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ABSTRACT 

Even though earth being covered by 71% water bodies, only around 3% is useful for living beings. Although 

being in the proximity of some or the other water body, water demands are rarely satisfied and the scarcity of 

the same still remains the problem which is growing exponentially. The main reason for this is the population 

growth, uncontrolled pollution, improper use and above all the worst planning and management of water 

resources. The following paper focuses on the suitability of rooftop rainwater harvesting systems for the water 

problems in the Ujlaiwadi region in Kolhapur district (MS). Also the paper shows the importance of geospatial 

techniques and geospatial domains like Google™ earth, QGIS software; etc. Various rooftops of the given study 

area have been studied and water harvesting capacity of the same is discussed. 
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I. INTRODUCTION 

 

Water is the lifeline of any society. Right from ancient times, civilisations have flourished in the vicinity of 

water bodies. Availability of drinking water and provision of sanitation facilities are the basic requirements for a 

healthy society 
[1]

.  In India, the per capita per annum average availability of fresh water has been reduced from 

5177 cubic meters from 1951 to 1820 cubic meters in 2001 and it is estimated to further come down to 1341 

cubic meters in 2025 and 1140 cubic meters in 2050 (Ministry of water recourses, GOI, 2003). This scarcity or 

the shortage will day-by-day go on increasing and finally affect the socio-economic development and the 

sustainability of the society. Water though present in lower quantities and also non-uniformly, unequally 

distributed, is still capable to satisfy the needs of the living entities, but the growth demands and greed have 

endangered the water resources.To meet this gap of water supply and demand and to maintain the sustainability 

various solutions are available from historical period. The solutions includes the site selection and development 

for the groundwater recharge zones, studying the topographical features and creating the structures to conserve 

the water flowing from streams, canals, rivers etc.which is either directly used or allowed to seep in the ground. 

But for all above techniques essential requirements are the open land, suitable topographical features, and proper 

land and soil characteristics, availability of other resource. The availability of all the above conditions together 



 

75 | P a g e  
 

is rarely possible. But in trend and era of development one of the huge and unexplored catchment areas still 

available are the rooftops of the speedily growing concrete jungles. With respect to that, rain water harvesting is 

proficient alternative to mitigate the severe problem of water sacristy. The term rain water harvesting refers to 

direct collection of precipitation falling on the roof or on the ground without passing through the stage of 

surface runoff on land 
[2]

. Rainwater harvesting simply means catching the rainwater where it falls either on 

open ground or any other surface. The rooftops from entities of rural or urban regions are thus being used to 

catch the rainwater for the domestic use of water. This technique is the rooftop rainwater harvesting system. 

Roof catchment provides purer water compared to catchments situated in areas where they are open to 

contamination or are chemically treated. The water collected from such catchments must be treated before being 

used for any purpose 
[1]

.  Also the technique is highly cost effective, can be implemented and maintained at the 

household level. Rainwater as we know is the first form of water on earth, and thus collecting it directly where it 

falls is a simple technique to maintain environmental and economic balance. 

II. STUDY AREA 

The study area chosen is the Ujlaiwadi region in Kolhapur district, (MS), India. The area extends from 

“16.670135ᵒE; 74.269440ᵒ Nto 16.662205ᵒE; 74.275752ᵒN”, with the average mean sea level of 608 m. The 

region lies in the proximity of industrial area and thus has its own importance. The standard of living of the 

people is not very rich. Due the airport development project most of the people had to surrender their lands to  

Image 1:- The boundary of the study area 

the government. Due to this no open land catchments are available over here. Also any kind water conservation 

project has not been carried over her and the region doesn‟t have any water body in the proximity for domestic 

water supply. This makes the area completely suitable for Rooftop rainwater system. From the total Ujlaiwadi 

village an area of 0.608 sq.km (150.39 Acre) was selected for the study purpose. 
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III. METHODOLOGY 

 

Flowchart of the methodology. 

IV. Data Collection 

For the study purpose on field data was collected in two steps:- 

4.1.  From the Gram-panchayat authorities 

According to the latest i.e. 2011 census:- 

 Avg. Rainfall: -                 900mm -1200mm. 

 Population: -                     9075 individuals. 

 Families   :-                       1949  

 Water connections :-      2335 holders 

 Water supply sources :-  Maharashtra Jeevan Pradhikaran scheme 

 Inter village Colonies  :-  38-40 colonies 

 Rate @ which water is bought :- 12 Rs./ 1000 litres 

 Rate @ which water is sold to villagers :- 15 Rs./ 1000 litres 

 Time of water supply :-  40-45 mins every alternate day 

 Other water sources: - 13 bore wells (only 5-6 working) & a pond for washing of    animals. 
 

