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Abstract: Monthly precipitation data of 70-80⁰E, 20-25⁰N was studied and analyzed which includes western Indian parts of 

Maharashtra, Gujarat, and Madhya Pradesh. This data was sourced from NASA’s GES-DISC Interactive Online Visualization and 

Analysis Infrastructure (Giovanni) which displays Earth science data from NASA satellites directly on the internet. Exploratory data 

analysis was conducted to find trends and insights pertaining to rainfall over the region. Standard deviation from mean annual rainfall 

value for 1980-1994 is noticeably higher compared to that of 1995-2010 which clearly indicates that variability in rainfall has decreased 

considerably over the years although mean rainfall figures are nearly the same. The anomalies in rainfall figures of 1994 and that of 

2002 were found where excessive rainfall was observed in 1994 and drought in 2002. Reasons for the same is also discussed. 
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1. Introduction 
 

The Indian summer monsoon is very crucial for the 

country’s economic development. Agriculture which 

contributes 16 % to the GDP of our country, is completely 

dependent on Indian monsoon. Apart from this, biodiversity 

hotspots like the western ghats depend upon monsoon which 

brings the showers for the various flora and fauna. They also 

replenish lakes and underground aquifers. 

 

Monsoon also affects the inflation rate, as a bumper farm 

output that keeps food prices under control since food 

accounts for 50 % of the country’s consumer price index, 

which is monitored by RBI. A good monsoon can increase 

rural spending on items such as televisions, cars, and gold. 

The FMCG and fertilizer sectors would benefit the most 

from the normal monsoon. Up to 40 % of India’s cement 

demand comes from rural housing.  

 

Despite seasonality, monsoon is also affected by other 

climatic conditions like El Nino also referred to as ―boy 

child‖ in Spanish, El-Nino is a weather phenomenon 

characterized by an abnormal warming of the eastern Pacific 

Ocean that triggers weaker rains and droughts in the Indian 

subcontinent Some of the years receive less amount of rain 

due to these effects, affecting the agricultural economy of 

our country. 

 

According to Indian Meteorological Department, monsoon 

is considered normal if the rains are 96 - 104 % of the 50- 

year average rainfall of 89cm. The monsoon is taken to be 

below normal if rains are between 90-96 %. If less than 90, 

it is considered deficient. Therefore, analysis of the rainfall 

data is important. The National Aeronautics and Space 

Administration (NASA) has acquired a rapidly growing 

archive of Earth remote sensing data, originating with the 

Landsat and Nimbus satellite missions in the 1970s and 

continuing with increasingly ambitious and technologically 

advanced missions to the present year, marked by the recent 

launches of the Global Precipitation Mission (GPM) and 

Orbiting Carbon Observatory-2 (OCO-2) satellites.  Since its 

inception in 2003, the NASA Geospatial Interactive Online 

Visualization andAnalysis Infrastructure (Giovanni) system 

provides access to a wide variety of NASA remote sensing 

data and other Earth science data sets, allowing researchers 

to apply selected data to a broad range of research topics. 

Currently hosted by the Goddard Earth Sciences Data and 

Information Services Centre (GES DISC, Giovanni includes 

data from many different NASA missions and projects. An 

in-progress Advancing Collaborative Connections for Earth 

System Science (ACCESS) project titled ―Federated 

Giovanni‖ will expand the data available in the system by 

including data from other NASA data centres. 

 

This variety of data gives potential for the investigation of 

rainfall trend in India. In this paper we have analysed the 

rainfall patterns over the region of Maharashtra, Madhya 

Pradesh covering West India area from 1980 - 2010. 

Variation of rainfall for each month over the course of 30 

years is also presented. Similarly, the deviation from mean 

rainfall is also analysed for each month. Similarly, various 

other trend graphs were presented, and their reasons were 

mentioned. 

 

 
Figure 1: Data taken from highlighted portion 
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Table 1: Monthly data for 1980-2010 

 
 

2. Literature Review 
 

⁰P. Guhathakurta and M. Rajeevan analysed monthly rainfall 

data of a fixed network of 1476 rain gauge stations of India 

for the period 1901-2003. This data was then used to 

construct annual rainfall time-series of 36 meteorological 

subdivisions. Linear trend analysis was carried out to 

anticipate long term trends in rainfall over different 

subdivisions. The outcome of the analysis over south-west 

monsoon season revealed a decreasing trend in Jharkhand, 

Chhattisgarh, Kerala and eight subdivisions viz. Gangetic 

WB, West UP, Jammu and Kashmir, Konkan and Goa, 

Madhya Maharashtra subdivision, ṇRayalseema, Coastal AP 

and North Interior Karnataka showed significant increasing 

trends. It has been found that the contribution of June, July 

and September rainfall to annual rainfall is decreasing for 

few subdivisions while the contribution of August rainfall is 

increasing in few other subdivisions. The main result of the 

study can be summarized as an increase in rainfall activities 

in Konkan and Goa and Maharashtra. This calls for further 

analysis of the rainfall patterns in this region. 

 

3. Methodology 
 

The NASA Giovanni data analysis system has been 

recognized as a useful tool to access and analyse many 

different types of remote sensing data. The variety of 

environmental data types has allowed the use of Giovanni 

for different application areas, such as agriculture, 

hydrology, and air quality research. 

