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Abstract: This study contains an analysis of mean monthly precipitation values, covering multiple profiles, in 13 

Indian river catchment areas: Brahmaputra, Indus, Ganga, Mahi, Narmada, Tapti, Damodar, Brahmani, 

Krishna, Penner, Cauvery, Mahanadi and Godavari. The analysis covers data for the period 1901–2010 with a 

spatial resolution of 0.5°x°0.5° of geographic longitude and latitude (GPCC data). The data is analysed in 

monthly and calendar year profiles. The periodical nature of precipitation is assessed and the trends in climate 

changes calculated. The characteristics of trend in climate changes are described by linear equations with 

indicated boundary values of coefficients determined at a 5% significance level. The analyses discussed confirm 

spatial and temporal variability of precipitation in the key river catchment areas in India, feeding the country's 

surface and underground water resources. The statistics contained in this study demonstrate the regional nature 

of water supply, indicate the need to complete regional analyses of temporal and spatial variations in the 

volumes of water feeding Indian resources, and confirm that regional and local plans must be developed to 

adapt to climate change, based on the accepted scenarios aimed to compensate climate change effects. 

Keywords: GPCC data, monthly precipitation, annual precipitation, frequency analysis, climate trend in 

precipitation, territory of India. 

 

I. Introduction 
This study aims at supplementing necessary information about the characteristics of long-lasting 

precipitation series, precipitation total and mean values in the areas of surface water catchment areas of key 

importance for the feeding of Indian water resources. The study is focused on regional analyses showing clear 

interrelations between precipitation structures and volumes and the resultant effects in parts of river basins, 

distinguished areas in a hydrographic system or local drainage areas. The need to complete such analyses is 

emphasised in the reports prepared under the United Nations Framework Convention
2
 on Climate Change that 

provide a basis for scenarios developed to compensate climate change effects. 

The detailed knowledge of precipitation volumes reaching the Earth land surface is particularly 

important for an assessment of the quantity of fresh water available, for water management as necessary to meet 

the demand for water and to mitigate the risks of floods and draughts. There is a growing body of scientific 

evidence confirming the hypothesis proposing climate changes caused by human activities. The intensity of 

those changes depends on the region and varies in time and space. The analyses of climate changes at a regional 

level demonstrate a strong correlation with anthropogenic impacts. The climate changes observed are 

characterised by shortened period of high-intensity precipitation and more frequent periods of long-lasting 

precipitation that cause great floods. Also the periods characterised by high temperatures and reduced 

precipitation have become longer. The polarization of extreme phenomena is an established fact, associated with 

the variations in and intensity of human activities. This study contains the results of my analyses of GPCC data 

for selected Indian river catchment areas. The approach used in the analyses enabled the author to characterize 

and estimate certain changes in the process of feeding the water resources available in selected Indian river 

catchment areas, resulting from variability of precipitation. 

The water resources development programme implemented following India independence resulted in 

an increase in the available irrigation potential by five times, a progress was also reported in supplies of potable 

water and water for industrial purposes. However, the population growth rate, urbanization and industrial 

development have resulted in a significant increase in water demand and consumption. Extensive policies 

followed in some regions have led to excessive exploitation of available resources and consequently to durable 
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depletion of water resources. Additionally, the growth of the industrial sector and a rapid urbanization process 

resulted in contamination of surface water and groundwater. The low efficiency of use of water intakes 

represents another problem in water management. 

The total estimated volume of available resources reaches 4000 BCM; taking into account losses due to 

evaporation, an estimated total annual volume of available water amounts to 1869 BCM. However, considering 

the geomorphological and hydrological conditions, only 1123 BCM may be effectively used, including 61% 

from surface water and about 39% from renewable groundwater resources. Attention should be paid to 

significant spatial and temporal differences in access to water. The Ganga and Brahmaputra river basins are 

characterised by the highest availability rates reaching about 60% of total annual volume of available water. 

