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Abstract

This study aims to determine the effects of potential climate change on crop water requirements (CWR) of plantain
(Musa spp.) in three agro-ecological zones over Ondo State. Climate change scenario-Representative Concentration
Pathways (RCP 4.5) derived from statistical downscaling of six global circulation model (GCM) outputs were applied as
inputs to CROPWAT model. Statistically-downscaled climate parameters outputs were used as inputs to the CROPWAT
to estimate irrigation water requirements (IWR) and CWR of plantain. Canadian Centre of Climate Model and Analysis
(CCCMA) model predicted greatest annual maximum temperature (T__ ) increases of 1.3°C to 1.9°C and 0.8°C to 1.5°C
at Ondo North and South Agro-Ecological Zones (ONAEZ and OSAEZ) for periods 2050s and 2080s respectively. The
outputs of the simulation for Max Planck’s Institute of Meteorology (MPI) model at OSAEZ indicate highest minimum
temperature changes of 2.5°C to 3.2°C for periods 2050s and 2080s. Changes in estimated monthly precipitation
indicate reductions for most of the models, with the highest decreases in month of January with -95.8% and -96.8.6% for
the future periods of 2050s and 2080s using CCCMA. Lowest decreases of -20.0% and -53.8% were predicted by Irish
Centre for High End Computing (ICHEC) in ONAEZ. During the wet season (April to September), all the climate models
indicated increase in monthly precipitation except CCCMA and MPI which estimated modest decrease of -18.4% and
-19.4% in the months of June and July for period 2050s in OCAEZ. The outputs of CROPWAT model to estimate CWR
and IWR showed that CCCMA consistently predicts seasonal highest increases of 26.7% (1085.4 mm) and 28.0%
(1102.6 mm) for the periods of 2050s and 2080s in comparison to crop water requirement (CWR) of 879.9 mm in
ONAEZ. This trend is similar to the predicted changes in CWR obtained in AEZ and OSAEZ respectively. Again, CCCMA
model projected highest irrigation water requirements of 451.6 mm and 469.3 mm; 493.8 mm and 500.8 mm for Ondo
Centre Agro-Ecological Zone (OCAEZ) and OSAEZ. These results correspond to IWR increase of 19.6% to 36.1%
in ONAEZ, 20.3% to 39.9% in OCAEZ and 25.3% to 42.1% in OSAEZ for periods of 2050s and 2080s relative to the
current period of 1975-2005. In conclusion, future CWR and IWR of plantain are likely to increase based on projected
climate for the periods 2050s and 2080s in Ondo State.
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Introduction

The three agro-ecological zones (AEZs) of Ondo State are very
suitable for plantain (Musa spp.) production. Plantain is being grown on
estimated total 11,450 hectares of cultivated land area and average yield
of 8.5 ton/hectare as per ODSMA in 2007. However, plantain requires
an annual effective rainfall between 1650 mm-1700 mm. Due to this
high water requirement, substantial irrigation need will be important
for maximum plantain production. In addition, climate change is
also affecting regional water resource availability and variability, and
thus influencing the demands for water by various sectors, including
irrigation water for agricultural use [1,2].

The global warming trend, which is mainly caused by the increasing
amount of greenhouse, will continue [3,4]. However, rising air
temperature is a major drive for reference evapotranspiration (ET). The
main impacts of climate change are expected in terms of ET because
it represents the climate demand of the atmosphere [5,6]. Crop water
requirement (CWR) is the product of reference evapotranspiration
and crop factor at different stages of plant growth and development.
Increases in ET, and some other meteorological variables influence
CWR. Projecting future plantain irrigation requirement across the
(AEZs) requires stepwise estimation of crop water requirement for
determining accurate supplementary water application.

Statistical Downscaling Model (SDSM) was used in this study to
project future climate (minimum temperature, maximum temperature,

precipitation) using six general circulation models (GCMs) under newly
released set of emission scenario known as Representative Concentration
Pathways [7]. Selecting SDSM over dynamic downscaling model is
because it is cheap to apply and provide site-specific climate information
[8]. Uncertainty and biases in GCMs outputs are considered by using
multiple climate models [9].

