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Abstract

High temperature, erratic rainfall, and drought are the three major physical manifestations of
climate change in Ghana. Smallholder farmers in Ghana have shown vulnerability to the
impacts of climate change, with some farmers employing migration as an adaptation
mechanism. Using primary data collected from 500 maize farmers in seven districts of Ghana,
our study draws a link among climate perception, migration and productivity of maize farmers
by estimating a two-step Heckman sample selection model and employing inductive coding to
analyse the qualitative data. The results show that farmers’ experience, access to farm credit,
farm size, location, usage of NPK fertilizer, and local seeds have positive impact on the
productivity of maize farmers. Additionally, household size, main occupation, membership in
farmer-based organisations, and perception of declined soil fertility have significant effects on
migration decisions of smallholder maize farmers. The qualitative reports show that perceived
increase in temperature, drought, flooding, and erratic rainfall has led to a decline in the
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productivity of maize farmers. Among others, we recommend that relevant stakeholders (i.e.,
policy makers and NGOs in the agricultural space) should focus on promoting the use of
improved seeds, and NKP fertilizer, coupled with the provision of farm credit and expansion of
farm sizes to enhance the productivity of maize farmers in Ghana. Also, smallholder farmers
should be supported to engage in alternative livelihood enterprises, join farmer-based
organisations and to adopt techniques that enhance soil fertility in order to reduce
climate-induced migration among maize farmers.

Keywords: Heckman, Ghana, climate change, productivity, maize farmers
1. Introduction

Many empirical studies confirm the adverse impacts of climate change in Sub-Saharan Africa
(SSA), increasing the vulnerabilities of many countries (Niang et al., 2014). According to
Gbangou, et al. (2020), high temperature, erratic rainfall, and prolonged dry spells are the three
main physical manifestations of climate change in Ghana. The threats from climate change are
already having significant effects on the livelihoods of many people, with the agriculture sector
increasingly threatened by the changing climate (Nelson et al., 2009). Climate change
exacerbates the deterioration of agricultural system, resulting in decreased farm outcomes and
livelihood opportunities among rural folks which could result in food insecurity, poverty, and
migration (FAO, 2017). However, studies that link climate perception, migration, and
productivity are non-existent.

Majority of smallholder farmers in SSA are poor with less adaptive capacity to climate change
(Fisher et al., 2015), and depend heavily on rainfed agricultural systems for the production of
crops such as maize (Di Falco, 2014). According to Adimassu et al. (2014), maize production
in SSA is still at the subsistence level, meaning that farmers consume most of what they
produce and sell the surplus to cater to their household needs. However, rising temperature
coupled with erratic weather conditions such as floods and drought, all emanating from climate
change is expected to significantly affect productivity of maize farmers (Sutcliffe et al. 2016).

In Ghana, climatic change has manifested through increased temperature, drought, and
flooding events in the last 40 years (Asante and Amuakwa-Mensah, 2015), increasing the
vulnerabilities of smallholder farmers just as in many other countries in Africa, south of the
Sahara (Bawakyillenuo, Yaro and Teye, 2014). Ghana has a diverse cropping system, spread
across different ecological zones (Srivastava et al., 2018), reflecting the need for
context-specific adaptation mechanisms to address the impacts of climate change on cropping
systems (Williams, Crespo and Abu, 2019).

Smallholder production has been identified as an important source of income by providing
many poor households with employment opportunities in Ghana (Abdulai et al., 2017).
Smallholder farmers’ perceptions of climate change in the rainfed agricultural systems are
important in understanding their response to climate change (Snaibi et al., 2021). For that
matter, Maddison (2007) asserted that smallholder farmers with the cognitive ability to
perceive changes in climatic events are often more prepared to tackle threats from climate
change. Smallholder farmers in SSA have proven to be innovative and dynamic in combating
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the effects of climate change, several adaptation strategies including improved crop varieties,
soil and water conservation measures, early planting, diversification of livelihood, chemical
fertilizer use, etc. are used by smallholder farmers (Adzawla et al., 2019). Other measures such
as agriculture intensification, agroforestry, planting drought-tolerant varieties, and migration
were also found to be popular among many smallholder farmers in Ghana (Antwi-Agyei,
Stringer, Dougill, 2014; Bawakyillenuo, Yaro and Teye, 2016; Codjoe, Owusu and Burkett,
2012).

