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ABSTRACT 
 

Northeast monsoon (NEM) season plays an important role in producing the rainfall over south India through intense 
heavy rainfall events, tropical cyclones and easterly waves. This study aims to understand climate change phenomenon 
for the past century (20th century) over south India during northeast monsoon season in terms of rainfall and temperature 
projected for 21st century using IPCC AR4 model outputs. Historical study of surface-air-temperature and rainfall were 
made using 22 IPCC AOGCMs. Of them GFDL_CM2.0, GFDL_CM2.1, CNRM, CGCM-T63 and MPI model 
projections show the signature of the rainfall and temperature reasonably good by validating with available datasets 
CMAP and CRU respectively. The future climate projection scenarios are based on  SRES A1B scenarios over south 
Indian region in three time-slices viz. short (2020s), medium (2050s) and long (2080s) periods. The rainfall exhibits 
increasing trend in 2020s (4 mm/day) and 2080s (7mm/day) when compared with the 2050s (2mm/day). It is striking to 
note that the spatial distribution of NEM rainfall is shifting towards the western part of south India in 2020s and 2080s. 
Next, the temperature projections also represent 3.5°C rise in temperature over south India in 2080s when compared with 
the baseline period. Thus, the IPCC AR4 model SRES A1B scenarios representing the rise in temperature and rainfall 
during NEM season over south India for 21st century.  
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INTRODUCTION 
The Northeast monsoon season from October through 
December is the period of major rainfall activity over 
south peninsular India, particularly over Coastal Andhra 
Pradesh, Rayalaseema, Tamil Nadu, Coastal Karnataka, 
South Interior Karnataka, North Interior Karnataka and 
Kerala (Fig. 1). This season is also known as the winter 
monsoon and post-monsoon season (Singh and Sontakke, 
1999; Nageswara Rao, 1999). During southwest 
monsoon, there is not much rain over this region due to 
rain shadow region of the Western Ghats along the west 
coast of India. When the southwest monsoon retreats, 
pressure and wind distribution reverses at the beginning 
of October, a trough of low pressure becomes established 
in the south Bay of Bengal and this is treated as onset of 
NEM season. The passage of easterly low pressure waves 
occasionally intensifies this trough. Depressions and 
cyclonic storms form in the trough of low pressure over 
the south Bay of Bengal. Due to this type of situations, 
equatorial maritime air moves towards South India, and 
causes widespread rainfall (Kripalani and Kumar, 2004). 
The rainfall during this period is of immense societal 
significance to 150 million people as it supports the main 

cultivation season known as Maha in Sri Lanka and Rabi 
in southern India (Zubair, 2002). 
 
For predicting southwest monsoon rainfall over India, 
many statistical/empirical forecasting models (Thapliyal, 
1981; Gowariker et al., 1991; Sahai et al., 2003; Rajeevan 
et al., 2006) have been developed and used. But there are 
no such studies about the prediction of NEM season. Even 
though interannual variation and prediction of the 
southwest monsoon has been widely studied, the NEM 
season over south peninsular India has received much less 
attention, with a limited number of studies (Doraiswamy, 
1946; Rao and Jagannathan, 1953; Rao, 1963; 
Ramaswamy, 1972; Srinivasan and Ramamurthy, 1973; 
Dhar and Rakecha, 1983; Krishnan 1984; Raj and 
Jamadar, 1990; Sridharan and Muthusamy, 1990; Singh 
and Sontakke, 1999; Kripalani et al., 2004; Zubair and 
Ropelewski, 2006; Kumar et al., 2007; Nayagam et al., 
2009). Some of the studies have discussed about global 
teleconnection patterns related to NEM over South India. 
Studies have shown that the rainfall over the southern part 
of India, during the NEM season increases with El Ni˜no 
events (Dhar and Rakecha, 1983; Singh and Sontakke, 
1999).
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Fig. 1. Average area-weighted rainfall (cm) distribution over different subdivisions of south India during Northeast 
Monsoon Season from 1871-2014. 
 
