
Copyright © 2014 IJRAS, All right reserved
351

International Journal of Research in Agricultural Sciences
Volume 1, Issue 5, ISSN (Online): 2348 – 3997)

Simulated Projections in Paddy Growing Season over
Kashmir Himalayan Region

Mohammad Muslim
Department of Ecology, Environment and Remote Sensing

SDA Colony Bemina Srinagar J&K India-190018
Email: muslim_rsgis@yahoo.co.in; Phone No.: +919419022073

Abstract – Climate is the primary determinant of
agricultural productivity. There has been a growing
recognition of the possibility of global climate change on
agriculture with an increasing emphasis on regional food
security. Climate change impact over agricultural
productivity is compounded when farming is practiced at or
near the edge of a climatic region where a small change in
climate could substantially alter the potential for agriculture,
thus creating a mismatch between existing farming systems
and prevailing climatic resources for agriculture. Kashmir
Himalayan region is expected to be highly prone to the
consequences to climate change because of its geo-ecological
fragility, strategic location vis-à-vis Himalayan landscape its
trans-boundary river basins and its inherent socio-economic
instabilities. Food security and sustainability of the region
are thus greatly challenged by these impacts. Incurrent study
climate projections in paddy growing season were examined
over three time slices, viz. short (2010 – 2050), medium (2050
– 2098) and long (2010 – 2098). The results showed a marked
change both in precipitation and temperature patterns in
paddy growing season, under future climatic scenarios
particularly becoming conspicuous after the 2050 over the
region. The increase in temperature was found to be more
significant in minimum then maximum temperature. The
characteristics of daily rainfall over the region showed an
overall decrease in amount over the region contrary to
increase in amount in growing season. The redistribution of
daily rainfall characteristics made the seasonal total to be
trendless, bearing serious implications on way we conserve
and utilize the water in the region.

Keywords – Climate Change, Growing Season, Agricultural
Productivity, PRECIS Model, Himalayan Region.

I. INTRODUCTION

Climate change poses a serious threat to foodsecurity
and need to be much better understood [7]. There is now
clear evidence for an observed increase in global average
temperatures and change in rainfall rates during the 20th
century around the world [11, 19, 21, 8, 12].In recent
years, with the growing recognition of the possibility of
global climate change, an increasing emphasis on world
food security in general and its regional impacts in
particular have come to forefront of the scientific
community [32]. Our current level of understanding of the
components of the climate system and their interactions
has reached an advanced stage, with the availability of a
hierarchy of coupled ocean–atmosphere-sea–ice-land-
surface models to provide indicators of global response as
well as possible regional patterns of climate change [23].
A variety of experiments have been performed by different
modelling groups in the world to simulate expected
climate change patterns under different emission scenarios

[19]. Future temperature projections using global
circulation models (GCM) indicate an increase of 2.5–4°C
from the current levels over the Indian subcontinent.
However, GCM results are available for a very coarse
resolution of 2.5° latitude and 3.75° longitude which will
have high uncertainty [33]. Regional climate models
(RCM) run athigh resolution taking into consideration the
orography, coasts, vegetation and interregional climate
variability to predict the future climate with high
confidence [20].The Spatio-temporal variations in
projected changes in temperature and rainfall at regional
level are likely to lead to differential impacts in the
different regions[10]. A warming of 0.5oC is likely over all
India by the year 2030 (approximately equal to the
warming over the 20th century) and a warming of 2-4oC
by the end of this century, with the maximum increase
over northern India [18].The last decade that ended with
2010 was the warmest in the past over India[16].The rising
temperatures with uncertainties in rainfall may or may not
have serious direct and indirect consequences on crops
especially on cereals contributing to the food security [13,
14, 15]. The projected increase in these events could result
in greater instability in food production and threaten
livelihood security of farmers [1, 6]. There is need to
quantify the growth and yield responses of important crops
and also identify suitable options to sustain agricultural
productivity under large range of climatic variations by the
analysis of seasonal and annual surface air temperatures
[36]. Recent trends of a decline or stagnation in the yield
of rice-wheat cropping system in Indo-Gangetic plain and
north India have raised serious concern about the regions
food supply [4, 31, 38].Therefore, there is a widely felt
need for understanding the nature of climate change over
Kashmir Himalayan region. In this article, regional climate
model outputs have been examined to understand the
climate change trends in the paddy growing season so as
to implement suitable adaptation strategies to sustaining
the productivity of staple crop of the region.