Migration has been a climate change adaptation strategy for many smallholder farm
households in SSA. According Jawura (2013), migration is the second most important coping
strategy of most households in northern Ghana in response to the negative effects of climate
change. For Nicholas, Dugle, and Darius (2017), migration remains one of the most crucial
strategies that is central to a host of adaptation strategies used by many farmers in resource
poor areas in Ghana. Migration involves the movement of a group of people or individuals
from their home origin to new settlements due to adverse impacts of demographic factors
(Kallio, 2016), economic factors (Mihi-Ramirez and Kumpikaite, 2014) and environmental
factors (Mil&n-Garc m et al., 2021) or a combination of all (Kok et al., 2003).

Climate change affects the livelihoods of individuals and households through its implications
on agricultural productivity, hence increasing their incentives for migration (Waldinger and
Fankhauser, 2015). Migration as a climate adaptation strategy is not new in climate change
adaptation studies. It is widely agreed that migration presents itself as a positive beneficial
climate change adaptation strategy (Bardsley and Hugo, 2010). The effects of climate change
and migration on farm productivity  of smallholder farmers in Ghana and in sub-Saharan
Africa (SSA) at large, cannot be overlooked. While the impact of climate change on
agriculture is well documented in literature (Azumah et al., 2021; Williams et al., 2019), the
nexus between climate change, migration, and their consequences on maize production have
not been adequately assessed and documented, hence, the need for this study. Empirical
evidence shows that labour force in developing countries is likely to respond to climatic change
by migrating for greener pastures. However, there is less evidence on the relationship between
climate change, migration, and the productivity of maize especially in the Ghanaian context.
This study was therefore conducted to determine how migration and perception of climate
change impact the productivity of maize farmers in Ghana. The rest of the paper is organised as
methodology, results and discussions, conclusions and policy recommendations.

2. Study area and Methodology

This section outlines the technical approach for conducing this study. It highlights the
characteristics of the study area, sampling process and data collection, and tools for data
analysis and interpretation.

2.1 Study Area

The study was conducted in seven districts of Ghana: Sissala East, Kintampo, Wiaso, North
Gonja, Nkronza, Juaboso, and Gushiegu. These districts were purposely selected because of
the concentration of maize production and their vulnerabilities to the effects of climate change.
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The districts were then put into their respective region for easy identification and to ensure
ecological representativeness: Kintampo and Nkoranza representing Bono East region;
Gushegu from Northern region; North Gonja from Savannah region; Wiaso and Juaboso from
Western North region. Consequently, the regions were further categorized into two zones i.e.,
Northern (Upper West, Savannah, and Northern regions) zone and Southern Zone (Bono East
and Western North regions). The agro-ecological nature of the Northern Zone makes it
particularly suitable for livestock production because of the vast grassland and also good for
the production of major cereals and legumes such as maize, groundnut, rice, cowpea, and
soybean. Some smallholder farmers in the Northern zone practice some mixed farming systems
notwithstanding the extreme weather events prevailing in the zone. The Northern zone is
characterized by a short rainy season and a long period of dry conditions with its accompanying
high temperature (Ghana Statistical Service, GSS, 2013). Yearly floods have become a
common feature in this part of the country. Despite these extreme weather conditions, Maize is
widely cultivated in the Northern Zone amid fears of crop failure. The Southern zone
comparatively has some favourable weather conditions despite increasing threats of climate
change. The Southern zone of Ghana experiences a bi-modal rainfall pattern and currently
experiencing erratic dry spells and occasional flooding. The zone is particularly suitable for the
production of cereals (maize, rice), root and tuber crops (yam, cassava, cocoyam), fruit tree
crops (citrus, mango), and other industrial tree crops (cashew, cocoa, rubber) (GSS, 2013).

2.2 Sampling and Data Collection

Both quantitative and qualitative data were collected using structured questionnaires, key
informant checklists, and focus group discussion (FGD) guides. 500 maize farmers selected
from the five regions made up the sample for the quantitative data (meaning,100 farmers from
each of the regions were interviewed). In each of the study districts, 50 to 100 maize farmers
were randomly selected. Qualitative data were collected through key informant interviews with
experienced maize farmers (migrants and non-migrants) and opinion leaders within the study
districts. Also, five FGDs were conducted in Juboaso, Kintampo, Nkoranza, Wiaso, and
Sissala East districts, to obtain more information on climate perception among migrant and
non-migrant maize farmers.

