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Abstract 
 
Work Package 3 develops socio-economic scenarios for Northern India. The current 
deliverable describes available socio economic scenarios from global studies and 
compares them to scenarios available at district level. The objective is to develop socio 
economic scenarios that are consistent amongst spatial scales: fitting in a global context, 
but detailed enough to be informal for the stakeholder process in work package 6. 
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1. Introduction 
 
Workpackage 3 is dedicated to develop scenarios for socio economic development in 
Northern India (Ganges basin). These scenarios would contain projections of population, 
economic development and associated food and water demand. Within the HighNoon 
project, the scenarios developed in this workpackage will be used to inform stakeholders 
from different locations in the Ganges basin on what developments could be possible and 
where the main uncertainties are. The scenarios would help stakeholders in addressing 
and understanding possible issues related to water and food supplies and the need to 
startegise to meet growing demands in future. Further, the scenarios would help 
stakeholders design robust adaptation strategies to address related risks in future in a more 
pro-active manner.  
 
In order to be informative for local stakeholders, the scenarios require to have a high level 
of geographical detail. Typically, global modeling studies are based on well worked-out, 
consistent story lines, but they lack the required geographical detail. Moreover, within-
country heterogeneities are missing. On the other hand, local scale scenarios do consider 
the required level of geographical detail, but do miss the global consistency, or are not 
based on modeling studies and therefore missing important interactions. 
 
Global scale socioeconomic scenarios have been developed and downscaled for India and 
the Ganges basin to understand changes in the population and its corresponding demand 
on food and water resources. To be able to arrive at the various results certain modeling 
tools have been used for the various assessments.   
 
In case of the local scenarios, district scale socioeconomic projections on select variables 
were developed using more direct relations amongst variables. While there are 
disadvantages to the approach in terms of capturing the inherent complexity of the system, 
the advantages lie in the fine resolution at which the information is produced.  
 
Thus, in this WP we try to bring the global and local scenarios together. Chapter 2 
presents an inventory of existing global scale scenarios zoomed in to what they project for 
India, Chapter 3 develops an inventory of local scale scenarios that contain more 
geographical detail, Chapter 4 seeks to compare the two sets of scenarios developed using 
a top-down mode and a bottom-up mode address and where possible explain the 
differences between the scenarios. An attempt has been made to identify the 
commonalities between these two approaches, if any to be able to conclude a consistent 
set of findings for the local region/ study domain. Besides, the outputs would be evaluated 
from the point of view of its usefulness for the stakeholder consultations planned in WP6, 
containing the required geographical detail. The last chapter provides details regarding 
recommendations for next steps under the study. 
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2. Global scenarios zoomed in to India  
 
The OECD Environmental Outlook to 2030 and updates  
 
The global scenario used for this study has been compiled by the OECD for its latest 
OECD outlook to 2030, which was published in March 2008 (OECD, 2008) (2008). The 
impact of the population and economic projections on agriculture and water sectors have 
been assessed using the IMAGE global integrated assessment model (MNP, 2006). To our 
knowledge, this was one of the latest efforts to develop comprehensive and consistent 
global change scenarios, in which global socio-economic developments were explicitly 
included. We present here the so-called OECD baseline scenario, that is defined as a no-
new-policies scenario. For this baseline scenario, it is assumed that many aspects of 
today’s world remain the same, not standing still, but evolving along the same line as 
today. Population and income are projected to increase and diet preferences, mobility 
demand and other consumption preferences keep shifting and increasing with income in 
the same way as in the past decades. 
 
The OECD and their scenario developers state explicitly that the baseline scenario should 
not be interpreted as the most plausible future development for the globe, because it is 
very likely that governments and other decision makers will react to developments. 
However, in the OECD Environmental Outlook to 2030, the baseline is used as a 
benchmark for comparison with policy scenarios. We think it is the most logical scenario 
to use as a starting point for HighNoon. Since the focus of this project is adaptation, not 
mitigation, and the policies evaluated for the Outlook are very different from the kind of 
policies we want to evaluate in HighNooN. 
 
For the variables population and wateruse, there are presentations of more recently 
compiled scenarios that contain more detail. 
  
Population development 
 
The OECD uses the medium population projection of the UN, which projects a 
stabilization of the global population at around 9.1 billion people by the middle of the 21st 
century (UN, 2005; adjusted in UN, 2008). The largest population increase is projected to 
take place in the developing countries. Figure 2.1 shows the projected population for 
India. The UN projects a population increase for India from around 1.2 billion today until 
1.6 billion in 2050. 
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Figure 2.1. Indian population according to UN medium scenario (UN, 2008) 
 
 
In order to estimate water use and corresponding stress to river basins, this population 
increase was distributed over a 0.5 degree grid and corresponding river basins. This was 
done using a very simple algorithm, allocating the population-increase proportional to the 
population distribution in the base year. This means that the distribution urban-rural 
population is assumed to remain constant. Moreover, the population of India, Pakistan and 
Bangladesh were summed before distribution, and therefore will experience the same 
growth rate in the scenario to 2050. 
An improved methodology to distribute the population more realistically over the 
gridcells was proposed by Van Vuuren et al. (van Vuuren et al., 2007). They use UN 
projections at country scale instead of ‘India+’ scale (India, Pakistan and Bangladesh); 
distributing the growth evenly over the country, but also accounting for a shift in the 
distribution urban – rural. Figure 2.2 shows the distributed population projection for 2050 
using this method. Table 2.1 shows the urban and rural population for India and the 
Ganges-Bramaputra basin derived from this distribution. Technically, state level 
projections could also be derived from this gridded population projection, but these will 
not include any information on local trends.  
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Figure 2.2. Projected population distribution for 2050 (in millions) 
 
 
Table 2.1. Population projections urban and rural for India and Ganges-Bramaputra basin 
(including Nepal and China), based on downscaled UN (2008) projections. Method 
described in (van Vuuren et al., 2007), river basin delineation based on (Vörösmarty et al., 
2000) 
INDIA population 2010 2030 2050 
Rural 849.7 882.4 729.2 
Urban 364.2 601.5 888.4 
Total 1214.0 1483.9 1612.7 
 
 
Ganges-Bramaputra 
population 

2010 2030 2050 

Rural 478.6 497.0 409.7 
Urban 162.9 277.9 416.3 
Total 641.5 774.9 826.0 
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Economic development 
 
The long term economic projections are made by sector and by region, using the model 
ENV-linkages (adapted from Mensbrugghe, 2003). Three factors are considered to be the 
long-term determinants of growth in economic activity in each region (in this case: 
India+): labor force, labor productivity (influenced by skills and production technology) 
and trade. For each of these factors, a time-path was developed reflecting a ‘no new 
policies’ development. 
The labor force participation in non-OECD countries was assumed to converge slowly to 
the OECD average of 60 percent, with a rate of  gap closure of 1 % per year. Combined 
with the projected population growth, for BRIC countries (Brazil, Russia, India and 
China) this will lead to an absolute increase of 27% in the labour force between 2005 and 
2030. 
Labor productivity in all countries is assumed to move in the direction of the long-term 
average of industrialized countries (1.75% growth per year). Countries slowly converge to 
that rate by closing the growth rate gap by 2% per year. This is done for each sector 
separately, therewith leading to shifts in sectoral composition of the economy over time. 
Generally this means a stronger growth in the services sector than in agriculture. 
Since the baseline scenario assumes no new policies, the rate of trade growth will 
gradually level off. This means that eventually trade will grow at the same rate as 
economy in general in the baseline. 
Those three economic trends lead to a projection of GDP growth per country and per 
sector. The global average growth would be 2.8 percent per year between 2005 and 2030. 
India would see growth rates of approximately 7 % per year in the first years towards 4 % 
during 2020-2030. Figure 2.3 shows the projected GDP development for India. Although 
the relative contribution of agriculture to the total economy is projected to decrease, in 
absolute terms this sector will still grow. 
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Figure 2.3. GDP development for India 1970-2050. Showing sectoral contributions to the 
total GDP 
 
Agriculture and land use 
 
By combining population and economy projections, the OECD calculates with the 
IMAGE model (MNP, 2006) that up to 2030 the global agricultural production will need 
to increase by more than 50% in order to feed a population more than 27% larger and 
around 83% wealthier than today’s (Bakkes et al., 2008). Although it is assumed that the 
agricultural productivity of land will increase substantially, the global agricultural area 
will still have to increase by around 10% to sustain this production. 
The largest part of the increase in agricultural production can be explained by increasing 
domestic demand. However, trade plays a role in the location of agricultural expansion. In 
general, countries with a high population growth like India, will see increasing imports 
and decreasing exports. 
 
The increasing demand for agricultural products will lead to both intensification and  
expansion of agriculture. The total land used for agriculture is projected to increase in all 
regions except Japan and Korea, and in most cases this will happen at the expense of 
remaining forests. According to this projection, by 2050 India will need approximately 1 
million km2 additional cropland to be able to produce enough food crops for its growing 
population (figure 2.4). The total crop production will almost double between 2010 and 
2050 (figure 2.5), but this assumption is however subject to discussion given that there are 
already many pressures and competing uses of land that exsits in the country.  
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Figure 2.4 Total crop area from 2000-2050 in OECD South  Asia (India, Pakistan, 
Bangladesh) 
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Production of food crops
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Figure 2.5. Total production of food crops 2000-2050. 
 
Agriculture is affected by climate change. In general, more precipitation can lead to 
higher production, because of wetter soils. Higher temperatures can lead to higher 
production, but also to a decreasing production because of heat stress and increasing 
drought risk. The combined effect of temperature and precipitation changes will also 
differ per crop. Therefore the impact of climate change will be very unevenly distributed 
over the world. Figure 2.6 shows the projected impact on crop yields (2050 relative to 
1990) for different crops in South Asia on current agricultural areas (this is the projected 
yields only affected by climate change, not technology improvements). 
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Figure 2.6. Production change on current agricultural areas 
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According to the calculations of the cropmodel in IMAGE with OECD baseline climate 
change scenarios, rice and temperate cereals are the crops suffering the most from climate 
change in this region. This can be due to a different precipitation pattern or higher 
temperature or a combination of both. 
 
Water use 
 
According to the estimates of the OECD (based on the population, economy and 
agriculture scenarios described above) done with the WaterGAP model (Alcamo et al., 
2000: Alcamo et al., 2003: Döll et al., 2003), global water demand will increase with 26 
% between 2005 and 2030. The two countries with the largest overall water use are India 
and China. The total water use is a sum of water use in irrigated agriculture, domestic, 
industrial and livestock water use. According to these calculations, India (including 
Pakistan and Bangladesh) will see an increase in water use of 18% (1287 km3/year in 
2005 to  1337 km3/year in 2030). This is mainly caused by a larger water demand in the 
electricity and manufacturing sector (mainly driven by economic growth), with smaller 
increases in the domestic sector (driven by population growth) and offset by a decrease in 
irrigation water demand (figure 2.7). 
These numbers are very much influenced by the underlying assumptions of the baseline 
scenario. In this scenario, irrigated area is assumed not to expand. Combined with the 
assumption of an ongoing efficiency improvement, the water use for irrigation is 
projected to decrease. The water use of other sectors (electricity, manufacturing, 
domestic) is projected to increase, which is the net effect of population growth, the 
projected development in these economic sectors, and an autonomous efficiency 
improvement for these sectors.  
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Figure 2.7. Projections of water use by sector in India up to 2050. 
 



 12 

Water stress is defined at river basin scale as the annual withdrawal-to-availability ratio. 
According to above definition, a ratio above 0.1 is defined as low water stress, above 0.2 
as medium water stress, and above 0.4 as severe water stress. The increase in number of 
people living under water stress in India mainly driven by population changes (changes in 
withdrawal), and not so much by climate change yet (figure 2.8). 
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Figure 2.8. Projection of population living under water stress up to 2030 
 
For the WATCH project (www.eu-watch.org), new gridded datasets on sectoral water 
withdrawals (households, industry, livestock, electricity) and consumption are made 
available. Figure 2.9 shows the projections of total water withdrawals and consumption 
for the Ganges-Brahmaputra basin for two global change scenarios: A2 and B1. Figure 
2.9 shows the projected water consumption (summed for households, industry, electricity 
and manufacturing) for those 2 scenarios. Figure 2.10 shows the spatial distribution of 
water consumption for 1971-2000 versus the projected consumption for 2036-2065 for the 
A2 scenario. 
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Figure 2.9 WaterGAP projections for total water withdrawals and consumption 
 

 
Figure 10. Spatial distribution of water consumption for households, livestock, 
manufacturing and electricity for 1971-2000 (A) and 2036-2065 according to the A2 
scenario (B). Values are presented in million cubic meters per year. 
 
The global hydrology and vegetation model LPJmL-water 
 
In the previous section it was shown that IMAGE model has been used to make an 
assessment of future water stress. However, in the system used for the OECD scenarios, 
the coupling to the water model has been off-line, and there has been no connection 
between water use and crop yields. To make a more consistent assessment in the next 
assessments, the crop and water modules from IMAGE are currently being replaced by 
the global hydrology and vegetation model LPJmL-water (Biemans et al., 2009: Biemans 
et al., submitted: Bondeau et al., 2007: Fader, M. et al., 2010: Gerten et al., 2004: Rost et 
al., 2008) in a full coupling. With this new system, it will be possible to study crop water 
interactions, explicitly accounting for the effect of water stress on crop yields. In recent 
years, LPJmL-water has been developed to (also) be used as a global water resources 
model, trying to make the best estimate of available water resources by explicitly 
accounting for reservoir operations and irrigation extractions (Biemans et al., submitted: 
Rost et al., 2008). Although the coupling has been established and test runs have been 
performed, it is not yet possible to show a complete consistent scenario run.  
This section describes the modeling system LPJmL that is used for global simulations of 
hydrology, irrigation water demand and supply, as well as crop yields. It describes the 
‘initial state’ of the modeling system as it is used in global applications and to zoom in to 
the current results for the Ganges-Brahmaputra region. The main objective of this section 
is to give an impression of the model, show its strengths and weaknesses to assess the 
suitability for informing stakeholder processes in WP6. 
 
