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190 thousand people will be added everyday to cities around the world. Most of this population 

growth will be in cities  of the developing world. For every 5-6 people added to developed world 

countries, 100 will be added to cities in the developing world. An understanding of the urban 

environment as an ecosystem challenges the view that the urban areas are necessarily anti-natural 

systems, which cannot coexist harmoniously with other natural and altered ecosystems. Given the 

vast increase in urban populations, an understanding of how to manage these ecosystems is 

increasingly important. An increasing appreciation of this trend may be one important reason why 

there has been an increase in studies of urban ecosystems. As is implied in any systems approach, 

adjustments in a specific area can impact the city as a whole. Through this perspective it is 

therefore possible to envision coherently functioning and ecologically efficient city, a key to the 

future sustainability of the planet. Related to this, under current globalization processes, 

industrialization, technological development and economic growth are occurring at increasingly 

variable rates. This has translated, for some countries, into higher levels of environment 

impacting technologies, such as toxic wastes and car ownership, occurring at lower levels of 

development than previously experienced. These technologies are often concentrated in and 

around cities. Understanding the interaction between human activities and urban ecosystem 

requires a fresh look at these processes, so that new types of policies can be developed.  

 

1.2 Urban Development Scenario in Delhi 

The urbanisation of Delhi dates back to the beginning of the 20th Century. In 1901, 52.76% of the 

population of Delhi was urban. The urban area in Delhi territory has increased from 22% in 1961 

to 62.5% of the total area in 2001. The rapid urbanisation of Delhi has resulted in sharp increase 

in the density of population. In 1901, the density was 274 persons per square km, this increased to 

1176 persons per sq. km. in 1951 and 9294 persons per sq. km. in 2001 (Census2001). 

The Master Plan of Delhi (MPD) 1961-81 which was further extended to 2001 was prepared by 

Delhi Development Authority (DDA) and approved by Government of India to ensure 

appropriate balance between the spatial allocation for the distribution of housing, employment, 

social infrastructure and transport and adequate arrangement to accommodate all other physical 

infrastructure and public utility systems in Delhi. This was also meant to ensure appropriate 

allocation of land and development of all public utility/physical infrastructures in the National 

Capital Region (NCR). Planning for the National Capital Region was taken up formally in 1985 

with the establishment of National Capital Region Planning Board (NCRPB). The area of the 

NCR extends over 30,242 sq. km. and covers parts of States of Haryana, Uttar Pradesh, Rajasthan 

and the Union Territory of Delhi.  
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1.3 Geographical Location  

Delhi sprawls over 1483-sq km between latitude 28034’ N and a longitude of 770 07’ E having an 

elevation of 233 m above the mean sea level. The Gangetic Plain and Aravalli Ridge converge at 

Delhi, giving mixed geological character with alluvial plains as well as quartzite bedrock. The 

climatic regime of Delhi falls under the semi arid type, as influenced by the considerable distance 

of the city from the sea and prevalence of continental winds during major portion of the year. It is 

characterised by extreme dry conditions associated with hot summers and cold winters. It also 

experiences heavy rains primarily during monsoon. The temperature ranges between 18.70 C 

(mean minimum) and 40.30 C (mean maximum). The normal annual average rainfall is 714.6-

mm. The average annual evaporation is about 2540 mm in Delhi. The mean relative humidity is 

66%. 

1.4 Anthropogenic pressures: Causes and Implications 

1.4.1 Demographics  

There was a phenomenal rise in the population of Delhi after the partition. Delhi was flooded 

with refugees from West Pakistan, Kashmir and Bengal who were settled in new satellite zones 

around the city. Migrants from various parts of the country and even neighboring countries have 

been coming to Delhi in large numbers for political, social and economic reasons, most of whom 

ultimately make it their homeland, enriching the culture of the city, but at the same time putting 

pressures on land, infrastructure and its limited resources.     

Delhi had a population of only 4.1 lakhs in 1911, which increased to 9.2 lakhs in 1941 with a 

decadal growth rate averaging approximately 30 %. The migrants raised the population from 9.2 

lakhs in 1941 to 17.4 lakhs in 1951. The total population of NCT of Delhi went up from 62.20 

lakhs in 1981 to about 94.20 lakhs in 1991, amounting to an increase of 32 lakhs over a period of 

10 years, i.e. at an average rate of about 3.2 lakhs per year. Currently it is estimated that the 

population of Delhi is growing at 4–5 lakhs per year (please see Table1).  

[Insert table1 here] 

The population of Delhi which was 13.78 million in 2001 if continued unchecked, is likely to 

reach 19.51 million in 2011 and cross the 20 million  mark by the end of 2012 A.D. The increase 

in Delhi’s population from 4.1 million in 1911 to 13.78 million in 2001 is considered to be the 

highest in the capital cities of the world.  

1.4.2 Migration to Delhi 

The estimates of migration in Delhi are based on birth and death rates and total increase in 

population. It is revealed from the estimates that percentage of migration was 55% in 1999 

whereas percentage of natural growth in 1999 was 45%. In absolute terms, natural increase in 
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population during1991 was 2.09 lakhs whereas migration has been estimated at 2.59 lakhs. The 

following table shows the trend of migration in Delhi from 1991 to 1999. The migration to Delhi 

has taken place mainly from NCR states of U.P.  (49.91%), Haryana (11.81%), and Rajasthan 

(6.17%) and far off backward states like Bihar (10.99%). The reasons for the migration are family 

ties (40%), employment (35%), education (3%) and others (22%). 

