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Abstract

Annual land use plan (ALUP) stands for the quota allocation of land converted to non-
agricultural use, which has been in place since 1987 in China. Although the ALUP has been
implemented for more than 30 years and has played an important role in China’s non-
agricultural land growth management, little has been done to assess the effect of its
implementation. The purpose of this research is to evaluate the effect of the ALUP on
controlling the growth of construction land in China. The province-level data on land use in
China during the period of 2006-2013 were collected and then analyzed using panel data
model. The results show that (1) the ALUP can effectively curb construction land growth,
and the construction land decreased about 1721 ha with a 1% increment of the intensity of
growth management. Construction land growth is closely related to the implementation
intensity of the ALUP, which decreases 30,892 ha under strict implementation but increases
an extra 181,451 ha with relaxed implementation; (2) the implementation effect of the ALUP
shows significant differences between provinces, and the provinces of northwestern and
eastern China show better performance than provinces from the southwest and central
regions. National development strategy and region’s differentiation land policy may have
contributed to this phenomenon; (3) taking both the goal achievement and effectiveness into
account, the implementation of the ALUP is described as effective though not completely
successful; and (4) for more efficiency and success, the study proposes some suggestions on
improving policy implementation in the future.
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1. Introduction

The rapid expansion of construction land has been a common phenomenon in the world (Seto
etal., 2011; Angel et al., 2011; Liu et al., 2014a; Zhang et al., 2015). It is estimated that the
global population will increase by 30—70 % in this century (United Nations, 2014), which
will further promote the growth of construction land. Since 1978, China has experienced
unprecedented growth in economy and urbanization. Such a great change leads to the
accelerated construction land growth, which becomes the major characteristic of land use
changes in China (Liu et al., 2014). According to China’s national land surveys, the area of
construction land increased more than 6 million hectares during 2002-2012 (MLR (Ministry
of Land and Resources), 2013a). The increasing amount of farmland and open space are
occupied by construction use in urban fringe area, this expansion to the periphery is usually
associated with suburban development, or urban sprawl. Urban sprawl is a phenomena widely
found around the world. Extensive urban land expansion has caused many serious
environmental, economic and social consequences (Johnson, 2001; Foley et al., 2005). The
environmental issues of aggressive non-agricultural land growth have resulted in the loss of
high quality arable land, higher landscape fragmentation, degradation of wetlands, air
pollution, heat island effects, and reduced biodiversity (Bradshaw and Muller, 1998; Du et
al., 2007; Scolozzi and Geneletti, 2012; Yang et al., 2014; Yang et al., 2016; Lu et al.,

2018; Lu et al., 2020). Specially, the lager amount of high quality arable land loss have a
threat to the food production and food security in many developing countries. Taking China
as an example, from 1980s to 2010, the ratio of cultivated land converted to construction land
account for about 60 % of the total incremental non-agricultural land, during 2010-2015, this
ratio increased even to approximately 67.5 % (Liu et al., 2014b; Liu et al., 2018a). In
addition, the rapid expansion of construction land growth has also caused housing shortage,
traffic congestion, deterioration of central cities, low efficiency of municipal facilities, greater
social inequality and others economic and social problems (Freilich and Peshoff,

1997; Burchell and Mukherji, 2003; Ewing, 2008; Schetke et al., 2012). This will cause
disturbance and threats to regional ecology and sustainable development of the society and
economy.

The above serious consequences call for growth management strategies to be taken to
manage urban growth and protect farmland (Couch and Karecha, 2006; Alnsour, 2016).
Currently, urban growth boundaries (UGBSs) and greenbelts are the two main measures used
to curb urban sprawl. UGBs are a dividing line that separate the urban built-up districts from
surrounding agricultural land or open space districts. Only districts inner the boundary is
allowed for construction use while areas outside will not be permitted for urban construction
(Bengston et al., 2004; Anas and Rhee, 2006). The greenbelts define a barrier of physical area
surrounding a city that should not be exceeded by urban growth (Bengston and Youn, 2006).
Other strategies such as zoning, master plans, land use planning, land preservation programs,
tax incentives and similar policy initiatives also have been proposed to curb the rapid non-
agricultural land growth, preserve farmland and environmentally sensitive areas (Grant,
2009; Zhou et al., 2017; Cheng and Shaw, 2018). Different from many European countries
and the U.S., China has adopted a up-bottom Planed Land Use System to regulate the non-
agricultural land growth, which is carried out through the general land use planning (GLUP)
and the annual land use plan (ALUP). Both of them work simultaneously to control the
construction land rapid increase. In broad terms, the GLUP determines the total quantity of
newly-increased construction land during a long period (usually 10—15years); while the
ALUP decides the annual plan quotas of construction land depend on the GLUP. The ALUP
is an important measure of the GLUP implementation because the goals of GLUP should be
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divided into several parts annually. Stands for the annual quota allocation of land converted
to construction land, the ALUP also serves as an important basis for the approval of the non-
agricultural use land conversion as well as project establishment and decision making of
construction land. Therefore, the ALUP plays a prominent role in land management and has
an irreplaceable position in the land control system.

