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ABSTRACT

In recent years, there has been a reduction in the output of sugarcane per hectare in Nigeria
from 19.2 tons per hectare in 2009 to 16.3 tons per hectare in 2016 due to rising temperature
and unpredictable rainfall. This study examined climate change and sugarcane production in
Nigeria from 1970 to 2021 using error correction model. Time series data were employed for
the study. The results showed that temperature and rainfall adversely affected sugarcane output
in Nigeria during the period studied with temperature depicting a warming trend. Furthermore,
results showed a negative relationship between sugarcane output and temperature and a
positive relationship between sugarcane output and rainfall in the short run. The results of error
correction model showed that sugarcane output was affected by other variables included in the
model both in the long and short-runs. The coefficient of the error correction term (ECT_1)
was negative and significant at 5% level, indicating that sugarcane production adjusted to
equilibrium given any changes in climatic variables. Consequently, for this model in the short-
run, sugarcane production was adjusted by 3% of the past year’s deviation from equilibrium.
The variance decomposition result showed that rainfall drastically affect sugarcane output. It
is therefore recommended that for Nigeria to mitigate the negative consequence of climate
change on sugarcane production, there is a need for the promotion of irrigation systems.

Keywords: climate change, sugarcane output, error correction model, Nigeria.
JEL: C32, E23
1 INTRODUCTION

The agricultural sector in most developing countries is a vital part of the economy. It depends
on climatic variables and is extremely susceptible to climate variability such as changes in
temperature and rainfall (Joshi, Maharjan, & Piya, 2011). The outcomes of rising temperatures
and fluctuating rainfall will lead to low or poor agricultural products. Climate change has been
demonstrated through evidence as already affecting crop yields in many countries (Apata,
2012; Building Nigeria’s Response to Climate Change [BNRCC], 2008; Deressa, Hassen,
Alemu, Yesuf, & Ringler, 2008; Food and Agriculture Organization of the United Nations
[FAQ], 2015; Intergovernmental Panel on Climate Change [IPCC], 2007, Malhi, Kaur &
Kaushik, 2021, Otitoju & Enete, 2016, Raza eta al., 2019, Syed, Raza, Bhatti, & Eash, 2022).
According to Akpan et al. (2017), this has adversely affected the output and vyield of
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agricultural commodities and this poses a serious threat to the realization of food self-
sufficiency drive of the Federal Government of Nigeria.

The Intergovernmental Panel on Climate Change (IPCC) defines climate change as a change
in the state of the climate that can be identified by changes in the mean and/or the variability
of its properties, due to natural variability or as a result of human activity (IPCC, 2007). Climate
change drives extreme weather events such as floods and drought losses in crop yield all of
which affect the economic sector to some degree, with the agricultural sector being the most
vulnerable (Ajokporise, 2011; Ayandele, et al., 2010). The effect of climate can be measured
in terms of impact on crop yield, availability of soil water, soil erosion, incidents of pests and
diseases and decrease in soil fertility (Adejuwon, 2004; Alvaro et al., 2009; Fraser, 2008).
According to Sowunmi and Akintola (2010), the climate of an area is highly correlated with
the crops cultivated and thus predictability of climate is imperative for planning of farm
operations. Climate change and its resultant impacts will have effects to the agricultural sector
but particularly on infrastructure systems facilitating agricultural production. Not only will this
harm the performance of the sector but can unleash future risks and uncertainties on how
infrastructure systems will function (Goyol & Pathirage, 2017). Furthermore, infrastructure
systems mutually depend on one another in order to operate so that damage on an individual
infrastructure can precipitate disruptions in other infrastructure facilities and services (Chappin
& van der Lei, 2014). Climate change in the long term will have further implications on
infrastructure as they are increasingly becoming vulnerable to loss and damage due to their
currents state as most are found to be in poor conditions thereby less resilient to adverse
conditions (Goyol & Pathirage, 2017). As stated by Victor (2011), it is not valid that global
warming is just an environmental problem, but that it is also rooted in economics because even
though While GHGs are naturally created, they are also a result of human economic activity.
IPCC (2007) forecasted that in the year 2100, the amount that will be spent on climate variation
may affect the Gross domestic product of developing countries.

