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Abstract

Work Package 3 develops socio-economic scenariodN@thern India. The current
deliverable describes available socio economic ates from global studies and
compares them to scenarios available at districtlleThe objective is to develop socio
economic scenarios that are consistent amongstkpeales: fitting in a global context,
but detailed enough to be informal for the stakeé&oprocess in work package 6.
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1. Introduction

Workpackage 3 is dedicated to develop scenariosdoro economic development in
Northern India (Ganges basin). These scenariosdvontain projections of population,
economic development and associated food and vdaterand. Within the HighNoon
project, the scenarios developed in this workpaekaij be used to inform stakeholders
from different locations in the Ganges basin ontwerelopments could be possible and
where the main uncertainties are. The scenarioddmoelp stakeholders in addressing
and understanding possible issues related to veatdrfood supplies and the need to
startegise to meet growing demands in future. Eugrthhe scenarios would help
stakeholders design robust adaptation strategiaddress related risks in future in a more
pro-active manner.

In order to be informative for local stakeholdeh® scenarios require to have a high level
of geographical detail. Typically, global modelistydies are based on well worked-out,
consistent story lines, but they lack the requigedgraphical detail. Moreover, within-
country heterogeneities are missing. On the othadhlocal scale scenarios do consider
the required level of geographical detail, but desthe global consistency, or are not
based on modeling studies and therefore missingritapt interactions.

Global scale socioeconomic scenarios have beeriggeeeand downscaled for India and
the Ganges basin to understand changes in theagimpubnd its corresponding demand
on food and water resources. To be able to artitkeavarious results certain modeling
tools have been used for the various assessments.

In case of the local scenarios, district scaleammnomic projections on select variables
were developed using more direct relations amongsiables. While there are
disadvantages to the approach in terms of capttiiegnherent complexity of the system,
the advantages lie in the fine resolution at whighinformation is produced.

Thus, in this WP we try to bring the global anddbscenarios together. Chapter 2
presents an inventory of existing global scale adea zoomed in to what they project for
India, Chapter 3 develops an inventory of locallescscenarios that contain more
geographical detail, Chapter 4 seeks to comparenheets of scenarios developed using
a top-down mode and a bottom-up mode address aretewpossible explain the
differences between the scenarios. An attempt hesn bmade to identify the
commonalities between these two approaches, iftarfe able to conclude a consistent
set of findings for the local region/ study domdesides, the outputs would be evaluated
from the point of view of its usefulness for thalstholder consultations planned in WP6,
containing the required geographical detail. Thst Ehapter provides details regarding
recommendations for next steps under the study.



2.Global scenarios zoomed in to India

The OECD Environmental Outlook to 2030 and updates

The global scenario used for this study has beempded by the OECD for its latest
OECD outlook to 2030, which was published in Ma2€l®8 (OECD, 2008) (2008). The
impact of the population and economic projectionsagriculture and water sectors have
been assessed using the IMAGE global integratessasgent model (MNP, 2006). To our
knowledge, this was one of the latest efforts twettgpp comprehensive and consistent
global change scenarios, in which global socio-eatn developments were explicitly
included. We present here the so-called OECD besslienario, that is defined as a no-
new-policies scenario. For this baseline scenatioss assumed that many aspects of
today’s world remain the same, not standing dbilit evolving along the same line as
today. Population and income are projected to asmeand diet preferences, mobility
demand and other consumption preferences keepngh#&hd increasing with income in
the same way as in the past decades.

The OECD and their scenario developers state etylibat the baseline scenario should
not be interpreted as the most plausible futuresldgvment for the globe, because it is
very likely that governments and other decision emskwill react to developments.

However, in the OECD Environmental Outlook to 2030e baseline is used as a
benchmark for comparison with policy scenarios. gk it is the most logical scenario

to use as a starting point for HighNoon. Sinceftiwais of this project is adaptation, not
mitigation, and the policies evaluated for the Ooiltl are very different from the kind of

policies we want to evaluate in HighNooN.

For the variables population and wateruse, theee presentations of more recently
compiled scenarios that contain more detail.

Population development

The OECD uses the medium population projection lié tUN, which projects a
stabilization of the global population at around Billion people by the middle of the 21
century (UN, 2005; adjusted in UN, 2008). The latgeopulation increase is projected to
take place in the developing countries. Figure shaws the projected population for
India. The UN projects a population increase falidnfrom around 1.2 billion today until
1.6 billion in 2050.
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Figure 2.1. Indian population according to UN medliscenario (UN, 2008)

In order to estimate water use and correspondirgsstto river basins, this population
increase was distributed over a 0.5 degree gridcangksponding river basins. This was
done using a very simple algorithm, allocating plopulation-increase proportional to the
population distribution in the base year. This nsedmat the distribution urban-rural

population is assumed to remain constant. Moreakierpopulation of India, Pakistan and
Bangladesh were summed before distribution, andethwee will experience the same
growth rate in the scenario to 2050.

An improved methodology to distribute the populationore realistically over the

gridcells was proposed by Van Vuuren et al. (varurén et al., 2007). They use UN
projections at country scale instead of ‘Indiat+alsc(India, Pakistan and Bangladesh);
distributing the growth evenly over the countryt lalso accounting for a shift in the

distribution urban — rural. Figure 2.2 shows th&rthuted population projection for 2050
using this method. Table 2.1 shows the urban amnal population for India and the

Ganges-Bramaputra basin derived from this distioiout Technically, state level

projections could also be derived from this gridgegbulation projection, but these will

not include any information on local trends.



Figure 2.2. Projected population distribution f658 (in millions)

Table 2.1. Population projections urban and rusalifidia and Ganges-Bramaputra basin
(including Nepal and China), based on downscaled (2BI08) projections. Method
described in (van Vuuren et al., 2007), river bakghneation based on (Vorosmarty 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 2010 2030 2050
population

Rural 478.6 497.0 409.7
Urban 162.9 277.9 416.3
Total 641.5 774.9 826.0




Economic development

The long term economic projections are made byosentd by region, using the model
ENV-linkages (adapted from Mensbrugghe, 2003). &Haetors are considered to be the
long-term determinants of growth in economic atyivn each region (in this case:
India+): labor force, labor productivity (influerttdoy skills and production technology)
and trade. For each of these factors, a time-path @eveloped reflecting a ‘no new
policies’ development.

The labor force participation in non-OECD countnwess assumed to converge slowly to
the OECD average of 60 percent, with a rate of dapure of 1 % per year. Combined
with the projected population growth, for BRIC ctnes (Brazil, Russia, India and
China) this will lead to an absolute increase d¥2n the labour force between 2005 and
2030.

Labor productivity in all countries is assumed tova in the direction of the long-term
average of industrialized countries (1.75% growgh year). Countries slowly converge to
that rate by closing the growth rate gap by 2% yemar. This is done for each sector
separately, therewith leading to shifts in sectomhposition of the economy over time.
Generally this means a stronger growth in the sesssector than in agriculture.

Since the baseline scenario assumes no new politiesrate of trade growth will
gradually level off. This means that eventuallydgawill grow at the same rate as
economy in general in the baseline.

Those three economic trends lead to a projectio®DP growth per country and per
sector. The global average growth would be 2.8ergrper year between 2005 and 2030.
India would see growth rates of approximately 7 &byear in the first years towards 4 %
during 2020-2030. Figure 2.3 shows the projectedPGBvelopment for India. Although
the relative contribution of agriculture to theaoeconomy 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@v8hg sectoral contributions to the
total GDP

Agriculture and land use

By combining population and economy projectionsg f@ECD calculates with the
IMAGE model (MNP, 2006) that up to 2030 the globkgticultural production will need
to increase by more than 50% in order to feed aulatipn more than 27% larger and
around 83% wealthier than today’'s (Bakkes et &08). Although it is assumed that the
agricultural productivity of land will increase stbntially, the global agricultural area
will still have to increase by around 10% to susthis production.

The largest part of the increase in agriculturaldpiction can be explained by increasing
domestic demand. However, trade plays a role indtetion of agricultural expansion. In
general, countries with a high population growte lindia, will see increasing imports
and decreasing exports.

The increasing demand for agricultural products Veédd to both intensification and
expansion of agriculture. The total land used fpicalture is projected to increase in all
regions except Japan and Korea, and in most cagesvill happen at the expense of
remaining forests. According to this projection, 2850 India will need approximately 1
million km? additional cropland to be able to produce enowgtu fcrops for its growing
population (figure 2.4). The total crop productiiil almost double between 2010 and
2050 (figure 2.5), but this assumption is howewsajact to discussion given that there are
already many pressures and competing uses of l@@xsits in the country.
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Figure 2.4 Total crop area from 2000-2050 in OEC@utB Asia (India, Pakistan,
Bangladesh)



Production of food crops

m tropical cereals

O temperate cereals

S
©
3 W roots & tubers
2
3 O rice
3 O pulses
S )
m oil crops
O maize

Figure 2.5. Total production of food crops 2000205

Agriculture is affected by climate change. In gahemore precipitation can lead to
higher production, because of wetter soils. Highemperatures can lead to higher
production, but also to a decreasing productionabse of heat stress and increasing
drought risk. The combined effect of temperaturd @necipitation changes will also
differ per crop. Therefore the impact of climatebe will be very unevenly distributed
over the world. Figure 2.6 shows the projected ichman crop yields (2050 relative to
1990) for different crops in South Asia on curragticultural areas (this is the projected
yields only affected by climate change, not techgglimprovements).
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Figure 2.6. Production change on current agricaltareas

10



According to the calculations of the cropmodel MAGE with OECD baseline climate

change scenarios, rice and temperate cerealsepedps suffering the most from climate
change in this region. This can be due to a diffeq@recipitation pattern or higher
temperature or a combination of both.

Water use

According to the estimates of the OECD (based om pbpulation, economy and
agriculture scenarios described above) done wighWaterGAP model (Alcamo et al.,
2000: Alcamo et al., 2003: Doll et al., 2003), giblvater demand will increase with 26
% between 2005 and 2030. The two countries witHatgest overall water use are India
and China. The total water use is a sum of waterimdrrigated agriculture, domestic,
industrial and livestock water use. According tesh calculations, India (including
Pakistan and Bangladesh) will see an increase terwee of 18% (1287 km3/year in
2005 to 1337 km3/year in 2030). This is mainlyssiby a larger water demand in the
electricity and manufacturing sector (mainly drivieym economic growth), with smaller
increases in the domestic sector (driven by pojulagrowth) and offset by a decrease in
irrigation water demand (figure 2.7).

These numbers are very much influenced by the Wyidgrassumptions of the baseline
scenario. In this scenario, irrigated area is assunot to expand. Combined with the
assumption of an ongoing efficiency improvemente tvater use for irrigation is
projected to decrease. The water use of other rsedglectricity, manufacturing,
domestic) is projected to increase, which is the eféect of population growth, the
projected development in these economic sectors, @m autonomous efficiency
improvement for these sectors.

Water use in India, Pakistan, Bangladesh
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Figure 2.7. Projections of water use by sectondid up to 2050.
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Water stress is defined at river basin scale aatimeial withdrawal-to-availability ratio.
According to above definition, a ratio above 0.H&ined as low water stress, above 0.2
as medium water stress, and above 0.4 as seveee stass. The increase in number of
people living under water stress in India mainliyein by population changes (changes in
withdrawal), and not so much by climate change(fygtire 2.8).

Population living under water stress (India, Pakis  tan,
Bangladesh)

2030
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= No
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Figure 2.8. Projection of population living undeater stress up to 2030

For the WATCH project www.eu-watch.orly new gridded datasets on sectoral water
withdrawals (households, industry, livestock, aleity) and consumption are made
available. Figure 2.9 shows the projections ofltatater withdrawals and consumption
for the Ganges-Brahmaputra basin for two globahgeascenarios: A2 and B1l. Figure
2.9 shows the projected water consumption (summetiduseholds, industry, electricity
and manufacturing) for those 2 scenarios. Figui® 2hows the spatial distribution of
water consumption for 1971-2000 versus the projectesumption for 2036-2065 for the
A2 scenario.
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Figure 2.9 WaterGAP projections for total waterhalitawals and consumption
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Figure 10. Spatial distribution of water consumptidor households, livestock,

manufacturing and electricity for 1971-2000 (A) aR@36-2065 according to the A2
scenario (B). Values are presented in million cubeters per year.

The global hydrology and vegetation model LPJImL-wadr

In the previous section it was shown that IMAGE mlodas been used to make an
assessment of future water stress. However, isyeem used for the OECD scenarios,
the coupling to the water model has been off-liaeg there has been no connection
between water use and crop yields. To make a mamsistent assessment in the next
assessments, the crop and water modules from IMAf@Ecurrently being replaced by
the global hydrology and vegetation model LPIJmLewng&Biemans et al., 2009: Biemans
et al., submitted: Bondeau et al., 2007: FaderetMal., 2010: Gerten et al., 2004: Rost et
al., 2008) in a full coupling. With this new systemnwill be possible to study crop water
interactions, explicitly accounting for the effeaft water stress on crop yields. In recent
years, LPIJmL-water has been developed to (alsa)skd as a global water resources
model, trying to make the best estimate of avadlablater resources by explicitly
accounting for reservoir operations and irrigatextractions (Biemans et al., submitted:
Rost et al., 2008). Although the coupling has bestablished and test runs have been
performed, it is not yet possible to show a congpteinsistent scenario run.

