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Abstract: The countries throughout the Belt and Road region account for more than 60% of
the world’s population and half of the global economy. Future changes in this area will have
significant influences on the global economic growth, industrial structure and resource allo-
cation. In this study, the proportion of the urban population to the total population and the
gross domestic product were used to represent the levels of urbanization and economic de-
velopment, respectively. The population, urbanization and economic levels of the Belt and
Road countries for 2020-2050 were projected under the framework of the IPCC's shared
socioeconomic pathways (SSPs), and the following conclusions are drawn. (1) The popula-
tion, urbanization and economic levels in the Belt and Road region will likely increase under
all five pathways. The population will increase by 2%—-8%/10a during 2020-2050 and reach
5.0-6.0 billion in 2050. Meanwhile, the urbanization rate will increase by 1.4%-7.5%/10a and
reach 49%—75%. The GDP will increase by 17%—34%/10a and reach 134—243 trillion USD. (2)
Large differences will appear under different scenarios. The SSP1 and SSP5 pathways
demonstrate relatively high urbanization and economic levels, but the population size is
comparatively smaller; SSP3 shows the opposite trend. Meanwhile, the economy develops
slowly under SSP4, but it has a relatively high urbanization level, while SSP2 exhibits an
intermediate trend. (3) In 2050, the population will increase relative to 2016 in most countries,
and population size in the fastest growing country in Central Asia and the Middle East coun-
tries will be more than double. Urbanization will develop rapidly in South Asia, West Asia and
Central Asia, and will increase by more than 150% in the fastest growing countries. The
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economy will grow fastest in South Asia, Southeast Asia and West Asia, and increase by
more than 10 times in some counties with rapid economic development.

Keywords: population, urbanization and economic scenarios; Shared Socioeconomic Pathways; 2020-2050; the
Belt and Road region

1 Introduction

The rising overall concentration of greenhouse gases caused by anthropogenic emissions
constitutes the main factor contributing to global warming (IPCC, 2013; Rohde et al., 2013;
Hansen et al., 2015). Over the past 200 years, industrialization has led to rapid increases in
the global population and global economy coincident with widespread urbanization. The
burgeoning population, surges in trade and expansion of cities worldwide have caused in-
creases in the emissions of greenhouse gas and the rate of climate change (Weber et al.,
2009; Chen et al., 2012; Trenberth et al., 2015). As the current warming trend continues, the
negative impacts of the climate and weather extremes on human beings will become in-
creasingly apparent, and more socioeconomic sectors will be exposed to extreme weather
events worldwide (Field et al., 2012; Cai et al., 2014; Rosenzweig et al., 2014; Schewe et al.,
2014; Donat et al., 2016).

Long-term climate scenarios, the primary and most essential component of climate pro-
jections, provide possible descriptions about the future state of the world (van Vuuren et al.,
2012; Jones et al., 2014). Climate scenarios can be combined with climate change projec-
tions and climate policy assumptions to produce scenarios integrated with climate mitigation,
adaptation and impacts (Moss et al., 2010; O’Neill et al., 2017). Since 1990, the Intergov-
ernmental Panel on Climate Change (IPCC) has considered numerous different emission
schemes and successively developed emission scenarios of SA90, IS92, and special reports,
such as the Special Report on Emissions Scenarios (SRES), etc. (Leggett, 1992; Nakic-
enovic et al., 2000; Nakicenovic et al., 2006). Among the products of these scenarios, the
Representative Concentration Pathways (RCPs) developed in 2007 incorporate the cli-
mate-forcing dimensions of different possible futures and form the basis for the development
of a new set of parallel scenario process known as Shared Socioeconomic Pathways (SSPs)
(van Vuuren et al., 2011; Taylor et al., 2012; Riahi et al., 2017).

SSPs aim to characterize future societal and environmental changes against a reference
case. They represent an important complement to quantitative model projections by describ-
ing major socioeconomic, demographic, technological, lifestyle, policy, institutional and
other trends (Kriegler et al., 2014; O’Neill et al., 2014; Riahi et al., 2017). Five basic SSPs
have been developed to describe the challenges of mitigation and adaptation. SSP1 denotes a
sustainable path in which both mitigation and adaptation face few challenges, and SSP2 as-
sumes a world that follows a historical approach with moderate challenges encountered by
both mitigation and adaptation. In contrast to SSP1, SSP3 refers to a fragmented world in
which great challenges are faced with regard to mitigation and adaptation. SSP4 represents a
path of inequality with low challenges to mitigation but high challenges to adaptation. Fi-
nally, SSP5 describes a pathway characterized by conventional development with a strong
reliance on fossil fuels low challenges to adaptation (O’Neill et al., 2017). The narratives of
these five SSPs have quantified and guided the selection of assumptions for various socio-
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economic projections. In particular, in recent years, these SSPs have been used to assess the
impacts of the changing environment on agriculture, energy, land use, geopolitics, water
scarcity and other fields (Arnell et al., 2014; Fujimori et al., 2014; Hegre et al., 2016; Popp
etal.,2017; Mogollon et al., 2018).

