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Abstract

This paper discusses the dynamic mechanism of stability and the possibility for break‑
through of the Hu Line based on the relationship between population, socioeconomic de‑
velopment and the environment. Against the background of sustainable development and
climate change, we used historical census data from China and comparative analysis of
three versions (IIASA,NUIST and Tsinghua) of the Shared Socioeconomic Pathways (SSPs)
to analyze multidimensional demographic characteristics such as population size, age and
education on both sides of the Hu Line (China’s population boundary). The study found
that SSP scenarios and regional differences in the natural growth rate (defined by fertility
and mortality) and urbanization rate jointly influenced the changes in the proportion on
both sides of the Hu Line. In addition to the breakthrough of the population proportion on
the west of the Hu Line, population quality deserves greater attention. The provinces on
the east andwest sides of theHuLine can adopt different social and economic development
paths to achieve sustained development of the population, economy, society, resources
and environment. On the premise of sustained social and economic development, the to‑
tal population will not rise or fall significantly, keeping the trend of aging under control,
and enhancing the educational level. The central government should increase investment
in basic education in the provinceswest of theHuLine and createmore employment oppor‑
tunities through the Belt and Road Initiative and the new urbanization strategy. In areas
with abundant water resources on the west of the Hu Line, urbanization efforts should be
rationally planned and advanced to gradually establish clusters of talent hubs. This will
facilitate the effective conversion of human resources by retaining and attracting higher‑
education professionals to pursue employment and entrepreneurship opportunities.

Keywords: the Hu Line; education; age; Climate Change Scenarios

1. Introduction
Since the 2015 Paris Climate Summit, research on population fromamultidimensional

perspective (structure and quality) has attracted increasing attention. Some scholars be‑
lieve that even if the population proportion on both sides of the Hu Line has not changed
significantly, if the quality of life of people on the western side of the Hu Line is effectively
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improved, it can also be regarded as a breakthrough. This reflects that the understanding
of the Hu Line has shifted from discussing population quantity distribution to population
quality distribution.

The concept of the Hu Line originated from concerns about whether China’s popula‑
tion was excessively concentrated and whether large‑scale migration within the country
remained possible. In 1935, Hu Huanyong published The Distribution of China’s Popu‑
lation, introducing the well‑known “Aihui–Tengchong” population boundary in China—
later called the Hu Huanyong Line, or simply the Hu Line [1]. Using data from the Fourth
National Census, Hu Huanyong observed in 1990 that the east–west population ratio had
shifted from 96%:4% in 1935 to 94.4%:5.6%. This 1.6‑percentage increase in the western
share prompted the first systematic discussions on changes in the population balance
across the Hu Line [2]. Subsequent studies have repeatedly confirmed the relative stability
of the Hu Line using census data from later years [3–6].

Debates over the mechanisms behind the Hu Line began with the “population–grain”
relationship [1,2]. Discussions of whether the Hu Line could be “broken” have largely
focused on socioeconomic drivers. Many scholars argued that breakthrough was possi‑
ble by improving development conditions or tapping substitute resources—such as ur‑
banization, education and cultural investment, technological progress, and information
development—and thus they tended to take an optimistic view [6–8]. From an environ‑
mental perspective, however, the focus on physical geographic constraints often invoked
accusations of “environmental determinism,” leading to greater support for the “stability”
position [9].

The straightforward conclusion of the Hu Line contrasts sharply with the complex
coupling of demographic, socioeconomic, and environmental factors that underlie it. With
the aid of rich geospatial data and simulation models, scholars have explored its potential
for future change. For example, Wang Lu et al. used a logistic model to project popula‑
tion distribution based on historical census data [10]. Others modeled future agricultural
productivity [11], forest cover [12], environmental adaptability [13], and urban land expan‑
sion [14]. In these studies, the Hu Line served as an important spatial benchmark. Such
“extended” research gradually reframed the Hu Line from being seen solely as a demo‑
graphic boundary to being recognized as a boundary of national conditions. Nevertheless,
little attention has been paid to how the constantly changing socioeconomic and environ‑
mental factors directly affect China’s population distribution and thereby alter the coun‑
try’s east–west balance. A common approach has been to use projected changes in one
or more geographic factors—expressed as indices—to linearly estimate potential future
population changes [11,13].

In the debate over whether the Hu Line can or cannot be broken, some scholars have
stressed that the issue should not be reduced to whether the population ratio on either
side crosses a certain threshold. Instead, discussions must return to the central focus
on people themselves [15]. As Premier Li Keqiang emphasized, new‑type urbanization
must be people‑centered, with everything else serving the people (People’s Daily Online,
28 November 2014). Accordingly, research on the Hu Line is shifting from issues of popu‑
lation quantity toward population quality.

The discussion surrounding the “breakthrough” and “stability” of theHuLine should
not be confined to examiningwhether the population ratio on either side of the line exceeds
a certain threshold. Moreover, analyzing the Hu Line solely through the lens of socioeco‑
nomic factors or natural environments, or by focusing on isolated elements, is inherently
biased. Today, climate change has become the defining theme of our era. As China cur‑
rently ranks first globally in carbon emissions, pursuing sustainable development is an
inevitable path for the nation’s future. The exploration of the Hu Line’s implications must
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align with the demands of this new era. Against the backdrop of sustainable development
and climate change, examining the evolutionary trends of China’s historical and future
populations provides a scientific research perspective for assessing the potential stability
or breakthrough of the Hu Line.

This paper investigated the driving mechanisms that could reshape the Hu Line by
examining the coupled dynamics of population, socioeconomic development, and the en‑
vironment. Against the backdrop of sustainable development and climate change, we used
historical census data and compared population scenario simulations from three versions
of the Shared Socioeconomic Pathways (SSPs) developed by IIASA (International Insti‑
tute for Applied Systems Analysis), NUIST (Nanjing University of Information Science
and Technology), and Tsinghua (Tsinghua University). We analyzed changes in popula‑
tion shares on both sides of the line from multiple dimensions—size, age, and education—
thereby contributing to the ongoing debate over whether the Hu Line can truly be broken.

2. The Driving Mechanisms Behind the Breakthrough of the Hu Line
from a Multidimensional Population Perspective

China is currently experiencing relativelymodest changes in population size but rapid
shifts in population structure [16]. The country is transitioning from an agrarian society to
an urban one, and from a land‑dependent society to a highly mobile and dynamic one [17].
Excluding the effects of family planning, rapid urbanization and steadily rising educa‑
tional attainment have raised living standards and life expectancy while reducing fertil‑
ity intentions. Together, these factors have accelerated China’s transition into an aging
society [17,18]. Thus, the dynamic interplay of population size, demographic structure,
and population quality forms the first major driving force behind potential changes to the
Hu Line.

