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Abstract

Climate change and variability impact on staple food crops present a daunting challenge in the
21% century. The study assesses future climate variability on maize and rice yield over a 30-year
period by comparing the outcomes under two GCM models, namely, CSIRO_RCP4.5 and
NOAA_RCPA4.5 of Australia’s Commonwealth Scientific and National Oceanic and Atmospheric
Administration respectively. Historical climate data and yield data were used to establish
correlations and then subsequently used to project future yields between 2021 and 2050. Using
the average yield data for the period 1987-2016 as baseline yield data, future yield predictions for
2021-2030, 2031-2040 and 2041-2050 were then compared with the baseline data. The results
showed that the future maize and rice yield would be vulnerable to climate variability with
CSIRO_RCP4.5 showing increase in maize yield whilst CSIRO_RCPA4.5 gives a better projection
for rice yield. Furthermore, the results estimated the percentage mean yield gain for maize under
CSIRO_RCP4.5 and NOAA _RCP4.5 by about 17 %, 31 % and 48 % for the period 2021-2030,
2031-2040 and 2041-2050 respectively. Mean rice yield lossess of -23 %, -19 % and -23 % were
expected for the same period respectively. The study recommended the use of improved rice and
maize cultivars to offset the negative effects of climate variability in future.
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1. Introduction

In the begining of the 21% century, Scientists were worried about climate change which they
believed was caused by antropogenic activities leading to global warning (Sissoko et al.,
2011). As reported by IPCC (2007), “climate change refers to a change in the state of the
climate that can be identified by changes in the mean or variability of its properties and that
persists for an extended period, typically decades or longer”. Previous studies reported nearly
90 % of crop production in Sub-Saharan comes from rainfed agriculture (Godfray et al., 2010;
Conceic et al., 2016). Agricultural production since 1988 has been faced with interrupted
consequences of climate variables in The Gambia such as decline in rainfall and increase in
temperature (Sanneh et al., 2014). Since the 1960s, variation in climate in The Gambia was
attributed to fluctuation of rainfall distribution, extreme temperature, storms, drought and
flooding, this has exacerbated household food security.

Many researchers and development practisonners tried to model the future climate variability
on crop production using different explanatory variables which enhanced production. Wei et al.
(2009) used Ricardian method to model the economic influence of climate change on crop
production in Ethiopia. The result established that a shift in normal temperature will have a
negative influence on crop yield hence impacted on the net revenue after harvest. In contrary,
Nakano et al. (2014) used three models (cross-sectional, crop simulation and response function)
to compare agricultural output to the effects of climate variability in Japan. The results showed
that climate change will increase agricultural production from 2 to 4 %. However, the models
showed a disparity of yield in terms of geographical location. The evaluation of Asian rice to
the effects of climate change was conducted by Kropff et al. (1997) using SIMRIW rice crop
simulation model. The study reported that, increase in CO, concentration in the atmosphere in
higher temperature can boost rice yield. In contrast, below average temperature may show a
negative effect on rice yield. Although, yield projections can help to determine the levels at
which a system can be exposed to different biophysical and climate variables.

Zhijuan et al. (2012) simulated maize phenology and yield using APSIM-Maize model to
investigate the impact of climate change on maize yield. It was observed from the results that,
on farm maize yield will dropped by 30 % at a seasonal rainfall of (<500 mm). In a similar
study, Lobell and Burke (2010) projected maize yield with a “widely used process-based
model CERES-Maize to simulate historial yields, and then fit statistical regressions to the
simulated data . The results suggested that statistical models, as compared to CERES-Maize,
represent a useful imperfect tool for projecting future yield responses”. Using the simplified
process-based model, Clark et al. (2016) and Sheahan and Barrett (2017) describes potentials
to examine distribution of parameter values from data on yields of rice and maize. The results
showed uncertainties of climate variables to predict future crop yield, reporting that climate
variables exceeded those in the calibration period. On-farm production in The Gambia have
been under pressure due to uncertainties of the growing ecologies to climate change and
variability. The farming households food security is being threaten due to interrupted weather
events leading to poverty in Sub-Saharan Africa (Nigatu et al., 2017).
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Few studies in The Gambia focus on the productivity of major crops and how they are
impacted by historical climate change (Hayes et al., 1997; Akon-yamga et al., 2011). Bojang
et al. (2016) “formulated a Linear Programming model with the aim to maximize the farmers’
net profit under a set of contraints (plant area and water)”. Their findings revealed that, about
50 % of annual revenue of the farm can be achieved through optimum water use efficiency. In
a different study, Al-Amin et al. (2016) concluded that by 2100, agriculture in Sub-Saharan
Africa including The Gambia may likely face yield reduction and low GDP due to climate
change. Climate change and variability can cause a total economic failure, if a system
depends immensely on this primary driver for source of revenue (Lobell and Field, 2007).
This study aims to determine future yield of staple food crops (rice and maize) to future
consequences of climate variability using simulated data. To achieved this aim, the following
analyses will be carried out :

(1) Evaluating the effect of historical climate variables on the historical rice and maize
yields.