Similarly Kripalani and Kumar (2004) found a direct 
relationship between Indian Ocean Dipole (IOD) and 
NEM rainfall, suggesting that the positive (negative) 
phase enhances (suppresses) the northeast monsoon 
activity. Zubair and Ropelewski (2006) have explained 
the relationship between El-Niño Southern Oscillation 
(ENSO) and NEM over South India and Sri Lanka and 
concluded that if South India is considered as a single 
entity, there has been a remarkable rise in the correlation 
of the NEM rainfall and ENSO. Balachandran et al. 
(2006) defined a zonal temperature anomaly gradient 
index between eastern equatorial Pacific and western 
equatorial Pacific and found a stable significant inverse 
relationship with NEM rainfall. Subsequently the spatial 
and temporal variability of rainfall over South India 
during the NEM season has been discussed by Nayagam 
et al. (2009). This regional rise may be attributed to a 
slight enhancement of the low-level circulation in recent 
decades during the northeast monsoon that leads to 
relative increase in the orographic component of rainfall. 
The intensification of the circulation is consistent with the 
warming of surface temperatures over the tropical Indian 
Ocean in recent decades. Kumar et al. (2007) reveals that 

the NEM season contributes to about 50% of annual 
rainfall in the east coast of India.  

 
Global warming in the recent decades refers to a rise in 
land and ocean temperatures that leads to changes in 
circulation, rainfall and pressure patterns (Suneetha, 
2012). The abnormal warming of the equatorial waters of 
the central and eastern Pacific has often been associated 
with failure of the southwest monsoon (Bhalme and 
Mooley, 1980; Bhalme et al., 1986; Bhanu Kumar and 
Ramalingeswara Rao, 2009; Bhanu Kumar et al., 2011). 
However, the same phenomenon appears to have just the 
opposite effect on the NEM, leading to more bountiful 
rain (Jayanthi and Govindhachari, 1999; Bhanu Kumar et 
al., 2004, 2007). Next, Bhanu Kumar and Suryanarayana 
(2016) studied the detailed NEM activity using PRECIS 
model output. Recently Suneetha et al. (2017) studied the 
impact of western Pacific high and Siberian high on NEM 
rainfall over South India and concluded that intensity of 
spatial variation of those regions has profound impact on 
NEM rainfall over South India. With the above said 
information, an attempt is made in the present study for 
future projections of NEM season over South India with 
IPCC AR4 model outputs.  
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MATERIALS AND METHODS 
DATA MATERIALS AND METHODOLOGY 
  
The WCRP/CLIVAR  Working Group on Coupled 
Models (WGCM) organized an international project to 
run a co-ordinate set of 20th and 21st century climate 
simulations, as well as several climate change 
commitment experiments, for assessment in the IPCC 
AR4 (Meehl et al., 2007). The IPCC climate model data 
were collected, archived and made available to the 
international climate science community by the Program 
for Climate Model Diagnosis and Inter-comparison 
(PCMDI) at the Lawrence Livermore National 
Laboratory, USA. 25 atmosphere-ocean general 
circulation modeling (AOGCMs) groups have 
participated in IPCC AR4 coordinated experiments. There 
is a fairly large range in the horizontal resolution of the 
models varying from 1.1250 long / lat to 50 long by 40 lat. 
In this paper, author analyzed the data of monthly 
precipitation flux and surface-air-temperature available 
for the 22 models under the 20th century climate 
simulations (20c3m) scenario. Future projections of 
precipitation flux and surface-air-temperature over south 
India are downloaded in three twenty-first century climate 
change simulations SRES A1B from 2000 to 2100. The 
projected changes in precipitation are examined in three 
time slices; 2020s, 2050s and 2080s. The total 
precipitation consists of convection and large-scale or 
stratiform precipitation. Climate Prediction Center 
Merged Analysis Precipitation (CMAP; Xie and Arkin 
1997). The CMAP precipitation analysis (obtained from 
the website ftp://ftpprd.ncep.noaa.gov), which has a 
resolution of 2.50 lat by 2.50 long, was formed by 
combining rain gauge measurements with several types of 
satellite data.  
 

