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Abstract: As the population continues to shrink in the black soil region of Northeast China since 2000, it is critical to master the impact
of population shrinkage on rural functions to realize rural revitalization and sustainable development. In this study, we focused on the
impacts  of  depopulation  on the  evolution  and interrelationship  of  rural  subfunctions.  Based on the  rural  function  indexes  system,  the
TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution) method, spatial analysis method, and mathematical statist-
ics analysis method were used to summarize the spatial and temporal characteristics of rural function development, as well as the effect
of population shrinkage in the typical black soil region of Northeast China. The results showed that depopulation varied in the extent and
duration between the forested region and plain areas, which both impacted the trajectories of rural subfunctions evolution. For the eco-
nomic development function and ecological conservation function, the effect of continuous slight depopulation was beneficial, while the
effect of rapid depopulation was adverse,  which was exactly opposite to the agricultural production function. All  forms of population
shrinkage were  conducive to  the  development  of  the  social  security  function.  With  the  deepening population shrinkage,  depopulation
mainly promoted the collaborative development between subfunctions in this study, except the relationship between agricultural produc-
tion and social security function. But effects of depopulation on the interrelationship of rural subfunctions varied between the forested
region and plain areas in some cases. The results provided evidence for the cognition that population shrinkage had complicated effects
on rural subfunctions.
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1　Introduction

The original concept of the multifunctional countryside
came  from  the  term  multifunctional  agriculture,  which
originated from the theoretical framework of agricultur-
al  policy  reforms  carried  out  by  the  Organization  for
Economic  Cooperation  and  Development  (OECD)  and

the European Union (EU) in the late 1990s (Long et al.,
2022).  Similarly,  the  multifunctional  land  use  in  the
countryside  emphasized  many  services  outside  the  pri-
mary  purpose  that  land  use  involves  (Wiggering  et  al.,
2006). A rural regional system is an open system with a
certain function and structure, which is composed of the
natural environment, resource endowment, location con-
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ditions, economic  foundation,  human  resources,  cultur-
al customs, and other factors interacting within a specif-
ic rural area (Long and Tu, 2017), and the complexity of
internal  components  of  the  rural  regional  system  leads
to the  diversity  and  regional  differentiation  of  rural  re-
gional  functions  (Gu  et  al.,  2019; Tan  et  al.,  2019).
Along with the diversity of human needs and changes in
people’s value perception, the land use functions in the
countryside  have  experienced  continuous  evolution
(Holmes, 2006), such as a shift from the formerly dom-
inant production  goals  towards  a  more  complex,  con-
tested,  variable  mix  of  production,  consumption  and
protection goals (Pinto-Correia et al., 2014). The steady
improvement  and  transformation  of  rural  functions  is
the key to improving rural  areas’ unbalanced and inad-
equate development (Liu et al., 2012; Tang et al., 2016).
Due to the widespread population decrease and regional
decline  in  the  agricultural  heartland,  increasing  food
production while maintaining a steady supply of ecosys-
tem services  has  become a  central  challenge  for  global
sustainable development (Lambin and Meyfroidt, 2011).

For sustainable development in rural areas, some con-
ceptual  frameworks  of  Land  Use  Functions  (LUFs)  in
rural regions have been developed based on various data
(Pérez-Soba et al., 2008; Fan et al., 2018), but a widely
accepted practice is divided into three (Zou et al., 2020)
or four (Long et al.,  2022) subfunctions nowadays, i.e.,
economic,  production,  social,  and  ecological  functions,
or  added  one  type  for  a  specific  purpose  (Huang  and
Wang, 2022). Since then, the existing studies of the re-
lationship among rural functions are mainly divided in-
to  two  categories.  The  first  one  is  a  comprehensive
study  of  multiple  functions,  focusing  on  the  evolution
and interaction  of  subfunctions,  such  as  coupling  co-
ordination  (Beardmore  et  al.,  2019; Yang  et  al.,  2020;
Zou  et  al.,  2020)  and  trade-off/synergistic  features
(Bruno  et  al.,  2021; Gatariće  et  al.,  2022; Dai  et  al.,
2022).  The other  one  is  the  evolution characteristics  of
individual  functions under  the influence of  factors,  and
the impact on rural subfunctions is the core issue of con-
cern.  For  example,  rural  household  livelihoods  have
been  proven  to  be  close  to  agricultural  functions  (Liu
and  Fang,  2021).  From  county  to  village,  and  then  to
grid (Shi et al., 2022), the research scale presents a trend
of diversification and refinement. And the regional scale
involves typical hilly area (Liao et al., 2022), urban ag-
glomeration area (Tan et al., 2019), coastal area (Beard-

more  et  al.,  2019),  urban-rural  integration  area  (Gu  et
al.,  2019),  border area (Verkuleviciute-Kriukienė et  al.,
2018)  and  other  areas.  With  the  development  and
change of  social  and  ecological  systems,  many  asso-
ciate  factors  will  affect  the  changes  in  human-environ-
mental systems in rural areas during the important pro-
cess of  social  and ecological  development,  such as  mi-
gration  and  rural  depopulation  caused  by  urbanization
(Ribeiro  Palacios  et  al.,  2013). In  addition,  land  func-
tional priorities  differ  under  various  land  use  sustain-
able scenarios  and  there  may  be  conflicts  between  dif-
ferent priorities, such as the conversion of food security
and  return  of  farmland  to  forests  (Brown and  Cas-
tellazzi, 2014). Even though a few relevant studies have
been  carried  out  (Huang  et  al.,  2022),  the  research  on
the impact of the rapid change of man-land relationship
on the overall rural regional function is still lacking.

According  to  the  National  Population  Development
Plan (2016‒2030), significant changes have taken place
in  the  urban-rural  structure  of  China’s  population,  but
the  population  flow  is  still  active,  and  agglomeration
characteristics  will  be  further  enhanced.  According  to
the latest figures from the National Bureau of Statistics
of China (http://www.stats.gov.cn/), the number of births
in China fell below 10 million in 2022 for the first time
since 1950,  and  the  natural  growth  rate  of  the  perman-
ent  population  was ‒0.6 ‰.  Then,  county  depopulation
would become a signature demographic phenomenon in
broad regions of rural China, and China’s population de-
velopment  would  meet  a  critical  turning  point.  Rural
population shrinkage has been a problem faced by many
countries around the world. Most of the rural depopula-
tion has occurred in remote rural  counties and adjacent
nonmetropolitan  counties  (Johnson  and  Lichter,  2019).
The most important themes of existing depopulation re-
search  identified  were  related  to  specific  geographical
areas  (Rodríguez-Soler  et  al.,  2020),  for  example,  rural
areas of  Eastern  Europe  and  Central  Europe  character-
ized by a shrinking population (Wirth et al.,  2016; Dax
and  Fischer,  2018; Sheludkov  et  al.,  2021),  but  there
was  some  population  flowing  into  Czech  Countryside
(Šimon and Bernard, 2016).