1.4.3 Magnitude of Slums in Delhi 

A majority of the migrants come to Delhi in search of better employment opportunities but due to 

acute scarcity of land, shelter and infrastructure, many of them encroach upon public land and all 

types of vacant spaces including the Yamuna floodplains to put Jhuggies and Jhonpries.  

According to food cards issued by the Civil Supplies Department of Govt. of National Capital 

Territory of Delhi (GNCTD), as a part of the policy announced by the government in 1994, there 

were 1080 JJ Clusters/Squatters settlement in Delhi. The MLA/Constituency Wise Summary 

Report as on 31st of March 1994 shows that there were 1080 JJ Clusters /Squatters in Delhi. In 

these JJ Clusters about 4.80 lakh jhuggies households contain approximately 25 lakh jhuggy 

dwellers in Delhi. The number of Jhuggies has recorded a tremendous growth from a meagre 

12749 in 1951 to 600000 in 1998 (Please see Table2). 

[Insert table 2 here] 

 

1.5 Implications of growing population and urbanization of Delhi 

   1.5.1 Vanishing natural areas and water bodies: Population pressure which is 

usually the combined effect of the difference of birth and death rates and the rural urban 

migration in the developing countries, exerts various types of pressure on the urban ecosystem 

specially the forest patches and freshwater bodies. The excessive demographic 

pressure alters the land use pattern and invariably destroys the capability of existing 

land use pattern to perform ecological functions-immensely beneficial to the society 

but hidden from the eyes of city planners (Kumar et al 2002; Kumar and Aggarwal, 

2003). Since growth in urban areas is accompanied by the spurt in industrial 

activities and mechanized transport in the region leading to air and water pollution 

and congestation. This phenomenon is more pronounced in a mega city like Delhi 

characterized by massive population pressure. Conversion of water bodies is another 

visible impact of urbanization in the mega city.  

1.5.2 Pressures on Delhi’s Water Supply 

The water supply in Delhi gets affected every year due to scarcity. Delhi receives raw water from 

distant sources, which falls short of the demand due to the ever-growing population. The citizens 
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of Delhi get water through water treatment plants i.e. Chandrawal (90 mgd), Wazirabad 

(120mgd), Haiderpur (200 mgd), Shahdara (100 mgd) and rest through Ranney wells/tube wells. 

According to Delhi Jal Board (DJB), based on MPD-2001 norm of 363 litres per capita per day 

(lpcd) for urban population and 100 lpcd for rural population, the gap between water supply and 

requirement is widening every year. In the year 1980, this gap was of 40 mgd, which stands at 

725 mgd in the year 2001 and can reach 1372 mgd in 2011.  

1.5.3 Water uses, resources and water treatment capacity in the NCT of Delhi 

The master plan 2001 for Delhi, suggests the water consumption norm of 364 liters per capita per 

day (lpcd). 

[Insert table 3 here] 

The total ground water available in the territory is 291.54 mcm/year. Presently ground water is 

used for irrigation, drinking and industrial purposes. The surface area irrigated by ground water is 

about 47,500 hectares, while the quantity of ground water withdrawn for other uses is difficult to 

assess. A substantial quantity of ground water is being withdrawn by private houses, hotels, and 

hospitals etc. besides the officially estimated withdrawal of ground water. A rough estimate 

indicates that about 142-mcm withdrawal of ground water is for drinking and industrial uses, 

while about 110 mcm for irrigation purposes. 

The water requirement for domestic purposes is the highest (62%) followed by garden (14%), 

industrial (13%) and others (11%). Since the required water is not matched with the supply, so, 

several places like Vasant Kunj have traditionally remained water scarce and dependent upon 

tankers for a major part of the year. Almost every flat has an additional storage tank, which is 

filled up by tankers. 

1.5.4 Water resources and water treatment capacity   

The estimated water availability from surface water sources viz. Yamuna, Ganga and Bhakra 

system is 1150.2 million cubic meters (mcm). The Yamuna River contributes 63% to this. Of the 

total 724 mcm water available in Yamuna River, (NCT Delhi’s share) the floodwater is about 580 

mcm, of which only 50 % is being utilised and remaining  flows out of Delhi. Of the 600 MGD 

that the Delhi Jal Board supplies to Delhites, more than 210 MGD is sourced directly from the 

Yamuna through the Wazirabad and Chandrawal water treatment plants. Another 100 MGD is 

taken from the Ganga for the Bhagirathi plant and 200 MGD from Bhakra for the Haiderpur 

WTP. DJB also taps groundwater in various parts of the city for nearly 100 MGD. Even after 

tapping so many sources, many Delhites have to quench their thirst through own resources 

At present the gross per capita availability of filtered water is about 200 liters per capita per day 

(lpcd) (44gpcd), which works out to be about 150 lpcd (33 gpcd) taking into account the 



 11

hole by the cattle of the local people. Water present in the seasonal pools also recharge the ground 

water of the neighbouring areas in a gradual and sustained manner.  

 

Marshy areas 

Marshy areas are spread from Chilla regulator to Okhla barrage(Fig-2).Typha 

angustata is the dominant plant species present in the marshy areas. Fragmentation 

and destruction of marshy areas have taken place due to the construction of Noida 

toll bridge and other civic structures. Marshy areas present on the banks of Yamuna 

river provide nesting and feeding grounds for many migrating water fowl species. 

Thus, marshy areas are of prime importance with respect to their potential to act as 

waterfowl habitat.    

