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Abstract: Ecological-living-production land (ELPL) is gaining an increasing attention of governors,
planners and scholars to alleviate ecological deterioration on the premise of ensuring regional
sustainable development in China. This paper has built an ecological-living-production land
classification system (ELCS) by the reclassification method, and further analyzed the spatio-temporal
characteristics and evolution mechanism of ELPL from 2009 to 2014 with a case study of Hubei
Province of Central China. The results show that (1) land with an ecological function held a dominant
role in Hubei Province. Ecological land (EL) and production-eco land (PEL) covered the largest areas.
The area of EL was the largest in Western Hubei Eco-cultural Tourism Circle (WHETC), and the
area of PEL accounted for the largest proportion in Wuhan Urban Circle (WUC). (2) Land with
an ecological function was decreasing continuously, while the land with living function expanded
rapidly. Additionally, the intensity of ELPL changes in the WUC was higher than that in the WHETC.
(3) The changes of ELPL threatened the food and ecological security and adversely affected the
sustainable development. The factors of population growth and GDP increase were the main driving
forces of ELPL change. The results of this study provide valuable information for planning decision
makings (e.g., the ELPL spatial pattern optimization).

Keywords: ecological-living-production land (ELPL); classification system; spatio-temporal pattern;
driving force; Hubei Province

1. Introduction

The land use system is a typically comprehensive system embodying the interaction of society,
economy, resources and environment, which is composed of its structure and functions [1,2]. The land
use system bears three sub-systems: the economy, society and ecology systems [3,4]. Correspondingly,
a land use system possesses three corresponding functions (i.e., production, living and ecological
functions). In this sense, land can be categorized into three classes based on land mutil-functionality.
That is, land with production function, land with living function and land with ecological function,
namely, ecological-living-production land (ELPL). Land with production function refers to the
land for agricultural, industrial and commercial activities to yield physical supply (e.g., crops and
industrial products). Land with living function refers to the spatial carrier for people’s livelihood (e.g.,
residential areas). Land with ecological function refers to land for ensuring ecological security (e.g.,
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forest and lakes). The ecological function is the foundation of two other land functions (i.e., living and
production functions). Broadly speaking, maintaining land ecological function is the key to realize the
harmony between human development and sustainable land use [5].

Land use function refers to the private and public products and services provided by different
land use patterns, while land multi-functionality is described as land’s economic, social and
ecological functions [6]. Studying the land multi-functionality enables land use researchers to
shift from focusing on land use pattern to concentrating on the conversion of land with different
functions [7,8]. The notion of land use multi-functionality is rooted in the concepts involving
agriculture, ecosystem productions and services, and landscape functions [9,10]. The previous studies
on land multi-functionality have yielded abundant theoretical results on the function identification,
land functional categorization [6,11,12], and function evaluation [6,13,14]. However, the empirical cases
concerning land use multi-functionality on land use management are still rare, especially in China,
where a tense man-land relationship occurs due to rapid economic development. The space-oriented
plans or regulations involving the multifunctional land (i.e., ecological land, living land and production
land) have been introduced in China during these recent years [15,16]. Consequently, it is of great
practical significance to establish a feasible ecological-living-production land classification system
(ELCS) and evaluation method to guide the scientific management and sustainable land use in China.

China is experiencing a rapid process of industrialization, urbanization and economic
development in the context of the Reform and Opening-up Policy. However, due to the large
population and inadequate land resources supplies, the competition between various lands is becoming
increasingly fierce. Taking certain types of land, for example, a large amount of cultivated land has been
occupied by the construction land due to constant urban expansion [17-19]. Likewise, forest land and
water body have been occupied by cultivated land for food production [20,21], and the slope farmland
converted to forest and grassland owing to ecological restoration [22,23]. The land use competition
actually refers to the conflicts and compromises between land with different functions and relevant
underlying objectives [24,25]. The conflicts among various types of land have restricted China’s
social and economic development [26,27]. Given that China is still a developing country, the conflicts
between various types of land are argued to last in the next few decades. Multifunctional land use is
an important path to solving these conflicts by coordinating social and economic development and
promoting efficient and sustainable land use [28,29].

