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Abstract: Free trade zones represent an important system innovation space to realize economic
agglomeration advantages with high-level openings. However, its evaluation of land intensive use
has not received enough attention. The goal of this paper is to build a land use performance evaluation
index system in line with the development trend of industrial economy and the characteristics of
mixed land use in the free trade zones. An evaluation index system is constructed based on the
three factors of land use status, land use efficiency and pilot free trade zone influence. Using the
Delphi method and the entropy method, an empirical evaluation of the intensive land use level in
the Shanghai Pilot Free Trade Zone is conducted. The results show the following: (1) integrating
new indicators such as the free trade zone influence, social and ecological benefits into the evaluation
index system show a characteristic and innovative land use evaluation; (2) in terms of the level
of intensive land use, the Waigaoqiao Free Trade Zone has the highest intensity, followed by the
Yangshan Free Trade Port Zone, and the Pudong Airport Comprehensive Free Trade Zone has the
lowest intensity; and (3) development time, degree of land use, differences in leading functions,
industrial land structures, and the diversification of employment structures are important factors that
influence the differences in the levels of intensive land use in the Shanghai Pilot Free Trade Zone.
This study also expands the performance evaluation of industrial land to the performance evaluation
of construction land and provides references for industrial transformation and urban renewal of the
Shanghai Pilot Free Trade Zone.

Keywords: intensive land use; evaluation index system; Delphi method; entropy method; impact
factors; Shanghai Pilot Free Trade Zone

1. Introduction

The establishment of the Shanghai Pilot Free Trade Zone (SPFTZ) is a major strategic choice
for complying with new trends in global economic governance, actively building new rules of
international trade and investment, and striving to create new advantages in major international
economic competition. It also represents a realistic need for exploring China’s new path of opening
up to the outside; fostering new industries, ways of doing business and new modes; building a new
platform of cooperation and development with other countries; broadening the space of economic
growth. In addition, it also contributes to improving the quality of regional economic development
and the level of intensive utilization of land [1–5]. Therefore, it is of great practical significance to carry
out an evaluation of the intensive use of land in the SPFTZ.

Intensive land use assessments have achieved insights for the academic community, and the
following notable progress has been made:
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(1) From the perspective of evaluation scales, this type of assessment generally includes a
macro evaluation (comprehensive evaluation of national, regional or urban intensive land use) [6–15],
a medium evaluation (in fact, it is a classified evaluation or thematic evaluation of land use) [16–19],
and a micro evaluation (enterprise and plot evaluation) [20–24]. From the macro perspective, intensive
land use assessment focuses on status evaluations, policy discussions and impact factor analyses of
industrial land use [8,25–28]. Among these, the evaluation results of intensive land use in development
zones are extremely rich, and such studies are mainly based on the “Evaluation Procedures for Intensive
Land Use in Development Zones” [29]. In recent years, the evaluation of the intensive use of industrial
land at the micro level has gradually received more attention, it has mainly involved evaluations of
potential intensive use of land by different industries and research on the influencing factors of the
level of intensive use by industrial enterprises [9,11,13,14,16,17,22–24]. For example, Chen used Bayes
methods to evaluate land use intensity in 365 typical industrial enterprises across nine manufacturing
industries in Hubei, China and estimated the potentiality of enterprises with moderate and low
intensive land use [22]. Zhang et al. discussed the influence of enterprise attributes, investment factors,
economic and environmental factors and location factors on the level of intensive land use of industrial
enterprises in different stages of industrialization [23].

(2) In terms of evaluation types and indicators, in the land intensive use evaluation of China’s
development zones, the two types of industrial leading development zones and industry-city integrated
development zones are distinguished according to the proportion of industrial land and residential land,
and different indicator systems are adopted for evaluation [30]. For example, there are 10 evaluation
indicators for the industrial leading development zones, i.e.: land supply rate, land completion
rate, industrial land rate, comprehensive plot ratio, building density, comprehensive plot ratio of
industrial land, building coefficient of industrial land, investment intensity of fixed assets in industrial
land, average tax per unit of industrial land, and land vacancy rate. There are seven evaluation
indicators for the industry-city integrated development zones, i.e., land supply rate, land completion
rate, comprehensive plot ratio, building density, comprehensive average land tax, population density,
and land vacancy rate.

