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Abstract
This study using a regional climate model, ICTP-RegCM4.0 simulations examines the impact of drying and 

shrinking of Caspian Sea on Indian summer and winter monsoon, particularly on precipitation over northern plains of 
India due to Western disturbances. Shrinking of Caspian Sea is a man-made catastrophe with serious environmental 
implications. To perform the sensitivity experiment the original landuse map in the model is altered where the “Caspian 
Sea” in Central Asia is changed to “semi-desert” in place of “inland water” type of vegetation. The model is forced with 
NNRP2 boundary conditions for year 2009, 2010. Analysis of sensitivity experiment output w.r.t baseline experiment 
says that rainfall over Northern India decreases (significant at 5% level), during the months of winter season (months 
of October to March) primarily from Western disturbances originating from Central Asia and Caspian Sea region. Also, 
it is found that minimum (maximum) temperature decreases (increases) particularly over Indian region during October 
to March and June to September. During June to September (for year 2009, 2010) from model simulations results it is 
found that over Central Asia (India) air temperature extending upto 700hPa increases (decreases).

Keywords: Regional climate model; Caspian sea; Precipitation;
Western disturbances; Temperature

Introduction
Previous studies pertaining to Central Asia fails to draw a clear 

boundary between local and regional responses to global climate 
change and the trends caused by local land use changes, such as massive 
irrigation activities by constructing dams over the rivers feeding the 
Caspian Sea and the consequent desertification processes [1]. Though 
shrinking of the Aral Sea and Caspian Sea are considered as “Planet 
Earth’s worst environmental disaster”, hence in this research work it 
is planned to examine the impact of shrinking and drying of Caspian 
Sea on Indian monsoon circulation and precipitation. In the past 
few decades there is significant decrease in sea level of Caspian Sea 
attributed to human induced activities as threatened by pollution and 
climate change (http://www.naturalhistorymag.com/features/112161/
fate-of-the-caspian-sea). 

There are various factors, which determine the climate of India. 
India is divided by the Tropic of Cancer, north of it lies in sub-tropical 
and temperate zone and the part lying south lies in the tropical 
zone. Westerly jet streams or winds along the altitude of 9-13 km (~ 
300hPa - 150hPa) flows from west to east through West and Central 
Asia. This westerly jet stream also blow across latitudes north of the 
Himalayas and reaches the Tibetan highlands. There are also shallow 
cyclonic depressions or western disturbances originating from 
Mediterranean Sea which travel eastwards across West Asia, Caspian 
Sea finally reaching Indian subcontinent, impacting weather of north 
India, northwestern India and Pakistan during the winter months 
(November, December, January, February and March). The westerly 
disturbances get moisture content from the Caspian Sea. Chaudhari et 
al. (2008) [2] while studying 2009 and 1994 Indian monsoons finds the 
cyclonic anomalous circulations develop over Caspian Sea near Central 
Asia during 2002 severe drought monsoon year whereas anticyclonic 
anomalous circulation develop during 1994 rain year. Rajeevan (1993) 
[3] found that anomalous cyclonic circulations with cold temperature
over Caspian Sea develop during pre-monsoon season of Indian
drought years, which persists during later monsoon season. Study
by Rajeevan 1993 [3], strengthened the findings of Krishnamurthi et

al. (1989) [4]. These cold cyclonic anomalies affect Indian summer 
monsoon by delaying the summer heating of the landmass [3]. Hence, 
the role of drying Caspian Sea in steering the westerly winds or 
disturbances towards India is addressed in this study in the context of 
climate change.

In this paper, the “methodology” of study is followed by “Result and 
Discussions” and then the  “Conclusions” of the study.

Methodology 
Dynamical sownscaling approach

The RegCM4.0 (regional climate model version 4.0) [5,6] 
coupled with BATS (Biosphere-Atmosphere Transfer Scheme) land 
surface scheme is used in this present study to test the objective. 
Parameterization schemes employed are same as reported in earlier 
studies [7-10] as Indian monsoon atmospheric circulations and regions 
of precipitation maxima are best simulated with these combination 
of parameterization schemes. The baseline landuse map file in the 
RegCM4.0 model is modified to represent the land use change map for 
the sensitivity experiment. The model is run at 90 km resolution for 
sensitivity study over the Cordex South-Asia domain (12oE to 138oE 
and 33oS to 55oN) with 18 vertical levels in the atmosphere. The model is 
run from 00GMT of 1st January 2009 to 24GMT of 31st December 2010. 
For the lateral and lower boundary conditions to force the model run, 
NNRP 2 (NCEP-DOE AMIP-II Reanalysis (R-2)) [11] 6-hourly data 
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and Reynolds weekly sea surface temperature data [12] respectively, is 
used (Figure 1).

See Figure 1 for details of the changed land use map. Terrestrial 
variables like elevation, landuse, and sea-surface temperature are 
horizontally interpolated from a latitude-longitude world domain to a 
high-resolution (90 km) domain using Normer projection. BATS have 
20 vegetation types in the model [13]. “Inland water” is the fourteenth 
vegetation (green color) and semi-desert is the “eleventh” vegetation 
(red color) in the landuse map. More details about the RegCM4.0 
model and landuse map, its user guide can be found at the website: 
http://gforge.ictp.it/gf/project/regcm/frs/. In the design experiment the 
Caspian Sea is converted from “inland water” type of vegetation in the 
original land use map to “semi-desert”. The lake model is not invoked 
here.