II. MATERIALS AND METHODS

To develop the high-resolution climate change scenarios
for impact assessment studies, a high-resolution regional
climate model, Providing REgional climates for Impact
Studies (PRECIS), developed by the Hadley Centre, UK
was run at the Indian Institute of Tropical Meteorology
(IITM), Pune at 50 km × 50 km horizontal resolution over
the South Asian domain were employed. The PRECIS
simulations corresponding to the IPCC SRES A1B
emission scenario were used for a continuous period of
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2010 – 2098 to examine the climate change in paddy
growing season that extends for four months (June to
September) across Kashmir valley. A moderate CO2
emissions scenario, A1B was selected for future climate
projections. From the large number of outputs generated
from the models, only maximum, minimum temperature
and precipitation were retrieved and analyzed.

III. RESULTS

The climate projections over the domain were examined
over three time slices, viz. short (2010 – 2050), medium
(2050 – 2098) and long (2010 – 2098). On a regional
scale, the variations in temperatures and amount of
precipitation described below were observed from mean
simulated in the 2010 by PRECIS model.The change in
temporal pattern of lowest minimum, highest maximum
temperature and precipitation was assessed to measure the
level of warming in valley by 2098.The observed
precipitation and temperature variability over Kashmir
valley under future climatic scenarios is presented as
follows:
Observed temperature variability

The results showed that maximum mean annual
temperature in growing season is projected to increase by
2.05C (±1.41) in 2010 to 2050 (Fig.1a) and 3.86C
(±1.36) in 2050 to 2098 (Fig.1b).Overall maximum mean
annual temperature is projected to increase by 4.24C
(±2.10) in 2010 to 2098 (Fig.1c).In the meantime, seasonal
minimum mean annual temperature is projected to
increase by 2.37C (±1.0) from year 2010 to 2050 (Fig.2
a) and 2.65C (±1.05) in year 2050 to 2098 (Fig.2b). The
overall minimum mean annual temperature is projected to
increase by 5.29C (±1.67) during growing season in years
2010 to 2098 (Fig.2c).

Fig.1. (a-c) Projected mean annual maximum temperature
in paddy growing season.

Fig.2. (a-c) Projected mean annual minimum temperature
in paddy growing season.

Variability in precipitation
Analysis of the precipitation showed a small decrease

with respect to 2010. The annual precipitation is likely to
vary between 264.27 mm to 514.59 mm (±151.69) in years
2010 to 2050 (Fig.3a) and 613.96 mm to 344.51 mm
(±126) in years 2050 to 2098(Fig.3b). The overall annual
precipitation is likely to vary between 264.27 mm to
344.51mm (±300.34) from years 2011 to 2098
(Fig.3c).The projected precipitation in growing season is
likely to increase by about 30.36 % in years 2010 – 2098.
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Fig.3. (a-c) Projected annual precipitation in paddy
growing season.

IV. DISCUSSION

PRECIS simulations for future climate (2010 – 2098)
indicated an all-round warming over the Kashmir valley.
The projected data showed intensification of daily
extremes in surface air temperature that is daily maximum,
minimum temperatures and shift in precipitation patterns
over the region. The model projections indicated
significant warming over Kashmir valley towards the end
of the 21st century.
Observed temperature variability

The projections clearly revealed all around warming
with increase in both minimum and maximum
temperatures becoming more prominent towards the end
of the century. The results showed that maximum mean
annual temperature in growing season is projected to
increase by 2.05C (±1.41) in 2010 to 2050 characterized
by weak trend (R2 = 0.37). The projected inter-annual
variability of temperatures in Kharif season for rest of
India using ECHAM4 and HadCM2 models suggest an
increase in annual mean temperature by more than 1oC
(1.3oC in ECHAM4 and 1.7oC HadCM2) [41].It has
beenestimated that CO2 level will increase to 397–416
ppm by 2010s from the present CO2 level of 371 ppm and

this would further increase by 605–755 by 2070s
projecting an average annual mean warming by 2020 &
2050 between 1 to 1.4oC and 2.23 to 2.87oC respectively
[28].