Model description 
Overview 
We use the LPJmL (“Lund-Potsdam-Jena managed Land”) dynamic global vegetation and 
water balance model (Bondeau et al., 2007: Gerten et al., 2004: Rost et al., 2008: 2003) for 
the simulation of discharge, irrigation water demand, water withdrawals and crop yields 
(figure 2.9). The model solves the carbon and water balances at the earth surface. It runs at 
0.5 degree grids in daily time steps.  LPJmL accounts explicitly for ecosystem processes 
such as establishment, growth and mortality of potential natural vegetation. 
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Originally the model was developed as a dynamic global vegetation model, simulating 
changing patterns of natural vegetation based on soil properties and climate (Sitch et al., 
2003). In recent years, the model has been extended with several new modules, including a 
crop model, simulating the growth and production of major crops (Bondeau et al., 2007), 
and a global routing and irrigation module (Rost et al., 2008).  
The global water balance of LPJmL was evaluated by (Gerten et al., 2004) and compared 
with other global hydrological models. Recently, LPJmL has been systematically validated 
against streamflow observations for 300 global river basins (Biemans et al., 2009). LPJmL 
is comparable to other global hydrological models in its simulation of streamflow as is 
shown in the results of a model intercomparison currently performed under the Water 
Model Intercomparison project (WaterMIP) (Haddeland et al., paper in preparation). The 
advantage of using LPJmL for water resources studies is that it is including a physically 
based crop model. This makes the model suitable for study the interaction between water 
resources and food production, as it simulates the physical interaction between water 
availability and crop yields in a consistent framework. The performance of the LPJmL 
crop model has recently been validated by Fader et al. (2010). 
 

 
Figure 2.9. Overview of the hydrological components of LPJmL global hydrology and vegetation model. 
 
Vertical water balance 
 
The LPJmL model uses a 2-layered soil, with a top layer of 0.5 m and a second layer of 1 
m thickness. The soil water balance is calculated daily, including precipitation, snowmelt, 
interception loss, soil evaporation, transpiration, percolation and runoff. The monthly 
precipitation is distributed over the month for each cell using information on the number 
of wet days and a random distribution. The total runoff is calculated as the sum of surface 
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runoff from the first soil layer, subsurface runoff from the second soil layer and water 
percolating through the second soil layer. Deep groundwater is not accounted for. The 
surface and subsurface runoff are defined as the excess water above field capacity of the 
first and the second soil layer. Subsequently the runoff water is routed through the above-
described gridded network with a constant velocity of 1 ms-1. 
Gerten et al. (2004) evaluated the water balance of an earlier version of the model for a 
small set of basins and concluded that the model results at monthly time scale for runoff 
and evapotranspiration agree well with the results reported by state-of-the-art global 
hydrological models, this is also confirmed by the results of the Water Model 
Intercomparison Project (Haddeland et al., paper in preparation).  
(For more information on the vertical water balance, see Gerten et al., 2004) 
 
 
Routing model 
 
A river routing module was implemented in LPJmL to compute the daily transitional 
discharge volume in each 0.5 degree grid cell (Rost et al., 2008). To determine the 
transport directions we used the global 0.5 drainage direction map STN30 of (Vörösmarty 
et al., 2000). STN30 organizes the Earth’s land area into drainage basins and provides the 
river network topology, assuming that each grid cell can drain into one of the eight 
neighboring cells. Each grid cell is considered to have a surface water storage pool, that is 
changed by the outflow and inflow of rivers, the outflow and inflow of lakes and the 
irrigation water withdrawal.  
The change over time of river storage (Sriv) is represented as a continuity equation derived 
from a linear reservoir model: 
 

R
f

QQQ
dt

dS
outloutin

riv +×+-=
1

)(  

Qin is the input of discharge from upstream grid cells, Qout is the output to the downstream 
cell, Qoutl (see below) is the outflow of lakes and reservoirs in the respective cell (all in 
m3 d-1), f is a factor (0.001) to convert the volumetric amounts to mm d-1 by weighting 
with the area A (m2) of the cell, and R is the runoff generated in the cell.  
In general, within a day the total river storage of a cell is transported to next cells with a 
flow velocity of 1 m s-1 globally. The outflow of lakes is defined as  
 

5.1

max

)(01.0
L

L
Loutl S

S
SQ ×=  

In which SL is the lake storage and SLmax the maximum active storage calculated as the 
lake area multiplied with 5 m depth. 
(For more information, see Rost et al., 2008) 
 
Reservoir operation and irrigation  
 
Recently, the LPJmL model has been extended with a reservoir module and an expanded 
irrigation module, affecting timing of flow and the amount of water available for 
irrigation (Biemans et al., submitted). The reservoir scheme is based on a combination of 
existing globally applicable reservoir operation algorithms developed by (Hanasaki et al., 
2006) and (Haddeland et al., 2006: Haddeland et al., 2006), combining the strong points 
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of each and adding missing processes (e.g. including the effect of irrigation extractions on 
the water and carbon balance) while at the same time also adjusting it to the host model’s 
architecture. 
The dams and reservoirs are introduced in the model in the year that they were built. This 
enables the model to simulate effects of reservoirs on the hydrological cycle dynamically. 
It also makes it very suitable for future scenario studies, because dams can be introduced 
at any point in time.  
In the year the reservoir is built, the dam is introduced at its geographic location in the 
river network of the model. To ensure the right location of dams, the position of all 
reservoirs with a capacity greater than 5 km3 have been checked and replaced on the 
network if necessary. If irrigation is amongst the purposes of the dam (this can either be 
the main purpose or a secondary purpose), the area that can theoretically get water out of 
this reservoir is allocated according to slightly modified rules of (Haddeland et al., 2006). 
All cells that are downstream of this dam on the main river course and that are max 5 cells 
(approx 250 km at the equator) upstream from this main river can get water from the 
reservoir, provided that they are lower in altitude than the cell containing the reservoir. It 
is possible that a cell can be supplied by two or more reservoirs. In that case, the demand 
of that cell is shared between those reservoirs proportional to their mean volumes. 
Because the mean volume of a reservoir can change from year to year (e.g. because the 
reservoir is filling during the first years after it has been built or because it is 
overexploited), those shares are updated annually. 
The outflow regime of the dam is based on simulated historic information, assuming that 
expected inflow and demand for coming year is equal to averages of the past 20 years 
monthly values of inflow and demand. From the moment that the dam is built, the 
monthly inflow, irrigation demand and volume of that dam are stored in a dam-memory 
for maximally 20 years. At the end of every month this memory is updated and once 
every year the mean monthly and mean annual inflow and demand are updated.  
The start of an operational year for a dam is defined similar to (Hanasaki et al., 2006) and 
(Haddeland et al., 2006) as the month when mean monthly inflow shifts from being higher 
than the mean annual inflow to being lower than the mean annual inflow. If there is a 
reservoir upstream, this can influence the start of the operational year for the downstream 
reservoirs. At the beginning of the operational year, the actual storage in the reservoir is 
compared with the potential storage capacity of the reservoir. Because inflow i exhibits 
interannual fluctuations, the target release R for the coming year is adjusted for 
interannual variability, calculating it as  
 

meanyrlsy ikR ×= ,           

 
in which krls,y is the release coefficient for the yth operational year and imean is the mean 
annual inflow calculated over last 20 years (or the years since the reservoir exists if this 
less than 20 years). At the beginning of every operational year the release coefficient is 
calculated as:  
 

CSk yfirstyrls a/,, =           

 
Where Sfirst,y is the actual reservoir storage at the beginning of the operational year, C is 
the potential (or maximum) storage capacity of the reservoir and �  is a dimensionless 
constant that can be interpreted as the fraction of the capacity that a manager aims to have 
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stored in the reservoir at the start of the new operational year. For the study presented in 
this paper, �  is globally set to 0.85, following (Hanasaki et al., 2006).   
The monthly target release r’ m,y  is set according to the purpose of the reservoir as in 
(Hanasaki et al., 2006). For a reservoir that does not have irrigation as the main purpose 
(hydropower, flood control, navigation), the target outflow is assumed to be as constant as 
possible: 
 

meanym ir =,'            

 
The target release for irrigation reservoirs is defined as: 
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in which dmean and dmean,m are the mean annual and mean monthly irrigation demand 
respectively. 
This calculation is based on (Hanasaki et al., 2006), but has been slightly adjusted. In the 
current algorithm only irrigation water use is accounted for and domestic and industrial 
extractions are neglected. Further, in Hanasaki’s scheme the minimum release was set at 
50% of the mean inflow (environmental flow requirement). In rivers with a strong 
seasonality, this means that the outflow in low flow months is much higher than in the 
natural situation, leaving no water available for irrigation. Therefore in the current scheme 
the minimum release is changed to 10% of the mean monthly inflow, to let outflow follow 
as much as possible the irrigation demand, but always leaving 10% of the mean  monthly 
inflow in the river, following the natural intra-annual flow variability.  
The actual reservoir release depends on the relative size of the reservoir as in Hanasaki et 
al. (2006): 
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In which c equals storage capacity divided by mean annual inflow. 
If there is no irrigation demand from this reservoir, all the water is released directly into 
the river. If irrigation is amongst the purposes of the dam, part of the released water can 
be diverted to irrigated land. In this case, only 10% of the mean monthly inflow is directly 
released to the river. The rest can be used for irrigation.  
The reservoir only has a memory for total monthly irrigation demands, but daily demand 
can vary throughout the month. Therefore, the water that is released for irrigation can be 
used during 5 days. If this water is not actually used for irrigation within these 5 days, it is 
also released back into the river. Thus a kind of storage in the conveyance  system is 
simulated. 
 
The first part of the irrigation algorithm is described in (Rost et al., 2008). The net 
irrigation demand of an agricultural field is defined as the amount of water needed to 
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either fill the soil to field capacity, or the amount needed to fulfil the atmospheric 
evaporative demand. The gross water demand is determined by multiplying the net 
irrigation demand  by a country specific efficiency factor (estimated by (Rohwer et al., 
2007)). This gross irrigation demand is first fulfilled by taking water from the cell’s lakes 
and rivers. Secondly, if the local cell cannot fulfil the demand, water is taken from the 
neighbouring grid cell with the largest upstream area under the assumption that, that is the 
neighbouring cell with most water available (for details, see (Rost et al., 2008)). Only if 
there is a remaining irrigation demand, the reservoir is asked for water. The reasoning 
behind this assumption is that it is probably easier and cheaper for farmers to access their 
locally produced runoff or tap from a local river than to be supplied from a reservoir.   
The total water demand to the reservoir is compared with the water that was released from 
the reservoirs for irrigation during the last 5 days. If the demand can only partly be 
fulfilled, all cells get an equal percentage of the water needed to fulfil the irrigation 
requirements. 
 
A net irrigation requirement NIR (mm) is defined as the amount of water required to 
avoid crop water limitation and not provided by rainfall. However, as irrigation is mostly 
rather inefficient, actually more water is withdrawn than needed by the plants. This water 
is lost in applying it to the crops, e.g., by evaporation from open channels, from soils and 
vegetation canopies, by leakage from pipelines, and by seepage. The total amount of 
withdrawn water is the gross irrigation requirement GIR (mm). 
The ratio between NIR and GIR is given by the irrigation project efficiency eP.  To 
account for eP and its spatial distribution, we used the country-scale data set compiled  by 
Rohwer et al. (2007), who derived eP from the product of an application system 
efficiency, a conveyance system efficiency and a management factor.  
The application efficiency describes losses when water is applied to the field. It differs 
between surface, sprinkler, and micro-irrigation; values vary between 0.6 in countries 
with mainly surface irrigation and 0.9 in countries with mainly micro-irrigation (such as 
Israel, Jordan and the United Arab Emirates).  
The conveyance efficiency eC describes losses during the transport of water from a source 
to the field; values range from 0.7 in countries with predominantly open canals of surface 
irrigation systems (in large parts of Asia, Africa, Latin America, and Australia) to 0.95 in  
countries with well-maintained pressurized pipeline systems (in Russia and 
western/northern Europe.  
The management factor is a substitute of across-field distribution efficiency that describes 
the type of management and maintenance of irrigation schemes. The complexity of 
management typically increases with the size of irrigation projects, thus values range from 
0.7 for countries with expanded large-scale surface irrigation systems (e.g., Pakistan, 
Thailand, Chile, Mexico, and Sudan) to 1 for small-scale systems. The resulting project 
efficiency is highest (>0.8) in countries with micro-irrigation and lowest (around 0.3) in 
countries with large-scale surface irrigation systems (Rohwer et al., 2007). 
 
(source: Rost et al, 2008; Biemans et al, submitted) 
 
Inputdata 
 
Climate forcing 
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The CRU dataset (see figure 2.10 for India) has been developed by the Climate Research 
Unit of the University of East Anglia. It consists of a climatology (New et al., 1999) and 
monthly anomalies to this climatology (New et al., 2000) at a global 0.5
 resolution, of 
which monthly values for precipitation, temperature, cloud cover and number of wet days 
per month are used for the present study. The dataset has recently been updated (CRU TS 
2.1, (Mitchell and Jones, 2005)) for the years 1901-2002. The dataset is based purely 
based on ground observations, but is not corrected for snow undercatch or orographic 
effects. 
 

  
 
Figure 2.10. CRU mean annual temperature in 
C (left) and precipitation in mm yr-1 (right) for 1991-2000. 
 
Land use 
The land use input consists of annual fractions of irrigated and non irrigated crop types 
within each grid cell (total per crop type see figure 2.11, irrigated area see fig 2.12). 
Eleven crop types are distinguished (temperate cereals, rice, maize, tropical cereals, 
pulses, temperate roots, tropical roots, sunflower, soybean, groundnut, rapeseed) as well 
as managed grass. This global crop and irrigation input dataset is derived by {Fader, 2010 
#582}, combining recently compiled datasets on rainfed and irrigated agriculture 
(Portmann et al., in press), current crop distributions (Monfreda et al., 2008: Ramankutty 
et al., 2008), and historical land use information (Klein Goldewijk and van Drecht, 2006). 
(For details see {Fader, 2010 #582}). 
The natural lakes per grid cell are derived from the global lake and wetland database 
(GLWD) (Lehner and Döll, 2004), by excluding the surface area of artificial reservoirs. 
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Figure 2.11. Fraction of cell covered by crops in 2000. A: total of all crops including managed grasslands, 
B: temperate cereals, C: rice, D: tropical cereals. 
 
