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Abstract: A land-use plan is a core policy tool to curb excessive non-agriculturalization of
agricultural land. The effect of plan implementation can affect sustainable land use and regional
development. Empirical studies have shown that land development commonly and frequently fails
to conform to land-use plans. However, neither qualitative nor quantitative studies are conducted
to comprehensively explore the reasons for zoning–land use mismatch. To help bridge this gap,
this study explored to what extent a plan has been implemented and what factors have affected
zoning–land use mismatch. A new deviation discriminant framework of planning implementation
was presented. Moreover, the logistics model was applied to discuss which factors substantially affect
the zoning–land use mismatch. The plan implementation results were divided into the conformed,
exceeded and unused areas. The general land-use plan failed in its spatial control over rural
settlements and other built-up lands, with both more than 90% of the newly added construction land
beyond zoning. In addition, the newly added construction land of rural settlements, other built-up
lands, and transportation lands all exceeded the quota control. Furthermore, the physical factors
of distance from the river, the elevation, the slope and the level, and the social-economic factors of
the gross domestic product, the fiscal revenue, the fixed assets investments, and the rank of town
have prominent effects on zoning–land use mismatch. Enhancing the flexibility of the land-use plan
and strengthening the relationship between planning quotas and spatial zoning in the future are
necessary to promote the effect of plan implementation.

Keywords: plan implementation; land-use plan; construction land; mismatch; impact factors

1. Introduction

The rapid expansion of cities worldwide and the excessive non-agriculturalization of agricultural
land have seriously affected the sustainable development of human civilization [1,2]. To this end,
containing the disorderly expansion of built-up land and strengthening the control of land use in
recent years are important work for the government [3,4]. The land-use plan is a basic policy tool
to allocate land resources. Especially in China, the general land use plan gradually plays a critical
role in controlling the built-up land expansion by delimiting growth boundaries or zoning areas [5–9].

Sustainability 2020, 12, 265; doi:10.3390/su12010265 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0003-4196-0051
https://orcid.org/0000-0003-3626-1002
http://dx.doi.org/10.3390/su12010265
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/12/1/265?type=check_update&version=2


Sustainability 2020, 12, 265 2 of 25

However, empirical studies have indicated that whether in Europe, North America, Asia, or elsewhere,
land development commonly and frequently fails to conform to land-use plans [5,10]. As a specific
category of planning, land-use planning also has the nature of planning, which faces different social,
political, and economic uncertainties; and planners hope to confront these uncertainties with their
decisions [11]. Therefore, the deviation between the planning implementation results and the planning
intentions is inevitable.

Rapid socio-economic changes have a significant impact on the effect of planning implementation,
and this impact is particularly evident in China [6,12]. In the context of the transition period, China’s
spatial planning and implementation are also affected by the transition from the planned to the market
economy [7,13,14]. China has experienced a period of rapid development since the reform and opening
up in 1978 [15]. Rapid economic growth and tremendous social change pose a serious challenge to
planning implementation. In China, the general land-use plan (GLUP) is a comprehensive instrument
for controlling built-up land growth [5]. The land development is completely in accordance with
the route determined by the economic plan in the planned economy period. Hence, the planning
implementation results are close to the planning intention in the dimension of ‘timing, scale, type,
and location.’ However, with the deepening of economic changes, the environment of planning
implementation has changed dramatically. Therefore, the demands faced by planning implementation
have undergone profound changes, and the results of the planning implementation have been influenced
by market mechanisms and many stakeholders [16]. Moreover, the expansion of construction land has
become difficult to predict [6,9]. Public policy, as the allocation of intervention resources, has always
been a passive way of regulation, which cannot be synchronized with the market and even seriously
lags behind the market demand [17]. The implementation problem of zoning–land use mismatch
which land use is outside zoning when planning remains unused becomes increasingly serious as
the market mechanism gradually starts to affect the allocation of space resources [8,13,18]. Increasing
planning practices have shown that plans and land-use outcomes do not perfectly match because of
the failure to follow the plan. Hence, the government’s position in any future land-use planning or
regulatory effects is weakened [10,14]. A mismatch between planning intentions and the actual space
development is becoming common. Planning implementation is judged to be able to slow but not
fully prevent the rapid expansion of construction land [5]. Tian and Shen (2011) believed that China is
in an unprecedented period of rapid development, social transformation, and reform. In addition,
the existing rigid planning cannot adapt to such a high degree of future uncertainty, resulting in the
common failure of planning [13]. Since 2000, the contradiction of such planning implementation has
gradually approached the critical situation that the actual amount of newly-added construction land of
the whole nation exceeded the planned goal, while the plan has not reached its deadline [19,20]. The
site selection for land development becomes increasingly difficult to predict for planning in the context
of rapid urbanization, and a number of organizations or individuals are involved. Furthermore, the
impact of planning on space development is weakened [7]. Planning may conflict with the need of
economic development when it fails to effectively solve practical problems [21]. Therefore, seeking a
way to improve the effectiveness of planning implementation is an important mission for planning
researchers and management practitioners.