The objective of the study is to estimate the effects of climate
change scenario on plantain water requirement using an ensemble set
of six GCMs under RCP 4.5 for the future periods 2035-2065 (2050s)
and 2070-2100 (2080s) relative to baseline to baseline period 1975-
2005. CROPWAT irrigation software (version 8.1) was chosen based
on its better performance in estimating reference evapotranspiration
(ET)) and crop water requirement (CWR) over other crop models. The
expected outputs of the study will be used to address the future plantain
irrigation water needs and useful water conservation measures.
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Methods
Study area

The study was conducted on the plantain grown regions of eighteen
Local Government Areas of Ondo State. The State is divided into three
agro-ecological zones namely; Ondo-North Agro-Ecological Zone
(ONAEZ), Ondo South Agro-Ecological Zone (OSAEZ) and Ondo
Central Agro-Ecological Zone (OCAEZ) respectively. Each of the
Agro-Ecological Zones comprises six local government areas (LGAs)
as indicated in Table 1. The meteorological station records the daily
maximum temperature, minimum temperature, and accumulated
precipitation. The summary of the climatic datasets location and
coordinate are depicted in Table 2 and Figures la and 1b. Weather
stations containing 31-year baseline-control period across the regions
in Table 2 were the sources of climatic variables used for running the
simulations.

Statistical downscaling model

Assessing climate change in the study areas, eighteen meteorological
stations were identified (Table 2 and Figure 1). These stations had
a reliable set of current daily climate data from 1975-2005. However,
using a statistical downscaling model (SDSM), 31-year historical dataset
from these stations (local scale) were reproduced from six GCMs
and calibrated to evaluate the sensitivity of each of the GCMs. The
procedures used for SDSM are summarized as verification of missing
data to control the quality of the collected historical climate data;
configuration of the model, using predictor variables from the GCMs
and from the reanalysis data from the selected meteorological station
(SDSM) and generation of future climate data based on various climate
change scenarios obtained from GCMs [10]. The outputs of statistically-
downscaled climate variables derived by the GCMs were used as input
to the CROPWAT model to compute future ET, CRW, and IWR for the
periods the 2050s and 2080s respectively. The effects of climate change
were evaluated by comparing the outputs of projected future water
balance parameters to the baseline estimated values. Table 3 depicts
the selected general circulation models, their spatial resolutions and
representative concentration pathways for this research study.

CROPWAT Irrigation model

CROPWAT Irrigation model (Version 8.1) was used to estimate
reference (ET), crop water requirement (CWR) and irrigation water
needs (IWR) under baseline (1975-2005) and future periods (2035-
2065) and (2070-2100) respectively. The CROPWAT model, developed
by FAO, is an irrigation management model to evaluate crop water
requirements and irrigation needs [11]. This model was chosen since
it has been widely used worldwide [12]. The algorithm for calculation
of crop water requirements (CWR) and irrigation needs of CROPWAT
were based on estimation of potential evapotranspiration (ET,), using
the Penman-Montieth equation [12], and crop parameters. CROPWAT
model also requires the coordinates (latitude and longitude) of the
location area, the outputs from the model were expressed in mm/
day. Crop water requirement (CWR) for plantain was predicted using
CROPWAT software as:

ET, =ET xKC 1)

crop
Where:
ETMP:Crop evapotranspiration in mm/day

K =Crop coefficient

ET =Reference evapotranspiration in mm/day.

