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Abstract: This research aims to advance our understanding towards forest transition, which is about
the shift from net deforestation to net reforestation over a given area during certain period, through a
case study of a western city in China from 1990 to 2015. Three main contributions are made to
the theory and practice of forest land management. First, this research enriches forest transition
theory with a meso-level exploration on forest land change in subtropic Chongqing, which echoes
the “U” shape transition rules widely observed in the Euro-American context but was found a time
lag of the turning point until 2000s. Second, it intentionally identifies the subtype of forests—the
artificial plantation, which is considered influential on performance of forest’s carbon sequestration
but not paid sufficient attention to. Third, it adds knowledge on forest transition pathway at an intra-
urban scale through the identified significance degree of forest transition dynamics, which implies
that economic development matters but is less important than topography in a mountainous city like
Chonggqing, and different dimensions of economy impact differently on forest transition.
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1. Introduction

Though worldwide deforestation remains alarmingly prominent, its rates have been
dropping, and a shift to net reforestation, scholarly termed as forest transition, has been
noticed in a number of countries [1-3]. This “U” shape phenomena of forest transition
were first noted in early 19th century France, then in the United Kingdom, Switzerland,
the United States, Denmark, Portugal, and Japan [4-7]. Theorization of the phenomena
thus is primarily grounded in these advanced industrialized, mainly Euro-American coun-
tries [8]. Since the 1990s, net reforestation has eminently been observed in Asia, among
which China, the industrialization giant successor, is reported to be the country experienc-
ing the fastest growth of forests on earth [9-12]. Though China’s rapid forest expansion
has caught scholarly attention, research results vary greatly and are sometimes paradoxi-
cal [13-15]. For instance, some scholars believe that China is undergoing “U” shape curve
in its forest resources [16], others think that the evidences are insufficient and call the
U-shaped relation between forest and economy into question [16,17]. Even when admitting
the “U” shaped curve, the turning point is also arguable, given the omnifarious statements
of, e.g., the 1980s or late 1990s [14,15]. This research views China’s forest transitions a
heterogeneous landscape that a more nuanced and localized critical examination on the
source, flows and spatiotemporal patterns of this large scale, domestic forest transition is in
need. This is particularly true in those mountainous, urban-rural coordinated areas where
factors related to urbanization and those of natural ones may both produce significant
impacts on this transition.
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Remote sensing and geographical information system technology capable of capturing
large-range, long-time span change of land-use/land-cover help to display and quantify
forest transition across time periods [18,19]. Indicators such as annual change rate and
Gini coefficients assist to measure the speed and (un)balance of the transition [20-24].
Benefitted from these methods, great many studies have portrayed the general trends of
deforestation and reforestation on earth [1], especially in tropical areas [9,25] and found that
urban and agricultural expansions were considered the two main processes threatening the
loss of forest land [26—28]. Is similar forest transition observed in fast expanded Chinese
cities? How this transition is spatially distributed, and why? Given the known knowledge
on the net forest gain in recent years, scholars argue for in-depth, multiscale examination
over subtle changes of forest land and how these changes are spatially varied in different
climate zones especially at intra-urban or intra-regional scale, which is critical for meso-
and micro-level forest policy making and localized land administration.

Another significant but often overlooked reality in existing studies is the lack of
discrimination of natural forest and planation, the quality of which leads to differentiated
ecosystem services, thus influences the performance of forest’s carbon sequestration [29].
In places where natural forest loss and plantation expansion simultaneously occur, e.g.,
Ecuador and Chile, the increase of overall forest cover area is found to had negative effects
on carbon storage. In other words, gains of forest from plantations at the cost of natural
forest loss do not benefit carbon fixation or reduction [30]. Therefore, research on the
overall change of forest cover area alone is not enough to uncover the actual alteration
of ecosystem services result from the forest transition. A proper treatment of different
forest types, at least distinguishing natural forest and afforestation, would be a starting
point consummating forest transition studies and inspiring policy making for improving
ecosystem services [31].

Scholars also identified several major, often overlapping, pathways of forest transition.
The primary pathway is the typical “U” shape phenomena found in association with
socioeconomic development. Scholars report that alongside the increase of income and
level of economic development and urbanization, deforestation happens, reaches a peak,
then drops, and follows with a gradual reforestation or afforestation [2,3]. Another equally
important pathway attributable to reforestation is found inherently related to the demand
for forest-based eco-services and values of forest products, that is, forest scarcity results in
reforestation [32-34]. Other pathways are found driven by state-led reforestation policies,
globalization, and land use intensification of smallholder agriculture but are sensitive to
political, geographical, and local socioeconomic contexts [34,35]. Among the various factors
influencing change of forest land, forestry output value is considered associated with both
forest scarcity and economic development [5,14,36]. Growth of GDP, urbanization of rural
population and road density as indicators able to reflect level of economic development
and urbanization are found positively related to forest expansion [37-39]. Increase of grain
productivity per square kilometer as an indicator reflects not only economic development
but also land use intensification. Topographical and hydrographical indicators such as
slope and distance to natural rivers well capture characteristics of local environment [40,41].
To what extent these indicators influence forest transition in a local context deserves
critical examination.