Scholars attempt to dig into the mechanism of planning implementation to understand the
possible relationship between land-use plan and actual land use. However, previous studies have only
applied non-conformance as an object of study. Non-conformance results occur when the plan sets
aside sufficient space for land development, but the site of land development is outside the scope
of the control zone defined by the plan. For this reason, neither qualitative nor quantitative studies
are conducted to comprehensively explore the reasons for zoning–land use mismatch. In order to
bridge this gap, the major impact factors conducive to built-up land expansion contravention planning
intentions need further analysis [22]. The present study explores to what extent a plan has been
implemented and what factors have affected zoning–land use mismatch.
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2. Literature Review

The prerequisite of improving the effectiveness of planning regulation is continually reviewing and
evaluating plans [22,23]. There are two widely used methods to evaluate the planning implementation
effects, namely the conformance-based approach and the performance-based approach [24]. In
general, comparing plans with their physical outcomes on the basis of spatial concordance is an
important basis for judging the effectiveness of planning implementation. This simple and intuitive
evaluation method has been widely applied under the support of Geographical Information System
(GIS) technology [25–27]. Therefore, the effect of planning implementation depends on the degree
of spatial coincidence between the planning implementation results and the planning space control
zone. Furthermore, the spatial coincidence degree of planning implementation becomes a symbol of
the effectiveness of spatial planning implementation [28,29]. Alterman and Hill introduced a grid
overlay method to quantify the ‘accordance and deviation’ between land-use plan and actual land
use [30,31]. Calkins (1979) developed a ‘planning monitor’ to investigate the degree of realization for
planning goals and land use [32]. Brody and Highfield (2005) conducted spatial and statistical analyses
to identify significant nonconformity clustering in Florida wetlands [33]. However, the fact that the
nature of planning is future-oriented, and future development is uncertain should not be ignored. This
uncertainty is in accordance with the developing optimal strategies that social and individual activity
of attain to their desired goals [34], which implies the fate of deviation between the results of planning
implementation and intention [24]. Therefore, planning is often a failure if you only judge from the
results. In the field of public policy, no one can accurately predict the ability of planning policies to
influence and guide behaviour. No one can ensure an exact match between planning intentions and
results [35]. To this end, Loh (2011) further divided the non-conformance area into three on the basis of
a GIS comparison of planned versus actual land use. The objective is to gain a deep understanding
of the non-conformance phenomenon in the implementation results of the plan. She believed that
not all types of non-conformance mean planning failure. Types A and B non-conformities illustrate
that planning processes are not finished but probably working as planned. In addition, most Type
C non-conformity, resulting from failure to follow the plan, weaken the government’s position in
any future land-use planning or regulatory efforts [10]. Slightly different from Loh’s work, Padeiro
(2016) divided types of non-conformity into alternative three types in detail: (1) non-conversion which
includes natural succession and territorial fragmentation; (2) functional which is deviation made
up of economic-, residential- and other user-driven deviations; (3) transgression subdivided into
transgression of local regulations and boundaries and transgression of specially protected areas [22].
These studies can accurately identify areas of zoning–land use mismatch that is conducive to a deep
understanding of the complexity of outcomes. However, the interpretation of such studies can be
unclear [10].

Emphasizing that the purpose of the planning evaluation is to investigate the relationships
between plans and physical outcomes is important [22,23]. Thus, this process provides planners
and planning managers with a framework for understanding and solving planning implementation
problems [36–38]. The researchers believe that distinguishing amongst different reasons for areas of
non-conformance between plans and actual land use that helps strengthen the land use plan, practically
and legally [10]. Identifying factors associated with zoning–land use mismatch can improve plans and
the planning process [36,39,40]. Qualitative and policy simulation methods are exploited to explain the
causes of planning implementation deviation results. Bulti and Sori (2017) found that the limitation
of plan implementation effectiveness is due to the combined result of geographic variables, absence
of regular monitoring and evaluation, lack of commitment and political leadership influence [26].
By analyzing 353 permits implementing six local environmental plans in New Zealand, Laurian
et al. (2004) revealed that plan implementation is mainly driven by the resources of the planning
agencies and by the quality of the plans, rather than by the characteristics of the developers [41]. Shen
et al. (2019) built an integrated framework to distinguish the corresponding degrees of planning
effectiveness. They emphasized that non-conforming outcomes may be guided by planning goals



Sustainability 2020, 12, 265 4 of 25

and hence contribute to realizing them [7]. The qualitative method cannot give a direct causality
to how zoning–land use mismatch takes place. Certain scholars attempt to answer this question
through quantitative analysis. Padeiro (2016) computed three logistic models to identify the main
measurable factors conductive to conformance change. He believed that the uncertainty of social and
economic development and the random appearance of new local opportunities for land development
are important reasons for land-use deviation from planning expectations [22]. The same explanation
also appears in the case of China. Tian and Shen (2011) believed that when market factors are gradually
introduced into urban development, deviation from land-use plan may be the market’s response to
rigid land-use planning [13]. In addition, spatial connectivity is an influencing factor that cannot be
ignored [42]. Talen et al. (2016) investigated the disconnection between a parcel’s actual land use and
its corresponding zoning designation. They found that zoning–land use mismatch is not a random
phenomenon. The failure outcomes of regulation are related to the proximity of spatial locations [23].
Local governments in China play multiple roles in non-conforming urban expansion, through which
they increase financial revenue, site large-scale development projects and provide public goods [43].

In addition, existing research has a relatively simple method for judging the conformity of planning
implementation results. However, when China controls the expansion of construction land, it adopts
the combination of top-down quota control and delineation of growth control zones [5,7,14]. Therefore,
when discriminating whether the implementation result of planning belongs to non-conformance, the
following are necessary: (1) discriminating whether the actual land use is in the scope of planning
permission in spatial position, and (2) further discussing whether its land use has planning permission
even beyond the scope of planning, that is, the planning reservation newly added land development
quota. Given this, this study first provides a conceptual framework for identifying the non-conformance
part based on the combined impact of quota and zoning regulations in China. Secondly, we transferred
the planning implementation results into a decision probability issue. Then, the inclination of actual
land-use zoning within or beyond the scope of planning permission can be translated into the
mismatch probability of zoning and actual land use. Lastly, we discussed the factors that affect the
mismatch effects.