The results also revealed a conspicuous change mean
annual maximum temperature in growing season is
projected beyond 2050 with increase of 3.86C (±1.36) in
2050 to 2098 characterized by strong trend (R2 = 0.57).
While as overall maximum mean annual temperature is
projected to increase by 4.24C (±2.10) in 2010 to 2098
with (R2 = 0.77). Simulating climatic patterns for 2071 –
2100 revealed that annual mean surface air temperature to
rise by the end of the century from 3 to 5ºC in A2
scenario, whereas the rise lies between 2.5 and 4ºC in the
B2 scenario with warming to be more pronounced over the
northern parts of India [42].There will be a warming of
1°C to 4°C towards the 2050s, which may exceed even
4.5°C in most places towards the end of the 21st century
[23].

In the meantime, projected mean annual minimum
temperature showed an increase by 2.37C (±1.0) from
year 2010 to 2050 and 2.65C (±1.05) in year 2050 to
2098. The increase in minimum temperature for simulated
periods though consistent but seems to be more
pronounced with less intra-annual variability which is
reflected by less standard deviations for the simulated
periods with R2 of 0.63 and 0.69 respectively.The results
clearly the extend of warming temperature in minimum
temperatures to be more pronounced then maximum
temperature. The overall minimum mean annual
temperature is projected to increase by 5.29C (±1.67)
which shows far more increase then maximum
temperature 4.24C (±2.10) during growing season in
years 2010 to 2098 characterized with strong trend (R2=
0.88). The warming trend in mean annual temperature in
the recent three decades is contributed by both the
maximum (0.20°C/10 years) and minimum (0.21°C/10
years) temperatures with minimum temperature showing
slightly greater increase [24, 25].Increase in annual mean
maximum and minimum surface air temperatures by 0.7oC
and 1.0oC over land in the 2040s with respect to the 1980s
also signifying greater increase in minimum temperatures
[26]. The increase in minimum temperature resulted in
declining trends of potential yields of rice in the Indo-
Gangetic plains of India [38]. The accompanied increase
in minimum temperatures increases maintenance
respiration requirement of the crops and thus further
reduces net growth and productivity [5].This changes in
the growing season temperature over the years appeared to
be the key aspect of weather affecting yearly yield
fluctuations [30].

From the results, it is thus clear that there is all around
warming with increase in both minimum and maximum
temperatures becoming more prominent towards the end
of the century. The maximum and minimum temperatures
indicate an increase of about (2.05C (±1.41)50 years) and
(2.37C (±1.0)/50 years) respectively. Increase in
minimum and maximum temperatures solely responsible
for overall temperature increase [40].Most of the
simulation studies have shown a decrease in duration and
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yield of crops as temperature increased in different parts of
India. Such reductions were however, generally offset by
the increase in CO2; the magnitude of which varied with
crop, region and climate change scenario [3, 4].

An increase in 1oC rise in mean temperature has been
found to have no significant effect on potential yields
under irrigated and rainfed conditions and yields increased
in most places. While as increase of 2oC in temperature
reduced potential yields at most places [1, 2]. Increase of 1
to 2oC temperature without any increase in CO2 resulted in
a 3–17% decrease in grain yield in different regions [3, 4].
Vulnerability of rice crops in northwest India to climate
change through sensitivity experiments with CERES-rice
models revealed that under elevated CO2 levels, yields of
rice increased significantly by 15% for a doubling of
CO2[27]. However, a 2oC rise in temperature cancelled out
the positive effect of elevated CO2 on rice. The combined
effect of enhanced CO2 and imposed thermal stress on the
rice crop is 4% increase in yield for the irrigation schedule
presently practiced in the region. While the adverse
impacts of likely water shortage on the rice crops resulting
in about 20% net decline in the rice yields.