The model uses in-built Pen-Monteith method to compute reference
evapotranspiration (ET) as follows:

900
0.408A(Rn—g)+y———-U,(6. -6,
BT - ( g) }/T+273 ,(0,-6) Q)

A+y(1+0.34U,)

Where, ET =Reference evapotranspiration (mm/day);
R, =Net radiation at the crop surface (M]/m?*/day);
G=Soil heat flux density (M]/m?* day);

T=Mean daily air temperature at 2 m height (°C);

u2 =Wind speed at 2 m height (m/s);

es= Saturation vapor pressure (kPa/°C);

e, =Actual vapor pressure (kPa/°C);

es—ea=Saturation vapor pressure deficit (kPa);

A = Slope of vapor pressure curve (kPa/°C) and

¥ =Psychrometric constant (kPa/°C).
Results and Discussion

Temperature projections

Overall trends of statistical downscaling outputs of eighteen
weather stations for projecting maximum (T ) and minimum (T )
temperatures were obtained from selected six general circulation models
(GCMs). Temperature estimated by the GCMs indicates an increase in
minimum and maximum temperature for most of the months up to the
end of 21th century (2100). The GCM:s outputs showed that CCCMA
predicted the highest annual maximum temperature of 340°C and
370°C for 2035-2065 and 2070-2100 relative to the current maximum
temperature of 31.5°C for OCAEZ. The least annual T__ values of 31.8°C
and 35.10°C were projected by ICHEC at the Ondo Central Agro-
Ecological Zone (Tables 4-6 and Figures 2-9). Maximum temperature
estimated by MIROC and CCCMA models is 33.3°C and 34°C for
OSAEZ and 33.6°C and 34.1°C for ONAEZ for two future time slices
of 2050s and 2080s. Projected minimum temperature showed similar
trend for selected Agro-Ecological Zones with CCCMA and MIROC
models having the highest predictions (Tables 4-6 and Figures 2-9). The
results of the projection showed very good agreement with some climate
change studies [4,13,14].

Estimated average T and T for the three agro-ecological zones
(ONAEZ, OCAEZ, OSAEZ) reflected Ondo Central Agro-Ecological
Zone (OCAEZ) as the warmest region with increases in maximum
temperature of 1.5°C (4.8%) to 4.5°C (14.6%) for the two future time
slices of 2035-2065 and 2070-2100 compared to the baseline time period
of 1975-2005 (Table 6). This observation is similar to the reported study
by Olujumoke et al. All the GCMs showed the same trend in the two
remaining agro-ecological zones (OSAEZ and ONAEZ). Predicted
changes in annual maximum temperature for short-term (2035-2065)
and long term (2070-2100) of 1.3°C (4.1%); 1.9°C (6.0%) for ONAEZ and
0.8°C (3%); 1.5°C (4.8%) for OSAEZ were estimated (Table 7). Predicted
increases in T and T for the studied agro-ecological zones may
likely lead to increase in reference evapotranspiration (ET) and gradual
reduction of soil moisture. Simulated GCMs climate variables were run
with CROPWAT software to generate reference evapotranspiration
(ET,), crop water requirement (CWR) and irrigation water requirement
(IWR).
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Figure 1: a) Meteorological station in Ondo-State. b) Map of Ondo State showing all LGAs.
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Figure 2: Projected average annual (T __ ) for six GCMs-RCP 4.5 over OCAEZ for periods 2035-2065 and 2070-2100 relative to 1975-2005.
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Precipitation projections

The rainfall largely contributes to satisfy the crop water requirement
of plantain (Musa spp.) depending on seasonality. The results from
six GCMs indicate various degrees of variability in projected future
precipitation in all the three Agro-Ecological Zones in Ondo-State.
These inconsistencies are explained partly by the inability of GCMs to
reproduce the mechanisms responsible for precipitation including, for
example, the hydrological cycle [13,15]. Changes in monthly estimated
precipitation indicate reductions for most of the models, with the
highest decreases in month of January with of -95.8% and -96.8.6% for
the future periods of 2050s and 2080s using CCCMA (Figures 8 and
9). However, least decreases of -20.0% and -53.8% were estimated from