For each SSP, a single population (Kc et al., 2014; Lutz et al., 2014; Kc et al., 2017), GDP
(Cuaresma, 2017; Dellink et al., 2017; Leimbach et al., 2017) and urbanization (Jiang et al.,
2017a) projection was developed. The future socioeconomic changes in about 195 countries
have been achieved. However, the previous projection for China was based on statistics from
the World Bank and the United Nations that were somehow biased from the actual situation in
China. In addition, the SSPs did not consider the impacts of China’s new population policy on
labour and urbanization. Therefore, we are committed to the study of China’s social and eco-
nomic projections under SSPs by improving the parameters of the population and economic
models based on population and economic census data from China and the newly implemented
population policy. Accordingly, databases of the population, urbanization and GDP in China
and the Belt and Road countries between 2010 and 2100 were established (Wang et al., 2017,
Jiang et al., 2017b; Jiang et al., 2018a; Jiang et al., 2018Db).

The Belt and Road concept is an initiative for promoting inter-regional cooperation and
development through trade. Future population and economic changes in the Belt and Road
countries are significant to global social and economic development, since more than 60% of
the world’s population and nearly half of the world’s GDP are involved (WB, 2017). How-
ever, most countries in the Belt and Road region are developing nations characterized by
rapid industrialization and fragile environment, and therefore, global warming poses great
challenges to their continued growth (Rezai et al., 2011; Cogliano, 2016). Consequently, in
this study, the future population levels, urbanization projections and GDP in each of the Belt
and Road countries were analysed based on projected socioeconomic scenarios with the ex-
pectation of supporting forthcoming studies on climate change impacts and risk assessments.

2 Study area

A total of 65 countries, including 44 Asian countries, 20 European countries and one African
country, located along the Silk Road Economic Belt and the 21st century Maritime Silk
Road were included in the current study (Figure 1). The total GDP of all 65 countries
throughout the Belt and Road region in 2016 was 56.5 trillion US dollars (USD) (the price in
2016, the same below), which was 47.0% of the total global GDP. Almost 62.3% (4.63 bil-
lion people) of the world’s population is concentrated in this region, and the urban popula-
tion of these countries accounts for 48.3% of the total (World Bank, 2017).

3 Materials and methods

3.1 Data

Various indicators, including the urban population, extent of urban land, or adjustments to
the industrial structure, can be used to represents changes in urbanization. In this paper, the
proportion of the urban population in the total population is used to represent the level of
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Figure 1 Location of the Belt and Road region

urbanization. The level of economic development level for the Belt and Road countries was
quantified by their GDP. Furthermore, the purchasing power parity (PPP) was used to trans-
form all prices into international USD and reflect the differences in the living and consump-
tion levels among the various countries. The demographic and economic data of China dur-
ing the historical period were derived from previous demographic and economic census and
annual statistical yearbooks (NBSC, 2010). These data include the total population, urban
population, total GDP, urban-rural fertility, mortality, migration, and education levels. Data
from other countries in the Belt and Road region during 1990-2016 were obtained from the
World Bank and the United Nations (WB, 2017; UN, 2011).

3.2 Population and urbanization projection model

We established projection models and parameterized them for China's population (both ur-
ban and rural) and economy. The same models were applied to all other countries in the Belt
and Road region using the parameters in previous studies (Kc and Lutz, 2017; Leimbach et
al., 2017).

The Population-Development-Environment (PDE) model was used to produce population
projections for both urban and rural areas (Rogers, 1976). Fertility, mortality and migration
rates can be defined separately for different levels of education, and transitions between dif-
ferent levels of education can be defined by age and sex (Lutz et al., 2001). The PDE model
has been previously applied in North Africa, India, the Arabian Peninsula and Southeast Asia
(Goujon, 2002; Goujon et al., 2003; Goujon et al., 2006; Goujon et al., 2007).

The initial demographic data in China for the projection, including information on fertility,
mortality, migration by age, sex, and levels of education for both urban and rural populations,
are based on the 6th National Population Census in 2010. For both rural and urban popula-
tions, the fertility rate, mortality rate, migration population and education level parameters
under each SSP were set separately. Meanwhile, four educational categories, namely, having
no education and primary, secondary and tertiary education, were used. Transitions between
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neighbouring levels by age and sex result in a shift in the population between categories.
The population growth, which is defined separately for each educational category, is repre-
sented by different fertility, mortality and migration rates in the model.

The assumptions for the abovementioned factors in each SSP scenario are shown in Table 1
(Kc and Lutz, 2017). “Medium” means maintaining the current development trend.
“High/Low” means that the future trend is higher/lower than the current status. For SSP1,
low fertility and low mortality due to incremental investments in education levels and health
might lead to a relatively small population size. For SSP2, all parameters are assumed to
be medium. For SSP3, progress towards development goals is assumed to be weakened by
focusing on regional energy and food security, leading to a pathway characterized by a high
fertility, a high mortality and a low education focus. For SSP4, numerous countries are at
low levels of development, and continued levels of low fertility, medium mortality and me-
dium migration are assumed in addition to low education. SSP5 stresses technological pro-
gress, and thus, a low fertility, a low mortality and a high education are assumed; addition-
ally, the level of migration is assumed to be high due to globalization and the availability of
highly marketable skills.

