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Abstract— The rainwater harvesting locally collects and 

stores rainfall through different technologies, for future use 

to meet the demands of human consumption or human 

activities. However, rainwater harvesting has much wider 

perspectives, in particular, if it is considered in relation to its 

role in supporting ecosystem goods and services. Rainwater 

harvesting (RH) is a new technique to conserve water and 

later use them in irrigation and other purposes due to growing 

urbanization and increasing population. Popularizing this 

technique in Gujarat, the credit goes to the Saurashtra Lok 

Manch Trust (an NGO) which works, studied the system and 

prepared the literature to educate farmers and other people 

that how to conserve water. The discharge of water from 

Sardar Sarovar reservoir through canals in recent years has 

boosted the agricultural production in a few districts of south 

(Bharuch, Baroda and Narmada) and north Gujarat 

(Ahmadabad and Gandhinagar). Now-a-days water 

harvesting system has been installed in most states of India 

because there are many benefits of adopting it such as 

increase in water availability, checks the declining water 

table, avoids flooding, improves the quality of groundwater 

through the dilution of fluoride and prevents soil erosion etc. 

Therefore, this study is focused on the contribution and role 

of RH in Gujarat Agricultural (by showing improvement in 

land productivity and increase in crop production). The data 

for the study is collected by conducting the primary survey 

through using the schedule technique and focused group 

discussions. On the other hand, the data is also collected from 

the secondary sources like official website, books, research 

papers, journals etc. A sufficient, safe drinking water supply 

is essential to life. However, millions of people throughout 

the world still do not have access to this basic necessity. After 

decades of work by governments and organisations to bring 

potable water to the poorer people of the world, the situation 

is still dire. The reasons are many and varied, but generally 

speaking, the poor of the world cannot afford the capital 

intensive and technically complex traditional water supply 

systems. Unfortunately these technologies are widely 

promoted by governments and agencies throughout the 

world. Rainwater harvesting (RWH) is an alternative to these 

unaffordable options. It has been adopted in many areas of 

the world where conventional water supply systems have not 

been provided, too expensive or failed to meet people’s 

needs. RWH is a proven technology that has been in use since 

ancient times. 
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I. INTRODUCTION 

