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Effect of climate variability adaptation strategies
on maize yield in the Cape Coast Municipality,
Ghana

Daniel Ankrah'*, Charles Okyere?, Jojo Mensah' and Emmanuel Okata?

Abstract: Maize is a major staple produced by most peasant farmers in Ghana,
amidst climate variabilities that potentially thwart the attainment of global sus-
tainable development goals (SDGs), specifically SDG —2 of zero hunger. Ordinarily,
one expects the extant literature to be replete on a nexus between climate varia-
bility adaptation strategies and maize yields. Ironically, there appears to be scant
information on the expected nexus in Ghana’s coastal areas. The dual questions
about what adaptation strategies significantly affect maize yield, and the extent
(magnitude) to which climate variability strategies affect maize yield beg answer-
ing. Inspired by these research questions, the objective of this article is to examine
the effect of climate variability adaptation strategies on maize yield. This study
relies on a cross-sectional data covering 197 smallholder maize farmers in the Cape
Coast Metropolitan Assembly of Ghana’s Central Region. The study is deeply rooted
in a quantitative approach employing multiple linear regression and a treatment
effect model (inverse probability weighted regression adjustment—IPWRA). Our
findings reveal that adaptation strategies correlate with maize yields. Specifically,
estimates from the IPWRA show that irrigation and changes in planting dates
positively correlate with maize yields. The implication is that these adaptation
strategies improve maize yields. Smallholder farmers are encouraged to adopt
effective climate variability adaptation strategies to minimize the adverse risks
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associated with climate variability. The government of Ghana’s initiative for arid
regions, dubbed as the “one village one dam” initiative can be upscaled to southern
Ghana to ensure sustainable agricultural development.

Subjects: Agriculture & Environmental Sciences; Environmental Studies; Environment &
Economics; Ecology - Environment Studies

Keywords: smallholder farmers; non-arid space; climate crisis; crop yield

1. Introduction

Most countries south of the Sahara have been cited to be highly vulnerable to the adverse effects
of climate variability because such countries major economic activities are anchored on agricul-
ture, and largely dependent on the climate, which continues to be unpredictable given the high
variations (Ankrah et al, 2023; Anum et al, 2022). However, dependence on natural climatic
factors has been shown to be detrimental to crop yields. For instance, erratic rainfall and droughts
constitute major climate factors that cause food insecurities in Ethiopia (Conway & Schipper, 2011;
Demeke et al., 2011). Bajguz and Hayat (2009) showed that increased temperatures accounted for
about half (50%) of yield loss. Climate variability directly impacts crop yield and phenology
(Duncan et al., 2015; Ruane et al., 2013). Variations in rainfall and temperature may potentially
lead to dry spells and a reduction in crop maturity periods. The literature (Lobell & Gourdji, 2012;
Lombardozzi et al., 2015) establishes that temperature increase reduces crop yields, increases crop
respiratory cycles, photosynthetic activities, and damage plant cells. Despite the adverse effects of
climate variability on crop yields, there continues to be a high reliance by smallholder farmers on
the natural climate for crop production. Fewer farmers practice irrigation, as indicated by Okyere
et al. (2022), and similarly, fewer smallholder farmers subscribe to agricultural insurance as an
effective mitigation measure to minimize the potential risks of depending solely on the natural
climate in Ghana (Ankrah et al., 2021).

We first set the tone by differentiating between climate variability and climate change.
Christensen et al. (2007) defined climate variability as changes that occur in the average climate
variables such as temperature, sunlight, rainfall, humidity etc., covering temporal and spatial
scales that extend beyond individual weather events. Whereas climate change refers to changes
in climatic variables that extend over a prolonged period often 10 years and above, due to natural
occurrences and human activities (Anum et al., 2022; IPCC, 2018). The distinction between the two
definitions lie in the fact that the climate variability accumulates over a prolonged time to yield
climate change. This article is concerned with climate variability adaptation strategies and focuses
on only smallholder farmers short-term climate adaptation strategies.

This article focuses on climate variability and maize yield in Ghana for the following reasons. First,
Ghana forms part of the countries identified to be less resilient to climate variability effects due to the
country’s high dependence on agriculture. For instance, Derkyi et al. (2018) argued that smallholder
farmers continue to struggle with variations in climate in Ghana. Kabo-Bah et al. (2016) indicated that
Ghana is already contending with the adverse effects of climate extremes, with longer, hotter days
during the dry seasons and more floods during the rainy seasons. Nkrumah et al. (2014) earlier
confirmed rising temperatures in various parts of Ghana. Second, Ankrah et al. (2021) argued that
cereals generally constitute major staples in Africa. Maize is an essential staple in Ghana consumed by
different social classes (i.e., the rich and poor) with additional use in feed composition for livestock
(Ankrah et al.,, 2023). Thirdly, due to population increase and dietary changes, demand for grains such
as maize is predicted to triple in SSA by 2050 (Kikoyo & Nobert, 2016). Smallholder farmers continuous
production of cereals using current production practices is in doubt. Islam et al. (2016) predicted that
by 2050, maize yields will be 25% lower due to climate variability globally. Tripathi et al. (2016)
indicated that relative to rice and wheat, maize yield remains adversely affected by climate variability.
The related literature clearly establishes that climate variability influences maize yields, hence climate
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variability adaptation strategies remain critical in the quest to minimize the adverse effects, especially
in the context of limited crop insurance. This article, therefore, addresses the research questions: What
climate variability adaptation strategies affect maize yield? And to what extent do specific climate
variability adaptation strategies affect maize yield and the magnitude thereof?

