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ABSTRACT

Precise assessments of global climate model (GCM) outputs are important for making decisions regarding
agriculture, water resources, and ecosystem management. In the current study, temperature and
precipitation projections were developed using multi-model ensemble of GCMs for Western Ghats. The
performance of Coupled Model Inter-comparison Project 5 (CMIP5) GCMs was evaluated based on the
mean annual cycle, temporal trends and Taylor plotting with respect to observed temperature and
precipitation over Western Ghats. The best performing models selected were BNU-ESM, CESM1-
WACCM, MIROC-ESM-CHEM, MIROC-ESM, MPI-ESM-LR, MPI-ESM-MR, MPI-ESM-P,
NorESM1-M, and NorESM1-ME for temperature, while for rainfall CMCC-CMS, EC-EARTH, GFDL-
CM3, GFDL-ESM2G, GFDL-ESM2M, MIROC5, MPI-ESM-MR and NorESM1-M were selected. Then
the ensemble of best performing models was developed for both temperature and rainfall. The results
revealed that the CMIP5 GCM ensemble mean temperature and precipitation are closer to observed
values than any individual GCM.
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Norway (Benestad, 2002), India (Chaturvedi et al.,
2012; Das et al., 2012), Western Himalayan region
(Das et al., 2014), South Asia (Das et al., 2015),
Punjab, India (Kaur et al., 2020) and Philippines
(Daron et al., 2018) using different General
Circulation Models (GCMs). Though GCMs have
the greatest potential for developing regional climate
change scenarios, their ability to reproduce local
climatic conditions is restricted (Grotch and
MacCracken, 1991). Because GCMs have a coarse
resolution and impact analysts are demanding finer
resolution in climate change scenarios, numerous
approaches to improve resolution have been
developed (Daron et al., 2018; Gharbia et al., 2016).
Among the various methodologies, statistical
downscaling methods, seeking relationships between
the GCM simulated variables offered acceptable
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Introduction

Climate change became one of the major global
concerns for its widespread impact on food
production, ecosystem services, drinking water
supply, human health, etc. Predictions of the global
mean surface temperature and precipitation prove to
be of little use as the climate is highly variable at the
hemispheric and continental scale. Therefore, the UN
Framework Convention on Climate Change in Rio
de Janeiro (1992) stressed on the regional scale
assessment of climate change pattern and impacts.
Since then, several studies have been conducted in
different regions worldwide, e.g. Scandinavia and
New Zealand (Kidson and Thompson, 1998),
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scenarios (Das and Akhter, 2019; Huth and Kyselý,
2000).

India is primarily dependent on agriculture for
its economy and a large part of the Indian population
is engaged in agricultural activities. In spite of
increased production of food crops through the ‘green
revolution’, Indian agriculture is still heavily
dependent on monsoon rainfall, and thus vulnerable
to climate change. As Indian climate is predominantly
monsoonal climate, so studies on regional monsoon
dynamics became one of the most important branches
of atmospheric research in India. Though several
studies on the intensity of the Indian monsoon
showed significant long-term trends on a smaller
scale in various parts of India (Singh et al., 2021),
instrumental records of monsoon rainfall over the
previous century lacked trends on a national scale
(Kripalani et al., 2003). Recent studies showed that
rainfall will increase by 4 to 5% in near future (2030s)
and 6 to 14% at the end of this century (2080s) with
an increase in the mean annual surface air
temperature by 1.7–2°C and 3.3–4.8°C for those
respective periods relative to the 1961–1990 baseline
for India (Chaturvedi et al., 2012). Greenhouse gas
warming simulations indicated an increased intensity
of Asian summer monsoon (Hirakuchi and Giorgi,
1995) with some exceptions (Lal et al., 1994). Based
on various GCM experiments under the combined
influence of greenhouse gases and surface aerosols,
the fifth assessment report of the Intergovernmental
Panel on Climate Change (IPCC, 2014) projected
the global climate warming by 0.3 to 4.8°C during
next 100 yr. Due to a lack of understanding of
important climatic processes, the existence of many
climatic and non-climatic systems, regional-scale
variations and non-linearity, high degree of
uncertainty among predictions of climate change
impacts still predominated in several recent project
scenarios. In another study, Rupa Kumar et al. (2002)
used ECHAM4 and HadCM2 to project climatic
scenarios over India for the periods 1980-2039 and
1920-1979. ECHAM4 predicted a 13% increase in
monsoon rainfall, while HadCM2 predicted a 6%
decrease. However, both models predicted a 1.0°C
increase in mean annual temperature. At present,
limited information is available on all-India or more
local-scale seasonal composite scenarios, either
derived directly from the GCMs outputs or using