 
Dams 
 
The dam data used as input for the scheme is the recently released GRAND database 
(Lehner et al., 2009). This global database contains approximately 7000 dams globally, 
including their attributes building year, geographical location, maximum capacity, surface 
area and purposes. See figure 2.12. According to the GRAND database, the Ganges-
Brahmaputra basin contains many reservoirs, mainly build for irrigation purposes. 
However, the largest reservoirs in the basin are build for other purposes (hydropower) and 
are not used for irrigation. 
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Figure 2.12. Locations of dams relative to irrigated areas. Points: all dams that are implemented in the 
model; colors show whether the reservoir is used for irrigation, the size refers to the capacity of the 
reservoir. Grey shades: the percentage of the cell that is irrigated according to the land use input (see Fader 
et al, submitted). Green shade: the area that is (partly) supplied from an irrigation reservoir, according to the 
models’ allocation rules. Blue lines: STN30 river network at 0.5 degree. 
 
Irrigation efficiency  
 
For India the irrigation project efficiency eP is estimated 0.378. This means that 
approximately three times as much water is extracted for irrigation as is is needed by the 
plant. The conveyance efficiency eC is estimated at 0.700, meaning that 30% of the 
extracted water is lost during transport to the field. 
 
Simulation results 
 
River discharge 
 
Figure 2.13 shows the spatial distribution of discharge simulation in the Ganges and 
Brahmaputra rivers as well as the location of stations for which we have data observation 
data available. In order to evaluate the quality of the results, we compared the simulated 
with observed discharge at different locations, time series (fig 2.14), as well as mean 
monthly discharge (fig 2.15).  
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Figure 2.13. Simulated mean annual discharge (km3 year-1) for 1991-2000. Simulation including reservoirs 
and irrigation extractions for the Ganges basin. Red dots are stations for which we have GRDC observation 
data available. 
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Figure 2.14 Simulated timeseries of monthly discharge versus observed values where data was available 
from the Global Runoff Data Centre(1981-2000) 
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Fig 2.15 Black: Mean monthly discharge as simulated by LPJmL (without irrigation and reservoirs), grey: 
mean monthly discharge as simulated by LPJmL with simulation of irrigation and reservoir operation, red: 
mean monthly discharge from GRDC observations. Period 1981-2000 or the period for which data was 
available within those 20 years.   
 
It can be concluded from fig 2.14 and 2.15 that in general the simulated timing of 
discharge follows very well the observed timing of discharge. This is according to 
expectations, because the precipitation pattern is very strong in this region and drives the 
peak flows. However, in general LPJmL underestimates both peak and low flows, except 
for the Turkeghat station where especially streamflow in summer is overestimated by the 
model if compared with observations.  
The reasons for these over and underestimations are not directly clear. Input data could be 
causing problems in the simulations. It is for example very well known that precipitation 
input is very uncertain, especially in mountainous regions (Biemans et al., 2009). 
Moreover, the precipitation input used in this study stems from a global dataset at 0.5 
degree resolution, which might be not the most accurate for this basin. 
Another conclusion is that, although there are many reservoirs in the basin, the effect of 
the operation of those reservoirs on streamflow seem to be small. Only at Farakka station 
we see an effect of irrigation extractions and reservoir operation on streamflow.  
 
Irrigation water demand and supply 
 
Figure 2.16 shows the annual irrigation demand for the whole Ganges Brahmaputra basin 
as calculated by LPJmL. It can be seen that there has been a large increase in the irrigation 
demand during the last half of the 20th century, which was mainly driven by expansion of 
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irrigated area. According to LPJmL calculations the additional irrigation supply made 
available by irrigation from artificial reservoirs has increased from 0 to  around   % in 
2000. However, this reservoirs cannot retain enough water to fulfill the demand for 
irrigation water. 
 

 
Figure 2.16. Total annual irrigation for the whole Ganges Brahmaputra basin in km3/year as estimated by 
LPJmL. Note that those numbers reflect applied irrigation water, after conveyance losses have been 
extracted. Withdrawals are therefore 30% higher. Purple line shows the applied irrigation water assumed 
there is no limitation in supply (this can be interpreted as the demand), the black line reflects the irrigation 
supply when only surface water is used to irrigate, and the blue line reflects the irrigation supply when only 
surface water is used, but it includes the operation of reservoirs and the additional irrigation supply from 
reservoirs. 
 

 
Figure 2.17. Mean monthly irrigation for the whole Ganges Brahmaputra basin in km3/year as estimated by 
LPJmL. Same explanation as for figure 8. 
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From figure 2.17 the reasons for now being able to supply the irrigation water gets 
obvious. It seems that the biggest problem occurs in the beginning of the year in the dry 
period, in which precipitation is low, discharge is therefore also low (see also figure 7), 
but as a result the irrigation demand is very high. Apparently the reservoirs can increase 
the irrigation supply a little during the year (compare the blue with the black line in figure 
9), but can by far not retain enough water to fulfill the supply in the beginning of the year. 
Note that eventual additional supply from groundwater is not taken into account in this 
model. 
Figure 2.18 shows the spatial difference of irrigation water supply. It is also very clear 
that the simulation suggests that surface water alone, even with the additional supply from 
reservoirs, can never meet the irrigation demand.  
 

 
Figure 2.18. Mean annual irrigation supply averaged over the gricell in mm/year assuming that all required 
water is available (left) and assuming that only surface water from rivers, lakes and reservoirs is available 
for irrigation, without accounding for groundwater supply (right) 
 
Remarks 
 
Input 
 
All input datasets used in this implementation are global datasets. For climate forcing this 
might not be sufficient. Especially for precipitation, we know that the databases perform 
particularly bad in cold and mountainous regions. This is mainly caused by the snowfall 
undercatch and the orographic effects, both not taken into account in the construction of 
the final data. It is possible that there are better climate data available on a regional scale. 
The quality of the landuse data, crop types and irrigated area could be discussed. How do 
our Indian colleagues estimate the quality of the landuse data used here as model input? 
 
Model structure 
 
The dam operation rules and the rules to define the area that is able to get water from a 
reservoir are defined globally. Those rules might not be applicable here.  
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3 Local socio-economic scenarios for India� 
 
For the development of scenarios at the local scales, identification of critical variables that 
are likely to change significantly and have a profound impact on the sensitivity and 
adaptability of the system under consideration would be crucial. These variables can be 
explained both qualitatively and quantitatively in some cases depending on the degree to 
which information is available or accessible. In order to develop a long-term scenario for 
a country, existing national scenarios for the medium-term can be employed in 
combination with an existing regional scenario for the long term. 
 
In recent years, various socio-economic scenarios for India have been developed for 
different purposes. The scenarios differed in their basic assumptions, number of variables, 
time-span and geographical detail. In this chapter we try to give an overview of the 
various scenarios that have been developed for India and make an attempt to develop a 
new set of socioeconomic scenarios with district as the unit of assessment with a focus on 
the Ganges basin.  
 
3.1 Review of existing socioeconomic projections for India 
 
This section provides a review of studies and projections available in the literature for 
India and sub-national scales.   
 
3.1.1 Population Projections 
 
The Ministry of Home Affairs has state-wise population projections for India’s population 
up to the year 2016 (MHA 1996). Using these projections, TERI (2000) made district-
wise extrapolations of population to the year 2019. TERI (2000) used growth rates for the 
decade 1997-2016 and the share of each state's population in total population in 2019, to 
estimate population densities across agro-ecological zones in 2047. These projections 
indicate that India’s urban population is likely to grow to 50% (796 million persons) as 
compared to 1997 in 2047.  

Table 3.1   All-India population projections 

 
Population projections: all-India (millions) 

Year Total    Urban Rural 

1997   954 276 678 

                                                 
� � In this exercise, socio-economic projections at the district level have been made for 5 states, 
based on compilation and statistical analysis of detailed district level data. Based on the results 
obtained so far, a more detailed analysis of some of the observed trends vis-a-vis actual 
conditions in these districts was warranted. Accordingly, further refinement of some of the trends 
may be conducted in the next couple of months and provided as revised estimates together with 
the data for the additional 6 states.�



 28 

2019 1271 489 782 

2047 1569 796 773 

CARG 1997-2047 1.0% 2.1% 0.3% 

 
Source. TERI (2000) 
Figure 3.1: Growth in rural and urban population (TERI, 2000) 

 
In comparison, estimates of population growth provided under the four scenarios of the 
DEFRA study (2001) for India indicate the population in India to vary between 1.3 billion 
to 1. 9 billion in 2050.  
 
Table 3.2: Population projection (millions) under four scenarios spanning different Policy 
and Social Values (DEFRA, 2001)  
 

 
 
 
Visaria and Visaria in 1996 made four alternative projections at an India scale considering 
different fertility rates. These projections extend till 2101.  
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TERI and the Oak Ridge National Laboratory in 2009 developed socio-economic 
scenarios for India using narrative storylines indicating different paths of development. In 
all 4 scenarios were developed. Population projections developed for the eleven states in 
North India was found to vary from 720 million to 1076 million in 2051.  
 
For the years 2025 and 2050, the US Census Bureau (2000) also provides population 
pyramids for India, providing a detailed distribution of the future population according to 
sex and age.  
 
Another macro-level estimate is that of the United Nations Population Division (2000), 
whose medium fertility variant projection of India's population to the year 2050 is 1.52 
billion. Besides, population projections for 2150 have also been developed. Results 
indicate that India's population is projected to grow from 0.9 to 1.7 billion over the period 
1995 to 2150 based on the medium fertility scenario. In all, the UN projections provide 
seven different fertility scenarios in making population projections for India for 2050, 
2100, and 2150.  
 
The World Population Prospects 2002 includes a set of six projections depending on the 
different sets of assumptions on fertility, mortality and migration. The fertility 
assumptions are described in terms of high fertility countries (those who had no fertility 
reductions till 2000), medium fertility countries (where fertility has been declining but are 
still above the replacement level� ) and low fertility countries (where fertility is at or below 
replacement level). The normal mortality scenario projects mortality on the basis of 
models of change in life expectancy produced by UNPD. In constant mortality scenario 
mortality remains constant at the level estimated in 1995-2000. The normal migration 
scenario sets the future path of international migration based on the assessments and 
estimates of the past movements and on the policy stance of the countries with respect to 
international migration laws. Zero Migration scenario assumes zero international 
migration for the entire projection period. 
 
The Registrar General of India or the census also has its own set of projections till 2026. 
In the report “Population projection for India and states 2001-2026” the population figures 
are projected for twenty six states and six union territories. The data used are that of the 
2001 Census data and the Sample Registration System (SRS) data on the time trend of 
fertility and mortality. Component method�  was used for twenty one states and due to lack 
of life tables and other necessary data on migration, fertility etc, mathematical method 
was used for the remaining five states and the six union territories.  It was assumed that 
crude birth rate will decline and crude death rate will fall marginally because of the 
changing age structure of the population with rising median age, decreasing fertility and 
increasing life expectancy at birth. It is also assumed that the total fertility rates will 
steadily decline and will reach the floor value of 1.8 in some states and the weighted TFR 
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�  As the name suggests component method of population projection consist of separate projections of the 
various components of population growth namely- fertility, mortality and migration differentiated by age 
group and sex. Then the separate projections are summed up to get the total population growth. 
�
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is projected to reach the replacement value of 2.1 by 2021 and accordingly this report 
projects that India’s population will reach 1.4 billion at the end of 2026. 
 
Study done by Mari Bhatt on “Indian Demographic Scenario” projected the population for 
the Northern and Southern regions of India till 2025. Two scenarios (optimistic and 
realistic) were constructed. In the optimistic scenario it was assumed that India will reach 
replacement level of the fertility rate, the Infant Mortality Rate (IMR) will reach 30 per 
1000 babies and life expectancy will rise to 68 for males and 71 for females by 2010. 
After 2010 TFR is assumed to remain constant and life expectancy is assumed to increase 
steadily to 72 for males and 76 for females. Under realistic scenario it is assumed that 
TFR will fall to 2.8 in 2010 and will be very close to replacement level in 2025 and life 
expectancy will be 67 for males and 71 for females at the end of 2025. Throughout the 
period of projection net migration was considered to be negligible. 
 

Existing Population Projections of India
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 Fig 3.2: Comparison of population figures generated by different studies  
 
Population Foundation of India and Population Research Bureau using Fiv Fiv�  software 
package have projected India’s population at the state level till 2100. Two scenarios were 
developed on the basis of different assumptions taken on the fertility rates. In scenario A 
it was assumed that the higher fertility states ( states whose fertility levels are above the 
replacement rate) will achieve a replacement level fertility by 2100 and the lower fertility 
states (states whose fertility level is less than the replacement rate) will remain at their 
TFR estimated at 2001 throughout the projection period. The fertility schedule is assumed 
to follow a logistic path in par with the international standard set by the US Census 
Bureau. The TFR schedule for all the states of India were constructed using the past data 
trends collected from the Sample Registration System of the Registrar General of India 
using reverse projection of smoothed 2001 census population data and using SRS crude 

                                                 
�  Fiv Fiv is a software package originally developed by the office of Population Research, Princeton 
University. Planning Organizations in more than 100 countries have used this software to make population 
projection at national, regional and city levels. It is also widely used for teaching and research in order to 
develop demographic theorems. Its inner algorithm is component method. 
 
�
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birth rates (births per thousand population) for the states and UT’s in case fertility data 
was not available. Further assumptions were made on sex ratio at birth, migration, 
mortality etc.  
                                                       
Natarajan and Jayachandran generated projections of district level population till 2050 
using 1991 Census data as the base year values following Urban Rural Growth 
Differential method. It assumed that fertility and mortality will follow a linear trend of 
development. The results using the following method was found to have huge deviations 
from actual population in 2001 as recorded by census. These have been used by Kulkarni 
(2000) to estimate state-wise population densities, dependency ratios, etc., up to 2051. 
 
Projections developed by Center for the Study of Regional Development (CSRD) and 
Jawaharlal Nehru University (JNU) have included the impacts of AIDS on the population 
and assume that the life expectancy will reduce by 1.7 years from the projected value 
because of the incidence of AIDS.  
 
3.1.2 Economic Growth Projections 
 
India's eleventh Five-Year Plan (GoI, 2007) predicts three alternative scenarios of 
economic growth for India based on certain assumptions. Growth rates considered over 
this term period (2007-2012) include 7 %, 8 % and 9 %.  TERI (2000) also made 
projections for the growth in different economic sectors over 1997-2047, disaggregated at 
the level of districts and agro-ecological zones. Estimates of sector-specific per capita 
income were derived from population projections and GDP growth. The study indicates 
that the country’s GDP is likely to grow nine times, with the industrial share becoming 
nearly 55%.  
 
