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ABSTRACT 

The present study analyses future climate uncertainty for the 21st century over Tamilnadu state for six 
weather parameters: solar radiation, maximum temperature, minimum temperature, relative humidity, 
wind speed and rainfall. The climate projection data was dynamically downscaled using high resolution 
regional climate models, PRECIS and RegCM4 at 0.22°x0.22° resolution. PRECIS RCM was driven by 
HadCM3Q ensembles (HQ0, HQ1, HQ3, HQ16) lateral boundary conditions (LBCs) and RegCM4 driven by 
ECHAM5 LBCs for 130 years (1971-2100). The deviations in weather variables between the end century 
(2071-2100) and the base years (1971-2000) were calculated for all grids of Tamilnadu for ascertaining 
the uncertainty. These deviations indicated that all model members projected no appreciable difference 
in relative humidity, wind speed and solar radiation. The temperature (maximum and minimum) however 
showed a definite increasing trend with 1.7 to 3.7°C and 1.9 to 4.3°C, respectively. The model members 
for rainfall exhibited a high uncertainty as they projected high negative and positive deviations (-325 to 
784 mm). The spatial representation of maximum and minimum temperature indicated a definite rhythm 
of increment from coastal area to inland. However, variability in projected rainfall was noticed. 
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1. Introduction 
 
The change in climate is not certain and has been widely discussed in both public and scientific society as 
it has influence on various activities. In order to ascertain its impact and to workout adaptation and 
mitigation strategies, we need to know the change that could happen in future. The General Circulation 
Models (GCMs) plays a major role in predicting the future climate. As these GCMs do not provide sufficient 
information on finer scale as required for impact studies by different sectors, Regional Climate Model 
(RCM) are generally employed for getting fine scale outputs of a region using the GCM output. The 
uncertainty in the projected data could affect the usability of impact assessment studies. In general, 
uncertainty is a debate about the level of certainty needed to reach a firm conclusion and it is a perennial 
issue in science (Schneider and Duriseti, 2002). In order for these data to be reliable, an uncertainty 
analysis is required.  

Common approach to analyse uncertainty is to use past climate change to constrain the future climate 
change. An alternate approach is to simply use ensembles of models to provide a range of probable future 
climate without reference to observations (e.g. as it has happened in the Third Assessment Report (TAR) 
of the IPCC to provide the range of future warming (Cubasch et al., 2001).  
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One of the primary techniques employed in uncertainty analysis is the sensitivity analysis (Smith, 2002). 
This usually gives a range of possible outcomes. To overcome these uncertainties instead of using single 
model results, it is better to consider results from a range of coupled models. Perturbed physics approach 
is highly useful to quantify variability within the model but it cannot capture intermodel variability. The 
combination of both the intermodel and intramodel variability can be used for further impact assessment 
studies. In the present study future climate uncertainty at the end of 21st century was quantified over 
Tamilnadu state of India along with the spatial variability of climate. 
 
2. Methods 
  

2.1. Study location 

The uncertainties in climate projections was studied for the state of Tamilnadu, which is geographically 
located between 8.07°N to 13.57°N latitude and 76.24°E to 80.35°E longitude for the period of 130 years 
from 1971-2100. 

2.2. Climate projection scenario  

For this study A1B scenario was selected as it is considered suitable for India’s economic growth and 
technological interventions. The A1B emission scenario falls under A1 storyline that describes a future 
world of very rapid economic growth, global population that peaks in mid-century and declines thereafter, 
and the rapid introduction of new and more efficient technologies and this assuming that energy flow is 
balanced across all sources which takes into account fossil and non-fossil energy.  

2.3. Regional Climate Models and lateral boundaries 

PRECIS (Providing REGional Climate for Impact Studies) and RegCM4 (Regional Climate Model version 4) 
were used to downscale the future projections. In particular, the PRECIS model was obtained from Hadley 
Centre, UK Met office, which was run using HadCM3 (Q0, Q1, Q3 and Q16) ensembles as Lateral Boundary 
Conditions (LBCs). RegCM4 developed by International Centre for Theoretical Physics, Italy was used with 
EH5OM GCM output. Both RCMs were run at 25 km grid resolution under A1B scenario. The domain was 
selected to cover up to Central India (Fig. 1, 2). The data were then retrieved for Tamilnadu (Fig. 3) State 
that covered 220 grid points in PRECIS and 218 grid points in RegCM4. 