some kind of downscaling method with finer
resolution. On this backdrop, our effort was
concentrated on the development of a Multi-Model
Ensemble (MME) from the best performing models
for constructing the future climate change scenarios
over Western Ghats.

Material and Methods

Data requirement

IMD gridded temperature (1°×1°) (Srivastava et
al., 2009) and rainfall (0.25°×0.25°) (Pai et al., 2014)
data were used as observed data. The model
simulations for both the present-day climate
(historical experiments from 1969 to 2005 and 1901
to 2005 for temperature and rainfall, respectively
under changing conditions consistent with
observations) and future climate projections (RCP
2.6, RCP 4.5, RCP 6.0 and RCP 8.5 experiments from
2006 to 2100) are obtained from the CMIP5 data
website (http://pcmdi9.llnl.gov). In this study, we
selected models from the first ensemble member
(r1i1p1) of each model. The details of the CMIP5
models used in the current study can be found
elsewhere (Akhter et al., 2017). Total 45 models were
available for r1i1p1 ensemble of historical
simulations. The number of models available for RCP
2.6, 4.5, 6.0 and 8.5 with ensemble r1i1p1 is 27, 43,
21 and 41, respectively. IMD gridded and GCM
outputs are interpolated to the same resolution
(0.25°×0.25°) using bilinear interpolation technique.
The monthly data over December-February, March-
May, June-September and October-November
representing winter, pre-monsoon, monsoon, post-
monsoon seasons were averaged for temperature
while sum was taken for rainfall.

Trend test

We adapted the rank-based nonparametric Mann-
Kendall (Kendall, 1948; Mann, 1945) method for
assessing the long-term monotonic trend in time
series (Sah et al., 2020). Sen’s nonparametric method
(Sen, 1968) was used to estimate the magnitude of
trends in the time series data (Singh et al., 2020).

Model evaluation

For generation of future climate projections, first



352 Journal of Agricultural Physics [Vol. 21

step is the selection of the best performing models.
We have used three approaches for evaluation of the
CMIP5 models viz. trend analysis, conventional
statistics and Taylor plot. Conventional statistics
include following indices:

Mi: model output; M—  and σM: mean and standard
deviation of model output, respectively; Oi:
observations; O—  and σO: mean and standard deviation
of observations, respectively. The best performing
models were selected and averaged to have
multimodel ensemble (MME).

Taylor plot

Taylor plot presents a concise statistical overview
of how well patterns matched with each other in
terms of correlation, root-mean-square (RMS)
difference, and variance ratio. The correlation
coefficient and RMS difference provide
complementary statistical information quantifying
the correspondence between two patterns, but the
variances (or standard deviations) of the fields must
also be provided for a more complete characterization
of the fields. All of these statistics are useful for
pattern comparison, and the Taylor plot allows you
to display them all on a single, easily interpreted
diagram.

Results and Discussion

The Mann-Kendall analysis of both temperature
and rainfall revealed that the temperature was
projected to increase significantly but rainfall would
remain almost constant over the years. The Sen’s

slope for temperature was 0.011 (p = 0.002) whereas
it was 0.031 (p = 0.95) for rainfall (Fig. 1).

The preliminary analysis for this study included
computing the mean, standard deviation, and
coefficient of seasonal and annual variation of
temperature and precipitation time series for both
for IMD datasets and CMIP-5 models. Table 1 and 2
presents these statistical parameters for the 37 (1969–
2005) and 105 year (1901–2005) time period studied
for temperature and rainfall variability, respectively.
The mean annual temperature and rainfall varied
between 23.11 and 29.22 °C and 484.24 and 2747.27
mm, respectively. The coefficient of variation
indicating dispersion around the mean for
temperature and rainfall was used to analyze the
seasonal and annual spatial variability, both for IMD
datasets and CMIP-5 models. This coefficient varied
between 1.07 to 2.10% and 4.44 to 37.56% for
temperature and rainfall, respectively.