Table 1 Assumptions of the key influencing factors on the population and economy for the SSPs

SSP1 SSP2 SSP3 SSP4 SSP5
Fertility Low Medium High Low Low
Mortality Low Medium High Medium Low
Migration Medium Medium Low Medium High
Education High (FT) Medium (GET) Low (CER) Low (CER) High (FT)
TFP growth Medium Medium Low Medium High

(FT: fast track, GET: global education trend, CER: constant enrolment rate, TFP: total factor productivity)

For all countries throughout the Belt and Road region except China, the values of specific
parameters are established in reference to previous studies by the International Institute for
Applied Systems Analysis (ITASA) (Kc et al., 2013). Because the current population pa-
rameters adopted by IIASA differ from China's actual national conditions to some extent, we
reset the population parameters of China under different assumptions. The initial population
and specific projection parameter assumptions in the SSPs regarding the education levels
and fertility, mortality, and migration rates in China are presented below.

3.2.1 Fertility

The recorded total fertility rate (TFR) in 2010 was 1.18 (0.97 and 1.44 for the urban and
rural population, respectively), much less than the TFR estimated by various domestic and
international demographers, which was approximately 1.45 (Zhao et al., 2010; Basten et al.,
2013; Zeng et al., 2014). Recalculated urban and rural fertility rates in current study were
1.19 and 1.77 in 2010, respectively.

Before 2014, the strong influence of the one-child policy on population growth resulted in
a lower fertility rate throughout China (Feng et al., 2012; Cameron et al., 2013). After a
universal two-child policy implemented in 2016, baby boom is expected to take place. The
impact of this birth policy is expected to be much larger in urban areas than in rural areas
because current fertility level in the latter is higher than that in the former, and most rural
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couples have already been allowed to foster two children (Wang, 2015). Therefore, urban
and rural fertility growth rates were estimated to reach 35% and 7% compared to 2010, re-
spectively, after the implementation of the universal two-child policy (Zeng et al., 2014;
Zeng et al., 2016).

Differences among the low, medium, and high fertility assumptions were based on re-
search from the Vienna Institute of Demography (VID) (Basten et al., 2013; Goujon et al.,
2013). In the high fertility assumption, the TFR is 20% higher than the medium fertility as-
sumption by 2030 and 25% higher by 2050, while the low fertility assumption is 20% lower
than the medium fertility assumption by 2030 and 25% lower by 2050 (Kc and Lutz, 2017).
The low, medium and high levels of fertility in China are shown in Table 2.

Table 2 Assumptions of total fertility rate for the urban and rural populations in China

Year 2010 2020 2030 2040 2050
Low 1.19 1.24 1.29 1.25 1.21
Urban Medium 1.19 1.61 1.61 1.61 1.61
High 1.19 1.56 1.93 1.97 2.01
Low 1.19 1.35 1.51 1.46 1.42
Rural Medium 1.64 1.89 1.89 1.89 1.89
High 1.19 1.61 1.61 1.61 1.61
Low 1.19 1.28 1.37 1.31 1.25
Total Medium 1.45 1.72 1.71 1.68 1.66
High 1.19 1.61 1.61 1.61 1.61

3.2.2 Mortality

The life expectancies were calculated by examining mortality at all ages. According to cen-
sus data, the life expectancies of urban inhabitants were 77.9 and 72.4 for females and males,
respectively, while those of rural inhabitants were 73.9 and 70.1 for females and males.

For the medium assumption scenario, life expectancies are assumed to approach those of
developed countries with a constant increase of two years per decade. For the low (high)
mortality assumption, the life expectancies are assumed to increase by one year shorter
(longer) than the medium scenario. Moreover, a higher level of education corresponds to a
longer life expectancy, and thus, a five-year difference was assumed between population
with no education and tertiary education. The difference between the population with no
education and primary education is assumed to be one year, and a two-year difference is as-
sumed for the populations with secondary and tertiary education levels (Kc and Lutz, 2017).

3.2.3 Migration

The initial migration population in 2010 was calculated by census data. Most studies suggest
that the migration rates for inter-provincial and urban-rural areas are slowing down due to
economic growth and the narrowing of the regional development gap (Sun et al., 2011; Bell
et al., 2015; Zhu et al., 2016). For the medium assumption scenario, the net migration de-
creases by 20% per 5 years before 2030, and the scale of migration will continue to decline
afterwards. By the end of this century, the migration rates between the urban and rural
populations will gradually decrease to 0. For the low (high) migration assumption, the mi-
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gration rate is assumed to be 50% lower (higher) than the medium scenario.
3.2.4 Education

In 2010, the enrolment ratios for primary, secondary (junior and senior high school) and ter-
tiary (graduate and above) schools in China were 0.96, 0.93 and 0.27, respectively, based on
census data. The enrolment rates for primary, secondary and tertiary education in South Ko-
rea were 1.00, 1.00 and 0.93, respectively, thereby representing high levels of enrolment. For
the FT scenario, the transitions are assumed to reach high rates of enrolment by 2050 and
thereafter. For the GET scenario, the transitions are assumed to reach medium rates of en-
rolment with values reaching 0.98, 0.96 and 0.60 by 2050, and then, will remain unchanged.
For the CER scenario, the transitions will remain at the current level.