(3) The evaluation method of land intensive use has also developed rapidly from the index system
method at the initial stage to the production function method based on economic perspective and finally
to data envelopment analysis (DEA), which evaluates land input and output efficiency at the same
time [31]. Other commonly used methods include the limit condition method, fuzzy clustering analysis,
principal component analysis (PCA), hierarchical analysis, multi-factor comprehensive evaluation,
evaluation methods based on the pressure, state and response (PSR) model or the remote sensing
images, stochastic frontier analysis, genetic algorithm, and BP neural network, etc. [32–45]. Based on
the concept of sustainable intensification and ecological constraints, Qian et al. developed a sustainable
intensification variable model to conduct a moderately intensive land use evaluation in Jinan City,
China [46].

There are pros and cons of each method, and each has its own applicable object. The reasons of
our methodological choice are as follows: (1) due to the small number of sample areas in this paper,
methods that require large sample data (such as genetic algorithm and BP neural network) are not
suitable for this study. (2) In the evaluation of intensive land use, the determination of ideal value is
one of the difficulties. Fuzzy comprehensive evaluation needs to determine the ideal value, so it is
not considered. (3) Generally speaking, evaluation methods can be divided into subjective evaluation
(such as analytic hierarchy process and the Delphi method) and objective evaluation (such as principal
component analysis and entropy evaluation method). The methodology we chose combines subjective
evaluation (the Delphi method) with objective evaluation (entropy evaluation method), and this helps
overcome the shortcomings of both.

(4) In terms of impacting factors of land intensive use, in addition to natural, economic, social
and technological factors, scholars have begun to pay more attention to institutional, behavioural,
organizational, ecological and policy factors. For instance, Shi and Huang analysed the relationship
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between land morphological characteristics and land-use intensity in Shanghai development zones [10].
Malherbe et al. examined the effect of intensive land use activities on loss to ecosystem services in South
Africa [42]. Goertzen and Suhling investigated the effect of different landscapes (urban, agricultural
or more natural landscapes) or land use intensity on biodiversity in Germany [47]. Basso studied
the policy effect of the expansion of wine-growing areas on land use changes in Italy [48].However,
the existing land intensive use evaluation index system of development zones is not completely
applicable to the FTZ. (1) The existing development zones are dominated by industry, while the free
trade zones are dominated by modern service industries. There are significant differences in their
functional positioning, leading industrial structure and land use structure. Therefore, special attention
should be paid to the characteristics and impact of the FTZ. (2) The selection of some evaluation
indices still needs to be optimized. For example, existing indicators rarely take into account social
benefits (such as employment density) and ecological benefits (such as energy consumption, water
consumption, carbon emissions and pollutant emissions) [7,11,13,30]. (3) In the new era, in addition to
land, labour and capital, technology, knowledge and other advanced elements in the free trade zones
will become increasingly important and require more attention.

The goal of this paper is to build a land use performance evaluation index system in line with
the development trend of industrial economy and the characteristics of mixed land use, and provide
references for the future industrial transformation and urban renewal of the free trade zones. Compared
with previous studies, the contributions of this paper are as follows: (1) it expands the performance
evaluation of industrial land to the performance evaluation of construction land. This paper considers
not only the industrial land but also the land for commercial services, public administration and public
services; (2) it adds the evaluation indices reflecting social and ecological benefits, e.g., employee
density and energy consumption per unit output value; and (3) it adds the evaluation indices reflecting
the free trade zone influence, e.g., total trade and employment diversification index.

2. Construction of an Evaluation Index System

2.1. Evaluation Object and Purpose

The SPFTZ was officially established on September 29, 2013. The original SPFTZ covered four
special customs supervision areas, including the Waigaoqiao Free Trade Zone (WFTZ), the Waigaoqiao
Bonded Logistics Park (WBLP), the Yangshan Free Trade Port Zone (YFTPZ) and the Pudong Airport
Comprehensive Free Trade Zone (PACFTZ), with a total area of 28.78 square kilometres. Although
the SPFTZ was expanded to 120.72 square kilometres on December 28, 2014, the research scope of
this paper will mainly focus on the original 28.78 square kilometres. Due to the small size of the
WBLP and its proximity to WFTZ, this paper incorporates it into WFTZ (Table 1, Figure 1). The main
features of the SPFTZ are innovations in systems and policies, investment and trade facilitation, mixed
land use and the interactivity of regional development (the SPFTZ and the Independent Innovation
Demonstration Zone). The purpose of the intensive land use evaluation of the SPFTZ is to construct a
land performance evaluation index system that is in line with industrial and economic development
trends and the characteristics of mixed land use in the pilot free trade zone and to conduct an empirical
evaluation and analysis.
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Table 1. Overview of China (Shanghai) free trade zone (2013).