Effective climate variability strategies are crucial in the fight against climate variability in
reducing the adverse effects. In this regard, numerous adaptation strategies exist that include
using hybrid seeds, drought-tolerant varieties, delayed planting, irrigation, indigenous knowledge
adaptations, etc. Rao et al. (2022) showed that delayed planting of crops minimizes maize yield
loss in India. The literature (Kassie et al., 2015; Shrestha, 2014) shows that delayed sowing of crops
avoids drought and heat stress at the juvenile stages of plant growth. Tingem and Rivington (2009)
indicated that delayed sowing of maize by 60 days led to optimum maize yields in Cameroun. Deb
et al. (2015) indicated that a delayed planting could lead to 5-22.5% increase in maize yield in
India. Tachie-Obeng et al. (2013) indicated that a delayed planting time of 6 months increases crop
yield by 8.2% in northern Ghana. Additionally, the authors showed that improved maize varieties
increased maize yields. This finding on improved crop varieties as a climate variability strategy to
increase maize yields is supported in Ghana (Antwi-Agyei et al., 2014), Cameroun (Tingem &
Rivington, 2009), South America (Travasso et al, 2006), and Uganda (Epule et al, 2018).
Generally, the literature (Lv et al., 2020; Saddique et al., 2020) establishes that delayed sowing
time improves crop yield, and supplementary irrigation improves maize yield. Additionally,
increased fertilizer application (Asrat & Simane, 2018; Rao et al., 2022), soil and moisture con-
servation practices (Kikoyo & Nobert, 2016) improve maize yield. Kikoyo and Nobert (2016) indi-
cated that improved soil fertility, as a single climate variability strategy, had less effect on crop
yields when rains are low. Conspicuously, missing in the adaptation pieces of literature are copious
information on how climate variability adaptation strategies affect maize yields in Ghana, despite
the country’s vulnerability to climate variability. Studies examining climate variability adaptation
strategies on maize yields have been scant even though maize is an important staple. Rather, most
studies (Antwi-Agyei et al., 2012; Atiah et al., 2022) examine how changes in climatic variables
affect maize yields. For instance, Cudjoe et al. (2021) examined how changes in temperature and
rainfall affected maize yield in southern Ghana.

Our study’s novelty lies in the focus on how climate variability adaptation strategies influence
maize yields, distinct from the replete literatures that have overly examined the quantitative
assessment of climatic (Baffour-Ata et al, 2021, 2023; Cudjoe et al, 2021; Srivastava et al,
2018) or non-climatic variables (Aidoo et al., 2021; Ankrah et al., 2023; Anum et al., 2022;
Asante et al., 2021; Okyere et al., 2022) effect on maize yields in Ghana. The climate variability
literature in Ghana, appears scant relative to the climate change literature, and thus there is
a need for sustained research to ascertain how climate variability adaptation strategies affect
maize yield in Ghana.

We use Ghana as a case in point to illuminate the more comprehensive policy implications for
sub—Saharan Africa (SSA), given that maize is a major staple that contributes to the dietary needs
and income of farmers. Indeed, the concern about the scarce literature on the nexus between the
effect of climate variability adaptation strategies on cereal crop yields has recently been echoed by
Atiah et al. (2022). We draw inspiration from the recent concern by contributing to showing what
climate variability adaptation strategies work and what does not work effectively in improving
maize yields in southern Ghana. We note that what works in another country, might not necessa-
rily work in Ghana, given that even within Ghana, specific adaptation strategies do not work
throughout the country but remain bound to specific geographies amidst variabilities over time.
Specifically, we show that irrigation and staggering planting dates (early or late planting) positively
correlate with maize yields. The implication is that adequate financial investments are encouraged
to be channelled into formalizing peasant informal irrigation schemes, as well as encourage the
increased adoption of changes in planting dates (early or late planting) to increase maize yields.
Generally, the limited climate variability adaptation literature in Ghana, appear overly
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concentrated on northern Ghana (Bawayelaazaa Nyuor et al., 2016; Ndamani & Watanabe, 2014),
which obviously faces the extremes of the weather variables (rainfall, sunshine, relative humidity
etc) coupled with the geographical space unimodal rainfall pattern. For instance, Baffour-Ata et al.
(2021) examined climate variability effects on staples in northern Ghana. We, however, argue that
southern Ghana also deserves attention because it contributes significantly to the food staple
production and equally stands at the mercy of weather variations. Hence, the need to contribute to
the unbalanced literature on climate variability and cereal crop yield nexus, which systematically
remains skewed towards northern Ghana, and by extension, most northern spaces in other
countries in South-Saharan Africa (SSA). Finally, our study adds to the estimation rigour by using
a doubly robust treatment effect—the inverse probability weighted regression adjustment
(IPWRA)- which remains rarely used in the climate variability and crop yield nexus.

The article unfolds as follows in terms of structure: next is an overview of the methodology that
foregrounds the study. The penultimate section presents the results and undertakes a discussion
of the results within the established literature. We finally conclude and proffer policy recommen-
dations worthy of consideration.

2. Materials and methods

2.1. Study area

The study was undertaken in Ghana’s Central Region, specifically, the Cape Coast Metropolitan
Assembly (See Figure 1). The study site was selected due to consistently available data obtained
from the Statistics Research and Information Department (SRID), and the Ministry of Food and
Agriculture (MoFA). The data showed low maize yields. We found missing consistent data on maize

Figure 1. Map of Cape Coast
Metropolitan Assembly showing
study areas.
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yields spanning several years, hence we restricted our information to available data. We found that
the low yields in the study area were partly due to climate variability, therefore the need to investigate
what pertains. The information on the factors responsible for low maize yields was based on available
extant literature and exploratory study with officials in the Department of Agriculture in the metro-
politan assembly. The Ghana Meteorological Agency (GMeT) provided reliable data on weather vari-
ables (sunshine, rainfall, and temperature) from the year under consideration (Ankrah et al., 2023).