Even the effect of climate change scenario of different
periods can be positive or negative depending upon the
magnitude of change in CO2 and temperature [5]. It has
beenestimates that India’s climate could become warmer
under conditions of increased atmospheric carbon dioxide.
The average temperature change is predicted to be in the
range of 2.33°C to 4.78°C with a doubling in CO2
concentrations [29]. The possible impact of these studies
showed that the irrigated rice yields in north India will not
be significantly affected due to direct effect until 2050. It
is only in 2070 when the temperature increases are very
large, that the crops show large reduction in yield. The
studies have confirmed that impact of climate change on
paddy yield in Kashmir valley also varied under different
levels of management and change in temperature and CO2
concentration.The results revealed that with the increased
in temperature by ~ 2oC and increase in yield by 0.6%
until year 2020; then, a decrease by 6.64% by year 2040.
But beyond that, as temperature increased to ~ 3C yield
decrease was very high about 29.1% from the baseline
year of 2010 [34].The productivity of Kharif crops such as
irrigated rice in the Western Ghats region is likely to
change by +5% to –11% in the PRECIS A1B 2030
scenario depending upon the location with majority of the
region is projected to lose the yields by about 4%[35]. The
results in light of other studies clearly suggest that the
direct impacts of climate changes would be initiallysmall
with temperature increase of ~ 2oC but the impact will
become prominenttowards the end of this century with an
overall increase of ~ 4°C and ~ 5oC for maximum and
minimum temperatures.
Variability in precipitation

Analysis of the precipitation showed anincrease with
respect to 2010. The annual precipitation is likely to vary
between 264.27 mm to 514.59 mm (±151.69) in years
2010 to 2050 and 613.96 mm to 344.51 mm (±126) in
years 2050 to 2098. The projected results showed the
greater uncertainty associated with rainfall projected

around 2050 with projected rainfall showing greater
standard deviation between simulated years. There has
been large uncertainty is with projected kharifrainfall
centered on 2050s [28]. Moreover, the standard deviation
of future projections of rainfall was found to be
significantly highimplying high year-to-year variability
with over all projected precipitation is likely to vary
between 264.27 mm to 344.51mm (±300.34) from years
2011 to 2098. The projected precipitation in growing
season is likely to increase by about 30.36 % in years 2010
– 2098. The kharif season rainfall all over India projected
using ECHAM4 model also showed an 13% increase
[41].while as simulations using UKMO GCM model, also
predicted a greater number of heavy rainfall days during
the summer monsoon during kharif period with an
increased interannual variability [9].The rainfall
fluctuations in India have been largely random over a
Century, with no systematic change detectable in summer
monsoon season. However, areas of increasing trend in the
seasonal rainfall have been found along the West Coast,
North Andhra Pradesh and Northwest India and those of
decreasing trend over East Madhya Pradesh, Orissa and
Northeast India during recent years [39].

The analysis results clearly pointed out that the rainfall
patters over region mainly trendless and randomly
fluctuates over a long period of time. Several studies
during the last four decades had clearly pointed out that
the rainfall patters over India are trendless [37]. However,
some notable trends do exist on a smaller spatial scale [23,
39, 17].It has been observed in recent years that the
characteristics of daily rainfall have been undergoing
changes in a way that the frequency and intensity of heavy
to very heavy rainfall events are increasing.  This
redistribution of daily rainfall character is probably
making the seasonal total to be trendless; though it can
have implications for the way we conserve and utilize the
water. When projected precipitation results for the
growing season were compared with the overall projected
precipitation for growing season over the region for 2011
– 2098, the results showed precipitation is likely to
increase by about 30.36 % in the growing season. This is
quite contrary to overall projected rainfall for 2010-2098
for the region which show a decrease of 16.7% [34]. This
clearly showed that maximum amount of the projected
precipitation will be received in summer seasons
particularly in the growing season of the crop.Since paddy
is cultivation under irrigatedconditions from the waters
received from perennial sources like glaciers which in turn
depend on the amount of precipitation in the winter
months. Shortfalls in amount of precipitation in winter
months of Himalayan region can reduce irrigation water
supplies, leading to reduce areas under irrigated
crops[21].From the results it’s evident that in in coming
year’sKharif agriculture especially paddy cultivation in
valley will be subjected to less amount of water for
irrigation due to less down pour in the winter seasons.
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V. CONCLUSION