3.3 Economic model and parameters

The Cobb-Douglas model was used to produce GDP projections, and the total factor produc-
tivity, capital stock and labor input were considered as the most important factors of eco-
nomic projection. The GDP in year ¢ can be calculated by:

G(t)=K ()" -L(t)™ - TFP (1)
where G denotes the GDP, K denotes the capital stock, a is the output elasticity on capital, L

is the labour input, and TFP is total factor productivity with 2010 as the initial year, K was
calculated by the following equation (Leimbach et al., 2017):

K(t—1)
L(t-1)

o(t)-G(t=1) _TFP(r)
P,-K(t—1) TFP(t-1)

(I (1) (1-a(1)) V/(1-a (1))
} : { -L(?) (2)

ko=

where P, denotes the price of capital and was assumed to 0.12 for all SSPs. GDP, TFP, K, L,
and a in the historical period were derived from the statistical yearbook of China.

L is a function of the effective factor on labour and the actual number of workers, it can
be calculated by:

L=Y ,E-LFP(g)-P(g) 3)

where g represents different age groups: 15-64 years and 65+years, E is educational level,
LFP is the labor force participation, and P is the working age population. £ and P were de-
rived from the SSP population projections in this paper. According to the data of the 6th Na-
tional Population Census, the LFP rate in 2010 was 0.77 for the population aged 15-64 years
and 0.19 for the population aged 65+ year, respectively. The assumptions of future LFP were
based on studies from the Potsdam Institute for Climate Impact Research (PIK), and as-
sumed to reach 0.7, 0.7, 0.6, 0.77 and 0.8 for the population aged 15-64 years under SSP1-5
respectively, and 0.15 for the population aged 65+ years under all SSPs.

TFP is the ratio of output to total factor input and was estimated by Solow model
(Hawksworth, 2006). oo was assumed to a time-variant elastic coefficient of output with re-
spect to capital (Kaldor, 1961). Future assumptions of TFP and o were referred to the result
of Leimbach et al. (2017). The long-term TFP growth rates were assumed to 0.7%, 0.7%,
0.35%, 0.7% and 1.05% per year for SSP1-5 respectively, and a will reach 1.9-3.75 for
SSP1-5.
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4 Results
4.1 Socioeconomic status in the Belt and Road region

Countries throughout the Belt and Road region exhibit dense population and thriving econ-
omy, and the overall socioeconomic level has developed rapidly over the past 30 years. The
trends of the population size, urbanization level and GDP in the Belt and Road region are
shown in Figure 2. From 1990 to 2016, the population continued to grow from 3.4 to 4.6
billion, increasing by 35%. The main change during this period is reflected in the growth of
the urban population, which doubled from 1.1 billion in 1990 to 2.2 billion in 2016. A rapid
rise in the urbanization rate from 33.3% to 48.3% can also be observed. In contrast, the rural
population basically remained unchanged. The total GDP showed a surprising growth trend
in the Belt and Road region, especially after 2000. The GDP increased 6.8 times from 1990
to 2016, reaching 56.5 trillion. It is worth mentioning that China played an important role in
the overall GDP growth of this region with a substantial increase in its GDP from 1.1 to 21.4
trillion.

The population size, urbanization level and GDP of each country throughout the Belt and
Road region in 2016 are shown in Figure 3. The population in China reached 1.38 billion,
ranking as the most populated nation among the Belt and Road countries. The other 43
countries in Asia had a total population of 2.84 billion. Among these nations, five countries
had populations exceeding 0.1 billion. Most of the 20 European countries are located in
Central and East Europe with a total population of only 0.3 billion. Furthermore, most of the
countries along the 21st Century Maritime Silk Road are densely populated. This is espe-
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30°W 0° 30°E 60°E 90°E120°E150°E180°150°W 30°W 0° 30°E 60°E 90°E120°E150°E180°150°W 30°W 0° 30°E 60°E 90°E120°E150°E180°150°W

70°N 70°N 70°N

S
50°N £ 50°N S50°N

30°N 30°N 30°N

10°N 10°N 10°N

4000 km
L de—

0
10°S <7 ", 10°S Ll 10°S —7"
30°E  60°E  90°E  120°E 150°E 30°E  60°E  90°E  120°E 150°E 30°E  60°E  90°E  120°E  150°E

Figure 3 Distribution of the population (a), urbanization (b) and economy (c) in the Belt and Road countries in 2016



76 Journal of Geographical Sciences

cially true for the countries in South and Southeast Asia, this region has the highest popula-
tion density in the world with an average of more than 270 people per square kilometre. In
contrast, the countries along the Silk Road Economic Belt have a low population density
with an average of only 26 people per square kilometre.