3. Materials and Methods

3.1. Study Area

Cangwu County is located at the east of Guangxi Province, which is 13 km away from Wuzhou City;
384 km away from Nanning City, the capital of Guangxi Province; and 350 km away from Guangzhou
City, the capital of Guangdong Province (Figure 1). That is, this county plays an important role in the
connection between Nanning and Guangzhou. In general, Cangwu County is an underdeveloped
county, which is still in the rapid development stage of industrialization and urbanization. Considering
its current situation of urban development and the key role between Nanning and Guangzhou, a fast
development stage should exist for Cangwu County in the next few years. Previous studies have
shown that in the rapid stage of socio-economic development, the plan implementation is faced with
more uncertainties of economic development, resulting in more prominent contradictions between
land development and planning [5,14,43]. That is, Cangwu County likely faces the space control issues
which is zoning–land use mismatch. Thus, we select this county as the study area for this research.
Moreover, given that the county center is the core of the development in Cangwu, our discussion
mainly focuses on this region, as illustrated in the right of Figure 5.
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3.2. Deviation Discriminant Framework of Planning Implementation

China has set up a top-down land use planning system [14]. Its core lies in the quota and zoning
system to control the construction land expansion [5,20]. Specifically, the quota system is mainly
operated by the quota limits of total construction land and newly-added construction land (which
is converted from agricultural land) [44–46]. While, zoning system is another tool to delimit the
permitted boundaries of newly-added construction land based on the situation of socio-economic
development [47,48]. Zoning system decides the scale and scope for construction land and farmland [49].
In other words, land use planning in China is essentially a “quota with zoning” system [5]. Therefore,
each newly-added construction land should meet two goals in general: one is to obtain the permission
of quota, and the other is to locate this piece of land within zoning areas. However, there are several
exceptions, such as the construction projects of high-way roads and hydropower station. In practice,
these special projects are difficult to locate on the zoning map during the formation of land use plan,
but they will be written in the planning textbook. Thus, in the identification process of planning
implementation deviations, we need to focus not only on the zoning maps, but also on the quota
part. Based on this, we develop a deviation discriminant framework of planning implementation in
this study.

Firstly, we extract the actual expansion of construction land by overlaying two-period land-use
map; one is a land-use map in T0, and the other is the land-use map in T1. Secondly, we make another
overlay operation for the land-use plan map and extraction result from the previous step. In this way,
the implementation effects of the GLUP are picked out. Thirdly, we add the quota of the GLUP to
adjust the implementation effects (Figure 2).
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Figure 2. Framework of evaluating adjusted implementation effect.

With this process, we can divide the study region into four categories, namely, conformed, unused,
exceeded, and legitimated areas (Figure 3). (1) The conformed area refers to areas where actual land
use is consistent with the GLUP. That is, these areas should be located in the zoning area. Normally,
the scale of conformed area is less than or equal to the planning quota. (2) The unused area lies in the
planning scope which is planned to land development but is not used after implementation. (3) The
exceeded area is in contrast to the unused area; Such areas are used but lie outside the zoning area. (4)
The legitimated area is part of the exceeded area, but such an exceeded area is legitimated according to
the GLUP (GLUP in China is operated through two parallel systems: one is the zoning system. Under
this system, most planned areas are located on the map inside the zoning area. Another system is
quota system, which is for the areas that are difficult to locate on the map, such as transportation, water
conservancy construction land and other built-up lands. These areas can be regulated by the quota
system.) during the adjustment procedure. Based on the above discussion, we reclassify these four
categories into three main classes: the conformed, unused, and exceeded areas. Here, the legitimated
area is categorized into the class of conformed area; this area can be legitimated on the basis of the
GLUP despite lying in the exceeded area. We can define these three types of areas through the following
conceptual model:
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Figure 3 and Equations (1)–(4) show that the zoning area consists of the unused and conformed
areas (excluding the legitimated area). In addition, the actually used area generally includes the
conformed and exceeded areas. In that way, we conceptualize the GLUP and actual land use into three
kinds of areas. The Cangwu General Land-Use Plan (1998–2010) stated that the construction land is
gathered on the basis of six categories of land, namely, urban and town built-up land, rural settlements,
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industrial/mining land, transportation land, water conservancy construction land and other built-up
land (Table 1).

Table 1. Construction land classification system.

Level I Level II Descriptions

Construction Land

Urban and Town Built-Up Land Construction land for urban and town

Rural Settlements Construction land for rural settlements

Industrial/Mining Land Construction land for public mining
companies, quarries, warehouses, and so on

Transportation Land Construction land for traffic lines, stations
and so on

Water Conservancy Construction Land Construction land for reservoirs, hydraulic
constructions, and so on

Other Built-Up Land Construction land for national defense, places
of interest, tourism, cemeteries, and so on

3.3. Logistics Modelling

In theory, land development should be within the scope of planning permission. However, in fact,
land development is beyond the planned scope while the permission area is still remaining. Therefore,
this study analyzes the impact of construction land-use planning and implementation of space control
effect by the logistic regression model, that can provide useful insights [33,42]. Based on sampling, we
can determine these significant factors and remove certain non-significant factors. We can also obtain
regression coefficients for each significant factor, which can be interpreted as the probability of specific
land-use change. This method has been widely used in the land-use pattern evolution and its driving
force analysis [50–53].