The results from future climatic scenarios showed a
marked change both in precipitation and temperature
patternsin paddy growing season, particularly becoming
conspicuous after the 2050 over the region. Towards the
end of the 21st century, the mean annual surface air
temperature is projected to increase significantly by ~ 4°C
for maximum and ~5oC for minimum temperatures. The
accompanied increase in temperature was found to be
more significant in minimum then maximum temperature
of paddy growing season, which will increases respiration
requirement of the crops even during the night and thus
further reducing net crop growth and productivity. The
precipitation in growing season is projected to increase by
~ 36.6 % contrary to decrease by ~ 16.7% over valley
towards the year 2098 relative to the year 2010. The
results clearly point out that the characteristics of daily
rainfall over the region will undergo changes with
projected rainfall showing an overall decrease while as
increase in growing season. This short fall in amount of
precipitation in winter months can reduce irrigation water
supplies, during the paddy growing season leading to
reduce areas under irrigated cropsand will bear serious
implications on way we conserve and utilize the water in
the region.At this juncture, based on the results of the
study it can be concluded that the agricultural impacts of
climate change in Kashmir are certain. The climate
scenarios show that climate change will have an overall
negative impact or no significant effect on agriculture until
2020. By the end of the century when temperature increase
are very large, the agriculture will suffer the most.The
present investigation provided a vital clue about the
possible climate change impact on crops in the region to
enable better preparedness to reduce the negative impacts.

ACKNOWLEDGEMENT

The PRECIS simulations made at IITM, Pune were
facilitated under a Joint Indo-UK collaborative programme
on climate change impacts in India. We acknowledge the
support received from NATCOM (MoEF, Government of
India) and the Department for Environment, Food and
Rural Affairs, Government of United Kingdom. We are
grateful to the Hadley Centre for Climate Prediction and
Research, UK Meteorological Office, for making available
the PRECIS data for the simulations used in this study. I
am thankful to Director, IITM, for facilitating data for the
study.

REFERENCES

[1] P.K. Aggarwal, S.K. Sinha, “Effect of probable increase in
carbon dioxide and temperature on productivity of wheat in
India,” Journal of Agricultural Meteorolrology, 1993, pp. 811–
814.

[2] P.K. Aggarwal, N. Kalra, “Simulating the effect of climatic
factors, genotype and management on productivity of wheat in
India,” Indian Agricultural Research Institute Publication, New
Delhi, India,1994, pp. 1-156.

[3] P.K Aggarwal,M.I. Kropff, K.G. Cassman,H.F. ten Berge,
“Simulating GeneticStrategies for Increased Yield Potential in
Irrigated, Tropical Environments,” Field Crops Research,1997,
pp.5–18.

[4] P.K. Aggarwal, R.K. Mall, “Climate change and rice yields in
diverse agro-environmentsof India. II. Effect of uncertainties in
scenarios and crop models on impact assessment,” 2002,
Climatic Change, pp.331–343.

[5] P.K. Aggarwal, “Impact of climate change on Indian
agriculture,” 2003, Journal of Plant Biology, PP.189–198.

[6] P.K. Aggarwal, “Global climate change and Indian agriculture:
impacts, adaptation and mitigation,”2008, Indian Journal
Agricultural Science, pp. 911–919.

[7] L.H.Allen, “Plant response to raising carbon dioxide and
potential interaction with air pollutants,” 1990, Journal of
Environmental Quality, pp.15–34

[8] R.C Balling Jr, R.S. Cerveny, “Compilation and discussion of
trends in severe storms inthe United States: Popular perception v.
climate reality,” 2003, Natural Hazards, pp.103–112.

[9] B. Bhaskaran, J.F.B. Mitchell, J.R. Lavery, M. Lal, “Climatic
response of Indiansubcontinent to doubled CO2 concentrations.
International,” 1995, Journal of Climatology, pp. 873–892.

[10] K.S. Byjesh, S. Naresh Kumar, P.K. Aggarwal, “Simulating
impacts, potential adaptation and vulnerability of maize to
climate change in India. Mitigation and Adaptation Strategies,”
2010, Global Change, pp. 413–431.

[11] D.R. Easterling, H.F. Diaz, A.V. Douglas, W.D. Hogg, K.E.
Kunkel, J.C. Rogers, J.F. Wilkinson, “Long term observation for
monitoring extremes in the Americas,” 1999, Climatic Change,
pp.285–308.

[12] N. Fauchereau,M. Trzaska,M. Rouault,Y. Richard, “Rainfall
variability and changesin Southern Africa during the 20th
century in the global warming context,” 2003, Natural Hazards,
pp. 139–154.