 

 The extents of these wetland types were mapped out by field surveys of the 

respective areas. The area of various wetland types is given below: 

 

Type  of  wetland ecosystem Area covered (Ha) 

 Floodplain    3,100 

 Marshy area     110 

 Seasonal pools     40 

Total Area of Wetlands:   3250 Ha 

 

The extent of these wetland ecosystems changes seasonally during the summer 

season when seasonal pools and marshy areas dried up. Their extent also varies in 

between a particular season depending upon the pattern change in land use brought 

about by anthropogenic pressures.  

Floodplains are the most widespread of the wetland ecosystems present in the 

Yamuna river corridor in the Delhi stretch comprising approximately 94% of the 

total area. Though marshy areas and seasonal pools have small geographic area, they 

are of critical importance in providing nurseries for the fish fries and nesting sites 

for the migrating waterfowl respectively.  

 

2.4 Ecological Functions and Benefits from Yamuna Wetlands 

 Wetlands consist of characteristic assemblages of species that interact with 

each other and the environment. These interactions within and between the biotic and 
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abiotic components of wetland ecosystems leads to a flow of ecological functions 

that provide ecosystem services to the human society. Some of the ecological 

functions provide direct economic benefits whereas others provide indirect support 

and protection to an economic activity. Wetland ecosystems of the Yamuna river 

corridor were assessed for five functions based upon the preliminary observations 

collected during field surveys. The functions that were considered for quantitative 

estimation of values are: 

1) Hydrological functions 

2) Biological productivity 

3) Sediment trapping and stabilization 

4) Habitat for flora and fauna 

5) Nutrient storage 

The various ecological functions and values of wetlands are interlinked with each 

other forming feedback loops. The rate of performance of these functions varies 

between different types of wetlands. This depends upon the biotic communities and 

the hydrological position of the wetland ecosystems in the watershed. The ecological 

functions performed by the wetlands provide a stream of benefits to the human 

society. Some of the major benefits are: 

1) Low input sustainable agriculture 

2) Fisheries 

3) Water supply for domestic, industrial and agricultural purposes 

4) Fodder 

5) Utilizable plant species 

6) Fuel wood 

7) Recreation  

8) Tourism 

2.5 Delineation of Floodplains in the study region: Sampling Strategy and 

Methodologies 

 It was attempted that all the data on ecological diversity of the wetlands as 

well as on the extent of ecological services provided by these ecosystems should be 

primary in nature. Due to the limited time and scope of the project the secondary 

data was used only. The ecological functions were assessed both by field surveys and 

laboratory analysis depending on the function in consideration. 
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2.5.1 Hydrological Functions 

Hydrological functions performed by the wetland ecosystems of the study area are of prime 

importance for the dependent urban society. Ground water recharge is an important hydrological 

function that is performed by the wetlands. Ground water recharge to an aquifer through the 

wetlands cannot be measured directly, but can only be inferred by indirect methods. Water 

balance method (Thornthwaite,1948) was employed to estimate the ground water recharge 

from the wetland ecosystems to the shallow aquifers present in the study area. This method has 

been widely used by hydrologists for estimation of ground water recharge in applied water 

resources planning. It is the ability to evaluate the impacts on ground water recharge and runoff 

due to changing inputs and outputs from a system that makes water balance method a very useful 

tool. 

 

The water balance method is based upon discrete mass balance principle and a simplified 

hydrologic system where soil moisture is the only water store. In this method it is assumed that all 

the water entering a system is equal to the water leaving the system plus or minus any change in 

soil moisture storage.  

The water balance of a system is be represented by the following equation: 

 Inputs = Outputs + Change in soil moisture  

Inputs and outputs are the inflows and outflows of the water into and from the study area 

respectively  

Soil moisture storage includes soil retention and ground water recharge 

  2.5.2 Water balance of the study area  

Yamuna is a regulated river in the Delhi stretch, having three barrages: (i)  Wazirabad barrage, 

(ii) Yamuna barrage, and (iii) Okhla barrage. These barrages control the flow of the river for 

major part of the year except during the floods. The extent of the active floodplains is also limited 

due to the presence of bunds on both sides of the river. Due to artificial regulation and restriction 

of the river and the floodplains of the river, water balance of the study area was calculated subject 

to certain assumptions: 

Aquifers are disposed evenly in the floodplains and behave as a single unit. 

Infiltration and percolation rates are similar in the whole area. 

Rate of withdrawal of water is same in all the areas.        

Floodplains account for around 94% of the wetland ecosystems present in the Delhi stretch of the 

Yamuna river corridor region, thus for simplicity, water balance was computed for the floodplain 

areas only. Aquifers present in the floodplains are in intimate contact with the river which passes 
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through the region, the flow of ground water determines whether the river is effluent or influent 

in nature. Due to this the volume of water present in the river Yamuna is of importance for 

understanding the hydrology of the floodplain. To understand the hydrology of the floodplains, 

major inputs and outputs of surface water to study area were identified and quantified.  

The major sources of surface water entering the study area (inputs) are: 

Water released from the Wazirabad Barrage 

Run off generated from Delhi area 

Sewage out falling into the river 

The major sources of outflows of surface water from the study area are: 

Water released from Okhla Barrage  

Water taken for Indraprastha and Rajghat thermal power plants  

Water released into the Agra canal 

Evapotranspirational losses of Delhi area 

2.5.2.1 Inputs entering into the study area  

2.5.2.2 Water released from the Wazirabad Barrage 

Water released from the Wazirabad barrage is the major input of surface water into the study 

area. Data on the barrage releases of water was obtained from the Flood and Irrigation 

Department of the Government of NCT of Delhi. 

