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Abstract

This working paper documents and explains our methodological approaches and technical
details about howwe conduced subnational population projectiorier India. This
research is motivated by tweesearch questiongl) How does the accounting of
socioecaomic heterogeneity, measured by educational attainment, improve population
projections for India? and(2) How will changing patterns in urbanization affect the
population projections, depending on the spatial scale (national vs. subnational)
considered in the projections?

Projections at national and subnational level can provide essential information for
planning and implementing government policies, including the allocation of budget and
resources. In a country like India national projectignsring s@tial and socioeconomic
heterogeneitywould be too shossighted considering its sheer population size of 1.2
billion in 2011.

It was surprising to see that our population projections for India with baselinarisce
were consistent with the UN medium vant and VittgensteinCentreSSP2 until 2070.

We found that while our fertility assumptions are lower, our mortality assangpivere

also lower and compensated for the lower number of births (and no international
migration) with higher number of survivors. Thesults show that the overall fertility for
India is lower than estimated/assumed by UN ®itigensteinCentredue to lower
starting values in our projection as well as due to explicit consideratieducktion in

the model. This results inrapid TFR decline to about 1.85 children per woman in the
next two decades argfabilizationfor the rest of the century. The projection resulted in
slower rate of urbanization in India from 31% in 2011 to 40% in 2051, compared to the
UN urbanization projection and we presented several explanations for that.
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1 Introduction

Scholars and policymakers have increasingly realized that the causes of clmanges i
environment and life support systems and its consequences on human societiesyre largel
determined by not only total population growth but also changes in population
compodions. This includes the consideration of heterogeneous characteristics of the
populations and their spatial distribution, answering questdrtsthe populationsre

(age, sex, educational attainment, eamd wherdgheyare (rural or urban residen@nd
geographic locationse.g. coastal or hinterland. Although almost all integrated
assessments of socioeconomic and environmental changes coopigdlatipndynamics

as one of the key driving forcasost of the modeling and analysis use populationasze

a scalar and the only demographic variable, and ignore the important impacts of socio
demographic heterogeneity.

To bridge the gap,lIASA initiated an internal crossutting project
“Socioeconomic Heterogeneity in Model Applications” (SCHEMA). The ngmal of
the project ido address the following question:

How does better accounting of SCHEMA in systems analysis improve our prediction
of global environmental change and human eling and the design of related
policies?

This question is being addressed through a ero#sg activity involving four
[IASA programs and the following larggcale IASA models: GAINS, GLOBIOM, and
MESSAGE.

Specifically, the research focuses on the following overarching questions:

- How will changing patterns in urbanization and income distribution influence the
patterns of human consumption (efgod, energy), and what are the associated
pressures on the environment and human well-being (e.g., clean air)?

- How do environmental policies affect different socioeconomic groups, and overall
inequalities and social justice?

2 See model descriptions in appendix.



These refinements in model specifications will enable new podigvant
research questions to be informed by IIASA models using a broad set djeivel
metrics. This project will also develop a common knowledge pool on the representation
of socioeconomic heterogeneity, and strengthen the information flows beti#&#h |
models.

Specifically the work of our group is motivated by two research questions with
focus on social and spatial heterogeneity in pdmradynamics:(1) How does the
accounting of socioeconomic heterogeneity, measured by educational attainment,
improve population projections for Indiaand (2) How will changing patterns in
urbanization affect the population project®mepending on thspatial scale (national
vs. subnational) considered in the projections?

In this working paper we aim to illustrate the technical and methodologicédsdeta
about how welevelogddemographic projectiortd Indian populationgisaggregated by
age, sex, educational attainment, rural/urbasidence and by35 states, as the first
exploration study. The projected demographic dynamics, and income distributitbns, wi
serve as fundamental indicators of socioeconomic heterogeneityput for IIASA’s
energy modeMESSAGE, food and land useodelGLOBIOM, and air pollution model
GAINS in studying future changes energyconsumptionfood demandtransporation
demand, and air pollution.

2 Data and Methods

As a first step, we acqud data from the website tife Office of Registrar General of
India (ORGI). The following data from two latest Censuses (2001 and 2011) and various
reports fromthe Sample Registration Survey (SRS) for the period since 1999 were used
in this exercise:

e Poqpulation distribution by age, sex, and educational attainment (Census 2001, 2011)

e Age-specific fertility rate (ASFR) by educational attainmemid rural and urban
regions,and for 20 largestates 1992013 (SRS). Recently, the ASFR by rural and
urban regns for the remaining 15 smallstates andunion territories (UT)were
published.

e Life expectancy by rural and urban regions and for 17 lasigées — 2010-2013
(SRS) The Crude Death Rate (CDR)used for proxy states.

¢ Internal migration between rural and urban regiongaies/UT (Census 2001, data
not yet released from 2011).

These data were first processed to produce distribution and estimateteobnsis
with our age and education categories. We defined six lefeldugational attainment
namely: “no education”, “some primary”, “completed primary”, “completed elow
secondary”, “completed upper secondary” and “completed-geasindary”. The
population was disaggregated in fiyearly age groups with 100+’ as the last age group.

3 Missingstates/UT in SRS’s fertility data: Andaman & Nicobar Islands, AruabPhhadesh, Chandigarh,
Dadra & Nagar Haveli, Daman & Diu, Goa, Lakshadweep, Manilleaghalaya, Mizoram, Nagaland,
Puducherry, Sikkim, Tripura, and Uttarakhand.

4 Missing states/UT in SB’s life tables:in addition to 15 missing iBRS’sfertility data (se€ootnote 3)
Delhi, Chhattisgarh, and Jharkhand.



The definition urban type of residence is according to the Census 2011 and was
based on population size (>5000 inhabitants), population density (400 inhabitants per
km?), and proportion of males working in nagricultural sector as main ogmation
(>75%). Local administrative units that fulfill these criteria should be cladsds
“Census Town” (CT). Deviations from this rule are possible, but in general thisl woul
mean that villages exceeding this thresholds would be automatically rethésim
rural to urban areas. Additionally the urban definition ideegiadministrative urban
regions that are known as “Statutory Town” (ST). (See details in Section 2gu<e
India, 2011)

Details of estimation methods and their results are discussed in the following
sections: fertility Section2.1), mortality Section 2.2, internal migration $ection2.3),
urbanization (8ction2.4), and educational attainmene¢8on2.5).

Future scenarios are defined in the last-sedtion 2.6). So far, we defined a
businesssusualscenario ifhedium variant scenario) or baseline scenario by mostly
continuing the trend. For the baseline scenario, we defined future pathways for the three
demographic components fertility2.(.4, mortality £.2.2, and (internal) migration
(2.3.]) for each of the 70 subational units (35tates/UT andurban/ruralresidencs).

We could get only educatiespecific data for fertility. We also defined urbanization
process through reclassification of administratively rural areas &m aneas (segection

2.4.2. For the education component we defined five pathways for education transitions
for the baseline scenariBdction2.5).

2.1 Fertility

2.1.1 A fertility pathway for India

Thedemographic transition theory explains how fertility declines from a lvgty level

(~7 children per women) to a low value (~2.1 children per woman, below replacement
level). India is currently moving towards the end of the demographic tamsitith a

TFR of 2.32 children per woman in 20(GRGI, 2014)

Assumed decline is too slow in global level projectan

The trend extragation indicates further decline in the fertility level of Indie
United Nations Population Division (United Nations, 20&%pects that the fertility will
decline below 2.0 by 2038040 (with 2.48 estimated for 20PD15). The speed of
decline seems to slow dowvith less than half a child tme next 25 years, however, the
result is based on an extrapolation of India’s rate of decline in the past along with the
experience of other countries that have gone through similasi@eesl TFR of 2.5 or
s0) in the past. The question is whether this speed assumed by UN is reasonable or is it
too slow?