For model evaluation, we have calculated linear
trend of the CMIP-5 models for seasonal and annual
time series. The models with similar trend as that of
IMD gridded data were selected. Temperature trend

Sen’s slope = 0.031
p-value = 0.95

Fig. 1. Mann-Kendall trend test for temperature (upper
panel) and rainfall (lower panel) over Western Ghats

Sen’s slope = 0.011
p-value = 0.002
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8 of IMD gridded data for both seasonal and annual

cycle was positive that confirmed a warming trend
over the study period (1969-2005). Most of the
models showed positive trend for annual cycle except
MIROC-ESM-CHEM (Table 3). Rainfall Trend of
IMD gridded data was negative for both annual and
seasonal cycle except for monsoon season. The
CMIP-5 models revealed variable trends for rainfall
pattern (Table 4). For annual cycle, ACCESS1-0, bcc-
csm1-1, bcc-csm1-1-m, CESM1-BGC, EC-EARTH,
FGOALS-g2, GFDL-ESM2M, GISS-E2-R,
HadGEM2-ES, IPSL-CM5A-LR, IPSL-CM5A-MR,
MIROC5, MIROC-ESM, MPI-ESM-LR, MRI-
CGCM3 and NorESM1-M models showed positive
trend.

Conventional statistics were used to select the
best performing models. For temperature, the models
which were having d-index >0.95, nRMSE <50,
pbias between -10 to 10 and correlation >0.95 were
selected. The selected models based on the criteria
were BNU-ESM, CESM1-WACCM, MIROC-ESM-
CHEM, MIROC-ESM, MPI-ESM-LR, MPI-ESM-
MR, MPI-ESM-P, NorESM1-M, and NorESM1-ME
(Table 5). For rainfall dynamics, the selection criteria
were slightly loosened likely d-index >0.90, nRMSE
<50, pbias between -20 to 20 and correlation >0.85
as the average model performances were little bit
poor. On the basis of these criteria, the selected
rainfall models were CMCC-CMS, EC-EARTH,
GFDL-CM3, GFDL-ESM2G, GFDL-ESM2M,
MIROC5, MPI-ESM-MR and NorESM1-M (Table
6).

Performance of the best GCMs was assessed
using Taylor Diagram with reference to IMD gridded
data (Fig. 2). The results indicated that all the selected
models were efficient to simulate IMD gridded
observed temperature and rainfall with adequate
accuracy. Seasonal plotting of past observed and
multi-model ensemble data showed a good
agreement for temperature (Fig. 3), but multi-model
ensemble for rainfall failed to simulate observed
rainfall for July and September. We developed a
Multi Model Ensemble (MME9, MME8 for
temperature and rainfall, respectively) from the best
performing models for both past and future time
period (1969-2100 and 1901-2100 for temperature
and rainfall, respectively) (Fig. 4). MME9 indicated
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Table 3. Linear trend of IMD gridded and CMIP-5 model data for temperature over Western Ghats