 

4. Trends in Rainfall pattern 
 

4.1 Total Annual Rainfall pattern 

 

 
Figure 2: Annual Rainfall Bar Plot 

 

Monthly rainfall data of 31 years viz. 1980 - 2010 is enough 

to be a representative of the general trend that is followed by 

rainfall in India. Studying the total annual rainfall over these 

years reveals occasional highs and lows. Local peaks can be 

observed in 1981, 1983, 1988, 1990, 1994, 1996, 2006 and 
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2010. Troughs are observed in 1982, 1987, 1989, 1991, 

1995, 2002, 2004, 2008. Close observation of annual rainfall 

in 1980-1994 and 1995-2010 reveals interesting insights.The 

standard deviation from mean annual rainfall value for 1980-

1994 is 859 mm whereas for 1995-2010 is 619 mm which 

clearly indicates that variability in rainfall has decreased 

considerably over the years although mean rainfall figures 

stand at 4146 and 4163 when calculated over 1980-1994 and 

1995-2010 respectively. Also, the three major peaks viz. 

1983, 1990, 1994 are all in 1980-1994. 

 

4.2 Monthly Rainfall Pattern 

 

 
Figure 3: Monthly Average Rainfall over 1980 - 2010 

 

Table 2: Month-wise average rainfall data 
Month Monthly Average(mm) 

Jan 14.796 

Feb 16.723 

Mar 17.583 

Apr 7.98 

May 16.755 

Jun 605.087 

Jul 1364.709 

Aug 1317.589 

Sep 679.601 

Oct 75.832 

Nov 24.091 

Dec 13.867 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Monthly data for 1980-2010 

 

South-west monsoon winds are the major contributor to the 

annual rainfall in India. As expected, the months of June, 

July, August, September, and October to some extent see 

heavy rainfall compared to the rest of the months throughout 

the year. Maximum rainfall is observed in the month of July, 

closely followed by August. All other months 
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4.3 Monthly Variation 

 

 
Figure 5: Month-wise box-plot of rainfall over 30 years  

 

To study the secular variations of regional rainfall, we have 

carried out the trend analysis for the monthlyrainfall series 

of all the months in the duration of 1980-2010. It is evident 

from the visual plot that June, July, August and September 

experience notable variation in the rainfall over the years. 

 

Table 3: Month-wise deviation from mean rainfall 
Month Standard Deviation 

Jan 10.31508 

Feb 6.651103 

Mar 5.731993 

Apr 2.982746 

May 9.38452 

Jun 215.6105 

Jul 398.2026 

Aug 353.2467 

Sep 359.3329 

Oct 50.89221 

Nov 26.63812 

Dec 12.60381 

 

4.4 Global Maxima or Minima 

 

In the duration of 1980-2010, maximum annual rainfall was 

observed in the year 1994 viz. 2963mm. The year 2002 

experienced notably low rainfall of 5823mm. A further 

analysis of deviation in monthly rainfall keeping monthly 

mean as the base reveals that in 1994, heavy rainfall was 

observed in the month of July and Septemberwhich 

contributed hugely to annual rainfall. Interesting insights 

were drawn on carrying out a similar analysis on the year 

2002 which experienced minimum annual rainfall. In 2002, 

the month of June experienced rainfall higher than the mean 

rainfall observed in June over 1980-2010. The rainfall 

reduced considerably in the months to follow, namely July, 

August, September and October which resulted in an overall 

decrease in the annual rainfall in 2002. 

 

The reason for unusually high rainfall in 1994 can be 

attributed to diabetic heating anomaly for June to August in 

1994. The diabetic heating anomaly field indicates that 

much of the 12% excess rainfall over India occurred in 

northwest India with, if anything, reduced rainfall over the 

southern peninsular. The strong moisture fluxes associated 

with southwesterly winds that cross the west coast of India 

from the Arabian Sea caused excessive rainfall in the month 

of July. 

 

4.5 Draught Years 

 

Here we present 2002, 2004 and 2009 rainfall – 

corresponding to draught years. They observed less than 

90% of the average annual rainfall.  

 

 
Figure 6: Monthly deviation in 2002 

 

 
Figure 7: Monthly deviation in 2004 

 

 
Figure 8: Monthly deviation in 2009 
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Figure 9: Monthly deviation in 1994 

 

5. Results 
 

The standard deviation from mean annual rainfall value for 

1980-1994 is 859 mm/hr whereas for 1995-2010 is 619 

mm/hr which clearly indicates that variability in rainfall has 

decreased considerably over the years although mean 

rainfall figures stand at 4146 and 4163 when calculated over 

1980-1994 and 1995-2010 respectively. 

 

South-west monsoon winds are the major contributor to the 

annual rainfall in India. As expected, the months of June, 

July, August, September, and October to some extent see 

heavy rainfall compared to the rest of the months throughout 

the year. 

 

The reason for unusually high rainfall in 1994 can be 

attributed to diabetic heating anomaly for June to August in 

1994 which caused strong moisture fluxes in the south-

westerly winds over the west coast resulting in excessive 

rainfall in the month of July. 

 

The reasons for 2002 drought were negative phase of 

EQUINOO in the equatorial Indian Ocean, high MJO and 

typhoon activity in the central and west Pacific. Persistent 

and strong inversion near 800 hPa prevented the growth of 

convective clouds during the first half of July and towards 

its end causing less rainfall than usual in the month of July. 
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