ICHEC in February for near (2050s) and long (2080s) terms under
RCP 4.5 scenario. Climate models such as MPI, MOHC and CCCMA
indicate decreasing trends in precipitation with higher reduction in
2080s in Ondo North Agro-Ecological Zone (Figures 9 and 10). In mid-
term (2050s), annual mean precipitation will likely increase by 27.2% in
2050s and decrease by 28.1% in 2080s relative to current period of 1975-
2005. Again, for the precipitation, MIROC model had annual increase
of 49.7% and 26.1% for the periods 2050s and 2080s when compared
to baseline period (Figure 11) as also reported by Jones and Thornton
[16]. This probable signifies extreme precipitation events with high
rainfall intensity and increase number of raining days in period 2050s
in the ONAEZ region over most of the mid-latitude land masses.
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Figure 3: Estimated changes in monthly rainfall for six GCMs-RCP 4.5 over ONAEZ for period 2035-2065 relative to 1975-2005.
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Figure 4: Projected average annual (T . ) for six GCMs-RCP 4.5 over OSAEZ periods 2035-2065 and 2070-2100 relative to 1975-2005.

Annual mean precipitation estimated from the selected GCMs
for periods 2050s and 2080s in Ondo-Central Agro-Ecological Zone
(OCAEZ) indicates very similar pattern with the projections in
ONAEZ. All the climate models indicate reduction in precipitation
from the onset of dry season (October) to the peak periods in January
and February for 2050s and 2080s respectively in OCAEZ (Figures 12
and 13). However, Model for Interdisciplinary Research on Climate
(MIROC) indicated increases of 55.2% and 26.7% in January for the
periods 2050s and 2080 (Figures 12 and 13). During the wet season
(April to September), all the climate models indicated increase in
monthly precipitation except CCCMA and MPI which estimated
modest decrease of -18.4% and -19.4% in the months of June and

July for period 2050s. Highest increases were observed in the months
of May and August for the two time slices in Ondo Central Agro-
Ecological Zone (Figures 12 and 13). Increasing trends of estimated
precipitation by the selected climate models except MPI revealed
that larger precipitation event is likely to be experienced in 2080 than
2050s in comparison with the baseline period in Ondo South Agro-
Ecological Zone (OSAEZ) as shown in Figure 14. This phenomenon
is different from the outputs of the rainfall projections in Ondo North
Agro-Ecological Zone (ONAEZ) and Ondo Central Agro-Ecological
Zone (ONAEZ) which predicted larger precipitation for the short
term period of 2050s. Meterology Office of Hadley (MOHC) estimated
the highest increase of 2261.9 mm and 2277.7 mm for period 2050s
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Figure 5: Projected average annual (T__ ) for six GCMs-RCP 4.5 over OSAEZ periods 2035-2065 and 2070-2100 relative to 1975-2005.
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Figure 6: Estimated changes in monthly rainfall for six GCMs-RCP 4.5 over ONAEZ for period 2070-2100 relative to 1975-2005.
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and 2080s, while least increases of 1239.3 mm and 1326.7 mm were
predicted using CCCMA model (Figure 14). The work from McKendry
etal. [17] showed results similar to the results obtained in this study

Reference evapotranspiration predictions

Projected future reference evapotranspiration (ET)) for plantain
(Musa spp.) was estimated for the three agro-ecological zones (OSAEZ,
OCAEZ and ONAEZ) in Ondo State. The simulation outputs for all the
selected GCM:s indicated that highest ET, was estimated in the month
of March in all the zones, whereas lowest ET  values were obtained
in September for periods 2050s and 2080s respectively. Reference

evapotranspiration increased from October through March which
represents dry season and decreased from April to October and this
period is categorized as wet season for shortand long term periods.
(Figures 15 and 16) depicts projected reference evapotranspiration
(ET,) for periods 2050s and 2080s under RCP 4.5 climate scenario
compared to the baseline period (1975-2005). Overall simulation of
ET, showed that ICHEC model had increases of 9.0% (1258.6 mm)
and 11.2% (1275.1 mm) for periods 2050s and 2080s relative to the
control-period of 1975-2005 in ONAEZ. However, among the six
constructed future scenarios, CCCMA predicted highest ET, of 7.1%
(1336.7 mm) and 8.2% (1350.2 mm) in OCAEZ, 16.6% (1331.5 mm)
and 17.8% (1343.0 mm) in OSAEZ respectively (Figure 15). Based on
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Figure 8: Estimated changes in precipitation for six GCMs-RCP 4.5 over OCAEZ for time period 2035- 2065 relative to 1975-2005.

high predictive reference evapotranspiration (ET,) for 2050s and 2080s,
plantain (Musa spp.) water requirements may likely be higher and
this will result to increase in irrigation demands across all the agro-
ecological zones. The results of ET, obtained in this work shown good
agreement with previous studies [18-20].