Western, developed countries encountered the same predicament as China in the course of
industrialization and urbanization, and they adopted the development strategy of optimizing the
territory space through emphasizing environmental protection [30-32]. The experience of western
countries is of great significance to the development of China. The report of 18th National Congress
of the Communist Party of China has proposed the goal and the principle of the national territory
optimization based on the ELPL; in other words, the spatial governance of ELPL has become an
important section of land management in China [5]. ELPL has been gaining increasing attention of
governors, planners and scholars for alleviating ecological deterioration in the premise of ensuring
regional sustainable development. The Outline of the National General Land-Use Planning (2006-2020)
issued by China’s State Council puts forward the guidance to control the expansion of production land,
guarantees the supply of living land and increases the proportion of ecological land [15]. In recent years,
the scholars have performed a great deal of studies on ELPL, including on the theoretical framework
construction [33,34], the classification [6,34,35], the quantitative recognition of ecological, living and
production function [35] and the spatial optimization [36-38]. Understanding the spatio-temporal
pattern and evolution mechanism of ELPL is the basis for ELP planning and the optimization of decision
making. However, there is still a lack of research to fill this gap. The land management in China is
mainly based on the official land use data and extant land classification standards [39,40]. Most of
the established ELCSs are complex and lack the connection with the existing land use classification,
which is infeasible to guide the ELPL management. How to link up the ELCS with the existing national
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land classification standards is the practical demand of constructing the ELPL spatial pattern and
strengthening the ELPL management.

Hubei Province features a flat eastern part with concentrated population and developed economy,
and a mountainous western part with most undeveloped rural areas. The natural and economic
differences between east and west in Hubei Province are similar to those of China. Accordingly,
Hubei Province is deemed as a representative area to study land use and economic issues in China.
This study is implemented with a specific focus on Hubei Province of Central China as the research
area and analysis the ELPL change and its driving forces. First, we built an ELPL classification system
by the reclassification method. Second, the spatio-temporal pattern of ELPL was characterized. Third,
we analyzed the dynamic change of ELPL from 2009 to 2014 and explored the driving forces by the
canonical correlation analysis (CCA) method. The research makes up for the lack of studying the
ELPL spatio-temporal evolution mechanism and provides implications for the spatial planning and
decision-making to coordinate man-land relationship.

2. Materials and Methods

2.1. Study Area

Hubei Province is located in the middle reaches of the Yangtze River in Central China
(29°05'-33°20" N and 108°21’-116°07" E) with an area of 185,900 km? and a varied topography
(higher in the west and east and lower in the middle) consisting of mountains, hills, basins and
plains, etc. The western part of Hubei Province is a high-elevation mountain area and the northeast
and southeast part are hilly areas. In the middle part is the flat Jianghan Plain (i.e., the alluvial
area of Yangtze River and Han River), which is an important food production area (Figure 1). In
2015, Hubei Province’s GDP was 2955.02 billion RMB with the population of 58.52 million, as well
as the urbanization rate 56.7%. According to the Development Strategy of Two Circles and One
Zone proposed by the Hubei Provincial Government in 2010 to realize integrated and sustainable
development, Hubei Province is partitioned into Wuhan Urban Circle (WUC) and Western Hubei
Eco-cultural Tourism Circle (WHETC). WUC is the important advanced manufacturing and high-tech
industrial base, modern servicing center and integrated transportation hub in China. WHETC is the
ecological green-shelter of the Central and Southern China and the water supply resource of the middle
route of the South-to-North Water Transfer Project. In 2015, the area, population and GDP accounted
for 31%, 53%, 60% in WUC and 69%, 47%, 40% in WHETC respectively.
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l - — Hanjiang River 1
[J Wuhan Urban Circle - 9.2 0 100 200

[__1 Western Hubei Eco-cultural Tourism Circle Km

Figure 1. Location, administrative divisions, and elevation of Hubei Province.
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2.2. Data Sources

The land use data are obtained from land use cover vector data at 1:10,000 scale, derived from
the Second National Land Survey (SNLS) in 2009 and the Annual Land Use Change Survey (ALUCS)
in 2014. The SNLS began in 2007 and completed in 2009, as a national territory surveying project
organized by the State Council. The land use data obtained from SNLS is characterized by its large
quantity, wide coverage and high accuracy on a basis of advanced technologies and management
techniques. In order to collect land use information yearly, based on the SNLS data, the ALUCS has been
carried out since 2010 to update the data of SNLS annually. Thenceforth, a series of official, accurate and
comprehensive digital data reflecting the situation of land use in China has been formed. DEM data
are collected from the advanced spaceborne thermal emission and reflection radiometer global digital
elevation model provided by NASA for free (ASTERGDEM, http://gdem.ersdac.jspacesystems.orjp/).