Nearly 50% of the population in the Belt and Road countries resides in urbanized areas,
and there are significant differences in the geographical distribution of the population among
the different regions. In general, Central Europe and East Europe have higher urbanization
levels. Most of the countries therein have urbanization rates exceeding 60%; Bulgaria is the
most urbanized at 74.3%. Meanwhile, the countries in East Europe and Central Asia have
vast territories with sparse populations; nevertheless, over 50% of the population in this re-
gion is concentrated in urban areas. Most countries in the Middle East rely on oil output to
obtain capital, and they have a very high urbanization level (> 70%). The combined urban
population of Saudi Arabia and Kuwait is > 90%. In South Asia and Southeast Asia, where
the population is dense and the economy is relatively less developed, the level of urbaniza-
tion is usually low; less than half of the developing countries have urban populations of
about 50%, and the number is less than 20% in both Nepal and Sri Lanka.

As of 2016, the total GDP in the Belt and Road region reached 56.5 trillion USD, ac-
counting for 47% of the total global economy. Countries located in Central Europe had a
relatively large GDP per capita, but the total economy was relatively small (2.8 trillion). In
contrast, the total GDP of the countries in East Europe and Central Asia was 5.2 billion USD.
Russia boasted a GDP of 3.4 trillion USD, while the other countries possessed relatively
small economies with less than 500 billion USD each. The economies of the countries in the
Middle East were relatively high. Over half of those countries had a national GDP exceeding
500 billion USD. Developing countries are mainly distributed in South and Southeast Asia.
Although the level of industrialization among these nations is relatively low, the total eco-
nomic volume is large. The total GDP of the 25 countries in South and Southeast Asia in
2016 was 39.5 trillion USD, accounting for nearly 70% of the GDP in the Belt and Road
region. Meanwhile, China had the highest GDP of 21.4 trillion, accounting for 37.9% of the
total GDP throughout the Belt and Road region.

4.2 Population, urbanization and economic scenarios (2020-2050)

Socioeconomic scenarios of the population, urbanization and economy throughout the Belt
and Road region are shown in Figure 4. Under different SSPs, the populations will increase
in the future. As a result of the relatively high fertility rates, population growth will be the
fastest under SSP3. The population will increase by about 8% every ten years from 2020 to
2050 and reach 6.0 billion in 2050.The population trajectories under SSP1 and SSP5 basi-
cally overlap due to similar fertility and mortality assumptions. The population will increase
by 2% every ten years from 2020 to 2050 and reach about 5.0 billion in 2050. By the
mid-21st century (2050), visible differences are projected with the largest difference of 1.3
billion between SSP3 (highest) and SSP5 (lowest).

With continuing globalization, both the urbanization and economic levels throughout the
Belt and Road region will continue to increase. The proportion of the urban population to the
total population will continue to grow at a rate of 1.4%—7.5%/10a. It will grow rapidly under
SSP1, SSP4 and SSP5, and reach 75% by 2050 under all three pathways. The urbanization
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growth rate for SSP2 is moderate with an urbanization level reaching 63% in 2050. In con-
trast, the low level of economic development for SSP3 will lead to a relatively slow urbani-
zation of approximately 49% in 2050.

During 2020-2050, the economy throughout the Belt and Road region will develop
greatly with the GDP increasing by 2.1, 1.7, 1.1, 1.5 and 3.8 times under SSP1, SSP2, SSP3,
SSP4, and SSP5, respectively, approximately 29%—-56% every ten years. The economy will
maintain its momentum of rapid development under SSP5 with the total GDP increasing 179
trillion and reaching 243 trillion USD by 2050, which is over double greater than that under
the slowest development pathway (SSP3). SSP2 represents the pathway that will maintain
the current development trend, in which the GDP will increase 108 trillion and reach 172
trillion USD by 2050. Meanwhile, SSP1 will maintain a rapid growth rate, and the GDP will
increase 135 trillion and reach 200 trillion USD. For SSP4, countries will show an unbal-
anced economic development with the GDP more concentrated in a few countries, and the
total GDP will reach approximately 160 trillion USD by 2050. The economy will be the
poorest under SSP3, but it will show a continuously rising trend and reach a maximum of
134 trillion USD in 2050.
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Figure 4 Projections of the population (a), urbanization (b) and economy (c) in the Belt and Road region
for 2020-2050