Evaluation of growth management strategies implementation makes great sense in the policy
implementation improvement. Therefore, many scholars have put efforts on evaluation
effectiveness of growth management strategies such as UGBs, greenbelts and zoning (Rao et
al., 2004; Munroe et al., 2005; Gennaio et al., 2009; Amati, 2016; Jurjevich et al., 2017). Lots
of studies have found that UGBs and green belts did not effectively curb the expansion of
construction land, but could slow the urban sprawl to a certain extent (Weitz and Moore,
1998; Bengston and Youn, 2006). As a comprehensive growth management tool, the impact
of land use planning and regulation on development also attracted scholars’ attention. Those
researches mainly focused on the aspects of development control (Van der Vlist,

1998; Alexander, 2001; Farthing, 2001), urban sprawl (Razin, 1998; Halleux et al., 2012),
exurbanization (Esparza and Carruthers, 2000), land fragment (Saizen et al., 2006; Kim and
Pauleit, 2007), sustainable development (van Lier, 1998v; Rydin, 1998; Godschalk, 2004),
land markets and housing prices (Bramley, 1993). Most studies have found that land use
planning implementation has promoted land concentrated development, slowed development
rates and promoted building density increasing within the urban boundaries, which has a
positive effective in curbing urban sprawl and achieve sustainable development (Ali,

2008; Gennaio et al., 2009; Dempsey et al., 2017). However, some other studies have found
that the planning and regulations have failed in controlling urban sprawl and regulating urban
growth (Halleux et al., 2012; Sharifi et al., 2014). Whether these manage tools effectively
control construction land growth still needs more comprehensive research. For China, it has
absorbed the Land Use Plan Management as tools to manage the land use, while only a few
research focused on its implementation effect evaluation. In fact, despite the construction
land is strictly allocated and restricted by the central government, the actual increasing rate
reach up to 12.43 % from 2006 to 2013 while expected 7.65 % according the land-use change
surveys (SCC (State Council of China), 2008). So it’s urgent to evaluate the impact of Land
Use Plan Management policy implementation. Although there are some studies put their
efforts on China’s Land Use Plan Management, they mainly focused on evaluation the effect
of GLUP, laws and regulations (Wang et al., 2009; Zhong et al., 2014a; Xu et al., 2015; Zhou
etal., 2017), while the ALUP attracts scarce attention on its implementation effectiveness. In
fact, the ALUP serves as one of the most important tools for China’s construction land
growth management, which determine the detailed land allocation each year, making it more
operable. Therefore, it is necessary to evaluate the effectiveness of ALUP, which will not
only provide a deeper insight into this land management strategy, but also supply some
reference for further land allocation improvement and reform.

Process analyses and modelling methods such as Logistics regression analysis, econometrics
model and Difference-in-Difference (DID) estimator have been utilized to evaluate the
impact of land use planning on development. Logistics regression analysis is commonly used
in the evaluation of land use planning where the dependent variable is a binomial categorical
constant (“1”” or “0”). Logistic regression analysis can determine the role and strength of the
explanatory variable x to predict the probability of the occurrence of the dependent variable y
(Zhong et al., 2012; Lv et al., 2015). Econometric models are applicable to the evaluation of
the effect of the implementation of the overall land-use planning based on panel data at the
province-wide or prefecture-level cities (Xu et al., 2015; Zhou et al., 2017). The method of
Difference-In-Difference can effectively eliminate the heterogeneity and time-increasing
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heterogeneity of the individual before and after the implementation of the policy and strip off
the net effect of the policy implementation shock on the individual, so it has been widely
used in the evaluation. In the evaluation of the implementation of land use planning, there are
significant differences between the land use conversion before and after the implementation
of the land use plan. However, land use conversion is also affected by factors such as time,
macroeconomics, and random interference. Simply comparing the differences in land-use
conversion before and after the implementation of the land use planning cannot truly reflect
the implementation effect of the plan. Therefore, DID is applicated to test whether land use
planning has an impact on urban land development (Dempsey et al., 2017).This study assess
the effect of ALUP on the control of construction land. The data includes continuous panel
data of 31 provinces from 2006to 2013, with reference to existing research practices (Xu et
al., 2015; Zhou et al., 2017) that suitable for analysis of measurement models.Therefore, this
paper adopts econometric model to systematically and comprehensively evaluate the effect of
ALUP on controlling and regulating the non-agricultural land growth in China. The study
aims to solve two questions (1) whether the implementation of ALUP can effectively control
and regulate the construction land growth in China? (2) What’s the influence of different
implementation intensity of ALUP on the growth of construction land?

2. Methodology and data

2.1. Variables

One of the important tasks of the ALUP is to reasonably allocate and control newly-added
construction land. With this in mind, this paper selects newly-added construction land as the
dependent variable. Comprehensively considering the impact of economic and social
development, cultivated land protection and intensity of planning control on the expansion of
construction land, we select total 6 variables such as population density(pld), GDP per
capita(pgdp), industrial structure restructuring(idu), annual allocation quota of cultivated land
converted to construction land(gac), the proportion of cultivated land protection(rap) and the
intensity of construction land growth management(IGM) as independent variables. Each
independent variable is described below, as shown in Table 1.

With the fast growth of economic development and industrialization, the scale of construction
land has been substantially enlarged in China (Liu et al., 2014). Socioeconomic factors play
dominant role in driving the land use change. Specifically, most important factors such as
population growth, economic development, and industrial development are the major forces
that contribute to the construction land growth (Deng et al., 2008; Yang, 2014). So this paper
uses the population density, GDP per capita and industrial structure restructuring as the
independent variables, abbreviated as pld, pgdp and idu respectively.

