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Abstract
Many studies indicate that climate change impacts on water availability and extreme
events will be on both global and local scales. The humid tropical basin of Upper Bernam
River, Malaysia is taken as case study to evaluate the impact of climate change on water
availability on local scale by using Downscaled Global Climate Change Model (DGCM) data
with a distributed hydrologic model. DGCM data was downscaled by using a Regional
Climate Model called “Providing Regional Climates for Impacts Studies” (PRECIS). The study
area is important since it is the main source of irrigation water using run-of-the-river
irrigation system serving 20,000 ha of rice cultivation. The study answers the question of
whether any trend in the annual and monthly series of temperature and rainfall can be
detected at the local scale. DGCM temperature and rainfall data were compared with the
actual observed data. The results of the comparison indicate that DGCM temperature data
for specific grids were close to the actual temperature data unlike the rainfall data. The
actual data and DGCM data were then used with SWAT model to simulate stream flow. The
results show that stream flows were more accurately simulated by using actual observed
data than using DGCM data. For average monthly flows using weather station data, Nash
and Sutcliffe Efficiency (ENS) and coefficient of determination (R2) were found to be 0.79
and 0.80 respectively while ENS and R2 for average monthly flows using DGCM data were
found to be -3.273, 0.085 respectively. The average monthly flows during the study period
with data from weather station and DGCM were 45.5 and 73.3 m3/s respectively. The
Mann–Kendall test was then used to examine the presence of trend for temperature,
rainfall and flow time series of actual data and DGCM. Mann–Kendall test results show that
there is an increasing trend for temperature in all cases. However, there is no trend detected
for rainfall in all cases. The flow trend analysis by SWAT using weather station inputs
resulted in increasing trend with more than 90% probability level of significance, whereas
no flow trend was detected by SWAT using DGCM data.
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through the use of three-dimensional grid
all over the world, typically having
vertical layers in the atmosphere dwindled
between 10 to 30 km, where it sometimes
reaches 30 layers in the oceans.
Horizontally, the resolution fluctuated
between 100 and 600 km.
GCMs are large-scale representations
of the atmosphere and its processes. The
coarse resolution of GCMs outputs makes
them not suitable to represent regional
climate changes. Regional climate
changes can be obtained for local area by
downscaling of GCMs (Ramirez and
Jarvis, 2010).There are two downscaling
methods, Regional Climate Models and
Statistical Downscaling.
Regional Climate Models (RCMs) is
defined as modelling technique of nested
regional climate that uses initial
conditions, surface boundary conditions
and time-dependent lateral weather to
derive high-resolution. The driving data is
gained from analyses of observations of
GCMs. The reason beyond the variation of
this technique is to strike balance of the
RCM solution as a large-scale element
considered throughout the whole
domain(Giorgi and Christensen, 2001).
Statistical Downscaling is the process
of obtaining regional scale information
from GCMs using statistical models
(Zorita and Storch, 1999). There are many
statistical methods, for example Widmann
et al. (2003) and Wilby et al. (1998)
studied a variety of statistical downscaling
techniques and compared the results.
Liuzzo et al. (2010) used a fully
distributed hydrologic model to estimate
the possible effects of climate change on
water availability in a watershed in the
Baron Fork at Eldon in Oklahoma, United
States. They applied a hydrologic model
for the exiting conditions in addition to the
synthetic climate change scenarios with a