Figure 3.3: GDP (1997-2047) in billion dollars (TERI, 2000)  
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Estimates of economic growth under the four scenarios as part of DEFRA (2001) is given 
in the table below. 
 
Table 3.3: GDP projections (in crores INR) 
 

 
1 crore= 10 million 
 
 
Long term GDP projections till 2100 have been developed by the World Bank. The IPCC 
SRES scenarios have also used this dataset. The SRES scenarios A1, A2, B1, B2 for GDP 
include; 
 
o A1 use the regional economic growth rates from the Asian Pacific Integrated Model 
(AIM). This model was the 'marker model' (see SRES report for the definition of marker 
models) for the A1 scenario in general. The 8 regions in this model are: United States, 
Western OECD, Pacific OECD, Eastern Europe and the former Soviet Union, Centrally 
planned Asia, South & South East Asia, Middle East, Africa, Latin America. 
 
o A2 use the regional economic growth rates from the Atmospheric Stabilization 
Framework (ASF) model from ICF Consulting in the USA. This model was the 'marker' 
model for the A2 scenario. The 9 regions in this model are: Africa, Centrally Planned 
Asia, Eastern Europe and newly independent states, Middle East, OECD-East, OECD-
West, South East Asia and Oceania, USA. 
 
o B1 use the regional economic growth rates from the Integrated Model to Assess the 
Greenhouse Effect (IMAGE) from RIVM in the Netherlands. This model was the 
‘marker’ model for the B1 scenario. The regions in this model are: Canada, USA, Latin 
America, Africa, OECD Europe, Eastern Europe, former Soviet Union, Middle East, 
India, China, East Asia South, Oceania and Japan.  
 
o B2 use the regional economic growth rates from the IIASA MESSAGE model. This 
model was the so-called 'marker' model for the B2 scenario in general. The 11 regions in 
this model are the same as those listed for the B2 population data: North America, 
Western Europe, Pacific OECD, Central and Eastern Europe, Newly independent states of 
the former Soviet Union, Centrally planned Asia and China, South Asia, Other Pacific 
Asia, Middle East and North Africa, Latin America and the Caribbean, Sub-Saharan 
Africa.  
 
These scenarios are regional in nature and country specific breakup of projections was not 
available. IPCC downscaled the data for individual countries using the regional growth 
rate method. Uniform GDP growth rates were necessarily applied starting in the base year 
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of 1990. The results for the GDP downscaling is presented online at: 
http://sres.ciesin.columbia.edu/tgcia. 
 
The GDP figures are available in terms of ‘Current prices in US$, 1990’. Since 
calculations at constant prices would make the projections more meaningful at present, 
projections in current prices should rather be avoided. Also given that the projections are 
in US$ simply using the market exchange rate would not suffice and implications of 
‘Purchasing Power Parity’ would have to be considered, not only for the present but also 
for the future and tracking the changes in PPP for 100 years into the future is practically 
impossible.  
 
Price Waterhouse Coopers assumed a model of long-term economic growth in which the 
shares of national income going to capital and labour were considered to be constant9. 
GDP growth in this model is driven by assumptions on four factors, which we discuss in 
turn below:  

1. Growth in the physical capital stock, which is determined by new capital 
investment less depreciation of the previous; The model assumed a net investment 
rate of 22% till 2025 and 20% from then on till 2050. 

2. Growth in the labour force; The growth in labour force, or growth in working 
population, which in this case is considered as the population between 15 to 65, as 
0.8% per annum. 

3. Growth in the quality of labour (‘human capital’), which is assumed to be related 
to current and projected average education levels in the workforce. PWC based the 
estimates of the human capital stock on the data on average years of schooling for the 
population aged 25 and above. 

4. Technological progress, which drives improvements in total factor productivity 
(TFP); This factor was assumed to be related to the extent to which a country lags 
behind the technological leader (assumed here to be the US) and so has the 
potential for ‘catch-up’ through technology transfer, conditional upon levels of 
physical and human capital investment (as set out above) and other more 
institutional factors such as political stability, openness to trade and foreign 
investment, the strength of the rule of law, the strength of the financial system and 
cultural attitudes to entrepreneurship. These latter institutional factors are not 
readily quantifiable through a single index, but are reflected in the assumptions on 
the relative speed of technological catch-up in each country. 

 
Projections for 11 states of North India on GDP, under the TERI ORNL study, highlights 
that the change in the rate of GDP growth may vary from 7.8% in 2006 to 6.4 and 10.1 % 
in 2051 (across the four scenarios). For this study, trends in total GDP and the shares of 
the three sectors (agriculture, industry and services) were studied from 1980 to 2006 for 
India as well as for each state.  
 
3.1.3 Food Demand  
 
TERI (2000) has indicated that self-sufficiency in the agriculture sector in India may be 
achieved only marginally by 2019 and 2047. Assuming the Net Sown Area to largely 
remain constant, it was considered that the impacts of infrastructure development, better 
irrigation coverage, increase in cropping intensity, nutrient management, access to High 
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Yielding Varieties (HYVs) etc. at the local level would have to play a major role in 
increasing agricultural productivities.  
 
Table 3.4 Projections for agriculture sector 
 

 
 
DEFRA (2001) estimated foodgrain demand by taking into account both human and 
livestock consumption, and assumes a constant area under cultivation. Associated 
assumptions of foodgrain imports vary, reflecting different policies (inward or globally 
integrated).  
 
Table 3.5 Projections of foodgrain demand 
 

 
 
In the TERI study (2009), estimation of food demand was calculated on the basis of the 
calorie intake per person per month, using the assumption that 15 kg of food grains is 
required per person per month to meet a minimum requirement of 2400 calorie intake. In 
the projections developed for the eleven states projected the demand to vary from 126 to 
194 million tons per year in 2051 across the four scenarios for which the projections were 
developed. 
 
3.1.4 Water Demand  
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TERI (2000) forecasted the future demand for water for irrigation, domestic consumption 
(categorised into rural and urban areas), industrial use, and power generation. The future 
supply of water from India's twenty river basins and water availability for each agro 
ecological zone was estimated. Based on the estimates of the Central Water Commission 
and population projections, per capita renewable freshwater availability was projected to 
decline from a current level of 2499 cubic metres to 1520 cubic metres over this time 
period.  
 
Table 3.6: Projected total water demand in the base case (TERI, 2000) 
 

 
 
DEFRA (2001) calculated water demand using data on projected growth in population, as 
well as development in industry and agricultural sectors. Total demand for water, as well 
as demand by sector (agriculture, industry, residential) and river basin, were considered. 
 
Table 3.7: Water demand (billion cubic meters) (DEFRA, 2001) 

 
 
 
Under Business as Usual scenario, a study by IWMI, projects the total water demand to 
increase by 22% and 32% by 2025 and 2050 respectively compared to the present demand 
of 680 billion cubic meters (base year considered to be 2000). By 2050, 85% of this 
additional demand will be from the industrial and domestic sectors. The river-basin-wise 
data was obtained by aggregating district-level data (districts falling under selected river 
basins). In the case of districts that are part of more than two river basins (Figure 3.4), the 
district population is divided by the geographical area of the basins and the cropped area 
is divided based on net sown area of the districts (estimated by the land use map of India- 
that can be accessed at http://www.iwmidsp.org). 
 
 



 36 

Figure 3.4: District and river basin boundaries of India (Amarasinghe et al, 2007) 

 
TERI (2009) study based its state level projections for the sectoral demand (for domestic 
use, irrigation and industrial use) and total demand for water on estimates of the total 
water requirement per year in each sector. To calculate the water demand for the 
industrial sector, urban population was considered to be the main driver of industrial 
growth.  The results projected the water demand to vary from 314.02-469.74 BCM for 
irrigation, 9.43-16.82 BCM for industry and 26.26-39.29 BCM for domestic use in 2051 
across the four scenarios for which the projections were made.  
 
3.2 High Noon: District level scenario development for the Ganges basin 
 
3.2.1 Unit of assessment 
 
Under the HighNoon project, socioeconomic scenarios have been developed to a finer 
unit of assessment that is at the district scales. The study presents population and GDP 
projections till 2050 at a district level for the states of Uttar Pradesh, Uttarakhand, Bihar, 
Jharkhand and West Bengal. As drivers of change these two variables also influence food, 
water and health demand and projections have been attempted for these variables as well 
and included in the sections below.  
 
3.2.2. Scenario descriptions 
 
In all two scenarios have been developed under the High Noon study. The basic drivers of 
change are assumed to be the demographic change and changes in patterns of economic 
growth.  
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The BAU-scenario (Business as usual) has been developed looking at the past trends in 
population growth and an extrapolation of those datasets based on assumptions on fertility 
rates and replacement by 2050, which is also the most likely demographic growth 
scenario being predicted for India. The alternative scenario on the other hand is a worse- 
case scenario wherein the high estimate population projections form the basis for the 
development of this scenario thus leading to a more acute/ severe set of results in terms of 
its impacts on per-capita incomes, growth and food, water and health demand. 
 
3.2.3 Differences across States and Districts 
 
While the broad trends would be similar for all the States and the districts for future 
projections in the two Scenarios, each state has its own characteristic features and would 
thus have differences in the exact growth rates of population, GDP, etc. These differences 
would stem from various factors. Some of these are; 

�  Economic development: Rate of growth of GDP, sectoral contribution and shift in these 
contributions over time. 

�  Demographic development: Present and past trends in rate of growth of population, 
urbanisation index, proportion of tribal population, rural-urban population ratio, sex ratio 
etc. 

�  Social development: Literacy rates, health care facilities, main occupational classes, 
equality / inequality in income distribution, urban services. 

�  Policy level changes: Policies / programmes of Governments with regard to industrial 
development, agriculture development, urban development, population control and 
health care, environment protection, etc. 

 
3.2.4 Demographic projections 
 
Population projections are a necessary input for economic and social development plans 
from two points of view: firstly, viewing the population as the producer (labour force) and 
secondly as a consumer of goods and services. Population is an important parameter 
influencing the level of energy requirements and associated implications on the economy 
as well as environment. Equally important is the spread of this population in terms of the 
lifestyles people lead, their livelihoods, access to services and consumption baskets etc. 
Thus it is important to capture the demographic variations and transitions (both temporal 
and spatial) at the national and sub national level and must be seen as important driving 
forces especially while discussing adaptation as well as mitigation in the climate change 
context. 
 
3.2.4.1 Method 
For the HighNoon study, all India population projections were brought down to the state 
level and then to the district level. For this, the Urban Rural Growth Differential (URGD) 
method was used. URGD is a modified version of the ratio method and it is this method 
that was used to do the district level projections as component method cannot be used 
because of lack of fertility, mortality and migration figures at such a disaggregated scale. 
In this case the ratio of the districts population to the state’s population in the different 
years (1991-2001) is calculated and then the ratio is extrapolated into the future. The 
extrapolated ratios are then multiplied with the state’s population projection to get the 
projected population of the districts. The rural urban break up of the district population is 
also calculated using the same method.  
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3.2.4.2 Data Source 
The report from the Population Foundation of India (PFI) “Future Population of India: A 
long range Demographic View” (PFI, 2007) was used as the main source of data for 
developing national and state level projections. The district Census Handbook and 
“Provisional Population Totals: Rural Urban Break Up” were used to arrive at district 
level population values and their rural urban break for the years 1981, 1991 and 2001. 
Moreover, data was collected from the websites of the concerned five states and also from 
the official website of several districts. The official website of the Registrar General of 
India was another source of data especially with respect to the rural-urban break up of the 
state level population. 
 
Several reasons support the selection of PFI (2007) report as the source of population data 
at national and state level. Firstly, PFI uses component method, which is the universally 
accepted method. Moreover, PFI uses data from the Census as their base year population 
data and SRS (Sample Registration System) Life tables for calculating the survival rates. 
In addition, PFI makes realistic and reasonable assumptions with respect to the fertility, 
mortality and migration scenarios in future. Especially with respect to fertility, if the trend 
of the last 30 years (1971-2001) is analysed, a gradual decline in fertility is observed from 
a 5.2 in 1971 to 2.1 in 2001.�  Existing literature indicates that the rate of this decrease is 
expected to further decline in the future. As a result the fertility schedule approaches the 
replacement rate, its movement becoming slower but not asymptotic. This is particularly 
true for a developing country like India where the fertility and the crude birth rate is as 
high as 4 and 30.2 in states like Uttar Pradesh.�  
 
The district census handbook gives a detailed split of the total population into rural and 
urban categories for all the existing districts for all the states at a particular point in time. 
Data was collected from the district census handbooks of 1991 and 2001. However there 
have been changes during this time, with the formation of new States and new districts 
from existing ones and therefore a direct comparison of the datasets is not possible until 
and unless the data is appropriately segregated.   
 
3.2.4.3 Assumptions 
 
This study required the construction of two specific scenarios: a BAU scenario and an 
alternative scenario. The major variables that affect population growth rates are fertility, 
mortality and migration. Among these, migration is a very complex parameter which is 
quite volatile, uncertain and indeterminate in nature. It depends on a multitude of socio-
economic parameters and particularly at the district level, inter-district migration pattern 
is highly erratic. Hence the most suitable way of projecting for the future is to assume that 
it will follow the past trend. It is very difficult to construct another alternative trajectory 
on migration because if one of the past parameters of migration is allowed to vary, many 
trajectories might emerge. The mortality figures were also assumed to follow the past 
trend. But as long as fertility is concerned a different trajectory of the evolution of the 
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fertility schedule can be very well designed. So in this study the BAU and the Alternative 
scenario primarily varies with respect to the assumptions made with respect to the fertility 
trends. 
 