4.3 Spatial variations of socioeconomy in 2050 with relative to 2016

Figure 5 shows the spatial variations of the annual population, urbanization and GDP
throughout the Belt and Road region in 2050 with relative to 2016. Because of the low fer-
tility, most countries in Central and Eastern Europe, as well as Russia, have a declining
population in all pathways. Moldova, which will have the most severe population decline,
especially in the SSP1, SSP2 and SSP5 pathways, will reduce its population by about 40%
in 2050 compared to 2016. Other countries in these regions, such as Lebanon, Tajikistan,
and Georgia, will also reduce by more than 20% under certain pathways. These results were
shown in the Table 3. In contrast, the population of countries in the Middle East, south Asia
and Central Asia are expected to increase considerably under all three pathways, and the
populations in Bahrain, Yemen, Israel, Afghanistan and United Arab Emirates will even
double. This feature is determined not only by the fertility rate of each country, but also the
medium and high levels of mobility under these three pathways, which will bring a large
number of labour force to countries with relatively high economic levels, such as Israel and
United Arab Emirates. As SSP3 and SSP4 adopt a rapid population development scenario,
the populations of most countries, especially those in Central Asia and the Middle East, will
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increase with relative to 2016 by above 75%. Under these two pathways, countries are un-
evenly developed and lack communication. The populations of countries with high fertility
rates will increase further. Afghanistan and Yemen will be the two countries with the fastest
population growth, with more than 150% growth in 2050 compared to 2016.

Compared with 2016, the proportion of the urban population in each country will change
greatly. Urbanization will develop rapidly in South Asia, West Asia and Central Asia. These
regions are the areas with low urbanization level at present. In the future, with the improve-
ment of the overall economic level, the urban population accounts for more than 80% of the
total population in most countries under SSP1, SSP4 and SSP5. Nepal, Cambodia and Sri
Lanka will be the three countries with the fastest growing urbanization rate, and the propor-
tion of urban population to total population will increase from about 20% to over 50%, with
a growth rate of more than 160%. Under the medium pathway (SSP2), the development
speed of urbanization is in the middle level. The fastest growing urbanization rate in the
three countries of Nepal, Cambodia and Tajikistan will increase by 103%, 87% and 82%
respectively. Under the above four pathways, the proportion of urban population to the total
population will increase in all countries. The countries with the slowest growth rate have
generally reached a high level of urbanization very early. Under the slowest urbanization
pathway (SSP3), in most countries, the growth rate of urbanization will be less than 10%,
except for some countries in Central Asia and South Asia. The fastest growing countries will
be Nepal (46%), Bosnia-Herzegovina (41%) and Cambodia (33%). In Southeast Asia, such
as Thailand and Indonesia, as well as Mongolia, the urbanization rate will be reduced by
about 21%, 9% and 7% respectively.

With relative to the 2016 level, the GDP in most countries will be more than double in
2050 under SSP1 and SSP2. Due to the sufficient labour, South Asia, Southeast Asia and
West Asia will experience the fastest economic development with their GDP generally triple
in 2050, and the GDP of Timor-Leste and Syria is expected to increase tenfold. Under SSP3
and SSP4, the GDP will grow slowly, especially in Europe, Central Asia and Southeast Asia.
Some countries, such as Azerbaijani and Myanmar, will even show a negative economic
growth of —11% and —28%, respectively. Countries with faster growth will be in South Asia
and West Asia, and increase over 8 time in Syria (1235%), Timor-Leste (977%) and Bhutan
(845%). Under SSPS5, the GDP in almost all countries will double the 2016 level, and eco-
nomic growth will be relatively slow only in a few eastern European countries. The three
countries with the fastest economic growth (Syria, Timor-Leste and Bhutan) will experience
an increase of 18, 16 and 13 times, respectively, and the three countries with the slowest
growth will also experience an increase of 63%, 99% and 102%, respectively. In summary,
South Asia and West Asia will experience rapid growth compared with 2016, while the GDP
growth will be relatively slow in Central Europe and East Europe under most of the path-
ways.

4.4 Spatial patterns in 2050

Figure 6 compares the percentages of countries in the Belt and Road region that will reach
certain levels of the annual population, urbanization and GDP in 2050. The populations in the
various countries under the different pathways will be similar, but the levels of the economy



JING Cheng et al.: Population, urbanization and economic scenarios over the Belt and Road region 79

Change of population (%) Change of urbanization rate (%) Change of GDP (%)
[ <0 [ 2550 e <0 20-50 B <100 200-300
025 M 5075 NN >75 [ 1020 [ so-t00 [EEM>100 [0 100200 [ 300-s00 [ >500

20°W_0° 20°E 60°E 100°E 140°E 180°140°W  20°W 0° 20°E 60°E 100°E 140°E 180° 140°W  20°W 0° 20°E 60°E 100°E 140°E 180° 140°W

70°N < 70w : F . |70°N
50N | - 50°N SO°Nf <
— bz
@ 30N
o o
7] 30°N 30°N
10°N ‘ 10°N 10°N
10°S =N 10°8 . 10°S :
20°W _ 0° 20°E 60°E 100°E 140°E 180°140°W  20°W 0° 20°E 60°E100°E 140°E 180° 140°W  20°W 0°20°E 60°E 100°E 140°E 180° 140°W
70°N - = |70°N o = |70°N : :
50°N 50°N S0°N
S
&1 30N 30°N 30°N
75}
10°N 10°N 10°N
10°8 10°8 — 10°8
20°W  0° 20°E 60°E100°E 140°E 180°140°W  20°W 0° 20°E 60°E 100°E 140°E 180° 140°W
70°N ] = |70°N ' 70°N
50°N 50°N 50°N
on
Ay
Z 300N 30°N 30°N
7]
10°N R\ 4 ) 10°N 10°N
\ B
10°8 7 10°8 - 10°8
20°W 0° 20°E 60°E100°E 140°E180°140°W  20°W 0° 20°E 60°E100°E 140°E 180°140°W
70°N _— < |70°N e 70°N
50N | 50°N 50°N | M5
< P~
& 30N 30N 30°N
75}
10°N \ Y 10°N 10°N
H .
10°S - 10°S ) 10°S -
20°W_0° 20°E 60°E 100°E 140°E 180° 140°W  20°W 0° 20°E 60°E 100°E 140°E 180°140°W  20°W 0° 20°E 60°E100°E 140°E 180° 140°W
70°N - 70°N - F= 70°N R
50°N 50°N 50°N
wv
& 30N o
2 30°N 30°N
10°N 10°N 10°N
10°8 10°8 10°8