This section describes the modeling system LPJmat ithused for global simulations of
hydrology, irrigation water demand and supply, adlvas crop yields. It describes the
‘initial state’ of the modeling system as it is dsa global applications and to zoom in to
the current results for the Ganges-Brahmaputranedihe main objective of this section
is to give an impression of the model, show iterggths and weaknesses to assess the
suitability for informing stakeholder processesNi6.

Model description

Overview

We use the LPImL (“Lund-Potsdam-Jena managed Lataliamic global vegetation and
water balance model (Bondeau et al., 2007: Gettah,&2004: Rost et al., 2008: 2003) for
the simulation of discharge, irrigation water dechawater withdrawals and crop yields
(figure 2.9). The model solves the carbon and waaéances at the earth surface. It runs at
0.5 degree grids in daily time steps. LPJIJmL actoenplicitly for ecosystem processes
such as establishment, growth and mortality of iedenatural vegetation.

13



Originally the model was developed as a dynamibaloegetation model, simulating

changing patterns of natural vegetation based drpsuperties and climate (Sitch et al.,
2003). In recent years, the model has been extenilegeveral new modules, including a
crop model, simulating the growth and productiomafjor crops (Bondeau et al., 2007),
and a global routing and irrigation module (Rosilet2008).

The global water balance of LPIJmL was evaluate@@srten et al., 2004) and compared
with other global hydrological models. Recently Joi. has been systematically validated
against streamflow observations for 300 globalrrhv&sins (Biemans et al., 2009). LPIJmL
is comparable to other global hydrological modelsts simulation of streamflow as is

shown in the results of a model intercomparisorrendly performed under the Water
Model Intercomparison project (WaterMIP) (Haddelatdal., paper in preparation). The
advantage of using LPJImL for water resources studighat it is including a physically

based crop model. This makes the model suitablsttaty the interaction between water
resources and food production, as it simulatespimgsical interaction between water
availability and crop yields in a consistent franoekv The performance of the LPIJmL

crop model has recently been validated by Fadal €2010).

Figure 2.9. Overview of the hydrological componeasftt PImL global hydrology and vegetation model.
Vertical water balance

The LPJImL model uses a 2-layered solil, with a syed of 0.5 m and a second layer of 1
m thickness. The soil water balance is calculatEty,dincluding precipitation, snowmelt,
interception loss, soil evaporation, transpiratipercolation and runoff. The monthly
precipitation is distributed over the month for leaell using information on the number
of wet days and a random distribution. The totabifftiis calculated as the sum of surface
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runoff from the first soil layer, subsurface runéfdm the second soil layer and water
percolating through the second soil layer. Deepugdavater is not accounted for. The
surface and subsurface runoff are defined as thessxwater above field capacity of the
first and the second soil layer. Subsequently tieff water is routed through the above-
described gridded network with a constant velooftg ms".

Gerten et al. (2004) evaluated the water balancancodarlier version of the model for a
small set of basins and concluded that the modeilteeat monthly time scalér runoff
and evapotranspiration agree well with the restdigorted by state-of-the-art global
hydrological models, this is also confirmed by thesults of the Water Model
Intercomparison Project (Haddeland et al., papgréparation).

(For more information on the vertical water balgreme Gerten et al., 2004)

Routing model

A river routing module was implemented in LPIJmLdompute the daily transitional
discharge volume in each 0.5 degree grid cell (Rasal.,, 2008). To determine the
transport directions we used the global 0.5 drardigection map STN30 of (Vorosmarty
et al., 2000). STN30 organizes the Earth’s land ar® drainage basins and provides the
river network topology, assuming that each grid can drain into one of the eight
neighboring cells. Each grid cell is consideretidve a surface water storage pool, that is
changed by the outflow and inflow of rivers, thetfltmw and inflow of lakes and the
irrigation water withdrawal.

The change over time of river storadh, | is represented as a continuity equation derived
from a linear reservoir model:

dSriv — _ 1
F - (Qin Qout + Qoutl) XT +R

Qin is the input of discharge from upstream grid célls, is the output to the downstream
cell, Qout (see below) is the outflow of lakes and reservoirthe respective cell (all in
m3 db), f is a factor (0.001) to convert the volumetric amsuto mm & by weighting
with the areaA (m?) of the cell, andR is the runoff generated in the cell.

In general, within a day the total river storageadfell is transported to next cells with a
flow velocity of 1 m & globally. The outflow of lakes is defined as

Qu = 00155, ()15

L max
In which S is the lake storage arffinax 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 LPIJmL model has been extended widgs@rvoir module and an expanded
irrigation module, affecting timing of flow and thamount of water available for

irrigation (Biemans et al., submitted). The reserécheme is based on a combination of
existing globally applicable reservoir operatiogalthms developed by (Hanasaki et al.,
2006) and (Haddeland et al., 2006: Haddeland g2@06), combining the strong points

15



of each and adding missing processes (e.g. indutie effect of irrigation extractions on
the water and carbon balance) while at the same ailso adjusting it to the host model’'s
architecture.

The dams and reservoirs are introduced in the maodek year that they were built. This
enables the model to simulate effects of resenairthe hydrological cycle dynamically.
It also makes it very suitable for future scenatiadies, because dams can be introduced
at any point in time.

In the year the reservoir is built, the dam isadtrced at its geographic location in the
river network of the model. To ensure the rightalien of dams, the position of all
reservoirs with a capacity greater than 5°kmave been checked and replaced on the
network if necessary. If irrigation is amongst fheposes of the dam (this can either be
the main purpose or a secondary purpose), thetlaaeéaan theoretically get water out of
this reservoir is allocated according to slightlgdified rules of (Haddeland et al., 2006).
All cells that are downstream of this dam on themmnaer course and that are max 5 cells
(approx 250 km at the equator) upstream from thésnmiver can get water from the
reservoir, provided that they are lower in altitulan the cell containing the reservoir. It
is possible that a cell can be supplied by two oreweservoirs. In that case, the demand
of that cell is shared between those reservoirp@timnal to their mean volumes.
Because the mean volume of a reservoir can change year to year (e.g. because the
reservoir is filling during the first years aftet has been built or because it is
overexploited), those shares are updated annually.

The outflow regime of the dam is based on simuldistbric information, assuming that
expected inflow and demand for coming year is eqoiaverages of the past 20 years
monthly values of inflow and demand. From the momiat the dam is built, the
monthly inflow, irrigation demand and volume of tlilam are stored in a dam-memory
for maximally 20 years. At the end of every montistmemory is updated and once
every year the mean monthly and mean annual irflodvdemand are updated.

The start of an operational year for a dam is @efisimilar to (Hanasaki et al., 2006) and
(Haddeland et al., 2006) as the month when mearhtyanflow shifts from being higher
than the mean annual inflow to being lower thanriean annual inflow. If there is a
reservoir upstream, this can influence the stathefoperational year for the downstream
reservoirs. At the beginning of the operationalry¢ae actual storage in the reservoir is
compared with the potential storage capacity ofrdservoir. Because inflowexhibits
interannual fluctuations, the target releaRefor the coming year is adjusted for
interannual variability, calculating it as

Ry = krls,y >q-mean

in which kqsy is the release coefficient for th& ypperational year angheanis the mean
annual inflow calculated over last 20 years (or yhars since the reservoir exists if this
less than 20 years). At the beginning of every aip@nal year the release coefficient is
calculated as:

k

=S /aC

rls,y first,y

WhereS;sty is the actual reservoir storage at the beginninth@ operational yeat is

the potential (or maximum) storage capacity of tbgervoir and is a dimensionless
constant that can be interpreted as the fractidheotapacity that a manager aims to have
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stored in the reservoir at the start of the newaimenal year. For the study presented in
this paper, is globally set to 0.85, following (Hanasaki et @2006).

The monthly target releasény is set according to the purpose of the reserasiin
(Hanasaki et al., 2006). For a reservoir that dosshave irrigation as the main purpose
(hydropower, flood control, navigation), the targetflow is assumed to be as constant as
possible:

r'. =i

my mean

The target release for irrigation reservoirs isrisf as:

i 9. d . _
rlm,y = +_>1mean ——— if dmean 0.5 ‘lnean
10 10 dmean
r.Im,y = imean + dmeanm - dmean’ If dmean< 05 'imean

in which dmean and dmeanmare the mean annual and mean monthly irrigatiamashel
respectively.

This calculation is based on (Hanasaki et al., 2006t has been slightly adjusted. In the
current algorithm only irrigation water use is aaoted for and domestic and industrial
extractions are neglected. Further, in Hanasaki®emme the minimum release was set at
50% of the mean inflow (environmental flow requiem). In rivers with a strong
seasonality, this means that the outflow in lownflmonths is much higher than in the
natural situation, leaving no water available foigation. Therefore in the current scheme
the minimum release is changed to 10% of the meanthty inflow, to let outflow follow

as much as possible the irrigation demand, butyaeaving 10% of the mean monthly
inflow in the river, following the natural intra-anal flow variability.

The actual reservoir release depends on the relaire of the reservoir as in Hanasaki et
al. (2006):

Kis " Ty »(C3 05)

rls
r - c 2 c 2
Yy — k. r o+ 1-

— i, (OEC£05
o5 " ™ 05 )

In which c equals storage capacity divided by mean annuavinfl

If there is no irrigation demand from this reseryail the water is released directly into
the river. If irrigation is amongst the purposedlod dam, part of the released water can
be diverted to irrigated land. In this case, ord§4lof the mean monthly inflow is directly
released to the river. The rest can be used fgairon.

The reservoir only has a memory for total monthhgation demands, but daily demand
can vary throughout the month. Therefore, the wiiat is released for irrigation can be
used during 5 days. If this water is not actuaigdifor irrigation within these 5 days, it is
also released back into the river. Thus a kindtofage in the conveyance system is
simulated.

The first part of the irrigation algorithm is deded in (Rost et al., 2008). The net
irrigation demand of an agricultural field is defthas the amount of water needed to
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either fill the soil to field capacity, or the anmiuneeded to fulfil the atmospheric
evaporative demand. The gross water demand isnde&d by multiplying the net
irrigation demand by a country specific efficieniagtor (estimated by (Rohwer et al.,
2007)). This gross irrigation demand is first fildfd by taking water from the cell’s lakes
and rivers. Secondly, if the local cell cannot ifulfie demand, water is taken from the
neighbouring grid cell with the largest upstreamaannder the assumption that, that is the
neighbouring cell with most water available (fotalks, see (Rost et al., 2008)). Only if
there is a remaining irrigation demand, the resengoasked for water. The reasoning
behind this assumption is that it is probably eaarel cheaper for farmers to access their
locally produced runoff or tap from a local rivliah to be supplied from a reservoir.

The total water demand to the reservoir is compaiiitithe water that was released from
the reservoirs for irrigation during the last 5 slayf the demand can only partly be
fulfilled, all cells get an equal percentage of tater needed to fulfil the irrigation
requirements.

A net irrigation requirement NIR (mm) is defined ¢ amount of water required to
avoid crop water limitation and not provided bynfail. However, as irrigation is mostly
rather inefficient, actually more water is withdrathan needed by the plants. This water
is lost in applying it to the crops, e.g., by evigtion from open channels, from soils and
vegetation canopies, by leakage from pipelines, lapndeepage. The total amount of
withdrawn water is the gross irrigation requiremétiR (mm).

The ratio between NIR and GIR is given by the atign project efficiencyes. To
account forer and its spatial distribution, we used the coustgie data set compiled by
Rohwer et al. (2007), who deriveg from the product of an application system
efficiency, a conveyance system efficiency and aagament factor.

The application efficiency describes losses whetewis applied to the field. It differs
between surface, sprinkler, and micro-irrigatiomjues vary between 0.6 in countries
with mainly surface irrigation and 0.9 in countri@gh mainly micro-irrigation (such as
Israel, Jordan and the United Arab Emirates).

The conveyance efficienag describes losses during the transport of waten facsource
to the field; values range from 0.7 in countrieshmpredominantly open canals of surface
irrigation systems (in large parts of Asia, Afridaatin America, and Australia) to 0.95 in
countries with well-maintained pressurized pipelirgystems (in Russia and
western/northern Europe.

The management factor is a substitute of across-distribution efficiency that describes
the type of management and maintenance of irrigaichemes. The complexity of
management typically increases with the size gjation projects, thus values range from
0.7 for countries with expanded large-scale surfaggation systems (e.g., Pakistan,
Thailand, Chile, Mexico, and Sudan) to 1 for snsalile systems. The resulting project
efficiency is highest (>0.8) in countries with noarrigation and lowest (around 0.3) in
countries with large-scale surface irrigation systg€Rohwer et al., 2007).

(source: Rost et al, 2008; Biemans et al, subnjitted
Inputdata

Climate forcing
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The CRU dataset (see figure 2.10 for India) has been deeel by the Climate Research

Unit of the University of East Anglia. It consist$ a climatology (New et al., 1999) and

monthly anomalies to this climatology (New et &000) at a global 0.5 resolution, of

which monthly values for precipitation, temperatwi®ud cover and number of wet days
per month are used for the present study. The elatas recently been updated (CRU TS
2.1, (Mitchell and Jones, 2005)) for the years 120@2. The dataset is based purely
based on ground observations, but is not correfdednow undercatch or orographic

effects.