  

Figure 1. PRECIS domain Figure 2. RegCM4 domain 
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Figure 3. Tamilnadu (study area) 

2.4. Verification of climate data  

Verification of climate data was done using the Climate Research Unit (CRU) data of University of East 
Anglia, UK prepares observed monthly climatology at a resolution of 0.5° x 0.5° over the globe. The British 
Atmospheric Data Centre hosts the current version of CRU data (CRU_TS3.1). The same was downloaded 
in ASCII format and used as observed climatology for evaluating the simulation from RCMs. The error 
statistics like bias, root mean square error (RMSE) along with correlation coefficient (r) and index of 
agreement (Willmott, 1981) (d) were estimated for prediction against CRU gridded observation. The 25km 
resolution model outputs were interpolated to the CRU 0.5 x 0.5 degree grids using NCL ‘natgrid’ function 
and comparisons were made on grid-to-grid basis for the monthly and annual time series data.  

2.5. Uncertainty in climate projection  

Uncertainty in climate projections were obtained from the runs of PRECIS ensembles and RegCM4 
Regional Climate Model (RCM) for A1B scenario. The daily output of the members (PRECIS ensembles and 
RegCM4) were converted to decadal, using Perl programme. To obtain the uncertainty at the end of the 
century, the deviations from base year were calculated by obtaining the difference between the end 
century (2071-2100) and base years (1971-2000). Though, there would exist variation for every decade, 
to access the climate change uncertainty at the end of 21st century, the deviation was worked out for the 
end century to that of base years to give an overview of climate at the end of the 21st century to make 
decisions. The deviations were calculated for every grids (PRECIS: 220 grids; RegCM4: 218 grids) in both 
the models and then the maximum, minimum and average of all grid points were taken using excel 
spreadsheet. These ranges of maximum, minimum and average are given as uncertainty in climate 
projections.  

2.6. Spatial variability 

Spatial variability was analysed for PRECIS HQ0 and RegCM4 members as they have shown high reliability 
compared to other members using ArcGIS 9.3. The parameter-wise results obtained are presented below. 
 
3. Results 
 

3.1. Verification of model results 

The output (maximum temperature, minimum temperature and rainfall) from five simulations one from 
REG driven by the boundaries of ECHAM5 GCM and four from PRECIS RCM driven by perturbed physics 
ensembles of HadCM3Q  (HQ0, HQ1, HQ3 & HQ16) for the period 1971-2000 were compared with Climate 
Research Unit (CRU) gridded observations for the same period and the results are presented below. 
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3.2. Simulation of maximum temperature 

The model-wise mean monthly climatology along with CRU observations are furnished in Table 1. The 
overall mean CRU observed maximum temperature for the 30 year study period (1971- 2000) is 32 °C 
while the simulations by models showed variability in the level of -0.9 °C to 3.1 °C. The REG, though under 
estimated the maximum temperature was very close to CRU observations (31.1 °C), while all the PRECIS 
simulations (HQ0 (33.2 °C), HQ1 (34.2 °C), HQ3 (34.0 °C) & HQ16 (35.1 °C)) overestimated the mean daily 
maximum temperature. 

Table 1. CRU observed and model simulated mean monthly maximum temperature (°C) of Tamilnadu with 
trend (1971-2000). 

Models Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean Trend 

CRU 29.6 31.4 33.3 34.7 35.1 33.5 32.5 32.1 32.1 31.0 29.6 28.8 32.0 1.07 

HQ0 29.6 32.5 35.8 38.2 38.5 35.6 34.2 33.5 33.5 30.5 28.2 28.3 33.2 0.35 

HQ1 31.5 34.0 36.7 38.5 39.0 36.2 34.7 34.5 34.6 31.0 29.8 30.2 34.2 -0.19 

HQ3 31.0 33.5 36.6 38.4 39.1 37.4 34.8 34.5 33.4 30.3 29.4 29.8 34.0 -0.33 

HQ16 31.4 34.2 36.9 39.3 40.9 37.8 36.6 35.6 35.9 32.7 29.9 30.3 35.1 0.67 

REG 28.4 31.1 34.2 36.2 35.7 30.8 30.0 30.2 30.7 30.0 28.3 27.8 31.1 0.01 

The pattern of observation for different months by CRU was well simulated by different models, however 
there is a difference between the hottest and coldest months. In CRU observation, December (28.8 °C) 
was the coldest month, which was simulated by REG while all PRECIS runs, estimated the lowest maximum 
temperature only during November. However, the REG failed to simulate the highest maximum 
temperature in May recorded by CRU while all PRECIS runs simulated it during May with warm bias. The 
PRECIS runs HQ1 (-0.0064) and HQ3 (-0.0111) showed a negative trend for the study period of 1971-2000 
in simulating maximum temperature while all other runs showed a positive trend.  