2.3 Data Processing and Analysis

In this study, Propensity Score Matching (PSM) was first used to account for confounding bias
(observed biases) among migrant and non-migrant groups of maize farmers. The propensity
scores were calculated for each maize farmer and had a probability ranging from 0 to 1,
specifying which group or condition a maize farmer belonged to (migrant or non-migrant) on a
particular set of restrained variables. The study sample was reduced to 492 after executing the
PSM, meaning, only maize farmers with propensity scores were included in the Heckman
two-stage selection model for analysis.

Data were analysed both qualitatively and quantitatively. Qualitative analysis of data from
focus group discussion and key informant interviews were done using the inductive coding
method, which allowed for participants' responses on climate perceptions to be summarized
into forms that can easily be understood. Quantitative data from individual household surveys
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were analysed inferentially using Heckman's two-stage sample selection model.

The Heckman selection model (Heckman, 1976) was used to analyse the relationship among
migration, perception about climate change, and the productivity of maize farmers in Ghana.
The Heckman two-stage sample selection model follows a two-equation model. There is the
treatment (substantive) equation as stated in equation 1.

Vi=xp+ 1 1)
The selection equation model is stated by equation 2.
S=2zy+tU >0 2)

The error terms hold the distributions stated by equations 3a-3c):

Uy~N(0,0) (32)
u~N(0,1) (3b)
corr(py, puz) = p (3c)

In the treatment model:

y; represents the dependent variables.

= x; represents the observable characteristics of the independent variables.
= [ represents the parameters to be estimated in the treatment model.

= u, is a normally distributed error term which has a zero mean and o as standard
deviation.

In the selection equation:

= z; shows the observable features which covers the overlapping variables

= x;, and zi represents the vectors of parameters to be estimated.

= u, isadistributed error term with a mean of zero and a standard deviation equal to one

(1).
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= pis the correlation between the two error terms to be estimated.
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In the substantive equation of this study, it was assumed that the treatment equation model is
used to explain maize productivity as depicted by equation 4:

Vi =x1;f1 + Cify + 1y = Xif + 1 (4)

Where productivity of maize was denoted as y,; a vector of observable features related to

climate perception was denoted as x; in which x;; represents the endogenous variables; C;
denoted the exogenous variables; 1, f2, and [ were estimated as vectors of parameters
Xy4 Ciand X;.

u; is a normally distributed error term which had zero mean and a standard deviation of

represented as . Here, the dependent variable y; may not always be observed, and it is

especially observed only when the productivity of maize is influenced by climate perceptions
and other covariates. Therefore, in the selection equation model (i.e., productivity of maize
farmers), the dependent variable was observed if:

Ziva+Cy, +6, =72y +6; >0 (5)

where Z; is a vector of observable features related to climate perception, which included the
overlapping variables with C;; Z,; representing the endogenous variables that may or may not

be the same as x,;; y;, ¥> and y are vectors of the parameters that were estimated; &; is a

distributed error term with a mean of zero and a standard deviation equal to one. This equation
described the probability that climate perception was greater than zero. The error terms held the
following distribution:

u;~N(0, o)

8;~N(0,1)

corr(u;, 6;) =p

where p denoted the correlation between the two error terms that were estimated. The
parameter A = op, known as the inverse Mills ratio was estimated as selection coefficient.
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The estimation of the Heckman selection regression started from the selection model. In the
first step, the probit regression was used to model the sample selection process in equation 5.
Next, the inverse Mills ratio A (the error from the probit equation explaining selection) was
computed based on the probit regression results.

In the second step, the inverse Mills ratio was added to regression analysis as an independent
variable, with the ordinary least square (OLS) used to provide a consistent parameter estimates
in equation 4.

3. Results and Discussions

In section 3, we present and discuss the summary statistics of the variables used in the
econometric model. The section also presents empirical findings and discussions on the impact
of climate perception and migration on maize productivity, and smallholder farmers’
perception of climate change in Ghana.

3.1 Summary Statistics of Variables

The results in Table 1 below presents the definitions and summary statistics of the explanatory
variables included in the model. Maize farmers on average have 15 years of farming experience.
This result is expected to have a positive effect on maize productivity among respondents.
About 71% of the maize farmers were males while 29% represented female maize farmers.
Also, the average age of maize farmers was 42.6 years, indicating an active adult working
group. About 38% of the maize farmers were from southern Ghana while 62% were from
northern Ghana.