Regions WFTZ * YFTPZ PACFTZ

Approval time June 1990 June 2005 July 2009
Scale of land use (km2) 11.03 14.16 3.59

Total imports and exports (108 $) 989.42 106.08 38.84
Gross industrial output (108 RMB) 646.16 - -
Gross operating income (108 RMB) 12,826.98 1,570.40 27.06

Merchandise sales (108 RMB) 11,623.26 748.03 2.07
Revenue from shipping and logistics services (108 RMB) 195.92 813.07 24.48

Fixed assets investment (108 RMB) 28.21 5.07 17.75
The contract of foreign capital (108 $) 14.21 3.83 1.05
Enterprise employees (104 persons) 26.15 2.37 0.09

Note: *Including Waigaoqiao Bonded Zone and Waigaoqiao Bonded Logistics Park (approved in December 2003,
the land scale was 1.03 square kilometres). Source: China (Shanghai) Pilot Free Trade Zone Management Committee.
2013 China (Shanghai) Pilot Free Trade Zone Economic Development Statistical Report. http://en.shftz.gov.cn/.
(Online access time: 22 May 2019).
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2.2. Evaluation Index System

According to the “Evaluation Procedures for Intensive Land Use in Development Zones”,
evaluation indices are usually selected based on land use structures, input intensity, output efficiency
and management performance. The differences in management performance among the three parks
are not significant, so this factor is not considered. In addition, to reflect industrial and economic
development trends and the characteristics of mixed land use in the SPFTZ, this paper included the
influence of the pilot free trade zone on the evaluation index system, giving consideration to both its
expansion power and functional diversification. Therefore, the evaluation index system is mainly
constructed based on three factors: land use status, land use efficiency and the influence of the pilot
free trade zone (Table 2).

http://en.shftz.gov.cn/
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Table 2. Evaluation index system of intensive land use in the SPFTZ.

Targets Criteria Indices Unit

Land use status

Land use structure
Proportion of industrial land (X1) %

Proportion of land for commercial services (X2) %
Proportion of land for public administration and

public service (X3) %

Land use degree Land supply rate (X4) %
Land completion rate (X5) %

Land use efficiency
Social benefit Employee density (X6) Employees/ha

Ecological effect Energy consumption per unit output value (X7) Tons of standard
coal/108 RMB

Influence of pilot free
trade zone

Expansion power Total trade (X8) 108 $

Functional
diversification Employment diversification index *(X9) -

Note: The employment diversification index is calculated based on the Herfindahl index method. The formula

is UE = 1−
∑( Ni

N

)2
and UE is in the range of (0, 1), where Ni represents the number of employees in an industry

and N represents the total number of employees. The larger UE value indicates a higher degree of employment
diversification, and the lower value indicates otherwise [49].

3. Methods

3.1. Data Sources and Processing

Based on field investigations and interviews, we collected relevant basic data, as shown in Table 3.
The base year of collecting the primary data was 2013.

Table 3. Intensive land use in the SPFTZ evaluation indices data.

Targets Indicators WFTZ YFTPZ PACFTZ

Land use status

X1 74.28 49.83 15.91
X2 2.07 1.35 2.05
X3 5.15 7.94 9.47
X4 88.06 80.77 53.5
X5 95.10 94.84 68.78

Land use efficiency X6 232.86 16.73 2.5
X7 0.03 0.03 0.03

Influence of pilot
free trade zone

X8 989.42 106.08 38.84
X9 0.665 0.485 0.066

The data were pre-processed by summation standardization to eliminate a dimensional effect.
The calculation formula is as follows:

x′i j =
xi j∑m

i=1 xi j
(i = 1, 2 . . . , 9; j = 1, 2, 3) (1)

The standardized data are shown in Table 4.

Table 4. Standardized data.