Results and Discussion
To study the impact of the drying Caspian Sea on Indian monsoons 

using a regional climate model, the differences in precipitation, 
wind magnitude and circulation at 850 hPa and 200 hPa, 2 metre-
Temperature, air temperature (850 hPa and 700 hPa), maximum 
and minimum temperature, geopotential height are examined and 
chronologically the following findings are reported (Figure 2).

It is observed that during the January-February-March (JFM) 
season of 2009 and 2010 precipitation over north India, northwestern 
India and Pakistan decreases by-1 to-1.5 mm/day. But during March-
April-May (MAM) season of 2009 and 2010 over Jammu and Kashmir 
precipitation decreases but over northwest India, northeast India 
precipitation increases. During the Indian summer monsoon (June-
July-August-September, JJAS) season precipitation over Arabian Sea 
decreases whereas over Bay of Bengal increases. Over Indo-Gangetic 
plain, parts of east India (Orissa) precipitation decreases whereas over 
Nepal, Central India, northwest India, northeast India and Western 
Ghats precipitation increases. During the October-November-
December (OND) season of 2009 and 2010 precipitation over parts of 
North India (Jammu Kashmir, Punjab) decreases. The above results 
reported are significant at 5% significance level (Figure 3).

Correspondingly during the JJAS season of 2009 it is observed 
that over Central India there is increase in wind magnitude, along 
with formation of anomalous cyclonic (anti-clockwise in northern 
hemisphere) circulations at 850hPa. As a result over Central India 
and Western Ghats precipitation is more. But over North India there 
is decrease in wind magnitude. During OND season of 2009 wind 
magnitude is seen to be decreasing over North, Central and peninsular 

Figure 1: Designed Land use map for Caspian Sea sensitivity experiment, representing desert type of vegetation over Caspian Sea (marked and squared).
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India. Also during JFM 2009 season, wind magnitude is seen to be 
decreasing over North India. Simultaneously over North India plains, 
particularly over Jammu and Kashmir, and Punjab it is reported that 
precipitation is decreasing by-1 to-1.5 mm/day. Similar results are 
arsing from the analysis of precipitation and wind pattern changes for 
pre-monsoon, monsoon and post-monsoon season of 2010. (Figures 4 
and 5)

From Figure 6, change in 2-metre temperature is observed 
during winter (January–February–March, JFM), monsoon (JJAS) 
and post-monsoon (OND) season of 2009-10. During the winter 
season of January–February–March the 2 metre-temperature, ground 
temperature; air temperature from 925 hPa to 700 hPa is increasing 
by 1-2°C over North India, Jammu and Kashmir, and Central Asia 
(Figure 7). During monsoon (JJAS) season, temperature north of 
300N (over Central Asia) is seen to increase whereas south of it is 
seen to decrease over the Indian subcontinent and China (significant 
at 5% level). Over Caspian Sea temperature is seen to increase in all 

the seasons. But during post monsoon (OND) season temperature is 
seen to decrease north of 300N significantly. From the model output, 
it is observed that maximum temperature is increasing and minimum 
temperature is decreasing during the months, October to March and 
June to September. Also sea level pressure decreases north of 20°N 
and low-level geo-potential height (850hPa) increases over the Indian 
subcontinent during monsoon JJAS season (Figures 6-8).

Conclusions
Based upon the results of the study it is concluded that winter 

precipitation over Northern India will decrease due to drying and 
shrinking of Caspian Sea. The states of Punjab, Himachal Pradesh 
and Haryana usually get rainfall from Western disturbances during 
the post- monsoon and winter months starting from October to 
March. This is because moisture content of the westerly disturbances 
is augmented from the Caspian Sea, which is affected as strength of 
the low level winds decreases over regions north of 30°N, during 

Figure 2: Design experiment precipitation change (mm/day) for (a) JFM, 2009-2010 (b) JJAS, 2009-2010 (c) OND, 2009-2010.
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the post-monsoon and winter months starting from October to 
March. It is also concluded that temperature (ground, 2metre and 
air temperature upto 500hPa) over Central Asia, Pakistan and 
northern regions of India will increase by 1-2°C, strengthened by 
previous climate model results as reported by Lioubimtsevaa et 
al. 2005) [1]. Decrease in ground temperature over Central India 
during monsoon (JJAS) season, increase in geopotential height 
coupled with dry air intrusions from Central Asia will impact 
the Indian summer monsoon. Hence, progress of Indian summer 
monsoon will be delayed as summer heating of Indian land mass is 
also delayed [3]. As it is observed from the sensitivity experiment 
results that maximum temperature is increasing and minimum 
temperature is decreasing, which mean days are getting hotter 
and nights are getting colder. For better understanding of the 
relationship between climate, ecosystem and hydrosphere, further 
modelling studies is required along with remote sensing studies. 
The experiments in future will be done for more number of years 
for better understanding.
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Figure 5: Design experiment anomalous wind circulations i.e. wind magnitude and circulation change (m/sec) for (a) JJAS, 2010 (b) OND, 2010. 
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Figure 6: Design experiment 2metre-Temperature change (0C) for (a) JFM, 2009-2010 (b) JJAS, 2009-2010 (c) OND, 2009-2010.
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Figure 7: Design experiment air temperature change (0C) for JJAS, 2009 at (a) 700hPa (b) 850hPa, and (c) maximum and (d) minimum temperature change
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Figure 8: Design experiment Geopotential height change (m) at 850hPa for (a) AMJJAS, 2009 (b) ONDJFM, 2009-2010 (c) AMJJAS, 2010. (Here AMJJAS stands 
for April-May-June-July-August-September, and ONDJFM stands for October-November-December-January-February-March of 2009-2010)
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