Rainwater harvesting is a process of direct collection of 

precipitation falling on the roof or on the ground for 

productive purposes (like agricultural and human use related 

to water). Because the runoff water causes erosion so it is 

harvested and utilized and considered as a rudimentary form 

of irrigation. RH is usually treated as an umbrella which 

describes the whole methods of collection and runoff forms 

such as rooftop runoff, overland flow, stream flow etc. from 

rainfall. From the past few years water harvesting (WH) has 

become essential because the surface water is inadequate to 

meet the growing demand of human beings. Due to rapid 

urbanization the infiltration of rainwater into the sub-soil has 

decreased drastically and as a result the recharging of 

groundwater has reduced. The process of WH is applied in 

arid and semi-arid regions where rainfall is either not 

sufficient to sustain a good crop or in the region where due to 

erratic nature of precipitation, the risk of crop failure is very 

high. RH has played a very important role for the well-being 

of people and agriculture in dry areas. The reason for that 

there is no pumping from groundwater, facility of check dams 

and convenience of water through lined canals, pipes etc. On 

the other hand, the rising cost of water as well as the 

ecological concerns; have also resulted to accept the 

rainwater as a solution for water scarcity. India is the second 

country in the world that accounts for the highest 

precipitation levels. On an average 1200 mm of rainfall is 

received in the country with the maximum and the minimum 

of 19000 mm in Cheerapunji and 200-300 in Rajasthan 

respectively. But with the increase in industrialization; the 70 

per cent of inland water has been contaminated due to 

industrial sewage. For example- Yamuna River in Delhi is 

polluted with coliform (Meghashyam, 2005). As a reason, in 

many states there are acute water crises so to tackle with this 

problem the water harvesting not only needs to be mandatory 

in the country but should be treated as an authoritative 

mechanism. In capital city i.e. Delhi the RH has become 

necessary for all new constructions. Today, the wheel of life 

and progress depends on water as because about 85 per cent 

of the drinking water requirements of villages and 33 per cent 

of the needs of urban areas are met by the exploitation of 

groundwater. Similarly, 50 per cent of irrigation is also done 

through groundwater (Inderjeet, 2009). In the history of 

India’s water sector, the past two decades are characterized 

by a boom in water harvesting. They are markedly different 

from the years of traditional harvesting in two ways; first, in 

terms of the context; and second, in terms of the purpose. As 

regards the context, the two decades are able to use recent 

advancements in soil, geosciences and hydrosciences; and 

modern day techniques and technologies in survey and 

investigation, earth moving and construction; and 

management tools such as hydrological and hydraulic 

modeling. While the traditional years of harvesting 

represented the best engineering feats of those times, in terms 

of the water technology used for water harnessing and 

distribution (Agarwal and Narain 1997), and the volume of 
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water handled, the modern water harvesting systems are at 

best miniature versions of the large water resource systems 

that used advances in civil engineering and hydrology. As 

regards the purpose, modern water harvesting systems are 

employed as resource management solutions, and not as 

resource development solutions. For instance, many water 

harvesting structures were built for improving aquifer 

storages and groundwater quality. 

Examples of RWH systems can be found throughout 

history. In industrialised countries, sophisticated RWH 

systems have been developed to reduce water bills or to meet 

the needs of remote communities or individual households in 

arid regions. RWH is also used in developing countries. In 

Uganda and Sri Lanka, for example, rainwater is traditionally 

collected from trees, using banana leaves or stems as 

temporary gutters. Up to 200 litres may be collected in this 

way from a large tree in a single storm. Many individuals and 

groups have taken the initiative and developed a wide variety 

of RWH systems throughout the world. 

II. CONCEPT OF THE PAPER 

A. Concept of Rain Water Harvesting 

The rainwater harvesting consists of a wide range of 

technologies used to collect, store and provide water with the 

particular aim of meeting demand for water by humans and/or 

human activities, which is explained schematically in Figure-

1. These technologies can be divided into two main areas 

depending on source of water collected; namely, the in situ 

and the ex situ types of rainwater harvesting, respectively. 

B. Need for Rainwater Harvesting 

Due to over population and higher usage levels of water the 

surface sources are being over stressed which has led to 

boring of tube wells at individual as well as at local 

government’s level. The replenishment of ground water 

(GW) is drastically reduced due to paving of open areas. 

Indiscriminate exploitation of GW results in lowering of 

ground water table (GWT) rendering many bore-wells dry. 

To overcome this situation bore wells are drilled to greater 

depths. This further lowers the GWT and in some areas this 

leads to higher concentration of hazardous chemicals such as 

fluorides, nitrates and arsenic. In coastal areas, over 

exploitation of GW results in seawater intrusion thereby 

rendering GW bodies’ saline. In rural areas also, government 

policies on subsidized power supply for agricultural pumps 

and piped water supply through bore wells are resulting into 

decline in GWT. The solution to all these problems is to 

replenish GW bodies with rainwater by manmade means. 

C. Indian Scenario 

Rain Water Harvesting The annual precipitation in India is 

estimated on an average 1100 mm. Although its distribution 

in space and time is highly variable, most of it is allowed to 

go waste as run-off water into the sea through the river 

system. The Government of India (GoI) is also promoting 

rainwater harvesting through watershed management 

programme, artificial recharge of GW and roof top rain water 

harvesting (RRWH) under various schemes. The main 

function of the urban local bodies is to guide the development 

according to the master plan prepared by the town & country 

planning departments and to provide and maintain the 

services like water supply, sanitation and transportation. The 

major flaw in these planning processes is that the building 

bye-laws and development charges do not encourage citizens 

to adopt RRWH and other measures to conserve the water. 

Also as water is being supplied at greatly subsidized rates, 

cost of water is between Rs 8.10 to Rs 6.10 per Kilo-liter at 

1998-1999 prices while it is supplied at less than Rs 2.00 per 

Kilo-liter [GoI (2004)], by the urban local bodies so people 

are not encouraged to adopt the rain water harvesting which 

in turn is depleting the precious available water resources 

resulting in shortage of water in the urban areas. To overcome 

these problems there is a need to adopt water sensitive 

development controls as part of the building bye-laws in the 

master plan of the urban area itself. [Chakrabarti (2000)]. 