(if) Estimating the effects of future climate variables on the yields of rice and maize

(iii) Evaluating the decadal percentage change on future crop yields using different climate
scnerios

2. Literature Review

During the 21 century, many efforts have been put into projection studies of the likely effect
of climate change and variability on major staple food production. Empirically, most of these
studies have been limited to Asian countries (see for instance Nepal: Jha et al., 2019;
Taiwan: Shiu and Chuang, 2019; China: Sheng and Song, 2019). However with regards to the
choice of climate variables, several studies considered the effect of few climate variables
such as temperature and precipitation without taking into account sunshine duration and
relative humidity with the exception of (Maracchi et al., 2005). In Ethiopia, Kisekka et al.
(2015) projected that maize yields could increase in the near future by (1.7 to 2.9 % across
models and RCPs), with uncertainty increasing towards mid-century (0.6 to 4.2 %) as
predicted by 20 (GCMs) and 2 (RCPs; RCP4.5 and RCP8.5). Waha et al. (2013), used a
dynamic global vegetation model to simulate maize yields under current and future climatic
condition for two 10-year periods 2056-2065 and 2081-2090 respectively. The results showed
that, increase in temperature will lead to maize yield reductions of 3 to 20 %, and a reduction
of precipitation will causes decreases in maize yield in sub-Saharan Africa.

Similarly, Awoye et al. (2017) used probabilistic crop models, a gridded observational data
set, and a high-resolution regional climate model to project potential impacts of climate
change on nine important crops in Benin. The results of the simulated yields indicated that,
pineapple, maize, groundnuts, cassava and cowpeas would face harmful effects of yield
reduction in the range of 11 to 33 % by 2050, whereas sorghum, yam, cotton and rice will
benefit from climate change with an average yield gain of 10 to 39 %. In a similar study in
Ghana, Srivastava et al. (2018) estimated the effects of climate variables on potential maize
productivity using two (RCPs) namely RCP 4.5 and RCP 8.5 from the GFDL-ESM2M,
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GISS-E2-H, and HadGEM2-ES, (GCMs). The results revealed that, maize yield is projected
to increase by 57 % and 59 % respectively under HadGEM2-ES (RCP 8.5) in the time
horizon 2030 and inconsistent yield ranging from 183.6 kg ha* under HadGEM2-ES (RCP
8.5) by time horizon 2080. Notwithstanding, most of the other projection studies in West
Africa considered precipitation and temperature as climate variables to project staple food
crops such as maize without taking into account sunshine duration and relative humidity (for
instance Burkina Faso, Waongo et al., 2015; Nigeria, Mereu et al., 2015; Mali, Traore et al.,
2017).

Furthermore, Gupta and Mishra (2019) quantify the climate change impact on rice yield in
India using process-based Crop Simulation Model (CSM)-CERES-Rice fed and Global
Climate Models (GCMs) for four expected climatic scenarios (RCP 2.6, 4.5, 6.0 and 8.5). The
results showed a spatial rice yield in India taking all used GCM-RCP combinations in
consideration is expected to vary from 1.2 to 8.8 %, 0.7 to 12.6 % and —2.9 to 17.8 % due to
the expected climate change in 2020s, 2050s and 2080s, respectively. In a similar study, Oort
and Zwart (2018) quantify the possible effects of climate change on rice production in Africa
using simulated rice yields for 4 RCP climate change scenarios. The projection result
revealed that, without adaptation, shortening of the growing period due to higher
temperatures had a negative impact on yields by -24 % and decrease by -15 % with
adaptation in RCP 8.5 in 2070 compared with the baseline year 2000.

In conclusion, from these various estimates, it is evidence that a couple of predictions have
been established on the likely effect of climate change on the production of maize and rice.
Yet there are no General Circulation Models (GCMs) identified to assess future impact of
climate change on maize and rice yields in most African countries specifically The Gambia.
We choose maize and rice as an example crop as it is the most important staple food crop in
The Gambia in terms of nutrition security and harvested area.