Figure 2.10. CRU mean annual temperature in @)(efd precipitation in mm yr(right) for 1991-2000.

Land use

The land use input consists of annual fractiongrajated and non irrigated crop types
within each grid cell (total per crop type see feg2.11, irrigated area see fig 2.12).
Eleven crop types are distinguished (temperateatereice, maize, tropical cereals,
pulses, temperate roots, tropical roots, sunfloweybean, groundnut, rapeseed) as well
as managed grass. This global crop and irrigatipntidataset is derived by {Fader, 2010
#582}, combining recently compiled datasets on feminand irrigated agriculture
(Portmann et al., in press), current crop distrdng (Monfreda et al., 2008: Ramankutty
et al., 2008), and historical land use informafikiein Goldewijk and van Drecht, 2006).
(For details see {Fader, 2010 #582}).

The natural lakes per grid cell are derived frora thobal lake and wetland database
(GLWD) (Lehner and Doll, 2004), by excluding thefage area of artificial reservoirs.
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Figure 2.11. Fraction of cell covered by crops @®@. A: total of all crops including managed grassls,
B: temperate cereals, C: rice, D: tropical cereals.

Dams

The dam data used as input for the scheme is ttenttg released GRAND database
(Lehner et al., 2009). This global database coatapproximately 7000 dams globally,
including their attributes building year, geogragailocation, maximum capacity, surface
area and purposes. See figure 2.12. According ¢0GRAND database, the Ganges-
Brahmaputra basin contains many reservoirs, mainiid for irrigation purposes.
However, the largest reservoirs in the basin arflel lhor other purposes (hydropower) and
are not used for irrigation.

20



Figure 2.12. Locations of dams relative to irrightereas. Points: all dams that are implementedhén t
model; colors show whether the reservoir is usadirfigation, the size refers to the capacity oé th
reservoir. Grey shades: the percentage of thettallis irrigated according to the land use ingee(Fader
et al, submitted). Green shade: the area thatislyp supplied from an irrigation reservoir, acdimg to the
models’ allocation rules. Blue lines: STN3O0 rivetwork at 0.5 degree.

Irrigation efficiency

For India the irrigation project efficiencg- is estimated 0.378. This means that
approximately three times as much water is extdafdgeirrigation as is is needed by the

plant. The conveyance efficien® is estimated at 0.700, meaning that 30% of the
extracted water is lost during transport to thé&lfie

Simulation results

River discharge

Figure 2.13 shows the spatial distribution of desge simulation in the Ganges and
Brahmaputra rivers as well as the location of stettifor which we have data observation
data available. In order to evaluate the qualityhef results, we compared the simulated

with observed discharge at different locations,etiseries (fig 2.14), as well as mean
monthly discharge (fig 2.15).
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Figure 2.13. Simulated mean annual dischargé (feai’) for 1991-2000. Simulation including reservoirs
and irrigation extractions for the Ganges basird Bets are stations for which we have GRDC obskvat
data available.
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Figure 2.14 Simulated timeseries of monthly disgbaversus 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 simuldtgd PIJmL (without irrigation and reservoirs), grey
mean monthly discharge as simulated by LPJIJmL wittukation of irrigation and reservoir operationgdre
mean monthly discharge from GRDC observations.odeti981-2000 or the period for which data was
available within those 20 years.

It can be concluded from fig 2.14 and 2.15 thatgemeral the simulated timing of
discharge follows very well the observed timing dicharge. This is according to
expectations, because the precipitation patteweng strong in this region and drives the
peak flows. However, in general LPJmL underestisvai@h peak and low flows, except
for the Turkeghat station where especially streamfin summer is overestimated by the
model if compared with observations.

The reasons for these over and underestimationsoadirectly clear. Input data could be
causing problems in the simulations. It is for epéarvery well known that precipitation
input is very uncertain, especially in mountainoegions (Biemans et al., 2009).
Moreover, the precipitation input used in this stistems from a global dataset at 0.5
degree resolution, which might be not the most mteuor this basin.

Another conclusion is that, although there are m@&sgrvoirs in the basin, the effect of
the operation of those reservoirs on streamflownstebe small. Only at Farakka station
we see an effect of irrigation extractions and mesie operation on streamflow.

Irrigation water demand and supply
Figure 2.16 shows the annual irrigation demandHerwhole Ganges Brahmaputra basin

as calculated by LPJmL. It can be seen that th@sebben a large increase in the irrigation
demand during the last half of the™2@entury, which was mainly driven by expansion of
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irrigated area. According to LPJmL calculations #witional irrigation supply made
available by irrigation from artificial reservoitgs increased from 0 to around % in
2000. However, this reservoirs cannot retain enowglter to fulfill the demand for
irrigation water.

Figure 2.16. Total annual irrigation for the wh@anges Brahmaputra basin in km3/year as estimated b
LPJmL. Note that those numbers reflect appliedyation water, after conveyance losses have been
extracted. Withdrawals are therefore 30% higherplRuline shows the applied irrigation water assdme
there is no limitation in supply (this can be ipteted as the demand), the black line reflectsrtigation
supply when only surface water is used to irrigate] the blue line reflects the irrigation supplyan only
surface water is used, but it includes the opematibreservoirs and the additional irrigation sypfitbm

reservoirs.

Figure 2.17. Mean monthly irrigation for the wh@anges Brahmaputra basin in km3/year as estimated b
LPJmL. Same explanation as for figure 8.
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From figure 2.17 the reasons for now being ablesupply the irrigation water gets

obvious. It seems that the biggest problem ocautbe beginning of the year in the dry
period, in which precipitation is low, dischargetli®refore also low (see also figure 7),
but as a result the irrigation demand is very highparently the reservoirs can increase
the irrigation supply a little during the year (goane the blue with the black line in figure
9), but can by far not retain enough water to liutfie supply in the beginning of the year.
Note that eventual additional supply from groundwas not taken into account in this

model.

Figure 2.18 shows the spatial difference of iriigatwater supply. It is also very clear

that the simulation suggests that surface waterealeven with the additional supply from
reservoirs, can never meet the irrigation demand.

Figure 2.18. Mean annual irrigation supply averageer the gricell in mm/year assuming that all ezl
water is available (left) and assuming that onlsfaae water from rivers, lakes and reservoirs isilable
for irrigation, without accounding for groundwagampply (right)

Remarks
Input

All input datasets used in this implementation global datasets. For climate forcing this
might not be sufficient. Especially for precipitat, we know that the databases perform
particularly bad in cold and mountainous regionsisTis mainly caused by the snowfall
undercatch and the orographic effects, both nartakto account in the construction of
the final data. It is possible that there are betienate data available on a regional scale.
The quality of the landuse data, crop types angaited area could be discussed. How do
our Indian colleagues estimate the quality of Hrelluse data used here as model input?

Model structure

The dam operation rules and the rules to defineatka that is able to get water from a
reservoir are defined globally. Those rules migtttlme applicable here.
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3 Local socio-economic scenarios for India

For the development of scenarios at the local scalentification of critical variables that
are likely to change significantly and have a puofd impact on the sensitivity and
adaptability of the system under consideration wdé crucial. These variables can be
explained both qualitatively and quantitativelysome cases depending on the degree to
which information is available or accessible. lderto develop a long-term scenario for
a country, existing national scenarios for the medierm can be employed in
combination with an existing regional scenariotfue long term.

In recent years, various socio-economic scenamoslrfdia have been developed for
different purposes. The scenarios differed in thasic assumptions, number of variables,
time-span and geographical detail. In this chaptertry to give an overview of the
various scenarios that have been developed foaladd make an attempt to develop a
new set of socioeconomic scenarios with distridhasunit of assessment with a focus on
the Ganges basin.

3.1 Review of existing socioeconomic projectionsrfindia

This section provides a review of studies and ptajas available in the literature for
India and sub-national scales.

3.1.1 Population Projections

The Ministry of Home Affairs has state-wise popidatprojections for India’s population

up to the year 2016 (MHA 1996). Using these prajest, TERI (2000) made district-

wise extrapolations of population to the year 200BRI (2000) used growth rates for the
decade 1997-2016 and the share of each state'tafiopun total population in 2019, to

estimate population densities across agro-ecolbgicaes in 2047. These projections
indicate that India’s urban population is likely goow 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.
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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 populatio&RI, 2000)

In comparison, estimates of population growth pitedi under the four scenarios of the
DEFRA study (2001) for India indicate the populatia India to vary between 1.3 billion
to 1. 9 billion in 2050.

Table 3.2: Population projection (millions) undeuf scenarios spanning different Policy
and Social Values (DEFRA, 2001)

Visaria and Visaria in 1996 made four alternativejgctions at an India scale considering
different fertility rates. These projections exteiticd2101.
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TERI and the Oak Ridge National Laboratory in 20@8veloped socio-economic
scenarios for India using narrative storylines e¢ating different paths of development. In
all 4 scenarios were developed. Population praestideveloped for the eleven states in
North India was found to vary from 720 million t0726 million in 2051.

For the years 2025 and 2050, the US Census Bu@Q0) also provides population
pyramids for India, providing a detailed distritmrtiof the future population according to
sex and age.

Another macro-level estimate is that of the Unitdations Population Division (2000),
whose medium fertility variant projection of Indigdopulation to the year 2050 is 1.52
billion. Besides, population projections for 215@vha also been developed. Results
indicate that India's population is projected tovgifrom 0.9 to 1.7 billion over the period
1995 to 2150 based on the medium fertility scendnaall, the UN projections provide
seven different fertility scenarios in making pagtidn projections for India for 2050,
2100, and 2150.

The World Population Prospects 2002 includes afeix projections depending on the
different sets of assumptions on fertility, motsaliand migration. The fertility
assumptions are described in terms of high fertdauntries (those who had no fertility
reductions till 2000), medium fertility countrieslfere fertility has been declining but are
still above the replacement leyehnd low fertility countries (where fertility i ar below
replacement level). The normal mortality scenariojgrts mortality on the basis of
models of change in life expectancy produced by DN constant mortality scenario
mortality remains constant at the level estimatedl995-2000. The normal migration
scenario sets the future path of international atign based on the assessments and
estimates of the past movements and on the pdlocs of the countries with respect to
international migration laws. Zero Migration scdpnarassumes zero international
migration for the entire projection period.

The Registrar General of India or the census adsoifs own set of projections till 2026.
In the report “Population projection for India astdtes 2001-2026" the population figures
are projected for twenty six states and six un@mitbries. The data used are that of the
2001 Census data and the Sample Registration SYSB8) data on the time trend of
fertility and mortality. Component methaglas used for twenty one states and due to lack
of life tables and other necessary data on mignatiertility etc, mathematical method
was used for the remaining five states and thausign territories. It was assumed that
crude birth rate will decline and crude death nait fall marginally because of the
changing age structure of the population with gsmedian age, decreasing fertility and
increasing life expectancy at birth. It is alsoumsed that the total fertility rates will
steadily decline and will reach the floor valueld® in some states and the weighted TFR

As the name suggests component method of populat@action consist of separate projections of the
various components of population growth namelytilfisr, mortality and migration differentiated bya
group and sex. Then the separate projections aneed up to get the total population growth.
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is projected to reach the replacement value ofb3.2021 and accordingly this report
projects that India’s population will reach 1.4libih at the end of 2026.

Study done by Mari Bhatt on “Indian Demographicr@&oe” projected the population for
the Northern and Southern regions of India till 207wo scenarios (optimistic and
realistic) were constructed. In the optimistic sm&mit was assumed that India will reach
replacement level of the fertility rate, the Infavibrtality Rate (IMR) will reach 30 per
1000 babies and life expectancy will rise to 68 rimales and 71 for females by 2010.
After 2010 TFR is assumed to remain constant dacelpectancy is assumed to increase
steadily to 72 for males and 76 for females. Un@alistic scenario it is assumed that
TFR will fall to 2.8 in 2010 and will be very cloge replacement level in 2025 and life
expectancy will be 67 for males and 71 for femaleshe end of 2025. Throughout the
period of projection net migration was consider@té¢ negligible.

- . L . —e— PFI Data Scenario A
Existing Population Projections of India

—=— PFI Data Scenario B
25

Census

Billions

—m@— UNPD Medium

—s— UNPD High
15 9

—e— UNPD Low

—x%— UNPD Constant
Fertility
0.5 —-— Mari Bhatt Realistic

Mari Bhatt Optimistic

2001 2011 2021 2031 2041 2051 —e— JINU Study With HIV

Years
—a— JNU Study w/o HIV

Fig 3.2: Comparison of population figures geneatdtg different studies

Population Foundation of India and Population Rede&8ureau using Fiv Fivsoftware
package have projected India’s population at thtedevel till 2100. Two scenarios were
developed on the basis of different assumptionertadn the fertility rates. In scenario A
it was assumed that the higher fertility statetates whose fertility levels are above the
replacement rate) will achieve a replacement léxility by 2100 and the lower fertility
states (states whose fertility level is less tham replacement rate) will remain at their
TFR estimated at 2001 throughout the projectiomogdeiThe fertility schedule is assumed
to follow a logistic path in par with the internatial standard set by the US Census
Bureau. The TFR schedule for all the states ofanatre constructed using the past data
trends collected from the Sample Registration 3ysbé the Registrar General of India
using reverse projection of smoothed 2001 censpsilation data and using SRS crude

Fiv Fiv is a software package originally develofssthe office of Population Research, Princeton
University. Planning Organizations in more than £0Qntries have used this software to make pojuati
projection at national, regional and city levetsslalso widely used for teaching and researdrdter to
develop demographic theorems. Its inner algorithicoimponent method.
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birth rates (births per thousand population) far states and UT’s in case fertility data
was not available. Further assumptions were madesesnratio at birth, migration,
mortality etc.