The government strategy implemented by the Ministry of Water Resources in India pays particular 

attention to an increase in the demand for water by about 20% over the next 10 years and by about 70% over the 

next 40 years, assessing the demand by the year 2050 at 1180 [km
3
] [BCM], compared to the current demand 

amounting to 700 [BCM]. These ambitious objectives, requiring considerable involvement of government and 

non-government institutions, open up another great growth opportunity to society of India. Social development 

achieved by education and qualification programmes carried out as part of the strategy may represent another 

desirable synergy outcome. Training programmes accompanying expenditures on infrastructure development are 

indispensable to improve the efficiency of use of water intakes. 
Table 1. A statement of annual balances of water resources in India for the period 1901 – 2010 

 
 

 
 

Figure 1. GPCC gauge-based gridded monthly precipitation data for the territory of India, [mm] May 2010 
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Figure 2. Analysed river catchment areas 
 

II. The role of GPCC Precipitation Climatology Centre in collecting and providing 

precipitation data 
The Global Precipitation Climatology Centre(GPCC) was established in 1989 by the World 

Meteorological Organization (WMO). The Centre is supported and operated by the DeutscherWetterdienst 

(DWD, the German Meteorological Office) as a German contribution to the World Climate Research 

Programme (WCRP). The main objective of the GPCC is a global analysis of monthly precipitation on Earth 

land surface based on data provided by “in-situ” precipitation stations. In 1994, GPCC was requested by the 

WMO to support climate monitoring activities carried out by the Global Climate Observing System (GCOS). 

The GPCC has joined the GCOS network (GSNMC) in 1999, focusing on atmospheric precipitation while 

temperature monitoring is conducted by the Japan Meteorological Agency (JMA) 

The objective of the GPCC is to meet the users' demand for accurate analyses, current and readily 

available datasets. For example: The WCRP, as part of the Global Energy and Water Cycle Exchanges Project 

(GEWEX), requires high spatial resolution and accuracy of data for the last two decades while the priorities of 

the GCOS and IPCC focus on long-term uniformity of time series showing climate changes. All GPCC products 

represent gridded near and non-real-time datasets of precipitation on the Earth land surface. Only monthly data 

is made available in spatial resolutions 0.5°x 0.5° to 2.5°x 2.5° of geographic longitude and latitude. The 

datasets are made available on the Internet (http://gpcc.dwd.de). The products are developed based on complete 

sets of information from the world precipitation database originating from more than 97000 stations that provide 

protected and classified raw records. 

  

III. Characteristics of data for 1901-2010 
The GPCC data representing total precipitation volumes in individual months in the period 1901–2010, 

with a spatial resolution of 0.5°x 0.5° of geographic longitude and latitude, are converted to the analysed Indian 

drainage basin and key analysed river catchment areas. Thus a sequence of monthly precipitation values was 

obtained that is analysed in this study. The GIS interpolation methods are used in the spatial analysis of data. 

The calculated sequence values were subject to a simple statistical analysis in order to determine the basic 

statistics: the minimum and maximum values, the mean value, standard deviation of the sample and the value of 

the coefficient of variation. The data is analysed in calendar year profiles. The analyses of monthly precipitation 

values cover the years 1901–2010. 

 

IV. An assessment of accuracy of the GPCC data for the period 1901-2010 
An analysis of error in monthly and annual values of total precipitation for the entire territory of India 

was completed to verify the data. The period subject to verification based on comparative data includes the 

years 1901–2010. The results of the analysis are shown in a graphic format. The relative error in the analysed 

total monthly precipitation values amounted on average from (-1%) in July to 27% in November, resulting in a 

4% mean value of relative error for the total of annual precipitation. 
Table 2. Values of relative errors in the long-term period 1901–2010 in individual months, the territory of India 

 
The positive value of error indicates underestimated totals of monthly precipitation published by the GPCC, 

compared to the precipitation values officially published in materials of the India Meteorological Department 

[2]  

http://gpcc.dwd.de/
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Table 3. A statement of precipitation total values and selected statistics for the long-term period 1901–2010 in the territory of India 
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Figure 3. The structure of error in monthly precipitation values relative to the annual total, monthly 

precipitation values compared with the GPCC data [mm], the years 1901-2010, the territory of India 

 
Figure 4. Histogram of relative error in monthly precipitation totals, the territory of India 

 
V. Precipitation variability in the territory of India 

A long-term mean annual total of precipitation based on the analyses is estimated at 1126 mm in India. 

The mean values in the analysed period of 110 years vary from 894 mm to 1387 mm, with the largest volume of 

precipitation in India amounting to about 11690 mm – in Mawsynram near Cherrapunji in the state of 

Meghalaya in north-eastern India (R. Kumar, R. D. Singh and K. D. Sharma, 2005). On the other hand, in 

Jaisalmer in the Thar Desert in Rajasthan, the annual precipitation volume is as low as 150 mm. 75% of total 

https://pl.wikipedia.org/wiki/Thar
https://pl.wikipedia.org/wiki/Rad%C5%BCastan
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annual precipitation is recorded in the period from June to September. 750 mm of rain p.a. falls on about 21% of 

the India territory, and the total of annual precipitation exceeds 1500 mm on about 15% of the territory. The 

areas characterised by low volumes of precipitation, below 500 mm, include the western region of Rajasthan, 

Gujarat, Haryana and Punjab, the interior of the Deccan Plateau east of Sahyadris and the region near Leh in 

Kashmir. The standard deviation of mean value of annual total precipitation reaches 10% and the coefficient of 

variation amounts to 0.08. The sum of mean precipitation volume in the long-term period amounts to 3704 km
3
, 

showing a positive trend of 68 [million m
3
/year]. 