Projection done by the Wittgenstein Centre for Demography and Global Human
Capital (IIASA, VID/OAW, WU) (WIC)has similar expectation for the future that starts
with abit higher TFR value (2.54) in 2010-2015 and goes to less than 2.0 by 2035-2040.
(Lutz et al., 2014; WIC, 2019ndia’s earlier projection of TFR, conducted based on
Census 2001 data (ORGI, 2006), predicts the fertility to decline to 2.52 by2PQ561
starting with 3.13n 19962001, which is quite close to the WIC starting point for 2010
2015 (derived fronmthe UNPD 2010 revision).

...but local projection has caught the faster decline



However, the SRS indicates that the Indian fertility might have declined faste
than anticipated in 2001 (ORGI, 2006). What could have triggered the decline? Obvious
guesses are increasing educational attainment of women, success of familygplann
policies (reached the mapsoliferation of 2 children ideal), urbanization, modernization
(e.g.,use of contraception), economic growth, etc. Theeetgition by ORGI predicts
quite well the reported value in 2013. ORGI predicted that the fertility level of iR.0 w
be reached during the period of 2625, almost 15 years earlier than predicted by UN
and WIC. Does this mean the projections done glplpaiN and WIC) are wrong about
the future expectatiain India? What are they missing? It is possible that both have not
considered spatial and population heterogeneity within India and relied on the extension
of the national trend. Or maybl@dian demgraphers (aORGI) were overly optimistic
about the spread of the low fertility ideals, especially in rural areashaf Bnd Uttar
Pradesh with highest level of fertility. However, the level of fertility seéeirala, Tamil
Nadu, West Bengal and manyher states clearly shows the plausibility of fertility
declining beyond 2 children per woman.

So, the local projection experts were closer to the truth in predicting, why?

Due to high variability in thelTFR level between the Indiastates (spatial
heterogneity), instead of assuming overall Indian fertility and then deriving tkessta
fertility, a bottom up approach could have led to the expectation of faster decline.
However, our preliminary results (not shown here) reveal that considerinigl spat
hetepngeneity leads to slower decline in TFR than when projected at the national level
due to the weighting effect of large population size in wa@seloped regions in India
(e.g, Uttar Pradesh and Bihar). Most of the spatial heterogeneity, however, can be
explained by different composition of the population such as education level, place of
residence, overall development level, ethnicity, cultural practices,arl&jc.

Rising fertility in the future...

Another observation is that the decline in fertiliqutd reach a floor and rise
again the lowest level of fertility for different populations could vary and indicate
contextspecific factors (such as openneswoman actively participating in the labor
force— vs traditional value regarding woman being a housewife).

We recognize that thepathways could vary for eachate, however, the
uncertainty about thgtatespecific minima remains. One way to solve this is to assume
the average Indian pathway and use the minima reached by India, separatel and
urban region (Author’s opinign

Education dfferential in minima

Another question is whether women with different levels of education might have
different minima. We argue that for women with up to primary completed there will be
higher minima than for those with secondary educafibe.primary completion is by the
age of 12i.e., before women enter chiltbaring ageand, essentially, the chioearing
is not disrupted by enrolment in the school/college. However, for those with secondary
and above the school years spill beyond ages 15 disrupting the earpedmildg ages
and therefore result in different minima.

As seen in théSRSdata, the fertility level among uppsecondary educated
women is the lowest in both rural and urban regions. In India, university educateen
were te first group to complete the demographic transition, followed by higher secondary



educated women, and then by lower secondary educated woman. Also, the transition has
occurred earlier in urban regions, mostly explained by the higher proportion aeteduc
women in these regions compared to rural areas. However, there is clearly andedépe
rural/urban effect that is explained by factors other than education, such alieasg,

larger residential and recreational space for children to play, famdysocial support in
raising childrenetc.

2.1.2 Education differential in fertility

In thestates/UT of India exists a consistent linear education differeRigie 3, except

for the highest education group, where the TFR is higher than among the women with
upper secondary education. This is basedBSdata from 1992013.(ORGI 2014)
However, in somestates/UT the differential is diminishing, meaning that the less
educated women are following thatp of fertility experienced earlier by women with
higher education. This is true for women with no education or some primary education,
and it is happening at greater speed.

Figurel. Total Fertility Rate in India by level of education astates/UT separately for
Rural and Urban place of resider{@RGI 2017)
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The data also reveals that for women with education up to lower secondary,
normally achieved by the age of 15, a convergence could occur quickly. For high school
graduates, the school age extends to 18 and beyond. Here, one can imagine a direct impact
of education on fertility of women due to the fact of simply attending school. Ttigyfer
is lowest amng this group in mostates/UT.

It is likely that in the future women witbompletedower secondargducation
might follow the fertility ideal or path of the upper secondary. Hence, we couldnenag
one path for all. Kerala is an interesting case, with a TFR of 1.69 for women with
completed lower secondamyducation The TFR for women with upper secondary
completion is highe¢2.13)and much higher for women with postsecondary completion



(2.35). For tertiary educated women, the fertility level after reaching anbofterhaps

due to the tempo effect, has resurged to a higher level. This raises questions about the
mechanisms of such developnm®nirban/rural differential, and ifationalfertility could

reach leved as high as in Kerala.

2.1.3 Fitting fertility pathways

We defined two fertility pathways for rural and urban type of residamdedia using
educatiorspecific TFR from the period 199813. Trendshow that fertility is declining
rapidly among women with no education or some primary enuncathe fertility rate
among primary educated and lower secondary educated is declining slovglgesmsl to
be levelling off. The fertility rate among upper secondary educated wontes lmaest
in many cases, often becausertleelucation happerguring he age ofl5-19 years and
therefore the births during this periade missed. And finally, the fertility rate among
tertiary educated women is often slightly higher than among upper secatlamated
women.

As explainedin Section2.1.], after various itations, final national pathways
separately for rural and urban region were chosen by first aligning thieyférend for
each education category and then fitting a smooth spline separately.

Figure2. Fertility Pathways for Rural and Urban India modelled based on SRS* (2007,
2010-2013)

Fertility Pathways for Rural and Urban India

. Residence
: \, . Rural
= = Urban

ITFR level

Time in years

Note: *Ultimate TFR are set 1.75 and 2.08 for rural and urban regions respectively

The smooth spline in Figure 2 shows that fertility declines to a level of 1.73 for
rural and 1.40 for urbarand then increases (this is a phenomenon observed in many



Western countries). However, it is also likely that fertility will remain at the lowed,le

as observed in Southeast Asia (Basten et al., 20&4y low fertility is obseved in many
Northern sates/UT of India mostly among urban dwellers and could follow the Southeast
Asian pattern. However, in many Southstates/UT as well as among the most educated
women, the TFR is not so low, around 1.8 (&gTamil Nadu). Further, both UN (mostly

in the range of 1.6-2.0) and WIC (1.75) assume higher léweidtimate fertility. Based

on these arguments for the baseline scenario, we assififdrl of 1.75 as the ultimate
value at which fertility among all groups in urban regioiil converge. For rural regian

we expect this ultimate level to be higher than 1.75. The gap between the ukirtiléte f
levels in rural and urban regions equals the gap between the minima of tfestilty
pathways (0.33, sdegure 3.