Targets Indicators WFTZ YFTPZ PACFTZ

Land use status

X1 0.5305 0.3559 0.1136
X2 0.3784 0.2468 0.3748
X3 0.2283 0.3520 0.4198
X4 0.3961 0.3633 0.2406
X5 0.3676 0.3666 0.2658

Land use efficiency X6 0.9237 0.0664 0.0099
X7 0.3333 0.3333 0.3333

Influence of pilot
free trade zone

X8 0.8722 0.0935 0.0342
X9 0.5469 0.3988 0.0543
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3.2. Weight Determination

3.2.1. Subjective Weighting

The Delphi method was used to determine the weight of the evaluation indices. The Delphi
method was first developed by O. Helm and N. Dalk in the 1940s and further developed by T. J. Gordon
and the Rand Corporation (https://www.investopedia.com/terms/d/delphi-method.asp. accessed
on 20 November 2018). It is an expert prediction method that overcomes the shortcomings of the
expert meeting method. In the forecasting process, the experts do not know each other and do not
communicate with each other, overcoming the disadvantage of experts not being able to fully express
their opinions and of the opinions of authority figures influencing the opinions of others in the expert
meeting method. On the basis of a system programme, the Delphi method uses an approach with
anonymous comments that are not discussed among experts; experts can only be in a relationship with
investigators; experts answer rounds of survey questionnaire questions; the results of the forecast are
reached after consultation, induction, and repeated modification, and; finally when the opinions of the
experts are basically identical. This method is representative and reliable. In this paper, 10 experts
were invited from Tongji University, Shanghai Institute of Geological Surveys, Shanghai Municipal
Planning and the Land and Resources Administration and were scored according to the importance of
related targets, criteria and indicators. The calculation formula is as follows:

wi =

∑n
j=1 Ei j

n
(2)

where wi is the weight of the ith target, criterion or indicator, Ei j is the score of the ith target, criterion
or indicator given by expert j, and n is the total number of experts. According to the independent score
results of 10 experts, the weight of each indicator was finally determined (Table 5).

Table 5. Evaluation index weights based on the Delphi method.

Targets Weight Criterions Weight Indexes Weight Comprehensive Weight

Land use
status

0.38
Land use structure 0.45

X1 0.40 0.0684
X2 0.30 0.0513
X3 0.30 0.0513

Land use degree 0.55
X4 0.44 0.0920
X5 0.56 0.1170

Land use
efficiency 0.32

Social benefit 0.50 X6 1 0.1600
Ecological effect 0.50 X7 1 0.1600

Influence of
pilot free

trade zone

0.30
Emissive power 0.35 X8 1 0.1050

Functional
diversification 0.65 X9 1 0.1950

3.2.2. Objective Weighting

In information theory, entropy is a measure of uncertainty. More information corresponds to less
uncertainty and less entropy. The lower the amount of information is, the greater the uncertainty
and the higher the entropy. According to the characteristics of entropy, the randomness and disorder
degree of an event can be judged by calculating the entropy value, and the discretization degree of an
index can also be judged by the entropy value. The greater the discretization degree of the index is,
the greater the influence (weight) of the index on the comprehensive evaluation, and the lower the
entropy value. Therefore, the weight of each index can be calculated according to the variation degree
of each index by using the tool of information entropy, which provides a basis for the comprehensive
evaluation of multiple indices [50,51]. Assuming that m objects are selected in the evaluation and that
each object has n elements, the steps of the entropy method can be summarized as follows:

https://www.investopedia.com/terms/d/delphi-method.asp
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(1) Index standardization.

x′i j =
xi j∑m

i=1 xi j
(3)

(2) Calculate the proportion of the ith element in the jth object in this index.

pi j =
x′i j∑m

i=1 x′i j
(4)

(3) Calculate the entropy of the jth target.

e j = −k
m∑

i=1

pi j ∗ ln
(
pi j

)
(5)

where k = 1
ln(m)

(4) Calculate the information entropy redundancy.

d j = 1− e j (6)

(5) Calculate the weight of each index.

p j =
d j∑n

j=1 di j
(7)

The calculation results are shown in Table 6.

Table 6. Evaluation index weights based on the entropy method.