Crop water requirements (CWR) and irrigation needs (IWR)
projections

Downscaled climatic variables from general circulation models
derived with representative concentration pathways (RCP 4.5) were run
with CROPWAT model to estimate crop (plantain) water requirement
(CWR) and irrigation water demands (IWR) in the study regions. Crop

water requirement (CWR) is the product of reference evapotranspiration
(ET)) and crop coefficient (Kc) at different growth stages. Estimated
ET, values obtained in ONAEZ, OSAEZ and OCAEZ were run with
crop and water model to compute plantain water requirements for the
periods 2050s and 2080s. Predicted monthly plantain (Musa spp.) water
requirements showed increasing trends across the three agro-ecological
zones. Based on the GCMs outputs, higher CWR was estimated from the
month of September through December in all the three agro-ecological
zones. However, ICHEC, MPI and CNRM models estimated lower
CWR in ONAEZ and OCAEZ respectively. It is observed that all the
GCMs projected increase in CWR compared to baseline for two future
periods with CCCMA model predicting greatest increase in OSAEZ),
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Figure 9: Estimated changes in precipitation for six GCMs-RCP 4.5 over OCAEZ for time period 2070-2100 relative to 1975-2005.
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SIN OSAEZ OCAEZ ONAEZ
1 QOdigbo Akure South Akoko N.W
2 Okitipupa Akure North Akoko N.E
3 Irele lleoluji/Okeigbo Akoko S.W
4 llaje Ifedore Akoko S.E
5 Ese-Odo Ondo-East Owo

Table 1: Categorization of agro-ecological zone in Ondo-State.

SIN LGA Location Station ID (d:;::e) Lat (Degree) = Elevation (m) Record
1 Akoko N.W Okeagbe 203K 5.76 7.67 508.1 1975-2005
2 Akoko N.E Ikare 205R 5.4 7.31 462.2 1975-2005
3 Akoko S.W Iwaro 303W 5.45 7.24 373.1 1975-2005
4 Akoko S.E Isua 305U 4.98 6.99 252.6 1975-2005
5 Owo Owo Poly 288P 5.59 7.23 305.3 1975-2005
6 Ose Ifon 306F 5.58 7.18 288.7 1975-2005
7 Akure South Akure 310A 5.19 7.25 396.9 1975-2005
8 Akure North Itaogbolu 315T 5.15 7.15 327.2 1975-2005
9 Idanre Idanre 318D 5.52 9.81 335.4 1975-2005
10 Ifedore Igbara-Oke 294E 5.64 7.35 330.3 1975-2005
1 Ondo-East Borunduro 297B 5.02 7.27 252.8 1975-2005
12 lleoluji/Okeigbo lleoluji 320J 5.05 71 315.9 1975-2005
13 Ondo-West Ondo town 322N 4.51 7.61 266.9 1975-2005
14 Odigbo Ore 3150 4.52 6.47 100.5 1975-2005
15 Okitipupa Okitipupa 3171 4.35 6.25 92.7 1975-2005
16 Irele Irele 323L 4.97 6.62 161.6 1975-2005
17 llaje Igbakoda 329G 6.32 472 49.8 1975-2005
18 Ese-Odo Igbekebo 330G 4.28 5.1 61.7 1975-2005

Table 2: Meteorological stations with approximate coordinates.