The two rational fertility pathways were then used to project the education
specific fertility in 70 sukregions of India. In cases where the fertility level is already
below respective pathways, the gap was allowed to remain to carry fortveafdw
fertility behavior of women in the region.

2.1.4 Our rules for fertility projections
In the following we summarize the rules for the fertility pathway projections that w
applied for our baseline scenatrio:

1. Fertility for women with up to completed primary educationl \alel off at the
ultimate values assumed for rural (2.08) and urban (1.75) regions.

2. Fertility for women with at least lower secondaducatiorwill follow the samepath
with some lag

3. If the current value is already less than the minima, we let the difference be
maintained.

4. Fertility for women with at least lower secondary educatvdhlevel at 2.08 for rural
and 1.75 for urban regions.

2.2 Mortality

Sexspecific life tables for eacdtate/UT were downloaded from the SRS webh€RGl,
2014) separately for ruradnd urban regions for 1ates/UP. These life tables were
estimated based on registered deaths during-2009. Unfortunately, the education
specific life tables were not available at the national andtgtes/UT level. So far, we
could not find theeducatiorspecific mortality differential through other sources, except
for infant and child mortality by mother‘s educational level in the DHS. Therefere
did not apply the education differential in mortality and left it for future updates

5 Missing life tables,states/UT in SRS: Andaman & Nicobé#slands, Arunachal Pradesh, Chandigarh,
Chhattisgarh, Daman & Diu, Dadra Blagar Haveli, NCT of Delhi, Goa, Jharkhand, Lakshadweep,
Manipur, Meghalaya, Mizoram, Nagaland, Pondicherry, Sikkim, TripuchLdtarakhand.



Figure3. Life expectancy at birth among males and females in India, UN estimates and
medium \ariant projection
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In India, SRS estimates for life expectancy at birth for females and mates
69.3 yearsand 65.8 yearsrespectively for the period 208913 (midyear as 2011).
(ORGI, 2014)The SRS values were slightly higher than the UN estimates for the period
20102015 (midyear 2012.5), séagure 3 with 68.9 years and 66.1 years for females
and males respectivelfnited Nations, 2015)

In the past, the mortality situation was worse for females. For the firstitime
1980-85 life expectancy at birth among females (55.1 years) became higheathHan th
males (54.8 years), sekigure 3 The sex difference widened as the increase in life
expectancy at birth for females increased faster than that for males, 2.05years.9
(between 200@005 and 2002010), sed-igure 4 and further widened with a gain of
2.47 vs 1.6 years for males and females respectively between the periods 2005-2010 and
2010-2015.



Figure4. Gain in life expectancy at birth among males and females in India, UN esgtimat
and medium &riant projection
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In UN medium variant, the gain in life expectancy at birth for males and females
is assumed to decline in the future (see red coldFigure 4. For males, it is a
continuation of the trend in the gain that stabilizes after 20d46und ongear per five
years For females, the gain for the first projection period 2PQ50 seems to be smaller
than it would have been in the case of trend extrapolation. Also, in the future the gain
among females will decline further, which is a result of implicit assumptioheirutN
projection that at the higher level of life expectancy the gain will be slower.

2.2.1 Mortality at state level

At the state level, the life expectancy at birth varies betwades/UT levelsln the most
recent data from SRS life expectancy at bisthlways higher in urban areas compared
to rural regions withthe exception of KeralaFigure 5showsthe evolution of life
expectancy at birth in 1&ates/UT and for whole India, separately by sex and by place
of residence.

We could observe that the spatial diversity is very high in India. Among the
states/UT with available data, Kerala (KL) has always been afupmier. More recent
data, that includes Himanchal Pradesh (HP) and Jammu & Kashmir (J&K), shows both
States with high life expectancy atthimwith highest levels in urban regions. Within urban
area, Uttar Pradesh (UP) has the lowest life expectancy at birth both for méles an



females. Whereas within rural areas, Madhya Pradesh (MP), Assam (A3)Pdmave
lowest level of life expectancy at birth. Over time, the life expectancy seems to be
converging rapidly irrural areas. The convergence is happening faster among females
than males.

Figure5. Life expectancy at birth in India and its 1&tses, SRS estimates
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2.2.2 Baseline assumption for mortality

In order to project life expectancy into the future, we generated an averhgayp&br
the future gain by regressing gain in life expectancy between two periodie difet
expectancy of the initial period separately for males and fem&ale fitted simple linear
regression and extrapolated the life expectancy into the future using theigegresults
and called it general predicted average gain. For gatgssgex, we started with recently
observed average rate of change and force it to converge to the general predieigel av
gain by 2030. Our narrative is that the convergence will carry emtigsometime in the
future (we assumed it to be 2030, correspondinpedustainableDevelopmenGoals
(SDG)target year) and then the regions will keep a similar rate of change inuhe fut

We have set a minimum value for the general predicted average rate. When it
reached a certain value, we held it constant for theoféke future, the values are 0.75
year per five years for males and 1 year for females. This leads to angidénihe gap
in life expectancy between males and females, which we think will happen in the future
— following the arguments by Oeppen and Wal(2017) that the limit to life is not yet
reached. Few rules and limitations were imposed (@e& Vaupel, 2017)

1. The fiveyearly change in life expectancy at birth was limited to a maximum of 3
years.

2. The gain in life expectancy at birth will converge to the general predicted averag
gain by 2030.

3. Within each state, life expectancy in rural areas was restricted to remain fower o
equal to that in urban regions.

4. The gap between rural and urban regions was limited to the most recenedbser
values.

5. (Notimplemented yet) The gender gap in the life expectancy is not catbickr
and we will further investigate to see if it is necessary.

Once the life expectancies were ready (as showfigare §, we applied the
Gompertz transformation method as implemented by KC €2@L0)to produce life
tables for the calculated life expectancy at birth. We used the life tableslfarfrom
the UN medium variant in the World Population Prospect 2015, as standard life tables.
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Figure6. Life expectancy at birth in India and its &ates, SRS estimate up till 2011 and
projections thereafter convergence to national average rate of gain by 2030
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2.3 Migration (internal)

The internal migration between rural and urban regions within and betwestatés2UT,
altogether 70 spatial units, is one of the main determinants of the population dymamics i
India. The data for the flows estimates between rural and urban registasdsyUT was

not readily available and had to be estimated from different available tabtegheo
Census 2001 (sdagure?) as 2011 data is not yet published.

Figure?. Internal Migration in India by states and residence tteCensus 2001
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Note: (AN) Andaman and Nicobar Islands, (AP) Andhra Pradesh, (AR) Arunachal
Pradesh, (AS) Assam, (BR) Bihar, (CH) Chandigarh, (CT) Chhattisgarh, (Bd{aand
Nagar Haveli, (DD) Daman and Diu, (DL) Delhi, (GA) Goa, (GJ) Gujarat,) (H&tyana,

(HP) Himach& Pradesh, (JK) Jammu and Kashmir, (JH) Jharkhand, (KA) Karnataka,
(KL) Kerala, (LD) Lakshadweep, (MP) Madhya Pradesh, (MH) Maharashtra,) (MN
Manipur, (ML) Meghalaya, (MZ) Mizoram, (NL) Nagaland, (OR) Odisha, (PY)
Puducherry, (PB) Punjab, (RJ) Rajasthan, (SK) Sikkim, (TN) Tamil Nadu, (fip)r&,

(UT) Uttarakhand, (UP) Uttar Pradesh, (WB) West Bengal
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Following are the steps and list of data used:

In the first step, we extracted the data frili@Census 2001for the total number of
migrants duringhelastfive years five-yearly duration) by sex in the current place
of residence (bystates/UT and by rural/urban, destination), dndlast place of
residence (origin), which gives us the volume of migration flows byA&xnext
stepwe estimaté the age distribution of migrants at the origin and the destination.
Five-yearly age and sex distribution of migrants, who have been living in the current
region (destination) since less than 10 yearsy@dlly duration), is available by
origin gate/UT and by rur&lirbar’. Age distribution of those who moved durithg

last five years is ideal for our project®rsince the only available data is for those
who moved during thiast ten years, we used theyiéarly duration data to estimate
the age and sex specifiatamigration rates by dividing the agexorigin-destination
specific number of migrants by the total ypnégration population, adjusted for the
flow by taking out inmigrants and adding ocuigrants from the total population, at
the origirf.