4.2. From the residents in form of a questionnaire survey 

The data collected from various families is generalized as follows 

 Avg. age of family head:- 35-55 

 Education: - 10th, 12th
,
 I.T.I. 

 Occupation:- Generally worker in some industry 

 No. of family members:- 5-8 

 Assets:- Generally a 2 wheeler 

 Farms and livestock: - Nil in most cases.  

 Land owned: -None in most cases. 
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 Crops if present: -Groundnut or soya bean. 

 Annual income: - 1, 00,000 to 1, 50,000. 

 Fuel for cooking:- LPG or Firewood 

 Source of water supply: - Supplied by MJP (Maharashtra Jeevan Pradhikaran) scheme. 

 Other sources: - Private bore wells by some of the privileged families. 

 Water bills: - Around Rs 250/- every alternate month 

 In case of scarcity: - Water bought @ Re. 1/- for 25 litres or get the water from the tanker system. 

  

V. NEED FOR GEOSPATIAL APPROACH 
 

In the study of the RRWH (Rooftop rainwater harvesting); for a given area many different roof type material 

may be encountered. Also the geometrical features like shape and size of each roof varies from the one another. 

Thus it becomes very tedious on field to carry out the necessary data collection, analysis and calculation with 

same conventional methods. Thus by using geospatial techniques like geotagging and geospatial domains like 

Google™ earth, QGIS software and Bing® maps the competency and easiness of the work increases. 

 

VI. SIGNIFICANCE OF RESEARCH WORK  

 Rainwater being a free and pollution-free source of water, conservation of same is very important.  

 Rainwater conservation will reduce the economic expenses and also reduce the demand pressure over 

the conventional water sources. 

 Rain water harvested can be directly used for domestic purposes or for ground water recharging. 

 Since the Geospatial techniques are used, the work specific models are developed using the Geospatial 

domains. 

 Use of Geospatial techniques helps us study and analyze various parameters at the same time with 

minimum on field visits. 

 

VII. PROCEDURE 

 

7.1 Data collection 

For carrying out the work, the boundary of the area was selected and marked as Polygon in Google™ earth. 

Later Rooftops of various house entities were digitized using the Polygon command in Google™ earth. From 

the total area selected around 814 rooftops were digitized and saved as .kml (keyhole mark-up language) format 

in Google™ earth. This file was then ready to be used in GIS software for analysis purpose. 

            

            

            

            

           (Continued.)

            

           



 

78 | P a g e  
 

 

Image 2:- All the rooftops digitized in Google™ earth. 

7.2 Assigning of Attributes. 

 

Image 3:- Bing® Maps satellite image observed for cross checking 

After the creation of .kml files the same were exported to GIS software. Here the .kml files were converted to 

Shapefiles (file format required for GIS softwares.). The Google™ earth/ maps satellite image was observed for 

the identification of the rooftop material. For a better understanding and cross checking Bing® maps satellite 

images were also observed for the study area. 

 

Image 4:- Attributes being added in GIS software after image observation. 
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In case of confusion for identification of rooftop material Geotagging technique was used. For this, on field 

Geotagged images (images which store the longitude–latitude information of the image taken.) were taken of the 

house whose rooftop material wasn‟t clearly identifiable or the place were density of houses was high. Since the 

geotagged image can be exported to the Google™ earth (by using photo2kmzplugin in QGIS) in the form of 

placemarks on the exact location where it was taken, the rooftop materials were now identified. 

 

Image 5:- Geotagged image of the house on the location where the image as taken. The yellow 

placemarks are similar other geotagged images. 

7.3 Analysis on Software Platform. 

The data collected from Google™ earth in .kml format was exported on the GIS software platform and 

converted to Shapefiles format.  

 

Image 6:- kml files converted to Shapefiles in QGIS software 
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Here QGIS software (Quantum GIS – an open source software) version 2.8.6 LTR (long term release) and 2.6.1 

was used. The co-ordinate system of the Shapefileswas converted from WGS84 to UTM zone 43N (projected 

co-ordinate system) for the area calculation purpose. 

Image 7:- The co-ordinate system of the Shapefiles being changed to PCS. 

Later, using the Field calculator command the overall area of the Shapefiles was calculated. 

VIII. CALCULATION OF HARVESTED ROOFTOP RAINWATER:-  

 

 

 The runoff coefficients used were as follows, for the various types of roofs encountered. 