Natarajan and Jayachandran generated projectiomksiict level population till 2050
using 1991 Census data as the base year valuesviftdf Urban Rural Growth
Differential method. It assumed that fertility antbrtality will follow a linear trend of
development. The results using the following methad found to have huge deviations
from actual population in 2001 as recorded by cenfhese have been used by Kulkarni
(2000) to estimate state-wise population densitlependency ratios, etc., up to 2051.

Projections developed by Center for the Study ofi®®al Development (CSRD) and
Jawaharlal Nehru University (JNU) have includedithpacts of AIDS on the population
and assume that the life expectancy will reducelByyears from the projected value
because of the incidence of AIDS.

3.1.2 Economic Growth Projections

India's eleventh Five-Year Plan (Gol, 2007) predithree alternative scenarios of
economic growth for India based on certain asswnpti Growth rates considered over
this term period (2007-2012) include 7 %, 8 % and09 TERI (2000) also made
projections for the growth in different economictees over 1997-2047, disaggregated at
the level of districts and agro-ecological zonestirkates of sector-specific per capita
income were derived from population projections &P growth. The study indicates
that the country’s GDP is likely to grow nine timegth the industrial share becoming
nearly 55%.

Figure 3.3: GDP (1997-2047) in billion dollars (TEER0O0O)
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Estimates of economic growth under the four scesaas 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 depetl by the World Bank. The IPCC
SRES scenarios have also used this datdketSRES scenarios Al, A2, B1, B2 for GDP
include;

o0 Al use the regional economic growth rates from thea$acific Integrated Model
(AIM). This model was the 'marker model' (see SREort for the definition of marker
models) for the Al scenario in general. The 8 negim this model are: United States,
Western OECD, Pacific OECD, Eastern Europe anddimaer Soviet Union, Centrally
planned Asia, South & South East Asia, Middle EA#ftica, Latin America.

o A2 use the regional economic growth rates from the oSfpheric Stabilization
Framework (ASF) model from ICF Consulting in the AJS his model was the ‘'marker
model for the A2 scenario. The 9 regions in thisdelcare: Africa, Centrally Planned
Asia, Eastern Europe and newly independent stdeldle East, OECD-East, OECD-
West, South East Asia and Oceania, USA.

0 B1 use the regional economic growth rates from theghated Model to Assess the
Greenhouse Effect (IMAGE) from RIVM in the Nethertis. This model was the
‘marker’ model for the B1 scenario. The regionghis model are: Canada, USA, Latin
America, Africa, OECD Europe, Eastern Europe, farrBeviet Union, Middle East,

India, China, East Asia South, Oceania and Japan.

o0 B2 use the regional economic growth rates from t&&HA MESSAGE model. This
model was the so-called 'marker' model for the &hario in general. The 11 regions in
this model are the same as those listed for thep&aulation data: North America,
Western Europe, Pacific OECD, Central and Easterofe, Newly independent states of
the former Soviet Union, Centrally planned Asia dldina, South Asia, Other Pacific
Asia, Middle East and North Africa, Latin Americamdathe Caribbean, Sub-Saharan
Africa.

These scenarios are regional in nature and cospagific breakup of projections was not

available. IPCC downscaled the data for individcalintries using the regional growth
rate method. Uniform GDP growth rates were necégsaplied starting in the base year
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of 1990. The results for the GDP downscaling is spnted online at:
http://sres.ciesin.columbia.edu/tgcia.

The GDP figures are available in terms of ‘Currgmices in US$, 1990. Since
calculations at constant prices would make theegt@mns more meaningful at present,
projections in current prices should rather be @®@di Also given that the projections are
in US$ simply using the market exchange rate wadt suffice and implications of
‘Purchasing Power Parity’ would have to be congdenot only for the present but also
for the future and tracking the changes in PPPLOf years into the future is practically
impossible.

Price Waterhouse Coopers assumed a model of lemgegeonomic growth in which the
shares of national income going to capital and uabwere considered to be constant
GDP growth in this model is driven by assumptionsfaur factors, which we discuss in
turn below:

1. Growth in the physical capital stock, which is detmed by new capital
investment less depreciation of the previous; Tldehassumed a net investment
rate of 22% till 2025 and 20% from then on till 205

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

3. Growth in the quality of labour (‘human capitalyhich is assumed to be related
to current and projected average education lewellse workforce. PWC based the
estimates of the human capital stock on the da@verage years of schooling for the
population aged 25 and above.

4. Technological progress, which drives improvementgoital factor productivity
(TFP); This factor was assumed to be related tektent to which a country lags
behind the technological leader (assumed here ttheeUS) and so has the
potential for ‘catch-up’ through technology trarrsfeonditional upon levels of
physical and human capital investment (as set dave) and other more
institutional factors such as political stabilitppenness to trade and foreign
investment, the strength of the rule of law, therggth of the financial system and
cultural attitudes to entrepreneurship. These rlatistitutional factors are not
readily quantifiable through a single index, b egflected in the assumptions on
the relative speed of technological catch-up irheamuntry.

Projections for 11 states of North India on GDRjemthe TERI ORNL study, highlights
that the change in the rate of GDP growth may W&y 7.8% in 2006 to 6.4 and 10.1 %
in 2051 (across the four scenarios). For this sttrgyds in total GDP and the shares of
the three sectors (agriculture, industry and sesjievere studied from 1980 to 2006 for
India as well as for each state.

3.1.3 Food Demand
TERI (2000) has indicated that self-sufficiencytle agriculture sector in India may be
achieved only marginally by 2019 and 2047. Assuntimg Net Sown Area to largely

remain constant, it was considered that the impafcisfrastructure development, better
irrigation coverage, increase in cropping intensitytrient management, access to High
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Yielding Varieties (HYVs) etc. at the local levelowld have to play a major role in
increasing agricultural productivities.

Table 3.4 Projections for agriculture sector

DEFRA (2001) estimated foodgrain demand by taking iaccount both human and
livestock consumption, and assumes a constant aneier cultivation. Associated
assumptions of foodgrain imports vary, reflectinffedent policies (inward or globally
integrated).

Table 3.5 Projections of foodgrain demand

In the TERI study (2009), estimation of food demavat calculated on the basis of the
calorie intake per person per month, using therapion that 15 kg of food grains is

required per person per month to meet a minimuraireopent of 2400 calorie intake. In

the projections developed for the eleven stateegied the demand to vary from 126 to
194 million tons per year in 2051 across the faemsrios for which the projections were
developed.

3.1.4 Water Demand
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TERI (2000) forecasted the future demand for wadeirrigation, domestic consumption
(categorised into rural and urban areas), indusisa, and power generation. The future
supply of water from India's twenty river basinsdamater availability for each agro
ecological zone was estimated. Based on the estsnwdtthe Central Water Commission
and population projections, per capita renewaldshiwater availability was projected to
decline from a current level of 2499 cubic metr@sl520 cubic metres over this time
period.

Table 3.6: Projected total water demand in the base (TERI, 2000)

DEFRA (2001) calculated water demand using datprojected growth in population, as
well as development in industry and agriculturaitees. Total demand for water, as well
as demand by sector (agriculture, industry, residgrand river basin, were considered.

Table 3.7: Water demand (billion cubic meters) (BRRE2001)

Under Business as Usual scenario, a study by IWiktljects the total water demand to
increase by 22% and 32% by 2025 and 2050 respBctoepared to the present demand
of 680 billion cubic meters (base year conside@dé¢ 2000). By 2050, 85% of this
additional demand will be from the industrial armhtestic sectors. The river-basin-wise
data was obtained by aggregating district-leveh ddistricts falling under selected river
basins). In the case of districts that are parmofe than two river basins (Figure 3.4), the
district population is divided by the geographiaeda of the basins and the cropped area
is divided based on net sown area of the distedimated by the land use map of India-
that can be accessed at http://www.iwmidsp.org).
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Figure 3.4: District and river basin boundariesnafia (Amarasinghe et al, 2007)

TERI (2009) study based its state level projectifmmghe sectoral demand (for domestic
use, irrigation and industrial use) and total dethfor water on estimates of the total
water requirement per year in each sector. To kuthe water demand for the
industrial sector, urban population was considdrede the main driver of industrial

growth. The results projected the water demandary from 314.02-469.74 BCM for

irrigation, 9.43-16.82 BCM for industry and 26.28-39 BCM for domestic use in 2051
across the four scenarios for which the projectisasee made.

3.2 High Noon:District level scenario development for the Gangdsasin
3.2.1 Unit of assessment

Under the HighNoon project, socioeconomic scenahniage been developed to a finer
unit of assessment that is at the district scdlés. study presents population and GDP
projections till 2050 at a district level for theates of Uttar Pradesh, Uttarakhand, Bihar,
Jharkhand and West Bengal. As drivers of changeethweo variables also influence food,
water and health demand and projections have hitmm@ed for these variables as well
and included in the sections below.

3.2.2. Scenario descriptions
In all two scenarios have been developed underigle Noon study. The basic drivers of

change are assumed to be the demographic changehandes in patterns of economic
growth.
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The BAU-scenario (Business as usual) has been @ellooking at the past trends in
population growth and an extrapolation of thosasketls based on assumptions on fertility
rates and replacement by 2050, which is also thet rikely demographic growth
scenario being predicted for India. The alternasgenario on the other hand is a worse-
case scenario wherein the high estimate populgirofections form the basis for the
development of this scenario thus leading to a ractge/ severe set of results in terms of
its impacts on per-capita incomes, growth and feater and health demand.

3.2.3 Differences across States and Districts

While the broad trends would be similar for all tBeates and the districts for future
projections in the two Scenarios, each state Isaswhn characteristic features and would
thus have differences in the exact growth ratgsopulation, GDP, etc. These differences
would stem from various factors. Some of these are;
Economic development: Rate of growth of GDP, settoontribution and shift in these
contributions over time.
Demographic development: Present and past trendaténof growth of population,
urbanisation index, proportion of tribal populatioaral-urban population ratio, sex ratio
etc.
Social development: Literacy rates, health careliti@s, main occupational classes,
equality / inequality in income distribution, urbservices.
Policy level changes: Policies / programmes of Gawvents with regard to industrial
development, agriculture development, urban dewvetoy, population control and
health care, environment protection, etc.

3.2.4 Demographic projections

Population projections are a necessary input fonemic and social development plans
from two points of view: firstly, viewing the pomtlon as the producer (labour force) and
secondly as a consumer of goods and servieepulation is an important parameter
influencing the level of energy requirements angbamted implications on the economy
as well as environment. Equally important is theead of this population in terms of the
lifestyles people lead, their livelihoods, accessérvices and consumption baskets etc.
Thus it is important to capture the demographigat@ns and transitions (both temporal
and spatial) at the national and sub national lemel must be seen as important driving
forces especially while discussing adaptation alé agemitigation in the climate change
context.

3.2.4.1 Method

For the HighNoon study, all India population prdjess were brought down to the state
level and then to the district level. For this, than Rural Growth Differential (URGD)
method was used. URGD is a modified version ofrdi® method and it is this method
that was used to do the district level projectiasscomponent method cannot be used
because of lack of fertility, mortality and migiati figures at such a disaggregated scale.
In this case the ratio of the districts populattorthe state’s population in the different
years (1991-2001) is calculated and then the ratiextrapolated into the future. The
extrapolated ratios are then multiplied with thatess population projection to get the
projected population of the districts. The rurddam 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 In@i&1) “Future Population of India: A
long range Demographic View” (PFIl, 2007) was usedtlee main source of data for
developing national and state level projectionse Tdistrict Census Handbook and
“Provisional Population Totals: Rural Urban Break”Uvere used to arrive at district
level population values and their rural urban bréakthe years 1981, 1991 and 2001.
Moreover, data was collected from the websitehefdoncerned five states and also from
the official website of several districts. The oféil website of the Registrar General of
India was another source of data especially wispeet to the rural-urban break up of the
state level population.

Several reasons support the selection of PFI (2@pOrt as the source of population data
at national and state level. Firstly, PFI uses camept method, which is the universally
accepted method. Moreover, PFI uses data from &éms@3 as their base year population
data and SRS (Sample Registration System) Lifeesatdr calculating the survival rates.
In addition, PFI makes realistic and reasonableraptions with respect to the fertility,
mortality and migration scenarios in future. Espéigiwith respect to fertility, if the trend
of the last 30 years (1971-2001) is analysed, dugiadecline in fertility is observed from
a5.2in 1971 to 2.1 in 200XXxisting literature indicates that the rate okttecrease is
expected to further decline in the future. As ailtethe fertility schedule approaches the
replacement rate, its movement becoming slowembtiasymptotic. This is particularly
true for a developing country like India where feetility 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 splihe total population into rural and
urban categories for all the existing districts éirthe states at a particular point in time.
Data was collected from the district census hankbad 1991 and 2001. However there
have been changes during this time, with the faonabf new States and new districts
from existing ones and therefore a direct comparisiothe datasets is not possible until
and unless the data is appropriately segregated.