Targets Indexes Weight

Land use status

X1 0.0771
X2 0.0093
X3 0.0154
X4 0.0111
X5 0.0056

Land use efficiency X6 0.4181
X7 0.0000

Influence of pilot free
trade zone

X8 0.3359
X9 0.1275

3.2.3. Determine the Final Weight

The Delphi method of subjective weighting has some limitations in itself. Due to a lack of
communication about ideas, there may be some subjective one-sidedness; it is easy to ignore the
opinions of a few people, which may lead to the results of the forecast deviating from reality; additionally,
there are many problems, such as the subjective influence of the organizers. However, the objective
weighting also has some shortcomings: the weight is completely based on the data and lacks the
subjective understanding of the real world. Therefore, this paper adopts both the subjective and
objective methods to determine the final weight. The comprehensive weight is defined as follows:

s = α ∗ p1 + (1− α)p2 (8)

where p1 is the subjective weight, p2 is the objective weight, and α is the balance coefficient. In this
paper, α is determined to be 0.5.

The comprehensive weights are shown in Table 7.
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Table 7. Determination of comprehensive weights.

Targets Indexes p2 p1 s

Land use status

X1 0.0771 0.0684 0.0728
X2 0.0093 0.0513 0.0303
X3 0.0154 0.0513 0.0334
X4 0.0111 0.0920 0.0516
X5 0.0056 0.1170 0.0613

Land use efficiency X6 0.4181 0.1600 0.2891
X7 0.0000 0.1600 0.0800

Influence of pilot
free trade zone

X8 0.3359 0.1050 0.2205
X9 0.1275 0.1950 0.1613

3.2.4. Calculate the Total Scores

The score of each indicator is calculated according to the following formula:

E = x′i j ∗ si (i = 1, 2, . . . , 9; j = 1, 2, 3) (9)

4. Results Analysis

The calculation results are shown in Figure 2. Based on the comprehensive score of land use
intensity, WFTZ has the highest land use intensity, at 0.67, followed by WFTZ, at 0.22, and PACFTZ
has the lowest intensity, at 0.11.
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Figure 2. Evaluation results of intensive land use in the SPFTZ.

From the perspective of land use status, the gap among the three functional areas is relatively
small (Figure 2). Specifically, the three functional regions have little difference in the proportion of
land used for commercial services, public management and public services (Table 3). There is also little
difference in land supply rate and land completion rate between the WFTZ and the YFTPZ. The former
were 88.06% and 80.77%, respectively. The latter were 95.10% and 94.84%, respectively (Table 3).
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In terms of land use efficiency, the WFTZ is much higher than the YFTPZ and the PACFTZ
(Figure 2). The main difference lies in social benefits rather than ecological effect. For example,
the employee density in the WFTZ was 232.86 employees/ha, those in the YFTPZ and the PACFTZ
were 16.73 employees/ha and 2.5 employees/ha, respectively (Table 3).

From the perspective of influence of pilot free trade zone, the WFTZ is also much higher than the
YFTPZ and the PACFTZ (Figure 2). Specifically, the three functional regions have great differences in
total trades and employment diversification indices (Table 3).

The main reasons for the above results are as follows:
(1) The development time and degree of land use vary. The WFTZ was established earliest

(June 1990), land vacancy rate was lowest, 17.39%. The YFTPZ was established in June 2005, with a
land vacancy rate of 24.46%. The PACFTZ was established latest (July 2009), and the land vacancy rate
was highest, 64.02% (Figure 3a,b). However, there is no direct relationship between land use intensity
and land use scale (Figure 3c).

(2) There are differences in the functional orientation and the development direction of the leading
industries. The functional orientation of the WFTZ is to focus on the construction of international trade
demonstration zones, with international trade, modern logistics and advanced manufacturing as the
main development directions. Its employment density and total import and export volume are much
higher than those of the other two bonded areas. The functional positioning of the YFTPZ is to build a
global shipping service and a modern logistics function agglomeration zone with shipping services,
international trade, financial services and professional services as the main development directions.
The functional positioning of the PACFTZ is to build the core hub of first-class international airport
logistics in the Asia-Pacific region, with the airport service, international trans-shipment trade and
aircraft leasing industry as the main development directions. Different functional orientation leads to
different layout patterns and output performance (Table 8).

Table 8. Land use structure and functional layout in the SPFTZ (2013).