The Cape Coast Metropolis has an area of 122 square kilometers in total. It lies within longitude
1°15W and latitude 5° 06N. It is bounded on the west by Komenda Edina Eguafo or Abrem
Municipality, Abura Asebu Kwamankese District by the east, Twifo Hemang Lower Denkyira
District by the north, and the Gulf of Guinea by the south. The total population as of 2010 stood
at 118,106. Males were less (57,365) than females (60,741). The majority (60%) of farmers, and
fishermen are found in agricultural-related activities (Ghana Statistical Service, 2010). The active
agricultural workforce stands at 28,000, with few (0.3%) large scale/commercial farmers and the
majority (99.7%) smallholder farmers. About 8,000 ha of potential arable lands exist, but only
3,500 Ha is under cultivation (Ankrah et al., 2023).

The secondary forest is the main vegetation interspersed with thickets and shrubs. A coastline
of 13km long exists in the study area. Relative humidity ranges between 60% to 80%. While
temperatures lie between 24°C to 32°C. Two main seasons exists i.e., the rainy season, which
peaks in May, June and October. Typical annual rainfall precipitation falls between 90 cm to 110
c¢m along the coast, while the villages witness precipitation within the range of 110 cm to 160 cm.
The dry periods start in November and February (Ankrah et al., 2023; Ghana Statistical Service,
2010).

2.2. Study population
Babbie (2020) defines a population as the total aggregate respondents. In our study, the popula-
tion includes all maize farmers in the study site.

2.3. Sampling and sample size

Sample size defines individual subsets drawn from a population. Taking inspiration from Yamane
(1967) formula for determining sample size, we obtained a minimum sample size of 394 based on
the formula below:

N
n=-—""""-3
1+N(e)

n represents the sample size, where N represents for the population size and e represents the
precision level. The study area had a population size of 28,000, therefore based on a 95%
confidence level, a degree of variability (p=0.5) and a precision level (e=5%). We obtained

o B AN 28,000 — 28,000 28,000
a minimum sample size of: n = 17260000005 ~ T728.000(0025) ~1:70 = 394

Based on the formula, we obtained a sample size of n =394 farmers. However, due to the start of
Covid-19, it became a challenge to interview all the farmers based on the fear of contracting the
COVID-19 virus although all the required safety protocols were adhered to. Additionally, limited
time did not permit the researchers to stay longer to collect data. Thus, the expected sample size
was divided into two yielding a sample of 197 (See Ankrah et al., 2023).

In the simple random sampling approach, every individual has an equal and likely chance of
being selected from the population (Creswell & Creswell, 2017). Thus, this sampling approach
permits a more representative sample and reduces selection bias. Except for Ekon community
where only 47 farmers were selected based on the unavailability of three respondents, fifty (50)
farmers were selected from the other communities (See Ankrah et al., 2023).
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2.4. Development of data collection instrument

The research objective of our study guided the design of the data collection instrument. A structured
questionnaire comprising closed and open-ended questions was used to elicit primary information on
smallholder maize outputs, and adaptation strategies. The questionnaire was first pre-tested for
reliability and validity of data. Cohen et al. (2017) defined validity as the level of accuracy that is
applied to the research process in obtaining accurate and consistent measurements. The researchers
pre-tested the questionnaires in the Agona West Municipal Assembly, Central Region. This involved
a sample of 20 farmers. The responses helped amend the final questionnaire to accommodate
questions that the researchers never thought of. It is worthy to note that the study area selected for
the pre-test was totally different from the actual study area for the study. Therefore, the pre-test
community did not in any way affect the responses obtained in the final selected study area.

2.5. Data collection

The questionnaires were administered in-person through interviewing the selected respondents
in four communities (Dahia, Efutu Mampon, Mpeasem, and Ekon). The selection of the four
communities was undertaken randomly from the list of maize growing communities obtained
from the Department of Agriculture in the Cape Coast Municipal Assembly. The researchers
adhered strictly to the COVID-19 protocols including washing hands, wearing masks, the use of
hand sanitizers, and social distancing. However, few respondents that could not be reached,
were interviewed through their mobile phones. The data collection commenced in May, and
eventually came to an end in July, 2021. The administration of the questionnaires was done in
the local language of the respondents (i.e., the Fante language). But the responses to the
questionnaires were captured in the English language by a trained enumerator who translated
the questions into the local language and vice versa. Typically, a questionnaire administered
lasted for about 35 minutes.

2.6. Research design

This study falls within the positivist paradigm that relies solely on quantitative method of enquiry. The
study used cross-sectional survey involving 197 maize farmers through questionnaire administration.
The use of questionnaire permits the analysis of knowledge, determination of relationships among
variables quantitively, opinions, trends, and attitudes (Creswell & Creswell, 2017). Additionally, cross-
sectional data permit researchers to collect descriptive information (socio-demographic characteris-
tics, farm level characteristics), and information that relates variables. For example, the effect of
climate adaptation strategies on maize yields). Questionnaires permit the collection of varied and rich
data from a sampled population (Ankrah et al., 2023; Leavy, 2017).