Results of error and agreement statistics (Table 2) for different models in comparison with CRU 
observation revealed a negative bias for REG (-0.8 monthly and -0.8 annual), while it is positive for all 
PRECIS runs. The test of significance for correlation between CRU observed and model simulation, 
indicated a high significant correlation (0.01) for both annual and monthly climatology. The lowest RMSE 
was observed in REG (2.1 monthly and 1.3 annual) simulation while the highest index of agreement (d) 
was obtained for PRECIS HQ0 (0.66 monthly and 0.76 annual) run. 

Table 2. Error and agreement statistics for maximum temperature between model simulations and CRU 
observation (1971-2000). 

Models 
Bias r2 RMSE d 

Monthly Annual Monthly Annual Monthly Annual Monthly Annual 

HQ0 1.0 1.0 0.58 0.63 2.5 1.6 0.66 0.76 

HQ1 1.9 1.9 0.50 0.58 2.9 2.4 0.60 0.62 

HQ3 1.7 1.7 0.53 0.57 2.8 2.2 0.62 0.64 

HQ16 2.8 2.8 0.50 0.50 3.4 3.1 0.54 0.47 

REG -0.8 -0.8 0.43 0.54 2.1 1.3 0.65 0.75 

3.3. Simulation of minimum temperature 

The results for CRU observed and model simulated mean monthly minimum temperature with its trend 
is furnished in Table 3. The cycle of observation by CRU was well captured by all the models over different 
months. The variation in the overall mean daily minimum temperature between CRU and simulations 
ranged from -3.2°C to 1.0 °C. As observed under maximum temperature, the HQ1 (-0.0069) also showed 
a negative trend for minimum temperature while remaining runs simulated positive trend. However, 
there exists variation between them in simulating the trend which ranged from 0.23 °C to 
0.92 °C for the study period (1971-2000) while the CRU observation showed only 0.56 °C. 
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Table 3. CRU observed and model simulated mean monthly minimum temperature (°C) of Tamilnadu with 
trend (1971-2000). 

Models Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean Trend 

CRU 20.0 21.0 22.6 25.0 25.2 24.6 24.0 23.6 23.5 22.9 21.9 20.8 22.9 0.56 
HQ0 18.8 19.1 21.7 24.5 25.6 25.0 24.4 24.0 23.3 21.9 20.6 19.5 22.4 0.41 
HQ1 17.8 18.8 21.7 24.4 25.5 24.9 24.3 24.0 23.5 23.6 19.4 18.0 22.2 -0.21 
HQ3 17.8 19.1 22.0 24.4 25.6 25.3 24.4 24.0 23.1 21.4 19.4 18.2 22.1 0.23 

HQ16 20.1 21.2 23.6 25.9 27.3 26.6 25.6 25.0 24.8 23.6 21.9 20.6 23.9 0.92 
REG 16.7 16.5 18.6 20.9 21.8 21.6 21.3 21.0 20.6 20.2 19.4 17.7 19.7 0.31 

The error and agreement statistics for minimum temperature simulated by model compared to CRU 
observations are furnished in Table 4. All the simulations except HQ16 simulated a negative bias indicating 
under estimation by the models. There exists high significant correlation for all model simulations as seen 
from correlation coefficient values of monthly and annual comparisons. A higher RMSE was observed in 
REG (3.1 monthly and 3.1 annual) simulation while the PRECIS runs showed insignificant differences 
among them. The highest index of agreement for monthly (0.88) and annually (0.94) comparison was seen 
in PRECIS HQ0 simulation, while the lowest was observed in REG (0.59 monthly and 0.58 annual) 
simulation.  

Table 4. Error and agreement statistics for minimum temperature between model simulations and CRU 
observation (1971-2000). 