Socioeconomic development also reshapes population dynamics by influencing nat‑
ural growth (via fertility and mortality rates) and mechanical growth (via migration). Im‑
provements in public health and healthcare infrastructure lowermortality rates and extend
life expectancy [19]. Poverty alleviation helps reduce infant mortality [20]. Meanwhile, in‑
vestment in education and technology raises aspirations for child quality over quantity,
lowering fertility intentions while boosting educational outcomes [21]. In this way, socioe‑
conomic development alters birth, death, and migration rates across regions, creating the
second driving force for potential breakthroughs of the Hu Line.

Socioeconomic transformation, including demographic change, also contributes to en‑
ergy emissions at varying levels [22]. Using the PET model, O’Neill et al. found that be‑
yond population size, demographic composition significantly influenced greenhouse gas
emissions [23]. For instance, aging may reduce emissions by up to 20%, while urbaniza‑
tion could increase projected emissions by more than 25%. From a climate adaptation per‑
spective, Shayegh showed that skilled individuals enjoyed greater mobility than unskilled
ones [24]. As a result, when environmental conditions worsened, unskilled populations of‑
ten struggled to adapt through migration. Populations of the same size but with different
demographic and educational structuresmay therefore respond very differently to climate
change [25,26].

Climate change, in this sense, functions as a threatmultiplier [27]. It intensifies risks or
amplifies existing vulnerabilities, indirectly shaping future population distribution. At the
same time, migration and mobility become important adaptation strategies [27,28]. Thus,
climate change constitutes the third major driving force of potential breakthrough of the
Hu Line (Figure 1).
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Figure 1.The coupling relationship between population, resources, environment, and socioeconomy
in the context of climate change.

3. Comparative Analysis of Multidimensional Demographic
Characteristics on Both Sides of the Hu Line
3.1. Population Distribution on Both Sides of the Hu Line

In 1935, the population distribution across the Hu Line was approximately 96% in
the east versus 4% in the west [1]. At that time, China’s population was estimated at
459 million [2]. By 2010, the population had grown to 1.34 billion. At the county level,
the east–west population ratio in 2010 was 93.68% to 6.32% [4]. Using county‑level data
from The Distribution of China’s Population (1935) and the Sixth National Population Cen‑
sus, wemapped population distributions with the point value method. In 1935, each point
represented 20,000 people, while in 2010 each point represented 60,000 people to reflect
the nearly threefold population growth (Figure 2). Figure 2 clearly shows that the basic
pattern of population density—dense in the east, sparse in the west—remains unchanged,
confirming the Hu Line’s role as China’s demographic boundary.

 

Figure 2.China’s population distribution in 1935 (left) and 2010 (right).
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A closer comparison of the eastern side in 1935 and 2010 revealed that the population
became far more concentrated by 2010. Clusters formed in the Beijing–Tianjin area, the
Yangtze River Delta, the Pearl River Delta, and several inland provincial capitals, while
stark disparities emerged between urban and rural population densities. In contrast, the
1935 distribution was more dispersed, reflecting the predominantly agrarian nature of so‑
ciety at the time. The northeast, which was highlighted by Hu Huanyong as a potential
destination for migration, also became more densely populated by 2010. Although Hu
Huanyong held a reserved attitude about large‑scale westward migration [1], population
growth west of the Hu Line between 1935 and 2010 was concentrated in areas with rela‑
tively favorable water resources, such as the northern and southern Tianshan regions in
Xinjiang, the Hetao area of Inner Mongolia, the Yellow River basin in Ningxia, and south‑
eastern Gansu. Overall, while the east–west population ratio shifted only slightly between
1935 and 2010, significant internal redistribution occurred either side of the Hu Line.

Traditionally, research on the Hu Line used county‑level data. However, because
county‑level statistics disaggregated by age and education are lacking, this study relied
on provincial‑level data (see Figure 2 for provincial division). We classified Inner Mongo‑
lia, Xinjiang, Gansu, Ningxia, Qinghai, and Tibet as western provinces, and all others as
eastern provinces.

The discovery of China’s population boundary line (the Hu Line) was based on
county‑level data [1]. For mesoscale research on China’s population distribution, in
1983, Hu Huanyong further proposed the concept of “one boundary line, three tiers, and
eight population zones,” where the eight population zones were studied at the provincial
level [29]. YinWenyao et al. proposed a “quasi‑Hu Huanyong Line” which divided China
into northwest and southeast halves by separating the six provinces west of the Hu Line
from the twenty‑five provinces east of it [30]. This division facilitates the statistical analysis
of multidimensional population data at the provincial level.

The land area on both sides of the Hu Line (straight line) and the quasi‑HuHuanyong
Line (provincial boundary line) (see Figure 2) changed. The southeastern side of the quasi‑
HuHuanyong Line covers 4.2962million square kilometers, accounting for 44.7% of the 31
provincial‑level administrative regions, while the northwestern side covers 5.3141 million
square kilometers, accounting for 55.3% of the 31 provincial‑level administrative regions.
Compared to the distribution where the area east of the Hu Line accounted for 42.9% and
the area west of it accounted for 57.1% [2], the difference is only 1.8 percentage points [30].
The population proportion on both sides of the quasi‑Hu Huanyong Line in this paper
was calculated at the provincial scale. In 2010, the population ratio between the east and
west sides of the line was 93.73:6.27, while at the county scale (the Hu Line), the ratio was
93.68:6.32 [4].

3.2. Population Structure on Both Sides of the Hu Line

Population pyramids provide valuable insights into demographic structure and qual‑
ity. Using data from the Fifth and Sixth National Censuses, we constructed population
pyramids for 2000 (Figure 3a) and 2010 (Figure 3d). In these diagrams, the left side of the
horizontal axis represents females, and the right side is males; the vertical axis indicates
age groups. Red, yellow, blue and dark blue denote no education (NoEdu), primary ed‑
ucation(PriEdu), secondary education (SecEdu), and tertiary education (TerEdu). Males
slightly outnumber females across all age groups, especially among younger cohorts. In
terms of age, the 2000 pyramid shows a conical structure for those aged 40 and above,
and a bell shape for those under 40, reflecting the differing growth rates before and after
the family planning policy. A notable concern was the shrinking share of children under
14. Already contracting by 2000, it declined further by 2010, signaling a continuous drop

https://doi.org/10.3390/su18157957

https://doi.org/10.3390/su18157957


Sustainability 2026, 18, 7957 6 of 21

in births. Although the working‑age population (15–64) still dominated, the aging trend
was becoming increasingly pronounced. Educationally, by 2010, the share of people with
no schooling or only primary education had fallen sharply, while secondary and tertiary
education levels had risen significantly.