A closer lok at the fiveyearly age pattern of 3gearly duration migration rates
revealed some anomalies that called for splitting into five-yearly duration
migration rates as our project®will be done for fiveyearly age groups ifive-
yealy time-steps. Themain problem comes from the fact that thes-yearly age
distribution of 10@yearly duration migration numbeis a sum of those who moved
duringthelastfive-years and last-20 years with a fivgear lag in age. We used all
the information that was available to fill the number of migrationbveyyearly age
and duration. The missing values were then filled using the iterative proportiog fitti
by employingthe R packagemipfp” (Barthelemy & Suesse, 2016).

In the next step, thieve-yearly duration of migrations were divided by the total pre
migration population (se€ootnote § to obtain the fiveyearly age and duration
migration rates. It created a total of 9660 (70 origins @é&finations X 2 sexes) age
patterns. Each ageattern were inspected visually to identify oddities and were
corrected. The problems in the gomttern stems mostly from very small (even no)
number of migration flows between two regions. We empldiedule that if the
total number of migration between two regions is less than 1000 persons, we apply
appropriate overall pattern of migration rates. Corrections were also doneefor th
migration rates in last aggroups that were exceptionally high, mostly by smoothing
or by forcing a ceiling.

6 Census 2001, Results Talile3: Migrants by place of last residenaturation of residence and reason
for migration

" Census 2001, Results Taldel2: Migrants by place of last residence withration of residence a8-9
years and age

8 Migration rate = (the number of migrants) / (the number of population at eriginrent population +
those who left the regionthose who came to the region)
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2.3.1 Future assumptions
We assumed that the agand sexspecific migration rates will remain constant between

the 70 regions of India. With a single set of data, it is difficult to know the trend. Once
the data on migraan from the Censu2011will be released, we will conduct further
analygs and update our projections. One siffect of setting the flow rates constant,
especially between urban and rural residence, is that in the future the number of people
moving fromurban to rural will increase due to increase in the number of people living

in urban area and vieeersa This could result in a reverse watgration rates between
urban and rural areas. We acknowledge this effect antryith find a solution once the

data fromthe Census 201i% released.

2.4 Urbanization

The change in population size and structure in urban regions could occurijlnatiaral
increase (births minus deaths);migration (in minus out), and;iii) reclassification of
arural region to urban and vigersa. The first two are the inherent parts of the projection
model. However, urbanization through reclassification needs a separatsisanaly
understand what is happening and to determine how to futake assumptions.

2.4.1 Urbanization through reclassification

The occurrence rate of such a reclassification in terms of population esildifi predict

in the future. A recent paper by Pradhan (2013) has estimated the number of villages tha
were classified as Censtiswn (CT) in theCensus 2011. Thexclassification of villages

into CT was based on three criteria, namely, population size, population density, and
proportion of males working in neagriculture as main occupation. The paper estimates
that almost 29.5% of the growth in urban population (91m) is due to the new CTs (Table
2 in Pradhan2013). No urban area in 2001 was found to be declassified as village in
2011. Overallin India about 2553 ne@T were reclassified froraillages withinstates
ranging from O (in Mizoram) to 1 (in Sikkim and Arunachal Pradesh) to 526 in West
Bengal. In Kerala, 93% of the urban growth was due to reclassification (346 new CT),
which also describes the migration situation to and from urban Kerala. On theygontrar
in Tamil Nadu only 25% of the urban growth was due to the reclassification (227 new
CT), possibly due to the attractiveness of big cities, among others Chennai, tordrésnig
from the rest of India. (Pradhan, 2018 used the data presented by Pradhan (2013) to
estimate the proportion of population reclassified to CT.

2.4.2 Future assumptions

In total, Bhagat (2011) estimaté¢hat in the period from 2001 to 2011 abouydf the
urban population gains are due to natural growth, whil@éo e due to net
reclassification, expansion of boundaries, merge of settlements andioniglradhan
(2013) showed that 296 of urban growth is due to the reclassification of rural
settlements into CTs and he further implies that the remainin§o2&.® attributable to
net reclassification of rural settlements into Statutory To{@19, the incorporation of
such settlements imtexisting STs by expansion of their boundaries and migration.
(Bhagat, 2011; Pradhan, 2013) Migration shall make up 22.2% points of this growth.

In order to make assumptions on the transition ratio wolage to CT/STfor
each state, we explored the relationship between various factors (rural poput&tjon s
proportion of rural residencdjigure 8 shows a negative relationship between transition
ratios and proportion urban population in each state. The seven oodiergy to two
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groups, the first group hasvery high proportion of urban and smalkates/UT where

more than 50% of the rural population make transitions to CT population, the second
group consists of states like Kerala and Goa, also with higher proportion of urban
population, but with relatively higher socioeconomic status among the statesaof Indi

Figure 8. Proportion of population reclassified to Census Towns from rural population
between 2001 and 2011
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We excluded the seven outliers and fit a curve (general linear maouaemally
distributed error with log link functioripg(y) = A+Bx (where, y is transition ratio and x
is proportion of rural population). We then let the proportion of rural populatioine
end of each projection period predict the transition fabim villages to CT. We let the
seven outliers to be constant in the future. The predicted proportion was then used to
reclassify rural population to urban population. We assumed thag#sexeducation
distribution of the reclassified population will be the same as that of the rural popula
In reality, the distribution of the reclassified population could be some kind ohtedig
average between the rural and urban distribution. We will consider this in futuresupdate

2.5 Educational attainment

We defined six levels of educational attainment, namely: “no education”, “some
primary”, “completed primary”, “completed lower secondary”, “completed upper
secondary” and “completed pestcandary”. The education distribution was available by
more than six categories in the Census 2011. We aggregated for the six categories
match thdnternational Standard Classification of Educatiefinition(UNESCO, 2006)

and studied the education transition between these six levels of education.
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For a given educational attainment level, we defittededucation attainment
progression ratio (EAPR) to the next educational level as the proportion who aamnplet
the next level of edacational attainment among those in the current level. For e.g., ifin a
cohort 90% have completed at least primary education and 45% have completed at least
lower secondar{see Appendix, Table 2), then the EAPR to lower secondary completion
is the ratioof the proportion of those who completed lower secondary education to those
with at least primary education completed (i4&%/90% = 0.5).

The education distribution in older cohorts provides information about eohort

specific education transitions in thgast which is necessary to study the trend.
Distribution and transitions from consecutive cohorts can be used taattaytrends in

different education categories (d&gure 9.

Figure 9 Educational Attainment Progression Ratios in India for fohecational levels
among males and females by place of residence (rural and urban) in 2011 (Sensaos: C

2011, and own calculation)
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Figure 9 shows the EAPR in fiwearly cohorts for rural (left panel) and urban
(right panel) regions of India for feveducational attainment categories (fvedorg for
males (dashed lines) and female (solid lines) reported in the Census 2011.