Scientific understanding of the evolution law of rural
functions  and  the  effect  of  population  flow  in  the  new
era is of great significance for the realization of rural re-
vitalization  and  urban-rural  integrated  development  in
China  (Chen,  2020). However,  the  effects  of  rural  de-
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population  on  the  rural  subfunctions  are  complicated,
and there are conflicts and contradictions. For example,
depopulation  and  economic  marginalization  of  rural
areas  have led to  the gradual  abandonment  of  land and
shrinkage of  agricultural  structure  in  farming  and  pas-
toral areas (Quaranta et al., 2020), but depopulation also
has  enhanced  food  production  services  in  fertile  plains
(Bruno  et  al.,  2021) and  drove  land  transfer  and  farm-
land  expansion  in  the  farming-pastoral  ecotone  (Liu,
2022a). It is agreed that agricultural activities are neces-
sary  to  achieve  sustainable  development  in  rural  areas
(Hrabankova  and  Bohackova,  2007),  but  the  effects  of
depopulation  on  agricultural  functions  and  other  rural
subfunctions  are  regional  and  varied.  The  impacts  of
population shrinkage are also inconsistent among differ-
ent functions in human-environmental systems. Popula-
tion reduction is  helpful  for  the  improvement  of  ecolo-
gical and environmental quality (Liu, 2022b), however,
depopulation  in  a  small  town  has  been  observed  at  the
same time as economic decline (Bowns, 2013). Popula-
tion  decrease  and  increase  have  changed  the  regional
human-environmental  relationship,  which  has  a  certain
impact on the interaction of elements within the human-
environmental system, such as the transformation of rur-
al  landscapes  and  functions  (Ribeiro  Palacios  et  al.,
2013; Verkuleviciute-Kriukiene  et  al.,  2018).  Along
with  the  strengthening  or  weakening  of  the  interaction
between elements in the rural regional system, the rela-
tionship between rural functions also appears to be one
of decline and gain or mutual benefit ( Willemen et al.,
2010; Wen et al., 2022a).

The  Northeast  Black  Soil  White  Paper  (2020)
(Chinese  Academy  of  Sciences,  2021)  pointed  out  that
black  soil  in  Northeast  China  has  superior  soil  fertility
and is  very  suitable  for  crop  growth,  which  signific-
antly  contributes  to  ensuring  food  security  in  China.
Therefore, the black soil region of Northeast China is an
important national  grain  production  area,  whose  eco-
nomic activities mainly revolve around agricultural pro-
duction (Han and Li, 2018). However, land reclamation
and land  utilization  in  the  past  had  caused  obvious  de-
gradation  of  black  soil  (Chinese  Academy of  Sciences,
2021). To ensure the stability of grain production capa-
city,  land  use  was  combined  with  black  soil  protection
since  the  21st  century.  Because  of  differences  existing
in regional economic development state and natural con-
ditions, rural  regional  functions  had  diversity  and  spa-
tial  heterogeneity,  and  rural  functions  in  the  black  soil

region of Northeast China were also affected by the re-
gional man-land relationship. With the process of urban-
ization and industrialization, the flow of urban and rural
factors intensified and the rural  regional  functions con-
stantly evolved.  Northeast  China  was  facing  an  unpre-
cedentedly  rapid  and  serious  population  decline,  which
brought new challenges to the rural functions of this re-
gion (Liu et al., 2021c; Tong et al., 2022). Rapid popu-
lation  decline  changed  the  man-land  relationship  in
Northeast China,  then  would  affect  the  evolution  pro-
cess  of  regional  functions  in  the  rural  areas.  Although
there have been a  certain number of  studies  on the im-
pact of population shrinkage, which mainly focused on a
specific  rural  subfunction.  There  are  still  insufficient
studies  on  the  evolution  of  rural  overall  functions  and
the interactions among each subfunction under the influ-
ence  of  population  shrinkage,  especially  the  impact  of
depopulation on rural functions in the black soil  region
of  Northeast  China  is  unknown.  At  present,  scientific
understanding of the evolution law of rural functions in
the  black  soil  region  of  Northeast  China,  exploring  the
interaction  between  the  multiple  functions  in  the  rural
regional system, and adapting to the objective needs of
the rural  regional  human-environmental  system  evolu-
tion  caused  by  population  shrinkage  has  become  the
crucial issues to promote the sustainable and stable de-
velopment  of  rural  regions  in  the  black  soil  region  of
Northeast China. Based on this, the assessment of rural
regional  functions  would  be  carried  out  in  the  typical
black  soil  region  in  Northeast  China.  The  purpose  of
this study is to reveal the spatial and temporal evolution
rules and trade-offs and synergies of rural subfunctions
affected by depopulation, then to analyze the impact of
population shrinkage on rural regional functions, which
expands  the  theoretical  research  on  the  relationship
between population shrinkage and rural function evolu-
tion and provides a case study on the impact of popula-
tion shrinkage on rural function in the black soil region
of Northeast China. 

2　Materials and Methods
 

2.1　Study area
The  black  soil  region  of  Northeast  China,  one  of  the
four major black soil regions in the world, is mainly dis-
tributed in  the  Hulunbuir  grassland,  Hinggan  Ling  re-
gion,  Sanjiang  Plain,  Songnen  Plain,  part  of  Songliao
Plain, and Changbai Mountains region. The area of this
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region is 1.09 million km2, accounting for about 12% of
the total area of the global black soil region. According
to  Northeast  Black  Soil  White  Paper  (2020)  (Chinese
Academy  of  Sciences,  2021),  the  black  soil  region  of
Northeast  China  covers  246  counties  and  districts  in
Heilongjiang,  Jilin,  Liaoning,  and  the  Eastern  Fourth
League in Inner Mongolia.The black soil types in North-
east  China  mainly  include  black  soil,  chernozem  soil,
dark brown soil, brown soil, alba soil, and meadow soil.
Based  on  the  black  soil  region  shown  in  the  Northeast
Black Soil White Paper (2020), the coverage of two ma-
jor  types  of  black  soil  (black  soil  and  chernozem  soil)
was  superimposed  with  county-level  administrative
units to determine the scope of the typical black soil re-
gion  of  Northeast  China  and  the  counties  involved  in
this study (Liu et al., 2021a). Then urbanized areas were
removed to accurately depict rural functions. As shown
in Fig. 1, 84 counties in the typical black soil region of
Northeast China were finally selected as research units,
including three counties with slightly increasing popula-
tions  from  2000  to  2020.  According  to  the  data  from
National  Population  Census,  the  total  population  of
Northeast China was 108.89 million in 2020, which was
less than 116.48 million in 2000 (https://www.citypopu-

lation.de/). Depopulation occurred both in the urban and
rural  areas.  Under  this  trend,  the  black  soil  region  of
Northeast  China  experienced  widespread  and  severe
population decline, especially in the study area (Fig. 1).
The rapid  and  severe  depopulation  brought  great  chal-
lenges to regional economics and functions. 