3.2.4.3 Assumptions

This study required the construction of two specgcenarios: a BAU scenario and an
alternative scenario. The major variables thatcaffpulation growth rates are fertility,
mortality and migration. Among these, migrationaizvery complex parameter which is
quite volatile, uncertain and indeterminate in natut depends on a multitude of socio-
economic parameters and particularly at the diskewmel, inter-district migration pattern
is highly erratic. Hence the most suitable way migcting for the future is to assume that
it will follow the past trend. It is very difficulto construct another alternative trajectory
on migration because if one of the past parametensigration is allowed to vary, many
trajectories might emerge. The mortality figuresrevalso assumed to follow the past
trend. But as long as fertility is concerned aafiht trajectory of the evolution of the
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fertility schedule can be very well designed. Sthis study the BAU and the Alternative
scenario primarily varies with respect to the agsizns made with respect to the fertility
trends.

Assumptions of the BAU scenario

Assumptions on Fertility: The BAU scenario takeanfr the scenario B of the PFI

report assumes that the states of India with TFRentlan that of the replacement
level TFR will reach a target level of 1.85 by #med of the projection period, while

those states with very low levels of TFR like Karaihd Tamil Nadu are assumed to
stay frozen at their existing TFR. Keeping in mitiee assumptions on the TFR
schedule constructed by the various studies (asa@r discussed in the previous
section on literature review) this assumption seenfair one to be made. It was
assumed that fertility will assume a logistic pathit will decrease steadily and this
pace of decline will slow down as lower values approached which is at par with

the international standard set by the UNPD studies.

Total fertility Rate of BAU Scenario
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Fig 3.5: Total fertility Rate Schedule of BAU SceingSource: Census and PFI)
Assumptions of the Alternative Scenario

Keeping in mind the BAU scenario, another trajegctaith a much more slow rate of
fertility growth can be easily envisaged. So thteraktive scenario assumes that the
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fertility of India and its states will decline atnauch slower pace than the BAU scenatrio.
The specific assumptions of the alternative scerame given below:

Assumptions on FertilityThe Alternative scenario taken from the scenariof the PFI
report assumes that the states of India with TFRenttwan that of the replacement level
TFR will reach a target level of 2.1 (the replacatevel) by the end of the projection
period, while those states with very low levelsTéiR like Kerala and Tamil Nadu are
assumed to stay frozen at their existing TFR. Kegpn mind the assumptions on the
TFR schedule constructed by the various studiesdwade (mentioned in the beginning
of this chapter) this assumption seems a fair onbet made for the construction of an
alternative trajectory. It was assumed that feytiill assume a logistic path i.e it will
decrease steadily while the pace of decline walvstiown as lower values are approached
which is at par with the international standardfegh by the UNPD studies.

Total fertility Rate of Alternative Scenario
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Fig 3.6: Total fertility schedule of Alternative &rario (Source Census and PFI)
Common Assumptions for the State Level

Apart from the fertility assumptions several otlassumptions were made on the other
important demographic parameters like mortalitygnaiion and sex ratio at births which
are common to both the scenarios. These are diated.

Assumptions on Sex Ratio at birBf| assumed that sex ratio at birth would returthé&o
global normal value of 95 female births per 100 embirths in the first 35 years of
projection owing to policy interventions.

Assumptions on MortalityLife expectancy was projected in the same marmsethe
fertility i.e using a logistic curve and incorpdraj the life tables published by the
Registrar General of India upto 1999-2003 as inables.
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Assumptions on Migratiorit was assumed that interstate migration wiltiadlly increase

in absolute terms and will then slowly decreasepr@priate adjustments were made to
reconcile interstate migration to an appropriatéonal level net migration. The census
tables of migration were used as a basis for ptiojes.

Common Assumptions for the District Level

For district level projection, there was severeqitguof data as many districts in Uttar
Pradesh and Bihar were newly formed and the twiestgot divided into four separate
states in the last decade. In the census data @, 1Be population data of the newly
formed districts (which existed as a block or dimisof some other district in 1991) are
clubbed with their parent districts. In some cabesindividual population values of 1991
were available in the website of the respectivéestdn other cases it was assumed that
the proportion of that district's population to thate’s population in 2001 was the same
as that in 1991. This is specially the case whendistrict was formed by combining
several villages of the adjoining blocks of thegudrdistrict. The rural urban break up of
population data of these newly formed districts was available. In that case, two
approaches were followed. If the parent districaismall one, then the parent district’s
rural urban ratio of 1991 is applied for the newstuct. If the parent district is a large one
(with large number of blocks having diverse urbatian characteristics) then the rural
urban ratio of the new district in 2001 was applied calculating the rural urban
population break of 1991 for that district.

3.2.4.4 Results

It is expected that fertility in the higher fertylistates will decline in the future. In light of
the significant improvement in science and techgyplof recent times, it is expected that
life expectancy at birth will continue to improve.

BAU Scenario

According to the scenario India’s population wié bBround 1.85 billion in 2100. It will
peak in the third quarter of the century and thah eontinue to decline thereafter.
Keeping in mind the past trend of the fertilityasiin the various states and the spread of
literacy and the gradual increase in the costvrfidi and also a detailed examination of all
the family planning policies that government is lempenting, it is quite reasonable to
suppose that couples will adhere to the two chidmall over the country in the next 60
to 70 odd years. In that case it is very safe fipege that total fertility rate will assume
an average value less than that of the replacelenzit
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Fig 3.7: Projected Population of India under BAl&Bario (source: PFI)

At a state level some states like Uttar PradeshBihdr are expected to have a steady
population growth rate while the states like Wesh@al and Uttarakhand and Jharkhand
have a stagnant population growth rate. The folhgwgraph depicts the situation. This is
mainly because the fertility level will remain vemgh in almost all these states specially

Uttar Pradesh

and Bihar till the third quarter bistcentury. Moreover, the declining

mortality and the increasing life expectancy areoatesponsible for the growing

population.
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Fig 3.8 Projected total Population of the selestiades under BAU Scenario (Source:

PFI)
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Similarly an increasing growth in urban populatisralso expected.

Projected Rural Population of BAU Scenario
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Fig 3.9 Projected Rural Population of the sele&tdes under BAU Scenario (Source:
PFI)

The urban population is projected to steeply eseataUttar Pradesh, while it will also
increase in Bihar. In the other three sates it wildergo a stagnant growth rate. In
magnitude terms, urban population will be lowemtliae rural population but the rate of
growth of urban population will be faster than th&the rural population. This is because
the fertility rates and the family sizes are stilich higher in the rural areaslso, in
geographical terms the volume of land under rur@has much higher that that of urban
area. Thus in magnitude terms there will still berenpeople living in the rural areas than
in the urban areas. But the growth of urbanizaisoaxpected to be faster in the coming
decades due to a variety of reasons including a¢eclopment 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 selestates under BAU Scenario (Source:
PFI)

The rate of urbanization represented by the urladioiz Index [(Urban Population/Total
Population)*100] gives a striking picture with WeB¢ngal steeply increasing followed
by Jharkhand and Uttar Pradesh. However it is drgdeto remain stagnant in
Uttarakhand and Bihar.

Projected Urbanization of the BAU Scenario
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Fig 3.11 Projected Urbanization of the selectetestander BAU Scenario
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Overall, the population is increasing in all statd3epending on the individual
characteristics of the states and some of itsiclistthe results are varying highly form
one district to another and from one state to aTotA detailed individual analysis of
each of the five states is summarised below.

Uttar Pradesh

Uttar Pradesh is the most populous state of Indih & population of 150 million
according to Census 2001. If it were a separatatcpit would have been the fifth most
populous nation next to China, India, USA and Irefa. The major reason behind the
high growth rate of population is the high feniltate of 4.3 (twice that of replacement
level fertility rate). The population of Uttar Pexth is expected to cross 400 million at the
end of 2100 even if we assume that it will achiee@acement level fertility rate by then.

Overall the population in the districts of UttaraBesh shows a constant trend of steady
increase, except for Kanpur Dehat from where |lagge migration to the neighbouring
city of Kanpur (Kanpur Nagar) is significant. Inmnse districts like Basti, Ambedkar
Nagar and Azamgarh, rural population is increasind urban population is growing at a
constant rate while in some other districts likevizth and Ghaziabad and Lucknow, the
urban population is increasing steadily. This pecurend can be attributed to the high
rate of urbanization, high literacy rate and awassnwhich might lead to a sharp decrease
in the total fertility rate. In all other distrigtboth rural and urban population is showing a
steady increase. The detailed table has been meudD3.1.

Uttarakhand

The state of Uttarakhand was carved out of Uttad&sh in November 2000. According
to Census 2001, the population of Uttrakhand isiado8.48 million, and is projected to
reach to 14 million in 2100 assuming that it withéeve replacement level fertility by
then. The population of all the districts in Uttinakid is projected to increase in the next
fifty odd years. This is because of the sharp desmen the rural population in these states
which can be explained by the large scale out rtiggraof the rural people in the
neighbouring cities of Uttar Pradesh, Delhi andydaa. The urban population shows a
constant increase in all the districts speciallystates like Champawat, Dehradun,
Nainital This is because of the constant efforttbé government to improve the
infrastructure and industry of the state specidifygradual commercialization of the local
handloom industry and the increasing developmenheftourism industry. The district
wise result of increasing urbanization is consisteith the state wise aggregated result as
well. The detailed table is attached in D3.1.

Bihar

Bihar is the third most populous state of Indiahwét population close to 83 million
(Census, 2001). It is projected to increase to @dlion in the next hundred years
assuming that the state will reach replacement fevidity rate at the end of this century.
Most of this can be attributed to the high feriliate of 4.3, high birth rate and a steadily
decreasing mortality schedule. Besides, the poon@uic and human development
parameters in Bihar further make the situation noam@plex within the State. According
to Census (2001) more than 80% of the rural pojuldtves in rural areas with more
than 50% below 25 years of age. Mostly in all theritts population escalates steeply
with the rural population trailing closely behindet total population which means the
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growth of urban population is stagnant in almoktrad districts except Patna and Gaya.
This result is consistent with the constant urbatmon schedule in Bihar and the
increasing population in the rural parts of theest@he detailed table is attached in D3.1.

Jharkhand

The state of Jharkhand is carved out of Bihar irvédaber 2000 (Census 2001), the
population of Jharkhand is 26 million with the méjpliving in tribal areas and forming
a huge chunk of the scheduled caste and scheduibed population of the state. The
population steadily increases in the south west@nd north western districts of
Jharkhand, where rural population grows much fasterpared to urban population. The
situation is different in the industrial cities déikBokaro, Ranchi where the urban
population steeply increases almost following tbadl of rural population. In Dhanbad
The urban population is higher than that of thealrpopulation. This is because eof the
fact that Dhanbad is the hub of the mining industryndia along with Ranchi and hence
it experiences large scale in migration becausésdietter employment opportunities. A
detailed table is provided in the appendix in D3.1.

West Bengal
West Bengal is the most densely populated statedi& with a total population of 80

million (Census 2001) and it is projected to crtiss hundred million mark at the end of
2100. This decreasing rate of growth of its poparats attributed to its low total fertility
rate of 2.2 which is very close to the replacemewel fertility rate, the decreasing birth
rate schedule and the increasing out migrationr&vihne population increases in all the
districts with rural population surpassing urbapylation in some districts like Birbhum,
Bankura, Uttar Dinajpur etc while the vice-versasome others like North 24 parganas,
Howrah etc. This is mainly because of the increasinmber of industries in the latter
districts and their close proximity to Kolkata, tbiate capital. The former districts show
an increasing trend towards ruralization becaudbef large number of tribal population
and poor infrastructure and governance. A detdidde is provided in the appendix in
D3.1.

Analysis of Alternative Scenario

According to the scenario A of the PFI report Insliaopulation will be around 2.1 billion
in 2100. It will peak in the third quarter of thentury and then will continue to decline
thereafter. Keeping in mind the past trend of #élity rates in the various states and the
spread of literacy and the gradual increase indb&t of living and also a detailed
examination of all the family planning policies thgovernment is implementing, it is
guite reasonable to suppose that couples will a&dtethe two child norm all over the
country in the next 100 odd years, if not in th&tr&0-70 years. In that case it is very safe
to suppose that total fertility rate will reach theplacement rate in the alternative
scenario.
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Fig 3.12: Projected Population of India under Aitge Scenario (source: PFI)

At a state level some states like Uttar PradeshBihdr are expected to have a steady
population growth rate while the states like Wesh@al and Uttarakhand and Jharkhand
have a stagnant population growth rate. The folhgwgraph depicts the situation. This is
mainly because the fertility level will remain vemgh in almost all these states specially
Uttar Pradesh and Bihar till the third quarter bistcentury. Moreover, the declining
mortality schedule and the increasing life expecyasthedule is also responsible for the
growing population.
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Fig 3.13: Projected total Population of the seléctates under Alternate Scenario
(Source: PFI and Census)
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The Rural population is expected to grow steadllytihe end of the century in Uttar
Pradesh and Bihar, while it will achieve a constaoivth rate in West Bengal, Jharkhand
and Uttarakhand. In magnitude terms rural poputaigoexpected to surpass the urban
population at the end of 2100.