According to Heilig (1997) [41], five socioeconomic forces are selected to be the major drivers of
land use change in China: population growth, urbanization, industrialization, changes in lifestyles
and consumption modes, and the shifts of political and economic arrangements and institutions.
This paper adopted the socioeconomic forces from the abovementioned five aspects and used the
SPSS 24 software (IBM, Amon, NY, USA) to analyze the driving forces on ELPL change. The selected
influencing forces are urbanization rate (UR), population (Pop), GDP, the primary industry output
(PI), the second industry output (SI), the tertiary industry output (T1I), fixed assets investment (FAI),
retail sales (RS), fiscal revenue (FR), urban residents’ income (URI), and rural residents” income (RRI).
The socioeconomic data in this study are from the Statistical Yearbook of Hubei Province (2010 and
2015) and the Statistical Yearbook of various cities in Hubei Province (2010 and 2015) [42,43].

2.3. ELPL Quantifying Spatial Pattern Change

2.3.1. Land Use Transfer Matrix

The land use transfer matrix reflects the transformation of the research area during one certain
period. This is used to describe the changing direction of various land use types and the origin
and composition of land use types at the end of the study period [44]. The variables in the transfer
matrix can be the areas of land use type. The transfer probability matrix of regional land use change
can also be generated to infer the trend of regional land use change under some specific scenarios.
The mathematical form is

S1 S12 S13 -+ Su
So1 S12 Sa;1 -+ Sou

Sij= |51 S Sa v S 1)
Sa1 Sw2 Sm -+ Sun

where S is the area of the land, 7 is the number of ELPL types, i and j are the ELPL types at the
beginning and the end of the study period.

2.3.2. Pearson Correlation Coefficient

The Pearson correlation coefficient is employed to present the linear relationship between two
random variables. Historically, it is the first formal correlation measure and it is still one of the
most widely-used relation measures [45]. The Pearson correlation coefficient of two variables X
(socioeconomic forces, such as UR, PU, GDP, STI, etc.) and Y (ELPL changes, such as EL, EPL, PEL, LL,
PLL, PL) is formally defined as the covariance of the two variables divided by the product of their
standard deviations. The formula is Equation (2):
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where ¥ = 1Y | x; denotes the mean of x. ¥ = Y, y; denotes the mean of y. The coefficient ry,

ranges from —1 to 1 and it is invariant to linear t?ansformations of either variables. The sign of the
correlation coefficient is positive if the variables are directly related and otherwise negative if they are
inversely related. If ry, = 0, then x and y are deemed to be uncorrelated. The closer the value of Iry, | is
to 1, the stronger the measures are close to a linear relationship. This is because the association measure

reflects the tendency of changes for each pair of corresponding expression levels in the two profiles.

2.3.3. Canonical Correlation Analysis

In this paper, the CCA method was used to quantify the socioeconomic forces of ELPL change
in Hubei Province. CCA was introduced by H. Hotelling in 1936 and became a relatively complete
theory in the 1970s. As a method to analyze the causal relationship between two sets of variables,
CCA maximizes the correlation between two sets of variables by exploring their optimum linear
combination. In this study, two sets of ELPL change variables and socioeconomic factors were used to
establish two canonical equations as follows:

xX1=a1nX1 +apXs+...+ Délep

3
m=puY1+BnrY2+...+B1yY ©)

where x; is a linear combination of variants representing ELPL change variables, 7 is another linear
combination of variants representing socioeconomic variables. The purpose of canonical linear
correlation is to maximize the correlation of the two linear combinations (R.) by estimating the
weighting coefficients (a11, 12, - .., &1p; P11, B12, - - -, B1g) Of the above equations. By repeating these
steps, several groups of canonical equations can be obtained, and the canonical correlation between
each group of canonical equations shows a decreasing trend. The formula is Equation (4):

_ E[UvT] _ E[aTxyTB] _ alS.y B
VERPIEVZ] | [E[aTSalE[BTS 8] \/aTSue x BTSyp

4)

c

where E is the mathematical expectation of canonical variables, Sy, is the covariance matrix of variable
set X, Sy is the covariance matrix of variable set Y, Sy, is the cross-covariance matrix of the variable
set X and set Y.

2.4. Ecological-Living-Production Land Classification System

The government’s land management is mainly based on official land use data and the existing
land classification standards. The national standards of land classification in China mainly include the
Current Land Use Condition Classification (GB/T21010-2007) [40] and the Classification of City Land
Use and Standard of Land Use Planning and Construction Land (GB50137-2011) [39]. As national
standards, the pre-existing cover classes mentioned above are of great significance for the land use
research and management. However, this classification primarily concerns land with the production
and living function, losing sight of land ecological function. Specifically, the classification system
identified certain types of land (marshland, idle land, bare land, etc.) with important ecological value
as unused land. This classification is susceptible to make local government officials arbitrarily convert
the “unused land” to agricultural land or construction land owing to immediate benefits [35]. On the
basis of the ELPL theory and the criteria of the major functions of land-use types from ecological
perspective, the land was reclassified into six categories: ecological land (EL), eco-production land
(EPL), living land (LL), production-eco land (PEL) and production land (PL) (Table 1). For example,
arid land and paddy field in the pre-existing cover classes are the land use types of cultivated land
mainly used to produce wheat and rice for grain production, but they also have certain ecological
value as vegetation landscape. Therefore, they are classified as PEL.
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Table 1. Ecological-living-production land classification system.