2.2　Data sources
The spatial  data of land use, soil  type, and administrat-
ive  division  in  this  study  were  derived  from  the  Data
Center  for  Resources  and  Environmental  Sciences,
Chinese  Academy  of  Sciences  (http://www.resdc.cn/).
Then, the  different  types  of  land  use  data  were  extrac-
ted, such as cultivated land area used in the calculation
of ecological service value in corresponding years. The
demographic data were mainly extracted from the Fifth
(2000), Sixth (2010), and Seventh (2020) National Pop-
ulation  Censuses  (https://www.citypopulation.de/),  and
the change rates of the permanent resident population in
counties were used to classify the types of counties. So-
cial and economic data were mainly derived from China
County Statistical Yearbook (Xian, 2001; Zhang, 2011;
Wang, 2021). A small amount of missing data was sup-
plemented by other yearbook data, such as the statistic-
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al yearbooks of Heilongjiang, Jilin, Liaoning, and Inner
Mongolia, and  national  economic  and  social  develop-
ment bulletins of counties and urban areas in the relev-
ant years. 

2.3　Methodology 

2.3.1　 Construction and  assessment  of  the  compre-
hensive index model
Among  the  existing  related  research,  the  structure  of
rural  multifunction  is  the  foundation  of  others,  which
mainly focuses on two points of view. One is that rural
areas  provide  agricultural  production  functions,  living
security functions,  and  ecological  conservation  func-
tions for human beings,  which are based on production
space,  living  space,  and  ecological  space  (Yang  et  al.,
2020; Dai et al.,  2022). The other is that the index sys-
tem could be constructed from four dimensions of agri-
cultural production,  economic  development,  social  se-
curity, and ecological conservation to evaluate rural re-
gional  functions  (Tan  et  al.,  2019; Jiang  et  al.,  2020;
Long et al., 2022).

It is generally believed that rural areas are obliged to
ensure stable production of grain and the supply of oth-
er  important  agricultural  products  to  maintain  national
food  security,  especially  in  the  black  soil  region  of
Northeast China (Chen, 2020). Therefore, the agricultur-
al  production  function  (APF)  should  be  one  of  the
primary rural functions, which mainly refers to the abil-
ity of  rural  areas to provide food and other agricultural
products for  residents  in  the  process  of  city-driving  re-
gional  development.  Based  on  relevant  research  results
(Tan et al., 2019), land reclamation rate, per capita grain
yield,  agricultural  mechanization  degree,  and  paddy
field ratio  were  selected  to  represent  agricultural  pro-
duction  capacity  in  this  study.  Under  the  influence  of
population urbanization and agricultural modernization,
rural economic  development  functions  are  also  reflec-
ted in diversified economic activities and are no longer
completely limited to traditional food production activit-
ies  (Yang  et  al.,  2021). Therefore,  the  function  of  eco-
nomic development (EDF) needs to be reflected by the
overall economic vitality of a region. In this study, grain
commodity rate,  per  unit  area  agricultural  output,  eco-
nomic structure, and financial contribution rate were se-
lected to represent the economic development function.
Social  security  function  (SSF)  refers  to  the  ability  of

rural areas to provide employment opportunities and liv-
ing space for farmers, so healthcare status, percentage of
students  in  school,  the  proportion  of  village  land  area,
and  per  capita  farmland  area  were  selected  to  evaluate
the social  security  function  in  this  study.  The  coun-
tryside should  provide  a  good  ecological  buffer,  envir-
onmental  protection,  and  green  products  for  the  cities
and  the  whole  country,  especially  for  environmental
pollution caused  by  agricultural  production  and  chan-
ging consumer goods. Ecological conservation function
(ECF)  is  the  ability  to  provide  ecological  products  and
environmental  regulation  services  for  human  beings,
which  is  the  premise  of  sustainable  rural  development.
Especially, after the improvement of economic develop-
ment and people’s needs, it has become one of the more
and more important functions of rural areas. And we se-
lected  the  climate  regulation  function,  environmental
purification function, maintaining nutrient cycling func-
tion,  biodiversity  function,  and  landscape  aesthetics
function as the evaluation indexes of ECF in this study
(Xie et al., 2015).

Combined with  the  existing  literature  and  the  func-
tional characteristics  of  the  black  soil  region  of  North-
east  China  (Jiang  et  al.,  2020; Long  et  al.,  2022),  as
shown  in Table  1,  the  rural  function  evaluation  index
system  was  constructed  from  four  dimensions,  namely
agricultural  production,  economic  development,  social
security,  and  ecological  service.  Finally,  the  improved
TOPSIS (Technique for Order Preference by Similarity
to  an  Ideal  Solution)  method (Huang and Wang,  2022)
whose weight was determined by the distance from the
optimal and the worst  solutions,  was used to determine
the  index  weights  of  different  functions  in  this  study.
Each function index value was calculated separately by
Eq. (1) as follows.

RFik =
∑

Xij×w j (1)

where RFik represents the kth single functional value of
the ith county, k = 1 (APF), 2 (EDF), 3 (SSF), 4 (ECF);
Xij is  the  normalized  value  of  the jth  index  in  the ith
county from Table 1 and wj is  the weight of  the jth in-
dex which was calculated by the TOPSIS model. 

2.3.2　Types  of  counties  with  different  depopulation
degrees
The rate  of  population  change was  used to  identify  the
county  types,  including  whether  the  county  shrunk and
to  what  extent.  A  negative  rate  of  population  change
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represents population shrinkage, and the larger the neg-
ative value, the deeper the population shrinkage. To fur-
ther  analyze  the  spatiotemporal  differences  and  impact
of  depopulation,  the  counties  were  classified  into  five
types,  namely,  slight  shrinking,  moderate  shrinking,
severe  shrinking,  extreme  shrinking,  and  increasing
population  county  according  to  the  population  change
rates (Guan et al., 2021; Tong et al., 2022). The popula-
tion change rates were then calculated by Eq. (2).

PCi = (POPit −POPio)/POPit (2)

where PCi is  the  population  change  rate  of  the ith
county, and the value of PCi is divided into five levels,
corresponding to five types of counties (Table 2); POPio
and POPit are the numbers of permanent residents of the
ith county in the initial state and final state, respectively. 