An output model based on time series data for describing the output of an agricultural product
was developed by Nerlove (1956, 1958). According to Nerlovian model, output can be
estimated by a partial adjustment model, dynamic by nature and with a loss minimization
function. Over the years, Nerlove’s partial adjustment model has been extensively used
(Nayarana & Parikh, 1981; Niamatullah & Zaman, 2009; Nosheen & Igbal, 2008; Mythili,
2006). One key limitation of this model is that it assumes a fixed target which according to
Howard et al. (2016) is impracticable, because farmers face diverse conditions while they
optimize their decision. To rise above this problem, several researchers have been using error
correction modeling (ECM) in order to analyze the ouput of agricultural products (Hallam &
Zanoli, 1993; Howard, et al., 2016; Nickell, 1985; Weliwita & Govindasamy, 1997). The error
correction model is superior to Nerlove’s output model, since the error correction model
captures both the short-run dynamics as well as the adjustment towards the long-run
equilibrium.

This study gives special attention to sugarcane because sugarcane contributes 60% of the total
world sugar requirement while 40% comes from sugar beet and chewing raw sugarcane alone,
accounted for between 55-65% of the total sugarcane production, while some are processed
into a variety of products like sugar, molasses, bagasse and sweet use for brewing beer, soft
drinks, confectionaries, pharmaceuticals etc (Busar & Misari, 2007). Consequently, self-
sufficiency in sugarcane production had remained an important goal to reduce hunger and
enhance food security. For this reason, improving sugarcane output will have a huge impact in
terms of enhancing total sugarcane supply in Nigeria. Climate change is a serious threat to
Nigeria agricultural sector and food security, because of its sensitivity and susceptibility to high
temperature and rainfall fluctuations (Nte & Okoro, 2017). The short-run as well as long-run
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fluctuations in temperature and rainfall can affect agricultural production (Howard, et al.,
2016). Given this situation, it is therefore imperative to understand the long run relationship of
climate change and sugarcane production in Nigeria within 1970 an 2021.

2. LITERATURE REVIEW
Conceptual Review

Concept of Climate Change

Climate Change Framework Convention of the United Nations [UNFCCC] (as cited in
Onyeneke & Madukwe, 2010) defines climate change as a variation in climate that is in
addition to natural climatic variability that has been seen across comparable time periods and
that is directly or indirectly caused by human activity that changes the composition of the global
and/or regional atmosphere. According to IPCC (2007), climate change is defined as a change
in the state of the climate that can be determined (for example, through the use of statistical
tests) by a change in the mean and/or the variability of its attributes, and that endures for a long
time, generally decades or longer. Although the Earth’s climate is constantly changing and
global climate change occurs naturally, the rate of future climate change may be more rapid
than at any time in the last 10,000years. The majority of scientists that research this issue
worldwide come to the conclusion that human activity would cause this anticipated climate
change to be different from prior climate changes. Climate change, then, is the gradual
alteration of the global atmosphere's composition brought on by a variety of human activities,
as well as by natural climate fluctuation through time (Koehler-Munro & Goddard, 2010).
Climate change refers to “changes to the average weather and weather variability of a region
or the planet over time.” The common indicators of climate change are changes in temperature,
precipitation, and wind. The major climate change indicator that researchers or scientists
commonly used is the earth’s average surface temperature. Over the past 50 years, the global
average temperature increased by 0.65°C (UN-Habitat, 2021).

Gaps in Literature

Several studies have been conducted on climate change (Aina, Ajijola, lbrahim, Musa, &
Bappah, 2015); production (Afolayan, 2020); (Abdullah, Shahriar & Kea, 2020); (Gama,
Ahungwa & Folorunso, 2021), other studies were also reported on the Nigerian trade (Aliyu
& Bawa, 2015; Oladipupo & Adedoyin, 2019), sugarcane competitiveness (Nwachukwu,
Nnanna, Jude & George, 2010) and also political economy of sugarcane (Olaiya, 2016), some
other climate-related studies, also in Africa, have analyzed factors affecting the perception to
climate change and choice climate change adaptation strategies (Otitoju & Enete, 2014, Enete,
Otitoju, & lhemezie, 2015, George, Jennifer, & Charles, 2020, Otitoju, 2013; Otitoju & Enete,
2016). The studies of Ayinde, Muchiea and Olatunji (2011) and Abu, Okpe and Abah (2018)
studied how climate change is having an impact on agricultural productivity in Nigeria, without
being crop specific. None of these studies looked at using time series data covering a total of
51 years, however, there is a paucity of information in the literature regarding the long run
relationship between climate change and sugarcane production in Nigeria. Yusuf and Tiri (2023)
used ARDL to measure the relationship of agricultural output and financial development in Nigeria.