2.7. Data analysis and processing

This study examines the effects of climate variability adaptation strategies (CVAS) on maize yield in
Ghana’s Central Region. In addressing the research objective, the study employs two empirical
models: (1) multiple linear regression (MLR) and (2) inverse probability weighting regression
adjustment (IPWRA). The MLR model is specified as follows:

Y, = Bo +[)’1X1,' +ﬁ2XZi +ﬁ3X3i Fo ﬂka,' + € (1)

where Y; represents total quantity of maize produced per hectare for farmer i, $, is the constant term,
B1,P2,B3, ... B are the estimated coefficients Xi;, X3i, X3i..... Xy are the K™ independent variables
(including the various CVAS), and €; is the error term assumed to be randomly distributed. (Please
see the independent variable used in Table 1). Similarly, the study uses Equation (1) to estimate the
effect of the intensity of CVAS adoption on maize yield. Here, instead of relying on the individual CVAS,
which are measured as dummy variables, we used the number of CVAS adopted by the maize farmers.
Lastly, addressing the potentially upward biased estimates from the MLR models, the study employed
the IPWRA model-a treatment estimation strategy with the so-called doubly robust properties
(Cattaneo, 2010; Wooldridge, 2010). Therefore, this model addresses the potential self-selection
bias and heterogeneity in the adoption of CVAS. For instance, the adoption of CVAS is not random,
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Table 1. Independent variables used

Variables Measurements Apriori Expectation References
Sex Male = 1, female = 0 + Anum et al. (2022),
Asante et al. (2021), Ojo
and Baiyegunhi (2020),
Tambo (2016), Yaro et al.
(2015)
Age Completed Years - + Enimu and Onome
continuous variable (2018), Gebru et al.
(2020), Kgosikoma et al.
(2018), Mulwa et al.
(2017), Mwinkom et al.
(2021), Tambo (2016),
Thinda et al. (2020)
Enimu and Onome
(2018), Gebru et al.
(2020), Kgosikoma et al.
(2018), Mulwa et al.
(2017), Mwinkom et al.
(2021), Tambo (2016),
Thinda et al. (2020)
Education Formal = 1, non-formal = + Anum et al. (2022),
0 Kgosikoma et al. (2018)
Experience Completed Years - + Denkyirah et al. (2017),
continuous variable Ojo and Baiyegunhi
(2020)
Religion Muslim =0, Christian = 1 + Aidoo et al. (2021),
Fagariba et al. (2018),
Martey and Kuwornu
(2021)
Household size Total number including + Aidoo et al. (2021),
members who have lived Denkyirah et al. (2017),
in the household for Diallo et al. (2020),
more than six months - Mwinkom et al. (2021)
Continuous variable
Farm size Total farm size in + Ankrah et al. (2023),
hectares - Continuous Denkyirah et al. (2017),
variable Martey and Kuwornu
(2021), Mwinkom et al.
(2021)
Temperature Agree/strongly agree that + Ankrah et al. (2023),
it has increased = 1, Asare-Nuamah et al.
otherwise = 0 (2019), Ayanlade et al.
(2017), Limantol et al.
(2016)
Rainfall Agree/strongly agree that + Asare-Nuamah et al.
it has increased = 1, (2019), Limantol et al.
otherwise = 0 (2016), Yaro (2013)
Sunshine Agree/strongly agree that + Ankrah et al. (2023),
it has increased = 1, Mwinkom et al. (2021),
otherwise = 0 Enimu and Onome
(2018), Tambo (2016),
Guodaar (2015), Ashby
et al. (2012)
Yes=1,No=0 +

FBO membership

Ashby et al. (2012),
Enimu and Onome
(2018), Guodaar (2015),
Mwinkom et al. (2021),
Tambo (2016)

(Continued)
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Table 1. (Continued)

Variables

Measurements

Apriori Expectation

References

Borrowing of funds

Adopt = 1, otherwise = 0

+

Asante et al. (2021), Le
Dang et al. (2014),
Ochieng et al. (2017),
Wossen et al. (2014)

Water conservation

Adopt= 1, otherwise = 0

Atinkut and Mebrat
(2016), Delgado et al.
(2021), Kato et al. (2011)

Agricultural
diversification

Adopt = 1, otherwise = 0

Akinnagbe and Irohibe
(2014), Baffour-Ata et al.
(2021), Dumenu and
Obeng (2016), Kosoe and
Ahmed (2022)

Agroforestry

Adopt = 1, otherwise = 0

Akinnagbe and Irohibe
(2014), Marie et al. (2020)

Drought resistant variety

Adopt = 1, otherwise = 0

Fisher et al. (2015),
Ochieng et al. (2017),
Singh et al. (2014), Tofa
et al. (2021)

Planting calendar

Adopt = 1, otherwise = 0

Acharjee et al. (2019),
Adavi et al. (2018),
Getachew et al. (2021),
Woznicki et al. (2015)

Tillage methods

Adopt = 1, otherwise = 0

Agquilera et al. (2013), Liu
et al. (2020), Powlson
et al. (2014)

Irrigation

Adopt = 1, otherwise = 0

Marie et al. (2020),
Mukherjee and Schwabe
(2015), Sadiq et al.
(2019), Vicuna et al.
(2014)

Early/late planting

Adopt = 1, otherwise = 0

Kassie et al. (2015), Lv
et al. (2020), Saddique
et al. (2020), Tachie-
Obeng et al. (2013)

Shifting cultivation

Adopt = 1, otherwise = 0

Choudhury et al. (2022),
Hosen et al. (2020),
Porter et al. (2019),
Upadhaya et al. (2020)

Crop rotation

Adopt = 1, otherwise = 0

Ankrah et al. (2023),
Holzkdmper et al. (2015),
Nendel et al. (2014)
Teixeira et al. (2018)