Rural Population
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Fig 3.14: Projected Rural Population of the selk&tates in Alternative Scenario (
Source: Census and PFI)

The urban Population will steeply escalate in Ufamdesh, while it will somewhat
decrease in Bihar. In West Bengal Urban populas@xpected to grow but only slightly.
In the other two states it is expected to followrenor less a stagnant trend. In magnitude
terms urban population will be lower than the rysapulation but the rate of growth of
urban population will be faster than the rural dapian. This is because the fertility rates
and the family sizes are still much higher in tbeal areasSo in magnitude terms there
will still be more people living in the rural aretan in the urban areas. But the growth of
urbanization will be faster because of the sigaificefforts put by the government in
promoting better infrastructure, better servicestdy living conditions etc in the urban
areas making urban-dwelling a very attractive cphdeading to mass scale migration
from rural to urban areas. Under the alternateaeiit is assumed that much more effort
will be spent by the government in promoting akga facilities and hence the rate of
growth of urban population will be even higher e &lternate scenario.

48



Urban Population
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Fig 3.15: Projected Urban Population of the seléstates under Alternative Scenario
(Source: Census and PFlI)

The rate of urabanization represented by the urasion Index [(Urban Population/Total
Population)*100] gives a striking picture with Bihsteadily declining while the rest of
the states are escalating led by Uttarakhand feitblay West Bengal and Uttar Pradesh.
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Fig 3.16: Projected Urbanization of the selectatkestin Alternative Scenario
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The urbanization in the alternate scenario seentsetincreasing for all states. This is
mainly because of the increasing efforts investad tie government to promote
industrialization and employment opportunities.Thiswever does not mean that the
urban population is decreasing in absolute termigdiher only that the rural population
is growing faster than the urban population. Bilstiows a rather stable state of
urbanization around 20% and West Bengal shows@easing trend of urbanization..

Although West Bengal is right now the most urbadiztate, and it is expected to remain
so in the next fifty years.

At the district level there are no gross variatiafsthe main trends. The alternative
scenario assumes a higher population value attétte kevel. Since this study has taken
proportionality analysis of the rural urban popigatthere has been a scale change of all
the values, the change taking to a higher leveé districts with an increasing trend of
population in the BAU scenario show an increas¢hm alternative scenario and vice
versa. However the magnitude of increase of thailadpn parameters in the alternative
scenario was much higher than that of the BAU stendahe magnitude of increase is
proportional to the increase in the total populatid the state in each corresponding year
vis-a-vis the BAU scenario.

3.2.4.5 Limitations

This report gives a mere picture, an intuition dfatvmight be the demography of the

chosen area in future. The political boundary efstates of India specially in this chosen
region is fragile and subject to continuous intégraand disintegration in the last ten

years. Moreover, the impact of short-term shocks & program or a disaster, epidemic
can produce very quick immediate visible effectsuth a small scale. This is another
reason why population projection on such a disagggesl scale based on ratio method is
not an advisable and a popular exercise amongdhegraphers, because of the highly
unpredictable nature of the basic variables likitipal boundary. So this exercise should

be judged on the basis of the qualitative pictirgenerates rather than the quantitative
figures it has produced.

3.2.5 Economic Growth

The three sectors that contribute to GDP as definebhdia are agriculture (includes

agriculture, forestry, fishing, and mining & quang), industry (includes manufacturing,

electricity, gas & water supply, and constructicam)d services (includes trade, hotels &
restaurants, transport, storage & communicationarfting, insurance, real estate &
business services, and community, social & perseeraices).

3.2.5.1 Method

The ‘Ministry of Statistics and Program Implemeitai Government of India’ publishes state
level GDP figures for every year. The following t®s 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, Industrg &ervices. For the district level GDP
forecasting, these were further clubbed into twotas, Agriculture and Industry and
Services.

The district level GDP figures were obtained by dewaling the National Level Projected
figures. The national level projections till 205&m done using a regression analysis. The
rate of growth of GDP was regressed on the nettaaformation of the previous year,
here considered as investment. The logic behinatdnsideration of previous year is the
assumption that investment in time period ‘' wdhly be used in the next time
period‘t+1’. The equation thus established a retatietween the rate of investment and
the GDP growth rate. The regression returned thewong result.

(Growth Rate) = 1.68 + 23.21(Net Rate of Investment
The GDP was calculated year on year using the groaté thus obtained.
GDPy1 = GDP; + (Growth rate):(GDP; )

Data from 1980 to 2008 was available, and the ptges were done based on them.
Possible investment scenarios were consideredrigaki other countries at similar stages
of development.

The growth rate thus obtained showed a Compoundedi& Growth Rate (CAGR) of
5.9% with an average annual investment rate of 24%.

The proportional contribution of the sectors wataoied by extrapolation of the present
trends till 2030. The trend from 2031 to 2051 whsmed by assigning a linear growth
trend such that the share of services are at 608&b,df industry at 34% and that of
agriculture at 6%. This is done with the assumptloat services will propel the growth
till 2030 after which industry will take over. Thisend was again decided through
comparison with other countries at similar stagedevelopment.

51



—— GDP —— Aggriculture Industry Services

80000000 -
70000000 -
60000000 -
50000000 -
40000000 -
30000000 -
20000000 -
10000000 -

0]

GDP in Qore Rupees

s8R Ea R E

Years

Figure 3.17: All India-Sectoral projections for tG®P

The state level projected figures were obtaineddbwnscaling of the national level
figures. The proportion of contribution for eachtloé 5 states was noted and the changing
trend was followed till 2051 and the national lefigures allocated accordingly.

States like Jharkhand and Uttarakhand were forme®0D0 by taking districts out of
Bihar and Uttar Pradesh respectively. As a residtdensus figures before 2001 include
these districts as part of their formal states.d¢esm method of back casting had to be used
in order to get the population of these statesipusvto their formation. This would mean
a calculation of the population of the people regjdn the same geographical area as the
now new state. This has been calculated by addintpel population of the districts that
are now part of the new state. Newer districts hals® been given a backcasted
population figure. This has been done using a ragthod. The ratio of the parent district
and the new district was noted and the same radi® applied to get the figure for the
previous yeatr.

To obtain the district level GDP figures the proget state level figures were further
divided according to the number of people engagethe particular sector. The census
reports working population figures divided into twectors, agricultural workers and non
agricultural workers. The non-agricultural workevsuld thus be engaged in either the
services or the industries sector. The proportibagoicultural labourers of the district to
the total agricultural labourers of the state wated for each year and the same proportion
of the agriculture produce of the state was alldab that district. That is to say if a
district has 5% of the agricultural population bétstate it is assumed to produce 5% of
the states agricultural produce.

The working populations of the census years wekertaand the middle years were

extrapolated. The rates of growth were assumee toohstant 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 cataeof the same have been taken from
The Reserve Bank of India’s publication, Handboblktatistics on the Indian Economy,
2009-2010.

State level GDP figures have been taken from thaidity of Statistics and Program
Implementation, Government of India’, website
http://mospi.nic.in/Mospi_New/Admin/Publication.aspAll GDP figures are in units of

Crore Rupees and are calculated with 1999-2000ealsdse year.

Population figures have been obtained from ‘Cemdguadia 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://[harkhand.gov.in/
http://gov.ua.nic.in/

3.2.5.3 Assumptions

For the BAU scenario the main assumptions in thdyshave been;

- The productivity of each worker in a given state dogiven sector remains the same
throughout the state for all districts, for thattee. This assumption is taken because
of an acute dearth of data at the district leveltl® projections had to be made using
downscaling techniques. The downscaling techniquese followed from the
standard IPCC SRES scenario construction manumthid method the share of GDP
to a certain sector was allocated in the same &atithe proportion of workers in that
sectors.

The working population will continue to grow at te@me rate as it has on an average
for the last 20 years. This is done again due ¢& & data on working population.
The IPCC and the World Bank define working popwolatas the number of people
aged between 15-65. However, in the country likdidwith rampant unemployment
and disguised unemployment this assumption wouldokaly erroneous. Also an
extrapolation of the trend would lead to unreaisgtmployment scenario. Hence a
constant increase was taken which in spite of bairsgrong assumption provides a
consistent and realistic scenario.

In this study no assumptions were taken for theradttive scenario with respect to GDP.
For district level projection, an extrapolation hnad of the current trends has been used.
To capture the difference in an alternative scenan alternative population trend has
been considered. The change in the socioeconomditams would therefore be depicted
via an altered per capita income. As a result a B&ehario 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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JHARKHAND
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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 tgreeontribution to the GDP than
agriculture for all five states. In West Bengalh&i and Uttarakhand, although presently
the service sector contributes more to the econdhey,industrial sector in expanding
more quickly and between 2030 and 2040, the inddistector is expected to become the
major contributor. Uttar Pradesh too has an indalssector growing slightly faster but it
IS not expected to catch up within the projectetktperiod. Jharkhand as an economy is
mostly dependent on mining and as a result its stréd sector is already, and will
continue to be the major contributor.

Agriculture and allied services have a fair conttibn in West Bengal, Bihar, Uttar
Pradesh and Uttarakhand. Jharkhand on the othed marprimarily based mining.
Services have an important contribution in all steges.

The analysis of the individual states and theipeesive districts are discussed in the
following lines. All the figures of analysis are s (Crores).

West Bengal

The contribution of the individual districts for@D and 2001 is given as below.
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Fig 3.23: District level break up of GDP of Westigal in 1991

District GDP 2001
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Fig 3.24: District level break up of GDP of Westigal in 2001

As can be noted the contribution of the differerstritts vary widely, and so does the
composition. Darjeeling is primarily a tourist dastion as well as having a flourishing
tea industry. Being a small district its GDP is lomith industry being its major
contributor. Kolkata the capital of West Bengahisompletely urban centre. As a result it
has hardly any agriculture and most of its contrdyucomes from services. North and
South 24 Parganas and Haora are rapidly indugiriglisuburbs of Kolkata. Although
they have some agricultural contribution now, tleeg expected to decline. The other
districts are primarily agricultural and agricukurontributes to about 50% of the output.

The graph denotes how the GDP has been growirtggidistricts over time.
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District GDP comparison
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Fig 3.25: Comparison of GDP of West Bengal in vasigears

The GDP has been doubling for most districts el€ryears, though North and South 24
Parganas have been growing at an even quickerTiagetwo districts are expected to be
the industrial and service hub in the near future.

Bihar

The GDP profile of the districts of Bihar are givas follows,
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Fig 3.26: District level break up of GDP of Bihari991
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Fig 3.27: District level break up of GDP of Bihar2001

Patna the capital city has been by far the higbastributor. Unlike Kolkata, it also has a
sizeable rural population and hence the contributibagriculture sector is considerable.
All the districts have a good agricultural compiosit Madhubani is almost completely
agricultural. Paschim and Purba Champaran, Ar&it@mari, Purnia, Katihar, all have
nearly 50% contribution by agriculture. Buxar anapa@lganj are mining districts,

however even here the contribution of agricultgreansiderable.

A comparison over the years is given below.
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Fig 3.28: Comparison of District level break up&DP of Bihar

Its worth noting that there has hardly been anyeiase in GDP for the 10 years between

1991 and 2001,but thereafter the GDP has doublstd28®1.

Also Bihar has undergone a restructuring. In 1998®ar was broken into two states,
Bihar and Jharkhand. The study does not reflest bineakup as the districts that were
previously in Bihar but became a part of Jharkhafter 1998 have been included in the
analysis of Jharkhand. As a result although asit@ ®ihar’s industry sector might have
suffered a blow since most of its mines went torkiend, it is not reflected in the
analysis. In short the analysis for Bihar covery ¢time geographic area of present Bihar.
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Jharkhand

Jharkhand is a new state curved out of Bihar. TBb& @gures for Jharkhand for before
1998 have been generated through back-castinggtakio 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 Jharkan 2001
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Fig .3.30: District level break up of GDP of Jhaakid in 2011

As is apparent, the services and industry sectonirtlites. This is mostly from the
contribution of the mining sector. Hazaribagh, Dibesh Bokaro, Rachi and Singbhum are
all endowed with mines and backbone of the Jhantkadmonomy. Agriculture, although

present in most of the districts is a small comnttii.
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The growth of Jharkhand for 2001 to 2011 expeatduktas follows.
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Fig 3.33: District level GDP of Uttar Pradesh ir020




Again like with the other states there is a lotfediénce among the different districts.
Ghaziabad, Agra, Bulandshaher, Lucknow, Allahabgedthe important urban centers.

Agra Lucknow and Allahabad are famous for handisrabhaziabad on the other-hand is
a budding industrial hub. The smaller districts anestly agricultural, with same
accounting for 50% or more of the output.
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Fig 3.34: Comparison of District level GDP of Utkradesh

The graph shows the growth over 20 years. KanpgaNganpur city) has been steadily
increasing while the GDP for Kanpur Dehat (Kanplliage) has remained more or less

constant. This is because of the migration of nwstkers out of Kanpur village to

Kanpur city. Growth is varied between the distrittswever most showing good growth
rate over the years.