RESULTS AND DISCUSSION 
Historical rainfall and temperature from IPCC AR4 
model outputs 
 
The simulation of the NEM rainfall patterns over study 
region is extremely a difficult task due to its spatial 
distribution and large precipitation gradients. This may 
pose difficulties in replicating the exact pattern with the 
correct amplitude. Since the model resolutions vary 
substantially the areas of maximum/minimum 
precipitation and their amplitudes may show some shifts 
in these areas. The NEM rainfall over south India is 
associated with Intertropical Convergence Zone in 
southward direction with more moisture, convergence 
over Indian Ocean. During this season November month 
is the peak month to receive highest amount of rainfall 
over south India due to tropical cyclogenesis by ITCZ and 
easterly waves. The Indian Ocean contributing more 
amount of moisture through tropical cyclones and induced 
intense heavy rainfall events especially over Tamil Nadu, 
Coastal Andhra Pradesh. Figure 2 reveals IPCC AR4 
coupled model simulations of NEM rainfall for the 20th 
century over south India. These model results are 
compared with the available satellite, in-situ 
measurements of CMAP and IMD. The observed rainfall 
varies from 2-9 mm/day over south India with a peak 
intensity of 5 mm/day at Tamil Nadu region. The IPCC 
AR4 simulations show a realistic pattern of rainfall with 
varying intensities from one model to another. Out of 22 
models only eight models (GFDL_CM2.0, 
GFDL_CM2.1, UKMO-HadCM3, BCC, CNRM, MPI, 
CGCM-T47 and CGCM-T63) are able to produce the 
NEM rainfall. Of them, some of the models like CCSM, 
CSIRO, PCM, IPSL and GISS-ER are underestimate the 
rainfall, while models like GISS-EH, UKMO-HadGem1, 
IAP and INMCM3 overestimated over south India.  
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Fig. 2. Average northeast monsoon rainfall (mm/day) over south India for the 20th Century using IPCC AR4 coupled 
models along with observed data. 

 
Most general circulation models are unable to reproduce 
the seasonal migration of the ITCZ precipitation (Hack et 
al., 1998; Gates et al., 1999; Wu et al., 2003). Using 20-
year GCM simulations with observed SSTs, Wu et al. 
(2003) identified that the secondary meridional circulation 
induced by convective momentum transport is the missing 
dynamical mechanism that causes the common failure in 
GCMs in simulating the seasonal migration of ITCZ 
precipitation across the equator. Lin (2007) addressed the 
issue of double-ITCZ problem in the 20th century 
simulation of the IPCC AR4 coupled models.  
 
The historical run of 20th Century surface-air-temperature 
from the 22 AOGCMs represented its variability during 

NEM season in Figure 3. From the figure it is clearly 
evident that the inland regions like South Interior 
Karnataka, North Interior Karnataka, Rayalaseema is 
under the influence of less temperature (20.5°-23.5°C). 
Whereas the coastal regions of south India, Coastal 
Andhra Pradesh, Tamil Nadu, Kerala and Coastal 
Karnataka are under the influence of higher temperature 
(24°-26.5°C). The temperature gradients in between the 
inland and coastal regions are of 6°C. Out of 23 models, 
only 8 models represents the base period very well; they 
are  BCC, GFDL_CM2.0, GFDL_CM2.1,CGCM_T63, 
MPI, ECHO_G and CNRM. The above models show the 
magnitude also very well over south India.  
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Fig. 3. Same as above figure 2, but for surface-air temperatures (⁰C). 
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Projected temperature and rainfall under IPCC AR4 
SRES A1B Scenarios 
Projected temperature scenarios over south India 
 