3. Materials and Methods
3.1 Study Area and Source of Data

The study was conducted in Lower River Region of The Gambia which is located between
latitudes 13° 34’ 0” N and longitude 14° 47° 0” W (Figure 1). The region has an agrarian
economy and more than half of its inhabitants are directly or indirectly involved in crop
production. It has a Sudano-Sahelian climate characterized by a short rainy season from June
to October. Mean annual rainfall varies from 900 mm in the South West to about 600 mm in
the North East. Mean temperatures ranging from 25°C to 28C are generally higher in the
Eastern part of the country. It has a total land surface area of 1,618 km*(GBoS, 2013).
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Figure 1. Map of The Gambia showing different districts in Lower River Region
3.2 Climate and Crop Yield Data

The historical climate data used to generate the model in this study was obtained from
Department of Water Resources of The Gambia. The historical data used was from 1987 to
2016 in Jenoi weather station. The time series crop yield data was obtained from the
Department of Planning Services of Agriculture for the same period 1987 to 2016.

3.2.1 Model Selection Approaches for Projected Climate Data

Two models were chosen from the GCM models that performed best in the study weather
station, CSIROMk3.0 provided by Australia’s Commonwealth Scientific and
NOAA-ESM2M-RCA4 provided by National Oceanic & Atmospheric Administration
(NOAA) offices in America. The projected climate data was downloaded from CORDEX
website (ESGF). The data was bias corrected using CMhyd software using Distribution
mapping command (Lobell and Gourdji, 2012).

3.2.2 Regression Model for Yield Prediction

The yield response of each crop to annual precipitation, average minimum and maximum
temperatures, average relative humidity and average sunshine duration using statistical
models were generated from 1987 to 2016. Statistical models were used in this study due to
inadequate process-based models for staple crops considered in this study. The most
important use of models is their strength to account for a wide variety of mechanisms that
affect yields in a changing weather. The statistical model used in this study was modified
from (Lobell and Gourdji, 2012). Firstly, annual rainfall, annual average minimum and
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maximum temperature, relative humidity and sunshine duration were computed for Jenoi
weather station for the period 1987 to 2016. For the yields of rice and maize, the region-wise
time series was computed by taking the average yield of each crop.

\\ Macrothi“k Journal of Agricultural Studies

The yield models were tested by estimating yield from the observed data using the period
from 1997-2006 and t-test was run to compare the means. It is assumed that when there is
significant difference between the means, the model will not be good to project future yield.

Table 1. Statistical yield models used for yield projection in this study

Crop Equation R

Rice B . 0.62
Yr =-5433.12+0.091986rf —107.217t min+ 283.6062t max— 21.8381rh —82.3316shd

Maize 0.51

Ym =-5142.24-0.36936rf +13.39952t min+182.971t max+ 77.52232rh —586.186shd

Y represent yield (kg/ha), rf rainfall, tmin minimum temperature, tmax maximum temperature,
rh Relative humidity, shd Sunshine duration

Percentage yield losses of maize and rice were computed using equation 1

% Change = % X100%............Equation 1
V4

Where:
Py = Predicted yield By = Baseline yield
3.3 Data Analysis

The regression models were applied to the annual simulation of rainfall, minimum and
maximum temperatures, relative humidity and sunshine duration from the two GCMs for
2021-2050 to the assess influence of future climate change on rice and maize yields. The
percentage yield loss was analysed using excel version 2016 during 30 year period from
2021-2050.

4. Results
4.1 Effects of Future Climate Variability on the Yield of Maize and Rice

Historically, the actual maize yield showed a decreasing trend for the past 30 years
(1987-2016) Figure 2. The highest average baseline maize yield (1761 kg/ha) was observed
in 2001 whilst the lowest average maize yield 692 kg/ha was in 2015. However, the
coefficient of determination showed that about 19 % of the yield decline is due to climate
variability, indicating that other non-climate variable also account for yield reduction.
Furthermore, the future projection of maize yield showed a contrasting trend as the projection
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period increases, under both scnerios from the trend curve of Figure 3. The average annual
yield under CSIRO_RCP4.5 showed the highest increase of 2232 kg/ha in 2050 and the
lowest was observed in 2024 (631 kg/ha). Contrary, the projection for NOAA RCP4.5
showed highest record 1974 kg/ha in 2049 whilst the lowest yield was recorded in 2038 (292
kg/ha). The trends showed some consistency for the 2 GCM models. However, in 2038, while
one model predicts a rise in yield of maize, the other predicted a fall.
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Figure 2. Actual and estimated maize yield due to annual trends in historical rainfall,
minimum and maximum temperatures, relative humidity and sunshine duration from
1987-2016
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Figure 3. Projected maize yield due to annual trends in rainfall, minimum and maximum
temperatures, relative humidity and sunshine duration from 2021-2050. The trends of maize
in blue color is CSIRO_RCP4.5 and brown color for NOAA_RCP4.5