Yahya and Nkwatoh (2021) examined long run relationship between natural gas utilization and economic
activities in Nigeria.Musa (2021) examined the relationship between crop production and export diversification

in Nigeria. Also, lyoboyi (2020) assessed the long-run impact of institutions and economic growth. The
fluctuation of sugarcane production may be attributed to change in climate parameters, hence
the study seeks to ascertain this very claim in many literatures by examining this relationship.
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Fig 1: Yearly trend of Sugarcane production data for Nigeria 1970-2021
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Source: National Sugar Development Council, 2022.

3. METHODOLOGY
Data

Annual time series data on sugarcane output in tonnes was sourced from Nigeria’s Annual
Sugar Production, Importation and Consumption (2022) by National Sugar Development
Council, and used for the analysis. Temperature (°C) and rainfall (mm) data were obtained from
the World Bank (2022) climate change knowledge portal. Purposive sampling technique was
employed. The study used annual time series data for the period of 1970 and 2021, spanning a
total of 51 years sample size. Weather variables in sugarcane model was computed using data
from the following weather stations in sugarcane growing areas.

The Study Area

Nigeria has an estimated population of about 180 million people (World Bank, 2015) with a
total area of 923,800 sg. km and occupies about 14 per cent of the land area of West Africa.
The country lies between 40N and 14°N, and between 3°E and 15°E. Nigeria is located within
the tropics and therefore experiences high temperatures throughout the year. The mean for the
country is 27°C. Average maximum temperatures vary from 32°C along the coast to 41°C in
the far north, while mean minimum figures range from 21°C in the coast to under 13°C in the
north. The climate of the country varies from a very wet coastal area with annual rainfall greater
than 3,500 mm to the Sahel region in the north western and north eastern parts, with annual
rain fall less than 600 mm (Oyakhilomen & Zibah, 2014). Nigeria is a vast agricultural country
endowed with substantial natural resources which consist of 68 million hectares of arable land,
fresh water resources covering about 12 million hectares, 960 kilometres of coastline and an
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ecological diversity which enables the country to produce a wide variety of crops and livestock,
forestry and fisheries products (Arokoyo, 2012).

Estimation Procedures

This study employed vector error correction model (VECM) to examine how climate change
affects sugarcane production in Nigeria. An error correction model (ECM) was employed to
model the causal influence among the non-stationary variables with evidence of long-run
relationship. The VECM is useful for the evaluation of a short-term adjustment which adjusts
towards the long-run equilibrium in each time period. If the variables are found to be co-
integrated, a VECM s estimated because a co-integrating relationship deals only with long-
run relationship without considering the short-run dynamics. The properties of these variables
such as stationarity and long-term relationship were established prior to estimating the VECM
model. This study employed the Augmented Dickey Fuller (ADF) test (Dickey & Fuller, 1979;
Phillips & Perron, 1988) to determine the presence of unit root, that is, to ascertain if the
variables were stationary. The Johansen Co-integration test (Johansen, 1991) was conducted to
determine the presence of a long-run relationship. It is important to mention that if co-
integration is detected between series, there exists a long-term equilibrium relationship hence,
it becomes appropriate to use VECM (Edoja et al., 2016). Lastly, variance decomposition was
employed to show the percentage error in one variable due to one standard deviation shock of
the variable itself (own shocks or variations) and other variables in the system (Alege, 2010).
According to Iwayemi and Fowowe, (2010), variance decomposition shows the proportion of
the forecast error variance of a variable that can be attributed to its own innovations and that
of other variables. Variance decomposition is commonly used for the purpose of making
reasonable forecasts of variables in the model over a specified time period (Edoja et al., 2016).
In this study, the variable itself refers to sugarcane production and other variables are
temperature and rainfall.

Model Specification

The relationship between sugarcane output, average annual temperature and average annual
rainfall is expressed implicitly as:

SUGARCANE ¢y = f(TEMP, RAINFALL,) - - - - - - 1
Where:

SUGARCANE 4y, 1S the output of sugarcane, TEMP, is the average annual temperature and
RAINFALL, is the average annual rainfall. Given that climate variables, temperature and rainfall
were the focus of this study, if the coefficient of temperature is negative and statistically
significant, it will imply that global warming has a negative effect on sugarcane output. If it is
positive and statistically significant, this will suggest that global warming has a positive effect
on sugarcane output. Similarly, if the coefficient of rainfall is negative and significant, it can
be said that increasing rainfall after a while leads to decreased sugarcane output. If it is positive
and statistically significant, it can be argued that increase in rainfall has the effect of raising
sugarcane output. Changing all the variables into log form, equation (1) can be written in the
following form as in equation 2.