OCAEZ, whereas MOHC predicted highest CWR values in ONAEZ. 2080s in comparison to crop water requirement (CWR) of 879.9 mm
This observation was similar to the works of Maurer and Sezen et al. in ONAEZ (Tables 8-10). Again the model predicts large changes in the
[21,22]. Overall outputs from selected general circulation models show months of September (15.6 mm and 20.4 mm), October (66.1 mm and
that CCCMA consistently predicts annual highest increases of 26.7% 68.1 mm), November (62.2 mm and 64.6 mm) and December (55.5 mm
(1085.4 mm) and 28.0% (1102.6 mm) for the periods of 2050s and and 57.6 mm) for the periods 2050s and 2080s relative to the current
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Models Emission scenarios Spatial resolution
CCCMA RCP 4.5 48 x 96 cells, 3.75° x 3.75°
MPI RCP 4.5 96 x 192 cells, 1.9° x 1.9°
MOHC RCP 4.5 88 x 176 cells, 2.0° x 2.0°
MIROC RCP 4.5 67 x 134 cells, 1.12° x 1.12°
CNRM RCP 4.5 64 x 128 cells, 2.8° x 2.8°
ICHEC RCP 4.5 60 x 120 cells, 2.9° x 2.9°
Table 3: GCMs downscaled for the research study.
OSAEZ OSAEZ
Models
T .. (2035-2065) T, .. (2070-2100) Models T, .. (2035-2065) T,.. (2070-2100)
ICHEC 31 315 ICHEC 22.7 234
MPI 32.3 327 MPI 24 24.3
MOHC 33.3 331 MOHC 244 251
CCCMA 322 33.7 CCCMA 26.3 26.5
MIROC 33.3 34 MIROC 24.6 24
CNRM 323 33 CNRM 22.6 234
Table 4: Projected annual temperature in Ondo-state relative to 1975-2005.
ONAEZ ONAEZ
Models T . (2070-
T, .. (2035-2065) T,.. (2070-2100) Models T,.. (2035-2065) "4 00)
ICHEC 31.3 321 ICHEC 221 22
MPI 326 33.3 MPI 22.8 22.8
MOHC 341 341 MOHC 23.3 23.3
CCCMA 33.6 341 CCCMA 22.9 231
MIROC 325 334 MIROC 23.7 23.9
CNRM 32.8 334 CNRM 211 21.9
Table 5: Projected annual temperature in Ondo-state relative to 1975-2005.
OCAEZ OCAEZ
Models -
T,.x (2035-2065) T'";‘gg;’ 0 Models T,..(2035-2065) T,.. (2070-2100)
ICHEC 31.8 35.1 ICHEC 214 22.2
MPI 33.1 36 MPI 224 23
MOHC 33.2 359 MOHC 22.8 23.8
CCCMA 34 371 CCCMA 241 24.4
MIROC 331 36.8 MIROC 23.2 23.8
CNRM 329 35.5 CNRM 211 221
Table 6: Projected annual temperature in Ondo-state relative to 1975-2005.
OSAEZ ONAEZ OCAEZ
Climate Variables
2035-2065 2070-2100 2035-2065 2070-2100 2035-2065 2070-2100
Max'm”(rl"ée%’erat“re (0.8) (3.0) (1.5) (4.8) (1.3) (4.1) (1.9) (6.0) (1.5) (4.8) (2.5) (14.6)
M'“'m“?j ée$‘;erat“re (4.1) (20.5) (4.4) (22.0) (2.6) (13.0) (2.8) (14.0) (2.5) (12.5) (3.2)(16.0)
, /o

Table 7: Estimated annual changes in temperature in Ondo-State relative to 1975-2005.

period of 1975-2005 in ONAEZ. This period could be considered as
onset of dry season with decrease precipitation, available moisture
content and increase in irrigation water requirement across the agro-
ecological zones. This trend is similar to the predicted changes in crop
water requirement obtained in OCAEZ and OSAEZ respectively. In
Ondo South Agro-Ecological Zone (OSAEZ), it is observed that there
is strong concentration of irrigation water demand from November
through February, except CCCMA model which estimated 31.9 mm