An alternative way to look at the educational attainment is to consider pomgort
as well as numbers. The numberssubjected to the effect of changing cohort size and
hence won't tell us the direction of relative change. To study some spelitiateonal
attainment, where the number attaining is very small compare to the overall cohort siz
and the higkcost investment in it, number is the right indicator. For example, in poor
countries the degree in Engineering and Medicine is often restrictadvésy small
number, and policies and decisions are made on the numbers such as to increase the
number of seats by 100 or so. The proportion as well does not provide full information
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about the base (lower level of educatios, transition) and only gives us information of
the education level in question.

EAPR gives us a true sense of educational attainthentby makirg transition
from one state to the n@xtlt is also useful for policy makers, especially when
comparisons in relative terms between places, different age groups, as widrastd
educational levels need to be made. We calculated the EAPR for fivatieduc
categories, the first transition is entering or enrolling in a school for thdifirs; the
next category is to primary completi@nd so oruntil the postsecondary completion (at
least first degree after the high school).

We analyed each of th trends drawn from several cohorts and defined future
education scenarios essentially by extrapolating the trend and, in soméyaggsying
some ‘expert’ opinion. For example, while all other transitions were allowbddome
universal, the transdin from upper secondary to tertiary was limited to 70% in urban and
to 50% in rural areas. Also, for those regions with slower speed of change than the
national one (bgtates/UT, residence and sex), we allowed the speed (slope) to converge
to the national one.

2.5.1 EAPR to some primary

The EAPR to at leassome primary’ represents the proportions of those who have ever
been to school, we termed as EAPR1. India fetdesthe challenge to bring everyone

into the school. Betweestates/UT by place of residence, the range amongege 10

14 by sex is between 77% to more than 98%. Surprisingly, among rural females in Punjab,
Uttarakhand, Karnataka, and Gujarat less than 84% have ever been to school but less
developedtates, such as Uttar Pradestd Biha, have almost universal enrolment (more

than 95%).

At the national level, there is no gender gap between urban areas andtieery li
gender gapin terms of favoring boys remains in rural areas. However, at the
statefesidence level, the gender gagems of favoring males among -11@ year olts
ranges from49% to +9.

At the national level, the gap between rural and urban regsoalmost zero.
However, the gap among-li& year olds is much bigger betweestates/UT in the range
of -6% to 15% favoring urban dwellers. The worst gap gatessuch aChhattisgarh,
Punjab, Gujarat. The exceptions were observed notably in Tamil NadittandPradesh
where the gap is in favor of rural residents.

In our projections, first we estimated the trend by linearly regressingdheof
EAPR on time. We used the logits of the EAPR because the transformed valaes wer
more linear and to make sure that the EAPR do not exceed a maximum value of 1. The
trend line was estimated for each group defined by sex, typsidénee andtates/UT
(140 lines for states/UT and 8 for India). For the first transition (EAPR to pomary)
we used the data for those aged3B5years(5 data points). Using the trend line we
extrapolated the EAPR into the future for our baseline scenario for each gsoup (b
sex/residencstates). We visually inspected eachtlod 148 graphs and found that some
slopes were negative and few were too slow compared to the Indian average.

Therefore, in the second step, we decided to correct for the negative or slow
growth by applying a convergence rule to those groups with speed (slope) less than the
national slope (for the same sex and residence) to converge to the nationay 2él&#.b
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Again, we visually inspected all the lines and found that in few groups the predicted value
for the next cohort in 2016, who were aged1#0in 2011, was less than the empirical
EAPR of the same age group in 2011. Actually140s the ultimate age by which the
first transition would have taken place. However, for sgmoeips the transition could
occur during the aggroup 1014 as well. To correct for the early transition, as a third
step, we first repeated the steps above for theyeme 1634 and corrected the predicted
values for the ‘early transition’ groups lsptacingthemwith the new predicted values.

2.5.2 EAPR to primary

In Figure 9 the EAPR to completed primary (triangle shape in the figure) among those
who went to school were the highest among all other EAPR. This shows that once a child
gets into the dwol, the probability that the child completes education is very high. The
transition values are slightly higher in urban a@@mpared to rural areand no gender

gap can be observed.

Between groups by states and residence (70 groups), the gendé&ngales
males) among 139 year olés range from7% (in rural Goa) to 9% (in rural Rajasthan,
followed by 4% in rural Karnataka). The gap between rural and urban placedehies
within states/UT ismuch largemwith arange from-4% (among males in Ut Pradesh)
to 18% (among males in Chhattisgarh).

We applied the same method, as for EAPR to incomplete primary, to project the
EAPR to completed primary using the data from thegrgep 1549. We also applied
the same rule of convergence to those with slower slopéfteanational one to converge
by 2051.

2.5.3 EAPR to lower secondary

The EAPRfrom completed primaryo lower secondary has similar patteimm terms of
the gender gap as for the EAPR to prim@ey, the gap has closedn terms of diference
in the EAPR between rural and urban types of residence, the gap amdhye4r olts
is larger among females (13%) than males (8%).

Within groups (bystatesfesidence), the gender gap among220year olds is
quite a large range frors% in rurd Assam, followed by -4% in urbddttar Pradeshtp
12% in Rural Sikkim. The residengap (urbarrural) in EAPR to lower secondary
positivein the urban area (except among males in Uttar Prad®&f). The largest gaps
are observed almost exclusively among females by 22% in Madhya Pradésin
Chhattisgarh, Mizoram and West Bengal, and 20%arnataka. Among males, the worst
states were Madhya Pradestth 20%, Chhattisgartvith 19%, and Mizeamwith 17%.

For the purpose gbrojections we applied the same methods by using the data
from age groups 20-49 (6 data points), and applied similar rules of convergence.

2.5.4 EAPR to upper secondary

The gender gap in the EAPR to upper secondary inrthe:n areas has become negative
(seeFigure 9 Panel 2, with more women (83.4%) than men (81.7%) makihg
transition to upper secondary among those with completed lower secondargl émeas

the girls are speeding up to overtake boys in the nefartese. Inthe 27 mostly urban
groups (bystate and residence) the gender gap has reverseandstextreme situation

is in urban Uttar Pradeslwhere the EAPR to upper secondary is 77.4% for women
compared to 65.4% among men. Thghestrange of the geder gap is from12% to 9%

in Kerala.
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In India, the gap in EAPR to upper secondary between rural and urban region is
still significant 15% among females and 12% among males. Except abttarg°radesh
males {6%), the gap is positive with higher EAPRurban areas than in rural areas of
states/UT. The range is from 1% to 29% (among females in Delhi and West Bengal).

For the projectios we used data from the age group4®0(4 data points,
including data for older agesatshow asudden jump). We applied the same methods as
applied to other EAPR including the convergence rule. The range in the EAPR to upper
secondary among 224 year ol&s is from 41% (in rural Delhi) to 93% (in urban
Himanchal Pradesh). Based on the currently observed maximum value, we allowed the
future EAPR to become universal for all groups.

2.5.5 EAPR to tertiary

The final transition in our model is the EAPR to completed tertiary among higiolsc
graduates. While we did not impose any upper limitdHerearlier four EAPR, which
means eventually all cohorts will have at least upper secondary, we imposed an upper
limit to the EAPR to tertiarpf 50% for rural residents and 70% among urban residents.