Construction land greatly increased mainly by massively occupation of arable land in China.
The ratio of arable land converted to construction land has increased from about 60 % during
1980s -2010 to 67.5 % during 2010-2015 (Liu et al., 2014b, Liu et al., 2018a). The growth of
construction land mainly comes from the conversion of cultivated land. The conversion of
cultivated land is rigorously constrained by GLUP and ALUP. Therefore, the amount of non-
agricultural land converted from arable land is largely determined by the quota of cultivated
land conversion allocated by central government. The more conversion quota is permitted,
the more construction land growth. So this study selects the annual allocation quota of
cultivated land converted to construction land as an independent variable, abbreviated as gac.
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China has implemented its strictest cultivated land protection policy. According to the “Land
Management Law” and “Classification of Land Use Status GB / T21010—-2017”, cultivated
land refers to the land on which crops are grown, including mature land, newly developed,
reclaimed, and reorganized land, and recreational land (including rotation rest, rest Arable
land); land that is mainly planted with crops (including vegetables) with scattered fruit trees,
mulberry trees or other trees; the reclamation beaches and tidal flats that can guarantee one
season of harvesting every year on average. According to Basic Farmland Protection
Regulations (Revised in 2019), basic farmland refers to the non-occupied arable land
determined based on the demand for agricultural products in a certain period of population
and socioeconomic development, and based on the land use planning. The concept of
cultivated land cover the concept of basic farmland, as basic farmland is only a part of the
arable land, and it is mainly the high-yield and high-quality part of the arable land. Therefore,
not all arable land is basic farmland. Generally speaking, only those arable land classified in
the basic farmland protection area are considered basic farmland. Since 2006, China has
implemented its “red line 1.8 billion mu” of cultivated land protection and further
emphasized this policy in The Outline of National General Land Use Plan in China (2006—
2020), ensuring that the cultivated land should exceed 1.82 and 1.81 billion mu in 2010 and
in 2020 respectively. The state regulates that basic farmland must account for more than 80 %
of the cultivated land in the administrative area. Basic farmland, especially permanent basic
farmland is strictly restricted to be occupied by construction (Chen et al., 2017). The central
government also allocates the goal of arable land protection to local government and evaluate
their performance accordingly. This strictest arable land protection policy constrains the
construction use occupation on arable land (Wang et al., 2010; Chien, 2015). Limited by the
data of the rate of basic farmland protection, this paper uses the proportion of cultivated land
protection (Abbreviated as rap) as an independent variable to measure the influence of arable
land protection policy on the construction land growth. It supposes that there is a negative
correlation between the dependent variable and the ratio of cultivated land protection. The
more stricter cultivated land protection policy is, the less arable land can be converted to non-
agricultural land.

In addition, this study selects the intensity of construction land growth management (IGM) as
a policy variable to express the implementation intensity of ALUP. The ALUP is
implemented through the system of land use conversion permission, and the relation between
the annual quotas and approval areas can reflect the implementation intensity of ALUP.
When the area of approval is larger/higher than the area of annual quota, it suggests that the
implementation intensity of ALUP is relaxed; otherwise, it is strict. In view of data
availability and continuity, this study discloses the relationship between approval of farmland
conversion to non-agricultural land (AFC) and annual quota of farmland conversion to
construction use (AQFC) to represent the IGM. The variables are shown in Table 1. This
paper supposes that there is a negative correlation between the intensity of construction land
growth management and the dependent variable. With growth control management becoming
stricter, the growth of newly-added construction land becomes slower.

2.2. Model

According to the above analyses, this study will establish the following model and estimate
the impact of the implementation of annual land plan on the growth of non-agricultural land
at the province-level in China.

Yy = C + 8IGM; + BX;, + &

1)
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Where, Yit means the quantity of newly-added construction land for the province i in

the t year. IGMit includes the indicators reflecting construction land growth management
policy. The variable Xi: represents other factors influencing the construction land
growth. & and B are the coefficients for IGMit and Xi, respectively. C is the constant,
and eit is the residual error.

According to the above analysis on the basic model and variables as in Table 1, this study
establishes the primary model to evaluate the specific impact of the implementation of annual
land plan on the construction land growth by using the panel data of 31 provinces during
2006-2013.

Yi = ¢ + 8IGMy + aypld, +copgdp,, +osiduy +asqacy, + asrap;, + & (2)

Wherein, Yi: represents the area of newly-increased construction land in every year, i and t are
the provinces and years respectively. pldit is population density each year, pgdpit is GDP per
capita, iduit represents upgrading of industrial structure and it is determined by proportion of
secondary and tertiary industries in GDP (Liu et al., 2018b). gaci is the allocation quota of
cultivated land converted to non-agricultural use of the ALUP. rapi is the ratio of arable land
protection, using the scale of arable land at the end of each year and the scale of arable land at
the beginning in 2005 as the rate of arable land protection. IGMj is the implementation
intensity of annual land use plan. al, 02, a3, a4 and a5 are the coefficient

for pld, pgdp, idu, gac and apr respectively. Other parameters are the same as the formula

(D).
2.3. The impact of annual land use plan
2.3.1. The control effect of ALUP

The effectiveness of ALUP on controlling construction land growth could be judged by the
coefficient of the variable IGM. If the expected sign is in consistent with the estimated
coefficient of IGM and the value significance is statistically on a 5% level, it means that the
ALUP implementation is effective in containing construction land growth. Otherwise, it is
not.

2.3.2. The impact of ALUP

There are differences in the implementation intensity of ALUP which have different effects
on construction land growth. When the ALUP is strictly implemented and the construction
land will be curbed, which can be defined as positive effect (PE). On the other hand, if the
ALUP is loosely implemented, it means that construction land will increase as a
consequence, which can be defined as negative effect (NE).