 

Figure 3. Population pyramids for China and for the eastern and western sides of the Hu Line.

Figure 3b,c,e,f compare east–west differences. Because the 2010 ratio of east to west
population was 93.73% to 6.27%, we used “relative population pyramids” that normalize
age, gender, and education shares within each region. In 2000, the west had a higher rela‑
tive share of children aged 0–14 (Figure 3b vs. Figure 3c), indicating higher fertility, though
this advantage diminished by 2010 (Figure 3e). Educational disparities were striking in
2000: the west had a much higher share of uneducated people, especially women, and a
larger proportion of working‑age adults with only primary education or less. This under‑
scored the lag in basic education and gender inequality in the west. By 2010, however, the
east–west gap in education had narrowed, and gender disparities in education had also
declined. Interestingly, the west did not significantly lag in tertiary education attainment
in either 2000 or 2010. Yet, a comparison of cohorts revealed a possible migration effect. In
2000, children aged 10–14 made up 10.3% of the western population, but by 2010 the cor‑
responding 20–24 age group accounted for only 8.4%. This drop could not be explained
by mortality alone; it likely reflected net out‑migration of young adults, particularly those
with tertiary education, from west to east.

3.3. Multidimensional Variations in Population Proportions on Both Sides of the Hu Line

Extending the analysis of both age and education (Table 1), we found that in 2000, the
west area accounted for 6.07% of China’s total population, compared with 93.93% in the
east. By age group, the western shares were 6.92% for children (0–14), 5.98% for working‑
age adults (15–64), and 4.29% for the elderly (65+), indicating a lighter aging burden. Be‑
tween 2000 and 2010, the west’s total population share rose slightly by 0.2 percent, but the
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share of the elderly increased by 0.73 percent, suggesting that aging was accelerating in
the west.

Table 1.Changes in population proportions by age group and educational attainment east and west
of the Hu Line.

Type

2010 2000

Population
(in Millions)

Population
Proportion (%)

Population
(in Millions)

Population
Proportion

(%) West Side of Hu
Line Specific

Gravity Change
(%)

West of
the Hu
Line

East of
the Hu
Line

West of
the Hu
Line

East of
the Hu
Line

West of
the Hu
Line

East of
the Hu
Line

West of
the Hu
Line

East of
the Hu
Line

Total population 85 1277 6.27 93.73 77 1196 6.07 93.93 0.2

Age

0–14 years old 16 210 7.02 92.98 20 270 6.92 93.08 0.1
15–64 years old 63 950 6.26 93.74 53 838 5.98 94.02 0.28
Aged 65 and

above 6 116 5.02 94.98 4 87 4.29 95.71 0.73

Education

Uneducated 13 139 8.45 91.55 19 178 9.53 90.47 −1.08
Primary
education 26 336 7.23 92.77 27 419 6.04 93.96 1.19

Secondary
education 39 681 5.36 94.64 29 547 5 95 0.36

Tertiary
education 8 121 6.12 93.88 3 52 5.18 94.82 0.94

Educationally, uneducated people in the west were disproportionately high in 2000
(9.53% vs. its 6.07% population share). The proportion of primary‑educated people
roughly matched the population proportion, while secondary (5%) and tertiary education
(5.18%) shares lagged behind. From 2000 to 2010, the proportion of uneducated people
declined by 1.08 percentage points, while primary, secondary, and tertiary education pro‑
portions rose by 1.19, 0.36, and 0.94 percent, respectively. These trends showed significant
progress in reducing illiteracy and improving primary education, slower progress in sec‑
ondary education, and a relatively strong foundation for tertiary education in the west
of China.

Overall, the west’s population share grew only slightly between 2000 and 2010,
but its demographic profile remained younger and less educated than the east. The
areas of the west also experienced faster aging, marked gains in literacy and primary
schooling, moderate improvement in tertiary education, but persistently slow progress in
secondary education.

4. Future Trends in Multidimensional Demographic Characteristics on
Both Sides of the Hu Line
4.1. The Approach of the Multidimensional Demographic Model

The multidimensional demographic model can be summarized as follows: starting
with t = 2000 as the jump‑off year for the back projection for which we have a full distri‑
bution of population by age (five‑year age groups), sex and level of education (four cat‑
egories), when there are no transitions between education levels, we go back in time in
five‑year intervals to calculate the same full distribution for year t − 5 according to:

N(age − 5, educ, t − 5, sex) =
N(age, educ, t, sex)

Survival Ration(age − 5, educ, t − 5, sex)
(1)

where
N(·) refers to the number of people in the group defined by (·);
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age refers to the five‑year age group starting with age α (e.g., α = 20 refers to the age
group 20–24);

educ refers to the educational attainment category;
t refers to calendar year t and t − 5 to five years earlier;
sex refers to the gender of individuals;
Survival Ration(·), refers to the proportion of people surviving for five years in the

country (i.e., combining mortality and migration) in each age‑, sex‑ and education‑specific
group over the period t − 5 to t.

The four educational attainment states are defined as:

• No education: those who have never been to school and have received no formal
education (no education);

• Primary: those with uncompleted primary to uncompleted lower secondary educa‑
tion (completed primary);

• Secondary: those with completed lower secondary to uncompleted first level of ter‑
tiary education (completed lower secondary, completed upper secondary or com‑
pleted post‑secondary, non‑tertiary);

• Tertiary: those who at least completed the first level of tertiary (tertiary completed).

The key steps taken in producing reconstruction results:

Step 1: Find reliable empirical information on the proportions of population by levels of
educational attainment for men and women for five‑year age groups for the base year
(around 2000).
Step 2: Adjust the educational categories.
Step 3: Apply the empirical proportions to the age structure for the year 2000.
Step 4: Obtain the period life expectancy at age 15 for all men andwomen from the general
model life table as used for the corresponding country for the period 1995–2000.
Step 5: Calculate the corresponding education‑specific period life expectancy at age 15 by
using education differentials in life expectancy as described in Section 4.3.
Step 6: Obtain survival ratios for all five‑year age groups above age 15 corresponding to
each education–sex‑specific period life expectancy at age 15.
Step 7: Calculate the number of people N (age,educ,sex,1995) by age (age going from 15–19
to 80–85), sex and education living five years earlier (in 1995) by using Equation (1) above.
Step 8: Adjust for the transitions to secondary and tertiary education that happen after the
age of 15.
Step 9: Convert the number of people by age and education calculated for 1995 (t− 5) into
age and sex‑specific proportions and apply to the estimates of population structure for this
year in order to assure full consistency (including adjustments for migration).