 

VI. Precipitation periodicity in the territory of India 
The periodicity of precipitation in the territory of India was assessed using signal processing theory 

with a harmonic analysis applied. The procedures necessary to calculate the values of predominating frequencies 

were developed in Matlab. The inverses of those values represent the predominating period of repeatability of an 

event. The analysis was completed for various profiles of the analysed dataset. The results are shown in graphic 

and tabular formats. 

The periodicity of monthly precipitation, considered using monthly profiles of calendar years in the 

analysed period 1901–2010, may be described as follows: November is characterised by a long predominating 

period of repeatability: 16 years while predominating periods of repeatability for the remaining months amount 

to 2 to 14 years. Period of repeatability of minimum values: 55 years, maximum values: 2 years, medium values: 

2.5 years  
 

VII. Premises for an analysis of climate changes observed in precipitation 
The trend in climate changes considered using monthly precipitation profiles for the calendar year is 

described by linear equations with indicated boundary values of coefficients determined at a 5% significance 

level. The slope values are both negative and positive for the analysed period 1901–2010. The months of 

January, February, April, August and December are characterised by a decreasing trend in precipitation while 

the remaining months by a positive trend. The values vary between -0.035 in August and +0.098 [mm/year] in 

October. 

 

 
Figure 5. Inverses of predominating frequencies of monthly precipitation values and their statistics for 

the territory of India 
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1. Analyses of selected catchment areas 

1.1. GRDC data
 3
 

The GRDC has created and manages a large bank of hydrological data, including watercourses, their 

topology, flows in selected water-level gauge locations, and catchment area boundaries on Earth. The GRDC 

website makes available both hydrographic and hydrological data. Access to the database is regulated by the 

Policy guidelines for the dissemination of data. This analysis uses GRDC data describing the catchment areas of 

rivers located in whole or in part in the territory of India, with closing cross-sections indicated. 

 

1.2. Application 

The monthly precipitation values for selected river catchment areas in the territory of India area are 

calculated using GIS interpolation methods. The GPCC data representing total precipitation volumes in 

individual months in the period 1901–2010, with a spatial resolution of 0.5°x 0.5° of geographic longitude and 

latitude, converted to the analysed river catchment areas. A sequence of monthly precipitation values was 

obtained and is analysed below, like in the analysis covering the territory of India. The calculated sequence 

values were subject to a simple statistical analysis in order to determine the basic statistics: the minimum and 

maximum values, the mean value, standard deviation of the sample and the value of the coefficient of variation. 

The data is analysed in calendar year profiles. The analyses of monthly precipitation values cover the years 

1901–2010. 

The mean total of precipitation in the analysed river catchment areas in the long-term period varies from 1532 in 

the Brahmaputra catchment area to 450 mm in the Indus catchment area at coefficients of variation of 0.13 for 

the Brahmaputra river and of 0.17 for the Indus river. The greatest value of coefficient of variation in total 

annual precipitation in the analysed long-term period is observed in the catchment area of the Mahi river (0.28) 

at a mean total of precipitation amounting to 827 mm. The greatest mean values are recorded in the 

Brahmaputra catchment area and the lowest – in the Indus catchment area (about 314 mm). 
Table 4. A statement of periodicity values (inverses of predominating frequencies) for mean monthly precipitation sequences in the period 

1901–2010 by months in the territory of India 

 
 

Table 5. Values of parameters of the linear trend in monthly precipitation in the analysed period for the territory of India 

 
 

Table 6. Statistics of mean annual precipitation in the analysed river catchment areas in the period 1901–2010 

 

                                                           
3 The GRDC operates under the auspices of the World Meteorological Organization (WMO) and is hosted by the Federal Institute of 
Hydrology (BfG) in Koblenz, Germany 
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Table 7. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 – 

2010 in the Brahmaputra river catchment areas 
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Table 8. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 – 

2010 in the Indus river catchment areas 
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Table 9. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 – 

2010 in the Ganga river catchment areas 
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Table 10. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the Mahi river catchment areas 
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Table 11. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the selected Narmada river catchment areas 

 



Characteristics of long-term variability of precipitation in selected river catchment areas in India .. 