PE =5*I1GM0 < AFC <1
AQCL
NE = §*IGM L > 1
3

Wherein, PE represents the lessened increment of construction land with the strict
implementation of ALUP. NE represents the additional increment of construction land due to
the relaxed implementation of ALUP.
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2.4. Study area and data

Mainland China data of 31 provinces, municipalities and autonomous regions from 2006 to
2013 are included. Due to the data unavailability, Hongkong, Macau and Taiwan are
excluded. The data mainly cover socioeconomic and land use change which are obtained
from the statistic bureaus of government. Specifically, the socioeconomic data come

from China Statistical Yearbook from 2007 to 2014 (NBSC, 2007-2014). Among them the
economic data GDP per capita is transformed as constant prices in 2006 (Fig. 1).

The data on approval of farmland converted to non-agricultural land were collected

from China Land and Resources Year book for the period of 2007-2014 (MLR (Ministry of
Land and Resources), 2014). The data on annual quota of farmland converted to non-
agricultural use, the ratio of arable land protection, the allocation quota of cultivated land
converted to non-agricultural land and newly-increased construction land were collected
from Administrative Authority on Land and Resources (MLR (Ministry of Land and
Resources), 2013Db). It should be noted that China implemented its first national land survey
in 1996 and conducted subsequent land surveys from 2007 to 2009. The data of land use were
interrupted since the 2nd land survey was conducted, which resulted in a gap during 2009—
2013 compared to previous years. Because of the two land surveys varied in coordinate
system, land survey scale, land use classification criteria and the way of area calculation, the
gap is finally present in the land use classification results and their land area, for example, the
total construction land increased dramatically in 2009 compared to previous year. To solve
this inconsistency, the data of total area of cultivated land from 2009 to 2013 should be
handled as the initial value of previous year plus variable quantity of the year to represent the
final data of year, for example, the 2009 data can be computed using the 2008 value plus the
land change in 2008 (Xu et al., 2015). Because of the limitation in data accessibility and
consistency, combined with being at the midterm period of The Outline of National General
Land Use Plan in China (2006-2020) (SCC (State Council of China), 2008), this paper
selects the data from 2006 to 2013 as its study period. The statistical description of the data is
shown in Table 2. On the basis of panel data of 31 provinces, regression methods was
explored to analyze the relationship between variables and further analyze the
multicollinearity between variables. The results in Table 2 show that the Variance Inflation
Factor (VIF) values of variables less than 10, indicating that there is no multicollinearity
between variables.

To understand significant correlation between dependent and independent variables across
the sample size, this paper uses linear regression tests and generates more visual graphs to
foresee the significant relationships within binary and ordinary variables into the dataset (Fig.
2). Among of the dependent and independent variables, the p value

of pld, pgdp, rap, IGM, idu and gac with y is 0.25, 0.06, 0.00, 0.01, 0.43, 0.00 respectively.
Except that the p values of pld and idu are not significant at the 10 % level, the pgdp variable
is significant at the 10 % level, and the other variables are all significant at the 5% level.
Overall, there is a significant linear relationship between y and most independent variables.

Based on the above analysis, we performed further homoscedasticity tests on the regression
analysis data. By drawing a scatter plot of residuals and fitted values, it can be roughly seen
from Fig. 3 that when y '(the fitted value of y) is small, the variance of the disturbance term is
large. Further examination of the scatter plot of residuals and pgdp of the residuals and
explanatory variables pgdp (Fig. 4) shows that the approximate outlines of the two graphs are
basically the same, indicating that there may be heteroscedasticity, that is, the variance of the
disturbance term varies with the observed value. To further verify whether the data has
homoscedasticity, white tests are used to perform homoscedasticity analysis. The result

7


https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0280
https://www.sciencedirect.com/science/article/pii/S0264837719321854#fig0005
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0270
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0270
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0265
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0265
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0395
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0315
https://www.sciencedirect.com/science/article/pii/S0264837719321854#tbl0010
https://www.sciencedirect.com/science/article/pii/S0264837719321854#tbl0010
https://www.sciencedirect.com/science/article/pii/S0264837719321854#fig0010
https://www.sciencedirect.com/science/article/pii/S0264837719321854#fig0010
https://www.sciencedirect.com/science/article/pii/S0264837719321854#fig0015
https://www.sciencedirect.com/science/article/pii/S0264837719321854#fig0020

shows that p = 0.000 < 0.05, so the original hypothesis is strongly rejected, and
heteroscedasticity is considered to exist. This test result confirms the approximate judgment
made based on the residual plot.

After the test, the data shows no homoscedasticity but with heteroscedasticity instead.
Because of the heteroscedasticity of the data, it is need to process the heteroscedasticity in the
regression analysis. The methods for processing heteroscedasticity include OLS + Robust,
Generalized Least Squares (GLS), Weighted Least Squares (WLS), and feasible
generalization least squares (abbreviated FGLS). This paper uses panel data to analyze the
econometric model. When dealing with panel data regression analysis, we mainly consider
the heteroscedasticity problem of the fixed effects model and the OLS model. Because the
random effects model uses FGLS estimation, the heteroscedasticity is already controlled by
itself (Davidson and MacKinnon, 2004; Baltagi, 2005; Chen, 2014).

3. Results

3.1. Estimation results

This study uses econometric model to evaluate the impact of the implementation of ALUP
respectively. The OLS model, fixed effects (FE) model and random effects (RE) model were
employed to examine the Eq. (2) coefficients using software STATA 14.0. After F test, it was
determined that RE model and FE model work better than OLS model. Further analysis with
Hausman’s test showed that the RE model was the best choice. Because the optimal model in
this paper is a random effect model RE using FGLS estimation, the problem of data
heteroscedasticity is eliminated (Davidson and MacKinnon, 2004; Baltagi, 2005; Chen,
2014). Therefore this study used the RE model to analyze the data. The model test are
significant (R =0.55, and p = 0.000), therefore it can be used for further analysis. The results
of estimate are shown in Table 3.