Contrary, the baseline (1987-2016) rice yield showed contrasting results using the same
climate variables (Figure 4). The highest average rice yield (2083 kg/ha) was in 1988 and the
lowest yield in 2014 with a yield of 646 kg/ha. The influence of climate variability on rice
yield was seen since 1989 and showed a sharp decreasing trend towards the end of the
baseline period (2016). It was observed that 50 % of yield decline of rice is cause by climate
variability. However, the projection showed a similar pattern as compared to maize yield with
the same explanatory variables (Figure 5). Climate variability affected more on rice yield as
the projection continues towards the middle of the century. Rice yield reduces drastically as
seen in the annual trend under RCP4.5-NOAA from 1389 kg/ha to 402 kg/ha and increases
for RCP4.5-CSIRO going from 786 kg/ha to 1375 kg/ha. However, it was observed that by
2047 rice yield may reached up to 1389 kg/ha as the highest record from RCP4.5-NOAA
scenario making it more beneficial than RCP4.5-CSIRO for that year. RCP4.5-CSIRO
showed a better trend in future than RCP4.5-NOAA. Some notable deviations occurred in
2031 and 2044.
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Figure 4. Baseline rice yield due to annual trends in historical rainfall, minimum and maximum
temperatures, relative humidity and sunshine duration from 1987-2016
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Figure 5. Projected rice yield due to annual trends in rainfall, minimum and maximum
temperatures, relative humidity and sunshine duration from 2021-2050. The trends of maize
in blue color is RCP 4.5-CSIRO and brown color for RCP 4.5 — NOAA

19 http://jas.macrothink.org



- ISSN 2166-0379
Institute™ 2019, Vol. 7, No. 2

The average baseline yield data for maize and rice yield were 1138 kg/ha and 1223 kg/ha
respectively. These were average Yyields obtained from the 30-year historical data
(1987-2016). Percentage changes as compared with the projected yield were computed in
(Equation 1). These changes are presented in Figure 5 and 6 for maize and rice yields
respectively.

\\ Macrothi“k Journal of Agricultural Studies

However, the 10-year temporal trends in rainfall, minimum and maximum temperatures,
relative humidity and sunshine duration are assessed, for three interval-starting points in
future 2021-2030, 2031,2040, 2041-250) on the yield of maize. The first decadal period from
2021-2030 under RCP4.5-NOAA showed a vyield increase of 12 % whilst under
RCP4.5-CSIRO vyield adjusted to 17 %. In the second decadal period (2031-2040) under
RCP4.5-CSIRO had a better projection of about 31 % than RCP4.5-NOAA. Similarly, during
the last decadal period (2041-2050), both scnerios projected an increase in maize yield but
most importantly under RCP4.5-CSIRO of about 48 % depicting a positive impact within the
last decadal period (Figure 5).

Contrary, the emission scenarios projected different results for rice yield as compared to
maize yield in the future (Figure 6). During the period 2021-2030, RCP4.5-NOAA projected
yield losses of -23 % whilst RCP4.5-CSIRO projected a decline of -18 %. The subsequent
decade 2031-2040 showed a slight recovery of rice yield most importantly under
RCP4.5-CSIRO of about -12 %, which is still inadquate. Furthermore, in the last decade, the
scenarios projected a decrease in rice yield from 2041-2050. The projection by
RCP4.5-NOAA showed a tremendous decrease in rice yield by -23 % and -14 % under
RCP4.5-CSIRO scenario respectively. It is observed that the projected rice yield in the future
showed a substantial reduction of yield loss by year 2050.
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(=] (=]
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=]
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2021-2030 2031-2040 2041-2050

B NOAA-RCPAS  mCSIRO-RCPAS
Figure 6. Barplots of maize yield losses of a given magnitude due to 10-year trends in climate

variability under RCP4.5-CSIRO in brown color and RCP4.5-NOAA in blue color. Three
bars are shown using three different periods (2021-2030, 2031-2040 and 2041-2050)
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Figure 7. Barplots of rice yield losses of a given magnitude due to 10-year trends in climate
variability under RCP4.5-CSIRO in brown color and RCP4.5-NOAA in blue color. Three
bars are shown using three different periods (2021-2030, 2031-2040 and 2041-2050)