1. Andaman and Nicobar Islands Andaman and Nicobar Islands 2,967 

2. Arunachal Pradesh Arunachal Pradesh 2,782 

3. Assam Assam and Meghalaya 2,818 

4. Meghalaya Assam and Meghalaya 2818 

5. Nagaland Nagaland, Manipur, Mizoram and Tripura 1,881 

6. Manipur Nagaland, Manipur, Mizoram and Tripura 1881 

7. Mizoram Nagaland, Manipur, Mizoram, Tripura 1881 

8. Tripura Nagaland, Manipur, Mizoram and Tripura 1881 

9. West Bengal 
 Sub-Himalayan West Bengal and Sikkim 

 Gangetic West Bengal 
2739 1439 

10. Sikkim Sub-Himalayan West Bengal and Sikkim 2739 

11. Orissa Orissa 1489 

12. Bihar 
 Bihar Plateau 

 Bihar Plains 
1326 1186 

13. Uttar Pradesh 

 Uttar Pradesh 

 Plain of West Uttar Pradesh 

 Hills of West Uttar Pradesh 

1,025 896 1,667 

14. Haryana Haryana, Chandigarh and Delhi 617 

15. Delhi Haryana, Chandigarh and Delhi 617 

16. Chandigarh Haryana, Chandigarh and Delhi 617 

17. Punjab Punjab 649 

18. Himachal Pradesh Himachal Pradesh 1215 

19. Jammu and Kashmir Jammu and Kashmir 1011 
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20. Rajasthan 
 West Rajasthan 

 East Rajasthan 
313 675 

21. Madhya Pradesh 
 Madhya Pradesh 

 East Madhya Pradesh 
1,017 1,338 

22. Gujarat 
 Gujarat region 

 Saurashtra and Kachchh 
1,107 578 

23. Goa  Konkan and Goa 3,005 

24. Maharashtra 

 Konkan and Goa 

 Madhya Maharashtra 

 Marathwada 

 Vidarbha 

3005 901 882 1034 

Table 1: Plan of the urban area

D. Limitations Imposed by Hydrological Regimes 

Local water management interventions are often based on 

very little understanding of the local hydrological regimes, 

which govern the potential supplies of water for harvesting. 

They are rather based on the deep-rooted belief that the 

greater the size of the water impounding structure, the greater 

would be the hydrological benefit in terms of water storage 

and recharge. The best example is the participatory water 

conservation movement launched by the Government of 

Gujarat. The government implemented large-scale work for 

the excavation of thousands of village ponds, irrespective of 

the nature and size of catchments (Kumar 2002a). Part of the 

reason is the lack of availability of data on inflows, 

determined by stream-flows; and outflows, determined by 

evaporation rates, for small rainwater catchments. While 

runoff harvesting is most suited to areas with a high ‘runoff 

catchment area’ to ‘run on’ area ratio (Lalljee and Facknath 

1994), this is also ignored. The higher the aridity, the larger 

would be the required catchment area to the cropped area 

required for the same water yield (Prinz 2002). Often, 

encroachment of catchments of water harvesting systems for 

crop cultivation is very rampant, reducing the runoff 

prospects. The states, which have taken up rainwater 

harvesting and groundwater recharge programs on a large 

scale, are Gujarat (North Gujarat, Saurashtra and Kachchh), 

Rajasthan, Maharashtra, Tamil Nadu, Karnataka, Andhra 

Pradesh, Madhya Pradesh, Orissa and Chattisgarh. A major 

part of these regions is covered by six water-scarce river basin 

systems, namely, Sabarmati, the rivers of Kachchh and 

Saurashtra, Pennar, Cauvery, east-flowing rivers between 

Mahanadi and Godavari, east flowing rivers between Pennar 

and Kanyakumari, which have less than 1,000 m3 of 

renewable water per annum (Gupta 2000: pp 116). Now let 

us look at the hydrological regime existing in these regions. 

For this, we first examine the percentage area of each state 

falling under different rainfall regimes (<300 mm, 300-600 

mm, and 600-1,000 mm, 1,000-1,500 mm, 1,500-2,500 mm 

and >2,500mm); and different PE regimes (< 1,500 mm, 

1,500-2,500 mm, 2,500-3,500 mm and >3,500 mm). It is 

understood that regions with relatively low rainfall have 

higher potential evapotranspiration due to relatively low 

humidity and greater number of sunny days (Pisharoty 1990). 