The results show that the estimated coefficients for IGM is negative and its signs is in line
with anticipations in Table 1, signifying that the ALUP implementation can effectively
restrict construction land growth. The signs of pld and idu are negative, however, their
coefficients are not significant at the 10 % level, which implicate that the expected effect of
population density increase and industrial structure adjustment on urban land use need more
evidence. The positive sign of gac suggests that the allocation quota of cultivated land
conversion have a positive influence on construction land growth. Namely, the more quota of
cultivated land conversion permitted, the more non-agricultural use will be promoted. The
sign of rap is positive and its inconsistency with the expection, indicating that the ratio of
arable land protection increasing are not effective to constrain non-agricultural land growth.
The reason for this result may be related to that those developed regions that are lack of
cultivated land conversion quota can get supplementary cultivated land indicators through
trading land development rights with those developing regions that have abundant cultivated
land within the same province (Wang et al., 2010; Chien, 2015). This method of acquiring
development land quota loosens the control of the construction land growth to some extent.

3.2. The effectiveness of ALUP
The estimated coefficient for the variable of IGM is negative and also expressed significantly

at the 5% level, thus it is consistent with the expected sign. It indicates that the ALUP
implementation was effective in curbing the construction land growth. The results indicate


https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0105
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0035
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0070
https://www.sciencedirect.com/science/article/pii/S0264837719321854#eq0010
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0105
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0035
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0070
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0070
https://www.sciencedirect.com/science/article/pii/S0264837719321854#tbl0015
https://www.sciencedirect.com/science/article/pii/S0264837719321854#tbl0005
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0370
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0095

that the increased non-agricultural land reduced by about 1721 ha with a 1% increment of the
intensity of growth management. These results are in consistent with other studies which
show that the land use policies and regulations implementation can control non-agricultural
land growth in China (Wang et al., 2018).

3.3. Influence of the implementation intensity of annual land use plan

The formula (3) was used to analyze the impact of the implementation intensity of ALUP on
construction land growth and the results are shown as follows. Due to the differences in the
implementation intensity of ALUP, the implementation has different effects on the growth of
construction land. According to formula (3), the positive and negative effects of the
implementation intensity of ALUP are calculated. When ALUP is strictly implemented, it can
effectively control the increase in the area of construction land. When ALUP is loosely
implemented, it means that construction land will increase accordingly. According to the
calculation results, in general, during the year of 20062013, the construction land growth
has much to do with the implementation intensity of ALUP, which decreases 30,892 ha under
strict implementation while increases an extra 181,451 ha with relaxed implementation.

The impact of the implementation intensity of ALUP on construction land growth shows
significant spatial difference. The Fig. 5 shows that the positive effect of the strict
implementation of ALUP in regions are distributed in north-east, east and north-west China,
specifically, those regions mainly include Qinghai, Gansu, Ningxia, Tibet, Beijing, Shanghai,
Guangdong, Jilin and Heilongjiang; Among of them, Beijing and Shanghai have the best
control effects.While the provinces in central and southwestern China have weaker
implementation effect than above regions. Because of the constraints of potential available
land, Beijing and Shanghai take strict measures to manage the land use and emphasis the
intensive utilization of land resources, and they have smaller construction land expansion of
about 5191 ha and 6070 ha average increase in 20062013 respectively below the national an
average increase of 17,583 ha in the same period. In the western region of Qinghai, Ningxia
Gansu, and Tibet, their better control effect may closely relate to the relatively slow level of
economic development, thus the land quota allocated can satisfy the socio-economic
development demand for the construction and seldom be broken. The actual average
increment of construction land in those province is about 6229 ha, 6872 ha, 11,279 ha and
1437 ha below the national average scale of land growth during the study period.
Heilongjiang and Jilin are faced with the slowdown in the overall economy, which are
associated with weaker demand for construction land. Thus, those provinces have the positive
effect of the implementation of annual land use plan.

The Fig. 6 shows that the negative effect of the relaxed implementation of ALUP in regions
is mostly concentrated on southwest and central zones, and southeast coastal of China.
Specifically, those regions mainly loacated in Yunnan, Guizhong, Sichuan, Hunan, Hubei and
Inner Mongolia. In north-west, north-east and east coast China, the amount of extra increased
construction land was smaller than those provinces in south-west and central zones. During
our selected period, the amount of extra increased construction land in western and central
zones are 2.80 times and 1.35 times than that in the eastern region respectively. The western
and central regions attract a lot of investment and further accelerate construction land
expansion under the policy support of the West Development Strategy and Rising of the
Central Regions. From 2006to 2013, the actual newly-construction land has increased about
23,436 ha and 25,235 ha in Sichuan and Inner Mongolia respectively. For the central
provinces of Hunan, Hubei, Henan, Anhui provinces, the average area of newly-construction
land are between 20,098 ha and 27,356 ha, which are higher than the national average growth
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of 17,583 ha in study period. Economy level of eastern provinces such as Zhejiang and Fujian
grow fast, which induce more demand on constructive land and their actual newly-increased
construction land were up to 254,550 ha and 164,868 ha during 2006-2013. So in those
provinces, the local governments usually breaking through the quota of development land
allocated by ALUP when the allocation quota can’t meet the need of land demand for
economic development. It is difficult to effectively restrict the non-agricultural land growth
and cause the extra increased.