Maize farmers had an average household size of 7.9 exceeding the national average of 3.6
persons per household (GSS, 2021). About 17% of maize farmers targeted had no access to
farm credit. Farm Credit is an influencer in farmers' access to key production inputs. Access to
farm credit could improve access to productive inputs. Thus, resulting in higher productivity.
The credit variable is expected to have a positive relationship with productivity. The main
occupation of most (94%) maize farmers is farming. Relatively, about 22% of maize farmers
are members of farmer-based organisations.

Also, maize farmers cultivate an average farm size of 5.84 acres. Surprisingly, maize farmers
applied about 426kg (8.52 bags of 50kg) of NPK *on an average farm size of 5.84 acres. This
means that on average farmers are applying an average of 1.45 bags or 72.9kg of NPK on an
acre of farmland. This is far below Ghana’s Ministry of Food and Agriculture recommended
rate of 3 bags or150kgs of NPK per acre. Improved seed use among maize farmers was low as
shown in table 1.

An average of 13.06 kg of improved seeds was used by maize farmers on an average farm size
of 5.84 acres. This implies that maize farmers used an average of 2.23 kg of improved per acre.
The low NPK fertilizer and improved seed use among maize farmers may be attributed to either
unavailability or the high cost of inputs. This result shakes the core of the planting for food jobs
initiative, which aims at making inputs available, accessible and affordable for smallholder

1 NKP Means Nitrogen-phosphorus-potassium
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farmers to procure.

Similarly, farmers used an average quantity of 223.77kg or 4.47 bags of urea on an average
farm size of 5.84 acres. This translates to an average of 1.3 bags or 65kg of urea per acre.
Further to this, maize farmers used about 17.57 kg of local seed for production. This means that
farmers use an average of 3 kg of local seed per acre. This has an expected negative effect on
productivity.

The result (Table 1) reveals that about 38% of maize farmers captured in this study are from the
south. Most maize farmers rely largely on family labour for farm work. Maize farmers use an
average of 5 household members for farm work compared to an average of 3 hired labour used.
Most (85%) maize farmers perceived soil fertility to have decreased.

Table 1. Definition and summary statistics of variables

Definition of variables A priori Mean Std. Dev.
expectation?

Sex (dummy: 1 if male, O if female) +/- 0.71 0.020

Age (in years) + 42.69 0.58

Main occupation (dummy: 1 if farming, 0 if +/- 0.94 0.0104

otherwise)

Household size (number of dependents in a +/- 7.98 0.207

household)

Location (dummy: O if northern, 1 if southern) +/- 0.38 0.021

Experience (Number of years in maize farming) + 15.23 0.54

Membership of FBO (dummy: 0 if No, 1 if yes) + 0.22 0.018

Access to credit (dummy: 0 if No, 1 if yes) + 0.174 0.0174

Access to extension services (dummy: O if No, 1 if + 0.44 0.22

yes)

Benefit from climate-smart training (dummy: O if No, + 0.32 0.021

1 if yes)

Farm size (total number of acres cultivated by a + 5.84 0.27

farmer)

NPK (total quantity (kg) of NPK applied by a farmer) + 426.93 37.54

Urea (total quantity(kg) of urea applied by a farmer) + 223.77 68.89

Location (dummy: O if northern, 1 if southern) +/- 0.38 0.021

Local seed (total quantity (kg) of local seed used by a - 17.57 1.39

farmer)

Improved seed (total quantity (kg) of improved seed + 13.06 2.27

2Expected sign or direction of the variable

89

http://jas.macrothink.org



ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A |I'IStitl.Ite " 2022, Vol. 10, No. 1

used by a farmer)

herbicide (total quantity (liters) of herbicide used by a + 8.66 0.55
farmer)

Insecticide (total quantity (liters) of insecticide used + 2.87 0.20
by a farmer)

Perception of flood (dummy: 1 if increased, O if - 0.65 0.021
otherwise)

Perception of drought (dummy: 1 if increased, O if - 0.56 0.022
otherwise)

Perception of pest and diseases (dummy: 0 if - 0.22 0.018
increased, 1 if decreased)