(319.0 m*/ha) and 33.5 mm (335.0 m>/ha) in the month of March for
periods 2050s and 2080s. CCCMA and MIROC models predicted more
seasonal water requirement 0f493.8 mm; 503.2 mmand 305.8 mm; 385.4
mm for periods 2050s and 2080s in ONAEZ respectively (Table 10).
In addition, Centre of Canadian Climate Model & Analysis projected
highest irrigation water demand of 451.6 mm and 469.3 mm; 493.8 mm
and 500.8 mm for OCAEZ and OSAEZ. CNRM models yielded lowest
IWR in ONAEZ, OSAEZ and OCAEZ for the periods 2050s and 2080s
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ET, (mm/Year) CWR (mm/Year) IWR (mm/Year)
Models
2035-2065 2070-2100 2035-2065 2070-2100 2035-2065 2070-2100
ICHEC 1258.6 1275.1 1042.0 1055.4 255.4 269.5
MPI 1282.6 2196.7 1069.7 1083.7 234.4 2815
MOHC 1315.4 1331.9 1096.1 1154.8 289.4 314.8
CCCMA 1303.0 1320.2 1085.4 1102.6 493.8 502.3
MIROC 1294.2 1309.0 1079.3 1091.9 305.8 385.4
CNRM 12311 1282.6 1039.6 1055.2 281.1 306.9
Table 8: CROPWAT simulated variables (ETo, CWR, IWR) for future periods using six GCMs-RCP 4.5 in ONAEZ.
ET, (mm/Year) CWR (mm/Year) IWR (mm/Year)
Models
2035-2065 2070-2100 2035-2065 2070-2100 2035-2065 2070-2100
ICHEC 1263.8 1284.7 1106.4 1128.3 279.6 2945
MPI 1288.8 1311.7 1109.3 1117.6 302.0 320.0
MOHC 1304.5 1329.8 1096.1 1116.6 304.8 332.8
CCCMA 1336.7 1350.2 1096.1 1120.4 451.6 469.3
MIROC 1307.0 1307.2 1091.4 1104.9 281.2 302.8
CNRM 1285.6 1302.1 1062.3 1076.2 210.8 242.9
Table 9: CROPWAT simulated variables (ETo, CWR, IWR) for future periods using six GCMs-RCP 4.5 in OCAEZ.
ETo (mm/Year) CWR (mm/Year) IWR (mm/Year)
Models
2035-2065 2070-2100 2035-2065 2070-2100 2035-2065 2070-2100
ICHEC 1248.8 1264.3 1088.7 1101.3 265.4 2954
MPI 1282.4 1294.7 1117.5 1129.0 251.6 262.5
MOHC 1298.3 1313.2 1082.1 1102.9 2755 289.8
CCCMA 1331.5 1343.0 1111.4 1129.9 493.8 500.8
MIROC 12921 13155 1079.7 1098.5 293.7 381.3
CNRM 1269.4 1289.1 1104.9 1122.0 258.9 278.1
Table 10: CROPWAT simulated variables (ETo, CWR, IWR) for future periods using six GCMs-RCP 4.5 in OSAEZ.
Baseline ICHEC MPI MOHC CCCMA MIROC CNRM
Month 2035- 2070- 2035- 2070- 2070- 2070- 2070- 2035- 2070-
19752005 | 5065 2100 2065 2100 20352085 5qgp | 2035-2065 545y | 2035-2065 54 2065 2100
January 42.5 53.3 54.3 60.8 46.1 61.7 62.0 68.5 68.8 49.3 63.2 60.5 54.3
February 244 27.3 441 30.8 49.8 27.8 33.4 38.9 39.8 26.7 29.3 26.1 34.2
March 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31.9 33.5 0.0 0.0 0.0 0.0
April 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
May 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
June 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
July 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
August 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
September 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
October 0.0 34.4 39.5 5.0 5.6 4.6 6.2 113.2 114.7 221 56.4 16.1 19.2
November 10.8 91.2 95.2 91.8 93.1 64.8 67.8 116.1 117.9 84.9 106.5 93.3 100.2
December 57.0 59.2 62.3 63.2 67.9 116.6 120.4 125.2 126.2 110.7 125.9 62.9 70.2

Table 11: Estimated monthly irrigation water req (IWR) under baseline and projected future periods from six GCMs-RCP 4.5 in OSAEZ.