Class Land Use Types Illustration
<> Land with the function of water and
Forest land, shrub forest, unused soil conservation, sand fixation, flood
woodland, unused grassland, regulation, riparian protection and
rivers, lakes, coastal beach, inland biodiversity conservation.
Ecological land beach, glaciers and snow, idle <4 The land that can conserve the

land, saline land, marshland, degraded land (such as saline land,

sandy lar.1d, bare land, sightseeing marsh, etc.) has important ecological

and special land value and is also designated as
ecological land.

<> Land with dual functions of ecology

Eco-production land Natural grassland, artificial and production, but its ecological
grassland, reservoir, pond function is stronger than that
of production

< The land where people live, including
Living land Urban, towns, villages urban living land and rural

living land

< The land has a strong production
function, is the cornerstone of
safeguarding national food security,
but also has some ecological functions.

Arid land, paddy field, irrigated
Production-eco land land, orchard, tea garden,
other gardens

Railway land, highway land, rural <> The land has the dual function of
Production-living land road, airport land, port land, production and living, and it is
pipeline transport land difficult to distinguish in space, so it is
classified as production-living land.

Ditches, hydraulic construction
Production land land, agricultural facility land,
field ridge land, mining land

<> Land used for agriculture or
industrial production facilities

This classification method realizes an effective connection between the ELPL classification system
and the existing land use classification standards, provides a reference for the feasibility of ELPL
planning and management for the land management departments.

3. Results

3.1. The ELPL Spatial-Temporal Pattern

There were obvious differences in the areas of various functional land. The proportion of the land
with ecological function was the largest, while the proportion of the land with living and production
function was the smallest. Specifically, EL and PEL covered the top two largest land areas with the
respective 989,269.35 ha and 982,389.97 ha, accounting for 52.82% and 33.45% of the total area of Hubei
Province in 2014; the area of LL and EPL were 124,017.74 ha and 98,585.22 ha, accounting for 6.67%
and 5.30%; PLL and PL were the two smallest, respectively accounting for 0.48% and 1.28% (Table 2).

The proportions of ELPL in WUC and WHETC were not the same. The largest proportion of
ELPL in WHETC was EL, while that in the WUC was PEL. WUC is more socially and economically
developed than WHETC, and with a flat terrain. The proportion of land with living and production
function (i.e., PLL, LL, PEL and PL) in WUC was significantly higher than that in WHETC. The WHETC
has higher altitude, and its mountain area is larger. The proportion of land with ecological function
was larger than that in WUC.
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Table 2. The areas of ecological-living-production land in Hubei Province in 2014. WUC: Wuhan city
circle; WHETC: Western Hubei Eco-Cultural Tourism Circle. Unit: ha, %.

Regi Ecological ~ Eco-Production Production-Eco Living Land Production-Living Production
eglon Land Land Land 1ving Lan Land Land
Hubei 982,389.97 98,585.22 622,129.55 124,017.74 8874.40 23,712.59

Province 52.82 5.30 33.45 6.67 0.48 1.28
Wuc 221,404.69 46,701.71 236,826.29 57,848.09 4927.72 12,066.66
38.19 8.06 40.85 9.98 0.85 2.08
WHETC 760,985.29 51,883.51 385,303.26 66,169.65 3946.68 11,645.92
59.46 4.05 30.10 5.17 0.31 0.91

The ELPL spatial distribution patterns in Hubei Province are similar in 2009 and 2014 (Figure 2).

EL was mainly distributed in mountainous areas in the western and the hilly areas in the northeastern
and southeastern. PEL was concentrated in the Jianghan Plain in the central part of Hubei Province.
The area of Jianghan Plain is flat and rich in water resources. This plain has been reclaimed as the
main grain producing area for a long time. LL mainly refers to urban and rural settlements, and its
distribution was basically consistent with the location of the cities in Hubei Province and characterized
by the concentration in the WUC and dispersed in the WHETC. The distribution of EPL, PL and PLL
were less distributed and fragmented.

a)

Legend

= Ecological Land
Ecol-production Land
Production-eco Land

= Living Land

= Production Land

.., ™8 Production-living Land

0 100 200
) Km

b)

Figure 2. Spatial pattern of ecological-living-production land in Hubei Province. (a) 2009; (b) 2014.