Assumptions of the BAU scenario 
 
�  Assumptions on Fertility: The BAU scenario taken from the scenario B of the  PFI 

report assumes that the states of India with TFR more than that of the replacement 
level TFR will reach a target level of 1.85 by the end of the projection period, while 
those states with very low levels of TFR like Kerala and Tamil Nadu are assumed to 
stay frozen at their existing TFR. Keeping in mind the assumptions on the TFR 
schedule constructed by the various studies (as already discussed in the previous 
section on literature review) this assumption seems a fair one to be made. It was 
assumed that fertility will assume a logistic path i.e it will decrease steadily and this 
pace of decline will slow down as lower values are approached which is at par with 
the international standard set by the UNPD studies.  
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Fig 3.5: Total fertility Rate Schedule of BAU Scenario (Source: Census and PFI) 

 
Assumptions of the Alternative Scenario 
 
Keeping in mind the BAU scenario, another trajectory with a much more slow rate of 
fertility growth can be easily envisaged. So the alternative scenario assumes that the 
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fertility of India and its states will decline at a much slower pace than the BAU scenario. 
The specific assumptions of the alternative scenario are given below: 
 
Assumptions on Fertility: The Alternative scenario taken from the scenario A of the  PFI 
report assumes that the states of India with TFR more than that of the replacement level 
TFR will reach a target level of 2.1 (the replacement level) by the end of the projection 
period, while those states with very low levels of TFR like Kerala and Tamil Nadu are 
assumed to stay frozen at their existing TFR. Keeping in mind the assumptions on the 
TFR schedule constructed by the various studies worldwide (mentioned in the beginning 
of this chapter) this assumption seems a fair one to be made for the construction of an 
alternative trajectory. It was assumed that fertility will assume a logistic path i.e it will 
decrease steadily while the pace of decline will slow down as lower values are approached 
which is at par with the international standard set forth by the UNPD studies.  
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Fig 3.6: Total fertility schedule of Alternative Scenario (Source Census and PFI) 
 
Common Assumptions for the State Level 
 
Apart from the fertility assumptions several other assumptions were made on the other 
important demographic parameters like mortality, migration and sex ratio at births which 
are common to both the scenarios. These are stated below. 
 
Assumptions on Sex Ratio at birth: PFI assumed that sex ratio at birth would return to the 
global normal value of 95 female births per 100 male births in the first 35 years of 
projection owing to policy interventions. 
Assumptions on Mortality: Life expectancy was projected in the same manner as the 
fertility i.e using a logistic curve and incorporating the life tables published by the 
Registrar General of India upto 1999-2003 as input tables.  
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Assumptions on Migration: It was assumed that interstate migration will initially increase 
in absolute terms and will then slowly decrease. Appropriate adjustments were made to 
reconcile interstate migration to an appropriate national level net migration. The census 
tables of migration were used as a basis for projections. 
 
Common Assumptions for the District Level 
 
For district level projection, there was severe paucity of data as many districts in Uttar 
Pradesh and Bihar were newly formed and the two states got divided into four separate 
states in the last decade. In the census data of 1991, the population data of the newly 
formed districts (which existed as a block or division of some other district in 1991) are 
clubbed with their parent districts. In some cases the individual population values of 1991 
were available in the website of the respective states. In other cases it was assumed that 
the proportion of that district’s population to the state’s population in 2001 was the same 
as that in 1991. This is specially the case when the district was formed by combining 
several villages of the adjoining blocks of the parent district. The rural urban break up of 
population data of these newly formed districts was not available. In that case, two 
approaches were followed. If the parent district is a small one, then the parent district’s 
rural urban ratio of 1991 is applied for the new district. If the parent district is a large one 
(with large number of blocks having diverse urbanization characteristics) then the rural 
urban ratio of the new district in 2001 was applied for calculating the rural urban 
population break of 1991 for that district. 
 
3.2.4.4 Results 
 
It is expected that fertility in the higher fertility states will decline in the future. In light of 
the significant improvement in science and technology of recent times, it is expected that 
life expectancy at birth will continue to improve.  
 
BAU Scenario 
 
According to the scenario India’s population will be around 1.85 billion in 2100. It will 
peak in the third quarter of the century and then will continue to decline thereafter. 
Keeping in mind the past trend of the fertility rates in the various states and the spread of 
literacy and the gradual increase in the cost of living and also a detailed examination of all 
the family planning policies that government is implementing, it is quite reasonable to 
suppose that couples will adhere to the two child norm all over the country in the next 60 
to 70 odd years. In that case it is very safe to suppose that total fertility rate will assume 
an average value less than that of the replacement level. 
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Fig 3.7: Projected Population of India under BAU Scenario (source: PFI) 
 
At a state level some states like Uttar Pradesh and Bihar are expected to have a steady 
population growth rate while the states like West Bengal and Uttarakhand and Jharkhand 
have a stagnant population growth rate. The following graph depicts the situation. This is 
mainly because the fertility level will remain very high in almost all these states specially 
Uttar Pradesh and Bihar till the third quarter of this century. Moreover, the declining 
mortality and the increasing life expectancy are also responsible for the growing 
population. 
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Fig 3.8 Projected total Population of the selected states under BAU Scenario (Source: 
PFI) 
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Similarly an increasing growth in urban population is also expected.  
 

Projected Rural Population of BAU Scenario
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Fig 3.9 Projected Rural Population of the selected States under BAU Scenario (Source: 
PFI) 
 
The urban population is projected to steeply escalate in Uttar Pradesh, while it will also 
increase in Bihar. In the other three sates it will undergo a stagnant growth rate. In 
magnitude terms, urban population will be lower than the rural population but the rate of 
growth of urban population will be faster than that of the rural population. This is because 
the fertility rates and the family sizes are still much higher in the rural areas. Also, in 
geographical terms the volume of land under rural area is much higher that that of urban 
area. Thus in magnitude terms there will still be more people living in the rural areas than 
in the urban areas. But the growth of urbanization is expected to be faster in the coming 
decades due to a variety of reasons including better development of infrastructure.  
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Projected Urban Population of the BAU Scenario
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Fig 3.10 Projected Urban Population of the selected states under BAU Scenario (Source: 
PFI) 
 
The rate of urbanization represented by the urbanization Index [(Urban Population/Total 
Population)*100] gives a striking picture with West Bengal steeply increasing followed 
by Jharkhand and Uttar Pradesh. However it is expected to remain stagnant in 
Uttarakhand and Bihar. 
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Fig 3.11 Projected Urbanization of the selected states under BAU Scenario 
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Overall, the population is increasing in all states. Depending on the individual 
characteristics of the states and some of its districts the results are varying highly form 
one district to another and from one state to another. A detailed individual analysis of 
each of the five states is summarised below. 
 
 
Uttar Pradesh 
Uttar Pradesh is the most populous state of India with a population of 150 million 
according to Census 2001. If it were a separate country it would have been the fifth most 
populous nation next to China, India, USA and Indonesia. The major reason behind the 
high growth rate of population is the high fertility rate of 4.3 (twice that of replacement 
level fertility rate). The population of Uttar Pradesh is expected to cross 400 million at the 
end of 2100 even if we assume that it will achieve replacement level fertility rate by then.  
 
Overall the population in the districts of Uttar Pradesh shows a constant trend of steady 
increase, except for Kanpur Dehat from where large scale migration to the neighbouring 
city of Kanpur (Kanpur Nagar) is significant. In some districts like Basti, Ambedkar 
Nagar and Azamgarh, rural population is increasing and urban population is growing at a 
constant rate while in some other districts like Etawah and Ghaziabad and Lucknow, the 
urban population is increasing steadily. This peculiar trend can be attributed to the high 
rate of urbanization, high literacy rate and awareness which might lead to a sharp decrease 
in the total fertility rate. In all other districts, both rural and urban population is showing a 
steady increase. The detailed table has been provided in D3.1. 
 
Uttarakhand 
The state of Uttarakhand was carved out of Uttar Pradesh in November 2000. According 
to Census 2001, the population of Uttrakhand is around 8.48 million, and is projected to 
reach to 14 million in 2100 assuming that it will achieve replacement level fertility by 
then. The population of all the districts in Uttrakhand is projected to increase in the next 
fifty odd years. This is because of the sharp decrease in the rural population in these states 
which can be explained by the large scale out migration of the rural people in the 
neighbouring cities of Uttar Pradesh, Delhi and Haryana. The urban population shows  a 
constant increase in all the districts specially in states like Champawat, Dehradun, 
Nainital This is because of the constant effort of the government to improve the 
infrastructure and industry of the state specially the gradual commercialization of the local 
handloom industry and the increasing development of the tourism industry. The district 
wise result of increasing urbanization is consistent with the state wise aggregated result as 
well. The detailed table is attached in D3.1. 
 
Bihar 
Bihar is the third most populous state of India with a population close to 83 million 
(Census, 2001). It is projected to increase to 240 million in the next hundred years 
assuming that the state will reach replacement level fertility rate at the end of this century. 
Most of this can be attributed to the high fertility rate of 4.3, high birth rate and a steadily 
decreasing mortality schedule. Besides, the poor economic and human development 
parameters in Bihar further make the situation more complex within the State. According 
to Census (2001) more than 80% of the rural population lives in rural areas with more 
than 50% below 25 years of age. Mostly in all the districts population escalates steeply 
with the rural population trailing closely behind the total population which means the 
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growth of urban population is stagnant in almost all the districts except Patna and Gaya. 
This result is consistent with the constant urbanization schedule in Bihar and the 
increasing population in the rural parts of the state. The detailed table is attached in D3.1. 
 
Jharkhand 
The state of Jharkhand is carved out of Bihar in November 2000 (Census 2001), the 
population of Jharkhand is 26 million with the majority living in tribal areas and forming 
a huge chunk of the scheduled caste and scheduled tribe population of the state. The 
population steadily increases in the south western and north western districts of 
Jharkhand, where rural population grows much faster compared to urban population. The 
situation is different in the industrial cities like Bokaro, Ranchi where the urban 
population steeply increases almost following the lead of rural population. In Dhanbad 
The urban population is higher than that of the rural population. This is because eof the 
fact that Dhanbad is the hub of the mining industry of India along with Ranchi and hence 
it experiences large scale in migration because of its better employment opportunities. A 
detailed table is provided in the appendix in D3.1. 
 
West Bengal 
West Bengal is the most densely populated state of India with a total population of 80 
million (Census 2001) and it is projected to cross the hundred million mark at the end of 
2100. This decreasing rate of growth of its population is attributed to its low total fertility 
rate of 2.2 which is very close to the replacement level fertility rate, the decreasing birth 
rate schedule and the increasing out migration. Overall the population increases in all the 
districts with rural population surpassing urban population in some districts like Birbhum, 
Bankura, Uttar Dinajpur etc while the vice-versa in some others like North 24 parganas, 
Howrah etc. This is mainly because of the increasing number of industries in the latter 
districts and their close proximity to Kolkata, the state capital. The former districts show 
an increasing trend towards ruralization because of their large number of tribal population 
and poor infrastructure and governance. A detailed table is provided in the appendix in 
D3.1. 
 
Analysis of Alternative Scenario 
 
According to the scenario A of the PFI report India’s population will be around 2.1 billion 
in 2100. It will peak in the third quarter of the century and then will continue to decline 
thereafter. Keeping in mind the past trend of the fertility rates in the various states and the 
spread of literacy and the gradual increase in the cost of living and also a detailed 
examination of all the family planning policies that government is implementing, it is 
quite reasonable to suppose that couples will adhere to the two child norm all over the 
country in the next 100 odd years, if not in the next 60-70 years. In that case it is very safe 
to suppose that total fertility rate will reach the replacement rate in the alternative 
scenario. 
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Fig 3.12: Projected Population of India under Alternate Scenario (source: PFI) 
 
At a state level some states like Uttar Pradesh and Bihar are expected to have a steady 
population growth rate while the states like West Bengal and Uttarakhand and Jharkhand 
have a stagnant population growth rate. The following graph depicts the situation. This is 
mainly because the fertility level will remain very high in almost all these states specially 
Uttar Pradesh and Bihar till the third quarter of this century. Moreover, the declining 
mortality schedule and the increasing life expectancy schedule is also responsible for the 
growing population. 
 

Total Population Projection

0

100,000

200,000

300,000

400,000

500,000

600,000

20
01

20
11

20
21

20
31

20
41

20
51

20
61

20
71

20
81

20
91

21
01

Years

In
 '0

00
s

Uttar Pradesh

Bihar

West bengal

Jharkhand

Uttarakhand

 
Fig 3.13: Projected total Population of the selected states under Alternate Scenario 
(Source: PFI and Census) 
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The Rural population is expected to grow steadily till the end of the century in Uttar 
Pradesh and Bihar, while it will achieve a constant growth rate in West Bengal, Jharkhand 
and Uttarakhand. In magnitude terms rural population is expected to surpass the urban 
population at the end of 2100.  
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Fig 3.14: Projected Rural Population of the selected States in Alternative Scenario ( 
Source: Census and PFI) 
 
 
The urban Population will steeply escalate in Uttar Pradesh, while it will somewhat 
decrease in Bihar. In West Bengal Urban population is expected to grow but only slightly. 
In the other two states it is expected to follow more or less a stagnant trend. In magnitude 
terms urban population will be lower than the rural population but the rate of growth of 
urban population will be faster than the rural population. This is because the fertility rates 
and the family sizes are still much higher in the rural areas. So in magnitude terms there 
will still be more people living in the rural areas than in the urban areas. But the growth of 
urbanization will be faster because of the significant efforts put by the government in 
promoting better infrastructure, better services, better living conditions etc in the urban 
areas making urban-dwelling a very attractive concept leading to mass scale migration 
from rural to urban areas. Under the alternate scenario it is assumed that much more effort 
will be spent by the government in promoting all these facilities and hence the rate of 
growth of urban population will be even higher in the alternate scenario. 
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Fig  3.15: Projected Urban Population of the selected states under Alternative Scenario 
(Source: Census and PFI) 
 
The rate of urabanization represented by the urbanization Index [(Urban Population/Total 
Population)*100] gives a striking picture with Bihar steadily declining while the rest of 
the states are escalating led by Uttarakhand followed by West Bengal and Uttar Pradesh.  
 
.  
 

Urbanization

0

5

10

15

20

25

30

35

40

2001 2011 2021 2031 2041 2051

Years

U
rb

an
iz

at
io

n 
In

de
x

UP

BIHAR

WEST BENGAL

JHARKHAND

UTTARAKHAND

 
Fig 3.16: Projected Urbanization of the selected states in Alternative Scenario 
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The urbanization in the alternate scenario seems to be increasing for all states. This is 
mainly because of the increasing efforts invested by the government to promote 
industrialization and employment opportunities.This however does not mean that the 
urban population is decreasing in absolute terms but rather only that the rural population 
is growing faster than the urban population. Bihar shows a rather stable state of 
urbanization around 20% and West Bengal shows an increasing trend of urbanization.. 
 