Lower rainfall, coupled with higher PE reduces the runoff 

potential and high evaporation from the impounded runoff, 

thereby increasing the dryness (Hurd et al. 1999) in the area. 

The analysis shows that Gujarat and Rajasthan have 

respectively 11 % and 42 % of area that fall under extremely 

low rainfalls (< 300mm); and 39 % and 32 %, respectively 

under low rainfall (300-600 mm). The other states by and 

large fall under medium rainfall (600 mm-1,000 mm) and 

high rainfall (1,000-1,500 mm) regimes. In the case of 

Maharashtra, MP, AP, Karnataka and Tamil Nadu, a lion’s 

share of the area (85 % and above) falls under the medium 

rainfall regime. And in case of Orissa and Chattisgarh, 45 % 

and 40 %, respectively, fall under high rainfall regime (see 

Map 1). 

 
Fig. 1: Map 1 Average mean annual rainfall. 

Fig. 2: Map 2 Average annual evaporation. 
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As regards PE, the lion’s share of the area in Gujarat 

and Rajasthan fall under high evaporation (2,500-3,000 mm); 

nearly 35-56 % of the geographical area of other states 

(except Orissa and Chattisgarh) falls under high evaporation 

regimes; the area of these states falling in the medium 

evaporation regime (1,500-2,500 mm) is in the range of 38-

65 %. The entire areas of Orissa and Chattisgarh fall within 

the medium evaporation regime. Overall, a large section of 

the area (of the nine states considered) has medium rainfall, 

and medium to high evaporation. A significant portion of the 

area (of Gujarat and Rajasthan) has very low to low rainfalls 

and high evaporation (see Map 2) 

As Table 2 indicates, a large percentage of the total 

geographical area of Gujarat and Rajasthan (72 % and 68 %, 

respectively) has high to very high (30-40 % and above) 

variability in rainfall. A significant part of the geographical 

area of the states three to seven in Table 1 (37 % to 92 %) 

experience medium variability in rainfall; the rest of the area 

experiences low variability. The entire Orissa and Chattisgarh 

experience only low variability in rainfall. In a nutshell, more 

than 50 % of the total geographical area of all the states put 

together experience medium variability; nearly 25 % 

experience ‘high to very high variability’; and nearly 20 % 

experience ‘low variability’ in rainfall. They coincide with 

‘medium rainfall-medium to high evaporation’, low rainfall 

to very high evaporation’ and ‘high rainfall to medium 

evaporation’ regimes, respectively 

III. STORAGE TANKS AND CISTERNS 

The water storage tank usually represents the biggest capital 

investment element of a domestic RWH system. It therefore 

requires careful design to provide optimal storage capacity 

while keeping the cost as low as possible. The catchment area 

is usually the existing rooftop or occasionally a cleaned area 

of ground, as seen in the courtyard collection systems in 

China. The guttering for the system can often be obtained 

relatively cheaply, or can be manufactured locally. 

There are an almost unlimited number of options for 

storing water. Common vessels used for very small-scale 

water storage in developing countries include plastic bowls 

and buckets, jerrycans, clay or ceramic jars, cement jars, old 

oil drums, empty food containers, etc. For storing larger 

quantities of water, the system will require a tank or a cistern. 

For the purpose of this document, we will classify the tank as 

an above-ground storage vessel and the cistern as a below-

ground storage vessel. These can vary in size from a cubic 

metre or so (1000 litres) up to hundreds of cubic metres for 

large projects. The typical maximum size for a domestic 

system is 20 or 30 cubic metres. The choice of system will 

depend on a number of technical and economic 

considerations listed below. 