Trend (°C/37 yr) Annual DJF MAM JJAS ON

IMD 0.48 0.73 0.27 0.51 0.42
ACCESS1-0 0.47 0.54 0.64 0.32 0.40
ACCESS1.3 0.35 0.34 0.63 0.28 0.08
bcc-csm1-1-m 0.36 0.14 0.46 0.70 -0.11
bcc-csm1-1 0.71 0.81 0.70 0.78 0.41
BNU-ESM 0.64 0.12 1.00 0.75 0.67
CanESM2 0.86 0.98 0.78 0.90 0.76
CCSM4 0.61 0.52 0.68 0.69 0.51
CESM1-BGC 0.43 0.30 0.46 0.41 0.59
CESM1-CAM5 0.36 0.53 0.25 0.33 0.35
CESM1-WACCM 0.35 0.06 0.21 0.62 0.44
CMCC-CM 0.15 -0.13 0.77 0.03 -0.10
CMCC-CMS 0.66 0.60 1.11 0.43 0.56
CNRM-CM5 0.71 0.80 0.69 0.69 0.65
CSIRO-Mk3-6-0 0.59 0.56 0.44 0.69 0.69
FIO-ESM 0.62 0.78 0.81 0.38 0.56
GISS-E2-H 0.79 0.73 0.74 0.88 0.76
GISS-E2-R 0.29 0.46 0.42 0.14 0.15
GISS-E2-H-CC 0.43 0.72 0.42 0.41 0.05
HadGEM2-AO 0.83 0.78 0.74 1.01 0.68
HadGEM2-CC 0.48 0.83 0.45 0.32 0.38
HadGEM2-ES 0.44 0.36 0.45 0.23 0.29
inmcm4 0.45 0.32 0.79 0.42 0.22
IPSL-CM5A-MR 1.00 0.94 1.01 1.11 0.83
IPSL-CM5B-LR 0.70 0.60 0.44 1.10 0.41
MIROC-ESM-CHEM -0.14 -0.25 -0.56 0.17 0.06
MIROC-ESM 0.14 0.05 -0.13 0.48 0.01
MIROC5 0.70 0.49 0.90 0.98 0.15
MPI-ESM-LR 0.71 0.30 0.86 0.86 0.82
MPI-ESM-MR 0.80 0.80 0.86 0.73 0.86
MPI-ESM-P 0.60 0.54 0.57 0.63 0.70
MRI-CGCM3 0.33 0.26 0.32 0.33 0.46
MRI-ESM1 0.18 -0.19 0.18 0.35 0.37
NorESM1-M 0.75 0.73 0.78 0.72 0.80
NorESM1-ME 0.75 0.84 0.59 0.75 0.83
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Table 4. Linear trend of IMD gridded and CMIP-5 model data for rainfall over Western Ghats

Trend (mm/105 yr) DJF MAM JJAS ON Annual

IMD -17.74 -16.64 30.32 -12.53 -15.92
ACCESS1-0 -9.30 -2.27 53.66 5.45 47.55
ACCESS1.3 -7.87 -4.50 -46.57 -25.44 -84.38
bcc-csm1-1 10.80 1.34 6.93 50.89 69.96
bcc-csm1-1-m 15.33 71.05 145.30 47.56 279.24
BNU-ESM -14.92 -66.55 54.70 25.58 -1.19
CanESM2 -36.52 7.40 4.54 -13.75 -38.33
CCSM4 -1.08 -21.12 27.41 15.95 21.16
CESM1-BGC -8.88 -24.14 -34.50 24.60 -42.91
CESM1-CAM5 -7.68 15.83 -77.71 -6.96 -76.51
CMCC-CM -4.44 9.85 80.09 -45.62 39.89
CMCC-CMS 4.86 3.00 -0.29 -35.68 -28.11
CNRM-CM5 -23.20 -13.02 5.24 -6.08 -37.06
CSIRO-Mk3-6-0 -3.45 -0.06 -18.28 0.44 -21.35
EC-EARTH -8.98 10.90 74.84 12.15 88.91
FGOALS_g2 -0.68 9.71 132.26 25.54 166.83
FIO-ESM -5.38 -6.71 22.43 -39.79 -29.45
GFDL-CM3 -1.08 -10.27 11.28 -22.30 -22.36
GFDL-ESM2G 6.00 -15.73 -5.61 12.18 -3.15
GFDL-ESM2M -7.53 -16.37 25.47 19.64 21.22
GISS-E2-H -12.31 -1.32 -143.88 -4.42 -161.92
GISS-E2-H -11.84 5.76 -176.08 -25.28 -207.44
GISS-E2-H 1.21 7.58 -65.96 18.48 -38.70
GISS-E2-H-CC -11.66 2.10 -88.38 15.53 -82.42
GISS-E2-R -14.49 -5.58 -112.48 -18.82 -151.37
GISS-E2-R -10.44 -4.18 -109.71 -20.73 -145.06
GISS-E2-R -7.68 7.38 54.99 4.64 59.33
GISS-E2-R-CC -26.99 -22.22 -28.29 -26.55 -104.05
HadGEM2-AO -7.32 1.03 -75.28 -2.04 -83.61
HadGEM2-CC -4.53 -3.10 -5.66 26.65 13.37
HadGEM2-ES -3.61 1.58 -20.92 2.28 -20.68
inmcm4 -21.70 -20.59 -8.27 30.42 -20.14
IPSL-CM5A-LR 3.62 -5.35 22.87 29.95 51.10
IPSL-CM5A-MR 5.44 8.21 3.46 -1.17 15.94
IPSL-CM5B-LR -8.52 -0.28 -137.81 -5.77 -152.37
MIROC5 -34.51 -20.07 19.57 55.44 20.43
MIROC-ESM 6.19 -6.39 61.59 -28.99 32.41
MIROC-ESM-CHEM -0.22 -34.70 -42.79 -2.59 -80.30
MPI-ESM-LR 4.21 15.74 -20.60 38.40 37.76
MPI-ESM-MR -6.31 -1.53 -18.86 -2.39 -29.09
MRI-CGCM3 -16.09 -1.93 89.37 -41.29 30.06
NorESM1-M -8.51 0.93 -3.17 13.50 2.75
NorESM1-ME 9.99 -4.90 -6.24 -8.20 -9.36
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Table 5. Performance of the CMIP-5 models for prediction of temperature over Western Ghats