Although West Bengal is right now the most urbanized state, and it is expected to remain 
so in the next fifty years. 
 
At the district level there are no gross variations of the main trends. The alternative 
scenario assumes a higher population value at the state level. Since this study has taken 
proportionality analysis of the rural urban population there has been a scale change of all 
the values, the change taking to a higher level. The districts with an increasing trend of 
population in the BAU scenario show an increase in the alternative scenario and vice 
versa. However the magnitude of increase of the population parameters in the alternative 
scenario was much higher than that of the BAU scenario. The magnitude of increase is 
proportional to the increase in the total population of the state in each corresponding year 
vis-à-vis the BAU scenario. 
 
3.2.4.5 Limitations 
 
This report gives a mere picture, an intuition of what might be the demography of the 
chosen area in future. The political boundary of the states of India specially in this chosen 
region is fragile and subject to continuous integration and disintegration in the last ten 
years. Moreover, the impact of short-term shocks like a program or a disaster, epidemic 
can produce very quick immediate visible effect in such a small scale. This is another 
reason why population projection on such a disaggregated scale based on ratio method is 
not an advisable and a popular exercise among the demographers, because of the highly 
unpredictable nature of the basic variables like political boundary. So this exercise should 
be judged on the basis of the qualitative picture it generates rather than the quantitative 
figures it has produced.  
 
3.2.5 Economic Growth 
 
The three sectors that contribute to GDP as defined in India are agriculture (includes 
agriculture, forestry, fishing, and mining & quarrying), industry (includes manufacturing, 
electricity, gas & water supply, and construction), and services (includes trade, hotels & 
restaurants, transport, storage & communication, financing, insurance, real estate & 
business services, and community, social & personal services). 
 
3.2.5.1 Method 
 
The ‘Ministry of Statistics and Program Implementation, Government of India’ publishes state 
level GDP figures for every year. The following sectors are included 
 
Agriculture & Allied Industry Services 
Agriculture Mining and quarrying Transport, storage & Communication 
Forestry Manufacturing Railways 
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- Registered  
- Unregistered 

Fishing Construction Transport by other means 

 
Electricity, gas and water 
supply Storage 

  Communication 
  Trade, hotels and restaurants 
  Banking & Insurance 
  Real estate & ownership business 
  Public administration 
  Other services 
Table 3.8: Sectoral break up of GDP 
 
The three main sectors are Agriculture, Industry and Services. For the district level GDP 
forecasting, these were further clubbed into two sectors, Agriculture and Industry and 
Services.  
 
The district level GDP figures were obtained by downscaling the National Level Projected 
figures. The national level projections till 2051 were done using a regression analysis. The 
rate of growth of GDP was regressed on the net capital formation of the previous year, 
here considered as investment. The logic behind the consideration of previous year is the 
assumption that investment in time period ‘t’ will only be used in the next time 
period‘t+1’. The equation thus established a relation between the rate of investment and 
the GDP growth rate. The regression returned the following result. 
     

(Growth Rate) = 1.68 + 23.21(Net Rate of Investment) 
 
The GDP was calculated year on year using the growth rate thus obtained.  

 
GDPt+1 = GDPt + (Growth rate)t(GDPt ) 

 
Data from 1980 to 2008 was available, and the projections were done based on them. 
Possible investment scenarios were considered looking at other countries at similar stages 
of development.  
 
The growth rate thus obtained showed a Compounded Annual Growth Rate (CAGR) of 
5.9% with an average annual investment rate of 24%. 
 
The proportional contribution of the sectors was obtained by extrapolation of the present 
trends till 2030. The trend from 2031 to 2051 was obtained by assigning a linear growth 
trend such that the share of services are at 60%, that of industry at 34% and that of 
agriculture at 6%. This is done with the assumption that services will propel the growth 
till 2030 after which industry will take over. This trend was again decided through 
comparison with other countries at similar stages of development. 
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Figure 3.17: All India-Sectoral projections for the GDP 
 
 
The state level projected figures were obtained by downscaling of the national level 
figures. The proportion of contribution for each of the 5 states was noted and the changing 
trend was followed till 2051 and the national level figures allocated accordingly. 
 
States like Jharkhand and Uttarakhand were formed in 2000 by taking districts out of 
Bihar and Uttar Pradesh respectively. As a result the census figures before 2001 include 
these districts as part of their formal states. Hence a method of back casting had to be used 
in order to get the population of these states previous to their formation. This would mean 
a calculation of the population of the people residing in the same geographical area as the 
now new state. This has been calculated by adding up the population of the districts that 
are now part of the new state. Newer districts have also been given a backcasted 
population figure. This has been done using a ratio method. The ratio of the parent district 
and the new district was noted and the same ratio was applied to get the figure for the 
previous year.  
 
To obtain the district level GDP figures the projected state level figures were further 
divided according to the number of people engaged in the particular sector. The census 
reports working population figures divided into two sectors, agricultural workers and non 
agricultural workers. The non-agricultural workers would thus be engaged in either the 
services or the industries sector. The proportion of agricultural labourers of the district to 
the total agricultural labourers of the state was noted for each year and the same proportion 
of the agriculture produce of the state was allocated to that district. That is to say if a 
district has 5% of the agricultural population of the state it is assumed to produce 5% of 
the states agricultural produce. 
 
The working populations of the census years were taken and the middle years were 
extrapolated. The rates of growth were assumed to be constant till 2051 and the projected 
figures were generated accordingly. 
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3.2.5.2 Data Sources  
 
The GDP figures and other variables for the calculation of the same have been taken from 
The Reserve Bank of India’s publication, Handbook of statistics on the Indian Economy, 
2009-2010. 
 
State level GDP figures have been taken from the ‘Ministry of Statistics and Program 
Implementation, Government of India’, website 
http://mospi.nic.in/Mospi_New/Admin/Publication.aspx. All GDP figures are in units of 
Crore Rupees and are calculated with 1999-2000 as the base year. 
 
Population figures have been obtained from ‘Census of India 1991’ and ‘Census of India 
2001’ 
 
Other sources accessed have been; 
http://www.imf.org/ 
http://www.wbgov.com/ 
http://gov.bih.nic.in/ 
http://upgov.nic.in/ 
http://jharkhand.gov.in/ 
http://gov.ua.nic.in/ 
 
3.2.5.3 Assumptions  
 
For the BAU scenario the main assumptions in the study have been; 
·  The productivity of each worker in a given state for a given sector remains the same 

throughout the state for all districts, for that sector. This assumption is taken because 
of an acute dearth of data at the district level. So the projections had to be made using 
downscaling techniques. The downscaling techniques were followed from the 
standard IPCC SRES scenario construction manuals. In this method the share of GDP 
to a certain sector was allocated in the same ratio as the proportion of workers in that 
sectors. 

·  The working population will continue to grow at the same rate as it has on an average 
for the last 20 years. This is done again due to lack of data on working population. 
The IPCC and the World Bank define working population as the number of people 
aged between 15-65. However, in the country like India with rampant unemployment 
and disguised unemployment this assumption would be totally erroneous. Also an 
extrapolation of the trend would lead to unrealistic employment scenario. Hence a 
constant increase was taken which in spite of being a strong assumption provides a 
consistent and realistic scenario.  

 
In this study no assumptions were taken for the alternative scenario with respect to GDP. 
For district level projection, an extrapolation method of the current trends has been used. 
To capture the difference in an alternative scenario an alternative population trend has 
been considered. The change in the socioeconomic conditions would therefore be depicted 
via an altered per capita income. As a result a BAU scenario is the only scenario that has 
been constructed with respect to the GDP. 
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3.2.5.4 Results  
 
The state level figures stand as follows.      
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Fig 3.18: Projected GDP of West Bengal 
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Fig 3.19: Projected GDP of Bihar 
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Fig 3.20: Projected GDP of Jharkhand 
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Fig 3.21: Projected GDP of Uttar Pradesh 
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UTTARAKHAND
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Fig 3.22: Projected GDP of Uttarakhand 
 
As is evident industry and services have a far greater contribution to the GDP than 
agriculture for all five states. In West Bengal, Bihar and Uttarakhand, although presently 
the service sector contributes more to the economy, the industrial sector in expanding 
more quickly and between 2030 and 2040, the industrial sector is expected to become the 
major contributor. Uttar Pradesh too has an industrial sector growing slightly faster but it 
is not expected to catch up within the projected time period. Jharkhand as an economy is 
mostly dependent on mining and as a result its industrial sector is already, and will 
continue to be the major contributor.  
 
Agriculture and allied services have a fair contribution in West Bengal, Bihar, Uttar 
Pradesh and Uttarakhand. Jharkhand on the other hand is primarily based mining. 
Services have an important contribution in all the states. 
 
The analysis of the individual states and their respective districts are discussed in the 
following lines. All the figures of analysis are in Rs (Crores). 
 
West Bengal 
 
The contribution of the individual districts for 1991 and 2001 is given as below. 
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District GDP 1991
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Fig 3.23: District level break up of GDP of West Bengal in 1991 
 

District GDP 2001
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Fig 3.24: District level break up of GDP of West Bengal in 2001 
 
As can be noted the contribution of the different districts vary widely, and so does the 
composition. Darjeeling is primarily a tourist destination as well as having a flourishing 
tea industry. Being a small district its GDP is low with industry being its major 
contributor. Kolkata the capital of West Bengal is a completely urban centre. As a result it 
has hardly any agriculture and most of its contribution comes from services. North and 
South 24 Parganas and Haora are rapidly industrializing suburbs of Kolkata. Although 
they have some agricultural contribution now, they are expected to decline. The other 
districts are primarily agricultural and agriculture contributes to about 50% of the output. 
 
The graph denotes how the GDP has been growing in the districts over time. 
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District GDP comparison
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Fig 3.25: Comparison of GDP of West Bengal in various years 
 
The GDP has been doubling for most districts every 10 years, though North and South 24 
Parganas have been growing at an even quicker rate. The two districts are expected to be 
the industrial and service hub in the near future. 
 
Bihar 
 
The GDP profile of the districts of Bihar are given as follows, 
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0

1000

2000

3000

4000

5000

P
as

hc
hi

m
P

ur
ba

S
he

oh
ar

 *
S

ita
m

ar
hi

M
ad

hu
ba

ni
S

up
au

l *
A

ra
ria

K
is

ha
ng

an
j

P
ur

ni
a

K
at

ih
ar

M
ad

he
pu

ra
S

ah
ar

sa
D

ar
bh

an
ga

M
uz

af
fa

rp
u

G
op

al
ga

nj
S

iw
an

S
ar

an
V

ai
sh

al
i

S
am

as
tip

ur
B

eg
us

ar
ai

K
ha

ga
ria

B
ha

ga
lp

ur
B

an
ka

 *
M

un
ge

r
La

kh
is

ar
ai

 *
S

he
ik

hp
ur

a
N

al
an

da
P

at
na

B
ho

jp
ur

B
ux

ar
 *

K
ai

m
ur

R
oh

ta
s

Je
ha

na
ba

d
A

ur
an

ga
ba

G
ay

a
N

aw
ad

a
Ja

m
ui

 *

Ind& Services

Agricultural

 
Fig 3.26: District level break up of GDP of Bihar in 1991 
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District GDP 2001
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Fig 3.27: District level break up of GDP of Bihar in 2001 
 
Patna the capital city has been by far the highest contributor. Unlike Kolkata, it also has a 
sizeable rural population and hence the contribution of agriculture sector is considerable. 
All the districts have a good agricultural composition. Madhubani is almost completely 
agricultural. Paschim and Purba Champaran, Araria, Sitamari, Purnia, Katihar, all have 
nearly 50% contribution by agriculture. Buxar and Gopalganj are mining districts, 
however even here the contribution of agriculture is considerable. 
 
A comparison over the years is given below. 

 
Fig 3.28: Comparison of District level break up of GDP of Bihar 
 
Its worth noting that there has hardly been any increase in GDP for the 10 years between 
1991 and 2001,but thereafter the GDP has doubled post 2001. 
 
Also Bihar has undergone a restructuring. In 1998, Bihar was broken into two states, 
Bihar and Jharkhand. The study does not reflect this breakup as the districts that were 
previously in Bihar but became a part of Jharkhand after 1998 have been included in the 
analysis of Jharkhand. As a result although as a state Bihar’s industry sector might have 
suffered a blow since most of its mines went to Jharkhand, it is not reflected in the 
analysis. In short the analysis for Bihar covers only the geographic area of present Bihar. 
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Jharkhand 
 
Jharkhand is a new state curved out of Bihar. The GDP figures for Jharkhand for before 
1998 have been generated through back-casting, taking into consideration the districts that 
were previously in Bihar but are now in Jharkhand. 
 
The analysis gives result as follows. 
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Fig 3.29: District level break up of GDP of Jharkhand in 2001 
 

District GDP 2011
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Fig .3.30: District level break up of GDP of Jharkhand in 2011 
 
As is apparent, the services and industry sector dominates. This is mostly from the 
contribution of the mining sector. Hazaribagh, Dhanbad, Bokaro, Rachi and Singbhum are 
all endowed with mines and backbone of the Jharkahnd economy. Agriculture, although 
present in most of the districts is a small contributor. 
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The growth of Jharkhand for 2001 to 2011 expected to be as follows. 

District GDP comparison
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Fig 3.31: Comparison of District level GDP of Jharkhand 
 
Pakaur has had a massive increase in its GDP with an increase in the output of its stone 
chip making industry. The other districts have also increased domestic output to nearly 
double. 
 
Uttar Pradesh 
 
Uttar Pradesh has the maximum number of districts (70) of any state in India. The GDP 
figures at district level 1991 and 2001 are given as follows. 

 
Fig 3.32: District level GDP of Uttar Pradesh in 1991 

Fig 3.33: District level GDP of Uttar Pradesh in 2001 
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Again like with the other states there is a lot difference among the different districts. 
Ghaziabad, Agra, Bulandshaher, Lucknow, Allahabad are the important urban centers. 
Agra Lucknow and Allahabad are famous for handicrafts. Ghaziabad on the other-hand is 
a budding industrial hub. The smaller districts are mostly agricultural, with same 
accounting for 50% or more of the output. 

 
Fig 3.34: Comparison of District level GDP of Uttar Pradesh 
 
The graph shows the growth over 20 years. Kanpur Nagar (Kanpur city) has been steadily 
increasing while the GDP for Kanpur Dehat (Kanpur village) has remained more or less 
constant. This is because of the migration of most workers out of Kanpur village to 
Kanpur city. Growth is varied between the districts, however most showing good growth 
rate over the years. 
 