5. Discussion

The expected changes in staple food crop yields of two major crops showed that remarkable
achievement from mitigation would be needed towards the middle of the century, in order to
reduce the magnitude of yield losses. When comparing scenarios for projection over a
long-term period (2021-2050), mitigating climate variability according to RCP4.5-CSIRO is
more beneficial than RCP4.5-NOAA for maize yield. This finding is in agreement with
Tebaldi and Lobell (2015) who reported that RCP4.5 is considered better for future projection
of crops in terms of climate change mitigation.

However, the maize yield showed an erratic trend for the 30-year period (2021-2050) in
future showing that there is an inconsistent weather pattern influencing the yield. The model
is limited to only climate variables and that mitigation will enhanced the opportunity to
increased yield in RCP4.5-NOAA compared to RCP4.5-CSIRO (Peters et al., 2013). Contrary,
rice yield exhibits different results in terms of model projection in the future. This could be
because rice growing ecologies are hydrophilic environments and any chances of moisture
deficiency will affect the yield, which could have triggered model inconsistency. This finding
was similar to a study conducted by Kropff et al. (2001) who reported that rice could be
vulnerable to erratic rainfall below normal during growing season and will have a negative
impact during tillering. This model results may not show the entire picture since from this
angle, the model results may showed nonlinearities hence the confounding variables like soil
fertility, pest, disease and climate extremes (drought and flood) which may likely influence
crop yields are not included in the model (Jing et al., 2012).

For rice yield assessment, losses of yield is substantial significant and increases towards the
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mid of the century (2050). A projected decrease in rice yield by the mid-century (2050)
showed that, climate change and variability might likely have impact on food security; hence,
rainfed rice production may not be feasible to supply the growing population food demand. In
a similar study, Dawson et al. (2014) concluded that “under the 2050 scenarios, wheat, maize
and soybean were projected to have an overall mean reduction of up to 40, 50 and 50 %
respectively when compared to baseline productions with some variation between the GCMs
and regions spatially”.

Concerning the findings, rice yield is expected to decrease in the future for the locations
within the study area by 2050 for all scnerios RCP4.5-CSIRO and RCP4.5-NOAA. Such
information is vital hence, there is no single factor responsible for yield reduction and
farmers’ decision to adapt to such changes is inadquate. Even though some studies claimed
that cereal yields will be reduce in the future, the results for maize yield showed an increase
in the future for both scenarios (Cairns et al., 2013; Fitzgerald, 2016). This study contradict
with the findings of Cairns et al. (2013) who claimed that, any accumulated increase in mean
temperatures above 30°C in future may lead to a reduction of maize yields. The increased in
maize yield as seen in both GCMs (RCP4.5-CSIRO and RCP4.5-NOAA) scenarios could
have been some coping mechanism praticed by farmers using improved varieties. Increased
in the emission scenarios in future may lead to global warming, which could trigger sea level
rise, this may affect coastal rice growing ecologies. From this study, it was observed that rice
yield will decrease drastically towards the mid-centuary which might have cause due to sea
level rise affecting coastal rice growing ecologies in future (Clark et al., 2016). For future
adaptation, farmers need to integrate many farming strategies including the mitigation of
climate risk. However, barriers impeding poor farmers and policy implementation on
adaptation in sub-Saharan Africa still presents a daunting challenge (Antwi-Agyei et al.,
2013).

6. Conclusions and Recommendations

From the current study, it is concluded that rice and maize yield will reduce because of
projected increase in climate variables. Fluctuation of yields was observed over decadal
periods from 2021-2050, which showed the fluctuation of climate in the future. Higher yield
losses impacted by climate pattern projected by both RCP4.5-CSIRO and RCP4.5-NOAA
was seen towards mid-century (2050) for rice indicating future climate risk on rice yield. In
this study, our findings did not account for the non-climate variables therefore cannot make
any conclusion that yield variations are attributed to only climate variability. Future
predictions should therefore consider climate and non-climate variables. The benefits of
climate change adaptation to offset the negative effect of climate change is still ambiguous
and that required for additional research in order to benefit from the positive impact as noted
by several authors (Antwi-Agyei et al., 2013; Vermeulen et al., 2013). Further research
should be carried out to develop new improved rice and maize cultivars to offset the negative
effects of climate variability in future.
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