4.2. The Prediction of China’s Total Population in the Future

As the most populous country in the world, China’s demographic outlook has long
attracted both domestic and international attention. Assuming fertility remained between
1.5 and 1.6 under continued family planning policies, organizations such as the United
Nations Development Programme (UNDP) and China’s National Population and Family
Planning Commission (NPFPC) projected that China’s population would peak at about
1.41 billion between 2025 and 2030 before declining to 1.25–1.3 billion by 2050, with ag‑
ing becoming increasingly severe [17,31]. Under alternative policy scenarios—including
partial or full relaxation of the one‑child policy—population peaks would be delayed by
5–30 years, with totals reaching 1.4–1.5 billion by 2050 [17]. Consequently, scholarly con‑
cern shifted from overall population size to issues such as aging, education, and the urban–
rural divide [32].
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Against the backdrop of sustainable development and global climate change, Lutz
and Striessnig argued that research on population size, distribution, quality, and structure
must move beyond traditional demographic frameworks [25]. This led to the proposal of
Shared Socioeconomic Pathways (SSPs) for future development [33]. Together with Repre‑
sentative Concentration Pathways (RCPs), which describe greenhouse gas emissions, the
SSPs form a critical framework linking socioeconomic development with environmental
change in climate research [25].

The International Institute for Applied Systems Analysis (IIASA) and partners devel‑
oped global SSPs, providing projections for population, urbanization, and economic devel‑
opment across different scenarios [33]. The SSPs outline five baseline development path‑
ways [34]. Among them, SSP2 represents a “middle of the road” trajectory, where social,
economic, and technological trends continue broadly along historical patterns. Fertility,
mortality, and migration remain at moderate levels, while educational attainment rises
steadily. SSP1 and SSP5 envision rapid economic growth, strong institutions, and substan‑
tial investment in health and education. Tertiary education—especially among women—
lowers fertility, reduces mortality, and extends life expectancy [18]. Migration is moderate
under SSP1 but higher under SSP5, which emphasizes economic efficiency. SSP5 is charac‑
terized as fossil fuel‑intensive growth, while SSP1 represents a shift toward sustainability.
SSP3 focuses on regional competition, prioritizing food and energy security at the cost
of broader development. It features relatively high fertility and mortality, coupled with
lower migration due to weak economic growth. SSP4 envisions a world of stark inequal‑
ity, where high‑fertility countries experience high birth and death rates while wealthier
nations maintain low fertility, moderate mortality, and moderate migration [31,33].

4.3. Comparative Analysis of Population Scenarios Across Three Versions of China’s SSPs
4.3.1. IIASA Version of China’s SSPs Population Scenarios

Samir and Lutz classified China as a low‑fertility country in their SSP framework [31],
setting its future total fertility rate (TFR) at 1.5—consistent with the UNDP and related
estimates [17]. Under SSP1 and SSP5, both fertility and mortality are low, so natural pop‑
ulation growth is slower than under SSP2. By contrast, SSP3 assumes higher fertility and
mortality, producing faster growth than SSP2. SSP4 represents a pessimistic scenario with
low fertility and medium mortality, leading to the fastest population decline. The IIASA
global SSPs considered only international migration. Jones et al. used a population po‑
tential model combined with SSP‑based urbanization assumptions to project future global
population distribution at a 10 km resolution [35,36].

Figure 4a,b illustrates population trends east and west of the Hu Line based on these
projections. Since the IIASA version does not account for regional variation in natural
growth rates or policy changes, the results have limitations [37]. Under SSP2, China’s pop‑
ulation peaks around 2025, then declines. By 2050, the east is projected to have 1.18 billion
people, and the west 79 million. Under SSP1, the peak occurs in 2030, followed by a faster
decline than SSP2; SSP4 shows the steepest decline. Only SSP3 results in a slight increase
in the west’s share, while SSP1/5 and SSP4 reduce it. A key takeaway from the IIASA ver‑
sion is that—absent regional variation—China’s western population share may stagnate
or even decline by 2050. This outcome reflects three factors: the overall national decline in
population, rising urbanization, and the concentration of major urban centers in the east.
With limited urban growth capacity in the west, more migrants move eastward, reducing
the west’s population share. Only under SSP3, with slower urbanization and migration,
does the west’s share rise modestly.
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Figure 4.Population trends from 2010 to 2050 on the eastern and western sides of the Hu Line under
SSPs. (a,b) IIASA version; (c,d) NUIST version; (e,f) Tsinghua version.

4.3.2. NUIST Version of China’s SSP Population Scenarios

Recognizing the IIASA version’s shortcomings—particularly its neglect of China’s re‑
gional fertility differences and family planning reforms—Jiang et al. at Nanjing University
of Information Science and Technology (NUIST) developed provincial‑level SSP projec‑
tions using a multidimensional demographic model [31,38]. A major revision concerned
fertility assumptions. After China fully relaxed the two‑child policy in 2015, Jiang et al.
modeled a temporary fertility rebound. In the SSP2 medium‑fertility pathway, TFR rises
from 1.18 in 2010 to 1.85 in 2020 before stabilizing at 1.8 after 2025. Under SSP3, TFR climbs
to 2.25 by 2050. In contrast, in SSP1/4/5, TFR peaks at 1.67 in 2020 before falling to 1.35 by
2050. Mortality and life expectancy assumptions follow SSP conventions, with provincial
convergence toward high‑longevity benchmarks. Migration is modeled using historical
provincial patterns: medium assumptions (SSP1/2/4) maintain current rates, SSP3 lowers
them, and SSP5 raises them. Since the 1980s, inland provinces east of the Hu Line have
experienced net out‑migration, while coastal provinces have seen net immigration. West
of the Hu Line, however, net migration has remained negligible.

Figure 4d presents the projected population changes for the provinces east of the Hu
Line based on the NUIST model. Under the SSP2 “middle‑of‑the‑road” pathway, the pop‑
ulation is projected to peak at approximately 1.33 billion in 2035, followed by a gradual
decline to about 1.30 billion by 2050. Under SSP3, the population continues to grow slowly,
reaching around 1.37 billion by 2050. In contrast, under the SSP1/5 pathway, the popula‑
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tion peaks earlier, at roughly 1.30 billion in 2025, and then gradually declines to 1.24 billion
by 2050. The SSP4 pathway shows the sharpest decline, with the population decreasing
to about 1.20 billion by 2050. Figure 4c shows the projected population changes for the
provinces west of the Hu Line based on the NUIST model. Owing to relatively high fertil‑
ity rates, the population is expected to continue modest growth under the SSP2 pathway,
reaching approximately 98 million by 2050. Under SSP3, the population is projected to
increase further to about 104 million by 2050. In the SSP1/5 pathway, the population peaks
at roughly 94 million in 2040 and then gradually declines, while under SSP5 it peaks ear‑
lier, at 93 million in 2035, before beginning to fall. By 2050, the share of the population in
the western provinces relative to 2010 is projected to rise by 0.76 percentage points under
SSP3, 0.61 percentage points under SSP1/5 and SSP4, and 0.69 percentage points under
SSP2 (Table 2). This increase in the population share of the western provinces is primarily
driven by their relatively high fertility rates and gradual improvements in life expectancy,
while low levels of net migration have only a limited effect on the population balance be‑
tween the eastern and western sides of the Hu Line.