Introduction
A report by the Intergovernmental
Panel on Climate Change (IPCC) revealed
the temperature in all over the globe has
been increasing since the beginning of the
industrial era and thus there is a significant
increase of warming since 1975 (IPCC,
2007). Moreover, the report affirmed that
the issue by now is extremely probable
anthropic contributes in leading to such
serious warming. In spite of the effect of
warning, the whole world including
regional contrasts have emerged with
more marked warming obviously in the
northern hemisphere resulting in a faster
warming of continents compared to seas
(Chaouche et al., 2010).
Climate change is used by IPCC as a
term that indicates the state of climate
changes that can be determined by
alterations due to the variability of the
climate characteristics that stay for
decades or sometimes longer. Moreover,
the term climate changes can indicate any
differences in the nature of climate over a
period of time, either as a result of human
activities or due to natural variability. In
the same vein, it is dealt with the climate
change as a variation; either directly or
indirectly, connected with human various
activities. For instance, the United Nations
Framework Convention on Climate
Change (UNFCCC) assured that changes
in the global atmosphere composition are
mainly resulted by human activities in
addition to the variability of natural
climate observed over different time
periods (Bernstein et al., 2007).
Global Climate Models (GCMs) are
defined as mathematical models that
symbolize processes in the atmosphere,
land surface and oceans. Usually, they are
employed to estimate the influence of
human activities which can affect climate
change in future. GCMs depict climate
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climatic trend analysis generated using a
stochastic weather model. Another study
carried out by Moradkhani et al. (2010)
applied technology, for instance, future
general circulation model (GCM) data;
light detection and ranging (LiDAR) data.
The researchers conducted analyses of
floodplain to anticipate the differences
that may happen to factors of ecohydrologic including resources of
catalogue existing ecosystem and to
understand the scenarios of different
climate changes and their effect on such
resources as reflected through the basin
scale.
This paper presents a basin-level
assessment of climate change impact on
water availability in a humid tropical
region by using Downscaled Global

Climate Change Model (DGCM) data
with SWAT model and investigation of
trend existence of temperature, rainfall,
and flow.
Study Area
The Upper Bernam River Basin area
(Figure 1) is located in southeast Perak
and northeast Selangor, Malaysia,
between 3° 36′ 23″ to 4° 7′ 3″ North and
101° 19′ 42″ to 101° 39′ 24″ East, with a
drainage area of 1067 km2. The area is
considered as the primary source of
irrigation water supply for a 20,000 ha rice
granary. For this reason, the basin has its
importance as irrigation water source as
the there is no dam and reservoir to store
water and the irrigation scheme is a runof-the-river system.

Fig.1: Upper Bernam River Basin
such as discharge, suspended sediment,
water levels, rainfall and their related
information were collected from the
Department of Irrigation and Drainage
(DID) Malaysia for the period from 1981

SWAT Model Data
The data needed for calibration and
validation of the SWAT model have been
obtained from both historical records and
field data collections. Hydrological data
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to 2007. Satellite images data were
obtained from the Malaysian Remote
Sensing Agency.
Climate Change Data (PRECIS Data)
Regional
Climate
Model
for
Peninsular Malaysia and Sabah-Sarawak
has been prepared for the National
Hydraulic Research Institute of Malaysia
(NAHRIM) using “Providing Regional
Climates for Impacts Studies” (PRECIS).
The term PRECIS is defined as a land
surface and atmospheric model of high
resolution and specific area depending on
the atmospheric component of Hadley
Centre Coupled Model, version 3
(HadCM3) which was established by
Hadley Centre UK Meteorological Office
(Tangang and Liew, 2011). NAHRIM has
provided the DGCM data that was
downscaled by PRECIS model which
included rainfall and temperature in a grid
resolution of 25 km x 25 km. The results
of PRECIS model data as precipitation
and temperature were analysed and
compared with the observed precipitation
and temperature data.
By using ARCGIS Thiessen polygon
tool, it has been found that six grids of
PRECIS data covered the Upper Bernam
River Basin where nine weather stations
were applied for rainfall data collection;
and from two weather stations devoted for
meteorological data including rainfall,
humidity, temperature, wind speed and
solar radiation.

PRECIS data. After that Mann-Kendall
non-parametric test was used to examine
the presence of trend with the PRECIS
data and the observed data for
temperature, rainfall and stream flow.
Comparison between the PRECIS Data
and Observed Data
The temperature and rainfall values
obtained from PRECIS were compared
with the observed data using Nash and
Sutcliffe Efficiency (ENS) and coefficient
of determination (R2). ENS is a
normalized statistic that indicates how
well the plot of observed versus simulated
fits 1:1 line(Nash and Sutcliffe 1970). R2
describes the degree of co-linearity
between simulated and measured data.
=
∑
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∑
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Where:
is observed stream flow,
is
simulated stream flow,
is average
observed stream flow and
is average
simulated stream flow. The model can be
judged as satisfactory when ENS > 0.5 and
R2>0.6 (Santhi et al., 2001, Moriasi et al.,
2007).
The average rainfall and temperature
for PRECIS A1B data and actual data
were calculated using Thiessen polygon
average for the whole basin. Figure 2
below shows the distribution of the
weather stations (Figure 2a) and the
PRECIS grid (Figure 2b).