3.2. ELPL Structural Changes

The changes of ELPL characteristics in Hubei Province from 2009 to 2014 were: the areas of EL,

EPL and PEL were decreased and the areas of LL, PLL and PL were increased. This indicates that the
land with the living and production function continues to erode the land with the ecological function.
The specific performances were as followings (shown in Table 3):

@

@)

®)

The area of EL decreased greatly from 2009 to 2014, reaching 6879.37 ha. In the WUC, the area of
EL reduced by 2989.08 ha, which was mainly occupied by LL and PEL. In the WHETC, EL was
mainly transformed into PEL of 2237.62 ha, and the expansion of LL also occupied a large amount
of EL.

The area of EPL was reduced by 1473.91 ha, of which 1397.12 ha reduced in the WUC and the
rest reduced in the WHETC. The reduction of EPL in Hubei Province was mainly occupied by
LL. The EPL has been occupied by LL for 1041.96 ha in the WUC, and the amount was 409.09 ha
in the WHETC. Being occupied by PEL and PLL were also the main reasons for the EPL loss in
the WHETC.

The amount of PEL was reduced by 7106.34 ha, including 4080.13 ha in the WUC reduced and
3026.22 ha in the WHETC. The reduction of PEL was mainly occupied by LL in WUC. In the
WHETC, there was 1116.36 ha of PEL converted into EL.
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(4) The area of LL had the largest increase of 11,674.84 ha in Hubei Province. The increment of LL
area was 6629.30 ha in the WUC, and 5045.52 ha in the WHETC. The expansion of LL mainly
encroached on PEL and EL.

(5) The proportion of PLL and PL in the ELPL was small. However, the demand for PLL and PL has
been increasing continuously to ensure the social-economic development. The PLL and PL in
Hubei Province have increased by 2759.59 ha and 992.58 ha respectively. The main sources of the
increment of PLL and PL were PEL and EL.

Table 3. Conversion matrix for the ecological-living-production land of Hubei Province. EPL:
Eco-production Land; EL: Ecological Land; LL: Living Land; PEL: Production-eco Land; PLL:
Production-living Land; PL: Production Land; WUC: Wuhan city circle;, WHETC: Western Hubei
Eco-Cultural Tourism Circle. Unit: ha.

Region Land Types EL EPL PEL LL PLL PL Gross Loss  Changes
EL - 43690  5283.07 209414  701.03  373.13 8888.27 —6881.76
EPL 67.13 - 48448  1451.05 28778  100.15 2390.59 —1473.93
) PEL 1706.07  408.13 - 9051.40 174871  854.96 13,769.28  —7106.81
Hubei LL 189.61 57.91 714.23 - 143.69 51.97 1157.41 11,674.49
Province PLL 5.20 2.02 10.26 17.61 - 93.12 128.20 2795.60
PL 38.50 11.70 17043  217.70 42.59 - 480.92 992.40
Gross gain 200651  916.66 666247 12,831.90 2923.80 147332
EL - 3273 223762 101430 27471  182.37 3741.73 —2991.94
EPL 52.38 - 26857 104196  199.05 46.49 1608.46 —1397.08
PEL 589.72  158.27 - 4980.67  884.83  427.26 7040.74 —4080.31
WuC LL 83.96 14.76 345.71 - 61.59 34,51 540.53 6629.17
PLL 1.90 1.28 497 9.64 - 0.72 18.51 1431.55
PL 21.84 434 10355  123.13 29.88 - 282.74 408.61
Gross gain 749.79 21138 296043 7169.70  1450.06  691.35
EL - 40417 304544 1079.84 42632  190.76 5146.54 —3889.82
EPL 14.75 - 21591  409.09 88.73 53.66 782.13 —76.85
PEL 111636 249.86 - 407073  863.88  427.70 6728.53 —3026.13
WHETC LL 105.65 43.15 368.52 - 82.10 17.46 616.88 5045.32
PLL 3.30 0.74 5.29 7.96 - 92.40 109.69 1364.05
PL 16.67 7.36 66.88 94.57 12.71 198.18 583.61