Figure 5 Changes in the population, urbanization and GDP throughout the Belt and Road region in 2050 com-
pared with 2016

and urbanization will be significantly different under some of the pathways in 2050.

For SSP1, the population in nearly half of the countries will reach 10 million, and India
and China will be the only two countries with a population exceeding 1 billion. The urban
population of almost all countries will account for over 50% of their total population, and
more than 80% of the countries' urbanization rates will exceed 70%. Moreover, the eco-
nomic development will be relatively fast. The GDP in 31% of the countries will exceed 1
trillion USD, while the GDP of India and China will exceed 10 trillion USD, reach 69 tril-
lion and 55 trillion respectively.
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Table 3 Three countries with the fastest and slowest growth in 2050 with relative to 2016

Countries Population Urbanization GDP
(Rate of
changes) Top three Last three Top three Last three Top three Last three
Bahrain (108%) Moldova (—40%) Nepal (195%) Israel (1%) TLS (1594%) Azerbaijan (26%)
SSP1  Afghanistan (75%) Lebanon (—22%) Cambodia (167%) Kuwait (2%) Syria (1505%)  Singapore (62%)
ARE (72%) Tajikistan (—19)  Sri Lanka (160%) Lebanon (5%) Bhutan (949%)  Kazakhstan (67%)
Bahrain (125%) Moldova (-39%) Nepal (103%) Israel (1%) Syria (1235%)  Azerbaijan (7%)
SSP2  Afghanistan (117%) Lebanon (-17%) Cambodia (87%) Kuwait (2%) TLS (977%) Myanmar (40%)
Yemen (105%) Belarus (-14) Tajikistan (82%) Lebanon (5%) Bhutan (845%)  Kazakhstan (47%)
Afghanistan (164%) Moldova (-24%) Nepal (46%) Thailand (-21%) Syria (1235%)  Azerbaijan (—11%)
SSP3  Yemen (152%) Hungary (-22%) BIH (41%) Indonesia (-9%) TLS (977%) Myanmar (3%)
TLS (143%) Poland (—-18%) Cambodia (33%) Mongolia (-7%) Bhutan (845%) Romania (18%)
Afghanistan (153%) Moldova (—42%) Nepal (195%) Israel (1%) Syria (857%) Myanmar (—28%)
SSP4  Yemen (149%) Lebanon (-23%) Cambodia (167%) Kuwait (2%) Bhutan (670%)  Azerbaijan (7%)
Iraq (127%) Belarus (-20%)  Sri Lanka (160%) Lebanon (5%) TLS (442%) Romania (47%)
Bahrain (144%) Moldova (-50%) Nepal (195%) Israel (1%) Syria (1888%)  Azerbaijan (63%)
SSP5  Israel (103%) Tajikistan (—38%) Cambodia (167%) Kuwait (2%) TLS (1621%) Singapore (99%)
ARE (101%) Georgia (-27%)  Sri Lanka (160%) Lebanon (5%) Bhutan (1265%) Lithuania (102%)
ARE: United Arab Emirates, TLS: Timor-Leste, BIH: Bosnia and Herzegovina
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Figure 6 Comparisons of the annual population (a), urbanization (b) and GDP (c) in the Belt and Road region in
2050 with the 2016 levels

For SSP2, the current development trend will be maintained. The demographic and eco-
nomic development levels are projected to be similar to those for SSP1 in 2050, but the ur-
banization level will be lower. The urban population in all countries will exceed 30%, and in
half of the countries throughout will reach 70%.

For SSP3, the populations in half of the Belt and Road countries will exceed 10 million,
and in the most populous country (India) will exceed 1.9 billion. Urbanization will develop
slowly with an urban population of more than 70% in only 40% of the countries. The urban
population in Sri Lanka will be the lowest with urbanization level of about 23%. The urban
population will exceed 90% in 8 countries. Economic development will also proceed slowly.
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The GDP of only 27% of the countries will be more than 1 trillion USD. Amongst, the GDP
in China and India will far exceed 10 trillion with maxima of 54.5 trillion and 28.2 trillion,
respectively.

Similar to SSP1, the population growth will be relatively low for SSP4, but urbanization
will rapidly develop. The GDP in 30% of the countries will exceed 1 trillion USD.