Perception of soil fertility (dummy: O if increased, 1 if - 0.85 0.015
decreased)

Family labour (number of family members engaged in + 5.14 1.62
farm work)

Hired labour (number of people hired to engage in + 3.35 0.175
farm work)

Migration status (dummy: 1 if migrant, 0 if +/- 0.57 0.495

non-migrant)

3.2 The Relationship Among Climate Perception, Migration and Productivity of Maize
Farmers in Ghana

Productivity of maize in Ghana is influenced by several factors. These factors can range from
environmental, economic, social, and political. This study examined the effects of climate
perception and migration on productivity of maize farmers using the Heckman two-stage
selection model. In all, 31 explanatory variables were included in the model. Twenty-one and
ten variables were included in both the outcome and selection equations respectively. A model
diagnostics test performed backs the appropriateness of the Heckman two-stage selection
model in elucidating the magnitude to which the explanatory variables influence productivity
of maize farmers. The Wald chi-square is significant at 1% (Prob >Chi? = 0.0000), suggesting
that the explanatory variables conjointly explained the differences in the factors that impact
productivity of maize farmers. The results in Table 2 present estimates of the outcome equation
(maize productivity) and selection equation (migration status).

We first present the factors which influenced the migration (selection equation) of maize
farmers. Household size was significant at 1% but negatively correlated with migration status.
This means that maize farmers with large household sizes are more likely to be non-migrants.
This result may be attributed to labour demands of a household and the fact that having large
households will support the execution of farm work. This is particularly important for
households that cultivate large farm sizes and earn substantial income from their farm. As
asserted by Gebre, Isoda et al. (2021), households in rural areas rely largely on family labour
for farm work because of limited access to hired labour. Large household sizes can keep pace
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with labour demands of their production and as such can execute farm activities timely. Thus,
impacting positively on their yields.

\ MacrOthi“k Journal of Agricultural Studies

Also, the main occupation was significant and positively related to migration status. Implies,
farmers who take farming as their main occupation are more likely to be migrants. This was
expected because farmers who take farming as their main occupation have their livelihoods
depend on farming and its associated benefits, as such, any threat to their livelihood such as
climate change threats may cause them to migrate to new environments as means to cope. In
this circumstance, farmers may see migration as a coping strategy.

Membership in a farmer-based organisation (FBO) was found to have a significant but negative
effect on migration status. This means that members of FBOs are more likely to be indigenes.
Relatively reasonable to expect this result because such groups may be long-standing groups
that probably come with stringent membership access, as such making it difficult for new
members (migrants) to join. Also, some groups are formed based on the familiarity of members,
this may pose difficulty for migrants to join since they are often regarded as strangers.

Perception of changes in soil fertility was found to have a significant and positive relationship
with migration status. This result would imply that maize farmers with an increased perception
of decline in soil fertility are most likely to be migrants. This was expected because maize
plays a dual role as an income generator and food security crop in Ghana. Also, most farmers
captured in this study consider maize farming as their main occupation. This means that maize
farmers have their livelihoods dependent on farming. As such, decline in soil fertility that could
potentially affect productivity will result in migration to new environments where soil fertility
is good.

The productivity function revealed that except for famers perception on rising pest and disease
infestation, all the four climate change perception predictors had negative and no significant
relationship with productivity. The experience variable (maize farming) showed a significant
and positive association with productivity. This means that maize farmers with added years of
experience have a higher probability of achieving higher productivity than those with fewer
years of experience. This can be explained by the fact that experienced farmers know their
environments well and the kind of practices that improves their production and therefore will
continuously improve their production practices by seeking more information and training on
improved production practices. This finding is consistent with a prior expectation of positive
effect and similar to findings of Mwalupaso et al. (2019); Sapkota and Joshi (2021), and Ali,
Xue-xi et al. (2019) who found a significantly positive effect of farming experience with
productivity of maize farmers. The authors argue that added years of experience increase the
expected skill of the maize farmer since they learn by doing and that experienced farmers are
effective and allocate farm resources better.

Similarly, access to credit had a positive and significant effect on productivity. This means that
credit access increases the probability of achieving higher productivity. This is because credit
availability increases the purchasing power of farmers and as such are better able to procure
inputs that will increase their productivity (see Mabe et al., 2018). Again, the result meets a
prior expectation of a positive relationship. Similar results of this study corroborate with Belete
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(2020), Lin et al. (2019), and Siaw et al. (2021). The authors found a significant and positive
relationship between credit and productivity. They assert that farmers' access to farm credit
empowers them to pay for productive inputs and invest in resources that improve the long
productivity of their farm.