Gross gain 1256.72 705.28 3702.04 566220  1473.74 781.97

3.3. Driving Forces Analysis of the ELPL Changes

3.3.1. The Natural Factors

The natural forces that affect land use change include precipitation, climate, hydrology,
topography, etc. Most of the natural forces have little influence on land use change in the short
term, but the terrain forces have a great influence on the spatial changes of land use. In this
study, we selected the two terrain factors: slope and aspect to analyze the natural driving forces
of ecological-living-production land change. As shown in Figure 3, the terrain slope has an obvious
influence on the change of ELPL. The amount of changed ELPL decreases as the terrain slope increases.
The change of ELPL mainly occurred in the gentle slope areas (<5° and 5-15°). In the steep slope
areas (>15°), the ELPL changed less. However, the performance of each type of ELPE was different
with the slope increasing. In steep slope areas (>15°), the lost natural land (i.e., EL and EPL) was
significantly greater than the gained, while the change of artificial land (i.e., PEL, LL, PL and PLL) was
the opposite. It indicates that human production and living activities began to expand in high slope
areas, and occupied a great deal of ecological land.
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Figure 3. Slope classification and ecological-living-production land areas change. EPL: Eco-production
land; EL: ecological land; LL: living Land; PEL: production-eco land; PLL: production-living land; PL:

production land.

According to the effect of terrain aspect on soil moisture and sunlight, the terrain aspect is
divided into five categories: flat side, sunnyside, semi-sunnyside, shadyside and semi-shadyside [37].
The production and living conditions in the area of sunnyside and semi-sunnyside are better than that
in the area of shadyside and semi-shadyside. As shown in Figure 4, the lost land of EL mainly occurred
in the shadyside while that of PEL and EPL mainly occurred in the sunnyside. The gained land of LL,
PLL and PL in the area of sunnyside was more than that in the area of shadyside. It should be noted
that a large amount of land with the ecological function was occupied by the land with living and
production function in the areas with better natural conditions, which has adverse effects on ecological
and food security.
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Figure 4. Aspect classification and ecological-living-production area change. Al: Flat slope (0°); A2:
sunnyside (135-225°); A3: semi-sunnyside (90-135°, 225-270°); A4: shady side (45-90°, 270-315°); A5:
semi-shady side (0—45°, 315-360°); EPL: eco-production land; EL: ecological land; LL: living land; PEL:
production-eco land; PLL: production-living land; PL: production land.

3.3.2. Socioeconomic Factors

First, the Pearson correlation coefficients were used to analyze the relationship between ELPL
change and socioeconomic factors. We used 1% and 5%, respectively, as the confidence intervals for
the significant correlation analysis. As shown in Table 4, the factors (e.g., GDP, Pop, FAI, FR, RS,
URI and RRI) were significantly correlated with the change of ELPL. These factors were significantly
positively correlated with the change of LL and PLL but negatively correlated with the change of
EPL and PEL. Referring to the study of Pradhan et al. (2017) to analyze the sustainable development
goal (SDG) interactions [46,47], the positive and negative correlations between socioeconomic factors
and the changes of ELPL can be classified as synergy and trade-off. The economic development and
the increase of population, consumption, fiscal revenue, investment and income have a synergetic
relationship with the increasing of LL and PLL, whereas trade-offs relationship with EPL and PEL.
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Table 4. The social-economic driving factors correlation degree of ecological-living-production
changes. EPL: eco-production land; EL: ecological land; LL: living land; PEL: production-eco
land; PLL: production-living land; PL: production land; UR: urbanization rate; Pop: population;
PI: the primary industry output; SI: the second industry output; TI: the tertiary industry output;
FAI fixed assets investment; RS: retail sales; FR: fiscal revenue; URI: urban residents’ income; RRI:
rural residents’ income.

Factors EPL EL LL PEL PLL PL
GDP —0.506 ** —0.057 0.727 ** —0.573 0.441 —0.089
Pop —0.427 ** —0.019 0.639 ** —0.507 0.309 —0.14
UR 0.088 0.022 —-0.251 % 0.232* —0.106 0.015

PI 0.011 —0.28 ** 0.109 0.115 —-0.072 —0.194
SI —0.081 0.149 0.105 —0.231* 0.157 0.146
TI 0.06 0.067 —0.197 0.165 —0.115 —0.021
FAI —0.537 —0.041 0.733 ** —0.596 ** 0.529 ** —0.085
FR —0.48 ** 0.001 0.637 ** —0.512 ** 0.396 ** —-0.131
RS —0.471 * —0.023 0.588 ** —0.43 ** 0.319 ** —-0.124
URI —0.343 ** 0.089 0.435 ** —0.416 ** 0.305 ** —0.057
RRI —0.53 ** 0.148 0.546 ** —0.518 ** 0.434 ** 0.012

Note: ** Significant at the 1% level; * Significant at the 5% level.