From the previous analysis, five best models (MPI-
ECHAM5, CNRM-CM3, GFDL and MRI) are considered 
on the basis of availability of data to understand annual 
temperature and Indian southwest monsoon rainfall under 
SRES A1B future scenarios 2031-2050 and 2081-2100 
with relative to industrial period (1981-2000). 
NCEP/NCAR reanalysis surface temperature and CMAP 
rainfall data are utilized to compare the industrial base 
line period (1981-2000). Figure 4a shows the CMIP3 best 
models annual temperature (°C) projected for 2031-2050, 
and 2081-2100 relative to the industrial baseline (1981-
2000).  All India annual mean temperature increases by 
1.7°C–2.02°C under 2031-2050 scenarios and by about 

2°C–4.3°C by 2080s, relative to the pre-industrial period  
from the observations.  The three models (CNRM, MPI 
and MRI) shows that annual temperature varies in 
between -15°C  to 30°C  in 1981-2000, while there is an 
increment of temperature in 2081-2100 (-10°C to -30°C) 
period. Among the five models, MPI is showing high 
amplitude of temperatures in 2081-2100 when compare 
with the industrial period (Table 1). The following figures 
clearly depicts the lowest temperatures at Tibetan Plateau 
(-15°C to -10°C) and highest temperatures over Indian 
land mass and partly over Indian Ocean. In future there is 
a consistent warming over Indian land mass especially in 
northern part of India compared to south India.  Later the 
study is extended for the intercomparison of CMIP5 and 
CMIP3 best models to understand the quantitative 
variation of past, present and future scenarios in terms of 
surface air temperature and southwest monsoon rainfall. 
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Fig. 4a. Projected surface-air-temperature (⁰C) for 2020s, 2050s and 2080s from the best IPCC AR4 models. 
 
 
Table 1. NEM surface-air-temperature (0C) variation during 2020s, 2050s and 2080s over south India from the best 
subset of models. 
 

Model Name 2020s 2050s 2080s 

GFDL_CM2.0 21-27 21-28 22.5-29 

GFDL_CM2.1 20-27 22.5-28.5 23-29 

CNRM 24-29 25-30 27-31 

MPI 23-28 22-30 24-31 

CGCM-T63 18-28 21-29 22-30 
 
Future projection scenarios of NEM rainfall over 
south India 
 
From the above discussion, it is interesting to note that 
surface temperature of both land and ocean are 
significantly increasing and creates very low temperature 
gradient. This temperature gradient plays an important 
role for getting monsoon over Indian subcontinent. In this 
connection, it is very essential to examine the seasonal 
monsoon rainfall variation under different time slices. By 
basing on warming climate 1981-2000, the Indian 
southwest monsoon rainfall is in between 2 to 16 mm/day 
from the CMAP observations. Figure 4b represent the 
IPCC AR4 best simulated southwest monsoon rainfall for 

two time slices 2031-2050 and 2081-2100 and compared 
with industrial period 1981-2000. The southwest 
monsoon rainfall varies in between 2-20 mm/day in three 
models (Table 2). CNRM and MPI models represent that 
the amount of rainfall is decreased in 2031-2050 
compared to 1981-2000 and 2081-2100, while GISS 
AOM showing there is no significant variation in all three 
time slices. The rainfall increases substantially over 
certain regions and the significance of the difference has 
been identified. Under SRES A1B scenario, area with 
significant increase expands and at the end of the 21st 
century the rainfall shows significant increase over entire 
Indian land region and decrease in northwest part of India. 
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Base line period  (1960-90) 2020s 2050s 2080s 
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Fig. 4b. Same as above figure 4a but for NEM rainfall. 
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Table 2.   NEM rainfall (mm) variation during 2020s, 2050s and 2080s over south India from the best subset of models. 
 