2.3.3　Evaluation  model  of  rural  function  evolution
and trade-off/synergy
To  reflect  the  direction  and  extent  of  interactions
between RFs, as well  as their changes,  the deformation
of ecosystem  service  trade-off  and  synergy  degree  in-
dex  (RFTD)  was  used  in  this  study.  RFTD is  an  index
based on the  linear  fitting of  data,  which can better  re-

flect the relative changes between RFs. In this study, for
example, RFTD12 was the average of the relative rate of
change  between RF1 (APF)  and RF2 (EDF)  which  was
calculated  by  the  change  index  of  the RFk (RFCIk)
(Gong et al., 2019; Wen et al., 2022b). Then RFCIk and
RFTD12 can be  calculated  by  Eq.  (3)  and  Eq.  (4),  re-
spectively.
RFCIk = (RFkt −RFko)/RFko (3)

RFT D12 = (RFCI1/RFCI2+RFCI2/RFCI1)/2 (4)

where RFCIk value  indicates  the  change  types  of  the
RFk.  If  the  value  of RFCIk is  greater  than  0,  it  means
that RFk has  enhanced during this  time,  otherwise, RFk
is diminished. In our study, the positive and negative av-
erage of  the  value  was  used  to  classify  the  change  de-
gree  of RFk; RFko and RFkt are  the  value  of  the RFk in
the  initial  state  and  final  state,  respectively; RFTD12 is
the  trade-off/synergy  degree  between RF1 and RF2.  If
the value of RFTD12 is positive, it means that they have
a synergy relationship. Conversely, negative values rep-
resent a trade-off relationship. And the magnitude of its
absolute value reflects the level of the trade-off/synergy,
so a value of 1 indicates the weakest interaction. In our

 
Table 1    Rural function evaluation index system in the typical black soil region of Northeast China
 

Functions Indexes / unit Index connotation and calculation method Effect (weight)
Agricultural production
function (APF)

Land reclamation rate / % Farmland area/total land area + (0.348)

Per unit area grain yield / (t/ha) Total grain output/farmland area + (0.136)

Agricultural mechanization degree / (kW·h/ha) Total power of agricultural machinery/farmland area + (0.296)

Paddy field ratio / % Paddy field area/total cultivated land area + (0.220)

Economic development
function (EDF)

Grain commodity rate / % (Grain output ‒400 kg × permanent population)/total grain
output

+ (0.460)

Per unit area agricultural output / (104yuan RMB/ha) The output value of primary industry/total land area + (0.130)

Economic structure / % The sum of the output value of secondary and tertiary
industries/GDP

+ (0.267)

Financial contribution rate / % Financial revenue/GDP + (0.143)
Social security
function (SSF)

Healthcare / per 104 person Number of beds in health institutions owned by 10 000 people + (0.245)

Percentage of students in school / % Sum number of middle school students and primary school
students/number of the permanent population

+ (0.391)

Proportion of village land area / % Village land area/total construction land area ‒(0.101)
Per capita farmland area / ha Farmland area/number of the permanent population + (0.263)

Ecological
conservation
function (ECF)

Climate regulation function / (yuan/ha) Per unit area ecological service, the equivalence factor method
of ecological service value

+ (0.215)

Environmental purification function / (yuan/ha) + (0.190)

Maintaining nutrient cycling function / (yuan/ha) + (0.237)

Biodiversity function / (yuan/ha) + (0.185)

Landscape aesthetics function / (yuan/ha) + (0.173)

Note: Per capita grain demand (400 kg) referred to the paper ‘Rural Multi-function Evaluation and Evolution Characteristics in Liaoning Province; +, positive
index, ‒, negative index
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study, because of the large standard deviation and asym-
metrical extreme value of functional scores, the positive
and  negative  median  was  used  for  grading  criteria  of
RFTD12, thus the interrelationship was divided into four
types,  including  strong  synergy,  weak  synergy,  weak
trade-off, and strong trade-off. 

3　Results
 

3.1　 Spatial  and  temporal  evolution  of  population
and rural subfunctions 

3.1.1　 Spatial  and  temporal  pattern  of  population
change
In the typical black soil region of Northeast China, there
was an obvious spatial characteristic of the population at
the county scale (Fig. 2). In 2000, the population of the
Da  Hinggan  Mountains  region  was  small,  with  most
counties  less  than  0.25  million.  The  population  density
was large in the eastern plains, especially in the Harbin-Changchun
urban agglomeration area. Then the spatial characterist-
ics of the county population have changed. Before 2010,
about  a  quarter  of  counties  population  was  less  than
0.25 million, mainly located in the forested regions. By
2020,  most  counties  had a  population of  less  than 0.25

million. The proportion of larger counties dropped from
2000  to  2020  and  the  depopulation  counties  scattered
throughout the whole study area. During the study peri-
od, depopulation gradually spread from the western for-
ested region to the eastern plain areas.

Between 2000 and 2010, increase and decrease coex-
isted  in  the  population  change  in  the  typical  black  soil
region  of  Northeast  China,  and  then  the  change  type
transitioned  to  a  predominant  decrease  between  2010
and 2020 (Table 3). In the first 10 yr of the study period,
42.86% of the counties with population growth were in
plain areas,  while  only  5.95%  were  in  the  forested  re-
gion, totally accounting for 48.81% of the counties with
population growth. However, the percentage of counties
with  population  growth  declined  to  3.57%  in  the  last
10 yr. These increasing counties were all located in the
forested  region  whose  population  growth  rate  also
slowed down significantly.

In  addition,  as  shown  in Table  3,  51.19%  of  the
counties  experienced  population  shrinkage  in  the  first
10  yr,  which  was  dominated  by  slight  shrinkage  and
mainly located in the plains. The proportion of the me-
dium population shrinkage in the plain area was higher
than  that  in  the  forested  region.  The  counties  with

 
Table 2    Types of the county according to population change degrees in the typical black soil region of Northeast China
 

County types Population change degrees Description

County with increasing population Population growth PCi  ≥  0

Slight shrinking county Slight depopulation The PCi range is [‒5%, 0)

Moderate shrinking county Moderate depopulation The PCi range is [‒10%, ‒5%)

Severe shrinking county Severe depopulation The PCi range is [‒30%, ‒10%)

Extreme shrinking county Extreme depopulation PCi < ‒30%

Note: PCi was the change rate of permanent residents
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Fig. 2    Spatial distribution of the county population in 2000, 2020 and 2020 in the typical black soil region of Northeast China
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severe shrinkage were mainly distributed in the forested
region,  accounting  for  9.52%,  and  only  3.57%  in  the
plain area.  Therefore,  from  2000  to  2010,  the  popula-
tion  shrinkage  in  the  plain  area  was  slight,  while  the
population  shrinkage  in  the  forested  region  was  mild
and severe.  However,  the  problems  of  population  de-
cline  in  the  plain  areas  and  forested  regions  were  both
aggravated in the last  10 yr,  with more serious popula-
tion  shrinkage  in  the  plains.  The  population  shrinkage
was dominated by severe and extreme types, and a lot of
counties  with  population  growth  in  the  early  period
changed  to  population  shrinkage,  especially  in  plain
areas.  It  could  be  seen  that  the  degree  of  depopulation
gradually  intensified  from  2000  to  2020  in  the  typical
black soil region of Northeast China. 

3.1.2　Spatial and temporal pattern of rural subfunc-
tions evolution under various population change types
As  the  increased  population  and  slight  depopulation
turned to significant shrinkage, there were apparent spa-
tial differences in the evolution of APF (Fig. 3a). Betw-
een 2000 to 2010, the APF substantially enhanced in the
Da Hinggan Mountains region with slight depopulation,
and  the  APF weakened  in  Songnen  Plain  and  Sanjiang
Plain where the population increased.  Between 2010 to
2020,  the  APF  slightly  weakened  in  the  Da  Hinggan
Mountains region with  a  continuous  population  shrink-
age. While in the Songnen Plain and Sanjiang Plain, the
APF  enhanced  in  the  counties  with  severe  population
shrinkage. It  could be seen that  the depopulation was a
benefit  to  APF  both  in  the  forested  region  and  plain
areas, except for the continuous depopulation.