Uttarakhand 
 
Uttarakhand was carved out of Uttar Pradesh in 2000. Here also the same method of back-
casting was used to calculate the GDP of the two states prior partition. The Figures for 
Uttarakhand are as follows 
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Fig 3.35: District level GDP of Uttarakhand in 2001 
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District GDP 2011
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Fig 3.36: District level GDP of Uttarakhand in 2011 
 
Like the other states the GDP contributions from the different districts vary widely. 
Dehradun, the capital of Uttarakhand, and Hardwar, a popular pilgrimage destination have 
the highest contribution. Both these cities are expanding quickly as is evident from the 
figure below. A large part of the state sustains on tourism and is the main source of 
income contributing to the services sector. Agriculture also plays a fair part, but is not as 
substantial. 
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Fig 3.37: Comparison of district level GDP of Uttarakhand  
 
The GDP of Dehradun and Hardwar have more than doubled over the last 10 years, while 
the other districts have also shown good prospect. 
 
In terms of per capita income we can see drastic differences between the BAU scenario 
and the alternative scenario. In both the scenarios per capita income is increasing but the 
magnitude of increase is greater in the BAU scenario as opposed to that of the alternative 
scenario. This is primarily because of the fact that the rate of growth of  population in 
alternative scenario is much higher than that of the BAU scenario while the growth rate of 
GDP is the same for both. 
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3.2.5.5 Limitations  
 
There are however certain limitations of the work. 

·  Further sectoral breakup could not be achieved as information of working 
population was not available to that detail. 

·  The Census gives result every ten years. Hence the values for the years in between 
had to be extrapolated and might differ from the actual value. 

·  The study does not take into consideration prices, or wages which might vary 
locally, even between districts 

The assumption that all workers in a given sector have equal productivity, specially when 
each sector has many sub-sectors is also unrealistic. However it is a necessary data due to 
dearth of data at the district level 
 
3.2.6 Food Demand  
 
3.2.6.1 Method 

Based on an estimation provided by Kathyayini Chamaraj, 20097, the food demand over 
the years has been estimated for five states constituting the Ganga basin viz Uttar Pradesh, 
Uttarakhand, West Bengal, Jharkhand and Bihar both for the observed time periods and 
projections for the future. Estimation of food demand/ food requirement was arrived at on 
the basis of the calorie intake per person per month. These figures have been arrived at 
using the assumption that 15 kg of foodgrains is required per person per month to meet a 
minimum of 2400 calorie intake. The food requirement for the respective years is defined 
as the product of the population of the corresponding year to the minimum food 
requirement per person per month.  
 
Food Requirement = Population*Minimum food requirement per person 
 
The demographic numbers for each scenario have been taken from the estimations arrived 
at in the earlier section. These are known to vary across each scenario and the selected 
states and have been used with the per person per month food requirement to arrive at the 
total food demand at the state/ country level. Broadly, the states with high population and 
the scenario having the highest growth in population have a greater demand for food.  
 
The methodology was repeated for both the business as usual scenarios and alternative 
scenarios.  
 
3.2.6.2 Data Sources    
 
The demand for food in the future would depend directly on the requirement of food by 
each individual and also on the total population. The calculations for food demand, as a 
result, directly draw from the population projections for the future that have been 
generated as part of this study.  The number for per person per month food requirement 
was based on a concept note by Kathyaini Chamaraj on the National Food Security Act. 
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3.2.6.3 Assumptions  
 
The assessment for food demand assumes a uniform food requirement for people of all 
ages 
 
3.2.6.4 Results  
 
As the food demand is a function of the population, the trends in change in food demand 
mirror the change in population.  
 
Through 2001 to 2051, the population of all states shows an increase and similarly the 
food demand for every state also shows an increase from 2001 to 2051. The states that 
have the larger population have a higher food demand in the future. Issues such as 
migration into a state along with other determinants of population play an important role 
in determination of future food demand likely to be experienced in the state. Uttar Pradesh 
shows the highest demand for food owing to its high population in the present as well as 
the future time scale. For detailed results and graphs on both scenarios, refer D 3.1 
datasheets. 
 
3.2.6.5 Limitations  
The limitation of the assessment for food demand is that in the assessments are based on 
only one estimate of per person per month food requirement rather than considering a 
range of such estimates or differential estimates for different age groups. 
 
 
3.2.7 Water Demand  
 
3.2.7.1 Method  
 
Domestic demand for water is consistently on the rise with the increase in population in 
the country. Keeping pace with it, the water demand of associated sectors like agriculture 
and industries are also on the rise. In spite of the general trends for rise, the sectoral 
requirements or demand of water differ across administrative boundaries depending on 
the spread of water consumptive activities prevalent in the area. The consumption pattern 
although would differ across areas depending on the suitability of land for agriculture and 
the spread of the industrial belt in the area.  
 
In the case of the Ganga basin, although most of the region is dominated by agricultural 
lands, industries are also prevalent in certain pockets of the basin. An attempt has been 
made to capture an consolidate these sectoral demands for water for the all of the districts  
 
Domestic water demand 
Domestic water demand has been calculated as a direct function of population. Based on 
the liters per capita per day requirement of water, the total amount of domestic water 
demand was calculated by multiplying the population projected for the future with the 
liters per capita per day water requirement. 135 liters�  per capita per day was adopted as 
(liters) the lpcd requirement for the calculations.  
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Population year * 135 = Domestic water requirement year (liters) 

 
Agricultural water demand 
Agricultural water demand, being dependent on the food requirements in the future, was 
calculated on the basis of the food demand that is likely to be experienced in the future. 
The total foodgrain production of the country in 2007-08 was 230.67 million tones	 . The 
total amount of water required for irrigation in that year was 417 billion cubic meters. 
Assuming that the water was used for irrigation of foodgrains the total amount of water 
used for the production of one ton of food grains can be calculated. The total amount of 
water required for irrigation was calculated to be 1807.78 cubic meters per ton by 
dividing the total foodgrain produced in the base year by the water used for irrigation in 
base year. The total amount of water that would be required to meet the food demand in 
the future years was then calculated by multiplying the water required for producing one 
ton of foodgrains to the total foodgrain demand of that particular year. 
 
Water required for irrigation to produce one ton of foodgrain = Total foodgrain produced/ 
Total water used for irrigation 
 
Total irrigation water requirement in the future = irrigation water required for the 
production of one ton of foodgrains * food demand for the year. 
 
The methods used for the calculation of water demand in the future in an alternative 
scenario were the same as outlined above. The methods used for the calculation of water 
demand in the future in an alternative scenario were the same as outlined above. The 
difference in the demand figures between the BAU scenario and the alternative scenario 
in the case of food and water are due to the difference in the population projections 
between the two scenarios.  
 
Industrial Water Demand 
To calculate the water demand for the Business as usual and alternative scenarios for the 
industrial sector; urban population is considered to be the main driver of industrial 
growth.  The per capita industrial water demand using 2000 as the base year is multiplied 
by the urban population of the state to obtain the total industrial demand in a year for a 
state.   
 
Industrial water demand in a year = Value for industrial water demand per person * Urban 
population for the selected year.  
 
3.2.7.2 Data Sources  
The assessments of water demand for irrigation and domestic purposes were also based on 
the population projections that were generated as part of this study. The liter per capita per 
day (lpcd) domestic water requirement, as defined by the Planning Commission of India, 
was used for the assessments. For key figures of food grain production in a particular 
year, the Ministry of Agriculture data sources were consulted. The figures for total 
irrigation water used were taken from the Indiastat website. 
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The constant values for water demand by industrial sector have been obtained from the 
estimates from PODIUMSUM (policy Dialogue Model) used by IWMI to assess 
scenarios of India’s future water needs by 2050. The water demand scenarios are based on 
changes in utilizable water from the river basins of India�
 . The model projects that per 
capita industrial water demand could increase from 42 m3/ person in 2000 to about 66 and 
102 m3/person by 2025 and 2050 respectively in India. These figures have been used for 
calculations of industrial water demand from 2001-2051, based on changes in population 
between the Baseline and Alternative scenario.  
 
3.2.7.3 Assumptions  
 
o In the course of the assessments, it was assumed that all crops require the same 

amount of water for irrigation as required for growing food crops.  
o Also, in the calculations for domestic water requirement, the per capita water 

requirement was considered to be uniform across rural and urban areas in all states. 
o Population is considered to be the major driver of changes in industrial water demand 

for both the baseline as well as alternative scenario.  
 
 
3.2.7.4 Results  
 
Domestic water demand again mirrors the growth in population as it is a direct function of 
population. Therefore the domestic demand for water is highest for high population states 
like Uttar Pradesh and Bihar. The trend shows an increase in water demand over the years 
through 2001 to 2051. 
In the case of irrigation water demand, the figures again show high demand in states with 
a higher population as compared to states like Uttarakhand and Jharkhand, that have a 
lower irrigation water demand value due to their lower population size. 
 
For detailed results and graphs on both scenarios, refer D 3.1 datasheets. 
 
 

                                                 
�
  Source: Amarasinghe, U.A., Shah, T., Turral, H. and Anand, B., 2007. India’s water futures to 2025–2050: Business 
as Usual Scenario and Deviations. IWMI Research Report 123 . Colombo, Sri Lanka: International Water Management 
Institute. 
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Industrial water demand (2001-2051: BAU)
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Fig 3.38: Change in Industrial Water Demand over the period 2001 to 2051 for the BAU 
Scenario 
 
The state of Uttar Pradesh is projected to have the maximum increase in industrial water 
demand followed by West Bengal. Though state-level variations between the BAU and 
alternative scenario are less, there are variations at the district level within some states 
such as Uttar Pradesh and West Bengal. For example, in terms of rate of change, Uttar 
Pradesh indicates a sharp rise towards the 2050s with the districts of Kanpur, Ghaziabad, 
Gorakhpur, Bijnor, Khushinagar and Muzaffarnagar indicating maximum demands. 
 
 
3.2.5.5 Limitations  
The distinction between per capita water requirements has not been made between urban 
and rural areas.  
Also, the assessment does not take area under cultivation into consideration. 
 
With population being taken as the major driver of industrial growth, the BAU and 
alternative scenario indicate nearly similar trends. Other factors such as proliferation of 
small and medium industrial clusters, changes in trade patterns and goods supply and 
demand and their impacts on expansion of specific industrial units which may be water-
intensive has not been able to be integrated.  
 
 
3.2.8 Health Projections 
A number of indicators can be used to develop health projections. Common indicators 
range from those on health workforce (example, number of physicians per 10,000 
population or number of nurses and midwives per 10,000 populations) to those on health 
infrastructure (number of hospitals/ other health care facilities) to indicators on health 
expenditures (finances). The current analysis uses the ‘Number of Health Sub Centres��  
(SCs) in a district’ as an indicator for the availability of primary health care to the rural 
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population residing in that district. Based on projections of health SCs, it is also feasible 
to draw inferences on the required health workforce in the future for operation of these 
health centres. 
 
3.2.8.1 Method 
 
Firstly, decadal projections (for years 2031, 2041 and 2051) for total number of Health 
SCs in each district (for the states of Uttarakhand, Uttar Pradesh, Bihar, Jharkhand, West 
Bengal) were made based on the past state trend in growth of Sub Centres. As per the 
population norms, one Sub-centre is to be established for every 5000 persons in plain 
areas and for every 3000 persons in hilly/tribal/desert areas. This estimate was used as a 
standard to estimate the future requirement of health SCs in districts. Thus estimations on 
future requirement (on a decadal scale - 2031, 2041, and 2051), for total number of health 
SCs in a district were made assuming that the states are required to meet this established 
standard, using the formula: 
 
Estimated requirement of Health SCs in a district = Projected population in the district 
                                                                  5000 (for plain areas) or 3000 (for hill areas) 
 
The two were then used to estimate the future deficit (if any) in the total number of health 
SCs in each of the districts of all 5 states.  
 
The same method was used to develop projections firstly for the BAU population scenario 
and then the alternate population scenario. 
 
3.2.8.2 Data Sources  
 
District level data on existing number of Health SCs was collected from the Rural Health 
Statistics Bulletin (2009), from the Ministry of Health and Family Welfare, Government 
of India. State level data on growth in number of SCs over the last 6 Five-year Plan 
periods (from Sixth Plan 1981-1985 to Eleventh Plan 2007-2012) was also obtained from 
the same. 
 



 70 

 
3.2.8.3 Assumptions 
 
The rate of growth in the number of functioning SCs at the state level (over the last five 5-
year plan periods) was assumed to be an indicator of the growth in number of SCs in each 
of the districts of the state. This is because sufficient data (in time series form) was not 
available at individual district level to generate a individual trendlines that could be 
extrapolated for the future. 
 
3.2.8.4 Results  
 
Projections for health SCs show that in both scenarios, states with higher population 
growth rates will face higher deficits in rural health infrastructure with the expected rise in 
the number of SCs not keeping pace with the growth in population and the consequent 
health care demand. Especially in states of Uttar Pradesh and Bihar, more districts show a 
deficit compared to states like Uttarakhand, Jharkhand and West Bengal. The difference 
in the demand between the BAU scenario and the alternative scenario is due to the 
difference in the population projections between the two scenarios. Thus, in the alternate 
scenario with a higher population growth rate, more districts in each state are expected to 
face deficits in terms of health infrastructure coverage of the rural population.  
Thus any changes in water availability or quality, that may have impact on population 
health, may be aggravated by inadequacies in health facilities available in that region 
especially with respect to primary health care which is important to prevent and treat 
many of the common water borne diseases such as diarrhoea and cholera which are 
already a leading contributor to disease burden in rural India. 
 
For detailed results and graphs on both scenarios, refer D 3.1 datasheets. 
 

Box 1: Health Sub-Centers in India (GoI, 2007) 
 
The health care infrastructure in rural areas has been developed as a three tier system 
which consists of Health Sub Centres which is the lowermost tier followed by 
Primary Health Centres and Community Health Centres. In the public health sector, 
a Sub-health Centre (or Sub-centre) is the most peripheral and first contact point 
between the primary health care system and the community. A Sub-centre provides 
interface with the community at the grass-root level, providing all the primary health 
care services. As sub-centres are the first contact point with the community, the 
success of any nation-wide programme would depend largely on well functioning 
sub-centres providing services of acceptable standard to the people. In India, the 
current level of functioning of the Sub centres is much below the requirements. 
 