Model Name 2020s 2050s 2080s 

GFDL_CM2.0 1-6.5 2-5.5 2-7 

GFDL_CM2.1 4-6 4-6 2-11 

CNRM 7-8 5-9 7-10 

MPI 2-6 2-6 2-8 

CGCM-T63 2-4 1-4.5 2 
 
To examine the nature of annual cycle in warming 
climate, the monthly average rainfall over south Asian 
domain under the three scenarios is examined. The 
monthly average of multi model ensemble (MME) 
constructed for 20th century (1981-2000) and the three 
climate change experiments (2081-2100). The annual 
cycle does not change much in the middle of the century 
i.e. from 2031-2050 (figure not shown). It is observed that 
the overall shape of annual cycle and the seasonal march 
would not change in future scenarios implying that the 
monsoon season (June through September) will remain 
the same with peak rainfall in July and August. Under 
scenario A1B the increase is 0.5 mm/day only, while 
under B1 scenario it is approximately 1mm/day and A2 
scenarios show the maximum increase of about 1.5 
mm/day. The MME projects a decrease of rainfall during 
winter and early spring (January through May) and 
increase in summer (June through August) and the 
following autumn (September through November), 
possibly indicating the extension /lengthening of summer 
monsoon rainfall period. 
 
CONCLUSION 
 
Based on the recommendations of the Intergovernmental 
Panel on Climate Change (IPCC) the authors of the 
present study have analyzed a comprehensive, systematic 
and well designed and well coordinated two sets of 20th 
and 21st century climate change experiment model 
outputs. The 20th century simulated NEM precipitation 
over the south Indian domain (5o– 22oN, 70o–90o E) for 
all available models and runs are analyzed with respect to 
the baseline period with spatial characteristics. These 
simulated features are compared with observed and they 
are in very good agreement. Based on the performance of 
the models in simulating the 20th century precipitation 
variability over south India, 5 models were selected to 
examine future precipitation projections under three 
climate change experiments. In the present study it is 
found that five of the twenty two climate models simulate 

the maximum precipitation during NEM period, but with 
some deviations in the magnitude. Next five models 
(CGCM-T63, CNRM, MPI-ECHAM5, GFDL_CM2.0 
and GFDL_CM2.1) simulate NEM variability reasonably 
well. The five models are examined for projections of 
NEM rainfall under SRES A1B three time slices in the 
21st century, 2020s, 2050s and 2080s. It is observed that 
the seasonal precipitation over South Indian domain is 
projected to increase in 21st century and the surface-air-
temperature during NEM season is also revealed from the 
models and there is an increasing trend over south India 
and its rise is of 3.4°C for 21st century. 
 
ACKNOWLEDGEMENTS 
 
The authors are thankful to the IPCC-AR4 group, India 
Meteorological Department, New Delhi, IITM, Pune for 
providing data. Also authors are sincerely acknowledged 
to DST-FIST for supporting the infrastructure facility and 
Second author is grateful to the UGC for financial support 
through FDP. Special thanks to the CMAP and CRU team 
for providing the data.  
 
REFFERENCES 
 
Balachandran, S., Asokan, R. and Sridharan, S. 2006. 
Global surface temperature in relation to northeast 
monsoon rainfall over Tamil Nadu; J. Earth Syst. Sci. 
115(3):349–362, doi: 10.1007/BF02702047. 
 
Bhalme, HN., Jadhav, SK., Mooley, DA. and Ramana 
Murthy, BV. 1986. Forecasting of monsoon performance 
over India. Int. J. Climatol. 6(4):347-354. 
 
Bhalme, HN. and Mooley, DA. 1980. Large scale 
droughts/floods and monsoon circulation. Mon. Weather 
Rev. 108:1197-1211. 
 
Bhanu Kumar, OSRU., Naidu, CV. and Ramalingeswara, 
Rao S. 2004. Influence of Southern Oscillation and SSTs 



Canadian Journal of Pure and Applied Sciences 4498

over Nino3.4 region on the winter monsoon rainfall over 
coastal Andhra Pradesh. Proc. Indian. Acad. Sci. (Earth 
Planet. Sci.) 113(3):313-319. 
 