SUGARCANEpyepyr = @g + aylogTEMP, + a;log RAINFALL, +¢& - - - 2

In equation (2), € is the random error term. For this study, an error correction model was
developed, average annual temperature and average annual rainfall were used as explanatory
variables with annual average output of sugarcane as the dependent variable. Consequently,
following Engle and Granger (1987), an ECM model was specified for this study as shown in
equation 3:

AlOgSUGARCANEOutput =y + alA log TEMPL- + azAlog RAINFALLt + as ECTt_l + Et -3
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Where: logSUGARCANE g4y 1S logarithm of sugarcane output in year t (tonne/ha), log TEMP,
is the is logarithm of average annual temperature (°C), and log RAINFALL, is logarithm of
average annual rainfall (mm) and ECT is the error correction term, A is the difference operator
and ¢, is the error term which takes care of extra variables that may possibly have influence on
sugarcane output but not specified in the model.

4, RESULTS AND DISCUSSION OF FINDINGS
Unit Root Test Results

Table 1 present the result of the ADF tests. The result shows that only Rainfall was stationary
at level. Sugarcane production and temperature became stationary after first difference. The
result of this study is similar to that conducted by Abu et al. (2018) in Nigeria on the effects of
climate change from 1966 to 2015 using ADF and Phillips-Perron tests, the results indicated
that all the data series were non-stationary at level but were stationary at first difference.

Table 1: Results of Augumented Dickey-Fuller Unit root Test at 5% of Significance

At level At first difference
Variab ADF ADF Remarks  ADF ADF Remarks
les Statistic Critical Statistic Critical
value value
SP -1.298445 -2.926622  Unitroot -5.759639  -2.931404 No unit
root
Rainfa  -3.459164 -2.928142 No Unit -12.79924  -2.928142 No unit
| root root
Tempe -0.936359 -2.929734  Unitroot  -9.834044  -2.929734 No unit
rature root

Co-integration Test Results

Table 2: Johansen’s Co-integration Trace test (Unrestricted Co-integration Rank Test)

Hypothesized Trace Critical

No. of CE(s) Eigenvalue  Statistic Value at 0.05 Prob.**
None * 0.564254 82.00169 29.79707 0.0000
Atmost1*  0.492899 46.28177 15.49471 0.0000
Atmost2*  0.327851 17.08282 3.841466 0.0000

Trace test indicates 3 cointegrating eqn(s) at the 0.05 level
* Represents rejection of the hypothesis at the 0.05 level.

The Johansen’s co-integration test result is presented in Table 2 and Table
3. Both the trace statistics and the Maximum eigenvalue statistics rejected
the null hypothesis of no co-integration, thereby indicating the long-run
relationship among variables. This shows that the three variables are co-
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integrated, thereby indicating the long-run relationship among variables.
From the equation, all the independent variables considered significantly
affects sugarcane production in Nigeria in the period studied. This study
corresponds with the studies of Abu et al. (2018) and Ayinde, et al. (2010)
on the effect of climate change using time series data.

Table 3: Johansen’s Co-integration Maxim Eigenvalue Test
(Unrestricted Co-integration Rank Test)

Hypothesized Max-Eigen  0.05

Critical
No. of CE(s) Eigenvalue  Statistic Value Prob.**
None * 0.564254 35.71992 21.13162 0.0002

Atmost1*  0.492899 29.19895 14.26460 0.0001

Atmost2*  0.327851 17.08282 3.841466 0.0000

Max-eigenvalue test indicates 3 cointegrating eqn(s) at the 0.05 level
* Represents rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Long-Run Estimate of Sugarcane Production Response

Table 4: Long-Run Estimate of Sugarcane Production Response: 1970 — 2021

Co-integrating Variables Co-integration coefficients
Sugarcane production 1.000000

Temperature -6.27

Rainfall 0.87

Constant 0.05

SP = 0.87***Rainfall — 6.27***Temperature + 0.05

The long-run elasticities of sugarcane production with respect to temperature was negative
and significant, suggesting that increase in temperature had a negative effect on sugarcane
production in Nigeria during the period under study. Result further showed that sugarcane
production during the period of study was affected by the other variables included in the model
in the long-run. Specifically, the coefficient of sugarcane production was positive and
significant at level suggesting that the farmers responded to the changes in climate by
cultivating more land to increase sugarcane production in the long-run. In order words, a unit
increase in the favorable climate will lead to an increase in sugarcane production by 1.0 tonnes
all things being equal. In a similar manner, the negative and statistically significant coefficient
of the temperature showed that when the production of other crop increases over a period of
time, farmer will shift from sugarcane production to other crop production like rice and vice
versa, all things being equal. This suggests that an increase in temperature will have a negative
effect on sugarcane production. A unit increase in the temperature will decrease sugarcane
production by about 1.0 tonnes. This showed that higher temperatures above the ideal
temperature for sugarcane production may lead to a decrease in sugarcane production.
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Nonetheless, a correlation between sugarcane production and rainfall was shown to be positive
(Ayinde et al, 2010 and Abu et al, 2018).