2.5.2.3  Sewage out falling into the river  

  Urbanization of Delhi has led to increase in the amount of the sewage generated 

by the city. The sewage generated by Delhi is carried by 17 major drains which outfall into the 

Yamuna in the Delhi stretch from Wazirabad to Okhla.  Information regarding the volume of 

sewage generated from the Delhi region was procured from the Central Pollution Control Board 

(CPCB). Delhi produces on an average about 2100 MLD of sewage per day. 

   2.5.2.4 Runoff generated from Delhi 

  Run off generated from the Delhi area was taken as an input to the study area, 

because major portion of the run off from the Delhi region reaches the Yamuna river.  Estimation 

of runoff is a complex process involving several variables which include topography, gradient, 

soil infiltration characteristics etc.  The average value of the run off coefficients of the different 

blocks of Delhi, is 0.32 based upon this value runoff generated from the Delhi area was 

calculated.  

[Insert Table 6] 

                            

2.5.3 Outputs from the study area  



 15

2.5.3.1Water released from Okhla barrage and Agra canal 

The volume of water released from Okhla barrage and Agra canal forms the major output of 

surface water from the study area. Data on the release of water was procured from Flood and 

Irrigation Department of Uttar Pradesh. 

(Insert Table 7 here) 

2.5.3.2 Water taken for Indraprastha( IP) and Rajghat thermal power plants  

Water utilized by IP and Rajghat thermal power plants is supplied from the Yamuna Barrage at 

ITO. This barrage is under the control of Haryana Irrigation Department. Data on the release of 

water to these thermal power plants was obtained from Haryana Irrigation Department. Haryana 

Irrigation Department provides a constant supply of 8.43 cumec of water to both the thermal 

power plants through out the year.  

2.5.3.3  Evapotranspiration  

Evapotranspiration combines the losses of water that occur by the process of evaporation from 

various free water surfaces and transpirational losses effected by vegetation. For the calculation 

of evapotranspirational losses from the Delhi area Thornwaite method, was used. In this method 

average monthly air temperature is used as the primary variable for estimation of potential 

evapotranspiration (PET) from an area. PET values were subjected to latitudinal correction taking 

into account the geographic position of Delhi. PET values provide the upper limit of 

evapotranspiration which occurs from an area. Actual evapotranspiration (AET) values are of 

more relevance for various hydrologic calculations. AET was taken 40% of the PET values 

(Mutreja, 1986). 

[Insert Table 8 here] 

 

                       2.5.4 Soil moisture 

Water that enters the soil distributes itself into soil moisture retention and the water that goes for 

recharging of the aquifers. Dynamics of the water in the soil is influenced by the physical 

characteristics of the soil. Particle size distribution, an important physical characteristic, 

influences many physical and hydraulic properties of the soil. Particle size distribution of the soils 

present in the study area was found  by the wet sieving method. Soil samples were collected 

extensively from the study area from each of the three sectors for analysis. The particle size 

distribution found in the soils of the study area was characteristic of the sandy loam type of soil 

(Table 9). 

Utilizing the information on soil type of the study area other parameters related to hydraulic 

properties of the soil were calculated. Soil moisture retention and plant available soil moisture 



 16

were calculated using field capacity of sandy loam soil. Plant available soil moisture was 

calculated by taking the difference between field capacity and permanent wilting point of plant. 

Field capacity and permanent wilting point of sandy loam soils were 18% and 8% of dry weight 

of the soil respectively. Ground water recharged to the aquifer was calculated by taking the 

difference between water entering the soil and the field capacity of the area. 

  2.5.5 The Water Balance 

For analysis, the units of different inputs and outputs were converted into a uniform unit of cubic 

meters per month. All the inputs viz. Wazirabad Barrage, sewage outfall and runoff were added 

up to get a consolidated value for the inputs of the study area for a particular month. Similarly, all 

the outputs were added to get a consolidated monthly value. Inputs and outputs of the study area 

follow a similar trend around the year with low water flow in the river for most part of the year 

followed by a characteristic peak when the volume of water in the river and the floodplain 

increases during the monsoons. 

[Insert Tables 10, 11, 12, 13 and 14 here] 
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Figure 2 

As can be seen in the figure there is a sudden rise in the flow of water into the study area in the 

month of June, maximum flow of 2.3*109mcm occurs in the month of July. After attaining 

maximum there is a decline in the river flow so as to reach normal flow in around October. In the 

three months of the monsoon period approximately 80.71% of the total water that enters into the 

study area in a year, flows through the river and the floodplains resulting in floods in the study 
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area. Major input for the increase in the water flow of Yamuna is the volume of water that is 

released from the Wazirabad barrage.  

 

Soil moisture store of the study area shows a negative balance for nine months in a year  implying 

that outputs from the study area are more than the inputs, which can result in reduction of the 

ground water levels of the area. During the monsoon season, soil moisture is positive indicating a 

possible increase in the ground water reserve of the area. During this period large amount of 

water is available in the study area which is more than sufficient to saturate the floodplain 

aquifers in the study area. 
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Figure 3 

[Insert table 15 here] 

 

 

Volume of water that can enter into the subsurface water system of the study area depends upon 

the maximum lean season water table elevation in the floodplains and the porosity of the soils. 

Maximum lean season depth of the water table was 3m in the floodplain and neighbouring areas 

and porosity of the sandy loam soil was calculated and found to be 0.42. Volume of water 

recharged into the subsurface hydraulic system during the monsoons each year is 4.095 *107 Kl. 