Bhanu Kumar, OSRU., Ramalingeswara, Rao S. and 
Muni Krishna, K. 2007. Predictability of winter monsoon 
rainfall over south India using tropical sea surface 
temperatures. Asia Pac. J. Atmos. Sci. 43(4):449-456. 
 
Bhanu Kumar, OSRU. and Ramalingeswara, Rao S. 2009. 
Impact of global warming on life style of Indian farmers 
in the ensuing monsoon seasons. International Conference 
on Climate Change and Impact on Life Style, 13-14 
November 2009, NGRI, Hyderabad, India. 
 
Bhanu Kumar, OSRU., Suneetha, P. and Ramalingeswara, 
Rao S. 2011. Impact of rising sea surface temperatures on 
frequency of tropical storms and their relationships over 
north Indian Ocean. Can. J. Pure Appl. Sci. 5(3):1675-
1683. 
   
Bhanu Kumar, OSRU. and Suryanarayan, G. 2016. 
Expected Changes in Surface-Air-Temperature and 
Rainfall Using PRECIS Model over Andhra Pradesh. 
Science Spectrum. 1(4):371-383. 
 
Doraiswamy, Iyer. 1946. Forecasting of northeast 
monsoon rainfall of south Madras. Scientific Note No.98, 
India Meteorological Department. 147-154. 
 
Dhar, ON. and Rakecha, PR. 1983. Foreshadowing 
northeast monsoon rainfall over Tamil Nadu, India. Mon. 
Weather Rev. 111:109-112. 
 
Gates, WL., Boyle, J., Covey, C., Dease, C., Doutriaux, 
C., Drach, R., Fiorino, M., Gleckler, P., Hnilo, J., Marlais, 
S., Phillips, T., Potter, G., Santer, BD., Sperber, KR., 
Taylor, K. and Williams, D. 1999. An overview of the 
results of the Atmospheric Model Intercomparison Project 
(AMIP I). Bull. Am. Meteor. Soc. 80:29-55. 
 
Gowariker, V., Thapliyal, V., Kulshrestha, SM., Mandal, 
GS., Senroy, N. and Sikka, DR. 1991. A power regression 
model for long-range forecast of southwest monsoon 
rainfall over India. Mausam. 42:125-130. 
 
Hack, JJ., Keihl, JT. and Hurrell, JW. 1998. The 
hydrologic and thermodynamic characteristic of the 
NCAR CCM3. J. Clim. 11:1179-1206. 
 
Jayanthi, N. and Govindachari, S. 1999. El-Nino and 
northeast monsoon rainfall over Tamilnadu. Mausam. 
50:2 217. 
 
Kripalani, RH. and Kumar, P. 2004. Northeast monsoon 
rainfall variability over south peninsular India vis-`a-vis 

the Indian Ocean dipole mode. Int. J. Climatol. 24:1267-
1282. 
 
Krishnan, A. 1984. An analysis of trends in the rainfall 
and droughts occurring in the southwest and northeast 
monsoon systems in the southern peninsular India. 
Mausam. 35:379-386. 
 
Kumar, P., Rupa Kumar, K., Rajeevan, M. and Sahai, 
AK. 2007. On the recent strengthening of the relationship 
between ENSO and northeast monsoon rainfall over south 
Asia. Climate Dynamics. 28:649-660.  
 
Lin, JL. 2007. The Double-ITCZ problem in IPCC AR4 
coupled GCMs: Ocean-Atmosphere Feedback Analysis. J. 
Climate. 20:4497-4525. 
 
Meehl, GA., Covey, C., Delworth, T., Latif, M., 
McAvaney, B., Mitchell, JFB., Stouffer, RJ. and Taylor, 
KE. 2007. The WCRP CMIP3 Multimodel data set: A 
new era in climate change research. Bull. Amer. Met. Soc. 
1383-1394. 
 