d-index nRMSE pbias Correlation

ACCESS1-0 0.76 110.6 7.5 0.96

ACCESS1.3 0.54 212.6 14.6 0.92

bcc-csm1-1-m 0.76 110.6 6.4 0.82

bcc-csm1-1 0.76 117.3 7.6 0.92

BNU-ESM 0.96 37 2.1 0.97

CanESM2 0.88 70 4.2 0.93

CCSM4 0.88 68.1 -3.8 0.91

CESM1-BGC 0.9 63.6 -3.7 0.94

CESM1-CAM5 0.79 97.5 -6.5 0.95

CESM1-WACCM 0.98 28.7 0.7 0.96

CMCC-CM 0.95 49.8 1.4 0.96

CMCC-CMS 0.93 60.6 2.4 0.98

CNRM-CM5 0.94 51.7 -2.5 0.95

CSIRO-Mk3-6-0 0.54 186.3 12.7 0.9

FIO-ESM 0.88 77.5 5 0.98

GISS-E2-H 0.77 93.7 5.6 0.87

GISS-E2-R 0.76 103.1 6.6 0.9

GISS-E2-H-CC 0.7 114.7 7.2 0.85

HadGEM2-AO 0.78 100.3 6.8 0.97

inmcm4 0.62 154.9 -9.3 0.72

IPSL-CM5A-MR 0.95 43 1 0.91

IPSL-CM5B-LR 0.82 81.6 3.3 0.76

MIROC-ESM-CHEM 0.98 30.2 -0.9 0.98

MIROC-ESM 0.98 30.2 -1.2 0.98

MIROC5 0.94 44.6 2.8 0.99

MPI-ESM-LR 0.98 31.6 0.2 0.99

MPI-ESM-MR 0.97 40.6 -0.1 0.99

MPI-ESM-P 0.98 31.8 0.4 0.99

MRI-CGCM3 0.95 50.3 2.4 0.97

MRI-ESM1 0.93 57.7 3 0.97

NorESM1-M 0.96 40.7 -1.5 0.96

NorESM1-ME 0.95 44.6 -2 0.95
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Table 6. Performance of the CMIP-5 models for prediction of rainfall over Western Ghats