Methodology
A comparison between the PRECIS
and the observed data was carried out.
Then, SWAT model was used to simulate
stream flow using the observed data and
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Fig. 2a: Weather Stations

Fig. 2b: PRECIS grids
Had3682 were analysed for monthly
rainfall. Besides that, Wea322 and
Had5836, Wea357 and Had3604 were
analysed
for
average
monthly
temperature.
The results of the comparison between
the observed data and the values from
PRECIS are summarized as shown in
Table 1.

Results and Discussion
The comparison was performed in two
levels; the first level was on the whole
basin level whereas the other was on
single weather station and single PRECIS
grid level. The analysis for single weather
station and PRECIS grid was done for the
nearest PRECIS grid to weather station.
Wea002 and Had5836, Wea158 and
Table 1: The ENS and R2values for PRECIS

Parameters
Weather station & PRECIS for whole Bernam basin (Monthly Rainfall)
Weather station &PRECIS for whole Bernam basin (Average Monthly
Temperature)
Wea002 and Had5836(Monthly Rainfall)
Wea158 and Had3682 (Monthly Rainfall)
Wea322 and Had5836(Average Monthly Temperature)

ENS
R2
-1.519 0.057

Wea357 and Had3604(Average Monthly Temperature)

0.657

The relation between the actual
weather station data and climate change

-4.665 0.696
-0.477 0.031
-1.127 0.043
0.666 0.698
0.664

simulated (PRECIS) data are shown in
figures 4 to 9. Figure 4 shows that most of
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PRECIS rainfall data values are greater
than observed data for the whole basin
whereas a better matching between
observed rainfall and PRECIS rainfall is

shown on single level as in Figures 5 and
6. The statistics of data such as data range,
mean, mode and median are given in
Table 2.

Table 2: Statistics of monthly data on the whole basin
Parameter
Data range (Min - Max)
Mean (1981-2007)
Mode (1981-2007)
Median (1981-2007)
Standard Deviation (1981-2007)

Weather Stations
Temperature
Rainfall (mm)
°C
10.6 - 606.3
23.0 - 28.3
230.9
25.9
225.4
26.2
225.4
26.0
103.2
0.9

Although the observed average
monthly temperature on the whole basin
was greater than PRECIS temperature, the
temperature pattern was the same for both
data, as shown in Figure 7. This can be
attributed to the fact that only 2 weather

PRECIS
Rainfall (mm)
40.6 - 765.6
298.0
334.2
273.6
135.5

Temperature
°C
21.0 - 27.5
23.8
23.5
23.8
0.9

stations data were available in comparison
with 6 PRECIS grids. The closeness of
PRECIS average monthly temperature
data to the observed data on single level is
obviously shown in Figures 8 and 9.

Fig. 4: Monthly rainfall on whole basin
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Fig. 5: Monthly rainfall for (Weather station) Wea002 and (PRECIS grid) Had5836

Fig. 6 Monthly rainfall for (Weather station) Wea158 and (PRECIS grid) Had382

Fig. 7: Average monthly temperature on the whole basin
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Fig. 8: Average monthly temperature for Wea322 and Had5836

Fig. 9: Average monthly temperature for Wea357 and Had3604
The results for monthly rainfall were
found to be below the minimum
recommended satisfactory values for both
(ENS > 0.5 and R2> 0.6) on both levels
(Santhi et al., 2001). On the other hand,
the PRECIS model proved to be able to
obtain acceptable results for average
monthly temperature data on single
weather station for PRECIS grid level
where the values of ENS and R2 were all
above the minimum recommended values.
The results for average monthly
temperature on whole basin level were
below the minimum recommended values

for
ENS
and
above
minimum
2
recommended values for R on single
weather station and PRECIS grid level.
SWAT Model Analysis for Stream Flow
Initially, the SWAT model was
calibrated and then validated to simulate
stream flow applying data collected from
the study area weather stations (Alansi et
al., 2009). The result of validation outputs
indicate that SWAT model is applicable to
be used for stream flow estimation in the
study area. The obtained rainfall and
temperature data of PRECIS model were
then used as an input climate data for
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SWAT model to simulate stream flow for
the Upper Bernam River Basin. SWAT
model parameters that have been used
during calibration and validation were
also used in the simulation process. The
basin area was covered by 6 grids as

shown in figure 2. The simulated flow was
compared to the actual flow from the
existing flow measurement station at the
Upper Bernam River Basin outlet. The
results are shown in Table 2 and in Figures
10 and 11.