Table 2. Population proportions and their changes on the eastern and western sides of the Hu Line
across the IIASA, NUIST, and Tsinghua versions.

Type

2010 2030 2050 2010–2030 2010–2050

Population Ratio (%) Population Ratio (%) Population Ratio (%)
Change in
Population
Proportion

Change in
Population
Proportion

West of the
Hu Line

East of the
Hu Line

West of the
Hu Line

East of the
Hu Line

West of the
Hu Line

East of the
Hu Line

on the West
Side of the
Hu Line (%)

on the West
Side of the
Hu Line (%)

IIASA

SSP1 6.27 93.73 6.28 93.72 6.04 93.96 0.01 −0.23
SSP2 6.27 93.73 6.41 93.59 6.26 93.74 0.14 −0.01
SSP3 6.27 93.73 6.51 93.49 6.47 93.53 0.24 0.2
SSP4 6.27 93.73 6.29 93.71 6.05 93.95 0.02 −0.22
SSP5 6.27 93.73 6.28 93.71 6.04 93.96 0.01 −0.23

NUIST

SSP1 6.27 93.73 6.72 93.28 6.88 93.12 0.45 0.61
SSP2 6.27 93.73 6.74 93.26 6.96 93.04 0.47 0.69
SSP3 6.27 93.73 6.75 93.25 7.03 92.97 0.48 0.76
SSP4 6.27 93.73 6.72 93.28 6.89 93.12 0.45 0.61
SSP5 6.27 93.73 6.72 93.28 6.88 93.12 0.45 0.61

Tsinghua

SSP1 6.27 93.73 6.89 93.11 7.18 92.82 0.62 0.91
SSP2 6.27 93.73 6.92 93.08 7.32 92.68 0.65 1.05
SSP3 6.27 93.73 6.9 93.1 7.35 92.65 0.63 1.08
SSP4 6.27 93.73 6.91 93.09 7.28 92.72 0.64 1.01
SSP5 6.27 93.73 6.89 93.11 7.27 92.73 0.62 1

4.3.3. Tsinghua Version of China’s SSP Population Scenarios

Building on the recognition of limitations in the IIASA version of China’s SSP popu‑
lation pathways, Chen Yidan, Cai Wenjia, and colleagues at Tsinghua University [37] de‑
veloped an alternative set of projections. While the Tsinghua version follows the general
modeling framework and scenario design by Samir and Lutz [31], it incorporates distinct
assumptions regarding parameter settings and policy interventions. Similar to the NUIST
version [36], it emphasizes the importance of accounting for China’s internal regional het‑
erogeneity. Accordingly, the Tsinghua scenarios adopt province‑level population projec‑
tions and explicitly incorporate shifts in family planning policies. For fertility, three sce‑
narios are considered: an effective two‑child policy (medium fertility), a fully liberalized
policy (high fertility), and an ineffective policy (low fertility). Drawing on the findings of
Zhai et al. [39] and Wang [40], which suggest that the 2010 census substantially underes‑
timated China’s total fertility rate (TFR), the Tsinghua SSP2 baseline adjusts the 2010 TFR
upward from 1.18 to 1.6. Under this pathway, the TFR rises from 1.6 in 2010 to 1.8 in 2020,
before stabilizing at 1.65. In the high‑fertility scenario (SSP3), TFR reaches 2.0 in 2020 and
remains about 25% above the SSP2 level by 2050. By contrast, in the low‑fertility scenar‑
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ios (SSP1/4/5), TFR increases modestly between 2010 and 2020 before declining, ending
25% below the SSP2 level by 2050. The fertility gap between SSP3 and SSP1/4/5 relative
to SSP2 is broadly symmetric. At the provincial level, fertility is modeled using matrices
that cross‑tabulate women of childbearing age (15–49) by education level and province,
derived from the 2010 census, extending the country‑level approach of the IIASA version.
Life expectancy assumptions also differ across pathways. In the medium scenario (SSP2),
life expectancy increases by one year per decade, with provincial figures adjusted using
2010 census mortality ratios, converging to the UNmedium projection for China (87 years)
by 2100. In the low‑expectancy scenarios (SSP1, SSP5), life expectancy rises by 0.5 years
per decade, converging to 82 years by 2100, while the high scenario (SSP3) assumes an in‑
crease of 1.5 years per decade, converging to 91 years. Provincial life expectancy and mor‑
tality rates are initialized using age‑ and sex‑specific data from the 2010 census. For inter‑
provincial migration, the Tsinghua version introduces the concept of development stages,
categorizing provinces into high‑, medium‑, and low‑economic‑level groups. High‑level
provinces (mostly coastal, with the exception of Inner Mongolia) are assumed to impose
population caps to limit over‑concentration, leading their net migration to approach zero.
Low‑level provinces (mainly inland provinces east of the Hu Line, excluding Tibet and
Gansu) are characterized by negative netmigration due to outflows of labor. Medium‑level
provinces (including Qinghai, Ningxia, and Xinjiang west of the Hu Line) are projected to
adopt more talent‑attraction policies, resulting in positive migration. These assumptions
effectively embed household registration policies into migration dynamics. Because the
six provinces west of the Hu Line are modeled with mixed assumptions of net inflow, net
outflow, and zero migration, overall net migration in this region remains low. Interna‑
tional migration is also incorporated. The baseline net international migration rate in 2010
is set at –0.3015‰ (net outflow), applied uniformly across provinces. In the medium sce‑
nario (SSP1/2/4), this rate remains constant through 2050. In the high (SSP5) and low (SSP3)
scenarios, the rate is increased or decreased by 50%, respectively.

Turning to regional projections, provinces east of theHu Line (Figure 4f) are projected
to peak at 1.36 billion in 2030 under SSP2 before declining to about 1.295 billion by 2050.
Under SSP3, the peak occurs around 2035 at 1.38 billion, followed by a gradual decline to
1.35 billion by 2050. Both SSP1 and SSP5 reach a peak of about 1.35 billion around 2030,
but due to stronger net outflows in SSP5, the 2050 populations are 1.255 billion and 1.25 bil‑
lion, respectively. The SSP4 pathway peaks earlier, at 1.34 billion in 2025, before declining
more rapidly to 1.22 billion by 2050. Provinces west of the Hu Line (Figure 4e) display a
different trajectory. Under SSP2, the population peaks at 125 million in 2045 before declin‑
ing gradually, while SSP3 projects steady growth to 107 million by 2050. SSP1 and SSP5
both peak in 2040 and decline to 98 million and 97 million, respectively, by 2050. The SSP4
pathway peaks earlier, in 2035, before falling to 95 million in 2050. Compared with 2010,
the western population share in 2050 increases the most under SSP3 (by 1.08 percentage
points), followed by SSP2 (1.04 percentage points), with the smallest gain observed under
SSP1 (0.91 percentage points) (Table 2).