Nageswara, Rao G. 1999. Variations of the SO 
relationship with summer and winter monsoon rainfall 
over India: 1872–1993. J. Climate. 12:3486-3495. 
 
Nayagam, LR., Janardanan, R. and Ram Mohan, HS. 
2009. Variability and teleconnectivity of northeast 
monsoon rainfall over India. Global Planet. Change. 
69:225-231. 
 
Raj, YEA. and Jamadar, SM. 1990. Normal dates of onset 
and withdrawal of southwest and northwest monsoons 
over southern peninsular India. Vayu Mandal. 20:76-84. 
 
Rajeevan, M., Pai, DS., Anil Kumar, R. and Lal, B. 2006. 
New statistical models for long-range forecasting of 
southwest monsoon rainfall over India. Climate 
Dynamics. 28:813-828. 
 
Ramaswamy, C. 1972. The severe drought over Tamil 
Nadu during the retreating monsoon period of 1968 and 
its association with anomalies in the upper level flow 
pattern over the Northern Hemisphere. Ind. J. Meteorol. 
Geophys. 23:303-316. 
 
Rao Krishna, PR. and Jagannathan, P. 1953. A study of 
the northeast monsoon rainfall of Tamil Nadu. Ind. J. 
Meteorol. Geophys. 4:22-43. 
 
Rao, KV. 1963. A study of the Indian northeast monsoon 
season. Ind. J. Meteorol. Geophys. 14: 143-155. 
 
Sahai, AK., Grrimm, AM., Satyan, V. and Pant, GB. 
2003. Long lead prediction of Indian Summer monsoon 



Suneetha et al. 4499

rainfall from global SST evolution. Climate Dyn. 20:855-
863. 
 
Singh, N. and Sontakke, NA. 1999. On the variability and 
prediction of the rainfall in the post-monsoon season over 
India. Int. J. Climatol. 19:300-309. 
 
Sridharan, S. and Muthusamy, A. 1990. Northeast 
monsoon rainfall in relation to El Ni˜no, QBO and 
Atlantic hurricane frequency. Vayu Mandal. 20:108-111.  
 
Srinivasan, V. and Ramamurthy, K. 1973. Northeast 
monsoon. Comprehensive articles on selected topics. 
Forecasting Manual Part IV, FMU Report No IV-18.4. 
India Meteorological Department, Poona, India. 
 
Suneetha, P. 2012. Climate change and its related extreme 
weather events over India -A numerical study. Ph.D. 
Thesis, Andhra University, Visakhapatnam, India. 
 
Suneetha, P., Latha, PS., Ramalingeswara, Rao and 
Bhanu Kumar, OSRU.  2017.  Influence of moiture source 
and sink regions. Meteorological Applications. 
 
Thapliyal, V. 1981. ARIMA model for long-range 
prediction of monsoon rainfall in Peninsular India. India 
Meteorological Department Monograph Climatology No. 
12/81. 
 
Wu, X., Liang, X. and Zhang, GJ. 2003. Seasonal 
migration of ITCZ precipitation across the equator: Why 
Can’t GCMs simulate it; Geophys. Res. Lett. 30 15 
doi:10.1029/2003GL017198. 
 
Zubair, L. 2002. El Ni˜no–southern oscillation influences 
on rice production in Sri Lanka. Int. J. Climatol. 22:242-
250. 
 
Zubair, L. and Ropelewski, CF. 2006. The strengthening 
relationship between ENSO and northeast monsoon 
rainfall over Sri Lanka and southern India. J. Climate. 
19:1567-1575. 
 
 

Received: Jan 21, 2018; Revised: May 29, 2018;  
Accepted: May 31, 2018 

 
Copyright©2017, This is an open access article distributed under the Creative 
Commons Attribution Non Commercial License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is 
properly cited. 

 