Table 3: ENS and R2 values for PRECIS data
Parameters
Average monthly flow using Weather station data as input to SWAT
with Actual observed flow
Average monthly flow using PRECIS A1B data as input to SWAT with
Actual observed flow

ENS

R2

0.79

0.80

-3.273

0.085

Fig. 10: Average monthly flow using weather station data with observed flow

Fig. 11: Average monthly flow using PRECIS data with observed flow
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Table 4: Statistics of flow using SWAT model
Parameter
Data range (Min - Max)
Mean (1981-2007)
Mode (1981-2007)
Median (1981-2007)
Standard Deviation (1981-2007)

Weather Stations
Flow
m3/s
6.9 - 156.2
45.5
36.8
41.0
23.1

From Table3and Figures10 and 11, the
use of the actual weather data in SWAT
model gave reasonable flow predictions
where the values of ENS and R2 were
above the minimum acceptable values.
The use of PRECIS model results as input
to SWAT model gave inaccurate flow
estimation where the results of ENS and
R2
were
below
the
minimum
recommended values. It was also noticed
that the flow resulted from using PRECIS
inputs were greater than the flow from
weather station data inputs. The average
monthly flow during the study period for
weather stations and PRECIS inputs into
SWAT were 45.5 and 73.3 m3/s
respectively (Table 4). This gives an
indication that RCM for the study has an
over-estimation of flow or it may indicate
that flow may increase in the future as a
result of the global climate change study.
Trend Analysis using Mann-Kendall Test
The Mann–Kendall trend test (Mann,
1945; Kendall, 1975) is considered as one
of the wide-spread non-parametric tests
used to identify significant trends in time
series. This test determines the existence
of a certain trend, without making any
assumption about the properties of
distribution. Additionally, nonparametric
methods are known as approaches less
influenced by the existence of outliers.

PRECIS
Flow
m3/s
9.9 -250.4
73.3
110.7
67.1
39.5

The test statistic, Kendall’s Sis calculated
as:
S = ∑!#$%"

&

!

,$#-"

sign y, − y#

(3)

where y=data values at times i and j and
n=length of the data set
And
1
ifϑ > 0
sign ϑ = / 0
(4)
ifϑ = 0
−1 ifϑ < 0
Under the null hypothesis that yi are
independent and randomly ordered, the
statistic S is approximately normally
distributed when n≥8, with zero mean and
variance as follows:
4 =
(5)
"6
The standardized test statistic ZS is
computed by:
9 "
ifS > 0
:
Z = 80
(6)
ifS = 0
9-"
ifS < 0
:
This test has been used to detect the
presence of trend in the hydroclimate data
in the study area. Trend analyses using
Mann-Kendall
test
for
Rainfall,
Temperature and Flow were performed.
The analysis includes testing trend for
monthly and annual observed values and
PRECIS within the period 1981-2007.
The graphs below show the trends.
! ! "
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Fig. 12: Annual rainfall for Weather station data and PERCIS

Fig. 13: Monthly rainfall for Weather station data and PERCIS

Fig. 14: Annual average temperature for Weather station data and PERCIS

Fig.15: Monthly average temperature for Weather station data and PERCIS
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Fig. 16: Annual average flow for Weather station data and PERCIS

Fig. 17: Monthly average flow for Weather station data and PERCIS
Table 5: Results of Mann-Kendall test
Mann-Kendall Parameters
Weather station for whole Bernam watershed (Annual
Rainfall) for whole Bernam watershed (Annual Rainfall)
PRECIS
Weather station for whole Bernam watershed (Monthly
Rainfall)
PRECIS for whole Bernam watershed (Monthly Rainfall)
Weather station for whole Bernam watershed (Annual
Average Temperature)
PRECIS
for whole Bernam watershed (Annual Average
Temperature)
Weather station for whole Bernam watershed (Monthly
Average Temperature)
PRECIS
for whole Bernam watershed (Monthly Average
Temperature)
Weather
station for whole Bernam watershed (Annual
Average
PRECIS Flow)
for whole Bernam watershed (Annual Average
Flow)
Weather station for whole Bernam watershed (Monthly
Average
Flow)
PRECIS for
whole Bernam watershed (Monthly Average
Flow)