From 2000 to 2020, the EDF diminished with the de-
population  intensification  (Fig.  3b).  In  the  Da  Hinggan
Mountains region  with  the  continually  slight  depopula-
tion,  the  EDF changed from a  substantial  enhancement

to  a  slight  enhancement.  In  the  plain  areas  where  the
population increase has changed to a large depopulation,
the EDF changed from substantially enhanced to slightly weak-
ened. It  could be seen that  depopulation had an attenu-
ated effect  on  economic  development,  no  matter  con-
tinually a slight or rapid depopulation.

The changes in SSF were complex and spatially het-
erogeneous during the study period (Fig. 3c). In the Da
Hinggan Mountains  region  where  the  population  con-
tinuously  shrank,  for  SSF,  the  coexistence  of  slightly
enhanced  and  diminished  counties  changed  to  most
counties’ function  diminished.  In  most  counties  in  the
Songnen Plain,  the  SSF  changed  from  slightly  dimin-
ished in the earlier period to enhanced in the later peri-
od. The  areas  of  function  change  overlapped  with  re-
gions where the population shifted from growth to sharp
shrinkage.  Moreover,  the deeper the population shrank,
the more the SSF enhanced. It could be seen that popu-
lation reduction contributed to the enhancement of SSF
in plain areas, which differed from forested regions.

The  ECF  enhanced  as  the  population  changed  from
increased to decreased (Fig. 3d). From 2000 to 2010, the
ECF was substantially enhanced in the northern part  of
the study area, while it was weakened in the southern re-
gion with population growth. From 2010 to 2020, in the
Da  Hinggan  Mountains  region  where  the  population
continued  to  shrink,  the  ECF  slightly  enhanced.  The
ECF slightly enhanced in the plain areas where the pop-
ulation  increase  changed  to  decrease,  but  the  ECF
slightly weakened in the areas with rapid depopulation.
As  a  result,  the  ecological  disturbance  caused  by  the
population growth would diminish the ECF. As the pop-
ulation  decreased,  the  ECF  was  gradually  restored.
However, excessive depopulation was detrimental to the
development of ECF. 

 
Table 3    Structure of population changes during 2000–2010 and 2010–2020 in the typical black soil region of Northeast China
 

Change types
2000–2010 2010–2020

Plain areas / % Forested region / % Plain areas / % Forested region / %

Population growth 42.86 5.95 0 3.57

Slight shrinkage 21.43 4.76 1.19 1.19

Medium shrinkage 7.14 4.76 3.57 4.76

Severe shrinkage 3.57 9.52 44.05 13.10

Extreme shrinkage 0 0 26.19 2.38

Total 100 100
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3.2　 Interrelationships between  the  rural  subfunc-
tions under various population change types 

3.2.1　 The structure  characteristics  of  the  interrela-
tionships  between  rural  subfunctions  under  various
population change types
As shown in Fig. 4, when the population grew, the syn-
ergy relationship accounted for 59% of the overall rela-
tionship  between  APF  and  EDF.  As  the  depopulation
deepened, the  proportion  of  the  severe  trade-off  rela-
tionship decreased from 25% in slight  shrinkage to 4%
in extreme shrinkage, showing a decreasing trend. Thus,
the trade-off intensity between APF and EDF decreased
as the depopulation deepened.

When the population shrank slightly, the relationship
between  APF  and  SSF  mainly  experienced  a  trade-off
relationship, accounting for 57%, which was approxim-
ately  consistent  with  the  situation  when  the  population
increased. The effect of population changes on the rela-
tionship between APF and SSF was complicated. Over-
all,  as the depopulation deepened, the proportion of the
strong synergy increased in a fluctuating tendency, showing-
a not obvious increased tendency of synergy.

The relationship between APF and ECF was mainly a
trade-off when  the  population  slightly  shrank  and  in-
creased.  As  population  shrinkage  deepened,  the  overall
proportion  of  trade-offs  decreased  between  APF  and
ECF.  Among  them,  the  proportion  of  the  severe  trade-
off relationship decreased from 42% in slight shrinkage
to 21%  in  extreme  shrinkage.  Thus,  their  trade-off  in-
tensity decreased as the depopulation deepened.

The relationship  between  EDF  and  SSF  was  domin-
ated by trade-offs when the population increased. Popu-
lation decrease did not have an obvious effect on the re-
lationship between  EDF and  SSF.  However,  as  the  de-
population deepened, the proportion of severe trade-offs
and strong synergy both decreased. Of these, the propor-
tion of the severe trade-offs relationship decreased from
29% in slight  shrinkage to 8% in extreme shrinkage.  It
could be seen that with the deepening population shrink-
age, the intensity of the trade-off decreased.

The relationship  between EDF and ECF was domin-
ated  by  trade-offs  when  the  population  slightly  shrank,
which was  the  same  with  the  condition  of  the  popula-
tion  increase.  As  population  shrinkage  deepened,  the
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Fig. 3    Spatial changes in the rural subfunctions with various population change types from 2000 to 2020 in the typical black soil re-
gion of Northeast China. APF, agricultural production function; EDF, economic development; SSF, social security function; ECF, ecolo-
gical conservation function
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proportion of severe and weak trade-offs both decreased,
and  their  intensity  also  reduced.  Therefore,  population
shrinkage promoted compatibility between the EDF and
ECF.

The synergy  relationship  between  SSF  and  ECF  ac-
counted  for  59%  when  the  population  increased.  The
deeper the population shrank, the smaller the proportion
of  trade-offs  between  SSF  and  ECF  accounted  for.
Among them, the proportion of the severe trade-off rela-
tionship decreased from 70% in slight shrinkage to 17%

in extreme shrinkage. The proportion of weak trade-offs
increased  first  and  then  decreased.  Both  the  proportion
and intensity of the trade-off decreased as depopulation
deepened. Thus, the population decline reduced the con-
flict between SSF and ECF. 

3.2.2　Spatial and  temporal  pattern  of  the  interrela-
tions between rural subfunctions under various popu-
lation change types
From 2000  to  2020,  as  the  depopulation  deepened,  the
trade-off relationship weakened between APF and EDF,
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Fig. 4    Structures of trade-offs and synergies of the rural subfunctions under various population change types from 2000 to 2020 in the
typical black soil region of Northeast China
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but  there  was  spatial  heterogeneity  (Fig.  5a).  Among
them,  in  the  Da  Hinggan  Mountains  region  with  slight
population shrinkage, the relationship between APF and
EDF  changed  from  trade-off  to  synergy.  And,  in  the
plain areas where population growth changed to popula-
tion  decrease,  the  severe  trade-offs  changed  to  weak
trade-offs.  However,  the  relationship  changed  from
weak  synergy  to  weak  trade-off  in  plain  areas  with
severe depopulation. Overall, population shrinkage alle-
viated  the  conflict  between  the  APF  and  EDF,  but  it
didn’t apply to the case of excessive depopulation.