In Figure 9 we observe that in urban India amongZ®year olds, 50% of the
population with completed upper secondary further attain tertiary degree amnitlyrdoe
EAPR has become slightly higher for females than males. However, the EARRhs
lower in rural India with a small gender gap, 31% for males2at¥d for females. The
range in the EAPR to tertiary is very wide from 14% (among females in Witai
Pradeshto 65% (among females in Urban Pondicherry). Females living in urban area are
more likely to make the transition to tertiary. The highest vatueural area is in
Maharashtra with 44% EAPR to tertiary.

Between the groups (bstates/UT andesidence), the range in the gender gap
among 2529 year olés is quite large from19% (in urban Manipur followed by mostly
urban regions) to 11% (in rural Himanchal Pradesh followed by 10% in urban
Uttarakhandotherwise mostly rural regions). It shows a clear pattern that womedimges
in urban regions are more likely to complete tertiary than those living in rurahseg

The gap betweearban andural region (urbanminusrural) in EAPR to tertiary
is always positive except among maledJittar Pradest{-2%). The gap is very high
among females, e.g., among females in Haryana the EAPR to tertiary vali¥é is 6
urban aresand less than half (30%) in rli@ea. Such situation is the reality in many
states/UT. However, the gap among males is also significant in seteg/UT, e.g., in
Uttarakhand (26% in rural vs 51% in urban), Arunachal Pradesh (28% in urban vs 49%
in rural) and so on.

For the projection, we appliedesame method and the convergence rule by using
the data for the aggroup 25-49.

3 Results

In this paper for the purpose of illustrating our methodological and technical approach,
we defined a single baseline scenario, where the assumatiermostly based on the
continuation of the current trend and authors opinions. In the future we plan to run
sensitivity analyss on our key assumptions. We defined a baseline scenario for India and
projected the population by age, sex, and educatittaatiment in eacktate/UT of India

by rural and urban place of residence.
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3.1 Total population

Our baseline scenario projection shows thapopulation of India will increase rapidly
from 1.21 billion in 2011 to 1.71 billion by 2051, half a billion population in the course
of 40 years, and will slowly peak at above 1.76 billion by 2071 (Figure 10). The
population will then decline below 1.66 billion by the end of the century. While we were
expecting our projectiato be much different, it was surprisit@find thatthey arevery
close to the UN 2015 assessment and WIC 2014 assessment unth20u0 baseline
scenario was developed independefityn both and done by aggregating bottam
projectionsof population. After 2070, while our projectioontinue to be very close to
the UN projection, the WIC projections rapidly decline to almost 1.57 billion by 2100.

Figure 10. Population Projections for India, baseline scenarios (SCHEMA) along with
UN medium \ariant (UNWPP2015) and Wittgenstein Centerojection (SSP2
WIC2014)
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The difference in fertility assumptions between SCHEMA with the WIC and UN
projections is large at the beginning of the projection period. ViteleéN and WIC have
assumed total fertility for the whole of India, we calculatéy taking weighted averages
of ASFR bystates/UT, types of residence, and level of educational attainment among
women. The UN assumed a TFR value of 2.48 children per woman for the peried 2010
2015 and WIC assumed it to be 2.53 (Berire 1). Our prgection starts with the value
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2.35 children per woman for the period 2€2016 which is significantly lower than both
the UN and WIC values. We have discussed the higher estimates of fieytility UNPD
and WICin Section 2.1. This lower TFR value at theginning should have resulted in
lower population growth in our projectigrby 65 million less births by 2050/51, which
indicates that our assumption for mortality and international migration might hawe be
different fromthat of the UN and WIC.

Figure 11. Total Fertility Rate in the baseline line scenario (SCHEMA), Wittgenste
Center(WIC) and United Nations (UN) edium projection
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Our assumed life expectancies are higher thase ofUN and WIC postponing
deaths to older ages and contributing to increas@opulation size. Comparing total
number of deaths, UN calculated ménan7 million more deaths tharesultedin our
projections in the first period (47 million vs 40 million) and the dédfece remained
higher for a long period with more than 70 million extra deaths in pddjections
compared to ours by 2050. This shows that if we would have employed the UN or WIC
mortality assumptions our project®would have resulted ia population ofalmost 72
million less

Regarding international migration, UN and WIC assume negativeigeation
for India with UN assuming -1.9 million during 2010-2015, which will slowly decline to
less than1.0 million by the end of the century. On the other hand, WIC assumptiens
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abit higher €2.3 million) for the period 202Q015 that would decline to zero by the end

of the century. This indicates that if we would include international migration in our
projectionsfollowing the UN and WIC, the gap would further widen by about 20 million
by 2051 and more by the end of the century. Hecwabined effect of different mortality

and migration assumptions between UN/WIC and ours would bring down our projection
by 92 million by 2050/51.

3.2 Internal migration and urbanization

We observe urban population increased by more than 43 million during2®@®] which

is less than half of (91 million) what was estimated for the period-20Q@1 (Pradhan,
2013) Of the total increase almost 50% is due to the natural increase -(lagtis),
about 21% due to internal migration and the remaining 29% due to reclassification of the
former rural areamto urban areas. The rate of increase in the size of urban population
will decline in the future from 43 million during 202016 to 26 million during 2046
2051, and will remain positive (half a million)ntil the end of the century. Whikhe
expected nutmer of births in urban regiasns stableat above 32 million per period, the
number of deaths will increase dramatically from 10 million in 2BQ16 to 29 million
during 2046-2051, and to 50 million during 2096-2101.

We find therate of urbanization in thbaseline scenario is slow. It will take
another forty years for India to increase the share of urban population by 9 percentage
points, from 31% in 2011 to 40% in 2051. UN, on the other hand, assuhigker
urbanization rate for India, reaching 50%ampopulationby 2050. This large difference
in urbanization levels can be explained as follows: wthigdJN method extrapolates the
urbanization trend at the highest level of aggregation, we apply the bapt@pproach
making assumptions at more gramu&vel. The UN approach is to apply the experience
from other countries, which might not be appropriate for India duelargsand diverse
population.

In our projectios, the urbanization is affected by rutaban migration
assumptions and the reclassification rule. We have kept botktowrddan and urbato-
rural migration rates by age and sex constant. \&igmowing urban population, the
number of population movinfgom urban to rural area will also grow. A fiyearly net
flow from rural to urban will peak to about 9.3 million during 241 and will decline
to around 7.5 million during 2046-2051 to 3.6 million by the end of the century.

By allowing the same ratef urbanto-rural migration, we are not implicitly
speeding the process of sutbanization i(e., people migrating to rural region but
essentially commuting to work in nagricultural jobs in urban aréaslowever, we do
not capture this process properly and large portion of thisidadmization is becoming
‘rural’ population in our model. The future rural population will be quite different from
the current one. While many urb#mrural populations are contributing to the process of
subarbanization, many will be contributing to the formation of new CT. In some areas
of India, around big citiege.g, Delhi, Bengaluru, et we can already see this process
unfolding. In our projectiog) we need also to include subbanization not captured by
the definition of CT employed in the Census 2011. Rural to urban (Census and ST)
reclassification rates might increase in the future compared to what we havedss
this paper based on migration data fribte Census 2001 (the migration result from the
Census 2011, once available, will provide more cues).
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In addition to suturbanization and reclassification issues, the third reason for the
low urbanization rate in our baseline scenarithvégpopulation weights carried by larger
states, such as Uttar Pradesh Bitthr, with avery large proportion of rural less educated
population. On top of it, the ruréb-urban migration rate among women is lower than
among men, which essentially means that while men from rura gweéa work in other
states, women (wives) are left behind to bear and rear the children as webles ¢are
of household, farm and the elderly. When these diates are excluded the speed of
urbanization in the rest of the 3tates/UT is much faster from 35% in 2011 to 47% by
2051, compared to the whole of India (from 31% to 40%).