The linear trendlines for the annual
and monthly rainfall, temperature and
flow with R2 values and the equation of
the trendlines were added to time series
graphs as shown the figures 12 to 17. The
equation of trendline is given in eq. (7)
; = <=+b
(7)

S
47
-23
1367
-925
199
129
9683
8378
55
-29
2605
-1085

σ
47.97
47.97
1948.47
1948.47
47.97
47.97
1948.47
1948.47
47.97
47.97
1948.47
1948.47

Zs
0.9590
-0.459
0.701
-0.474
4.1277
2.668
4.9690
4.299
1.126
-0.584
1.3364
-0.556

F(Z)
83%
32%
76%
32%
100%
100%
100%
100%
87%
28%
91%
29%

Where x: time (months or years), y:
(rainfall, temperature or flow), a: slope of
trendline and b: point of intersection with
y axis.
The values of R2 (ranging 0.00008 to
0.547) were very low except for weather
stations annual average temperature. This
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indicates that the trends of rainfall,
temperature and flow are not linear. The
trend can also be inferred from the slope
of trendline where the positive slope refers
to increasing trend and the negative slope
refers to decreasing trend.
The statistical probability level of
significance F(Z) of 90-95% was chosen,
(Hamed, 2008). It is claimed that the trend
decreases if ZS is negative where
computed probability is greater than the
significance level. On the other hand,
trend is increased if the ZS is positive and
the calculated probability is greater than
the significance level. However, if the
calculated probability is less than the
significance level, no trend could be
existed. From Table 3, it is noticed that
there is a positive trend for temperature in
all cases (probability level of significance
> 90%). However, no trend is detected for
rainfall in all cases (probability level of
significance < 90%). The trend analysis
for flows produced by SWAT using the
weather station inputs shows an increasing
trend with probability level of significance
> 90%, whereas no trend is detected for
flows produced by SWAT using the
PRECIS inputs, in which case the
probability level of significance was <
90%.
Analysing downscaling results of
PRECIS with the actual observed data
showed that the temperature was
acceptably downscaled by PRECIS.
However, there were differences between
the PRECIS downscaled rainfall data and
the actual rainfall data. These differences
could be attributed to: a) inaccuracies of
Lateral Boundary Condition of PRECIS,
and b) precipitation spatial distribution is
highly influenced
by topography
(Tangang and Liew, 2011).

Climate change effect is clearly
identified on temperature in the study area
where the Mann-Kendall test detected a
positive trend and the computed
probabilities were 100% in all cases of
temperature analysis as shown in Figs.14
and 15. No trends were detected by the
Mann-Kendall test for the rainfall and
flow as shown in Figs. 12, 13, 16 and 17.
Generally, increase in temperature, will
result in an increase in the potential
evapotranspiration and that will lead to
additional loss of moisture. This
temperature increase will cause more run
off reduction in dry season than in wet
season for the same rainfall. If there is
rainfall reduction with temperature
increase, reduction on runoff rates is
found to be much more pronounced than
that due to temperature rise. The rice
cultivation is sensitive to climate change
as its production is decreased with
temperature increase. In addition to
temperature impacts on rice production, is
also correlated with water availability.
Conclusion
For Bernam River Basin, the study
found that using downscaled global
climate change model (DGCM) data with
SWAT model resulted in larger simulated
runoff compared to using the actual
climate data. Although the values of ENS
and R2 were below the recommended level
for the using of PRECIS model data, the
increase in runoff can be recognized from
the flow trend analysis. The flow trend
analysis by SWAT using actual climate
data inputs indicated an increasing trend.
The trend analysis shows that temperature
is going to increase in the future.
However, for the average monthly rainfall
and average annual runoff, no trend could
be detected in the DGCM data.
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