Regions WFTZ YFTPZ PACFTZ

Land use
structure

Land for industry and
warehouses accounts for
62.5%, land for roads and
squares for 16.2%, land for

public facilities for 12.4%, land
for R&D for 4.9%, land for

green space for 3.3%, and land
for municipal public facilities

for 0.7%. *

Land for common warehouses
accounts for 25.7%, land for
roads and squares for 21.9%,

land for external
communications for 16%, land

for green space for 15%, land for
public facilities for 12%,

industrial land for 6.6%, and
other land for 2.8% (land area).

Mixed land for warehouses
and storage yards accounts for

46.1%, mixed land for
warehouses and industries for

26.8%, land for roads for
14.6%, land for public facilities
for 5.2%, water for 2.3%, land
for railways and green land for
1.8%, and other land for 1.4%.

Functional
layout

The international logistics
park is in the north; the central

part includes IT,
electromechanical products

warehousing, processing
zones, IT industrial parks,

business areas, and supporting
living areas; in the south is the

Pudong microelectronics
industrial belt.

Land area: international
logistics, R&D design, bulk

commodity trading,
headquarters offices, offshore
finance, financial leasing and
other functional areas layouts.

Island area: international
logistics processing, modern

port logistics and other
functional areas layouts.

To create the layout of three
functional areas: (1) airport

operations and an
international express centre;
(2) a value-added processing

functional area; and (3) a
management service area.

Note: * It is the land use structure of the Waigaoqiao Bonded Zone (WBZ).
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(3) Land use structure also has apparent differences. First, the proportion of industrial and
warehouse land varies significantly. In the Waigaoqiao Bonded Zone (WBZ), industrial and warehouse
land accounts for the highest proportion, at 62.5%; in the YFTPZ, land for common warehouses
accounts for the highest proportion, at 25.7%, and industrial land accounts for only 6.6%, both together
account for 32.3% of the total land area; in the PACFTZ, mixed land for warehouses and storage yards
accounts for the highest proportion, at 46.1%, and mixed land for warehouses and industries accounts
for 26.8%, both together account for 72.9% of the total land area (Table 8). Second, there are also obvious
differences in the proportion of land for public facilities. The YFTPZ has the highest proportion, at 12%;
followed by the PACFTZ, at 5.2%; and the WBZ has the lowest proportion, at 0.7% (Figure 3d). Third,
the proportion of green space is also significantly different. The YFTPZ has the highest proportion,
at 15%; followed by the WBZ, at 3.3%; and in the PACFTZ, land for railways and green land accounts
for 1.8% (Figure 3e).

(4) Enterprise employees are 261,500 persons in the WFTZ, 23700 persons in the YFTPZ, and
900 persons in the PACFTZ. The number of enterprise employees is positively correlated with the level
of intensive land use (Figure 3f).

On the whole, the intensity of land use in the SPFTZ has a positive relationship with the development
time and number of employees, and a negative relationship with the land vacancy rate, but no obvious
relationship with the scale of land use, the proportion of land for public facilities and for green space.

5. Discussion

FTZ is an important system innovation space to realize economic agglomeration advantage with
high level opening. Previous studies on FTZ mainly focused on the institutional and policy innovation,
financial internationalization, investment facilitation, trade liberalization, industrial transformation
and business environment optimization, although insufficient attention was paid to the land intensive
use of FTZ [1–5,52–56]. This paper quantitatively evaluates and analyses the intensive use of land in
the SPFTZ, aiming to provide references for its industrial transformation and urban renewal.

There is obvious inadaptability in applying the national unified land intensive use evaluation
regulations of development zones to SPFTZ. First, this regulation focuses on the evaluation of intensive
use of industrial land while ignoring the evaluation of land use for service industry. Second, most
of the previous studies considered the indicators of land use structure, land use intensity, land
input and land output [7,9,11,13,14,21,22], or land use status, land use efficiency and management
performance [30], but some key indicators such as human capital input and ecological efficiency are
ignored. Third, the characteristics and influence of the SPFTZ have not been given special attention.
Compared with previous studies, first, this paper expands the performance evaluation of industrial
land to the performance evaluation of construction land. It considers not only the industrial land
but also the land for commercial services, public administration and public services. Second, it adds
the evaluation indices reflecting social and ecological benefits, e.g., employee density and energy
consumption per unit output value. Third, it adds the evaluation indices reflecting the free trade zone
influence, e.g., total trade and employment diversification index.