Pest & disease control

Adopt = 1, otherwise = 0

Anderson et al. (2020),
Campbell et al. (2016),
Denkyirah et al. (2016)

Application of indigenous
knowledge

Adopt = 1, otherwise = 0

I+

Ankrah et al. (2022),
(2023), Ayanlade et al.
(2017), Roco et al. (2015)

since farmers may adopt based on observed and non-observed factors. Therefore, failure to account
for this potential source of self-selection could lead to upward biased estimates. Interestingly, this
model has been applied by various studies and it has generated robust evidence on the effect of the
adoption of various agricultural technologies (see for instance (Drukker, 2016; Manda et al., 2018;
Tambo & Mockshell, 2018)., Probit model is used to specify the treatment model while ordinary least
squares are used to estimate the outcome model. We also report robust standard errors for all the
regressions. Finally, we estimate the average effect on the treated (ATT) using Stata version 14.2.
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3. Results and discussion
3.1. Descriptive statistics

3.1.1. Respondents socioeconomic characteristics

Table 2 below presents the results of the socioeconomic characteristics mainly the sex, educa-
tional level, and marital status. The socio-demographic characteristics provide context for under-
standing the interpretation of the results.

Table 2 shows that majority (85%) of the farmers interviewed were males. Male domination in
agriculture generally permeates at the national level in Ghana, it is therefore not surprising that
males dominate in the agricultural activities in the study area. The Ghana Statistical Service (2020)
supports the finding on male dominance in agriculture. Other recent studies (Ankrah et al., 2022;
Anum et al., 2022; Kwapong et al., 2021) support the male dominance in agriculture in Ghana. The
male dominance is probably due to the labourious nature of agriculture, which generally disad-
vantages women (Antwi & Antwi-Agyei, 2023; Dzanku & Tsikata, 2022; Ogisi & Begho, 2023;
Quisumbing et al., 2014; Tufa et al., 2022).

Table 2 shows that approximate 8% of respondents are widowed. We found respondents level of
education falling into six categories: no formal education, primary/basic education (primary and
Junior High School -JHS), senior high education (Senior High School (SHS), and tertiary. Majority
(67%) of the farmers had no formal education. For the limited farmers with formal education, the
highest level appeared to be basic school (21%), followed by SHS (5%). Only 4% and 3% had
tertiary and technical/vocational education respectively (Ankrah et al., 2023). This low level of
farmers education has been upheld by other studies (Awunyo-Vitor et al., 2016; Kwapong et al,,
2021).

Table 2 above presents the additional socio-economic characteristics of the farmers. This
includes income, farm size, maize yield, and farming experience. The average maize farmers

Table 2. Farmers demographic characteristics

Variables Percentage (%)
Sex

Male 15
Female 85
Total 100
Marital Status

Single 19
Married 66
Divorced 7
Widow 8
Total 100
Education

Basic School 21
SHS/Secondary 5
Technical/Vocational 3
Non-formal 67
Tertiary 4
Total 100

Source: Fieldwork, 2021, see also Ankrah et al. (2023).
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income was estimated to be GH¢ 2,693 (US$ 456).r The minimum and maximum farmers income
was estimated to be GH¢ 960 (US$163) and GH¢ 8400 (USS 1424) respectively. Farmers fell within
an average farming experience of 13 years, an average farm size of 1.08 hectares, and a minimum
farm size of 0.4 hectares. The farmers background shows an appreciable level of experience
engaged in farming activities. The higher the farming experience, farmers tend to better adapt
to climate variability including the use of indigenous coping strategies (Ankrah et al., 2022, 2023;
Makondo & Thomas, 2018). The average maize yield of the farmers was 1.12 tonnes. The farm size
of 1 hectare point to the scale of operation of the farmers involved in the study, to be mostly
smallholder farmers. Generally, the evidence (Afranaa Kwapong & Ankrah, 2023; Ghana Statistical
Service, 2010, 2020; Kwapong et al., 2021) shows dominance of smallholder farmers in the
agricultural space in Ghana.

3.1.2. Estimates from multiple linear regression

First, we refer to Appendix 1 on a test performed to check multicollinearity issues that can render
our estimates biased for the multiple linear regression model. The result shows acceptable values
of the variance inflation factor with a mean value of 1.22. In fact, the result reveals a very low
mean variance inflation factor implying no issues of multicollinearity. In addition, we performed
a heteroskedasticity test using the Breusch-Pagan/Cook-Weisberg test for heteroskedasticity. The
null hypothesis was that our regressors have constant variance (homoscedasticity), while the
alternative hypothesis stated otherwise. The result (chi-square 7.06 and P-value 0.008) reveals
that the null hypothesis should be rejected. In view of that, we estimated our model using the
robust standard errors to correct for any issues of heteroskedasticity.

Table 3 below presents the result of the multiple linear regression. The p-value of the F-statistic
shows that the model is jointly significant at 1%, 5% and 10% significance levels. We present two
models where the first column examines the intensity of adaptation strategies, as well as factors
that influence adaptation strategies. The second column examines the individual climate varia-
bility adaptation strategies. We first discuss the results of the individual adaptation strategies in
the second column. Overdll, five climate variability adaptation strategies remained statistically
significant: agricultural diversification, agroforestry, drought-resistant varieties, appropriate tillage
methods, and irrigation. Agricultural diversification, tillage methods are statistically significant at
5% significance level. While agroforestry, drought-resistant varieties, and irrigation are statistically
significant at 5% significance level. We take turns to discuss the adaptation strategies in the
ensuing paragraphs. Our results show that adopting climate variability adaptation strategies such
as agricultural diversification, appropriate tillage methods, and irrigation positively influences
maize yield. This means that smallholders use of these adaptation strategies positively affects
maize yields. On the other hand, agroforestry practices and planting drought-resistant varieties as
a climate variability adaptation strategy had an inverse relationship on the maize yield obtained in
the study area. Other climate variability adaptation strategies (fertilizer application, shifting culti-
vation, pests and disease control etc.) were not statistically significant, implying that the adoption
of such climate variability adaptation strategies does not significantly affect maize yield in the
Cape Coast Metropolitan Assembly, holding all other things equal.

