodcarving, dressmaking or hairdressing. In this 

section, the factors that influence farmers’ decision to 

engage in professional or skilled jobs as a response 

strategy to climate change are discussed (Table 8). The 

factors that significantly influence diversification into 

processional/skilled jobs are gender, age, home keeping 

hours, extension, contract farming, training, climate 

information, forest fires, climate perception, financial 

assets, physical assets and technological assets (Tab. 8).  

There was a negative significant relationship between 

professional/skilled employment and gender. This means 

that female household heads or spouses have a higher 

probability of engaging in professional activities than the 

male heads. Although this is contrary to a priori 

expectations, observations from rural settings of Ghana 

where this study is conducted suggests that skilled 

employment is more common among the females than the 
males. Contrary, Asfaw et al. (2017) however observed 

that females have less probabilities of engaging in non-

farm works because they engage in household chores that 

limits their available time for non0farm work. 

Age had a negative significant effect on 

diversification into professional/skilled employment 

among male household heads and when a pooled sample 

is assumed. This means that the relatively younger male 

heads or farmers in general have a higher probability of 

engaging in skilled and professional activities than the 

older farmers. This is consistent with the findings of 

Mathenge and Tschirley (2015). Expectedly, the higher 

the education of a household, the higher the probability of 

engaging in skilled or professional employments. Like 

most other parts of Ghana, persons with higher education 

would want to engage in white collar and skilled jobs. 
Ullah et al. (2015) also estimated a positive effect of 

education on diversification and argued that people 

become aware of the importance of diversification as a 

response to climate shocks. In a cross country analysis, 
Winters et al. (2009) found a positive effect of education 

on engagement in non-agricultural wage employment in 

Ghana. Consistently, Mathenge and Tschirley (2015) 

found that household heads with higher education have a 

higher probability of engaging in salary employments. 

The number of hours spent on domestic works had a 

negative effect on males but positive effect on females. 

However, the effect is significant for only the females.  

 

 

Table 8: Determinants of diversification into professional and skilled employment 

Variable Pooled Male heads Female heads Female spouses 

Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error 

Gender -0.303b 0.135             

Age -0.009 0.006 -0.029 a 0.010 0.002 0.020 0.014 0.013 

Home keeping -0.037 0.043 -0.099 0.082 0.156 c 0.081 0.126 c 0.077 

Experience -0.006 0.006 0.004 0.009 -0.002 0.014 -0.025 c 0.013 

Extension 0.089 0.134 0.038 c 0.209 -0.295 0.387 -0.104 0.244 

Contract farming -0.296b 0.154 -0.475 c 0.244 0.897 c 0.510 -0.189 0.267 

Training -0.517 a 0.135 -0.628 a 0.220 0.200 0.429 -0.437 c 0.250 

Adults 0.011 0.018 0.015 0.028 -0.018 0.059 -0.001 0.030 

Windstorm -0.170 0.136 -0.321 0.219 -0.014 0.339 0.071 0.284 

Flood 0.082 0.134 -0.010 0.221 -0.132 0.346 0.135 0.241 

Drought -0.031 0.130 0.187 0.202 0.316 0.415 -0.327 0.246 

Climate information 0.282 b 0.124 0.620 a 0.204 0.314 0.383 -0.233 0.222 

Forest fires -0.129 a 0.048 -0.183 b 0.076 -0.110 0.133 -0.045 0.094 

CCV perception 0.328 b 0.139 0.926 a 0.262 -0.062 0.354 -0.128 0.244 

Financial asset 0.222 c 0.136 0.198 0.208 0.202 0.370 -0.009 0.274 

Physical assets 0.185 b 0.083 0.222 c 0.130 0.337 c 0.198 0.256 0.179 

Social assets -0.009 0.012 -0.025 0.018 -0.094 0.137 0.008 0.019 

Human assets 0.008 0.019 0.000 0.031 0.027 0.080 -0.018 0.033 

Technological assets 0.107 0.119 0.230 0.189 -0.622 0.447 0.443 c 0.236 

Political assets -0.041 0.132 -0.270 0.194 0.059 0.386 -0.138 0.300 

Constant -0.134 0.324 -0.252 0.525 -1.048 1.052 -0.809 0.615 

Note: a, b and c indicate significant levels at 1%, 5% and 10%, respectively 
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Figure 1: Predicted probability distributions 
Source: Computed from multivariate regression results 

 

 

Although it was expected that domestic hours would 

reduce available time for economic engagement and 

diversification, it can be argued that skilled jobs are often 

performed at home or within the community. Therefore, 

females may be able to easily combine these skilled jobs 

with domestic activities than the males. Experience in 

farming has a negative effect on the decision to engage in 

skilled and professional activities for all samples except 

for male heads. However, this effect is significant for only 

female spouses. 