Uttarakhand

Uttarakhand was carved out of Uttar Pradesh in 2B@0e also the same method of back-

casting was used to calculate the GDP of the tatestprior 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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Fig 3.36: District level GDP of Uttarakhand in 2011

Like the other states the GDP contributions froma thifferent districts vary widely.
Dehradun, the capital of Uttarakhand, and Hardewg@gpular pilgrimage destination have
the highest contribution. Both these cities areaexing quickly as is evident from the
figure below. A large part of the state sustainstamrism and is the main source of
income contributing to the services sector. Agtiod also plays a fair part, but is not as
substantial.
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Fig 3.37: Comparison of district level GDP of Uttklhand

The GDP of Dehradun and Hardwar have more thanldduyer the last 10 years, while
the other districts have also shown good prospect.

In terms of per capita income we can see drastierdnces between the BAU scenario
and the alternative scenario. In both the sceng@oapita income is increasing but the
magnitude of increase is greater in the BAU scenasi opposed to that of the alternative
scenario. This is primarily because of the fact tha rate of growth of population in
alternative scenario is much higher than that efBIAU 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 négrmation of working
population was not available to that detail.
The Census gives result every ten years. Henceales for the years in between
had to be extrapolated and might differ from thisalcvalue.
The study does not take into consideration priceswages which might vary
locally, even between districts
The assumption that all workers in a given secawehequal productivity, specially when
each sector has many sub-sectors is also unreakhiiivever 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 Chaimn&009, the food demand over
the years has been estimated for five states toatnstj the Ganga basin viz Uttar Pradesh,
Uttarakhand, West Bengal, Jharkhand and Bihar fmotthe observed time periods and
projections for the future. Estimation of food demafood requirement was arrived at on
the basis of the calorie intake per person per mohhese figures have been arrived at
using the assumption that 15 kg of foodgrains ggiired per person per month to meet a
minimum of 2400 calorie intake. The food requireinfen the respective years is defined
as the product of the population of the correspamypdyear to the minimum food
requirement per person per month.

Food Requirement = Population*Minimum food requisgrhper person

The demographic numbers for each scenario havetaken from the estimations arrived
at in the earlier section. These are known to \eampss each scenario and the selected
states and have been used with the per persongehrfood requirement to arrive at the
total food demand at the state/ country level. Blpahe states with high population and
the scenario having the highest growth in popufatiave a greater demand for food.

The methodology was repeated for both the busiassssual scenarios and alternative
scenarios.

3.2.6.2 Data Sources

The demand for food in the future would dependatliyeon the requirement of food by

each individual and also on the total populatiohe Talculations for food demand, as a
result, directly draw from the population projecisofor the future that have been
generated as part of this study. The number foppeson per month food requirement
was based on a concept note by Kathyaini ChamartjeoNational Food Security Act.

s , -==-10. 0, ) 1 11 !1
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3.2.6.3 Assumptions

The assessment for food demand assumes a unifadnrémuirement for people of all
ages

3.2.6.4 Results

As the food demand is a function of the populatibe, trends in change in food demand
mirror the change in population.

Through 2001 to 2051, the population of all statekews an increase and similarly the
food demand for every state also shows an incrigase 2001 to 2051. The states that
have the larger population have a higher food demanthe future. Issues such as
migration into a state along with other determisaoit population play an important role
in determination of future food demand likely todgerienced in the state. Uttar Pradesh
shows the highest demand for food owing to its lpgpulation in the present as well as
the future time scale. For detailed results andlggaon both scenarios, refer D 3.1
datasheets.

3.2.6.5 Limitations

The limitation of the assessment for food demarnithas in the assessments are based on
only one estimate of per person per month foodiremqent rather than considering a
range of such estimates or differential estimateslifferent age groups.

3.2.7 Water Demand

3.2.7.1 Method

Domestic demand for water is consistently on tke with the increase in population in
the country. Keeping pace with it, the water demahdssociated sectors like agriculture
and industries are also on the rise. In spite efdhneral trends for rise, the sectoral
requirements or demand of water differ across abtnative boundaries depending on
the spread of water consumptive activities prevalethe area. The consumption pattern
although would differ across areas depending orstiitability of land for agriculture and
the spread of the industrial belt in the area.

In the case of the Ganga basin, although mosteofealgion is dominated by agricultural
lands, industries are also prevalent in certairketscof the basin. An attempt has been
made to capture an consolidate these sectoral denfianwater for the all of the districts

Domestic water demand

Domestic water demand has been calculated as et @irection of population. Based on
the liters per capita per day requirement of watee, total amount of domestic water
demand was calculated by multiplying the populatowojected for the future with the
liters per capita per day water requirement. 185%diper capita per day was adopted as
(liters) the Ipcd requirement for the calculations.

*5s ;20,2 . 3
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Populationes * 135 = Domestic water requiremsi(liters)

Agricultural water demand

Agricultural water demand, being dependent on twal frequirements in the future, was
calculated on the basis of the food demand thhkesy to be experienced in the future.
The total foodgrain production of the country in0Z€08 was 230.67 million tonesThe
total amount of water required for irrigation inathyear was 417 billion cubic meters.
Assuming that the water was used for irrigatiorfaafdgrains the total amount of water
used for the production of one ton of food graias be calculated. The total amount of
water required for irrigation was calculated to b&07.78 cubic meters per ton by
dividing the total foodgrain produced in the basaryby the water used for irrigation in
base year. The total amount of water that wouldelogiired to meet the food demand in
the future years was then calculated by multiplyimg water required for producing one
ton of foodgrains to the total foodgrain demandhaft particular year.

Water required for irrigation to produce one torfaddgrain = 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 demaadthe year.

The methods used for the calculation of water demanthe future in an alternative

scenario were the same as outlined above. The oetsed for the calculation of water
demand in the future in an alternative scenarioewtbe same as outlined above. The
difference in the demand figures between the BAghado and the alternative scenario
in the case of food and water are due to the @iffee in the population projections
between the two scenarios.

Industrial Water Demand

To calculate the water demand for the Businessaaland alternative scenarios for the
industrial sector; urban population is considecetlé the main driver of industrial
growth. The per capita industrial water demandg&000 as the base year is multiplied
by the urban population of the state to obtaintti& industrial demand in a year for a
state.

Industrial water demand in a year = Value for iriddabwater demand per person * Urban
population for the selected year.

3.2.7.2 Data Sources

The assessments of water demand for irrigationdanakestic purposes were also based on
the population projections that were generatedagisqgb this study. The liter per capita per
day (Ipcd) domestic water requirement, as defingthk Planning Commission of India,
was used for the assessments. For key figuresoaf fiypain production in a particular
year, the Ministry of Agriculture data sources we@nsulted. The figures for total
irrigation water used were taken from the Indiastabsite.

% --01-45
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The constant values for water demand by industeator have been obtained from the
estimates from PODIUMSUM (policy Dialogue Model) eds by IWMI to assess
scenarios of India’s future water needs by 205@ Wwhter demand scenarios are based on
changes in utilizable water from the river basifdnalia . The model projects that per
capita industrial water demand could increase f4@wm?/ person in 2000 to about 66 and
102 n¥/person by 2025 and 2050 respectively in India.sehiggures have been used for
calculations of industrial water demand from 20Q@52, based on changes in population
between the Baseline and Alternative scenario.

3.2.7.3 Assumptions

o0 In the course of the assessments, it was assunadallhcrops require the same
amount of water for irrigation as required for giogvfood crops.

o Also, in the calculations for domestic water regqment, the per capita water
requirement was considered to be uniform acrosd amd urban areas in all states.

o Population is considered to be the major drivech@nges in industrial water demand
for both the baseline as well as alternative seéenar

3.2.7.4 Results

Domestic water demand again mirrors the growthojpupation as it is a direct function of
population. Therefore the domestic demand for wiatbighest for high population states
like Uttar Pradesh and Bihar. The trend shows arease in water demand over the years
through 2001 to 2051.

In the case of irrigation water demand, the figuagain show high demand in states with
a higher population as compared to states likerakteand and Jharkhand, that have a
lower irrigation water demand value due to theivdo population size.

For detailed results and graphs on both scenagtes, D 3.1 datasheets.

Source: Amarasinghe, U.A., Shah, T., Turral, H. Andnd, B., 2007. India’s water futures to 2025-2@&siness
as Usual Scenario and Deviations. IWMI Research R4@2& . Colombo, Sri Lanka: International Water ldgement
Institute.
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Industrial water demand (2001-2051: BAU)
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Fig 3.38: Change in Industrial Water Demand overghriod 2001 to 2051 for the BAU
Scenario

The state of Uttar Pradesh is projected to haverthemum increase in industrial water
demand followed by West Bengal. Though state-lexagiations between the BAU and
alternative scenario are less, there are variatrthe district level within some states
such as Uttar Pradesh and West Bengal. For exampterms of rate of change, Uttar
Pradesh indicates a sharp rise towards the 2050sthé districts of Kanpur, Ghaziabad,
Gorakhpur, Bijnor, Khushinagar and Muzaffarnagaidating maximum demands.

3.2.5.5 Limitations

The distinction between per capita water requirdsbas not been made between urban
and rural areas.

Also, the assessment does not take area underatigdti into consideration.

With population being taken as the major driveimalustrial growth, the BAU and
alternative scenario indicate nearly similar trer@ther factors such as proliferation of
small and medium industrial clusters, changesadérmpatterns and goods supply and
demand and their impacts on expansion of speciflastrial 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 hegailbjections. Common indicators
range from those on health workforce (example, remdf physicians per 10,000
population or number of nurses and midwives pedd® populations) to those on health
infrastructure (number of hospitals/ other heal#inecfacilities) to indicators on health
expenditures (finances). The current analysis tisesNumber of Health Sub Centres

(SCs) in a district’ as an indicator for the aviildy of primary health care to the rural

6 & (!
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population residing in that district. Based on potjons of health SCs, it is also feasible
to draw inferences on the required health workfarcéhe future for operation of these
health centres.

3.2.8.1 Method

Firstly, decadal projections (for years 2031, 2@t 2051) for total number of Health
SCs in each district (for the states of Uttarakhastthr Pradesh, Bihar, Jharkhand, West
Bengal) were made based on the past state tregtbwith of Sub Centres. As per the
population norms, one Sub-centre is to be estadishr every 5000 persons in plain
areas and for every 3000 persons in hilly/tribaéie areas. This estimate was used as a
standard to estimate the future requirement oftheé&Cs in districts. Thus estimations on
future requirement (on a decadal scale - 2031, 28dd 2051), for total number of health
SCs in a district were made assuming that thesstate required to meet this established
standard, using the formula:

Estimated requirement of Health SCs in a distriBrgjected population in the district
5000 (for plain areas) or 3000 (idkareas)

The two were then used to estimate the future idé€fiany) in the total number of health
SCs in each of the districts of all 5 states.

The same method was used to develop projectiostty/fior the BAU population scenario
and then the alternate population scenario.

3.2.8.2 Data Sources

District level data on existing number of HealthsS@as collected from the Rural Health
Statistics Bulletin (2009), from the Ministry of High and Family Welfare, Government
of India. State level data on growth in number @sSover the last 6 Five-year Plan
periods (from Sixth Plan 1981-1985 to Eleventh R1807-2012) was also obtained from
the same.
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Box 1: Health Sub-Centers in India (Gol, 2007)

The health care infrastructure in rural areas le@ llleveloped as a three tier system
which consists of Health Sub Centres which is thekrmost tier followed by
Primary Health Centres and Community Health Centrethe public health sector
a Sub-health Centre (or Sub-centre) is the mosplpemral and first contact poin
between the primary health care system and the comtyn A Sub-centre provide
interface with the community at the grass-root lepoviding all the primary healt}
care services. As sub-centres are the first comgaictt with the community, the
success of any nation-wide programme would depargkely on well functioning
sub-centres providing services of acceptable stdnttathe people. In India, thg
current level of functioning of the Sub centresigch below the requirements.

vT=""UJ e~ .

In order to provide Quality Care in these Sub-@s)trindian Public Health
Standards (IPHS) (under the National Rural Healtbshn) are being prescribed {o
provide basic primary health care services to thenraunity and achieve and
maintain an acceptable standard of quality of cdieese standards would help
monitor and improve functioning of the sub-cents.per the population norms,
one Sub-centre is established for every 5000 poptitzn in plain areas and for
every 3000 population in hilly/tribal/desert areas.

3.2.8.3 Assumptions

The rate of growth in the number of functioning S€¢he state level (over the last five 5-
year plan periods) was assumed to be an indicatbleayrowth in number of SCs in each
of the districts of the state. This is becausei@efit data (in time series form) was not
available at individual district level to generaeindividual trendlines that could be
extrapolated for the future.

3.2.8.4 Results

Projections for health SCs show that in both sdesarstates with higher population
growth rates will face higher deficits in rural lbanfrastructure with the expected rise in
the number of SCs not keeping pace with the grawtpopulation and the consequent
health care demand. Especially in states of Uttadésh and Bihar, more districts show a
deficit compared to states like Uttarakhand, Jhankhand West Bengal. The difference
in the demand between the BAU scenario and thenalige scenario is due to the
difference in the population projections betwees tino scenarios. Thus, in the alternate
scenario with a higher population growth rate, mdigtricts in each state are expected to
face deficits in terms of health infrastructure e@age of the rural population.