Of the total 4.095 *107 Kl, plant available soil moisture is about 9.75*106 Kl and 2.34*107 Kl 
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reaches the ground water reserve of the study area. Recharge of the ground water reserve after the 

monsoon leads to an increase in the ground water level from 3m to 2.28m between premonsoon 

and post monsoon seasons. Major recharge to the floodplain aquifers is due to the inundation of 

the floodplains during the floods in the monsoon season. After the floods recede, the soils of the 

study area are saturated with water due to which they provide the much needed soil moisture for 

the growth of cucurbits and other seasonal vegetables. 

 

During the monsoons, excess water is available in the soil moisture store even after recharging of 

the floodplain aquifers. This implies that there are certain other sinks where the water is present 

other than in the floodplain aquifers.  These possible sinks are:       

 

Floodplain aquifers have hydrologic connections with the aquifers of the neighbouring city areas 

due to which there is lateral flow of ground water from the floodplain aquifers to the connected 

aquifers in the city. This is evident from the change in ground water levels in the city areas in the 

post monsoon seasons. To delimit the area of influence of the recharged water and to quantify the 

amount of water recharged into the connected aquifers of the city by the floodplains, detailed 

hydrological investigations are required.     

 

In the water balance model a simplified hydrologic system is considered, where soil moisture is 

the only water store. Therefore, the volume of water that is present above the surface of the 

floodplains during the floods and the water present in seasonal pools after the floods recede is 

also shown as soil moisture in the water balance equation.   

 

The volume of water that is present in the seasonal pools after the floods recede has been 

quantified. The area, number and distribution of the seasonal pools has also been found out. The 

approximate amount of water present in the seasonal pools is 0.5 mcm. There are about 22 such 

seasonal pools spread across the Wazirabad and the ITO sectors. 

 

Water balance of the area has provided key insights of the general pattern of hydrological regimes 

of the area. Salient findings of the water balance for the area:  

Sandy aquifers present in the active floodplain area are saturated after the monsoons.  

Annually about 4.09* 107 Kl of water enters into the subsurface hydraulic system of the study 

area of which 2.34* 107 Kl recharges the aquifer leading to an increment of .72m in the water 

table. 
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Aquifers present in the city areas are recharged due to lateral migration of ground water from the 

floodplain aquifers to the connected aquifers in the city. 

 Ground water recharged from the floodplains provide an invaluable fresh water reserve which 

can be used for providing drinking water for the people of Delhi and for practicing dry season 

agriculture.  

 

Wetland ecosystems in the river corridor region play a critical role in the hydrology of Delhi as is 

evident from the results of the water balance model. Based upon the insights provided by the 

study, detailed hydrological investigations are required in the study area. These investigations 

will help in initiating suitable measures for ground water conservation and augmentation in Delhi.   

 

Section 3 

3.1 Rational for Economic Valuation: Economic valuation of natural resources is becoming 

increasingly popular because of its potential application as a decision making tool for the planners 

and policy makers. The economic values that are attributed to a natural resource can make 

decisions on resource utilization and allocation more meaningful and efficient. Economic 

estimates of natural resources help in comparing various management options available to the 

decision makers for the management of a given natural resource. Economic valuation attempts to 

answer questions like how valuable are these services; what are the trade off involved in the 

decision making process where ecosystem services like that of floodplains are being impacted etc 

? Valuation is needed to inform the decision makers to make efficient decisions. Valuation is 

based on the fact that human beings derive benefit (or “utility”) from the use of ecosystem 

services either directly or indirectly, or production unit saves the resources by using the flow of 

ecosystem services. This is purely a matter of convenience, in that it uses units that are widely 

recognized, saves the effort of having to convert values already expressed in monetary terms into 

some other unit, and facilitates comparison with other activities that also contribute to well-being, 

such as spending on education or health. It explicitly does not mean that only services that 

generate monetary benefits are taken into consideration in the valuation process. On the contrary, 

the essence of practically all work on valuation of environmental and natural resources has been 

to find ways to measure benefits which do not enter markets and so have no directly observable 

monetary benefits. 

In most policy-relevant cases, the concern is over changes in the level and mix of services 

provided by an ecosystem. At any given time, an ecosystem provides a specific “flow” of 

services, depending on the type of ecosystem, its condition (the “stock” of the resource), how it is 
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managed, and its socioeconomic context. A change in management (whether negative, such as 

deforestation, or positive, such as an improvement in logging practices) will change the condition 

of the ecosystem and hence the flow of benefits it is capable of generating. It is rare for all 

ecosystem services to be lost entirely; a forested watershed that is logged and converted to 

agriculture, for example, still provides a mix of provisioning, regulating, supporting, and cultural 

services, even though both the mix and the magnitude of specific services will have changed. 

Efforts to value the total flow of benefits from a given ecosystem at a given point in time, 

therefore, usually provide little policy-relevant information. Rather, what is needed is an 

assessment in the change in the value of services provided by an ecosystem resulting from a given 

change in its management. This can be achieved either by explicitly estimating the change in 

value, or by separately estimating the value of ecosystem services under the current and the 

alternative management regime and then comparing them; if the loss of a given service is 

irreversible, then the loss of the option value of that service will also be included. (An important 

caveat here is that the appropriate comparison is that between the ecosystem with and without the 

management change; this is not the same as a comparison of the ecosystem before and after the 

management change, as many other factors will typically also have changed.) The typical 

question being asked, then, is whether the total value of the mix of services provided by an 

ecosystem managed in one way is greater or smaller then the total value of the mix provided by 

that ecosystem if it were managed in another way. 