3.3 Births and fertility (population growth)

The number of births during a period of projection is a result of the assumed age
educatiorspecific fertility rates and the size and age distribution of women in
reproductve age. While latter is already known at the beginning of the period, affected
slightly by the assumptions of mortality and migration, the fertility assumptionasat

In our baseline scenario, we projected the educapecific fertility in each of
the 70 suklnational units plus the overall rural and urban region of India by defining
fertility pathways separately for rural and urban regions. The projectddyfeates in
the population projecti@and the resulting overall TFR for India are shawhigure 11
along with UNmedium \ariant(United Nations, 20159nd WIC medium scenario (also
called SSP2 scenari@)utz et al., 2014). A TFR of 2.35 children per woman during the
period 20112016 will decline to below 2 children per woman already by 28iPand
will remain at around 1.85 after 2041 for the rest of the century.

Compared to the UN and WIC assumptions, the TFR in our baseline scenarios
stabilize aahigher levelataround 1.85Kigure 1). We can see that with a slow increase
in urbanization, the TFR of 1.85 lies between ultimate TFR levels in rural (2.08) and
urban (1.75areasand is sensitive to the future level of urbanization in India. While the
levelling of fertility in the UNmedium scenario is a median of thousands of random
trajectories following experience of other countries, our ultimate level (around 4.85) i
based purely on the past education specific fertility patterns amongogpulations
within India. For a short run, our project®oan be taken as a prediction that the TFR
level in India will reach below replacement level, 2.1 children per woman, during 2021
26.

3.4 Educational attainment

Among the adult population aged-68, in 2011 about 47% have at least completed lower
secondary education. Betwestates/UT, the inequality is very high and ranges from 35%

in Bihar to 71%m Chandigarh. The largaiates mostlyin northern IndigBihar,Madhya
PradeshUttar PradeshWest Bengal anGujara) have low level of human capital. Most

of the southern wtes havea higher level of human capital. The situation will slowly
change ashe process of replacing the older less educated cohorts with younger better
educated cohorts will take some time. In the baseline scenario, in India the proporti
will increase to 64% by 2031 and to 79% by 2051. Between provinces, the proportion
ranges between 536% by 2031 to 70-94% by 2051.

The population pyramid of India for rural and urban regions in 2011 and 2051
(Figure 12) shows a demographic and human capital transformation in the next 40 years
Darker color in the pyramid represents be#ducation A larger proportion of rural
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population (more women than mdmgsnever been to school in 2011 compared to those
living in urban India. We expect the situation to change in the future (in 2051).

Figure 12. Population pyramid by educational attainment in Rural and Urban India in
2011 and 2051 (baseline Scenario)
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3.5 Population dynamics at sub-national level

The next 20 years (2042031)can be considered a period of rapid population growth in
India as the population will increase by 25% (309 million). 200888l growth will occur

in Uttar Prades64.5 million), followed by Bihar0.7%,33.1 million), and Maharashtra
(9.6%, 29.5 million). During thesameperiod, allstates/UT will experience populati
growth in the range of 11% in Kerala (33 million in 2011 to 37 million in 2031) to 100%
in the tiny UT of Daman and Diu. Among the largaiates (more than 1 million),
Chandigarh (64%) and Delhi (56%) will see a very high growth rate. Bib#in Pradesh
and Bihar will experience a moderate growth rate of 32%.

Between2031-2051 the two-decadal rate of population growth will halve to 12%
but the absolute number is still high (188 million). Again the growth will ocastiynin
Uttar Pradesi{20.6%), Bihar (12.1%), and Maharashtra (11.3%). During leriod,
Kerala will be the first and onltate to see a decline in population. The population growth
rateis declining in allstates. By the end of the century, magtes will see population
decline but thestates with major cities will continue to grow mainly due to migrants
coming from other parts of India.

In terms of populatioshareby state/UT, we found that will remain unchanged
(insignificant) for the rest of the century. This baans caused by a combination of
migration and fertility (and to some extend by mortality). Richetes with high
urbanization level often have low fertility which is compensated bycétigamigrants
from poorerstatesthat have digh proportion of people living in rural areas with higher
fertility rates. This implies that if the calculation of the share is done basdaoengmate)
of birth, the balance (unchanged proportiwi) not be there anymore witimcreasing
proportionsof population born in poorer states and declining proportions of taradn
richer states

In 2011, the urbanization level within eastate/UT ranges from 10% (in
Himanchal Pradesh) to 98% in Delhi and 97% in Chandigarh. Among the $tates,
Tamil Nadu and Kerala kaalmost 50% population living in urban ar€ase Appendix,
Table 1) By 2031, our assumptions of internal migration and reclassification rates
increase the level of urbanization in almosstes except in Sikkim (from 25% to 23%)
and Chandigarh (from 97% to 96%). The highest urban growth rate will occur in Kerala
(from 48% to 70%) followed by Goa (62% to 78%). Maharashtra, West Bengal, Tamil
Nadu, PunjabandKarnataka will also experience moderate urban growth mainly because
of big urban cities attréimg migrants from other poorstates.Between 2011 and 2031
traditional (migrant) sendingates will see a low increase in urbanization rates (Bihar
with 1%, Uttar Pradeskvith 2%, and Madhya Pradesh with 3%) due to high rural fertility
combined witha low rate of reclassification arahigh rate of migration to other richer
states. This implies that the slower urbanization rate in Indibaged onthe slow
urbanization rates in these lsigtes due to low rural to urban migration rates wighates
and assumed low reclassification rates. Therefore future urbanization rizgis evould
largely depend on what will happen (eig.terms of policy) in these states.
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4 Conclusion

We developed a muitiegional multistate population projection model for India that can
simultaneously simulate population heterogeneity in the demographics€ape
socioeconomic (educational attainment), and spatsdtes/UT and rural/urban)
dimensions. This ishe first model of its kind for India. We populated the miodéh
data and parameters and defined a baseline scenario basedlatataealysifrom the
Census and SRS on five dimensions (fertility by education, mortality, internadtiorg
education, and rural reclassification).

It was surprising to see thatr population projectianfor India with baseline
scenario was consistent witte UN mediumariant and WIC SSP2 until 2070. We found
that while our fertility assumptioregelower, our mortality assumptisnwerealso lower
and compensateidr the lower number of births (and no international migration) with
higher number of survivors.

The results show that the overall fertility for India is lower than
estimated/assumed by UN and WIC due to lower starting ¥edwir projection as well
as due to explicit awsideration of education in the mode&his results in aapid TFR
decline to about 1.85 children per woman in the next two decadestdaiiization for
the rest of the century.

The projection resulted in slower rate of urbanization in India from 31% in 2011
to 40% in 2051, compared to the UN urbanization projection and we presented several
explanations for that. The most important reasons being the largely ruraklesseel,
large populations in Bihar and Uttar Pradesh (and othersatels) tlat are slowing down
the momentum of urbanization in India.

In terms of educational attainment, it will take some time before the adult
population of India will attain universal basic education. While the younger sodu@t
rapidly progressing to attain higher education in most regibtine country, there remain
areas with big rural population posing challenges for India’s human capitatfon.