According to the logistic regression model, the result of an event represented by variable Y can
be produced by a set of independent variables Xn. In the present study, Y refers to the situation of
exceeding land planning or unused construction land during the planning period; its assignment rule
is as follows: Y = 1 indicates the newly added construction land use located in the Exceeded Area; Y =

0 indicates that the planning construction land is unused, namely, the Unused Area. The probability of
exceeding the planning is P, and the unused situation is 1 − P. Thus, the regression model is as follows:

ln [p/(1− p)] = α+ β1x1 + β2x2+, · · · ,+βnxn (1)

In Formula (1), X1, X2, . . . , Xn represent the n influence factors of outcome Y; α is a constant
term; β1, β2, . . . , βn are the partial regression coefficients of the logistic regression. The probability of
occurrence time can be represented by a nonlinear function, which consists of explanatory variables
X1, X2, . . . , Xn.

p =
exp(α+ β1x1 + β2x2+, · · · ,+βnxn)

1 + exp(α+ β1x1 + β2x2+, · · · ,+βnxn)
(2)

The odds ratio is utilized to explain the logistic regression coefficients of independent variables; it
can be estimated by the exponent of parameter estimators. The formula is as follows:

odd(p) = exp(α+ β1x1 + β2x2+, · · · ,+βnxn) (3)

In this study, the Wald statistic evaluates the explanatory variables to predict the contribution of
the event. The relative operating characteristics (ROC) is also used to test the fitness of the model.

3.4. Potential Influencing Factors

Although factors influencing the actual land use, especially built-up land development, are diverse
and complex [13,23,25,31,43,54]. The existing studies have analyzed the factors that influence the result
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of planning implementation [22,23,54]. After a literature review, we find that the influence factors are
aggregated into two categories for analysis: (1) socio-economic, and (2) physical factors.

As is stated by Brueckner that “land use conversion is guided by the invisible hand of market
economy which directs land resources to their highest and best use” [55]. It is generally accepted that
socio-economic factors are the core driving forces affecting the expansion of construction land [56,57].
Many scholars believe that the expansion of construction land is mainly driven by population growth,
economic development [58–61], and urbanization [15,62]. The demographic factor is an important
driving factor affecting the planning implementation results [5]. In addition, studies show that
foreign direct investment has a significant impact on local economic development and can bring about
large-scale built-up land development [53]. Otherwise, in the context of investment-led economy,
which a mode of economic development that many municipality-county-township governments prefer
in China, the local governments invest in urban infrastructure through fiscal revenue could bring
more land development than planned [5,12]. In this case, the growth of fiscal revenue and fix assets
investments are the potential factors which cause deviation of plan implementation. Furthermore,
after the reform and opening up, foreign direct investment has become a powerful driving force for
local economic development. Studies have shown that in order to pursue foreign investment, local
governments even adjust their planning without limit to meet the demand for land development [63,64].
Moreover, in a top-down planning system, the development orientation and function of each town
are different, thus forming different town rank that can affect the input of the above factors and
directly affect the expansion of built-up land that determine the outcomes of plan implementation [65].
To this end, we select the potential impact factors, including the population density (PD), the rate
of urbanisation (URB), the gross domestic product (GDP), the fiscal revenue (FR), the fixed assets
investments (FAI), and the rank of town (RT).

In addition to socio-economic factors play a driving role in the expansion of built-up land. Physical
factors are the fundamental determinants of the extent and spatial distribution of land development [66].
The suitability and limitations of physical factors must be considered, whether land development or
infrastructure site location [54]. The adequate water supply and the land provisions are the foundation
of urban development. Thus, distance from the river and topography determines the location of
newly-added construction land [66]. To this end, we select the distance from the river (DR), the
elevation (ELE), the slope (SLO) and other factors. Moreover, location conditions are influential factors
that cannot be ignored. The distance from important traffic trunks is one of the factors affecting
land-use change [54,67]. For most towns in China, urban development and industrial enterprise site
selection are affected not only by high-grade highways, such as expressways and national highways,
but also by provincial and county-level roads. To this end, we divide the road factors into the distance
from the road of level-I (DRLI) and the distance from the road of level-II (DRLII). For the interior
of the town, the distance from the government resident (DGR) is a factor that cannot be ignored,
and it can strongly affect the location of built-up land within the town. In China, many government
departments and commercial enterprises always gather around the government resident, which shows
the best location conditions of this area. Therefore, DGR could directly affects the results of planning
implementation (Table 2).

Table 2. Potential influencing factors.

Potential Influencing Factors Description Source

Spatial Influence Factors

DR Distance from the river Land Use Map

ELE Elevation Data Center for Resources and Environmental
Sciences, Chinese Academy of Sciences

(RESDC) (http://www.resdc.cn)SLO Slope

http://www.resdc.cn
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Table 2. Cont.

Potential Influencing Factors Description Source

DRLI Distance from the road of
level-I Land Use Map

DRLII Distance from the road of
level-II

DGR Distance from the
government resident

Social-Economic
Influence Factors

PD Population density

Cangwu Statistical YearbooksURB Rate of urbanization

GDP Gross domestic product

FR Fiscal revenue

FAI Fixed assets investments

RT Rank of town Cangwu County Master Plan (2007–2020)

3.5. Data Sampling and Process

This research utilized a rich combination of data sources, including the following: (1) land-use
maps of Cangwu County in 1997 and 2009; (2) land-use plan map (1998–2010) of Cangwu County; (3)
time-series data on existing land use are obtained from a survey of land-use change in Cangwu County;
(4) 30 m resolution digital elevation model of Cangwu County from Data Center for Resources and
Environmental Sciences, Chinese Academy of Sciences (RESDC) (http://www.resdc.cn); (5) demographic
and other socio-economic data from the Cangwu Statistical Yearbooks.