4. Discussion

4.1. The implementation of ALUP can control and regulate the construction
land growth

From the estimation results in Table 3,the incremental area of construction land reduced by
about 1721 ha with a 1% increment of the intensity of growth management, which indicate
that the ALUP can regulate and control the construction land growth to some extent. ALUP
plays an important role in guaranteeing successful regulate and constrain construction land
growth. Ever since 1987, China has started to implement the annual land use plan policy. A
more formal practice was brought about in 1998 in the revised Land Management Law and
then “Measures for the Administration of Annual Land Use Plan” was published in1999 to
ensure the effective implementation of the ALUP (Ding, 2003). There are three main quotas
being stipulated by the ALUP at each administrative level from the national to county level,
including the maximum total scale of non-agricultural land, arable land converted to
construction use and the minimum total scale of cultivated land to be maintained (Tan et al.,
2011).Those quotas allocated by higher-level authority are grounded in the economic and
social development program, national industrial policies and the general land use planning.
Each quota being executed by a lower-level authority should be consistent with the quota
allocated by the higher-level authority. The core task of ALUP is to protect farmland amount,
therefore the area of newly-increased construction land in the year is strictly controlled and
implemented through the system of land use conversion permission. In 2003, the central
government applied the land policy as one of the main tools in national macro-control
regulations (Tian and Ma, 2009), which mainly includes the regulation of land supply scales,
land supply way, land supply policy, land price and land revenue. The annual land use plan,
as an important tool in accomplishing the goals of macro-control, aims to extend from arable
land protection to double targets, including controlling farmland conversion and macro-
control simultaneously. The land use plan plays an increasingly prominent role in land
management and has an irreplaceable position in the land control system. In order to better
implement the ALUP and strictly restrain the non-agricultural land growth, the central
government has revised "Measures for the Administration of Annual Land Use Plan" in 2004,
2006 and 2016. In addition,the central government stepped up its supervision and
administration by taking advantage of satellite remote-sensing technology since 2000 and
implemented land supervision system since 2007 to monitor the area of newly-increased
construction land and cultivated land conversion breakthrough the allocation quota of annual
land use plan (Zhong et al., 2014b; Lv et al., 2012). The above policies jointly play a role in
promoting the efficiency of annual land use plan implementation.

4.2. Impact of national development strategy and region’s land policy

10


https://www.sciencedirect.com/science/article/pii/S0264837719321854#tbl0015
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0125
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0340
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0340
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0345
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0440
https://www.sciencedirect.com/science/article/pii/S0264837719321854#bib0250

The analysis result suggests that the implementation effects of ALUP showed significant
spatial difference with the implementation effects in most eastern regions and northeast are
better than western and central zones. Specially, the implementation intensity of ALUP varies
in different provinces in the study period. Compared the scale of actual newly-added
construction land with that allocation quota in ALUP, Inner Mongolia's actual newly-added
construction land is twice the allocation quota in annual land use plan, Xinjiang is 2.82 times;
Hunan, Anhui, Guizhou, Sichuan and Hubei are 1.90, 1.87, 1.82, 1.79, 1.77 times
respectively. The actual newly-added construction land of these provinces are larger than the
allocation quota that annual land use plan expected. However, in Jilin, Heilongjiang in the
northeast, this ratio is 0.98 and 1.15 respectively, and in the east of Tianjin, Shanghai and
Tibet, this ratio is 1.04, 1.12 and 1.01 respectively. The actual newly-added construction land
of these provinces are basically in consistent with the annual land use plan that issued (Fig.
7). National development strategy and region’s different land policy may contribute to this
result. China has implemented several national development strategies to balance the
development discrepancy among regions since 2000, which mainly includes West
Development Strategy, Rising of The Central Regions and Revitalization of The Northeast
Old Industrial Base Plan. These policies have attracted a large amount of investment and
promoted economic development, thereby promoting the growth of construction land in
inland regions, especially in the central and western regions (Kuang et al., 2016). As can be
seen from Fig. 8 in the 31 provinces, the average annual growth rate of construction land
among the provinces shows that most provinces in the west and some provinces along the
coast have experienced rapid growth. The average annual construction land in Xinjiang,
Guizhou, and Ningxia in the western region have growth rates of 2.43 %, 2.57 %, and 3.10 %
respectively. The average annual growth rates of construction land in Chongging and Yunnan
were also at a relatively high level, reaching 1.94 % and 1.97 %, which were higher than the
national average annual growth rate of 1.55 %. The average annual growth rate of
construction land in Zhejiang and Fujian is much faster than in other provinces. The growth
of construction land in Northeast China is relatively small. The average annual growth rates
of Heilongjiang, Jilin and Liaoning are only 0.75 %, 0.88 % and 1.45 %. In general, during
the study period, the growth rate of construction land in the western region was up to

14.35 %, which was faster than that in the central and eastern regions. In addition, the central
government implemented different land policies in different regions, which shows a moderate
inclination to allocate more newly-added construction land quotas in the western regions® . At
the same time, the government strictly controls the land quota in eastern zones and pays more
attention to improving land use efficiency (Chen et al., 2016). To some extent, those policies
affected the non-agricultural land growth and resulted in the spatial differences in the
implementation of ALUP.

4.3. Effective with partial success in ALUP implementation

The evaluated results from Table 3 indicate that the implementation of ALUP has a positive
impact on constraining non-agricultural land growth, namely, the ALUP and its
implementation did decrease the increment of construction land in China. Although the
implementation of ALUP is effective, it is difficult to completely prevent the trend of rapid
construction land growth. According national land surveys from year 2006 to 2013, the actual
rate of construction land growth was much faster and reached 12.43 % while the expected
rate was 7.65 % in The Outline of National General Land Use Plan in China (2006—

2020) (SCC (State Council of China), 2008). Further analysis of the relationship between the
average annual actual increase in construction land and the scale of newly-added construction
land allocated in the annual land use plan was focused on 2007-2013, due to the lack of data
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on new construction land quotas in the 2006 annual land use plan. It can be seen from Fig.