During  the  study  period,  the  law  of  change  between
APF  and  SSF  was  not  significant  with  the  deepening
population  shrinkage  (Fig.  5b).  In  the  plain  areas,  with

the  population  growth  turning  to  rapid  shrinkage,  the
weak synergistic relationship mostly turned into a weak
trade-off  relationship,  and  even  part  of  it  turned  into  a
strong  trade-off  relationship.  The  trade-off  intensity
between  APF  and  SSF  also  increased  in  most  counties
in the Da Hinggan Mountains region where the popula-
tion continued to decrease. But in the southern Da Hing-
gan Mountains region, a few counties had trade-off rela-
tionships  changed  from  synergy  relationships.  It  could
be  seen  that  the  population  shrinkage  had  an  uncertain
impact on the relationship between APF and SSF.

As  the  population  shrinkage  deepened,  the  trade-off
relationship  between  APF  and  ECF  weakened  from
2000 to 2020 (Fig. 5c). Among them, in the northern Da
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Fig. 5    Spatial and temporal characteristics of the trade-offs and synergies of the rural subfunctions under various population change
types from 2000 to 2020 in the typical black soil region of Northeast China. APF, agricultural production function; EDF, economic de-
velopment; SSF, social security function; ECF, ecological conservation function
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Hinggan Mountains region where the population contin-
ued  to  shrink,  the  relationship  changed  from trade-offs
to synergies,  and the proportion of  synergistic  relation-
ships increased.  However,  in  Songnen  Plain  and  Sanji-
ang Plain where the population changed from increased
to decreased, the intensity of trade-offs and synergies weak-
ened.  It  showed  that,  with  the  deepening  population
shrinkage,  the  conflicted  relationship  would  weaken
between APF and ECF.

The degree of trade-off between EDF and SSF weak-
ened  as  population  shrinkage  deepened  from  2000  to
2020  (Fig.  5d).  Spatially,  the  impact  of  population
shrinkage  on  the  relationship  between  EDF  and  SSF
was complex. In the plain areas, the relationship between
EDF  and  SSF  mainly  manifested  a  severe  trade-off  in
the early stage of the study period. When the population
experienced a severe shrinkage, there was a reduction in
the strength of the trade-off relationship. The Da Hing-
gan Mountains region with continued population shrink-
age  had  changed  from  a  serious  trade-off  to  a  weak
trade-off.  So  severe  population  shrinkage  might  not
completely transform a trade-off relationship into a syn-
ergistic relationship, but it would reduce the degree of a
trade-off. So population shrinkage was conducive to the
synergistic  development  of  EDF  and  SSF  to  a  certain
degree.

Spatially, the impact of depopulation on the relation-
ship  between  EDF  and  ECF  was  complex.  And  there
was a spatial difference between the forested region and
plain areas  (Fig.  5e). In  the Da Hinggan Mountains  re-
gion,  the  relationship  between  EDF  and  ECF  changed
from synergy  to  trade-off.  But  the  synergy  was  en-
hanced in the plain areas where the population increase
changed to extreme depopulation. The differences might
due to a combination of factors, such as a shrinking pop-
ulation. In the plain areas with the deepening depopula-
tion,  the  synergistic  relationships  increased,  indicating
that population decline was beneficial to the synergistic
development of EDF and ECF.

From 2000 to 2020, with the deepening depopulation,
the synergistic relationship became stronger between the
SSF  and  ECF  (Fig.  5f).  In  most  counties  of  the  Da
Hinggan Mountains  region,  where  the  population  con-
tinued to shrink, the relationship between SSF and ECF
changed  from  severe  trade-offs  to  severe  synergies.  In
most counties of the plain areas, the trade-off intensity betw-
een SSF  and  ECF  weakened  when  the  population  in-

crease turned to decrease, and the synergy proportion in-
creased. However,  the  relationship  changed  from  syn-
ergy  to  trade-off  in  some  counties,  too.  On  the  whole,
the  synergistic  relationship  enhanced  as  population
shrinkage deepened,  so population shrinkage was a  be-
nefit to the synergistic development of SSF and ECF. 

4　Discussion
 

4.1　 Diversified  impacts  of  depopulation  on  rural
functions change 

4.1.1　Regional overall heterogeneity of impacts
It  was found that since 2000, along with the deepening
of population shrinkage, rural subfunctions in the typic-
al black soil region of Northeast China had different tra-
jectories, for example, a smaller depopulation helped to
strengthen the  social  security  function,  but  the  agricul-
tural  production  function  weakened  in  the  situation  of
long-term  loss  in  rural  population.  The  conclusion
demonstrated  the  complicated  effects  of  demographic
change, which was not  exactly the same as the conclu-
sion  of  the  continuous  decline  of  rural  production  and
living  functions  in  Heilongjiang  Province  (Ni  et  al.,
2022), and  was  not  completely  contrary  to  the  conclu-
sion  that  all  rural  functions  in  Liaoning  Province  were
enhanced  (Xu  and  Fang,  2021). Therefore,  the  differ-
ences  represented  that  the  population  decline  in  rural
areas  of  Northeast  China  did  have  a  certain  impact  on
rural functions.

Differences  in  population  density  and  depopulation
between  the  plain  areas  and  the  forested  region,  might
be rooted in the differentiated physical and geographic-
al conditions, which was also the cause of different tra-
jectories of function evolution. The extent and timing of
population  decline  all  affected  the  trajectories  of  rural
functional  changes.  Thus  the  impacts  of  population
shrinkage  on  rural  functions  of  different  regions  were
very different. This was similar to the situation that the
population reduction  enhanced  food  production  ser-
vices in the fertile plains (Bruno et al., 2021), but led to
land  abandonment  in  other  places  (Quaranta  et  al.,
2020). Similar results were found for forest cover changes,
that is,  depopulation stop deforestation in  Vršac moun-
tain, and the opposite situation occurred in the suburb of
a  special  nature  reserve  (Gataric  et  al.,  2022).  When
analyzing the negative influences of population decline,
the regional  characteristics  and  inter-regional  differ-
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ences should be considered to improve accuracy, which
objectively  required  our  research  scale  to  be  more  and
more refined. 