4.3.4. Summary Across Three Versions of China’s SSPs

All three versions are grounded in the design framework of the Shared Socioeconomic
Pathways (SSPs) [33]. This framework conceptualizes socioeconomic development along
the dual dimensions of climate change mitigation and adaptation—for example, contrast‑
ing pathways reliant on fossil fuels with those emphasizing low‑carbon sustainable devel‑
opment. It further incorporates variations in investments in education, healthcare, and
technology. Taken together, these factors yield differentiated projections for fertility, mor‑
tality, migration, and urbanization [33].
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In terms of fertility scenarios, the IIASAversion [31] assumes that China’s total fertility
rate (TFR) will stabilize at 1.5 under the medium pathway (SSP2), without incorporating
the potential effects of adjustments to family planning policy. By contrast, the revisions
introduced in the Nanjing University of Information Science and Technology (NUIST) ver‑
sion [38] and the Tsinghua University version [37] place greater emphasis on capturing
these policy changes. Both models consider the cumulative effects of the earlier one‑child
policy, projecting a period of rising fertility followed by stabilization. In the NUIST ver‑
sion, the TFR peaks at 1.85 in 2020, while the Tsinghua version places this peak slightly
lower, at 1.8. The two versions also differ markedly in their assumptions about the 2010
baseline: the NUIST model adopts 1.18 based on the Sixth National Population Census,
whereas the Tsinghua version adjusts this value upward to 1.6. Looking ahead, the NUIST
version assumes a higher stable TFR of 1.8 after 2025, compared with a more conserva‑
tive 1.65 in the Tsinghua model. For the high‑fertility scenario (SSP3), the IIASA version
projects an increase in TFR but keeps it below 2. In contrast, both the NUIST and Tsinghua
versions anticipate sustained increases, with TFRs exceeding 2 between 2025 and 2030. Un‑
der the low‑fertility scenarios (SSP1/4/5), both models incorporate fertility compensation
effects following the relaxation of family planning policies, resulting in stable TFRs after
2025 that are lower than the SSP2 baseline. The IIASA model, however, does not account
for such effects. A more fundamental distinction lies in scale: the global SSPs framework
developed by IIASA and its partners is constructed at the national level, which precludes
capturing China’s substantial regional heterogeneity. Both the NUIST and Tsinghua ver‑
sions address this limitation by adopting provincial‑level TFRs from the 2010 census as
their baseline, and then adjusting them in line with national fertility trajectories. This ap‑
proach explicitly reflects the relatively higher fertility rates characteristic of provinces west
of the Hu Line in future demographic projections.

With respect tomortality and life expectancy scenarios, the IIASA,NanjingUniversity
of Information Science and Technology (NUIST), and Tsinghua University versions exhibit
broad similarities. Under themediumpathway (SSP2/4), life expectancy is projected to rise
by two years per decade in the IIASA model, compared with one year per decade in both
the NUIST and Tsinghua versions. In the high‑ and low‑life‑expectancy scenarios (SSP1/5
and SSP3), values are adjusted upward or downward relative to themedium‑scenario base‑
line. A key distinction lies in the treatment of regional variation. The IIASA version does
not incorporate subnational heterogeneitywithin China, whereas theNUIST and Tsinghua
versions derive initial estimates from 2010 provincial census data and then adjust them ac‑
cording to national‑level life expectancy trajectories. Overall, provincial life expectancy is
projected to converge gradually toward that of higher‑expectancy provinces or the bench‑
mark values set by the United Nations for China. Provinces that currently have lower life
expectancy are expected to experience more rapid gains in the future.

In terms of migration rate scenarios, the IIASA version built by Jones [35] integrates
SSP population projections [31] and urbanization scenarios [36]. This approach considers
the urban–rural spatial distribution and applies distinct migration radii and damping co‑
efficients to urban and rural populations to simulate future population redistribution. By
contrast, the Nanjing University of Information Science and Technology (NUIST) and Ts‑
inghua University versions primarily focus on interprovincial migration. The NUIST ver‑
sion adopts provincial net migration rates from 2005 to 2010 as initial values, maintaining
them under the medium‑migration scenario, while the high‑ and low‑migration scenarios
are derived by proportionally increasing or decreasing these baseline rates. The Tsinghua
version classifies provinces into three migration patterns based on their level of economic
development and establishes high‑, medium‑, and low‑migration scenarios accordingly.
It then incorporates SSP urbanization rate scenarios at the provincial level to estimate in‑

https://doi.org/10.3390/su18157957

https://doi.org/10.3390/su18157957


Sustainability 2026, 18, 7957 14 of 21

traprovincial urban–rural population redistribution. As a result, both the NUIST and Ts‑
inghua versions constrain spatial redistribution to within provincial boundaries. In the
IIASA framework, interprovincial and intraprovincial migration are conceptually analo‑
gous to international and domesticmigration. In practice, however, the boundary between
inter‑ and intraprovincial migration is often indistinct. By transcending these boundaries,
Jones modeled nationwide urban–rural migration, producing results of considerable ref‑
erence value [35]. In the Tsinghua framework, migration rates in economically developed
provinces are assumed to converge gradually toward zero under different speeds (high,
medium, low). In contemporary China, restrictions on population mobility are mainly
imposed at the urban scale through the household registration (hukou) system to mitigate
the adverse impacts of megacities [41]. Applying similar constraints at the provincial scale,
however, remains debatable.