Consistent with the findings of Khanal et al. (2018), Roco et al. (2017), Konja et al. (2019),
Abdulai et al. (2018) and Adzawla and Alhassan (2021), farm size had a positive and
significant relationship with productivity. This indicates that an increase in productivity can be
more likely when farm size increases. In Ghana, over 80% of farming is done by smallholder
farmers with minimal or no mechanisation. Smallholder farmers cultivate an average farm size
of less than 2 ha, thus, resulting in lower productivity. Nonetheless, the result found in this
study suggests that when farmers invest more in productive land expansion, higher
productivity could be achieved. However, the study diverges from Ugbagbe et al. (2017) who
found a negative effect of farm size on soybean output in Kano State. They attribute this
relationship to high plant density per unit farm area. Their findings limited the capacity of
farmers to manage large faces especially in the face of minimal utilization of agricultural
machinery. Output loss resulting from delayed harvest can gravely impact the overall output of
maize.

Location was found to have a significant and positive effect on productivity. This result
suggests that maize farmers in the South have higher productivity than farmers in the North.
This result was expected because given the differences between the North and South in terms
of climate change impacts, access to infrastructure, income differentials, etc. The gravity of
these differences is contained in a study by Scheiterle and Birner (2018), where they affirm that
poorly developed infrastructure, limited natural resources, relatively uneducated farmers, low
income, unimodal rainfall pattern, and high impact of climate change are more aligned to
northern Ghana. Low-income constraints farmers’ access to key production inputs like
fertilizer and improved seed.

Bad road networks and poor communication networks also affect farmers' access to extension
services/agricultural information, inputs, etc. Also, inefficiencies in the input distribution
system, smuggling, political forces, and hoarding of inputs are a major hindrance to farmer
access to key inputs especially in Northern Ghana (Scheiterle and Birner, 2018).

NPK application was highly significant and positively related to productivity. This implies that
when farmers increase the quantity of NPK applied, the likelihood of attaining higher
productivity is high, corroborating with Toungos (2019); Bua, Mejahed et al. (2020), and
Scheiterle, H&ing et al. (2019). This result was expected since NPK is key nutrient elements
for optimal maize growth. Decline in fertility of soils in Ghana especially in the North makes
fertilizer (NPK) use, a necessity if farmers are to keep afloat with sustained yields. As reported
in the summary statistics (see table 1), the quantity of NPK fertilizer used by maize farmers is
far below the recommended rates, chronic challenges such as availability, accessibility, and
affordability may be limiting farmers' use of NPK fertilizer. In fact, Abdulai et al. (2018) found
a negative association of fertilizer and crop productivity. The authors finding may be attributed
to the inefficiencies in fertilizer use, hence, this expected result. Thus, policy action or
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enforcement of distribution plans by the government is highly recommended so that
smallholder farmers can also access this key input.

Local seed use showed a significant (10%) and positive correlation with productivity. This
would mean that farmers an increase in the quantity of local seed use has the likelihood of
impacting productivity. This result is rather surprising because extensive studies show a weak
relationship between local seed use and crop productivity (Abro, Debela, & Kassie, 2019;
Kassa, Tarekegn and Mogiso, 2020; Ngango & Hong, 2021). While this result may come as a
surprise, a plausible reason for the positive effect of local seeds could be that they are well
adapted to local growing conditions.

The effect of improved seed usage on crop productivity has been discussed extensively in
several studies (Teklewold, Kassie, & Shiferaw, 2013; Manda, Alene, et al., 2016; Bezu et al.,
2014; Khonje et al., 2015; Walker & Alwang, 2015; Evenson & Gollin, 2003; Suri, 2011; Abro,
Dabela & Kassie, 2019). This study examined the effect of improved seed use on productivity
in Ghana. The results as shown in table 2 connotes that improved seed use was very significant
and exhibited a positive relationship with productivity. This would imply maize productivity
will increase when there is an increased use of improved seed. The finding is in sync with
studies like Abro, Debela, and Kassie (2019); Meughoyi (2018); Anang (2018), and
El-Sanatawy et al. (2021), who found that improved seed use increases farmer’s productivity as
compared with local or recycled seeds. However, inefficiencies in the use of improved seeds
may lead to lower productivity. It is therefore imperative for smallholder farmers as well as the
government to facilitate the efficient use of improved seeds to achieve the desired outcome.