The value of influence factors in the equation was extracted mainly through the CLUE-S model,
which was developed by Verburg [68]. This model is widely used in studies on land use and land cover
change [69–72]. Firstly, the relevant variable data were defined into a unified coordinate system of the
30 × 30 m grid layer in ArcGIS platform. Secondly, the spatial distribution of construction land after
implementation was extracted through overlaying land use map in 1997, 2009 and land-use planning
map (1998–2010). The unused and exceeded construction land block (Y) were distinguished and
assigned respectively with the accurate records of land area in six types of land, namely, town, rural
settlement, industrial and mining area, land for special use, traffic land, and water facility. Thirdly, all
the influence factors (X) were assigned. Socio-economic factors classified the assignment separately
according to the variation of PD, URB, the GDP, and the FI of each town and the function level of each
town in the Cangwu County master plan (2007–2020). Physical factors were decreasing assignment
outward along the river, the road of level-I, the road of level-II, the location of township government,
and the rank of elevation and slope. Since the distance effect has a significant attenuation characteristic
to land use decision. The classification of physical factors, such as the distance to river, the road of
level-I, the road of level-II, the location of township government, were used with 2 km as the buffer
threshold [73]. After that, the independent and dependent variables can be converted into ‘*.asc’
file in ArcGIS 10.2 by the toolbox of ‘Raster to ASCII’ Then, the results are turned into single-record
files through the CLUE-S model. Lastly, influence factors that affect the space control in land-use
planning implementation were diagnosed by applying the logistic model in the SPSS platform. Figure 4
illustrates the specific operation process, and the Appendix A shows the classification results of the
influence factors.

http://www.resdc.cn
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4. Results

4.1. Regulation Effectiveness of the GLUP on Spatial Zoning

As stated in the methodological framework, the effectiveness of the GLUP implementation can be
extracted through the two steps of overlay operations. Firstly, by overlaying the land use map in 2009
and 1997, the expansion situation of construction land is identified. Secondly, based on this result, we
overlay with the land-use plan map (1998–2010) of Cangwu County to determine the implementation
effects of the GLUP in Cangwu County (Figure 5).

In line with the analytical framework in Figure 2 and Equations (1)–(4), we divide the
implementation effects into three classes. The first one is the conformed area, which includes
the original conformed area (the used area is conformed to the planning map) and the legitimated area,
which is the ‘green’ part. The second one is the exceeded area, which refers to the area that is outside
the GLUP and cannot be legitimated in the meantime. The last one is the unused area, which is located
on the planning map but has not been used in the planning period.

Considering the unpredictable characteristics of most rural residential, other built-up,
transportation and water conservancy construction projects which have special requirements for
site selection that it is hardly to be located on the map of the GLUP. Therefore, the general regulation
effectiveness is not good enough for these kinds of construction land (Figure 5).

Specifically, the conformed area is mainly led by urban and town built-up and industrial/mining
lands. Figure 6 displays that these two types of land are mainly located in the center of Cangwu County.
Notably, the transportation land, which is labelled in sign 1, is a typical piece of legitimated land. As
mentioned in the GLUP, a new high-way road can be built. Such a kind of construction project can be
allocated with enough planning quotas, but these quotas are not located on the planning map. Hence,
this kind of construction land can be legitimated after the planning implementation. The same applies
to most water conservancy construction lands.
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The situation is complicated for the exceeded area (Figure 7). Firstly, sign 2 is also a new road.
Unlike the former, this road is a high-speed railway. Moreover, this railway is not included in the
GLUP. Hence, this kind of transportation land can be classified amongst the exceeded area. Secondly,
signs 3 and 4 exceed other built-up lands and rural settlements, respectively. Several rural settlements
are occupied to build a scenic spot. On the contrary, rural residential lands are normally sporadic and
small. Regulating through the GLUP is difficult. Lastly, industrial development is another major cause
for the excess of construction land. For example, a development zone is relocated at sign 5, which
leads to a large scale of excess. In addition, sign 6 is a region for innovative industrial companies.
Similar to sign 2, this project has not been mentioned in the plan. During the planning period, the local
government tries to build a site for renewable energy, which can stimulate local economic development.
Furthermore, the location should be far from the county center. Hence, an exceeded situation for
industrial/mining land happens in this region.

As for the unused area, the situation is quite clear. Most of this area is in the center of the county
and belongs to urban land, which is prepared for real estate development. Figure 8 shows that the
scale of this area is large. That is, considerable urban and town built-up land quotas have not been
used during this period.
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Table 3 shows that the major expansion of construction land is contributed by urban growth
and transportation infrastructure construction. Amongst these six kinds of construction land, the
development of urban and town built-up, industrial/mining, transportation, and water conservancy
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construction lands essentially consists of the GLUP. Moreover, when we look at the exceeded situation,
the rural settlement and other built-up lands are two main contributors.

Table 3. Regulation effectiveness of the general land use plan (GLUP) on spatial zoning.

Categories Expansion The Conformed The Exceeded

Area (ha) Area (ha) % Expansion Area (ha) % Expansion

Urban and Town Built-up Land 1503.04 1322.43 87.98 180.61 12.02
Rural Settlements 563.38 41.75 7.41 521.63 92.59

Industrial/Mining Land 178.26 120.98 67.87 57.28 32.13
Other Built-up Land 75.29 1.76 2.34 75.29 97.66
Transportation Land 1126.45 648.13 57.54 478.32 42.46
Water Conservancy
Construction Land 48.31 48.31 100.00 0 0

Total 3494.73 2139.85 323.14 1354.88 276.86

4.2. Regulation Effectiveness of the GLUP on Quota Control

As previously discussed, the analysis of the zoning part is insufficient for evaluating the regulation
effectiveness. The quota system should also be considered, especially for lands that have not been
located on the land-use planning map.

Specifically, the quota control for industrial/mining and urban and town built-up lands is relatively
good. Their expansions are almost equal to their planning quota, which account for 80.96% and 98.90%,
respectively. This result may be due to the dual regulation (the construction land is controlled by
spatial zoning and planning quotas). These two kinds of construction lands are regulated through
two dimensions. On the one hand, the planning quota sets a ceiling for its development during the
planning period. On the other hand, these quotas are limited within the zoning areas (Table 4).

Table 4. Quota Control in the GLUP (I).