The land use intensity of the WFTZ is much higher than that of the YFTPZ and the PACFTZ in
our study. This estimation result is basically consistent with the evaluation result of land intensive
use in national development zones [30] and Shanghai development zones [9,57,58]. Although
there are differences in evaluation indices between the two, the ranking of the obtained results is
consistent on the whole. In their comprehensive ranking of the land intensive use evaluation results
of 349 industry-oriented development zones nationwide, the WFTZ ranked 17th, while the YFTPZ
and the PACFTZ ranked 312th and 323rd, respectively [30]. In Peng and Zeng’s evaluation results,
the WFTZ ranked second, while the PACFTZ ranked 19th, the YFTPZ ranked 20th [57]. In Shi and
Huang’s evaluation results, the WFTZ ranked second, while the YFTPZ ranked 16th, the PACFTZ
ranked 20th [9]. In Gu’s evaluation results, the WFTZ ranked first, while the YFTPZ ranked 21st,
the PACFTZ ranked 26th [58].
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In general, the land output efficiency of the SPFTZ is relatively low. On the one hand, restricted
by industrial function positioning and business costs and dominated by traditional logistics and
processing industries, the WFTZ is experiencing slow economic growth, a continuous decline in its
industrial output value and a significant trend of manufacturing industry transfer. Before the SPFTZ
was established, the total industrial output value of WFTZ at the end of 2012 was 72.778 billion yuan
RMB. After the listing, by the end of 2013, the total industrial output value was reduced to 64.56 billion
yuan RMB, which is down 11.29% compared with the previous year. Indeed, with the decline in the
total industrial output value of WFTZ year by year, the status of the tertiary industry tends to improve,
which is also one of the changes brought on by the land policy. On the other hand, the average
industrial output value of WFTZ in 2013 was only 5.749 billion yuan RMB/km2, which was lower than
the average output of the Shanghai development zone’, namely, 6.776 billion yuan RMB/km2 in that
year. According to our calculations, the land area in the WFTZ with a plot ratio lower than 1.17 is
496.93 hectares, accounting for 53.57% of the completed urban area in the WFTZ. The building area that
can be expanded by improving the plot ratio is 2.62449 million square metres. The land area of YFTPZ
with a building density of less than 9.23% is 27.896 hectares, accounting for 2.61% of the completed
urban area in the YFTPZ. The building base area that can be expanded by increasing building density
is 14,000 square metres. Thus, the potential of land development and intensive utilization is still great
in the SPFTZ.

In addition, compared with the free trade zones in developed countries such as Singapore, the land
use efficiency of SPFTZ is also lower. Take Changyi FTZ of Singapore and PACFTZ of Shanghai as
examples. In 2013, the former had a land area of only 0.73 square kilometres, with a total revenue
of 2.84 billion dollars, an average land revenue of 3.89 billion dollars/square kilometres, and an
average employee density of 27,397 people/square kilometres. The latter had a land area of 3.59 square
kilometres, with a total operating income of only 437 million dollars, a land average operating
income of only 122 million dollars/square kilometres, and a land average employed population of
251 people/square kilometres. The gap and potential of land use efficiency are great in the PACFTZ.

Both the development models of Singapore FTZ and SPFTZ are the interactive development
models of FTZ and international financial and shipping centres. The successful experience of Singapore
is worth learning from Shanghai. First, the superior geographical location and high-quality human
resources provide a strong guarantee for the industrial transformation and upgrading of the FTZ.
Second, proper functional positioning and reasonable industrial policies consolidate the leading edge
of the FTZ. Third, a quality business environment has promoted the linkage between the FTZ and
international financial and shipping centres. Therefore, accelerating the introduction of high-quality
talents, improving the industrial policy and land use policy, and further optimizing the business
environment are key measures for the sustainable development of SPFTZ.