G.I METAL SHEETS 0.8 – 0.9 

TILED SURFACES 0.7 – 0.8 

CONCRETE SURFACES 0.6 – 0.7 

ASBESTOS SHEETS 0.5 – 0.8 

MANGLORE TILES 0.5 – 0.6 

ORGANIC / VEGETATIVE SURFACES   0.2 – 0.3 

 

Table. 1. 

Source:- 

http://www.lboro.ac.uk/well/resources/fact-sheets/fact-sheets-htm/drh.htm 

http://www.esru.strath.ac.uk/EandE/Web_sites/07-08/Hotel_planning/Website%20Pages/Technologies%20-
%20Rain%20Water.html 

 

 “ Rainwater harvested = Rainfall (mm) * Rooftop area (sq. m) * Co-eff of runoff ” 
[1]

(1) 

http://www.lboro.ac.uk/well/resources/fact-sheets/fact-sheets-htm/drh.htm
http://www.esru.strath.ac.uk/EandE/Web_sites/07-08/Hotel_planning/Website%20Pages/Technologies%20-%20Rain%20Water.html
http://www.esru.strath.ac.uk/EandE/Web_sites/07-08/Hotel_planning/Website%20Pages/Technologies%20-%20Rain%20Water.html
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The total output of the Harvested rainwater was dependent on mainly three factors:-  

1) The total area under consideration. 

2) The average rainfall. 

3) The Co-efficient of runoff from surface. (Depends on surface material.) 

Here the area of the total rooftops was calculated by using QGIS software.The area of the 854 rooftops which 

were digitized was 84053.25 sq. m.  Around 461 out of the 854 rooftops were made up of the concrete material. 

Also a common co-efficient for all materials is 0.7. Thus the co-efficient of runoff used was 0.7. The average 

rainfall in the study area varies from 900 mm to 1200 mm, which for calculation purpose was taken as 900 mm 

(lowest). 

1. Exemplary Calculation: 

 As per the data from the gram-panchayat, the population as per 2011 census is 9075.Population calculated 

for the study area is around 4000 individuals. Considering UNO, 1990‟s criteria, the threshold water 

requirement in rural developing nations is 20 litres/day/capita for domestic purpose
[3]

. Thus from data, the 

domestic water requirement of the selected area stands to be:-  

OR 

 Consider a house of 100 sq. m with concrete material roof in the study area, with 6 members; From the 

Water harvesting formula; the amount of rainwater harvested is, 900*100*0.7= 63000 liters. From the 

demand formula the domestic demand stands to be,20*6*365 = 43800 liters.  

From the above examples it is clear that the Rooftop Rainwater harvesting technique can be effectively used to 

meet the complete domestic water demands. Moreover the excess water left can be used for cattle washing, 

gardening. Etc. and other rural water demands if any. Also if properly treated and filtered, the excess water left 

can be used for potable demands and thus the Amount in Rupees which will be saved can be calculated. 

 

IX. FURTHER SCOPE 

The Geospatial methods and softwares used can be similarly used to develop various models as per the regions 

and the type of work to be carried out. Similar models to the one described in paper can be created while 

developing new intercity townships, developing existing cities, planning new smart cities, etc. were the potential 

rooftop catchments can be used to plan the water budget by harvesting rainwater OR to meet energy demands to 

some extent by covering the rooftops with Solar Panels. 

“Amount of water that can be harvested = 900 * 84053.25 * 0.7 = 52953547.5 litres”  

“Demand = water use * members * no. of days”
[4]

 (2) 

Demand = 20 * 4000 (population) * 365 (yearly) = 29200000 litres 

“Saving amount (Rs.) = Water volume from rooftop area (m3)* Cost of one cube water”(3) 
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X. CONCLUSIONS 

 

We conclude that the geospatial techniques and domains like the Google™ earth, Bing® maps and softwares 

like QGIS are essentially helpful in the works where such entities of varied characteristics and on field tedious 

works are involved.  

From the above paper and study carried out it is clear that Rooftop Rainwater harvesting system is a compelling 

method in the Ujlaiwadi region. The total amount of rain water collected in the study area is around 52953547.5 

liters. For at least the domestic demands (29200000 liters) the water harvested is more than enough and is quiet 

sufficient if specific correction factors and losses are considered. Thus the mentioned work concludes 

emphasizing that, Rooftop Rainwater harvesting system is the suitable alternative available to meet the 

increasing water problems, in this era of development and should be promoted to the maximum possible extent. 
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