Family labour was found to have a positive relationship with productivity. This suggests that
the productivity of maize increases when more family labour is engaged. This result is
contrasted by Mwalupaso et al. (2019), who asserts that an increase in family labour lowers the
productivity of maize because there will be an inequitable distribution of labour and the
assigned responsibilities may not be executed efficiently. However, other studies like Gebre,
Isoda et al. (2021); Oyetunde-Usman and Olagunju (2019) and Konja et al. (2019) validate this
study; the authors found a positive correlation between family labour and productivity. Gebre,
Isoda, et al. reports that rural households that are unable to afford the services of hired labour
depend largely on family labour and this has shown a positive impact on their farm productivity.
The use of family labour has an incremental impact on productivity because they are the
beneficiary of farm income and food supplies. They are more productive because of lower
costs associated with engaging them i.e., supervision and labour charges.
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Table 2. Results from Heckman sample selection model (two-step)

Variable Coefficient Standard error
Output

Sex of respondent 91.00141 961.4251
Household size -128.9098 143.5429
Maize farming experience 75.18416** 35.92351
Member of FBO 423.2371 1323.62
Access to farm credit 4633.246*** 1101.394
Access to agric. Extension service -937.5431 1098.576
Benefit from climate-smart agricultural training 1627.677 1135.762
Farm size 471.4736*** 111.6936
Location 1900.061* 1171.624
Quantity of npk50kg 2.458294*** .8852356
Quantity of urea 50kg 0.0577786 .2641567
Quantity local seeds 88.47697*** 13.06491
Quantity of improved seeds -14.19094* 7.606508
Quantity of Herbicides 0.8758676 43.16874
Quantity of Insecticides -75.17388 92.19843
Perception of floods 1367.217 961.5033
Perception of drought -347.1918 909.2728
Perception of pests and diseases 838.5896 894.3639
Perception of soil fertility -176.7754 1359.363
Family labour -14.5932** 7.719166
Hired labour 24.3008 118.9815
Constant -2763.476 2958.517
Migrants

Age of respondent 0.0017553 .0050486
Sex of respondent -0.1219653 14451
Household size -.0488079*** .0133142
Main occupation 0.834198*** 2738173
Marital status -0.1653394 1209026
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Member of FBO -0.2578757* 1491008
Location -0.1937418 1405656
Perception of floods 0.1445044 .1294454
Perception of drought 0.0715941 1327904
Perception of soil fertility 0.3054961* 1729212
Constant -0.2942805 3799415
Wald chi? (21) 447.35
Prob> chi? 0.0000
Lambda 4708.674 3877.236
Rho 0.70290
Sigma 6698.9049
N 492

Note: *, **, and *** represent statistical significance at 10%, 5%, and 1% respectively
Source: Computed from field data, 2021
3.3 Smallholder Farmers’ Perception of Climate Change

It is widely acknowledged that for farmers to effectively respond to climate change, they must
have information on climate and climate risk events (Deressa et al., 2009; Orlove et al., 2010).
In this study, we collected qualitative data through key informant interviews and focus group
discussions to ascertain smallholder farmers’ perceptions about climate change. Participants in
both focus group discussions and key informants' sessions expressed their understandings of
some observed changes in the climate in Ghana over the past few years. In all, the focus group
discussion and key informant interviews participants reported four extreme weather events that
have experienced some changes over the last few years. These included high temperature,
torrential rainfall, drought, and flooding. Table 3 summarizes the responses of participants
about their perception of climate change.

As reported by participants across the study districts, the temperature has increased over the
period with nights and days becoming extremely hot. The participants noted that increased
temperature has consequently affected the performance of their maize crops and also led to the
drying of their streams and dams. A similar finding has been reported by Antwi-Agyei and
Nyantakyi-Frimpong (2021), who found that farmers in northern Ghana perceive the
temperature to have increased in a way that affects the livelihoods of people such as increased
disease conditions, low crop productivity, and drying of water bodies.