Categories Planning Quota Expansion Remaining Quota

Area (ha) Area (ha) % Quota Area (ha)

Urban and Town Built-up Land 1519.8 1503.04 98.90 16.76
Rural Settlements 42.11 563.38 1337.88 −521.27

Industrial/Mining Land 220.18 178.26 80.96 41.92
Other Built-up Land 20.66 75.29 364.42 −54.63

Total 1802.75 2319.97 1882.16 −517.22

For rural settlements and other built-up lands, the quota system fails to play its role. The expansion
of rural settlements and other built-up lands is almost 13 and 3.6 times to their quotas, respectively.
Hence, both kinds of construction land make an enormous contribution to the excess. In contrast to
the situation above, they have not been located on the land-use planning map in consideration of
their unpredictable property. Therefore, only one-dimensional regulation, that is, a quota system, is
introduced for these two kinds.

The regulation of the two other kinds of construction land (Table 5) is quite different from that of
the former two. For one thing, predicting the accurate zoning area and quotas for transportation and
water conservancy construction lands is difficult. Thus, only parts of their quotas are located on the
planning map. For another, most transportation and water conservancy lands are not located on the
planning map. Therefore, this kind of situation can normally bring several outcomes: (1) the planning
quota cannot accurately cover the actual development; (2) the actual used area cannot be conformed
with the planning map. On the basis of these characteristics, both kinds of construction land can be
eventually legitimated.
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Table 5. Quota Control in the GLUP (II).

Categories Planning Quota Expansion Remaining Quota

Area (ha) Area (ha) % Quota Area (ha)

Transportation Land 828.88 1126.45 135.90 −297.57
Water Conservancy Construction

Land 538.5 48.31 8.97 490.19

Total 1367.38 1174.76 144.87 192.62

4.3. Zoning-Land Use Mismatch

In combination with the analytical framework in Figure 2 and Equations (1)–(4), the expansion
area can be categorized into three classes: the conformed, unused and exceeded areas. Table 6 shows
that the conformed area generally comprises urban and town built-up and industrial/mining lands. For
the unused part, although the quota of water conservancy construction land has a large surplus, this
kind of land has not been located on the planning map. Thus, this surplus quota of water conservancy
construction land can be regarded as unused quotas. Moreover, this area has a little proportion of
the expansion.

Table 6. Quota control in the GLUP (IV).

Categories Quota The Conformed The Unused The Exceeded

Area (ha) Area (ha) % Quota Area (ha) % Quota Area (ha)

Urban and Town Built-up Land 1519.8 1322.43 87.01 197.37 12.99 180.61
Rural Settlements 42.11 41.75 99.15 0 0 563.38

Industrial/Mining Land 220.18 120.98 54.95 99.2 45.05 57.28
Other Built-up Land 20.66 1.76 8.52 0 0 75.29

Total 1802.75 1486.92 249.62 296.57 58.04 876.56

Transportation Land 828.88 648.13 78.19 0 0 478.32
Water Conservancy Construction

Land 538.5 48.31 8.97 0 0 0

Total 1367.38 696.44 87.16 0 0 478.32

This result is completely different from the situation of the exceeded area. A large part of this
area stems from rural settlements and transportation lands. As for rural settlement lands, on the one
hand, the planning quota is not that accurate for the actual development. On the other hand, the
development of rural settlements is largely spontaneous, which cannot be effectively regulated through
quotas and planning. Transportation lands also have an unpredictable development. As previously
stated, the two main kinds of outcomes are as follows: one is covered through the planning quota, such
as the situation of sign 1 in Figure 6. The other is not mentioned in the GLUP, only as sign 2 in Figure 7.

4.4. Impact Factors

According to the analysis of planning implementation, although the scale of newly added
construction land conforms to the planning regulation, certain expansions are incompatible with
planning in space control. The expansion of certain types of land use, such as rural settlements and
other built-up lands, far exceeds the limit of planning. Meanwhile, the unused and the exceeded coexist
for the same type of land use, such as urban and town built-up and industrial/mining lands. Spatial
mismatch problems exist in the planning implementation. For this reason, exploring the driving forces
is necessary for determining what factors influence space control in construction land-use regulation
through building a discriminant between the unused and the exceeded. Lastly, a logistic regression
analysis is processed in SPSS.

In order to avoid collinearity problem caused by country of independent variables with large
correlation coefficient. In this study, stepwise regression method was adopted to eliminate the
independent variables with relatively small influence by setting the test level with p-value less than
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0.05. Table 7 presents the results of estimates and the test value of ROC. After eliminating certain
impact factors, the ROC value reaches 0.737, indicating that the fitness of simulation is good enough.
The following is the regression equation.

Ln
[ p

1 − p

]
= −3.665 − 2. 136 DR + 0. 556 ELE + 0. 144 SLO − 0. 316 DRL II

+ 2. 631 GDP − 0. 356 FR + 0. 964 FAI + 0. 567 RT
(4)

Table 7. Evaluation result of the influence factors of construction land expansion exceeding the plan.

Influence Factors B S.E. Wald df Exp(B) 95.0% C.I. for EXP(B)

Lower Upper

Distance from the River (DR) −2.136 *** 0.223 91.851 1 0.118 0.076 0.183
Elevation (ELE) 0.556 *** 0.049 129.14 1 1.743 1.584 1.918

Slope (SLO) 0.144 *** 0.027 28.127 1 1.154 1.095 1.217
Distance from the Road of Level-II (DRLII) −0.316 *** 0.043 53.796 1 0.729 0.67 0.793

GDP 2.631 *** 0.196 180.814 1 13.882 9.461 20.368
Fiscal Revenue (FR) −0.356 *** 0.07 26.199 1 0.7 0.611 0.803

Fixed Assets Investments (FAI) 0.964 *** 0.129 56.16 1 2.622 2.038 3.374
Rank of Town (RT) 0.567 *** 0.17 11.189 1 1.763 1.265 2.459

Constant −3.665 *** 0.087 1782 1 0.026
ROC 0.737

Note: *** denotes significance higher than 0.001.