3.2 Valuation Method for Water Recharge Function: Many methods for measuring the 

utilitarian values of ecosystem services are found in the literature of resource and environmental 

economics (Dixon et al., 1995; Hufschmidt et al., 1983; Braden and Kolstad, 1991; Hanemann, 

1992). Some are broadly applicable, some are applicable to specific issues, and some are tailored 

to particular data sources. As in the case of private market goods, a common feature of all 

methods of economic valuation of ecosystem services is that they are founded in the theoretical 

axioms and principles of welfare economics. A number of factors and conditions determine the 

choice of specific measurement methods. For instance, when the ecosystem service in question is 

privately owned and traded in the market, its users have the opportunity to reveal their 

preferences for such a good compared to other substitutes or complementary commodities 

through their actual market choices, given relative prices and other economic factors. For this 

group of ecosystem services a demand curve can be directly specified based on observed market 

behavior. However, many ecosystem services are not privately owned and not traded and hence 

their demand curves cannot be directly observed and measured. Alternative methods have been 

used to derive values for such ecosystem services. Different users and authors often classify the 



 21

various methods of measuring ecosystem services values differently, but the different grouping 

and naming systems converge to a broad classification that depends on whether measures are 

based on observed or hypothetical behavior, and whether measures are direct or indirect. 

 The water recharge function of the floodplain can be used for agricultural prurposes and tapping 

it for household consumption purposes. There are evidences where agricultural production 

function approach has been used (Ellis & Fisher 1987, Acharya, G., 2000, Acharya & 

Barbier, 2000, Kumar et al, 2002) to estimate its value. Here, we apply alternate cost 

approach to value the same water if it can be used for household supply for Delhi 

Region. The underlying assumption is that the collective agency (Delhi Jal Board) 

can avoid the costs which it has to incur in procuring the water from far flung 

sources. The costs saved goes up as the recharged water is considerably 

unadulterated and does not need any further treatment (hence the treatment cost is 

also saved. The equivalent amount saved due to extracting the ground water from the 

floodplain areas is the recharge function benefits of the floodplains. Conceptually 

this cost saved method is a mixture of replacement cost and defensive expenditure 

methos populat in the conventional literature of environmental economics. 

 

3.2.1 Estimation: Wetland ecosystems present in the corridors of a river passing 

through a city provide benefits not only to the human society but also to the 

associated dependent ecosystems. These wetland areas present in the midst of an 

urban society are greatly influenced by anthropogenic factors and other natural 

ecological processes have taken over by man-mediated processes. Wetland areas on 

the fringes of river channels in a city are looked upon as a precious property resource 

with different potential land uses such as agriculture, site for human settlement, 

industries, civic construction and waste dumping sites. Floodplain is a precious land 

resource that can be used for many different development activities. The development agencies 

have proposed to channelize the river and reclaim vast stretches of land. To assess the effect of 

channelization, on the ground water reserve and ground water recharge potential of the study area 

simulation study area was carried out. In the study two scenarios were compared: Scenario 1 is 

the present day situation, Scenario 2 partial channelization of the river is undertaken.    

[Insert table 17 here] 

The volume of ground water recharge that occurs from the floodplains to the shallow aquifers is 

directly proportional to the area of inundation. For the simulation, all the factors which effect the 

amount of ground water recharged to the aquifers were kept constant and only the inundation area 
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was decreased. Reduction in the area of inundation was carried out on the basis of the proposed  

channelization of the river that is going to be carried out.  

 For the present simulation study, area of inundation was reduced by 500ha.  Reduction in 

the inundation area of the floodplains resulted in loss of  about 3.6*106 Kl of ground water per 

annum which will lead to reduction in the ground water table by about .12m in the study area. 

This loss of the ground water recharge potential of the floodplain on a long term will affect the 

water table profile of the city area.  

 

As explained earlier, floodplain area recharges the ground water. In the post-monsoon season the 

mean depth or water table goes up to 2.28 meter from 3.00 meter in the pre-monsoon season. This 

translates into around 23.4 mcm of water tapped in the aquifer. Refer to table 6.1. The availability 

of water can help agriculture or it can be used to extract the water for household consumption in 

Delhi. Both of these benefits not exclusive of each other. However, we derive the estimates of 

both the values. 

[Insert Table 18 here] 

Alternatively, the same quantity of water can be exploited to supply the water in Delhi. Thus 

otherwise significant cost of raw water from Western Yamuna Canal and Upper Ganga Canal, the 

transportation cost can easily be avoided, on the basis of total coliforms and faecal coliforms, the 

recharged water is nearly potable. So the treatment cost has also been accounted along with other 

costs, which this Floodplain saves. Table 7.11 and 7.12 summaries the detail. This approach is 

called as alternate cost approach widely used in environmental economics related practical issues.   

[Insert Table 19 and 20 here] 

 

Section 4 

 

4.1 Conclusions:  

Water recharge function of Yamuna Floodplain can not only save Rs 51-60 million per annum for 

the government of Delhi but it can substantially help in balancing the demand-supply gap in 

provisioning of water for Delhi. An investment strategy needs to be worked out for the wetlands 

of Yamuna river corridor so that the hydrological function and corresponding benefits is 

appropriated sustainably. A significant proportion of the investment should be in physical and 

ecological interventions so as to maintain and conserve the ecological and hydrological character 

of the wetlands, which at present is under stress due to rapidly increasing anthropogenic 

pressures. Investments should be prioritized based on the contribution to the total economic 
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value.  To  maintain the ground water recharge potential of the floodplains, it is imperative to 

prevent any fresh civic structures to come up in these areas. This is necessary because fresh 

ground water resources present in the floodplain and connected aquifers in the city are 

replenished annually due to the floodplains. Water is already a scarce commodity and in coming 

years it is going to be more scarce and precious.  Any human activity impairing the water 

recharge function of the floodplain ecosystem will create problems not only for the present but 

future generation too. 