Models 
Bias r2 RMSE d 

Monthly Annual Monthly Annual Monthly Annual Monthly Annual 

HQ0 -0.3 -0.3 0.83 0.87 1.3 0.9 0.88 0.94 

HQ1 -0.5 -0.5 0.83 0.88 1.7 1.1 0.85 0.90 

HQ3 -0.6 -0.6 0.83 0.88 1.5 1.0 0.85 0.92 

HQ16 1.1 1.1 0.85 0.90 1.6 1.3 0.83 0.87 

REG -3.0 -3.0 0.77 0.83 3.1 3.1 0.59 0.58 

3.4. Simulation of Rainfall 

The mean monthly rainfall for the study period (1971-2000) along with its trends are furnished in Table 5. 
The simulation of all models showed a high variability in their estimation of rainfall compared to the 
temperatures. The REG showed over estimation to the level of 25 per cent, while HQ1 showed nearly 50 
per cent under estimation. The remaining PRECIS runs produced only under estimated Rainfall. However, 
all the PRECIS runs were able to capture the highest rainfall cycle during northeast monsoon period (OND) 
while the REG failed to capture the same as it produced more rainfall during southwest monsoon (JJAS). 
The negative trend equivalent to that of CRU (-55.5) observation was predicted only by HQ16 (-55.8) while 
the other runs showed a positive trend.  

Table 5. CRU observed and model simulated mean monthly rainfall (mm) of Tamilnadu with trend (1971-
2000). 

Models Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Trend 

CRU 8 8 9 34 68 59 77 93 132 197 189 97 970 -55.5 

HQ0 23 10 18 20 36 59 63 90 82 139 130 58 728 75.9 

HQ1 4 3 7 14 20 36 37 39 52 116 53 19 401 246 

HQ3 5 4 7 16 27 32 44 52 99 125 75 14 499 154.5 

HQ16 25 8 17 15 12 41 58 98 74 124 103 38 612 -55.8 

REG 35 13 17 32 77 201 181 179 144 136 137 76 1227 250.5 

The estimated error and index of agreement for rainfall simulation (Table 6) revealed that, except for REG 
(24mm monthly and 291 mm annual) all the PRECIS runs showed a negative bias for annual and monthly 
climatology indicating underestimation by these models. The correlation coefficient is significant and the 
annual RMSE ranged from 400 to 600 mm. All models showed a better index of agreement for annual 
climatology compared to monthly climatology for rainfall. Only a low level of agreement was seen for 
rainfall in comparison with temperature climatology.   
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Table 6. Error and agreement statistics for rainfall between model simulations and CRU observation 
(1971-2000). 

Models 
Bias r2 RMSE d 

Monthly Annual Monthly Annual Monthly Annual Monthly Annual 

HQ0 -14 -172 0.21 0.29 74 403 0.46 0.59 

HQ1 -45 -540 0.80 0.27 76 601 0.45 0.40 

HQ3 -36 -434 0.17 0.22 72 514 0.46 0.45 

HQ16 -26 -316 0.22 0.24 72 438 0.46 0.50 

REG 24 291 0.23 0.28 95 489 0.42 0.53 

3.5. Uncertainty at the end of 21st century 

Decadal averages of weather parameters (solar radiation, maximum temperature, minimum 
temperature, relative humidity, wind speed and rainfall) were worked out to study the uncertainty in 
climate change projected at the end of the century.  

3.6. Solar radiation  

Solar radiation had both positive and negative deviation for Tamilnadu. In all the members studied (Table 
7) the minimum variations in solar radiation ranged from -1.3 to -0.2 MJm-2 and the maximum variation 
ranged from 0.1 to 0.9 MJm-2. On an average, the member HQ3 had no deviation and HQ0 (0.1 MJm-2) 
had positive deviation, whereas HQ1 (-0.5 MJm-2), HQ16 (-0.7 MJm-2) and REG 
(-0.5 MJm-2) had negative deviations. Overall, the projections suggested that solar radiation is likely to 
vary between -1.3 to 0.9 MJm-2across different grids of Tamilnadu. 

3.7. Maximum temperature  

Maximum temperature was projected to increase for Tamilnadu. In all the members studied (Table 7) the 
lowest rise in maximum temperature was projected by HQ1 (1.7 °C) and the highest by HQ0 (3.7 °C). 
Remaining members showed intermediate variations. On an average the positive deviations for all 
members in the ascending order was from HQ1 (2.2 °C), REG (2.7 °C), HQ3 (3.0°C), HQ16 (3.0 °C) and HQ0 
(3.4 °C). The maximum temperature increment is likely to vary between 1.7 to 3.7°C considering all the 
projected members.  