That is, we can obtain a simulated model to explain the kind of factors that can affect the space
control in land-use planning implementation. In general, spatial and socio-economic factors have an
impact on the implementation of space control in construction land-use planning. The physical factors
of DR, ELE, SLO, and DRLII and the social-economic factors of GDP, FR, FAI, and RT have prominent
effects. According to Wald χ2 statistics, the probability of the implementation result deviating from the
planning expectation can decrease as the DR and road of level-II increase, with other conditions being
constant. In addition, the decrease of local FR can reduce the deviation of planning implementation
results. On the contrary, in physical factors, if the elevation and slope levels increase, then the deviation
probability of planning implementation results also increases. In socio-economic factors, if the GDP,
FAI, and RT levels increase, then the probability of planning implementation results deviating from
expectations can be significantly increased. The explanatory variables that influence the deviation
of the planning implementation results are as follows: GDP, ELE, DR, FAI, DRLII, SLO, FI, and RT
(Table 6).

5. Discussion

5.1. Economic Development Brings Significant Uncertainty to the Implementation Results

Plan making is currently driven by a logic of certainty and rationality. However, implementation
intentions can change due to the rapid development of regional economy and urbanization, which is
always accompanied by the new demand, not only in quota but also in spatial layout for newly-added
construction land that causes a situation of great uncertainty. This process inevitably leads to the
paradox of planning [74].

GDP is the most significant factor affecting the implementation of the plan. As shown in the
example, the gross regional product of Cangwu reached 7.218 billion yuan in 2009, increasing 250%
from 1997. Logistics regression results show that the occurrence probability of exceeded the plan would
increase by nearly 13 times for every 30 million RMB increased in GDP. It also has been confirmed
by previous studies that construction land expansion is prominently influenced by increase in gross
domestic product (GDP), which usually promotes land development more than expected in the context
of rapid development [5,75,76].
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Moreover, investment in fixed assets (FAI) is another significant influencing factor. In recent years,
in order to improve the regional investment environment and people’s welfare, both the central and local
governments have stepped up investment in infrastructure to build a lot of new high-speed railways
and expressways which are not part of the original plan through fixed asset investment. Meeting such
a demand for local development becomes difficult, especially for the traffic land expansion in this case.
Therefore, the increase of fixed asset investment brings more uncertainties to the implementation of
the plan that much of the demand for land development has exceeded planning expectations. This is
also an important reason for the zoning-land use mismatch. As regression result show that when fixed
investment increased by one unit, the mismatch probability increased by 162.2%.

Moreover, the rank of town reflects the importance of the economic development of each township
within a county. If the township is on a higher rank which is given by national economic and social
development planning, it will get more investment from the upper government that more infrastructure
projects and investment will be prioritized located in these townships [65]. It also means that planning
is more likely to face the situation that development needs and land development requirements is out
of expected. The empirical results show that rank of town (RT) significantly affects the result of plan
implementation. When the RT increased by one level, the mismatch probability increased by 76.3%.

By contrast, for every increase in fiscal revenue (FR), the occurrence probability of exceeded
the plan decreases by 30%. Because FR reflects the level of regional socio-economic development,
the higher level of fiscal revenue, the stronger the regional economic strength. For economically
underdeveloped areas, large scale of land development which is more than planned could promote
regional economic development which means local governments can competing for greater political
promotion advantages [77,78] Thus, for the underdeveloped areas which is at the lower level of fiscal
revenue, when a project is inconsistent with the plan, local government is more likely to violate the
plan to ensure the implementation of the project. This is one of the reasons why planning is often
violated [5].

5.2. Location Conditions Can Also Lead to Zoning–Land Use Mismatch

Planning implementation is also the process of land use decision-making. Previous studies have
confirmed that location characteristics, such as land value and accessibility, are one of the significant
factors that influence the decision of land use and development in the plan implementation [55,79–81].
Land developers are more likely to choose better locational conditions. In Cangwu County, since
most of the area is mountainous and hilly, elevation and slope are usually restrictive factors to land
development that land developers will be more inclined to choose [81]. The results show that whenever
ELE and SLO raise a level, the mismatch probability increased by 74% and 15% respectively.

Otherwise, transportation convenience is also a key consideration for land developers in the
process of site selection. Lower commuting costs not only make the county more attractive to
manufacturers, but also promote construction land expansion [54,79]. Thus, land development is
guided by the economist’s ‘invisible hand’ which directs land developers to choose the best location
that is even though out of plan regulation [55]. The results of this study also confirm this view. The
occurrence probability of exceeded the plan decreases by 27.1% while distance from road level-II is
increased by 2 km.

Distance to a river is usually a restrictive factor to urban expansion, especially for areas with low
development level [82]. Scholars believe that a river is not only restrict the spatial distribution of urban
expansion, but also benefit urban development due to water resources advantages which is presented
by the river [81,83]. Therefore, when land developer would face with a location choice that is closer to
the river or within the planning scope but further away from the river. As a rational person, he is more
likely to choose the former. This study also confirms this viewpoint that the occurrence probability of
exceeded the plan would be decrease by 88.2% for the distance from a river be increased by 2 km.
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5.3. Rigid Control Measures vs. Rapid Economic Development

Rigid space control measures are difficult to adapt to the uncertainty caused by rapid economic
development. As previously mentioned, due to the rapid economic development, the development of
construction land is uncertain not only in quota but also in the location [12]. However, the quota of
newly added construction land has been fixed in specific spatial locations. We cannot freely allocate
planning quota of newly added construction land according to the actual development. Hence, zone
for flexibility in practice is limited [43]. As sign 2 in Figure 7, the high-speed railway which is meet
the needs of rapid economic development has not been mentioned in GLUP. Although newly-added
construction land quota and zoning still have surplus. The remaining quota cannot be directly
transferred to this project. After implementation, this new construction project is out of plan.