DOI: 10.9790/2402-1105035173                                      www.iosrjournals.org                                        63 | Page 

Table 12. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the selected Tapti river catchment areas 
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Table 13. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the selected Damodar river catchment areas 
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Table 14. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the selected Brahmani river catchment areas 
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Table 15. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the selected Krishna river catchment areas 
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Table 16. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the selected Penner river catchment areas 
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Table 17. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the selected Cauvery river catchment areas 
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Table 18. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the selected Mahanadi river catchment areas 
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Table 19. A statement of total monthly precipitation [mm] and selected statistics for the long-term period 1901 

– 2010 in the Godavari river area 
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Table 20. A statement of periodicity values (inverses of predominating frequencies) for mean monthly precipitation sequences in the 
analysed long-term period 1901–2010 in the selected catchment areas in India 

 
Table 21. Values of parameters of the linear trend in monthly precipitation in a calendar year in the analysed long-term period 1901–2010 

in the selected river catchment areas in India 

 
 
 
 

VIII.  Conclusion 

The strategic plans and ambitious objectives included in the water management programme for India 

are regrettably accompanied by numerous contrasts between extremely dramatic growth projects and poor 

knowledge of local environmental conditions and by attempts to import Western, supposedly universal models 

that ignore local and regional features and characteristics of the territory. The Ministries of Water Resources and 

of Agriculture and the Planning Commission are responsible for water management on a national scale; 

additionally, the government is authorised by the Constitution to manage river drainage basins. These statutory 

and organizational instruments provide great opportunities for implementation of the adopted water mission, but 
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further excessive exploitation of water resources with a continued low efficiency of water intake use may cause 

a durable and dramatic reduction in available water resources and impair their quality. The study contains an 

analysis of precipitation, covering multiple profiles and based on the GPCC database that provides monthly 

mean values for the territory of India, in 13 river catchment areas. Brahmaputra, Indus, Ganga, Mahi, Narmada, 

Tapti, Damodar, Brahmani, Krishna, Penner, Cauvery, Mahanadi and Godavari. The catchment areas and their 

closing cross-sections are defined using data made available by the GRDC agency (Table 1). The analysis 

includes data for the period 1901–2010 with a spatial resolution of 0.5°x°0.5° of geographic longitude and 

latitude. The data is analysed in calendar year profiles. The periodical nature of precipitation is assessed and the 

trends in climate changes calculated. The characteristics of trend in climate changes are described by linear 

equations with indicated boundary values of coefficients determined at a 5% significance level. 

The long-term mean annual total of precipitation in the territory of India is estimated at 1126 mm and 

the mean values in the analysed period of 110 years vary from 894 mm to 1387 mm. The standard deviation of 

mean value of annual total precipitation reaches 10% and the coefficient of variation amounts to 0.08. The sum 

of mean precipitation volume in the long-term period amounts to 3704 km
3
, showing a positive trend of 68 

[million m
3
/year]. The trend in the mean value of precipitation in the territory of India is positive: 0.021 

[mm/year]. 

The periodicity of precipitation in all analysed river catchment areas is characterised by minimum 

values of predominating repeatability periods of about 2 years while maximum values vary from 13 to 15 years 

in the catchment areas of Indus, Ganga, Brahmani and Krishna, amount to 22 years in the Tapti catchment area, 

36 years in the Mahi and Narmada catchment areas, 55 years in the Damodar catchment area; with no 

indications for the Brahmaputra, Penner and Couvery rivers. The maximum value of linear precipitation trend in 

the analysed catchment areas is observed in the Tapti river: 0.681 [mm/year], and the lowest, negative value – in 

the Brahmaputra river: -0.803 [mm/year]. The trend in mean values for the analysed long-term period varies 

from -0.159 [mm/year] for the Brahmaputra to 0.136 [mm/year] for the Tapti river. Positive trends in mean 

precipitation values are observed in the Indus, Mahi, Narmada, Tapti, Damodar, Krishna, Penner and Godavari 

river catchment areas, negative trends in precipitation values are identified in the Brahmaputra, Ganga, 

Brahmani, Cauvery and Mahanadi river catchment areas. 

The analyses discussed confirm spatial and temporal variability of precipitation in the key river 

catchment areas in India, feeding the country's surface and underground water resources. The statistics 

contained in this study demonstrate the regional nature of water supply, indicate the need to complete regional 

analyses of temporal and spatial variations in the volumes of water feeding Indian resources, and confirm that 

regional and local plans must be developed to adapt to climate change, based on the accepted scenarios aimed to 

compensate climate change effects. 
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