d-index nRMSE pbias Correlation

ACCESS1-0 0.78 80.1 -53.6 0.86
ACCESS1-3 0.61 99.5 -57 0.6
bcc-csm1-1 0.89 84.6 32.5 0.93
bcc-csm1-1-m 0.91 70.2 38.5 0.96
BNU-ESM 0.95 51.2 35.1 0.98
CanESM2 0.84 61.9 -17.3 0.8
CCSM4 0.95 48.3 27.4 0.95
CESM1-BGC 0.95 46.2 24.9 0.95
CESM1-CAM5 0.94 51.4 32.1 0.94
CMCC-CM 0.88 59.1 -35.6 0.89
CMCC-CMS 0.93 47.6 -18.1 0.9
CNRM-CM5 0.84 60 -26.8 0.92
CSIRO-Mk3-6-0 0.56 107.1 -66.2 0.75
EC-EARTH 0.97 31.8 7.8 0.95
FGOALS_g2 0.7 190.3 91.5 0.9
FIO-ESM 0.94 50.9 16.1 0.91
NOAA 0.91 48.2 -14.3 0.9
NOAA.1 0.95 37.2 -5.3 0.93
NOAA.2 0.97 31.6 7.4 0.95
GISS-E2-H 0.9 65.2 -2.7 0.85
GISS-E2-H.1 0.89 72.1 -2.1 0.82
GISS-E2-H.2 0.88 77.9 7 0.85
GISS-E2-H-CC 0.89 68.3 -9.3 0.81
GISS-E2-R 0.88 69.4 -5.5 0.8
GISS-E2-R.1 0.88 69.9 -8.8 0.78
GISS-E2-R.2 0.88 72.4 -5.1 0.79
GISS-E2-R-CC 0.89 66.6 -6.6 0.81
HadGEM2-AO 0.75 84.7 -58.5 0.87
HadGEM2-CC 0.71 90.5 -62.1 0.87
HadGEM2-ES 0.71 90.2 -61.9 0.86
inmcm4 0.85 74.6 38 0.79
IPSL-CM5A-LR 0.68 87 -43.3 0.66
IPSL-CM5A-MR 0.82 68.9 -29.2 0.78
IPSL-CM5B-LR 0.65 107.5 -60.7 0.5
MIROC5 0.92 45.5 5.7 0.89
MIROC-ESM 0.9 76 49.5 0.96
MIROC-ESM-CHEM 0.9 74 48.4 0.96
MPI-ESM-LR 0.93 45 -28.8 0.97
MPI-ESM-MR 0.96 34 -18.5 0.96
MRI-CGCM3 0.72 88.7 -56.4 0.78
NorESM1-M 0.95 44.1 1.2 0.91
NorESM1-ME 0.93 50.9 4.7 0.88
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Fig. 2. Taylor plot of temperature (upper panel) and rainfall (lower panel) over Western Ghats



2021] Development of CMIP5 Ensemble-Based Climate Change Scenarios 361

Fig. 3. Mean seasonal cycle of temperature (upper panel) and rainfall (lower panel) over Western Ghats

Table 7. Percentage change in temperature and rainfall for 2006-2100 over the study area

1970-2000 RCP2.6 RCP4.5 RCP6.0 RCP8.5

Temperature
Base period 4.19 6.36 4.72 9.31

(1.08 °C) (1.62 °C) (1.20 °C) (2.37 °C)
Rainfall

Base period -0.78 -2.35 4.99 0.01
(-11.12 mm) (-33.16 mm) (71.49 mm) (0.17 mm)

that temperature was projected to increase around
4.19-9.31% for different RCPs during 2006-2100
with reference to the base period of 1970-2000
(RCP2.6 = 4.19, RCP4.5 = 6.36, RCP6.0 = 4.72 and

RCP8.5 = 9.31%). The multi-model ensemble for
rainfall (MME8) indicated a very marginal increase
in rainfall in RCP2.6 and RCP6.0, but it might
decrease according to RCP4.5 and RCP8.5 (-0.78, -
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Fig. 4. Past and future temperature time series for temperature (upper panel) and rainfall (lower panel) over
Western Ghats

2.35, 4.99 and 0.01% for RCP2.6, RCP4.5, RCP6.0
and RCP8.5, respectively) (Table 7).

Conclusions

The GCM models were able to simulate the
temperature but the performance of the models to
simulate rainfall was found to be poor. In general,
future temperature may increase which may increase
the plant water requirement through increasing
evapotranspiration. But rainfall may not increase

significantly. So, rainfed agriculture in the study
region may face acute water crises in future.
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