Continuous Mean Std. Dev. Min. Max.
Variable

Income (USS) 456.44 222.60 162.71 1,423.72
Farming experience 13.41 5.41 2 30
(years)

Farm size (hectares) 1.08 0.59 0.4 4
Maize yield (tonnes) 1.12 0.548 0.4 3.5

Source: Field survey, 2021.
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Agricultural diversification can be defined as increasing the portfolio of crops that a farmer
cultivates, thus a shift from monoculture, towards multiple crops and livestocks with the intention
to meet competitive market demands and improving upon farm profits in order to reduce vulner-
ability from losses from just a single farm enterprise (Asante et al., 2018; Bellon et al., 2020).
Agricultural diversification had a positive relationship with the quantity of maize produced.
Agricultural diversification has been widely recommended as a means of avoiding total crop loss
in the event of a disaster. Indeed, Dumenu and Obeng (2016) indicated that agricultural diversi-
fication constituted a prominent climate variability adaptation strategy employed by smallholder
farmers in Ghana. Crop diversification or livestock diversification helps mitigate the shocks of
climate variability impacts. Mixed cropping is a common practice among farmers, often farmers
cultivate maize, cassava, plantain, cowpeas, and other vegetables in their farming practices. Mixed
farming which includes the rearing of livestock and the cultivation of crops (Low et al., 2023,
Mekuria & Mekonnen, 2018). Generally mixed farming provides a good incentive for minimizing
climate variability effects on agricultural households. Kosoe and Ahmed (2022) supported the
finding that crop diversification improves crop yield among cash crop farmers. Diversification
increases income generation and hence leads to improvements in farmers’ livelihood outcomes.
Akinnagbe and Irohibe (2014) indicated that crop diversification is insurance against rainfall
variability. On the contrary, Kumodzie (2018), found an inverse relationship between crop diversi-
fication and rice output in the Hohoe Municipality of Ghana. Our results, however showed that,
agricultural diversification is a useful climate variability adaptation strategy that positively influ-
ences maize yield. Indeed, Baffour-Ata et al. (2021) recommended agricultural diversification as
a useful climate variability adaptation strategy based on their study in Ghana (See Table 3).

Agroforestry practice had a negative association with maize yield. This implies that adopting
agroforestry as an adaptation strategy had negative returns on maize yield. Intercropping maize
with the planting of trees becomes non-beneficial when the tree form canopies, which reduce sunlight
intensity required for crop development, and competition for soil nutrients which potentially leads to
low crop yields for maize (Gao et al., 2013; Raza et al., 2020). For instance, tree planting may reduce the
space available for maize cultivation and therefore, can decrease maize yield relative to when all the
land is dedicated to the cultivation of maize. Food crops tend to perform better when intercrop with
other food crops and not trees. For instance, the intercropping of maize and legumes tend to enrich the
soil and translate into higher maize yields. In other words, farmers who use their farms mainly to
cultivate maize (monocropping) may have the opportunity to experience an increase in maize yield.
This is because farm inputs such as fertilizer, disease and pest control are dedicated solely for maize
production. Contrary to this assertion, Akinnagbe and Irohibe (2014) reported that agroforestry
practices increase organic matter in the soil, which serves as a source of soil nutrients and increases
crop productivity. Indeed, there are tree crops that help fix nitrogen in the soil and help improve soil
fertility. Tree crops can generally be intercropped with food crops, including maize, when the canopy is
not properly formed and closed. This happens typically during the formative years (1-5 years). It is
important to note that our study site falls within the coastal area, hence the agroecology does not
support tree crop production. Our study provides novel evidence to the already existing evidence on
how agroforestry inversely affects maize yields in the global south (See Table 4).

Tillage methods positively influence maize yield in the study area. The tillage methods used in
the study site are manual labour-intensive methods. This includes weeding with a hoe and cutlass,
sowing maize with cutlass in making holes in the soil and covering with the hands or feet. Tillage
methods among smallholder farmers often tend to be manual and less sophisticated. The cost
involved in hiring tractors to plough, harrow, and till the farmlands appear expensive for small-
holder farmers. Fortunately for smallholder farmers in southern Ghana, their farmlands do not
require ploughing and harrowing before planting. This contrasts with northern Ghana, where most
farmers require ploughing and harrowing of the farmlands before planting given the nature of their
lands. Medium and commercial farmers however employ mechanization on their farms. Our result
varies with Liu et al. (2020), who reported that no-tillage negatively affects or reduces crop yield.
The reason could be attributed to the fact that tillage practices generally improve soil conditions
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Table 4. Multiple linear regression estimation of CVAS on maize yield