9 that the actual new construction land in Tianjin, Shanghai, Jilin, Heilongjiang, Tibet and
other provinces is basically the same as the quota for new construction land in the annual land
use plan. The scale of additional construction land is much higher than the new construction
land quota in the annual land use plan. Among them, Xinjiang, Jiangsu, Zhejiang, Shandong,
Inner Mongolia, Henan, Sichuan, and Hubei provinces have an average annual actual new
construction land scale that is larger than land use. The quotas in the annual plan are 21,607
ha, 15,217 ha, 14,998 ha, 14,883 ha, 13,541ha, 13,508 ha and 10,645 ha and 10,062 ha, and
the remaining provinces are all below 10,000 ha. It shows that among the 31 provinces in the
country, about 84 % of the province’ s actual increase in construction land has far exceeded
the expected land use annual plan, and only about 16 % of the provinces meet the planning
expectations.Thus it can be described as effective though not completely successful when we
take both the goal achievement and effectiveness into consideration. Several reasons account
for this result. First, the goals of land administration is inconsistent between the central and
local governments. The central government must keep a whole dynamic balance between
economic growth and food security. However, the local governments put more emphasis on
economic growth and land finance revenue than on food security (Lichtenberg and Ding,
2008; Qian, 2013). They are tempted to evade the approval formalities and provide more
lands by breaking through the annual land quotas assignment to stimulate local economic
development (Deng, 2005; Xu et al., 2009). To solve this problem and restrain the local
government’s impulse, the central government has to do more to strengthen construction land
growth management. Second, a contradiction existed between the management mode of
annual land use plan and market economy development. On one hand, ALUP involved in
land use in various regions and departments which require the ALUP formation must be
based on sufficient information. However, under the circumstances of quick market economy
development in China, it is difficult to acquire the information of previous year exactly. This
information asymmetry makes it difficult for the upper government to satisfy the actual
demands of local government accordingly. On the other hand, the annual land quota is
mandatorily allocated with little elasticity. At present, with China’s fast economic
development, local demand for lands is too large to be met by the rigid constraints, especially
in areas of rapid industrialization and urbanization. This conflict pushes the local
governments to violate the designated allocation to seek more land for development. Third,
another reason may lie in the system for evaluating the performances of cadres in local
government, which is mainly based on the GDP and fiscal income (Blanchard and Shleifer,
2001; Li, 2014). As a result, the regulations of the central government would be ignored by
the local government which will supply more land beyond the ALUP restrictions to achieve
higher economic growth. All three reasons mentioned above work together to explain the
effective but yet not successful regulation of construction land control.

4.4. Improving policy implementation of annual land use plan

Based on above analysis, this study proposes some suggestions to improve the policy
implementation in the future. First, coordination between central and local government
should be strengthened. The local governments should shift their main pursuit of economic
development, which relies too much on land finance to seek a balance between the cultivated
land protection and economic development. On the basis of ensuring the demand for
economic development land, the local government strictly implements the policy of balancing
cultivated land occupation and compensation. For provinces that have difficulty in achieving
the balance of cultivated land occupation and compensation, according to the “Regulations
for the Overall Management of Supplementary Cultivated Land by the Provinces” issued by
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the General Office of the State Council, they can apply state-wide co-ordination and
supplementation to achieve a cross-province balance of cultivated land occupation and
compensation in order to seek the relationship between economic development land and
farmland protection. Second, some flexible market measures should be introduced to reform
the mandatory management plan. The essence of ALUP is the allocation of land development
rights, therefore local government can obtain extra development rights beyond the plan
through “increasing vs. decreasing balance of urban-rural built land”. Third, the government
should make more accurate predictions of the social economic development situation and
land needs so that they can allocate the quotas more reasonable. Besides consideration of the
national economic and social development, industrial policy, regional development potential
and dynamic change of population should also be taken into account at the same time.
Population development and economic layout should be compatible with the carrying
capacity of resources and environment. Therefore, on the basis of the evaluation of resource
and environment carrying capacity and the suitability of land space, the construction land
scale should be rationally allocated and spatially optimized according to the regional resource
and environmental carrying capacity. Fourth, the evaluating system for the local government
officials should be reformed. Environmental protection, including arable land protection and
land intensive use should be considered in the evaluating system (Yang, 2014; Yang et al.,
2015). In addition, the central government should strengthen the supervision of land use and
management in the local government. For example, establishing the dynamic monitoring
system through remote sensing technology, denouncing, condemning and punishing the
illegal activity in land abuse. Finally, on March 12, 2020, China has released “The Decision
of the State Council on the right to approve and authorize land use”. It mainly involves the
decentralization of approval authority in two aspects: first, the transfer of the authorized right
of agricultural land other than permanent basic farmland from the State Council to
governments of provinces, autonomous regions and municipalities for approval; second, the
transfer of the authorized right of the permanent basic farmland from State Council to the
people's governments of some provinces, autonomous regions, and municipalities for
approval. The decentralization of relevant approval rights is aimed at “increasing efficiency”,
giving provincial-level local governments more autonomy to solve the problem of “difficult
landing” and “slow landing” of project land, thereby improving the efficiency of approval,
project landing efficiency and land use efficiency. Although the approval process
“decentralized”, it does not “relaxed”. Therefore, this may have a certain impact on the
implementation intensity of the annual land use plan, which may be different in different
provinces, but it will not threaten the implementation effect of the annual land use plan. In the
future, local governments should strictly follow the constraints of territory spatial planning,
land supply plans and space use control, and strictly implement the annual land use plan to
ensure better implementation of the annual land use plan.