3.8. Minimum temperature  

Minimum temperature was also projected to increase for Tamilnadu. In all the members studied (Table 
7) the lowest minimum temperature was projected by HQ1 (1.9 °C) and the highest by HQ16 (4.3 °C). On 
an average the positive deviations for all members in the ascending order is HQ1 (2.6 °C), REG (3.2 °C), 
HQ3 (3.2 °C), HQ0 (3.7 °C) and HQ16 (3.9 °C). The overall performance suggested that the minimum 
temperature rise is likely to vary between 1.9 to 4.3 °C.  

3.9. Relative humidity  

Relative humidity had both positive and negative deviations for Tamilnadu. The minimum variations in 
relative humidity (Table 7) ranged from -3.0 to -0.6 per cent across the members studied. The maximum 
variation ranged from 0.0 to 2.2 per cent. On an average the members HQ16 (0.7 per cent) and REG (0.3 
per cent) had positive deviations, while HQ0 (-1.9 per cent), HQ1 (-0.2 per cent) and HQ3 (-2.1 per cent) 
had negative deviations. The overall performance of projections suggested that relative humidity is likely 
to vary between -3.0 to 2.2 per cent. 

3.10. Wind speed  

Wind speed had both positive and negative deviations for Tamilnadu as has been observed with relative 
humidity. Among the members studied (Table 7), the minimum variations in wind speed ranged from -0.4 
to -0.1 kmh-1across the members studied. The maximum variation ranged from 0.2 to 0.3 kmh-1. On an 
average three members HQ0 HQ1 and HQ3 projected positive deviations of 0.1 kmh-1, while HQ16 (-0.1 
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kmph-1) and REG (-0.2 kmh-1) had negative deviations. Considering all the members the wind speed is 
expected to vary between -0.4 to 0.3 kmh-1.  

3.11. Rainfall  

Rainfall had both positive and negative deviations for Tamilnadu as is the case with relative humidity and 
wind speed. The minimum variations in rainfall (Table 7) ranged from -325 to -63.6 mm across the 
members studied. The maximum variation ranged from 290 to 784.1 mm. On an average the members 
HQ16 (22.8 mm) and REG (162.7 mm) projected positive deviations while HQ0 (-0.6 mm), HQ1 (-1.8 mm) 
and HQ3 (-32.3 mm) projected negative deviations. 

Table 7. Uncertainty in climate projection over Tamilnadu at the end of 21st century. 

Weather parameters Models Minimum Maximum Average 

Solar radiation (MJm-2) 

HQ0 -0.2 0.9 0.1 

HQ1 1.1 0.1 -0.5 

HQ3 -0.5 0.6 0.0 

HQ16 -1.3 0.2 -0.7 

REG -0.8 0.4 -0.5 

Maximum temperature (°C) 

HQ0 2.8 3.7 3.4 

HQ1 1.7 2.5 2.2 

HQ3 2.2 3.3 3.0 

HQ16 2.6 3.5 3.0 

REG 2.5 3.5 2.7 

Minimum temperature (°C) 

HQ0 3.0 4.0 3.7 

HQ1 1.9 2.9 2.6 

HQ3 2.5 3.5 3.2 

HQ16 3.0 4.3 3.9 

REG 3.0 3.3 3.2 

Relative humidity (%) 

HQ0 -2.9 0.0 -1.9 

HQ1 -1.1 1.6 -0.2 

HQ3 -3.0 0.7 -2.1 

HQ16 -0.6 2.2 0.7 

REG -0.8 0.9 0.3 

Wind speed (Kmph) 

HQ0 -0.1 0.2 0.1 

HQ1 -0.3 0.3 0.1 

HQ3 -0.2 0.2 0.1 

HQ16 -0.3 0.2 -0.1 

REG -0.4 0.2 -0.2 

Rainfall (mm) 

HQ0 -220.4 290.0 -0.6 

HQ1 -63.6 621.6 -1.8 

HQ3 -132.4 459.4 -32.3 

HQ16 -325.0 784.1 22.8 

REG -171.0 392.9 162.7 

3.12. Spatial variability 

Spatial variability was analysed for three weather parameters viz., maximum temperature, minimum 
temperature and rainfall as they exhibited definite differences compared to other weather parameters. 
Spatial pattern of projected maximum temperature (Fig. 4a, 4b) and minimum temperature (Fig. 5a, 5b) 
showed an increasing trend over Tamilnadu. The movement of increase in temperature gradient was from 
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east to westie, from the east coast of study location to its inland areas. The spatial pattern of projected 
rainfall (Fig.6a, 6b) exhibited no definite trend in both the models over Tamilnadu except for the southern 
tip (Kanyakumari, which falls under the high rainfall zone of Tamilnadu), western pockets near the 
Western Ghats and northeastern tip and coastal areas. 