[13] S. Gadgil, “Climate change and Agriculture – An Indian
Perspective,” 1995, Current Science, pp. 649–659.

[14] S. Gadgil, Y.P. Abrol, P.R. RaoSeshagiri, ‘On growth and
fluctuation of Indian foodgrain production,” 1999a, Current
Science, 76(4):548–556

[15] S. Gadgil, P.R. Rao Seshagiri, P.R. Sridhar, ‘Modeling impact of
climate variability onrainfed groundnut,” 1999b, Current
Science, pp. 557–569.

[16] V. Geethalakshmi, A. Lakshmanan, D. Rajalakshmi, R.
Jagannathan, G. Sridhar, A.P. Ramaraj, K. Bhuvaneswari, L.
Gurusamy, R. Anbhazhagan, “Climate change impact assessment
and adaptation strategies to sustain rice production in Cauvery
basin of Tamil Nadu,” 2011, Current science, pp.1- 3.

[17] P. Guhathakurta , M. Rajeevan, “Trends in the rainfall pattern
over India. International,” 2008, Journal of Climatology,
pp.1453-1469.

[18] INCCA, “Climate change and India: a 4 × 4 assessment – A
Sectoral and regional analysis for 2030s,” 2010, Ministry of
Environment and Forests, Government of India, pp. 10-24.

[19] IPCC, “Climate Change 2001 – The ScientificBasis,
Contribution ofWorking Group I to the Third Assessment Report
of the IntergovernmentalPanel on Climate Change,” 2001,
[Houghton, J. T., Y. Ding, D. J. Griggs, M. Noguer, P. J. van der
Linden, X. Dai, K. Maskell and C. A. Johnson (eds.)],
Cambridge University Press, Cambridge, UK, pp. 1- 881.

[20] IPCC, “ Summary of policymakers. In: Climate Change 2007:
The Physical Science Basis. Contributions of working group I to
the fourth assessment report of the inter government panel on
climate change,” 2007, [Solomon, S.D et al (Eds)]. Cambridge
university Press, Cambridge, United kingdom and New York,
NY, USA, pp. 112-125.

[21] Jung Hyun-Sook, Y. Choi, Oh Joi-ho, Lim Gyu-ho, “Recent
trends in temperature andprecipitation over South Korea,” 2002,
International Journal of Climatology, pp.1327–1337,.

[22] K.K. Kumar, K.R. Kumar,R.G. Ashrit,N.R. Deshpande, J.W.
Hansen, “Climate impacts on Indian agriculture,” 2004,
International Journal of Climatology, pp. 1375–1393.

[23] K.K. Kumar, S.K. Patwardhan, A. Kulkarni, K. Kamala, K.
KoteswaraRao, R. Jones, “Simulated projections for summer
monsoon climate over India by a high-resolution regional
climate model (PRECIS),” 2011, Current Science, pp. 312-326.



Copyright © 2014 IJRAS, All right reserved
356

International Journal of Research in Agricultural Sciences
Volume 1, Issue 5, ISSN (Online): 2348 – 3997)

[24] D.R. Kothawale, R. Kumar, “On the recent changes in surface
temperature trends over India,”2005, Geophysical Research
Letters, PP.14-19.

[25] D.R. Kothawale, A.A. Munot, K. Krishna Kumar, “Surface air
temperature variability over India during 1901–2007, and its
association with ENSO,” 2010, Climate Research, pp. 89–104.

[26] M. Lal, U. Cubasch, R. Voss, J. Waszkewitz, “Effect of transient
increases in greenhouse gases and sulphate aerosols on monsoon
climate,” 1995, Current Science, pp. 752–763.

[27] M. Lal, K.K. Singh, G. Srinivasan, L.S Rathore, A.S.
Saseendran, “Vulnerability ofrice and wheat yields in NW-India
to future change in climate. Agricultural and Forest
Meteorology,” 1998, pp.101–114.

[28] M. Lal, T.Nozawa, S. Emori, H. Harasawa, K. Takahashi, M.
Kimoto, A. Abe-Ouchi,, T. Nakajima, T. Takemura, A.
Numaguti, ‘Future climate change: Implications for Indian
summermonsoon and its variability,” 2001, Current Science, pp.
1196–1207.