(Figures 17a-17c). These results correspond to irrigation water demand
increase of 4.9% to 26.1% in ONAEZ, 4.3% to 8.2% in OCAEZ and 6.7%
to 11.8% in OSAEZ for periods of 2050s and 2080s relative to the current
period of 1975-2005. This result also shows that all the selected general

circulation models driven with friendly climate scenario (RCP 4.5) for
future time periods 2050s and 2080s slightly underestimated plantain
irrigation requirements during the wet season. The outputs from all the
climate models predicted no supplementary water application needed
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Figure 16: Annual crop (plantain) water req. (CWR) under 1975-2005 baseline climate and future periods of 2050s and 2080s in OSAEZ.
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Figure 17: a) Estimated annual irrigation water requirement (IWR) under 1975-2005, Baseline climate and future period of 2050s and 2080s in OSAEZ.
b and c) Estimated annual irrigation water requirement (IWR) under 1975-2005, Baseline and future period of 2050s and 2080s in ONAEZ.
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from the month of March through September in all the three agro-
ecological zones. However some level of irrigation water may still be
needed during this period (wet season) to meet up with the required
plantain water requirement. Overall sensitivity analysis for projected
future irrigation water requirement (IWR) indicates that more water
will be required to supplement projected decrease in future rainfall for
periods 2050s and 2080s in three agro-ecological zones.

Conclusion

The study investigated possible implications of climate change
on plantain (crop) water requirement (CWR) and irrigation water
needs (IWR) in three agro-ecological zones of Ondo State, Nigeria.
Statistically-downscaled climate (minimum temperature, maximum
temperature and precipitation) from global to local scales using six
general circulation models (GCMs) under representative concentration
pathways (RCP 4.5) were applied to run CROPWAT model in
computing future CWR, IWR and reference evapotranspiration (ET)).
CCCMA predicted the highest annual maximum temperature of
340°C and 370°C for 2035-2065 and 2070-2100 relative to the current
maximum temperature of 31.5°C for OCAEZ and 33.6°C and 34.1°C
for ONAEZ whereas MIROC projected highest T of 33.3°C and 34°C
for OSAEZ. Generally, estimated average T and T for the three
agro-ecological zones (ONAEZ, OCAEZ, OSAEZ) reflected Ondo
Central Agro-Ecological Zone (OCAEZ) as the warmest region with
increases in maximum temperature of 1.5°C (4.8%) to 4.5°C (14.6%) for
the two future time slices of 2035-2065 and 2070-2100 compared to the
baseline time period of 1975-2005. Predicted increasesin T and T_
for the studied agro-ecological zones are the major factors responsible
for projected increases in reference evapotranspiration (ET) in the
studied regions.

The study also indicated that overall simulation of ET, for ICHEC
model had increases of 9.0% (1258.6 mm) and 11.2% (1275.1 mm) for
periods 2050s and 2080s relative to the control-period of 1975-2005 in
ONAEZ with CCCMA predicted highest ET, of 7.1% (1336.7 mm) and
8.2% (1350.2 mm) in OCAEZ, 16.6% (1331.5 mm) and 17.8% (1343.0
mm) in OSAEZ respectively. Crop water requirements (CWR) were
predicted by CCCMA model to increase from 1085.4 mm to 1102.6
mm and these increases are in the range of 26.7%-28.0% for the future
periods 2050s and 2080s relative to the baseline 1975-2005 in ONAEZ.
The increase in CWR was likely due to the increase in minimum and
maximum temperatures and reference evapotranspiration (ET, ). This
trend is similar to the predicted changes in crop water requirement
obtained in OCAEZ and OSAEZ respectively.

However, plantain irrigation water requirements were more,
despite increases in precipitation compared to the control period in the
entire studied region. Centre of Canadian Climate Model and Analysis
projected highest irrigation water demand of 451.6 mm and 469.3
mm; 493.8 mm and 500.8 mm for OCAEZ and OSAEZ. Overall, the
sensitivity analysis using statistically-downscaled climate data of GCMs
run with CROPWAT model indicated increases in plantain water
requirements (CWR) and irrigation water needs (IWR).
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