Under SSP5, the population distribution will similar to SSP1. The urbanization and eco-
nomic levels will develop rapidly. The GDP in approximately 38% of countries will exceed
1 trillion USD, and in 4 countries, including China, India, Russian and Indonesia, will ex-
ceed 10 trillion USD. China and India are expected to have a GDP exceeding 50 trillion
USD and reach 77 trillion and 69 trillion USD, respectively.

5 Conclusions and discussion
5.1 Conclusions

Since The Belt and Road Initiative was proposed, it has attracted international attention.
There are substantial socioeconomic differences between the Belt and Road countries, and
thus, the selection of climate scenarios will significantly influence their future social and
economic development. We therefore evaluate the spatial distribution and evolution of the
projected population, urbanization and economic levels for 2020-2050 for the Belt and Road
countries using five SSPs from the IPCC, namely, sustainability (SSP1), middle of the road
(SSP2), regional rivalry (SSP3), inequality (SSP4) and fossil-fuelled development (SSP5).
The following conclusions can be reached.

(1) The urban population in the Belt and Road countries nearly double from 1.1 billion to
2.2 billion during 1990-2016, but almost no change in their rural population. This led to a
15% increase in the level of urbanization. Simultaneously, the total GDP increased by 5.8
times from 8 trillion to 57 trillion USD. In 2016, the urban population accounts for 50% of
the total population of the Belt and Road region. The countries along the 21st century Mari-
time Silk Road are densely populated; yet, their levels of economic and urban development
were relatively low. However, countries along the Silk Road Economic Belt exhibited oppo-
site characteristics.

(2) From 2020 to 2050, the levels of urbanization and economic development will in-
crease greatly in the Belt and Road region under the various pathways. The average rate of
urbanization will increase by 1.4%—7.5%/10a, and reach 49%—75% under the five pathways.
The GDP will increase by approximately 17%—34% every ten years. By 2050, the total GDP
in the Belt and Road region will reach 134-243 trillion USD. The growth of the total popu-
lation will be relatively slow, with an average of only 2%—8% per decade, and reach 5.0-6.0
billion in 2050.

(3) Under the sustainable SSP1 and economic development-oriented SSP5 pathways, the
urbanization and economy will develop rapidly but with less population growth. Under
SSP2, social and economic development indicators will maintain their current trends at a
moderate level. Under the unbalanced pathway of SSP4, the population and economy will
grow slowly, but urbanization will develop rapidly. Under SSP3 characterized by regional
competition, the population growth will be rapid, but the economic development and ur-
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banization will be relatively slow.

(4) With relative to 2016, the populations will increase in most countries in 2050, and es-
pecially obvious in Central Asia and the Middle East countries. The growth will more than
double in Bahrain, Afghanistan and Yemen. The economy will develop rapidly in South
Asia, Southeast Asia and West Asia, and increase by more than 10 times in Timor-Leste,
Syria and Bhutan. However, the economy will grow relatively slowly in Central Europe and
East Europe under most of the pathways. The trend of urbanization will be similar to that of
the economy. The urbanization in South Asia, West Asia and Central Asia will develop rap-
idly and increase by more than 150% in Nepal, Cambodia and Sri Lanka.

5.2 Discussion

In consideration of policy interventions and new parameters from the latest 2010 population
census, this study first projects the population, urbanization and economic levels in China
and then investigates the situation in the Belt and Road region under five different SSPs.
This is the first time that newly implemented policy and census data are used in socioeco-
nomic projections extending to 2050. Accordingly, updated information and credible popu-
lation scenarios allow us to produce projections that are more realistic.

The accuracy of the population projection is the basis of further economic and urbaniza-
tion projections. For different countries, future fertility rates constitute the key factor in re-
liably projecting the population growth. Due to various uncertain determinants (e.g., ur-
banization and education) of the fertility rate, the populations projected using simple as-
sumptions of the total fertility or using relatively complex total fertility rates obtained by a
combination of urban and rural fertilities might overestimate the population (UN, 2011;
Zeng and Wang, 2014; Zeng and Hesketh, 2016). Consequently, related sensitivity studies
need to be conducted in the future.

The Belt and Road region will exhibit a varying socioeconomic status in the future, and as
a result, the selection of different SSPs will likely bring about completely different results.
Different SSPs provide a framework for developing new socioeconomic scenarios. They can
be used for not only global climate change studies but also assessments of the development
of broader sustainability. This article does not present a optimistic option for future devel-
opment, but rather, simply represent future possibilities and provide appropriate references
for decision makers once the situation changes. The setting of five different pathways is
conducive to reduce the uncertainty in socioeconomic projection. It is obviously better than
the projection with single scenario.

The SSP-based socioeconomic projections are closely related to climate change. In the
upcoming [PCC sixth assessment report (AR6), SSPs will be combined with RCPs to de-
velop new scenarios for comprehensively assessing climate change and human activities.
Many forthcoming studies are expected to associate the socioeconomic scenarios in the Belt
and Road region with risk assessments of climate and weather disasters.
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