4.1.2　Different  impacts  of  depopulation  degrees  on
rural subfunctions
Under  the  trend  of  population  shrinkage,  the  evolution
tracks of rural subfunctions were not all identical in our
study. It  showed  that  the  effects  of  population  shrink-
age on the evolution of each rural subfunctions were dif-
ferent.  For  agricultural  production  function,  because  of
the positive effect of population outflow on the transfer
of  agricultural  land  (Long  et  al.,  2016), short-term  de-
population  indirectly  promoted  the  food  production
function (Xue and Zhen, 2018). However, this was only
the first  half  of our conclusion. Due to the negative in-
fluences  of  population  decline,  long-term  depopulation
led to the weakening of agricultural production function.
Various  degrees  of  population  shrinkage  had  different
effects. When  the  shrinking  population  reached  a  cer-
tain level,  the  mode  of  action  might  change  qualitat-
ively (Hu and Lin, 2023). This situation also applied to
the  change  of  other  subfunctions.  Population  shrinkage
reduced  human  disturbance  to  the  rural  landscape,
which was beneficial to the restoration of the natural en-
vironment  in  some  habitat-rich  areas  (Veteikis  et  al.,
2011).  At  first,  the  slow  depopulation  was  helpful  for
the  recovery  of  ecological  conservation,  but  then  the
rapid loss  had  a  negative  effect.  It  was  similar  to  eco-
nomic development in our study. This suggested that we
must pay attention to differences in the degree of depop-
ulation when analyzing the effects of population shrink-
age on rural functions. 

4.2　 Complicated  relationships  and  trade-offs
between subfunctions 

4.2.1　Dominant function or  balanced functional  de-
velopment?
Functions were constantly being transformed and diver-
sified,  and  were  not  always  in  sync  with  each  other
(Beardmore et al., 2019). We assessed the multiple pos-
sible functions  of  rural  areas  to  understand  systematic-
ally  what  patterns  of  land  use  provide  the  most  likely
outcomes.  In  terms  of  the  range  of  material  goods  and
services provided, it was obvious that rural areas should
serve both urban development and sustainable rural de-
velopment and revitalization, that was, i.e., the function
of rural areas was to serve the integrated development of

urban and rural areas. However, there were trade-offs in
practice  when  it  came  to  specific  product  and  feature
type.  Different  from  regions  with  low  suitability  for
large-scale agricultural  production,  the  coordinated  de-
velopment of  multiple  functions  could  guarantee  farm-
ers’ welfare  and  sustainable  land  use  (Milestad  et  al.,
2011).  The  black  soil  region  of  Northeast  China  with
abundant  cultivated land resources was a  potential  area
of  large-scale  production  (Liu  et  al.,  2011). Rural  de-
population  made  it  possible  for  land  transfer  and  scale
management (Long et al., 2016; Liu, 2022a). Under the
trend of rural depopulation, rural functions continued to
alternate,  and  functional  trade-offs  and  synergies  were
also changing. Should rural areas with regional particu-
larity  focus  on  improving  one  function,  such  as  food
production,  or  balance  multiple  functions  at  the  same
time,  namely  rural  revitalization?  How  to  choose  the
functions that rural areas need to provide was also cru-
cial. If the function of agricultural production to ensure
food security was the ultimate choice, then land consol-
idation  and  population  concentration  were  needed  to
achieve  more  scale  management.  And  innovation  and
diversification  in  the  countryside  besides  conventional
agriculture should be supported to realize the competit-
iveness and  sustainability  of  rural  regions,  too.  Other-
wise,  if  taking  into  account  multiple  functions  was  the
ultimate choice,  then  while  focusing  on  the  develop-
ment of agricultural production functions, it was neces-
sary  to  carry  out  ecological  industrial  transformation
and upgrading in rural areas to provide enough employ-
ment opportunities for the local population, such as rur-
al tourism, to guarantee the social welfare of rural resid-
ents and sustainable development of rural areas. 

4.2.2　How to realize spatial equilibrium?
According to  our  conclusions,  the  impact  of  depopula-
tion  was  a  broadly  consistent  trend,  i.e.,  population
shrinkage diminished the conflict between subfunctions
in most  cases  except  APF  and  SSF.  However,  the  ef-
fects  of  depopulation  on  the  interaction  between  rural
functions varied  between the  plain  areas  and  the  fores-
ted  region.  For  example,  the  population  shrinkage  may
promote the coordinated development of ECF and EDF
as  well  as  SSF  in  plains,  but  aggravate  the  conflict
between ECF and EDF as well as SSF in the forested re-
gion. Hence,  for  sustainable  development  of  rural  re-
gions  in  the  black  soil  region  of  Northeast  China,  it
would be necessary to focus on the areas with negative

628 Chinese Geographical Science 2023 Vol. 33 No. 4



impacts of the depopulation, which would contribute to
the  rural  development  in  whole  areas  (Hrabánková and
Bohácková,  2007).  The  change  and  development  of
functions should be considered from a regional coordin-
ation perspective  to  balance  the  advantaged  and  disad-
vantaged  regions.  And  the  suitable  development  mode
should always  be  judged  regarding  the  regional  specif-
ics,  especially  whether  the  growth  poles  were  needed,
namely,  dominant  functional  areas.  Meanwhile,  the
scale  on  which  the  adverse  effects  of  depopulation
should be addressed also needs in-depth consideration.

The difficulty of land management is how to develop
land  use  to  meet  multiple  objectives  and  functional
needs  of  different  groups  (Radel  et  al.,  2019).  Because
of spatial  differences  in  functional  evolutions  and  de-
population effects,  it  was necessary to carry out zoning
control  measures according to the characteristics  of  the
coordination and  trade-off  relationship  between  func-
tions (Zou et al.,  2020). Specifically, for counties dom-
inated by  functional  synergies,  coordinated  develop-
ment  among  functions  should  be  promoted  to  enhance
functional synergy and realize balanced development of
rural  multi-functions  (Dai  et  al.,  2022).  For  counties
dominated by  functional  trade-offs,  the  leading  func-
tions  of  counties  should  be  explored,  and their  impacts
on other  secondary  functions  should  be  taken  into  ac-
count, to avoid overvaluing and neglecting single func-
tions and maximize the comprehensive benefits of mul-
tiple functions in rural areas (Liu et al., 2021b). In addi-
tion, the advantages of resource factors in the black soil
region of Northeast China should be taken as important
conditions  to  drive  the  development  of  rural  regional
functions,  and  the  population  transformation  and  rural
space  reconstruction  should  be  taken  as  opportunities
for rural industrial transformation. We should give play
to the driving role of the dominant functional area, and
reduce  the  conflict  impact  of  trade-off  relationships  in
space. So, the natural resources in the black soil region
of Northeast China could be utilized for the rural indus-
trial  transformation,  and then the new unique industrial
types  and  economic  formats  should  be  cultivated  on  a
regional  scale  (Long and Tu,  2017),  such as  ecological
agriculture  experience  areas  and  traditional  agricultural
sightseeing belts. 

4.3　Scientific response to population shrinkage
From the current development trend, the shrinking trend

of  the  population  in  Northeast  China  caused  by  the
double decrease in population base and fertility rate will
continue  in  the  future  period,  and  the  aging  degree  of
agricultural  operation  population  will  be  further  deep-
ened. The  effects  of  population  shrinkage  on  rural  re-
gional functions were complex in our study, with posit-
ive  and  negative  effects,  and  spatial  heterogeneity.  For
example,  population  shrinkage  was  conducive  to  the
synergistic development of most functions, but the pop-
ulation  shrinkage  also  aggravated  the  conflict  between
APF and SSF in some cases, but the conflict weakened
with the increase of population shrinkage. We must dia-
lectically look at the impact of population shrinkage and
scientifically deal with the problem of population shrink-
age, especially in areas with the unstable settlement, in-
sufficient  economic  efficiency,  and  a  high  rate  of  non-
farm employment.