 

Channelization of the river in the Delhi stretch should not be carried out. Channelization will not 

only lead to reduction of the ground water reserve, it will completely stop the ground water 

recharge that occurs from the floodplains. In the light of the acute scarcity of fresh water in Delhi, 

reduction of the ground water reserves will further aggravate the water problem. Channelization 

of the river will also adversely affect ecological functions performed by the wetlands in the Delhi 

stretch. The recharged water into the aquifer from this floodplain area is of very high quality, 

maintenance and preservation of this wetland will substantially save the treatment cost of water, 

which we have to meet otherwise. 
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1977 20,000 54% 

1981 91,000 355% 

1983 1,13,000 24% 

1985 1,50,000 33% 

1986 2,00,000 33% 

1987 2,25,000 12% 

1990 2,59,000 13% 

1991 4,75,000 83% 

1994 4,81,000 1% 

1998 6,00,000 25% 

(Source: Slum and JJ department, New Delhi) 

Table 3: Water consumption norms. 

S.No. Water use Consumption (lpcd) 

1. Domestic 226 

2. Industrial, Commercial and community 

requirement based on 45000 liters per hectare per 

day 

47 

3. Fire  04 

4. Garden  35 

5. For floating population and special uses 52 

Total  364 

(Source: Central Ground Water Board Report, 2000) 

Table 4: Water resources and water treatment capacity       

 

S.No.  Water treatment plant Installed capacity 

mcm/day(MGD) 

Raw water source 

1. Chandrawal I & II 0.410(90) River Yamuna 

2. Wazirabad I, II & III 0.546(120) River Yamuna 

3. Haiderpur 0.682(150) Bhakra Storage/WYC 

4. Bhagirathi (Shahdara)  0.455(100) Upper Ganga Canal, U.P. 

5. Ranney Well/ Tube well 0.240(53) Ground Water 

6. Okhla 0.060(12) Ground Water 
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 Total 2.393(525)  

(Source: Delhi Water Supply and Sewage Disposal Undertaking (1996). 
Table 5: Ground water resources  

S. No. Blocks Area 

(sq.km.) 

Populatio

n(in 

lakhs) 

Total 

replenishable 

resource(mcm) 

Net 

draft 

(mcm) 

Withdrawal 

for domestic 

use(mcm) 

Total 

ground 

water 

withdrawal 

(mcm) 

Balance 

for 

other 

purpose

s(mcm) 

1. Alipur 220.83 2.97 60.90 30.00 6.70 36.70 24.20 

2. Khanjawal

a 

221.45 4.08 44.92 34.00 4.05 38.05 6.87 

3. Najafgarh 302.43 4.94 27.24 32.00 8.19 40.19 NIL 

4. Mehrauli 166.99 2.34 18.75 18.00 10.25 28.25 NIL 

5. City 531.69 76.02 122.50 0.00 110.50 110.50 12.00 

6. Shahdara 39.61 3.86 17.92 4.00 2.90 6.90 11.02 

Total  1483.0 94.21 292.23 118.00 142.59 260.59 54.09 

(Source: Flood Control Order, 1999) 
Table 6: Run off generated from Delhi Region during the study period 

Month Rainfall (mm) Runoff (mm) 

October 1999 26.3  8.41 

November 0 0 

December 0 0 

January 2000 32.8  10.49 

February 60.3 19.29 

March 21.6 6.91 

April 1 0.32 

May 15.6 4.99 

June 129.4 41.4 

July 295.8 94.65 

August 151.4 48.44 

September 27.2 8.7 
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Table 7: Barrage releases from Okhla Barrage and Agra Canal 

 

Month Barrage release 

from Okhla (cumec) 

Barrage release 

from Agra Canal 

(m3/month) 

October 1999  13.19 200000000 

November  3.76 200000000 

December 2.82 130000000 

January 2000 2.82 130000000 

February 24 130000000 

March  2.82 100000000 

April 4.69 100000000 

May  2.82 100000000 

June 80.4 100000000 

July 585.66 300000000 

August  298.59 300000000 

September 43.2 300000000 

 
  Table 8: Potential and Actual evapotranspiration rates in Delhi 

Month Mean 

temprature(oC)

PET 

(cm/month) 

AET  

(cm/month) 

October 1999 26.72 16.1 6.44 

November  21.85 14.35 5.74 

December 15.77 11.9 4.76 

January 2000 13.55 10.91 4.36 

February 16.75 12.32 4.92 

March  23 14.78 5.91 

April 30 17.21 6.88 

May  32.05 17.88 7.15 

June 31.9 17.83 7.13 

July 29.6 17.08 6.83 

August  30.9 17.51 7 
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September 29.2 16.75 6.78 

 
Table 9: Representative soil composition found in the study area  

 

Particle size fraction Percentage 

1mm –500mm 3% 

250µm 2% 

125µm 36.5% 

63µm 27.5% 

31µm 11% 

-31µm 20% 

 
Table 10: Barrage releases from Okhla Barrage and Agra Canal 

Month Barrage release 

from Okhla 

(cumec) 

Barrage release 

from Agra 

Canal (cumec) 