Thus any changes in water availability or qualttyat may have impact on population
health, may be aggravated by inadequacies in héadihties available in that region
especially with respect to primary health care Wwhig important to prevent and treat
many of the common water borne diseases such ashaka and cholera which are
already a leading contributor to disease burdenral India.

For detailed results and graphs on both scenagtey, D 3.1 datasheets.
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3.2.8.5 Limitations

Since the HighNoon project considers ‘district’ @ unit of assessment, indicator
selection (for future projection) for the study waesed on the availability of data at the
district level. The study is thus limited to onlyral populations (in each district) and rural
health infrastructure because reliable dataseta\aiable for health care facilities in the
rural areas. A dearth of district level data onvate health care facilities (private

hospitals, dispensaries and clinics) which haveg@ifscant share in urban health care did
not allow for inclusion of urban population and rigfgy limited the analysis to only rural

areas where the Health SC form the backbone ottheare 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 analysdigating the broad trends in socio
economic development at that scale. However, aenstahding of heterogeneities within
the region is needed to account for multiple isshas operate and interact at the regional
level. This is particularly important for assessadpptation and vulnerability at the local
level. Changes in the policy and regulatory regirhehavioral pattern, institutional
arrangements, amongst others, play a major roleshaping the socio-economic
development through changes in water use, land fogel demand, power supply,
economic growth etc. For example, policy and reipujameasures around groundwater
pumping, power subsidies for agriculture, watehtsg land tenure etc. can have different
manifestations at the local level that might not dagtured in the global scenarios.
Further, the ability to disaggregate the data icébegories such as urban and rural
population, share of tribal population, dependemcyagriculture etc provides opportunity
to capture the local scale vulnerabilities that noftgn get masked in global scenarios.
While there are disadvantages to the approach rimsteof capturing the inherent
complexity of the system, the advantages lie in file resolution at which the
information is produced.

There are numerous challenges involved in compasang integrating scenarios at
different scales. Global scenarios have been daledat the country level. While there
are inherent assumptions and uncertainties in dcaling global scenarios at regional
and national levels, up-scaling of local and reglofigures to compare with global
scenarios suffer from similar deficiencies. Alsimce the focus of the HighNoon study is
only the Ganges basin which consists of eleverestapread over Northern India, the
scale issues magnify adding to the complex tasloofparing and merging scenarios.

Population

The UN projects a population of 1612 million Indsain 2050 according to their medium
projection. Important to note here, that the UNjgetons have been updated to a higher
estimate in every update of the last years. Thie taélow presents population projections
for India for the year 2050. While DEFRA (2004)issited 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 demandhe Ganges however, is the location
of this population and the distribution betweenaurtand rural population.

According to the projection using the method of Wamuren {van Vuuren, 2007}, 55%

of the Indian population will live in urban areagrsus 45% urban. In the Ganges-
Bramaputra basin, the distribution is projected&50%-50%. TERI (2000) projects a
slightly lower share of the total population living urban areas in 2050: 51%.
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Unfortunately, there has not been a study devetppiore detailed population scenarios
at basin level. This would be very important to makmore realistic estimate future water
demand.

The population is shown to grow at a rate of 1.5p&¥year for the alternate scenario and
1.4 % per year for the BAU scenario. On an overathanisation shows an increasing
trend in the projections. The urbanization leveiesmacross the sates and ranges between
20 to 30 %, highest in case of West Bengal and $ovmeBihar for both scenarios.

Economy

It is difficult to compare scenarios of economiowgth, because the units are different.
The OECD presents their scenarios in US$ Purchaower Parity, which cannot be
compared to the scenarios presented in US$. Howéverglobal scenario projects a
industrial contribution to GDP in 2050 to be onlp% (and 64% services, 11%
agriculture). As is evident from the local scensyitndustry and services have a far
greater contribution to the GDP than agriculturedl five states that cover the Ganges
basin. Results indicate that the share of the aljui@l sector has been declining in all 5
states over the time period 2011 to 2051. Whil¢éestéike Uttarakhand and Jharkhand
observe a steep decline in the contribution of dgdcultural sector to the total GDP,
Uttar Pradesh, Bihar and West Bengal show a 50 étnge

Agriculture

The OECD projects, based on the population andauogrscenarios, an increase in total
annual crop production from 395 to 986 million tesrfood crops per year from 2000 to
2050. This is an increase of 150% over 50 yearss mhmber reflects the total food
production for India, Pakistan and Bangladesh.

In the OECD scenarios, irrigated areas are asstoneginain constant, because there are
no global scenarios for expansion of irrigated sréairther, climate change will affect
crop yields, and therefore the total agriculturedaais projected to expand with 48%
(2050 compared to 2000) in order to be able tatgehigh production.

While the global have tried to estimate the impamiscrop production and associated

yields, the local scenarios have developed scenanmnpfood demand. While there are

scale differences that exist, it is likely the gibbesults can be made available at a 0.5*0.5
sq km resolution and compared for estimating thmplsudemand gaps.

Projections indicate an increase in food demarttienregion from 65 million tones (Mt)
in 2001 to 130 Mt in 2051 in the BAU Scenario. Vhihe increase in demand is expected
to be more than 100 % in the BAU scenario, in thermate scenarios the demand is
likely to exacerbate further.

Water demand

Apart from the main drivers population and econorthe total calculation of water
demand in the different models is also very muclpeddent on other underlying
assumptions. Land use development, sectoral ecendevelopment (industry uses more
water than services sector), en assumptions owgieefty improvement. These other
assumptions are the reasons that water demandciwog differ enormously between
scenarios (even the signs).
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In the OECD scenarios, an autonomous efficiencyravgment is assumed. Further,
irrigated areas are assumed not to expand. Therefoe total irrigation demand (for
India, Pakistan and Bangladesh together) decreagbs scenario with 12% from 1194
to 1054 knilyear between 2000 and 2050.

In the IMAGE model, assumptions have been madéherdietary preferences and other
lifestyles that change with income. Therefore, dstcewater demand per capita will
increase with income as will per capita food (a@eld) demand. On the other hand, in the
global assessment done for the OECD project, antons efficiency improvement is
also assumed for the sectors domestic and indwsltiigh partly offsets those increases.
For domestic water-use, the OECD and TERI estittegelemand to be in the same order
of magnitude in 2000 (OECD 32 Rfyr for India, Pakistan and Bangladesh, vs TERI 24
km*yr for India only). However, their estimates ofcimase in this demand differ
enormously: OECD projects the water demand to asealmost six times until 2050 (to
188 knt/yr), where TERI is milder with their estimate of mcrease of a little more than
doubling to 51 kriyr.

For the industrial sector, the initial estimateg aready very different: 34 Kifyr
according to the OECD (including Pakistan and Badgsh). Subsequently, the OECD
assumes a ten fold increase until 2050 (337/yan

While the global scenarios estimate a decline iteweequirements for irrigation, on an
overall basis, water demand in the local scenasidigely to increase in the future for all
sectors. Every state is likely to experience amease in water requirements, including
irrigation proportional to their population growdind associated food demand. Projections
from the local scenarios indicate an increase énittigation demand and domestic water
demand is likely to double in the BAU scenario ftbe period 2001 to 2051. This
however does not take into account the implicatioinsnprovements 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-ecormdata in WP 3 should be able to
capture the local conditions in order to enabl@pilag of adaptation measures at the local
level. For the adaptation options to reflect looahditions and vulnerabilities, the socio-
economic boundary conditions that are projectethatnational and sub-national scale
will need to be disaggregated at the district drabssible a lower scale, subject to data
availability.

Merging of outputs from WP 1 and WP 2 could be uistefr WP 6 because for a specific
region, water stress would be a combined effeavater supply affected by changes in
the timing and amount of precipitation and rivesaliarge as captured in WP 1 and 2 and
water demand that is affected by changing socia@tic conditions. Furthermore, in the
absence of specific data or indicators at the lscale, data at a coarse resolution (sub-
national and higher) adjusted to the local scalg ima needed to be used, thus using
certain global, national and sub-national averagerés 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 haszspanning hundreds of years. The
impacts of which will be felt in a world that isfidirent from the one that exists today.
Therefore it is essential to know how the economy society will change over time and
how the impacts and need for adaptation varies thertime period. Consequently, it is
essential to incorporate the changes brought bytiveng forces of population growth,
economic development, and technological changkamtocess of climate change impact
assessment and they must be included in enough thetiaevaluates the merit of policy
options. The construction of socioeconomic scesaif an inextricable part of any
analysis of the implications of climate change. é&arios are powerful tools for
addressing what is both fundamentally significant grofoundly unknowable — the
future” (WBCSD 2000). They differ from forecastshiah impose patterns extrapolated
from the past into the future. Instead, scenariescaherent, internally consistent, and
plausible descriptions of possible future statethefworld (Carter et al 1994). Scenarios
generally span a range of alternative futures.riefbthey are projections of a potential
future based on a clear logic and quantified stoey{IPCC-TGCIA 1999).

At worst, climate change impacts have been praojecie a static society, without

accounting for changes in key socioeconomic driddrluman development. In other
assessments, impact predictions with a very linsttdof socio-economic indicators (such
as population, GDP per capita, and land-use chandé¢echnological improvement) have
been carried out using computer-based models.

Socioeconomic scenarios encompass diverse factoas $hape a society. The
socioeconomic baseline describes the present atatlk non-environmental factors that
influence the exposure unit. The factors may be ggmahical (e.g. land use),
technological (e.g. pollution control), manage(®ly. forest rotation), legislative (e.g. air
guality standards), economic (e.g. commodity pjicdemographic (population), social
(e.qg. lifestyle), or political (e.g. land tenurepperty rights) (IPCC 1996).

Workpackage 3 therefore attempts to develop socimmuic scenarios based on global

and locally driven approaches. While broad trenals loe assessed by using the global
techniques, locally driven approaches help us atdou regional heterogeneity using site

specific information and datasets.

5.1 Socioeconomic assessment, differences globad éocal scenarios and integration

Results have been produced for select variablgaraius scales — from the global to the
local to enable its use in WP 6 for stakeholdersattations. This would enable
stakeholders visualize the changes in socioecongomditions and understand climate
change implications. The local scenarios focus ameptions for five states and an
attempt will be made to widen the scope to incladme other states, that are not in the
main trunk but in the larger Gangetic basin.

Complexities related to cascading uncertaintiesvasprogress in our analysis in the
global projections and local projections exist. beoable to address these uncertainties an
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attempt has been made in the local scenarios tod@@n alternative scenario that helps
capture these wide variations providing a moreasgnmtative picture.

These projections are not forecasts and therefaeld not be judged in terms of absolute
accuracy. They provide qualitative picture of tbeis economic futures in the basin.
Comparing the global and local scenarios presemsethodological challenge. Scale
differences being the most prominent amongst thdea the underlying assumptions and
the heterogeneity and homogeneity at regional scplevide outputs that are very
different.

However, to be able to integrate the outputs ofsttenarios developed at both scales the
only feasible option would be to identify the complentarities and draw the strengths of
each approach to share the information with thieestalders in WP 6.

5.2 Usefulness to WP 4 and WP 5

Selection of specific datasets to construct thallsocio-economic scenarios in WP 3
may provide useful insights to WP 5 in developitg tntegrated impacts indicator
system. WP 3 scenarios may also be useful in diegighe methodology for participatory
selection and prioritization of adaptation optiamghe 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 chaggnonsoon patterns, snow and
glacier melting will be used to force the regionaddel and LPJmL- water used in WP 3.
It would be useful to assess which socio-econoroénarios are the most sensitive to
uncertainty in climate scenarios. It would alsouseful to observe how the local level

case study boundary conditions in WP 6 interadh Wit macro level conditions. The list

of adaptation measures from the stakeholder praned4 6 can provide an opportunity

to create alternative scenarios of developmentnaisguthat these adaptation options are
deployed.

Broadly, while the future projections maybe similar all the States in North India, it is
essential to capture the differences in terms aledging state features which may
manifest in the form of differences in rate of gtbwf population and urbanization. Some
of these factors include education, female literaeye, agricultural dependency,
proportion of tribal population, rural-urban popida ratio, health care facilities,
occupational profile, inequality in income distritaun, policies / programmes of State
Governments for development and environmental ptioie etc. Socio-economic
scenarios should also address factors specifiettosal climate change impact studies,
for example per capita food grain availability, darienure, fertilizer availability,
infrastructure development, land degradation, wagteality, etc. It is also essential to
juxtapose these scenarios with likely policy argltatory changes that may have sectoral
implications in terms of technology, foreign invesint and trade regimes given there are
wide scale variations that exist even within states

5.4 Scenario modifications through WP 1, 2, 3 and ®rcings
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WP 6 forcings might result in changes in the sdesaileveloped as part of WP 1, 2 and
3. Therefore outputs from WP 6 would feed into eatthese workpackages to arrive at
different set of results that take into accounkatt@lder perceptions of expected changes

in future and also the various response measurds paoritization of options for
adaptation.

However, these options and their validation wouéd dite specific and would not be
generalized at a basin scale.
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