To be more specific concerning the particular regions and the tensions between the eastern (WUC)
and western (WHETC) areas, this paper analyzed the socio-economic driving factors of ELPL change
in WUC and WHETC through CCA method. The results of CCA were shown in Table 5. The sample
covariance of the canonical variables within the same variable set was zero, and the sample covariance
of the canonical variables that do not correspond to different variable set was also zero. Therefore,
the analysis of the relationship between the variable set Y (ELPL changes) and the variable set X
(socioeconomic forces) involves only the analysis of the canonical variables extracted from the two
variable sets [38]. The canonical correlations of canonical variable 1 and variable 2 of WUC and
WHETC were 0.963, 0.878 and 0.917, 0.782, respectively. The significance indexes of these variables
were below 0.05. The explanatory variables identified by these variables can adequately explain
the distribution of the corresponding standard variables. The explanatory information for the other
canonical variables was not sufficient and was not discussed.

From the canonical loading of ELPL change in WUC, we first extracted the changes variable of
EPL and LL form the variable set Y in the canonical variable 1, their canonical loadings were —0.916
and 0.807. The corresponding explanatory variables were FAI, GDP, FR, RS and Pop (the canonical
loadings are 0.926, 0.906, 0.872, 0.867 and 0.812) in the variable set X. It indicates that the growth
of GDP, population and the increase of fixed asset investment, fiscal revenue and retail sales were
beneficial to the expansion of LL and led to the decrease of PEL in WUC. Secondly, we extracted the
changes variable of PEL from the variable set Y in the canonical variable 2. The canonical loading was
0.797. The corresponding explanatory variable was the primary industry and second industry output,
and their canonical loading were 0.652 and —0.594. The development of agriculture was positively
related to the increase of PEL, while the development of the second industry caused the decrease of
PEL in WUC.

From the canonical loading of ELPL change in WHETC, we first extracted the changes
variable of LL from the variable set Y in the canonical variable 1, its canonical loading was 0.894.
The corresponding explanatory variables were GDP and RS (the canonical loadings are 0.818 and 0.797)
in the variable set X. It indicates that the growth of GDP and the increase of fiscal revenue were the
main driving forces of LL expansion in WHETC. Secondly, we extracted the changes variable of EL from
the variable set Y in the canonical variable 2, the canonical loading was —0.634. The corresponding
explanatory variable was primary industry, its canonical loading was 0.620. The development of
agriculture was the main driving force for the reduction of EL in WHETC.
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Table 5. Canonical loading of ecological-living-production land changes. EPL: eco-production land;
EL: ecological land; LL: living land; PEL: production-eco land; PLL: production-living land; PL:
production land; UR: urbanization rate; Pop: population; PI: the primary industry output; SI: the second
industry output; TI: the tertiary industry output; FAI: fixed assets investment; RS: retail sales; FR:
fiscal revenue; URI: urban residents’ income; RRI: rural residents’ income.

Canonical Loadings

Variables Wuhan City Circle Western Hubei Eco-Cultural Tourism Circle
1 2 1 2
EL —0.34 —0.295 —0.275 —0.534
EPL —0.916 0.152 —-0.172 0.3
Set Y PEL —0.629 0.597 —0.648 0.205
et LL 0.807 ~0.29 0.894 ~0.109
PLL 0.556 —0.514 0.306 0.195
PLL —0.293 —0.109 —0.058 —0.159
GDP 0.906 0.033 0.818 0.041
Pop 0.812 —0.067 0.519 —0.053
UR —0.096 0.099 —0.413 0.102
PI 0.034 0.561 0.426 0.62
SI —0.04 —0.505 —0.028 —-0.194
Set X TI 0.133 0.192 —0.301 —0.017
FAI 0.926 —0.058 0.63 0.082
FR 0.872 0.073 0.654 —0.032
RS 0.867 0.161 0.797 —0.069
URI 0.647 —0.212 0.282 0.042
RRI 0.727 —0.263 0.31 —0.223

4. Discussion

4.1. The Construction of Ecological Civilization

Since the 18th National Congress of the Communist Party of China, China has accelerated the
construction of ecological civilization and taken the optimization of spatial development pattern
as the primary measure of ecological civilization construction [36]. The requirement of ecological
civilization construction for the spatial optimization of ELPL is that “the land for production is
used intensively and efficiently; the living land is livable and proper in size; the ecological land
is unspoiled and beautiful” [5]. Hubei is a province rich in forest and water resources, enjoying a
superior eco-environment in China, with mainly land with ecological function. However, the land
with ecological function (EL, EPL and PEL) in Hubei Province decreased significantly from 2009 to
2014, especially in WHETC where the ecological land is superior. The decrease of the land with
ecological function implies the deterioration of land ecological function in Hubei Province. Meanwhile,
the land with living and production function (LL, PLL and PL) increased by 15,462.99 ha, with an
increase rate of 10.96%. The rapid expansion of living and production land might lead to extensive and
inefficient land use. In order to realize the requirement of ecological civilization construction for ELPL,
some measures for spatial development need to be taken (e.g., setting red lines for ecological protection,
urban expansion and basic farmland protection for spatial development, and strictly following the
red line control strategy to prevent over-expansion of living and production land and protecting
the ecological function of the land, and optimizing the spatial pattern of ELPL, and constructing an
ecological civilization).