October 1999 13.19 74.67 

November 3.76 77.16 

December 2.82 48.53 

January 2000 2.82 48.53 

February 24.00 53.73 

March 2.82 37.33 

April 4.69 38.58 

May 2.82 37.33 

June 80.40 38.58 

July 585.66 112.00 

August 298.59 112.00 

September 43.20 112.00 

 

 

 

Table 11: Potential and Actual evapotranspiration rates in Delhi 
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Month Mean 

temperature 

(oC) 

PET 

(cm/month) 

AET  

(Cm/month) 

October 1999 26.72 16.1 6.44 

November  21.85 14.35 5.74 

December 15.77 11.9 4.76 

January 2000 13.55 10.91 4.36 

February 16.75 12.32 4.92 

March  23 14.78 5.91 

April 30 17.21 6.88 

May  32.05 17.88 7.15 

June 31.9 17.83 7.13 

July 29.6 17.08 6.83 

August  30.9 17.51 7 

September 29.2 16.75 6.78 

  

Table 12:Representative soil composition found in the study area 

Particle size fraction Percentage 

1mm –500mm 3% 

250µm 2% 

125µm 36.5% 

63µm 27.5% 

31µm 11% 

<31µm 20% 

 

Table 13: Water balance for the period October 1999 to October 2000 

Month Inputs Outputs Soil moisture 

October 1999 117787038 349210640 -231423602 

November 77968800 307221211 -229252411 

December 76466273 219695603 -143229330 

January 2000 91230929 215958443 -124727514 
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February 137530401 275995439 -138465038 

March 86931896 217576003 -130644107 

April 71754062 243090612 -171336550 

May 88034634 251189203 -163154569 

June 630409547 453917440 176492107 

July 2.3*109 2010000000 295000000 

August 1.4*109 1239000000 218000000 

September 219853161 536917440 -317064279 

October 81973920 324154511 -242180591 

 

 

Table 14: Ground Water Recharge 

Area of the demarcated study zone: 3.25*107 m 

Water recharged into the available aquifer space: 4.09 *107kl/annum 

Water reaching into the ground water reserve: 2.34 *107kl/annum 

Depth of water table during pre-monsoon period: 3m 

Increase in the mean height of the ground water table: .72m 

Depth of water table during post-monsoon period: 2.28m 

 
 

 

Table 15: Water balance for the period October 1999 to October 2000 

 

Month Inputs Outputs  Soil moisture 

October 1999 117787038 349210640 -231423602 

November  77968800 307221211 -229252411 

December 76466273 219695603 -143229330 

January 2000 91230929 215958443 -124727514 

February 137530401 275995439 -138465038 

March  86931896 217576003 -130644107 

April 71754062 243090612 -171336550 

May  88034634 251189203 -163154569 

June 630409547 453917440 176492107 
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July 2.3*109 2010000000 295000000 

August  1.4*109 1239000000 218000000 

September 219853161 536917440 -317064279 

October 81973920 324154511 -242180591 

 

Table16: Simulation Results 
 
                                                           Scenario 1                                   Scenario 2 
___________________________________________________________________                        
 
Area of inundation (ha)                    3250                                                 2750    

 

Ground water recharge                              2.34*107                                        1.98*107 
          (Kl/annum) 
 
Change in water table (m)                .72                                                  .60            
 
___________________________________________________________________    
(Scenario 1: Study area inundated completely 
Scenario 2: Partial inundation of the area due to proposed channelization of the river).  

Table 17: The recharged water not only provides the quantity but this water is nearly 
potable on several criteria applied  
 Water at Palla Water at 

Nizammudin 
Water in the aquifer of Yamuna 
floodplains  

Total coliforms  
(No./100 ml) 

5766.16 
 

154764.5 13.2 

Faecal coliforms  
(No./100 ml) 

1904.69 148454.5 0.0 

 
(Note: Water quality at Palla represents the raw water quality for Delhi’s water supply. The water quality at 
Nizamuddin reflects the impact of wastewater discharge from Delhi and the water quality within the Delhi 
stretch. One of the most critical parameters which is taken into account while deciding the potability of 
drinking water is the Faecal coliform count because these organisms have the potential to cause various 
gastro intestinal diseases).   
 
Table 18: Cost of Water Supply from different sources in Delhi 
 
Source Raw water Cost 

(Rs./Kilo Litre) 
Transportation 
Cost (Rs./Kilo 
Litre) 

Treatment cost 
(Rs./Kilo Litre) 

Total cost 
(Rs./Kilo Litre) 
 

Western 
Yamuna canal 

0.0487 0.0331 2.5 2.5818 

Upper Ganga 
Canal 

0.0714 0.0331 2.5 2.6045 

 
(Source: Delhi Jal Board, 2000) 
Table 19: Alternate cost of water supply in Delhi 
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 Total Cost 

(Rs./Kilo Litre)* 
Water recharge into 
the ground water 
reserve (KL/Annum) 

Value of water 
supply exclusive of 
distribution cost 
(Rs./Annum) 

Scenario 1    

1) Western Yamuna 
Canal  

2.5818 2.34*10^7 6.0414*10^7 

2) Upper Ganga 
Canal 

2.6045 2.34*10^7 6.0945*10^7 

Scenario 2    

1) Western Yamuna 
Canal  

2.5818 1.98*10^7 5.112*10^7 

2) Upper Ganga 
Canal 

2.6045 1.98*10^7 5.157*10^7 

 
Note: 
Scenario 1: Study area inundated completely. 
Scenario 2: Partial inundation of the area due to proposed channelization of the river. 
 

(*Source: Delhi Jal Board, 2000) 

 