Estimated Short Run Coefficients
Table 5: Short-Run Estimates of Sugarcane Production Response: 1970 — 2021

Short run dynamics Estimated short run
coefficients

Error correction term (ECT) -1.9

Temperature -1.98

Rainfall 0.12

Table 5 shows the speed of adjustment or adjustment parameter is the Error Correction Term
(ECT) coefficient, which gauges how quickly the target variable or dependent variable
(Sugarcane Output) returns to equilibrium following a change in the independent variable. The
series are co-integrated and moving toward a long-term equilibrium since the ECT has a
substantial negative sign. The negative sign indicates that each period compensates for a
fraction of the long-term equilibrium's deviance. At an adjustment speed of 1.9%, the current
period's divergence from long-run equilibrium is specifically rectified from the VECM. A
percentage change in temperature is associated with 1.98% decrease in sugarcane production
on average ceteris paribus in the short run. A percentage change in rainfall is associated with a
0.12% increase in sugarcane production on average ceteris paribus in the short run. In addition,
the coefficient of temperature was negative and significant, suggesting that rising temperature
had a negative effect of sugarcane production in Nigeria. The coefficient of rainfall was
positively related to sugarcane production in the short-run. This showed that rainfall had
positive effect on sugarcane production during the period studied. This result is against the
consistent findings of Sowunmi and Akintola (2010) and Abu (2015) who found that rainfall
negatively affected sugarcane production and sorghum yield, respectively. The coefficient of
the ECT_1 indicated the speed of adjustment, which restores equilibrium in the dynamic model
(Ogazi, 2009). A significant ECT_1 was a further proof of the existence of a stable long-run
relationship (Bannerjee et al., 1998). The coefficient of the ECT_1was negative as expected
and significant at level, indicating that sugarcane production adjusts to the equilibrium given
any changes in climatic variables. Consequently, for this model in the short run, sugarcane
production was adjusted by 3% of the past year’s deviation from equilibrium. Although this
authenticated the stability of the model, it indicated a low speed of adjustment towards the
long-run equilibrium.

Variance Decomposition

Table 6. Variance Decomposition

Period Sugarcane Temperature Rainfall
Production

5 Years 91.75427 20.62785 88.44980

10 Years 91.58842 32.03160 88.94354

Variance decomposition was employed to show the percentage error in one variable due to one
standard deviation shock of the variable itself (own shocks or variations) and other variables
in the system (Alege, 2010). According to Iwayemi and Fowowe, (2010), variance
decomposition shows the proportion of the forecast error variance of a variable that can be
attributed to its own innovations and that of other variables. In this study, the variable itself
refers to sugarcane output and other variables are temperature and rainfall.
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The variance decomposition of sugarcane production (table 6) showed that in Nigeria,
sugarcane production contributed about 91.8% to itself in the short-run and about 91.6% in the
long-run. This suggests that both variables used in the model, i.e temperature and rainfall have
drastic impact on sugarcane production in both short-run and in the long-run.

5. CONCLUSION AND POLICY RECOMMENDATIONS

This study examined the impact of selected climatic variables on sugarcane output in Nigeria
from 1970 to 2021 using an error correction model. Results showed that the ADF test indicated
that only Rainfall was stationary at level and Sugarcane output and temperature became
stationary after first difference. Both the Trace statistics and the Maximum eigenvalue statistics
rejected the null hypothesis of no cointegration, thereby indicating presence of long-run
relationship among variables. All the independent variables considered significantly affects
sugarcane production in Nigeria in the period studied. Furthermore, the results of error
correction model showed that sugarcane production was affected by other variables included
in the model both in the long and short-runs. The coefficient of the error correction term
(ECT_1) was negative and significant at level, indicating that sugarcane production adjusted
to the equilibrium given any changes in climatic variables. Consequently, for this model in the
short-run, sugarcane production was adjusted by 3% of the past year’s deviation from
equilibrium. The variance decomposition result showed that rainfall had the most drastic effect
on sugarcane production. It is therefore recommended that for Nigeria to mitigate the negative
consequence of climate change on sugarcane production, there is a need for the promotion of
irrigation systems.
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