(1) (2)
Variables Dependent: Maize yield in tonnes per hectare
Borrowing of funds -0.080
(0.090)
Water conservation 0.050
(0.082)
Agriculture diversification 0.202**
(0.091)
Agroforestry -0.196*
(0.103)
Drought resistant variety -0.134*
(0.074)
changes in planting calendar 0.132
(0.112)
Tillage planting 0.404**
(0.169)
Irrigation 0.237*
(0.133)
Early/late planting 0.123
(0.082)
Shifting cultivation -0.054
(0.098)
Crop rotation 0.059
(0.099)
Pest and disease control 0.067
(0.081)
Application of indigenous -0.041
knowledge
(0.090)
Age 0.002 -0.000
(0.005) (0.005)
Household size -0.017 0.000
(0.018) (0.017)
Marital status 0.140 0.106
(0.089) (0.087)
Education -0.035 -0.027
(0.085) (0.085)
Experience 0.018* 0.018*
(0.011) (0.010)
religion 0.131 0.164*
(0.094) (0.096)
Perceived impact of climate -0.091 -0.200
(0.120) (0.132)
Seed type 0.101 0.172
(0.114) (0.124)
FBO -0.010 0.028

(Continued)
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(1) (2)

Variables Dependent: Maize yield in tonnes per hectare

(0.091) (0.090)
Landownership 0.067 0.069

(0.104) (0.108)
Sex 0.210** 0.206**

(0.094) (0.090)
Intensity of CVAS 0.037*

(0.022)
Constant 0.334 0.259

(0.238) (0.249)
Observations 196 196
R-squared 0.116 0.235
Prob > F 0.048 0.005

Notes: Robust standard errors in parentheses. ***p <0.01, **p<0.05, *p<0.1

and, as a result, increase crop yield. Tillage improves soil aeration, loosens the soil structure to
allow for soil moisture conservation, and improves microbial activities (de Freitas & Landers, 2014;
Peng et al., 2023; Telles et al., 2018). Specifically, tillage methods are very useful in the instance of
droughts, and high temperatures in trapping water into the soil to be readily made available for
plant use. Our study contributes to the climate variability literature on how tillage methods
contribute positively to climate variability adaptation strategies.

Table 3 shows that planting drought-resistant varieties does not positively affect maize yield.
The study site is not an arid site that requires planting drought-resistant varieties to address
challenges associated with droughts. Therefore, smallholder farmers who plant drought-resistant
varieties do not get positive returns. This implies that it is not worthwhile to invest money into the
purchase and planting of drought-resistant maize varieties. Even though drought stress can lead to
yield losses of between 10-25% in drought-prone areas (Fisher et al., 2015). Indeed, Fisher et al.
(2015) confirmed that planting drought-tolerant maize varieties positively improves yields in Sub-
Saharan Africa. Other literature (Ochieng et al.,, 2016, 2017; Traore et al., 2015) shows a positive
effect of planting drought resistant varieties.

Irrigation as a climate variability adaptation strategy proved to inure positively to maize yields in
the study area. Very few farmers practice the use of irrigation as an adaptation strategy. The few
who do use simple irrigation techniques such as the use of barrels in storing water on-farm and
not the use of sophisticated and capital-intensive irrigation techniques. Our finding confirms other
findings (Araya et al., 2017; Burke & Lobell, 2010; Fisher et al., 2015; Moradi et al., 2013) that
indicated that irrigation as a climate variability adaptation strategy increases yields and profit
margins, with an additional advantage of allowing flexibility in planting dates and the maize
varieties that can be planted. Irrigation is a very common adaptation strategy, mainly in the arid
regions of SSA. For instance, irrigation is very common in Burkina Faso where irrigation canals have
been constructed since the 1970s (Fisher et al., 2015).

Collectively, the estimate in the first column shows that the intensity of climate variability adapta-
tion strategies (CVAS) is significant for the 13 different adaptation strategies (See Table 3). This
implies that adopting higher adoption climate variability adaptation strategies improves maize yields.
The policy implication is to encourage more adaptations of individual climate variability adaptation
strategies to improve maize yields in southern Ghana. The result show that the intensity of CVAS is
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Figure 2. Overlap plot of CVAS
adoption.

influenced by farming experience, and sex, while the second column confirms the covariates and
adds on religion. The number of years that an individual farmer has been engaged in farming gives
ample experience for the farmer to make an informed decision about the number of CVAS to adopt.
This is because the farmer might have tried and tested some CVAS over time and settled on what
works and what does not work. Indeed, the extant literature (Awunyo-Vitor et al., 2016; Danso-
Abbeam et al., 2017; Mensah-Bonsu et al., 2017) establishes that farming experience positively
influences adoption of maize technologies in Ghana. The sex of a farmer whether male or female
influences the number of CVAS to adopt. Indeed, the related studies (Adams et al., 2021; Anang et al.,
2020; Quaye et al., 2022) show that the sex of farmers affects the adoption of maize technologies in
Ghana. Male farmers are seen to be more risk-loving, while female farmers are risk-averse and hence
might be hesitant to adopt more CVAS all together (Love et al., 2014; Mbah et al., 2023).

3.2. Estimates of treatment effects of climate variability adaptation strategies on maize
yield in southern Ghana

3.2.1. Estimates from inverse probability weighting regression adjustment (IPWRA)

Before proceeding to the discussion of the results from the IPWRA estimates, we present the
model diagnostics. The overlap plot (Figure 2) shows considerable overlap in the density of the
propensity score for adopters and non-adopters of the CVAS, even though the result is skewed to
the right. Similarly, our Chi-squared overidentification test shows no statistically significant results
(p-value of 0.862) for the balancing using 12 covariates included as the control variables. Lastly,
the standardized differences and variances approach zero and one, respectively, after the weight-
ing of the data using the IPWRA model.