4.4. Future Population Size and Proportion Changes on Both Sides of the Hu Line

Figure 4 illustrates the projected population trends on both sides of the Hu Line in
China from 2010 to 2050, simulated using three versions of the SSP population scenar‑
ios. Under the IIASA version of China’s SSPs, the overall future population trends for
provinces west of the Hu Line (Figure 4a) and east of the Hu Line (Figure 4b) are simi‑
lar. Nearly all SSPs indicate that China’s future population will continue to decline. Even
under the SSP3 pathway, China’s population will peak in 2025 and gradually decrease
thereafter. This stems from the IIASA SSPs setting different birth rates, death rates, and
urbanization rates without accounting for regional variations within China. They fail to
capture regional differences in China’s natural population growth rate and do not respond
to changes in China’s family planning policies. While the authenticity of the IIASA simu‑
lation results warrants discussion, it yields a significant conclusion: assuming no regional
variations in natural population growth rates, the population share west of the Hu Line
in China may decline rather than increase by 2050 (Table 2). This occurs because, un‑
der projections of declining total population and increasing urbanization rates, coupled
with China’s spatial pattern where urban areas predominantly cluster east of the Hu Line,
the limited scale and number of cities west of the Hu Line will drive greater migration
of urban populations eastward, thereby reducing the population proportion west of the
Hu Line. Only under the SSP3 pathway (low population decline, low migration rates,
and slow urbanization) does the population proportion west of the Hu Line show a slight
increase (Table 2).

The future population trends on both sides of the Hu Line under the SSPs in the
NUIST version (Figure 4c,d) and the Tsinghua version (Figure 4e,f) differ significantly from
the results of the IIASA version. Specifically, provinces west of the Hu Line exhibit peak
populations between 2035 and 2040 followed by stabilization under SSP2 (medium devel‑
opment), sustained growth under SSP1, and gradual decline after peaking in 2040 under
other SSPs. The population of provinces east of theHu Line in the Tsinghua version exhibit
trends of initial increases followed by a decline across all SSPs. Conversely, populations
of the NUIST version show a continuing rise under SSP3, while other SSPs result in ini‑
tial increases followed by declines. This discrepancy stems from differing projections for
China’s total fertility rate—its initial level, peak, and stabilization phase—following the
implementation of the new family planning policy.

The future population growth rates projected for provinces west of the Hu Line in
bothNUIST and Tsinghua versions exceed those of eastern provinces primarily due to rela‑
tively higher birth rates and faster increases in life expectancy in western provinces. How‑
ever, regarding changes in the population share, the Tsinghua version projects a greater
increase in the population share of provinces west of the Hu Line compared to the NUIST
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version (Table 2). Beyond differing projections for the total fertility rate following fertility
policy changes, the Tsinghua version’s SSPs set migration rates that gradually approach
zero in the future from economically developed provinces which are located east of the Hu
Line, which constrains populationmigration fromprovinceswest of theHuLine (relatively
economically underdeveloped) to economically developed provinces. Consequently, the
upward trend in population share driven by higher birth rates in provinces west of the Hu
Line is sustained. In summary, due to provincial‑level simulation analysis and considera‑
tions such as changes in China’s family planning policy, both the UNIST version and the
Tsinghua version indicate that the population share of provinces west of the Hu Line in
China will experience steady growth in the future (Table 2).

4.5. Future Multidimensional Changes in Population Proportions on the Eastern and Western
Sides of the Hu Line

Compared to shifts in population size proportions, changes in the share of the pop‑
ulation characterized by specific age groups and educational attainment levels warrant
greater attention. Figure 5 presents the proportion of the population aged 0–14 and 15–64
with specific educational attainment levels west of the Hu Line in 2030 (Figure 5 top) and
2050 (Figure 5 bottom) under the Tsinghua version of the SSPs. This proportion is shown as
a bar chart representing the share of the national populationwith corresponding character‑
istics and as a scatter plot illustrating the change relative to 2010. To validate the reliability
of the simulated data, a regression analysis was conducted comparing the 2015 provincial‑
level simulated population by age and education level under the SSPs with the national
1% population sample survey data (2015) (Figure 6). The linear regression correlation coef‑
ficients R2 for different age groups were all above 0.99, while those for different education
levels were above 0.97. This indicates that the Tsinghua version of the SSP population
scenario simulation data possesses high credibility.

By age group, the population of youth aged 0–14 west of the Hu Line in 2030 and
2050 is characterized by a large base and a high proportion, though its growth rate is rel‑
atively slow compared with overall changes in the western population proportion. The
working‑age population (15–64) west of the Hu Line exhibits slightly higher base numbers
and proportions, withmoderately faster growth relative to the total population proportion.
The elderly population (65+) shows a low base and proportion but experiences a compara‑
tively rapid increase. Overall, compared to the eastern side, the areas west of the Hu Line
will retain a relatively younger population structure and enjoy a significant demographic
dividend in the near future. However, this advantage is projected to gradually diminish,
and by 2050, the western area will also face challenges related to population aging. More‑
over, across different SSPs, the differences in age‑specific population shares west of the Hu
Line remain small, indicating that regardless of the SSP scenario, the trend of the western
side aging faster than the eastern side is expected to persist.

In terms of educational attainment, the uneducated population west of the Hu Line
in 2030 and 2050 is characterized by a large base, high proportion, and differing growth
rates across SSPs. Specifically, under the SSP3 and SSP4 scenarios, the proportion of un‑
educated individuals is projected to increase relatively rapidly. In contrast, under SSP1,
SSP2, and SSP5, the growth rate of the uneducated population’s share by 2050 is lower
than the overall population growth rate, indicating that although the absolute number of
uneducated individualsmay rise, their relative sharewill decline. The populationwith pri‑
mary education west of the Hu Line in 2030 and 2050 shows a large base, high proportion,
and substantial growth relative to the overall population proportion. Comparing 2030 and
2050, while the overall population proportion continues to rise and the uneducated pop‑
ulation proportion remains largely stable (except under SSP4), the increasing share of the
population with primary education suggests that a significant portion of the previously
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uneducated population have acquired basic education, effectively reducing illiteracy in
the area west of the Hu Line. For secondary education, the growth rate of the population
proportion slightly lags behind overall population growth in 2030 but exceeds it by 2050.
Despite this progress, the overall foundation for secondary education in the area west of
the Hu Line remains relatively weak. The population with tertiary education exhibits a
relatively stable proportion, with growth consistently outpacing that of the overall popu‑
lation in the area west of the Hu Line.

 

Figure 5.Proportion and changes in population by different demographicswest of theHuLine under
SSPs in 2030 (top) and 2050 (bottom).
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Figure 6. Regression analysis of population by age (left) and education level (right) (the horizontal
axis represents the simulated population number in 2015 under SSPS scenario, and the vertical axis
represents 1% national sample census in 2015).

5. Summary
5.1. Breakthrough Mechanisms of the Hu Line Under Population–Socioeconomic–Natural
Environment Coupling

Dynamic changes in population size, distribution, quality, and structure have become
a critical interface connecting socioeconomic systems with natural environmental systems
in research on sustainable development and climate change. Population size, quality, and
structure together constitute the first driving force of population dynamics, influencing
spatial changes in population distribution—including attributes such as gender, age, and
education. These population dynamics affect socioeconomic development—covering pro‑
duction, consumption, technological progress, culture, and trade—while socioeconomic
development, in turn, feeds back by shaping population dynamics and spatial distribu‑
tion through impacts on births, deaths, and migration, forming the second layer linking
population and socioeconomic development. Regional differences and future changes in
population size, distribution, and structure will face varying challenges arising from both
climate change mitigation and adaptation, which together form the third layer encompass‑
ing the interaction between socioeconomic development and the natural environment. Col‑
lectively, these three layers constitute the driving mechanisms behind the potential break‑
through of the Hu Line, forming an integrated and dynamic system.