6. Conclusions and Policy Implications

In this paper, an evaluation index system of land intensive utilization is constructed based on
three factors: land use status (including input degree), land use efficiency, and pilot free trade area
influence. The land intensive utilization of the three major functional areas (WFTZ, YFTPZ, and
PACFTZ) was evaluated by means of quantitative evaluation index. This evaluation index system
had the following characteristics: (1) in addition to industrial land, land for commercial services,
public administration and public services were also considered; (2) the evaluation index system gives
consideration to the comprehensive benefits such as economic benefit, social benefit and ecological
benefit; and (3) evaluation indices reflecting the influence of the pilot free trade zones were added.

The evaluation results show that: (1) the level of intensive land use in the WFTZ is relatively high,
while the level of intensive land use in the YFTPZ and PACFTZ is relatively low, and; (2) development
time, land use intensity, differences in leading functions, industrial land structure, and diversification
of the employment structure are important factors that lead to differences in the level of intensive
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land use. Overall, the three functional areas (WFTZ, YFTPZ, and PACFTZ) show clear unbalanced
development in terms of their development degree, development level and output performance.

Land for industry and warehouses accounts for most of the SPFTZ, especially in the WFTZ and
YFTPZ; industrial and warehouse land accounts for 74.28% and 49.83%, respectively, of the construction
land that has been developed. Although this finding is in line with the initial functional positioning
requirements (mainly international logistics and processing) of the free trade zone, it leads to the
disadvantages of focusing on industrial functions and insufficient urban functions. These adverse
effects occur because industrial parks built far from old cities and communities lead to practical
difficulties such as “living space development lags behind the production space development, city
construction lags behind the industrial development, the development of social undertakings lags
behind economic growth”. Therefore, it is an urgent practical task to adjust and optimize the structure
of land use; to rationally organize the layout of industrial parks, business districts and residential areas;
and to build a comprehensive and innovative community that integrates multiple urban functions
such as work, residence, business, entertainment, culture and rest and that alleviates the commuter
pressure caused by the separation of employment and residence.

The land resources urgently needed for industrial development in the SPFTZ cannot be obtained
only by relying on land development increments. Instead, the existing land stock resources of the
SPFTZ should be fully considered, and inefficient industries should be eliminated by land performance
assessments in time to make room for the development of new and more efficient industries. Especially
in the Waigaoqiao Bonded Area, the land stock supply was 14.07 hectares by the end of 2013. Promoting
the transformation of the existing industrial land into a composite utilization of “industry + R&D
+ business office + exhibition” has the potential not only to expand the function of land use and
optimize the regional social spatial structure but also to help improve the intensity and efficiency of
land development.

Because a single park was developed first, and the integration and listing of the land in the SPFTZ
came after, this outcome inevitably brought about the separation of spatial layouts: it was easier
to create a pattern of separate development that was not conducive to the interactive development
of industries, elements, and functions of each block within the pilot free trade zone, as well as the
integrated development of space, which has affected the interactive development of the “three ports”
(the seaport, the airport and the information port) and the interactive integrated development of
Shanghai’s international trade, financial, economic and shipping centres. Therefore, it is necessary to
promote the industrial integration, functional coupling and spatial integration development of the
SPFTZ with a broader mindset and at a higher level to further improve the quality and efficiency of
its development.

It is a new trend for the future development of SPFTZ to transform from a traditional
manufacturing-oriented park to a modern service-oriented park and from extensive use to intensive use
and mixed use of land. Therefore, future studies should focus on the following aspects: (1) assessment
of the potential of land intensive use in the SPFTZ. Land supply potential, expansion potential,
structural potential, strength potential and economic potential are estimated from the micro scale
(i.e., plot level or industrial block level). (2) Research on mixed land use patterns and transformation
paths. (3) Research on the relationship between land policy innovation and land intensive use. It should
be pointed out that, due to the differences in industry characteristics and dominant functions of the
three study regions, therefore, in further perfecting the evaluation index system, the following issues
need attention: (1) in the measurement of the intensity of land use, “comprehensive plot ratio” can be
chosen as an evaluation index in the WFTZ, but in the YFTPZ and PACFTZ, “building density” should
be selected as an evaluation index. (2) In the measurement of land input, “land area per capita for
service industry” can be chosen as an evaluation index in the WFTZ, but in the YFTPZ and PACFTZ,
“land area per capita for shipping and logistics” should be selected as an evaluation index. (3) The
"supply of stock land" can also be included in the evaluation index system, which can be used to assess
the efficiency of land recycling and indirectly measure the potential of urban renewal.
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