5. Conclusions

The empirical results show that the ALUP implementation can restrain the non-agricultural
land growth. Results of model estimation suggest that the increased area of construction land
has reduced about 1721 ha with a 1% increment of the intensity of construction land growth.
During the study period, construction land growth is closely related to the implementation
intensity in which it has decreases 30,892 ha under strict implementation while increases an
extra 181,451 ha with relaxed implementation.The implementation effect of ALUP on
construction land growth shows significant spatial difference. The effectiveness suggests that
the regions of northwestern and eastern China is better than the southwest and central
regions. National development strategy and region’s differentiation land policy may have
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contributed to this phenomenon.The implementation of the ALUP is effective despite being,
to some extent, not fully successful. The ALUP can decrease the conversion of construction
land from arable land, but it is difficult to fundamentally prevent its rapid expansion trend in
China. The land administration conflict between central and local governments, together with
the imperfect ALUP management and the system for evaluating local government
performance, may contribute to this result.

Similar as many studies, there are some limitations of this research. First, construction land is
not only affected by economic and social factors. In fact, other factors such as natural,
location conditions and policy factors also contribute to the situation (Li et al., 2015; Xu et
al., 2011; Ye et al., 2013). However, because of the limitation in data availability and
continuity, it is hard to include more detailed variables when the research object includes 31
provinces. That’s why the economic and social factors such as population growth, economic
development and industrial structure were adopted in this analysis while ignoring other
natural and location factors. The study can be enhanced by applying more indicators if these
variables are available in further research so that we can get a better understanding of the
construction land growth details. Second,there is a certain gap / difference in the economic
volume of municipalities and provinces, and there is some uncertainty about the results of our
panel model operation. However, considering the administrative level of China, the
municipalities are on the same level with the provinces, and this article does a global analysis
of 31 provinces in mainland China. Therefore, the four municipalities in Beijing, Shanghai,
Tianjin, and Chongging cannot be omitted, which are also included in other studies. (Chen et
al., 2015; Lai et al., 2016). Third, although National Land Census has the advantage in the
collecting land use data with more reliability and continuity, the remote sensing technology is
widely applied for the detailed spatially explicit information and relative objectivity (Pandey
and Seto, 2015). Till now, China has carried out two land surveys in 1984-1996 and 2007—
2009 respectively. The land use classification was different between the two surveys, which
resulted in a gap during 2009-2013 compared to previous years. In order to be more objective
and avoid the error of technology in statistical data, future research should not only rely on
land survey, but also on the application of remote sensing data.
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Table 1 Variable and anticipated signs.

variable variable definitions Anticipated signs

y Newly-added construction land /

c Constant +/-

pld Population density -

pgdp GDP per capita +

idu Proportion of secondary and tertiary industries in +/-
GDP

gac Allocation the annual quota of arable land +
converted to construction use

rap The ratio of arable land protection -

AFC _
IGM IGM =1— b

Residual error
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Table 2 Descriptive statistics of variables used in the model.

Variable Number of observations Minimum Maximum Mean Std. deviation Vif
¥ 248 601.73 57496.81 17582.70 12205.07 -
pld 248 2.37 2889.06 396.46 502.75 3.10
pedp 248 5514 86,776 28627.09 17208.80 2.90
IGM 248 —7.44 0.77 -=0.35 0.72 1.12
rap 248 68.49 136.63 104.12 11.13 1.74
idu 248 67.28 99.4 88.52 5.73 2.18
qac 248 393.33 14646.67 5727.04 2994.55 1.08
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Table 3 Estimation results.

Variable

F-test
Hausman test

Fixed effect Random effect

Coef. Std. Err. (-Statistic P> |t| Coef. Std. Err. (-Statistic P> [t
9.5372 15.2598 0.62 0.533 —0.0458 2.649 —0.02 0.986
—0.0308 0.0827 -0.37 0.709 0.0312 0.0547 0.57 0.568
—1317.139 783.047 -1.68 0.094 —1721.008 743.6668 -2.31 0.021
327.9397 80.64635 4.07 0.000 251.1253 66.0294 3.80 0.000
127.0488 436.8891 0.29 0.771 —18.1553 200.815 —-0.09 0.928
2.8454 0.6319 4.50 0.000 2.8420 0.2862 9.93 0.000
—47468.69 38994.11 -1.22 0.225 —24717.35 17,823 —-1.39 0.165
0.43 0.55

598 598

F =148 Wald chi2(6) = 163.32

Prob > chi2 = 0.278
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Figure 1. The map of case study locations.
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Figure 2. Visual graphs between dependent and independent variables.
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The strict implementation
of ALUP on provincial level
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Figure 5. The positive effect of strict implementation of ALUP in China from 2006 to 2013.
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The relaxed implementation
of ALUP on provincial level
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Figure 6. The negative effect of relaxed implementation of ALUP in China from 2006 to
2013.
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The ratio of actual newly-added construction land
and that allocation quota of annual land use plan
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Figure 7. The ratio of actual newly-added construction growth land and that allocation quota
of annual land use plan.
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Average annual rate of construction land growth
in 2006-2013 on provincial level
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Figure 8. Average annual rate of construction land in 2006-2013 on provincial level.
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average allocation quota of newly-added construction land in annual land use plan during 2007-2013
average actual newly-added construction land growth during 2007-2013
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Figure 9. Differences between average actual newly-added construction land growth and that
ALUP expected.
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