 Space availability 

 Options available locally 

 Local traditions for water storage 

 Cost of purchasing new tank 

 Cost of materials and Labour for construction 

 Materials and skills available locally 

 Ground conditions 

 Use of RWH  

 
Fig. 3: Storage Tanks and Cisterns 

IV. ISSUES IN EVALUATING COSTS AND ECONOMICS 

In the planning of large water resource systems, cost and 

economics are important considerations in evaluating 

different options. But unfortunately, the same does not seem 

to be applicable in the case of small systems, though concerns 

about economics of recharge systems in certain situations 

were raised by authors such as Phadtare (1988) and Kumar 

(2004). Part of the reason for the lack of emphasis on ‘cost’ 

is the lack of scientific understanding of the hydrological 

aspects of small-scale interventions, such as the amount of 

stream flows that are available at the point of impoundment, 

their patterns, the amount that could be impounded or 

recharged and the influence area of the recharge system. Even 

though simulation models are available for analyzing 

catchment hydrology, there are great difficulties in generating 

vital data at the micro level, especially those on daily rainfall, 

soil infiltration rates, catchment slopes, land cover and PET, 

which determine the potential inflows; and evaporation rates 

that determine the potential outflows. Furthermore, for small 

water harvesting projects, implemented by local agencies and 

NGOs with small budgets, the cost of hydrological 

investigations and planning is hard to justify. Often, provision 

for such items is not made in small water harvesting projects. 

V. FILTRATION SYSTEMS AND SETTLING TANKS 

Again, there are a wide variety of systems available for 

treating water before, during, and after storage. 

The level of sophistication also varies from 

extremely high-tech to very rudimentary. A German 

company, WISY, have developed an ingenious filter which 

fits into a vertical downpipe and acts as both filter and first-

flush system. The filter cleverly takes in water through a very 

fine (~0.20mm) mesh while allowing silt and debris to 

continue down the pipe. The efficiency of the filter is over 

90%. This filter is commonly used in European systems. The 

simple trash rack has been used in some systems but this type 

of filter has a number of associated problems: firstly it only 

removes large debris; and secondly the rack can become 

clogged easily and requires regular cleaning. 
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Fig. 4: Filtration Systems and Settling Tanks 

VI. CONCLUSION  

In the most water-scarce regions of India, RWH offers limited 

potential. In many other regions, which have medium 

rainfalls but experience ‘medium to high evaporation’, the 

poor groundwater potential of the hard-rock that underlie 

these regions pose a constraint for recharging. This was 

illustrated by water-level fluctuation data in the wells of the 

Ghelo River basin in Saurashtra. The economic evaluation of 

water harvesting systems poses several complexities due to 

the problems in quantifying their hydrological impacts, and 

their various benefits. The economics of water harvesting 

cannot be worked out for structures on the basis of individual 

benefits, but on the basis of incremental benefits. In many 

water-scarce basins, there is a strong tradeoff between 

maximizing the hydrological benefits from RWH and making 

them cost-effective. In many water-scarce basins, RWH 

interventions lead to the distribution of hydrological benefits 

rather than to their augmentation. This was also illustrated by 

the historical flow series data from the Ghelo River basin. 

There is an optimum level of water harvesting that a basin can 

undergo to optimize the gross value product of water vis-à-

vis economic, social and environmental outputs basin-wide. 

During the field survey it has also been noticed that 

the situation of rural areas in Ahmadabad district is very poor 

which reflects the whole scenario of Gujarat state. The socio-

economic conditions of villagers were very miserable. They 

neither have any facility from government nor have any other 

source of income except agriculture and for their production 

they are fully dependent on rainfall. So, in this situation the 

raindrops are considered as a god who helps them in their 

worse situation. Therefore, in order to ride out from these 

prevailing situations, proper steps must be taken in favor of 

rural people by the government of Gujarat.  

 Farmers must be re-encouraged to grow crops that 

consume less water.  

 Better irrigation methods such as drip irrigation and 

sprinkler system should be given highest priority.  

 Adoption of nature-friendly systems of water harvesting 

such as artificial recharge, sub-surface barriers, rooftop     

rainwater harvesting etc.  

 Policy and measures of harnessing Under-Ground Water 

must be adopted where the level of underground water is 

low as compared to acceptable standards.  

 Withdrawal of excess water from rivers which helps in 

avoiding floods and storm water.  

 Adoption of check dam in every village because it 

requires less investment, no ecological disturbance and 

better utilization of rainwater.  

 Those industries which pollute the water resources like 

rivers and natural streams through the dumping of their 

industrial waste must be brought in a purview of strict 

pollution norms. These industries should be heavily 

taxed and issuance of green card to them.  
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