4.2. Impacts of ELPL Changes on Sustainable Development

Regional sustainable development involves the sustainability of regional resources, environment
and socio-economy [48]. Based on the results of driving force analysis of ELPL change, the Sustainable
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Development Goals (e.g., economic growth and urbanization) have synergetic or trade-off relationship
with the ELPL change. The trade-offs directly affect the status of regional eco-environment and
food production, which constitute obstacles in achieving the SDGs, need to be negotiated and made
structurally nonobstructive by deep changes in the current strategies [46].

With the economic development and urbanization, a large amount of PEL in Hubei Province
was occupied by LL and PLL. From 2009 to 2014, the PEL (e.g., arid land, paddy field) reduced by
7106.34 ha with an average annual decrease of 1421.27 ha. Especially in the areas with gentle slope and
sunny-side, where the natural conditions for agricultural production are better, the number of PEL lost
significantly more than the PEL gained. This trend of PEL change is detrimental to food production,
and seriously threatens regional food security and sustainable development.

The important ecological projects in Hubei Province, such as the Three Gorges Reservoir and
South-to-North Water Transfer Project, which makes the ecosystem security of Hubei Province of
great significance to China [49]. The land with the ecological function (e.g., EL, EPL and PEL)
accounted for 92.41% of the total area of Hubei Province in 2014, especially the EL was the largest of
ELPL. However, the EL is seriously threatened by the largest lost land from 2009 to 2014 in Hubei
Province. The agricultural production and construction land expansion occupied a large amount of
EL. This phenomenon was more serious in WHETC where eco-environmental protection was much
important. The changes of ELPL has caused the degeneration of the land ecological function. If the
current ELPL use pattern remains unchanged, it will pose a serious threat to the sustainability of
regional ecosystems.

4.3. Ecological Preservation on Agricultural or Living Land

Socio-economic development and human production and living activities will inevitably lead to
the expansion of production land and living land [50]. From the changes of ELPL in Hubei Province,
the decrease of ecological land was mainly occupied by the land for agricultural production and living.
The agricultural land and living land also have a certain ecological function. Multifunctional land use
and efficient ecological preservation measures on agricultural and living land can largely safeguard the
regional ecological security and reduce the ecological damage caused by ELPL changes. We suggest
the following measures: (1) The expansion of agricultural and living land should occupy wasteland
and abandoned land with low ecological value instead of forest and water areas. (2) Greater value
should be attached to the ecological function of living land. For example, developing underground
living space and retaining the ecological landscape coverage, improves the greening of residential
areas and creates an ecological livable environment. (3) To alleviate water and soil loss, developing the
slopes into agricultural land should be prohibited. This enables the forest and grassland restored in a
systematic and planned way.

4.4. Limitations

Land is the combination of ecological, living and production functions, and has certain subordinate
functional value as well as its dominant function. The ELCS established by reclassified method in this
paper only considered the dominant function of land, and other functions and land use information
should also be concerned as they may have some policy implications for spatial optimization.
The future ELCS should adopt specific evaluation methods to quantify the products or services
provided by land and analysis the impacts of land use change on the values of land’s ecological,
living and production functions.

5. Conclusions

Rapid industrialization, urbanization and economic development exert a significant influence
on the spatial pattern of ELPL in Hubei Province. This paper has established a flexible and practical
ELCS, and analyzed the ELPL spatial distribution pattern, changes and the driving factors. The results
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of this study provide valuable information for the spatial pattern optimization of ELPL and planning
decision making. The research results are concluded as below.

(1) The ecological function covered the largest land area among land with multi-functions in
Hubei Province. EL and PEL took up the top two largest proportion of land in Hubei Province. EL was
the largest in the WHETC and the PEL was the largest in the WUC; (2) The land with ecological
function (e.g., EL, EPL and PEL) decreased significantly and occupied by the expansion of LL, PLL and
PL. The ecological function of land was weakened, threatening the ecological security. The changes of
ELPL were more intense in the economically developed WUC than in WHETC; (3) A large amount
of land with ecological function was occupied by the land with living and production function in
the areas with better natural conditions, which has adverse effects on ecological and food security.
The growth of population, the increase of GDP, investment, and residents” income were the main
driving forces of ELPL change, and agricultural development led to the decrease of EL in WHETC.
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