Moreover, in the plan-making stages, the spatial allocation of newly added quota accurately meets
the requirement of land development only for the last 3 to 5 years. In practice, projects at the time of
site selection needs a comprehensive analysis of various types of factors, including spatial factors. The
projects can select the location even if such a selection is out of the existing planning. Therefore, the
scale of the unused is closed to the exceeded for the town and the industrial and mining area.

In sum, because of the rigid control measures of land use plan, the new demand of newly added
quotas and spatial allocation which is due to the rapid development of social economy and policy
change cannot be consistent with the existing planning. Thus, the problem of spatial mismatch between
the exceeded and the unused can appear.

5.4. Policy Implications

Although the planning plays a certain role in regulating the expansion of construction land, the
regulatory effect on the expansion of specific construction land is not evident. Rigid control measures
which is adopted by land use plan could not adapt to the uncertainty and irrational expansion of
construction land. Therefore, the existing space control approach of GLUP needs to be improved.
The most important point is to increase the flexibility of spatial control to adapt to the uncertainty of
social and economic development. During the planning implementation period, the newly added
construction land should be allocated according to the specific needs of construction. The expansion
of built-up land can be managed from the source by implementing the flexible quota mechanism of
construction land planning. Moreover, the newly added quota of construction land is not tied to the
specific construction land types. Hence, the newly added quota of construction land can be added and
floated amongst various construction lands to meet all kinds of uncertain demand for the expansion of
construction land.

To prevent plans from being shelved and dusty, the planning must provide a clear view for people.
The spatial distribution of newly added construction land indicators directly affects the implementation
of construction land planning. According to the theory of irrationality, uncertainty and elasticity of
land-use planning [62], the construction land expansion planning area is established. The spatial
expansion of construction land is regulated by delimiting the expansion of construction land. The idea
is not to ban the newly added construction land quota to a specific spatial position. The purpose is to
enhance the flexibility of the spatial layout of construction land by adding newly added construction
land quota to the floating layout of the construction land expansion area.

Moreover, based on the analysis of spatial zoning and quota control, many planning quotas are
sitting unused, and the excess problem of construction land frequently crops up. In combination with
these two situations, the GLUP formulation must strengthen the relationship between planning quotas
and spatial zoning in the future. For these spatial mismatch problems, efforts should be made to figure
out the implementation mechanism of the GLUP and consider in conjunction with the event-driven
system [63] for land-use plan in the future.
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6. Conclusions

The purpose of executing land-use plans is to ensure the full realization of planning intention.
For zoning, which aims to control the expansion of construction land in land-use planning, reducing
the deviation of actual land use and planning intention is important to improve the effectiveness of
planning implementation. Research on the impact factors of actual land use and zoning mismatch is
an important path for improving the effect of land-use plan. The study first improves the method for
identifying the deviation of planning implementation according to the complex regulation system,
which controls the built-up land expansion combined quota and zoning in land-use plan. In addition,
the impact factors affecting the implementation deviation of the planning are investigated through the
analysis of logistic regression. Our conclusions are summarized below.

According to the deviation discriminant framework of planning implementation, we divided the
expansion area into three main classes: the conformed, unused and exceeded areas. Then, we further
discussed the implementation effects of the GLUP in Cangwu County, including the spatial zoning and
quota control aspects. In general, GLUP can control the expansion of most construction lands, but for
different types of construction land, its control ability varies. Firstly, the vast majority of newly added
urban and town built-up lands conforms to the scope of GLUP spatial control in the spatial zoning.
However, GLUP failed in its spatial control over rural settlement and other built-up lands, with more
than 90% of newly added construction land beyond zoning due to their unpredictable property that
have not been located on the land-use planning map. Secondly, from the perspective of quote control,
the newly added construction land of rural settlements and other built and transportation lands all
exceeded the quota control.

The influence factors that affect space control in land-use planning implementation were diagnosed
by applying CLUE-S and logistic models. The results revealed that the physical factors of DR, ELE,
SLO, and DRLII and the social-economic factors of GDP, FR, FI, and RT have prominent effects. The
uncertainty of research and economic development can significantly affect the planning implementation
results. In addition, the planning space control is too rigid, and the mismatch between actual land-use
and zoning is inevitable. Moreover, physical factors can significantly affect the site selection preferences
of the construction land, resulting in the location of newly added construction land deviating from the
scope of planning control.

The zoning and land use mismatch and its impact factors in the process of land-use plan
implementation were analyzed in this study. However, considering all dimensions and impact factors
is difficult, and only two dimensions and 12 factors were selected for the current research. Furthermore,
planning implementation results are a collection of behaviors, which are determined by different
land-use entities at different times. In the application of this method, it is considered that land
developers are homogeneous agent who have similar preferences for land use decisions. However, in
actual land use, even the same agent will make different land use decisions under different situations.
Thus, the method adopted in this study cannot explain the land use behavior of the heterogeneous
agent. The present study is only a preliminary exploration. Future research must explore the deviation
of planning implementation results by establishing an individual-based planning implementation
behavior decision-making framework.
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Appendix A

Table A1. Classification results of potential influencing factors.

Potential Influencing Factors Description Assignment Results

Spatial Influence
Factors

DR Distance from the river
Decreasing assignment
outward along the river,

interval of 2 km.
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Table A1. Cont.

Potential Influencing Factors Description Assignment Results
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each town in 1998–2009.
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2, (1 ≤ PD < 113)

1,(PD > 1)
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