5.2. Changes in Population Proportions on Both Sides of the Hu Line Under Shared
Socioeconomic Pathways (SSPs)

Within the context of climate change and sustainable development, Shared Socioeco‑
nomic Pathways (SSPs) provide a practical framework for exploring the potential for future
shifts on both sides of the Hu Line. A comparative analysis of three Chinese SSP pop‑
ulation scenarios—from IIASA, NUIST, and Tsinghua—reveals that, despite differences
in population dynamics parameters, responses to family planning policy changes, and
provincial‑level initial values and scenario settings, a consistent pattern emerges. Under
the SSP3 scenario, the population proportion west of the Hu Line is projected to increase
the most by 2050, followed by the intermediate SSP2 scenario, while the smallest increases
are observed under SSP1, SSP2, and SSP5. In the NUIST version, the 2050 increase ranges
from 0.61 to 0.76 percentage points across SSPs; in the Tsinghua version, it ranges from
0.91 to 1.08 percentage point; whereas the IIASA version shows a 0.2 percentage point in‑
crease under SSP3, with other SSPs predicting a decline relative to 2010. Simulations from
the NUIST and Tsinghua versions suggest that the future rise in the population propor‑
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tion west of the Hu Line primarily depends on maintaining relatively high fertility rates
and relatively rapid gains in life expectancy. Conversely, IIASA simulations indicate that,
without accounting for regional differences in natural population growth rates, China’s
urban–rural spatial distribution patterns and rapid urbanization could lead to a decrease
in the population share west of the Hu Line. Ultimately, differences in natural population
growth and urbanization rates across scenarios and regions govern shifts in population
distribution on either side of the Hu Line.

5.3. Shared Socioeconomic Pathway (SSP) Selection and Its Influence on Multidimensional
Population Characteristics Across the Hu Line

Under the SSPs, variations in age‑specific population proportions west of the Hu Line
are relatively small. In contrast, differences in population proportions by educational at‑
tainment are more pronounced. For instance, the 2050 projections under SSP4 indicate
exacerbated regional disparities, with a rapid decline in China’s total population and ac‑
celerated aging—particularly in provinces west of the Hu Line, where the population’s
educational structure deteriorates more severely. Although SSP1, labeled as a sustainable
development pathway, predicts substantial improvements in education, the scenario also
depicts a sustained rapid decline in total population and intensified aging, which does not
reflect truly sustainable population development for China. SSP5 follows similar socioe‑
conomic trends as SSP1 but is associated with extremely high greenhouse gas emissions
under RCP8.5, posing severe potential impacts on the natural environment [33,34]. SSP3,
implementing a fully open fertility policy, results in a high natural population growth
rate, making continuous population increase more likely. However, slow economic devel‑
opment and limited investment in education and healthcare mean that, despite the fastest
population growth west of the Hu Line, China faces dual challenges in climate change mit‑
igation and adaptation. Even though tertiary education enrollment grows rapidly west
of the Hu Line, overall population educational quality declines. Overall, the interme‑
diate SSP2 pathway appears most appropriate for China’s future, projecting a stable‑to‑
decreasing total population. West of the Hu Line, the population proportion will rise rela‑
tively quickly, driven by faster increases in primary and secondary education enrollment,
while the proportion of uneducated individuals grows more slowly (below overall popu‑
lation growth, indicating a relative reduction in illiteracy). Meanwhile, the proportion of
tertiary education enrollment largely keeps pace with total population growth.

5.4. Increasing Investment in Basic Education in Provinces West of the Hu Line

The educational structure in the provinces west of the Hu Line is characterized by
weak basic education. Although some improvements are expected in the future, simulta‑
neously stabilizing and increasing the population proportion in these areas while raising
overall educational attainment is highly challenging given the current level of economic
development. Beyond selecting appropriate socioeconomic development pathways, the
government needs to increase both policy and financial support for primary and secondary
education in thesewestern provinces. Special attention should be given to developing tech‑
nical and vocational schools that align with the region’s environmental characteristics and
industrial strengths, such as modern agriculture, animal husbandry, and energy sectors.
Measures like tuition waivers and enhanced subsidies should be implemented to address
gaps in basic education.

5.5. Rational Layout and Development of New‑Type Towns in Provinces West of the Hu Line

The population proportion with tertiary education on the western side of the Hu Line
approaches the national average level. This is likely due to the government’s considera‑
tion of population distribution when allocating universities across regions, as well as the
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substantial portion of tertiary education funding provided by state finances. However, a
comparative analysis of population pyramids from 2000 and 2010 shows a net migration
trend of highly educated individuals from the western to the eastern side of the Hu Line.
Moreover, IIASA model simulations indicate that varying urbanization rates and China’s
urban–rural distribution patterns could further drive net population inflows into eastern
provinces. The provinces west of the Hu Line should seize opportunities from national
strategies such as the Belt and Road Initiative [42,43] and New‑Type Urbanization [6,7].
By strategically planning and promoting urbanization in areas with relatively abundant
water resources, these provinces can create more employment opportunities and establish
hubs for talent concentration, helping retain highly educated populations.

6. Future Work
Regarding population dynamics under SSP scenarios for China’s provinces, the ver‑

sions from NUIST and Tsinghua largely follow the IIASA model methodology at the
national scale. Their improvements primarily involve further consideration of future
birth rates, death rates, and migration rates under different SSP scenarios across China’s
provinces. Therefore, compared to the IIASA version, which conducts downscaled simu‑
lations at the national level, the NUIST and Tsinghua versions better align with China’s
actual conditions. However, they still have shortcomings, namely that migration rates
between Chinese provinces are more complex than international migration between coun‑
tries. Furthermore, due to changes in family planning policies and China’s overall trend
toward low fertility and aging, fertility and mortality rates vary across regions. Conse‑
quently, when analyzing andutilizing actual SSP simulation data, greater emphasis should
be placed on comparing relative changes across different eras and scenarios. Regarding
population dynamics under future SSP scenarios, greater emphasis should be placed on
statistically significant changes in both the mean and variance.

In future work, we should conduct further integrated analyses combining climate
change RCP scenarios to develop assessments under various combined scenarios. This
will enable deeper analysis and discussion on how population dynamics can adapt to and
mitigate climate change.
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