Table 5 shows the more robust estimate of the adoption of CVAS on maize yields, hence we
concentrate primarily on the results generated from the IPWRA. The results obtained from the
PWRA partly confirm the results obtained from the multiple regression analysis carried out earlier
(See Table 4). Table 5 shows that the adoption of irrigation, and early/late planting positively
improve maize yield in this study context. This implies that farmers who adjust their planting
periods to align with the changing climate patterns are more likely to reduce climate variability

0 2 4 .6 .8 1
Propensity score, adopti~g=0

adopti~g=0 —— adopti~g=1
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Table 5. Treatment effects estimation of CVAS on maize yield

CVAS adoption Maize yield (tonne/ha)
Borrowing of funds -0.110
(0.108)
Irrigation 0.293**
(0.130)
Planting in rows 0.131
(0.778)
Crop rotation -0.014
(0.099)
Early/late planting 0.192*
(0.103)
Tillage methods 0.416
(0.170)
Agricultural diversification 0.153
(0.101)
Agroforestry -0.116
(0.110)
Water conservation 0.068
(0.082)
Application of indigenous knowledge 0.003
(0.096)
Drought resistant variety -0.040
(0.082)
Shifting cultivation -0.055
(0.106)
Pest & disease control 0.084
(0.080)
Number of observation (N) 196

Notes: Robust standard errors are reported in parenthesis.

and subsequently obtain higher yields. Growing maize in Ghana, is mostly dependent on the onset
of the rains. Given that most farmers have small lands and are less sophisticated in their farming
systems. The sowing of maize seeds is typically timed to align with the onset of the rains.
Therefore, delayed rains imply sowing late, whereas and early rains, imply sowing early.

Our result supports the finding of Tachie-Obeng et al. (2013), who found that early or delayed
planting improved maize yields. The literature (Kassie et al., 2015; Shrestha, 2014) shows that
delayed sowing prevents the crops from drought stress and heat during the early formative stages.
Lv et al. (2020) and Saddique et al. (2020) supported the finding that delaying planting dates
positively correlated with crop yields. The adjustment of planting date appears well documented in
the related literature, but with sparing evidence in the climate variability and maize yields nexus
literature. Our findings, therefore, improve understanding on the climate variability adaptation
literature in Ghana, particularly for maize which is a staple food crop.

We found out that closely associated with reasons why farmers, plant early or late has to do
with the onset of the rains. In improving resilience to climate variability, irrigation appears to be
a useful adaptation strategy that positively improves maize yields in Ghana. As discussed earlier
under the multiple regression analysis, we observe that few farmers practice irrigation as an
adaptation strategy, however, among the few who do, they resort to simple irrigation techniques
such as storage of water in barrels, planting in marshy areas, or on riverbanks, harvesting rain-
water into containers and using for irrigation in complementing the natural rains. This helps to
improve farmers resilience to climate variability. Our finding remains upheld in the literature
(Araya et al., 2017; Burke & Lobell, 2010; Fisher et al., 2015; Moradi et al., 2013) that shows that
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irrigation increases yields and farmers profit margins, with a complementary advantage of allow-
ing flexibility in staggering planting dates. Irrigation has been a common adaptation strategy
mainly in arid regions, but our findings show that adverse climate variability is opening up
irrigation as a climate variability adaptation strategy in non-arid regions (See Table 5).

4. Conclusion and policy recommendations

Climate variabilities remain pervasive in the global world. However, farmers in sub-Saharan Africa
(SSA) are disproportionately affected. Maize is an essential staple in SSA, and its production is
mainly contingent on the onset of natural rainfall, which by default introduces uncertainties in
production. The smallholder farmer’s ability to adapt to the adverse effects of climate variability is
not in doubt, but the accounts on adaptation strategies that remain effective, has been largely
anecdotal. Therefore, this study assessed the effect of adopting climate variability strategies
(CVAS) on maize farmers yield in southern Ghana’s Cape Coast Metropolitan Assembly. The findings
showed that some climate variability adaptation strategies (irrigation and early or late planting)
positively correlated with maize yields. Irrigation positively correlated with maize yields, implying
that adopting irrigation increases maize yields. We find that even though irrigation appears well
established as a climate variability strategy in arid regions, the use of irrigation in non-arid regions
among maize farmers is also gaining traction. Additionally, we found that changes in planting
dates (early or late planting) positively affected maize yields implying that sustained agricultural
extension and advisory services that target changes in planting dates can go a long way to
enhance maize yields in southern Ghana.

Our findings showed that borrowing funds, planting in rows, applying indigenous knowledge,
shifting cultivation, agroforestry, and agricultural diversification, among others, do not statistically
influence maize yields. The Ghana Irrigation Development Authority (GIDA) under the Ministry of
Food and Agriculture (MoFA) is encouraged to institutionalize the informal irrigation schemes
practiced by farmers to ensure all year production of maize. Perhaps, this is an opportunity to
strengthen the “one village one dam” (1V1D) initiative of the government of Ghana to cover non-
arid areas such as southern Ghana to increase maize production. Agricultural extension and
advisory services are encouraged to promote and sustain increased interest in the changes to
planting dates (early or late planting) as a useful climate variability adaptation strategy in mini-
mizing the adverse effects of climate variability.
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Appendix 1: Multicollinearity Test for Multiple Linear Regression

Variable VIF 1/VIF
Age 1.64 0.609972
Experience 1.59 0.628054
Household size 1.34 0.744983
Landownership 1.21 0.82333
FBO 1.21 0.827887
Intensity of CVAS 1.16 0.865286
Marital status 1.14 0.878643
Seed variety 1.09 0.914989
Perceived impact of climate 1.07 0.933952
variability

Education 1.06 0.943021
Religion 1.04 0.960705
Sex 1.03 0.966743
Mean VIF 1.22
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