The effect of extension on the decision to engage in 

skilled and professional employment is positive and 

significant for only male heads but negative and 

insignificant for the females. This implied that irrespective 

of access to extension service by females, their decision 

on engaging in skilled employment remained significantly 
unaffected. Asfaw et al. (2017) also estimated that farmers 

with access to extension services have a higher probability 

of engaging in skilled employments. There is a negative 

relationship between contract farming and skilled or 

professional activities. This relationship is significant for 

all samples except for female spouses. This means that 

farmers who engage in contract farming have lesser 

probabilities of engaging in professional and skilled 

employments than those who do not engage in contract 

farming. Contrary to expectations, farmers who had any 

form of training in crop production have a lesser 

probability of engaging in skilled or professional 

activities.  

Climate shocks and climate related variables have 

significant effects on crop farmers’ diversification into 

skilled or professional jobs. These factors include forest 

fires, climate information and perception on climate 

change. For instance, there is a negative significant effect 

of forest fires on the decision of male heads or farmers in 

general to engage in skilled and professional 

employments. This is contrary to a priori expectations. 

Also, farmers, particularly male heads, who had an 

information on climate change and have perceived 

changes in climatic conditions appropriately have a higher 

probability of engaging in skilled and professional jobs. 

This means that with climate change, farmers are more 

likely to more away from farm activities to non0farm 

activities. Contrary, Mathenge and Tschirley (2015) 

found that households that are located in high rainfall 

regimes are less likely to engage in salary employments.  

Among household asset variables, financial assets, 

physical asset and technological assets had positive 

significant effect on diversification into skilled and 

professional jobs. For instance, financial assets lead to 

higher probability of engaging in skilled jobs by the 

farmers in general. The learning of skill or professional 

activities requires money. Therefore, it is possible that 

access to agricultural credit relief household income to pay 

and learn skill and professional activities or that some 

parts of the credit received are diverted to the learning of 

these activities. Thus, the real income of the households 

increases with access to credit, thereby, promoting the 

learning of skilled or professional jobs. This is consistent 
to Asfaw et al. (2017) where they estimated a positive 

effect of access to microfinance on diversification into 
non-farm employment. Consistently also, Kassie et al. 

(2017) estimated a positive effect on diversification into 

non-farm activities. Also, physical assets had significant 

effect on diversification into skilled jobs by male heads, 

female heads and farmers in general while technological 

assets lead to higher probabilities of diversification by 

female spouses.  

 
Predicted probability distributions 

The predicted joint probabilities of diversification by the 

respondents (Fig. 1) show that the joint probability of the 

farmers engaging in none of the livelihood activities is 

higher (0.015) than the joint probability of engaging in all 

livelihood activities (0.006). This difference was highly 

observed among female heads than other category of 

respondents. The implication is that there is minimal 

chance for a more diversified livelihood among the 
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farmers. However, the female spouses have a higher 

probability of adopting all diversification portfolios. This 

is consistent with the estimated negative correlation 

among the strategies as observed in Table 5  

 

CONCLUSIONS AND RECOMMENDATIONS  

 

This study examined the factors that influence livelihood 

diversification among male heads, female spouses and 

female heads. It involved a multivariate probit model with 

five equations; crop diversification, animal rearing, 

trading, agro-processing and professional or skilled 

employment equations. The estimation of this model was 

justified by the model diagnosis results. The results 

highlighted that socioeconomic, climate factors, and 

household assets have significant influence on each 

diversification strategy. Depending on the gender group, 

the effects (either the level of significance or the sign of 

the marginal effect) of these variables differ. Importantly, 

climate shocks and access to climate information are 

important in defining the livelihood diversification 

strategies of a household. Conclusively, the assumption of 

gender difference in the factors that influences livelihood 

diversification is appropriate since some factors which 

influence specific livelihood diversification for females do 

not have effect on males. Even in situations where these 

factors affect both males and females, the direction of the 

effects differs. There is the need to make climate 

information available to the farmers on regular basis. 

Perhaps, this could be done through mobile phones in 

native languages. Social policies and interventions that 

can reduce the domestic hours for females should also be 

promoted. Farmers, government and non-governmental 

agencies should promote effective social networks and 

extension service to the farmers since this promote their 

diversification decisions.  
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