Also, irregular rainfall patterns were reported by participants in both key informant interviews
and focus group discussions. The inability of farmers to adequately predict the rainfall pattern
had consequential effects on their productivity of maize. Again, a similar finding by
Antwi-Agyei and Nyantakyi-Frimpong (2021) opined that erratic rainfall as perceived by both
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women and men contributed significantly to poor crop yields.

Again, smallholder farmers’ perception of flooding shows an increase and this is impacting
negatively on their productivity. Reported impact during the focus group discussions revealed
that floods contributed significantly to the loss of crops and properties. Similar assertions were
made during the key informant interviews as participants noted the destruction of crops and
farmlands as a result of flooding.

Table 3. Smallholder farmers perception of climate change

Observed Statements by farmers Impacted reported Impacted reported

changes in by farmers in FGDs | by key informants
Climatic

conditions

Increased “The temperature has increased. It is | Drying of streams | Drying of streams and

temperature not like what we used to experience. | and dams. dams.
During the day the weather is very hot | crop failure. Crop failure.
and nights are unbearable as we have
to come out of our rooms to sleep. Our
crops are also drying up very fast
since the rains have been delayed in
recent times. Likewise, our streams
and dams are equally drying”

Irregular rainfall | “Unlike some years ago, we can no | Travel long distances | Low crop
longer predict the timing of rainfall. | in search of water. productivity.
Rainfall has reduced drastically and | | gy crop
no longer comes early. Rainfall | hroductivity.
duration has decreased and rains for
a short period and stops. This affects
our crops since they do not get
enough water to grow and our dams
also dry up fast since the rains do not
have much”

Prolong drought | “The wet season is gradually | Travel long distances | No water for dry
becoming shorter and dry periods | in search of water. season farming.
longer. Drought conditions are | [ ow crop | Low crop
affecting our crops and animals since | productivity. productivity.

they are not getting enough water to
survive”

Increased
flooding

“Flooding of our farmlands has
increased and is now an annual
phenomenon. When it floods, our
crops, animals and other properties
get destroyed”

Destruction of crops.

Destruction of maize
crops.

Source: Transcription of FGDs (2021)

4. Conclusions and Policy Implications

The adverse impacts of climate change pose a threat to the agriculture sector, especially for
rainfed farming systems. Increasing awareness of farmers about climatic events presents a
significant step in combating climate threats. Migration is one of the adaptation strategies
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adopted by farmers in response to climate events in Ghana. Using a cross-sectional research
design, the study collected qualitative and quantitative data from households in five regions of
Ghana. This study assessed the perception of smallholder farmers about climate change using
key informants' interviews and focus group discussions. Also, the study analysed the impact of
climate perception and migration on productivity of maize farmers in Ghana using the
Heckman sample selection model. Estimates from the productivity function in the Heckman
sample selection model show that experience in maize farming, access to farm credit, farm size,
location, the quantity of NPK, and quantity of local seeds have a positive effect on productivity,
while the quantity of improved seeds and family labour has a negative and significant
relationship with productivity.

Also, the results of the study show that perception of soil fertility; perception of drought,
perception of pests, and disease and perception of floods have no significant effect on
productivity. Additionally, the study found that household size, main occupation, membership
of FBO, and perception of soil fertility have significant effects on migration decisions of
smallholder maize farmers. The focus group discussion and key informant interview reports
show that four extreme weather events are perceived to have changed. These include an
increase in temperature, prolonged drought, increased flooding, and irregular rainfall pattern.
These extreme weather events have significantly impacted productivity as well as the social
and economic life of smallholder maize farmers.

The study recommends the modernisation of indigenous agricultural practices, promoting the
use of improved seeds, and nitrogen, phosphorus and potassium fertilizer coupled with the
provision of farm credit and expansion of farm size should be pursued to enhance and sustain
productivity among smallholder maize farmers in Ghana. Migration as an adaptation strategy
could also be a maladaptation, as such; smallholder farmers should be supported to engage in
other livelihood opportunities, join farmer-based organisations and adopt techniques that
improves soil fertility to reduce climate related migration among maize farmers. Capacity
building as highlighted in the Ghana national climate change policy should be pursued at the
local level to improve farmers' adaptive capacity to changes in extreme weather conditions.
Also, short term adaptation strategies such as livelihood support opportunities should be
provided to farmers to mitigate the impact of extreme weather events on productivity. In
addition, long term adaptation strategies that sustain or enhance productivity should be
pursued.
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