In order to provide Quality Care in these Sub-centres, Indian Public Health 
Standards (IPHS) (under the National Rural Health Mission) are being prescribed to 
provide basic primary health care services to the community and achieve and 
maintain an acceptable standard of quality of care. These standards would help 
monitor and improve functioning of the sub-centre. As per the population norms, 
one Sub-centre is established for every 5000 population in plain areas and for 
every 3000 population in hilly/tribal/desert areas. 
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3.2.8.5 Limitations 
 
Since the HighNoon project considers ‘district’ as the unit of assessment, indicator 
selection (for future projection) for the study was based on the availability of data at the 
district level. The study is thus limited to only rural populations (in each district) and rural 
health infrastructure because reliable datasets are available for health care facilities in the 
rural areas. A dearth of district level data on private health care facilities (private 
hospitals, dispensaries and clinics) which have a significant share in urban health care did 
not allow for inclusion of urban population and thereby limited the analysis to only rural 
areas where the Health SC form the backbone of health care available to the resident 
population. 
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4 Integration of scenarios  
 

4.1 Differences in the global and local scenarios  

 
Global scenarios provides basis for global analyses indicating the broad trends in socio 
economic development at that scale. However, an understanding of heterogeneities within 
the region is needed to account for multiple issues that operate and interact at the regional 
level. This is particularly important for assessing adaptation and vulnerability at the local 
level. Changes in the policy and regulatory regime, behavioral pattern, institutional 
arrangements, amongst others, play a major role in shaping the socio-economic 
development through changes in water use, land use, food demand, power supply, 
economic growth etc. For example, policy and regulatory measures around groundwater 
pumping, power subsidies for agriculture, water rights, land tenure etc. can have different 
manifestations at the local level that might not be captured in the global scenarios. 
Further, the ability to disaggregate the data into categories such as urban and rural 
population, share of tribal population, dependency on agriculture etc provides opportunity 
to capture the local scale vulnerabilities that may often get masked in global scenarios. 
While there are disadvantages to the approach in terms of capturing the inherent 
complexity of the system, the advantages lie in the fine resolution at which the 
information is produced.  
 
There are numerous challenges involved in comparing and integrating scenarios at 
different scales. Global scenarios have been downscaled at the country level. While there 
are inherent assumptions and uncertainties in downscaling global scenarios at regional 
and national levels, up-scaling of local and regional figures to compare with global 
scenarios suffer from similar deficiencies. Also, since the focus of the HighNoon study is 
only the Ganges basin which consists of eleven states spread over Northern India, the 
scale issues magnify adding to the complex task of comparing and merging scenarios.   
 
Population 
The UN projects a population of 1612 million Indians in 2050 according to their medium 
projection. Important to note here, that the UN projections have been updated to a higher 
estimate in every update of the last years. The table below presents population projections 
for India for the year 2050. While DEFRA (2004) estimated the population across four 
scenarios and provided the range 
 

India population projections for 2050 Source 
1298  --1888 million DEFRA 2004 
1569 million   TERI 2000 

 
 
Very important for the estimation of water demand in the Ganges however, is the location 
of this population and the distribution between urban and rural population.  
 
According to the projection using the method of Van Vuuren {van Vuuren, 2007}, 55% 
of the Indian population will live in urban areas, versus 45% urban. In the Ganges-
Bramaputra basin, the distribution is projected to be 50%-50%. TERI (2000) projects a 
slightly lower share of the total population living in urban areas in 2050: 51%. 
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Unfortunately, there has not been a study developing more detailed population scenarios 
at basin level. This would be very important to make a more realistic estimate future water 
demand. 
 
The population is shown to grow at a rate of 1.54 % per year for the alternate scenario and 
1.4 % per year for the BAU scenario. On an overall, urbanisation shows an increasing 
trend in the projections. The urbanization level varies across the sates and ranges between 
20 to 30 %, highest in case of West Bengal and lowest in Bihar for both scenarios.  
 
Economy 
It is difficult to compare scenarios of economic growth, because the units are different. 
The OECD presents their scenarios in US$ Purchasing Power Parity, which cannot be 
compared to the scenarios presented in US$. However, the global scenario projects a 
industrial contribution to GDP in 2050 to be only 25% (and 64% services, 11% 
agriculture). As is evident from the local scenarios, industry and services have a far 
greater contribution to the GDP than agriculture for all five states that cover the Ganges 
basin. Results indicate that the share of the agricultural sector has been declining in all 5 
states over the time period 2011 to 2051. While states like Uttarakhand and Jharkhand 
observe a steep decline in the contribution of the agricultural sector to the total GDP, 
Uttar Pradesh, Bihar and West Bengal show a 50 % decline.  
 
Agriculture 
The OECD projects, based on the population and economy scenarios, an increase in total 
annual crop production from 395 to 986 million tonnes food crops per year from 2000 to 
2050. This is an increase of 150% over 50 years. This number reflects the total food 
production for India, Pakistan and Bangladesh.  
 
In the OECD scenarios, irrigated areas are assumed to remain constant, because there are 
no global scenarios for expansion of irrigated areas. Further, climate change will affect 
crop yields, and therefore the total agricultural area is projected to expand with 48% 
(2050 compared to 2000) in order to be able to get the high production. 
 
While the global have tried to estimate the impacts on crop production and associated 
yields, the local scenarios have developed scenarios on food demand. While there are 
scale differences that exist, it is likely the global results can be made available at a 0.5*0.5 
sq km resolution and compared for estimating the supply demand gaps.  
 
Projections indicate an increase in food demand in the region from 65 million tones (Mt) 
in 2001 to 130 Mt in 2051 in the BAU Scenario. While the increase in demand is expected 
to be more than 100 % in the BAU scenario, in the alternate scenarios the demand is 
likely to exacerbate further.  
 
Water demand 
Apart from the main drivers population and economy, the total calculation of water 
demand in the different models is also very much dependent on other underlying 
assumptions. Land use development, sectoral economic development (industry uses more 
water than services sector), en assumptions on efficiency improvement. These other 
assumptions are the reasons that water demand projections differ enormously between 
scenarios (even the signs).  
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In the OECD scenarios, an autonomous efficiency improvement is assumed. Further, 
irrigated areas are assumed not to expand. Therefore, the total irrigation demand (for 
India, Pakistan and Bangladesh together) decreases in this scenario with 12% from 1194 
to 1054 km3/year between 2000 and 2050. 
  
In the IMAGE model, assumptions have been made on the dietary preferences and other 
lifestyles that change with income. Therefore, domestic water demand per capita will 
increase with income as will per capita food (and feed) demand. On the other hand, in the 
global assessment done for the OECD project, autonomous efficiency improvement is 
also assumed for the sectors domestic and industry, which partly offsets those increases. 
For domestic water-use, the OECD and TERI estimate the demand to be in the same order 
of magnitude in 2000 (OECD 32 km3/yr for India, Pakistan and Bangladesh, vs TERI 24 
km3/yr for India only). However, their estimates of increase in this demand differ 
enormously: OECD projects the water demand to increase almost six times until 2050 (to 
188 km3/yr), where TERI is milder with their estimate of an increase of a little more than 
doubling to 51 km3/yr. 
 
For the industrial sector, the initial estimates are already very different: 34 km3/yr 
according to the OECD (including Pakistan and Bangladesh). Subsequently, the OECD 
assumes a ten fold increase until 2050 (337 km3/yr) 
 
While the global scenarios estimate a decline in water requirements for irrigation, on an 
overall basis, water demand in the local scenarios is likely to increase in the future for all 
sectors. Every state is likely to experience an increase in water requirements, including 
irrigation proportional to their population growth and associated food demand. Projections 
from the local scenarios indicate an increase in the irrigation demand and domestic water 
demand is likely to double in the BAU scenario for the period 2001 to 2051. This 
however does not take into account the implications of improvements in efficiency, crop 
intensification and land use.  
 

 
4.2 Merging of scenarios to be useful input for WP6 

 
To provide useful inputs to WP 6, the socio-economic data in WP 3 should be able to 
capture the local conditions in order to enable planning of adaptation measures at the local 
level. For the adaptation options to reflect local conditions and vulnerabilities, the socio-
economic boundary conditions that are projected at the national and sub-national scale 
will need to be disaggregated at the district and if possible a lower scale, subject to data 
availability.   
 
Merging of outputs from WP 1 and WP 2 could be useful for WP 6 because for a specific 
region, water stress would be a combined effect of water supply affected by changes in 
the timing and amount of precipitation and river discharge as captured in WP 1 and 2 and 
water demand that is affected by changing socio-economic conditions. Furthermore, in the 
absence of specific data or indicators at the local scale, data at a coarse resolution (sub-
national and higher) adjusted to the local scale may be needed to be used, thus using 
certain global, national and sub-national average figures as a proxy or best alternative 
representative of the local conditions.  
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5. Conclusion and next steps 
 
Climate change is characterized by long time horizons, spanning hundreds of years. The 
impacts of which will be felt in a world that is different from the one that exists today. 
Therefore it is essential to know how the economy and society will change over time and 
how the impacts and need for adaptation varies over this time period. Consequently, it is 
essential to incorporate the changes brought by the driving forces of population growth, 
economic development, and technological change in the process of climate change impact 
assessment and they must be included in enough detail that evaluates the merit of policy 
options. The construction of socioeconomic scenarios is an inextricable part of any 
analysis of the implications of climate change. “Scenarios are powerful tools for 
addressing what is both fundamentally significant and profoundly unknowable – the 
future” (WBCSD 2000). They differ from forecasts, which impose patterns extrapolated 
from the past into the future. Instead, scenarios are coherent, internally consistent, and 
plausible descriptions of possible future states of the world (Carter et al 1994). Scenarios 
generally span a range of alternative futures. In brief, they are projections of a potential 
future based on a clear logic and quantified storyline (IPCC-TGCIA 1999).  
 
At worst, climate change impacts have been projected on a static society, without 
accounting for changes in key socioeconomic drivers of human development. In other 
assessments, impact predictions with a very limited set of socio-economic indicators (such 
as population, GDP per capita, and land-use change and technological improvement) have 
been carried out using computer-based models.  
 
Socioeconomic scenarios encompass diverse factors that shape a society. The 
socioeconomic baseline describes the present state of all non-environmental factors that 
influence the exposure unit. The factors may be geographical (e.g. land use), 
technological (e.g. pollution control), managerial (e.g. forest rotation), legislative (e.g. air 
quality standards), economic (e.g. commodity prices), demographic (population), social 
(e.g. lifestyle), or political (e.g. land tenure, property rights) (IPCC 1996). 
 
Workpackage 3 therefore attempts to develop socioeconomic scenarios based on global 
and locally driven approaches. While broad trends can be assessed by using the global 
techniques, locally driven approaches help us account for regional heterogeneity using site 
specific information and datasets.  
 
5.1 Socioeconomic assessment, differences global and local scenarios and integration  
 
Results have been produced for select variables at various scales – from the global to the 
local to enable its use in WP 6 for stakeholder consultations. This would enable 
stakeholders visualize the changes in socioeconomic conditions and understand climate 
change implications. The local scenarios focus on projections for five states and an 
attempt will be made to widen the scope to include some other states, that are not in the 
main trunk but in the larger Gangetic basin.  
 
Complexities related to cascading uncertainties as we progress in our analysis in the 
global projections and local projections exist.  To be able to address these uncertainties an 
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attempt has been made in the local scenarios to include an alternative scenario that helps 
capture these wide variations providing a more representative picture.  
 
These projections are not forecasts and therefore should not be judged in terms of absolute 
accuracy. They provide qualitative picture of the socio economic futures in the basin.  
Comparing the global and local scenarios presents a methodological challenge. Scale 
differences being the most prominent amongst them. Also the underlying assumptions and 
the heterogeneity and homogeneity at regional scales provide outputs that are very 
different.  
 
However, to be able to integrate the outputs of the scenarios developed at both scales the 
only feasible option would be to identify the complementarities and draw the strengths of 
each approach to share the information with the stakeholders in WP 6.   
 
5.2 Usefulness to WP 4 and WP 5 
 
Selection of specific datasets to construct the local socio-economic scenarios in WP 3 
may provide useful insights to WP 5 in developing the integrated impacts indicator 
system. WP 3 scenarios may also be useful in designing the methodology for participatory 
selection and prioritization of adaptation options in the light of projected socio-economic 
scenarios from the national to the local level.  
 
5.3 Scaling down of results for inputs to WP 6.  
 
Outputs of the Regional Circulation Models on changing monsoon patterns, snow and 
glacier melting will be used to force the regional model and LPJmL- water used in WP 3. 
It would be useful to assess which socio-economic scenarios are the most sensitive to 
uncertainty in climate scenarios. It would also be useful to observe how the local level 
case study boundary conditions in WP 6 interact with the macro level conditions.  The list 
of adaptation measures from the stakeholder process in WP 6 can provide an opportunity 
to create alternative scenarios of development assuming that these adaptation options are 
deployed.  
 
Broadly, while the future projections maybe similar for all the States in North India, it is 
essential to capture the differences in terms of underlying state features which may 
manifest in the form of differences in rate of growth of population and urbanization. Some 
of these factors include education, female literacy rate, agricultural dependency, 
proportion of tribal population, rural-urban population ratio, health care facilities, 
occupational profile, inequality in income distribution, policies / programmes of State 
Governments for development and environmental protection etc. Socio-economic 
scenarios should also address factors specific to sectoral climate change impact studies, 
for example per capita food grain availability, land tenure, fertilizer availability, 
infrastructure development, land degradation, water quality, etc.  It is also essential to 
juxtapose these scenarios with likely policy and regulatory changes that may have sectoral 
implications in terms of technology, foreign investment and trade regimes given there are 
wide scale variations that exist even within states. 
 
5.4 Scenario modifications through WP 1, 2, 3 and 6 forcings 
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WP 6 forcings might result in changes in the scenarios developed as part of WP 1, 2 and 
3. Therefore outputs from WP 6 would feed into each of these workpackages to arrive at 
different set of results that take into account stakeholder perceptions of expected changes 
in future and also the various response measures and prioritization of options for 
adaptation.  
 
However, these options and their validation would be site specific and would not be 
generalized at a basin scale.  
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