[29] S. Lonergan, “Climate warming and India, In Measuring the
Impact of Climate Change on IndianAgriculture,” 1998, edited
by A Dinar, et al.WashingtonDC:World Bank. [World Bank
Technical PaperNo. 402].

[30] R.K. Mall, K.K. Singh, “Climate variability and wheat yield
progress in Punjab using theCERES-wheat and WTGROWS
models,” 2002, Yayu Mandal, pp.35–41.

[31] Mall R K, Srivastava A K (2002)Prediction of potential and
attainable yield of wheat: A casestudy on yield gap. Mausam,
53(1):45–52.

[32] R.K. Mall, R. Singh, A. Gupta, G. Srinavasan, L.A. Rathore,
”Impact of Climate change on Indian Agriculture: A Review,”
2006, Climate change, pp. 445–478.

[33] S. Manabe, D.G. Hahn,”Simulation of atmospheric variability,”
1981, Monthly Weather Review, pp. 2260–2286.

[34] M. Muslim, “Predicting climate change over Kashmir and
assessing the impact of climate change on paddy yield,” 2012,
Ph.D. (Env. Sc.). Thesis submitted to Sher-e- Kashmir
University of Agricultural sciences and Technology of Kashmir,
Shalimar,PP. 1-235.

[35] S. NareshKumar, P.K. Aggarwal, S. Rani,S. Jain, R. Saxena, N.
Chauhan, “Impact of climate change on crop productivity in
Western Ghats, coastal and northeastern regions of India,”2011,
Current science, pp. 223-226.

[36] G.B Pant, K. Rupakumar, “Climates of South Asia,” 1997, John
Wiley& Sons Ltd. West Sussex,UK,pp. 1- 320.

[37] G.B. Pant, K. Rupa Kumar, H.P. Borgaonkar,” Climate and its
long-term variability overthe western Himalaya during the past
two centuries,” 1999, The Himalayan Environment (Eds. S.
K.Dash and J. Bahadur), New Age International (P) Limited,
Publishers, New Delhi,pp. 172–184.

[38] H. Pathak, Ladha, P.K. Aggarwal,S. Peng, S. Das, Y. Singh, B.
Singh, S.K Kamra, B. Mishra, A.S Sastri, H.P. Aggarwal, D.K.
Das, R.K. Gupta,”Trends ofclimatic potential and on-farm yields
of rice and wheat in the Indo-Gangetic Plains,” 2003, Field
Crops Research,pp. 223–234.

[39] K. Rupakumar, G.B. Pant, B. Parthasarathy, N.A. Sontakke,
“Spatial and subseasonal patterns of the long-term trends of
Indian summer monsoon rainfall,”1992, International Journal of
Climatology, pp. 257–268.

[40] K. Rupakumar, K. Krishna Kumar, G.B. Pant, “Diurnal
asymmetry of surface temperaturetrends over India,”1994,
Geophysical Research Letters, pp. 677–680.

[41] K. Rupakumar, R.G. Ashrit,.” Regional Aspects of global
climate change simulations: Validation and assessment of
climate response over Indian monsoon region to transient
increase of greenhouse gases and sulphate aerosols,” 2001,
Mausam, pp. 229–244.

[42] K. Rupa Kumar,A.K. Sahai, K. Krishna Kumar, S.K.
Patwardhan, P.K. Mishra, J.V. Revadekar, K. Kamla, G.B.Panth,
“High-resolution climate change scenarios for India for the 21st
century,” 2006, Current. Science, pp. 334–345.

AUTHOR’S PROFILE

Mohammad Muslim
received the M.Sc. degree in Environmental Sciences
in 2006 and Post graduate diploma in remote sensing
and GIS in 2008 from University of Kashmir,
Srinagar, J&K. Ph.D degree in Environmental
Sciences SKUAST, Kashmir, J&K in 2013.
Currently, author is Research associate at Department

of Ecology, Environment and Remote sensing Government of Jammu
and Kashmir. Author’s research areas include remote sensing, GIS,
climate change, agriculture, hydrology, geospatial modelling, etc.
Email: muslim_rsgis@yahoo.co.in

mailto:muslim_rsgis@yahoo.co.in