We plan further to conduct several sensitivity tests and define alternative
scenarios with relevant narrats/@r India (e.g., SDG scenario). We are also working on
developing SSP narratives at the sub-national level in India.
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Appendix

Table 1 Total population (in 1.000) and proportion urban population (in %) in India and states/UTs, 2011-2101 (authors calculations)

Region / state

Total population (in 1.000)

Proportion urban population (in %)

2011 2031 2051 2101 2011 2031 2051 2101
India 1210827 1519555 1707699 1662514 311 36.0 39.9 47.1
Andaman & Nicobats. 381 525 636 710 37.7 41.2 43.1 45.5
Andhra Pradesh 84573 97902 103718 90026 33.4 40.2 45.8 54.9
Arunachal Pradesh 1384 1946 2377 2478 22.9 28.6 32.0 37.3
Assam 31206 39501 44341 44840 14.1 17.0 19.8 25.2
Bihar 104098 137187 159987 163402 11.3 11.9 12.6 14.1
Chandigarh 1055 1732 2314 2915 97.3 96.0 96.6 97.7
Chhattisgarh 25545 32148 36152 36398 23.2 26.3 29.4 36.3
Dadra & Nagar Haveli 344 649 928 1212 46.7 60.7 68.7 78.5
Daman & Diu 243 486 722 963 75.2 76.4 82.3 89.5
Goa 1459 1896 2239 2383 62.2 77.5 84.9 90.0
Gujarat 60439 76643 86569 84949 42.6 48.9 54.7 65.6
Haryana 25351 34324 41663 47138 34.9 41.4 46.7 55.4
Himachal Pradesh 6865 8218 9073 8696 10.0 12.7 14.6 17.4
Jammu & Kashmir 12541 15054 16559 14105 27.4 30.9 34.3 42.6
Jharkhand 32988 42452 48637 48099 24.1 30.3 36.2 49.0
Karnataka 61095 72577 78641 72532 38.7 44.9 50.4 60.8
Kerala 33406 37024 36823 28316 ar.7 69.9 80.7 89.0
Lakshadweep 64 93 116 127 78.1 80.9 82.3 84.9
Madhya Pradesh 72627 95203 110468 115683 27.6 30.3 33.3 40.6
Maharashtra 112373 141874 163212 167350 45.2 53.1 59.5 71.5
Manipur 2856 3185 3186 1905 29.2 37.7 45.1 59.6




Region / state

Total population (in 1.000)

Proportion urban population (in %)

2011 2031 2051 2101 2011 2031 2051 2101
Meghalaya 2967 3864 4487 4284 20.1 21.8 22.9 24.6
Mizoram 1097 1238 1281 881 52.1 61.7 68.6 77.9
Nagaland 1978 2342 2500 1769 28.9 34.2 38.8 50.8
Nct of Delhi 16788 26224 34967 45640 97.5 98.4 98.7 99.0
Odisha 41974 49487 53411 50839 16.7 21.0 24.8 31.8
Puducherry 1248 1675 1965 2093 68.3 74.9 79.7 86.5
Punjab 27743 33693 37896 37530 37.5 44.0 49.2 57.9
Rajasthan 68547 91330 106766 111488 24.9 28.1 31.1 37.2
Sikkim 611 786 892 805 25.2 22.7 21.4 19.9
Tamil Nadu 72147 81154 83443 70830 48.4 54.7 60.2 70.3
Tripura 3674 4260 4385 2796 26.2 36.7 44.8 56.9
Uttar Pradesh 199799 264261 303006 296957 22.3 24.3 26.2 31.1
Uttarakhand 10086 12920 15108 15819 30.2 37.1 42.8 52.5
West Bengal 91276 105704 109235 86555 31.9 39.5 45.8 54.7




Table 2 Proportion of women aged 20 to 39 years with at least lower secondary education (in %) and proportion of population aged 15 to 64 years with
at least lower secondary education (in %) in India and states/UTs, 2011-2101 (authors calculations)

Region / state

Proportion of women aged 20 to 39 years with at

least lower secondary education (in %)

Proportion of population aged 15 to 64 years
with at least lower secondary education (in %)

2011 2031 2051 2101 2011 2031 2051 2101
India 43.2 73.1 90.2 98.9 46.9 63.6 78.5 94.0
Andaman & Nicobar Is. 66.6 85.1 94.9 99.6 61.6 74.1 84.6 95.9
Andhra Pradesh 36.9 75.1 91.7 99.3 41.2 61.7 81.2 96.3
Arunachal Pradesh 39.3 69.1 88.0 98.5 42.9 60.7 75.0 93.4
Assam 42.9 68.3 86.9 98.5 43.4 58.3 73.5 92.9
Bihar 25.7 62.8 86.5 98.4 34.7 53.8 71.6 92.7
Chandigarh 69.7 81.7 92.3 98.8 71.5 75.2 82.5 93.6
Chhattisgarh 37.1 71.9 89.4 98.7 41.5 61.6 78.2 93.9
Dadra & Nagar Haveli 42.1 72.2 90.1 98.7 48.9 65.3 78.1 93.4
Daman & Diu 57.7 77.7 91.6 99.1 60.0 68.3 77.8 93.4
Goa 68.7 84.5 93.3 98.9 64.9 75.8 84.6 94.9
Gujarat 40.8 67.9 87.8 98.5 45.2 60.9 75.9 93.0
Haryana 53.3 78.7 92.3 99.1 56.0 70.0 81.5 93.9
Himachal Pradesh 68.7 90.7 97.7 99.8 63.1 79.0 89.4 97.0
Jammu & Kashmir 48.9 81.9 94.9 99.6 55.1 73.0 86.0 96.9
Jharkhand 31.3 66.9 88.0 98.6 39.2 57.7 74.4 92.9
Karnataka 46.9 78.8 92.7 99.2 48.2 66.6 82.8 96.1
Kerala 82.9 93.4 97.8 99.8 70.3 86.0 94.0 98.6
Lakshadweep 64.5 90.5 97.5 99.9 59.4 78.9 90.5 97.8
Madhya Pradesh 335 69.4 88.7 98.5 40.3 59.2 76.2 92.8
Maharashtra 55.5 81.5 93.8 99.3 56.1 71.8 84.3 95.5
Manipur 62.1 80.4 92.3 98.8 62.2 74.2 83.4 95.4




Region / state

Proportion of women aged 20 to 39 years with at

least lower secondary education (in %)

Proportion of population aged 15 to 64 years
with at least lower secondary education (in %)

2011 2031 2051 2101 2011 2031 2051 2101
Meghalaya 38.7 65.3 87.0 98.5 37.3 54.1 69.7 91.9
Mizoram 58.5 76.7 90.8 98.9 55.1 68.4 78.4 93.8
Nagaland 52.1 71.8 89.1 98.8 51.5 63.9 74.9 93.5
Nct of Delhi 66.9 79.8 91.4 98.7 69.0 73.8 81.2 93.3
Odisha 39.7 73.2 91.8 99.5 40.9 60.7 78.1 94.7
Puducherry 72.5 92.1 98.1 99.9 68.8 82.1 92.8 98.7
Punjab 61.4 83.1 93.9 99.4 57.6 71.1 82.1 94.3
Rajasthan 27.4 64.6 87.6 98.5 38.9 57.6 74.5 92.7
Sikkim 47.0 66.3 86.7 98.5 44,2 57.0 70.6 92.6
Tamil Nadu 59.0 89.3 97.5 99.9 56.6 75.0 90.7 98.6
Tripura 44.7 69.8 88.1 98.5 46.4 59.7 73.3 93.1
Uttar Pradesh 37.1 72.5 89.6 98.7 45.6 63.1 77.8 93.2
Uttarakhand 58.3 84.1 94.9 99.5 59.6 74.3 84.9 95.0
West Bengal 39.1 64.7 86.6 98.5 41.9 54.1 70.1 92.7
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