So  formulating  countermeasures  for  both  population
and  rural  economic  development  is  necessary.  On  the
one hand, we should actively promote the reform of the
rural land system, promote the orderly transfer of cultiv-
ated land, implement the large-scale management of ag-
ricultural  land,  accelerate  the  modernization  process  of
agricultural production, enhance the function of agricul-
tural production, reshape the value of rural areas, and ef-
fectively  guarantee  the  national  food  security.  On  the
other hand, it is necessary to prevent the adverse effects
of  population  decline  as  early  as  possible.  We  should
strengthen policies to support employment, expand loc-
al  employment,  and  encourage  surplus  agricultural
workers  to  stabilize  non-agricultural  employment  in
nearby areas and promote the nearby urbanization of the
rural  population  to  retain  the  local  population  as  much
as possible (Anríquez and Daidone, 2010). At the same
time, facing the development process of modern agricul-
ture,  we  should  develop  an  effective  new  professional
farmer cultivation system to promote the transformation
of  the  rural  labor  force(Li  et  al.,  2019). And,  the  em-
ployment skills  and  competitiveness  of  the  older  agri-
cultural workers should be improved to avoid their pre-
mature  withdrawal  from  the  rural  job  market.  While
guaranteeing the function of agricultural production, the
rural social security function should be improved to pro-
mote the coordinated development of human beings and
land use in the new era (Dong et al., 2022). 

4.4　Shortcomings and research prospects
It was found that the core area of the black soil region of
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Northeast China has been the key area of population de-
cline  from 2000  to  2020.  The  depopulation  during  this
period  was  a  contemporaneous  decrease  in  the  urban
and  rural  populations.  With  the  deepening  population
shrinkage, the  impact  of  depopulation  on  rural  func-
tions was  more  and  more  complex.  Population  shrink-
age was mainly due to a lack of economic and employ-
ment opportunities (Li et  al.,  2020; Wang et  al.,  2022),
which  led  to  the  cultivated  land  resource  dependence
and poverty of farmers (Li et  al.,  2021).  The black soil
region of  Northeast  China bears  the important  respons-
ibility of ensuring national food security, but the loss of
young and  middle-aged  labor  force  inevitably  accom-
panies the aging of the agricultural working population.
It is generally recognized that population shrinkage has
the most significant impact on urban economic develop-
ment and has received the most attention. However, this
analytical framework was not suitable for rural areas. To
analyze  the  impact  of  population  shrinkage  on  rural
functions from the county scale, one of the presupposi-
tions was that urban and rural populations shrank at the
same  rate.  The  current  depopulation  in  rural  areas  in
Northeast  China  was  more  serious  than  that  in  urban
areas,  and the instability of population change in urban
and  rural  areas  increased.  In  addition,  the  population
aging was accelerated in Northeast China, which might
further  strengthen  the  impact  of  depopulation  on  rural
regional functions  or  made  the  mechanism  more  com-
plex.  However,  due  to  the  limitation  of  research  data,
we did not make further analysis, which was a pity and
further discussion. 

5　Conclusions

To analyze the impact of population shrinkage on rural
subfunctions,  based  on  the  land  use  data,  census  data,
and socio-economic statistical data from 2000 to 2020, a
case study was carried out on the process of population
change  and  its  impact  on  the  evolution  characteristics
and interaction  of  rural  functions  in  the  counties  in  the
typical  black  soil  region  of  Northeast  China.  The  main
conclusions  were  as  follows.  Firstly,  there  was  a  small
quantity  of  population  in  the  western  forested  region
with an early and slight depopulation, while the depopu-
lation  in  the  plain  areas  with  a  larger  density  was  late
and fast. Between 2000 and 2020, the evolutions of rur-
al  subfunctions  showed  differentiated  characteristics

with the  deepening depopulation.  Short-term depopula-
tion was a benefit to the enhancement of the APF, while
the long-term loss would weaken the APF. The popula-
tion decline would enhance the SSF in the whole study
area. The population increase and slight decrease could
promote EDF and ECF to a certain extent, but rapid de-
population disadvantaged the enhancement of EDF and
ECF.  That  was  to  say,  the  impact  of  depopulation  on
rural subfunctions varied from each other.

Population  shrinkage  also  had  various  effects  on  the
interrelationship  of  rural  subfunctions.  Depopulation
could  alleviate  the  conflict  between  APF  and  EDF  as
well  as  ECF.  The  slight  spatial  difference  between  the
plain  areas  and  the  forested  region  was  that  increased
synergistic relationship  or  weakened  trade-off  relation-
ship.  It  was a  similar  situation for  EDF and SSF.  Even
though the relationships between ECF and EDF as well
as SSF were complex, the population decline was gener-
ally  beneficial  to  their  synergistic  development.  There
was  a  fine  distinction  in  spatial  heterogeneity  between
ECF-EDF and ECF-SSF. For ECF and EDF, the spatial
difference  was  between  the  forested  region  and  plain
areas, while the difference was between the northern re-
gion and the southern region of the study area for ECF
and SSF.  Population  change  had  a  distinctively  com-
plex impact  on the relationship between APF and SSF.
Population  shrinkage  might  aggravate  the  conflict
between APF and SSF, and the conflict would ease with
the deepened  depopulation,  which  was  spatial  hetero-
geneous between the forested region and plain areas.

In conclusion, the population shrinkage indeed had an
obvious effect  on the  evolution and interaction of  rural
functions in our  study.  The impact  varied from regions
and kinds of functions in the typical black soil region of
Northeast  China.  Facing  the  background  of  continuous
population  shrinkage,  the  impact  of  population  change
on  rural  subfunctions  and  their  interactions  should  be
evaluated  scientifically,  and  the  adverse  effects  and
good  opportunities  of  population  shrinkage  should  be
faced squarely, so as to explore ways for rural revitaliz-
ation and  sustainable  development  in  the  black  soil  re-
gion of Northeast China and contribute to the improve-
ment and transformation of rural functions in the period
of  population  transition  development.  However,  the
formation  and  development  of  rural  functions  may  be
affected  by  various  internal  and  external  factors,  too.
We had  only  focused  on  the  effects  of  population  de-
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cline, which was the first limitation of this study. In ad-
dition, rural  functions  have  strong  regional  heterogen-
eity,  this  study is  only  a  preliminary exploration of  the
influencing factors of rural functions in the typical black
soil region  of  Northeast  China.  We  only  deeply  ana-
lyzed the  impact  of  population shrinkage on the  evolu-
tion and interaction of rural functions and did not carry
out targeted functional zoning and differential function-
al  regulation  measures  based  on  this.  So,  the  specific
strategy of functional collaborative development of rur-
al functions needs to be further explored.
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