 

Figure 4a. Spatial pattern of maximum temperature (°C) as projected by HQ0 

 

Figure 4b. Spatial pattern of maximum temperature (°C) as projected by RegCM4 

 
4. Discussion 
 
Verification showed that there exists variation between seasons and model members due to their 
difference in the physics options. Among the members of PRECIS, HQ0 showed good agreement with that 
of CRU as shown in the result. In most of the cases PRECIS showed over estimation of temperature 
(Rivington et al., 2008) and REG showed under estimation (Rahman et al., 2007). In case of rainfall 
interannual variability was in better agreement when compared to that of monthly climatology as 
reported by Seth et al. (2007).  

4.1. Uncertainty in climate projection 

It is reaffirmed from the study that solar radiation had no definite increase or decrease from the baseline 
as projected by different members. The mean negative and positive deviation indicating the dimming and 
brightening are likely because of differences in the aerosol content of atmosphere and other factors. 
Similar observations are also made in different locations (Dutton et al., 1991; Gilgen et al., 1998; Stanhill 
and Cohen, 2001; Liepert, 2002; Wild et al., 2004, 2005). Solar brightening over the southern horn of India 
was also reported by Kambezidis et al., (2012).  

The maximum temperature and minimum temperature over Tamilnadu is likely to increase as projected 
by all the members studied, which has been reported by Wiltshire et al., (2010). There exist difference in 
range of maximum temperature projected by different members which could be attributed to the model 
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parameters employed in the respective GCM that might have reflected in RCM used here (Diallo et al., 
2012). Similar kind of increased projection for India was also observed by Chaturvedi et al. (2012).  

Relative humidity and wind speed over Tamilnadu was projected to vary both positively and negatively by 
all the members studied, the range of increase or decrease was not consistent and the difference was also 
meager. The reasons attributed for the variation in other parameters earlier, might be the reason for the 
variations in between members. Rainfall over the state was not consistently projected to either increase 
or decrease by the members. It is observed that each member has increase in rainfall over few grids and 
decrease in few other grids depending upon their topography. 

4.2. Spatial pattern 

Spatial pattern of projected maximum temperature (Fig. 4a, 4b) and minimum temperature (Fig. 5a, 5b) 
showed an increasing trend over Tamilnadu. The movement of temperature gradient from east to west 
indicates the influence of sea on its east and Western Ghats of Tamilnadu on its west. This is in agreement 
with Ramaraj et al. (2009). Maximum temperature increment was less over southern tip, western pockets 
near Western Ghats, which can be attributed to the presence of higher elevation (Karmalkar et al., 2008) 
and dense forest cover.  

 

Figure 5a. Spatial pattern of minimum temperature (°C) as projected by HQ0. 

 

Figure 5b. Spatial pattern of minimum temperature (°C) as projected by RegCM4. 

Spatial pattern of projected rainfall (Fig. 6a, 6b) exhibited definite increasing trend over the southern tip 
(Kanyakumari, which falls under the high rainfall zone of Tamilnadu), western pockets near the Western 
Ghats, northeastern tip and coastal areas by both the models. This might be due to the dense forest and 
high altitude in these regions. The increase in rate of precipitation was more in east coast in both the 
models and this could be due to cyclonic activity and changes in monsoon circulation that enhance 
moisture supply over Bay of Bengal which becomes conducive for deep convection and hence increased 
precipitation in the east coast as reported by Ashfaq et al., (2009). The increase in rainfall near the coast 
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might also happen due to increased temperature near the coasts, which increases the evaporation and 
intensifies the hydrological cycle near the sea (Ramanathan et al., 2001).  

 

Figure 6a. Spatial pattern of rainfall (mm) as projected by HQ0 

 

Figure 6b. Spatial pattern of rainfall (mm) as projected by RegCM4 

 
5. Conclusion 

 
From the study it was concluded that there exist wide range of uncertainty in maximum temperature, 
minimum temperature and rainfall. In case of solar radiation, relative humidity and wind speed no definite 
increase or decrease was projected and the difference was meager compared to base period. Spatial 
pattern of maximum temperature and minimum temperature showed temperature increment from east 
to west over the state. Rainfall showed increment in certain pockets of the state that covered hilly terrains 
and dense forests. 
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