Endeavoring for constructing national forest city under the discourse of urban-rural
coordination, Chonggqing, located in southwest China, is intriguing to echo the three
research objectives indicated above given its rapid economic growth, forceful reforestation
policies and vast ecological conservation areas: (1) to unveil an intra-metropolitan source,
flows and spatiotemporal patterns of forest transition and identify whether a U-shaped
curve, observed in the Euro-American context, exists in the study area; (2) to give an
eye on the subtype of forests—the artificial plantation, which is considered influential on
performance of forest’s carbon sequestration; and (3) to analyze the significance degree
of forest transition dynamics, especially the diverse relation between the change of forest
land and economic development. The following then the lists the method and result of
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forest land change in Chongqing metropolis, so as to enrich an urban-level understanding
towards forest transition in Chinese context.

2. Research Method
2.1. Site for Study

Chonggqing (105°11'-110°11" E, 28°10'-32°13' N) locates at the junction of the Qinghai-
Tibet Plateau and the plains of the middle and lower reaches of the Yangtze River (Figure 1),
covering an area of 82,402 sq.km. As an important ecological barrier in the Yangtze River
Basin and a national strategic water resource reserve, it shoulders the responsibility to
guarantee ecological security in the Three Gorges Reservoir area and the middle and
lower reaches of the Yangtze River, in which forest plays an irreplaceable role. Since the
catastrophic floods occurred in the Yangtze River Basin in 1990s, ecological security has
been given priority in local agenda and Chongqging municipal government has launched a
series of forest ecological projects to protect its natural environment.
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Figure 1. Location and spatial structure of Chongqing; Source: edited by authors.

Complex in topography, Chongqing encompasses vast territory, dominated by moun-
tains and hills (accounting for 75.8% and 18.2% of total area, respectively) with rich natural
vegetations. Its unique geographical milieu and subtropical climate zone location pro-
vide beneficiary conditions for diverse forest development, e.g., subtropical evergreen
broad-leaved forest, deciduous broadleaf forest, mixed forests of the former two and
warm coniferous forest, etc., producing prominent effects on ecological conservation.
Within Chonggqing’s jurisdiction, the main tree species include mason pine, fir, cypress, oak,
birch and poplar, etc. that are widespread planted in Mountain Wuling, Jinyun, Simian, and
Jinfo. Being one of China’s largest metropolises, Chongqing entrusted with demonstration
task of urban-rural coordination is characterized by a “One Circle, Two Wings” metropoli-
tan structure, offering the spatial framework for analysis of forest transition. In this struc-
ture, One Circle refers to the economically advanced urban functional core/development
area while Two Wings indicate the northeast wing of ecological conservation develop-
ment area and the southeast wing of ecological protection area (Figure 1). In this figure,
the boundaries with dark gray refer to districts or counties at the bureau level (tingju ji) and
the boundaries with light gray refer to towns, villages or streets within the districts or coun-
ties. There are 39 districts/counties and roughly more than 1000 villages/towns/streets
in Chonggqing.
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2.2. Data Analysis
2.2.1. Forest Land Data

Multi-source data are deployed to reveal the spatiotemporal patterns of forest land
change. The primary source is China’s Land-Use/Cover Dataset (CLUD) collating re-
moting sensing image encompassing (non)forest classification at 30-m resolution in 1990,
2000, 2010, and 2015 in Chonggqing [42]. The CLUD was gathered from multiple sources
of Landsat Multispectral Scanner (MSS), Thematic Mapper (TM), Enhanced Thematic
Mapper Plus (ETM+), and Operational Land Imager (OLI), combined with multispectral
data from the Huanjing-1 satellite (HJ-1) [42]. The raw data contain six primary-level
classifications—farmland, forest, grassland, waters, built-up land, and unused land, so that
the source and flow of forest change can be traced. Here, the forest land is inclusive of a
broad sense of all standing forests, e.g., shrub and open forest, etc. (Figure 2). Moreover,
statistical yearbooks are consulted to collate annual forest data and socioeconomic data
that is influential on forest transition. To further obtain data of the sub-types of forest
transition, e.g., the artificial planation, this research consults the Yearbook Sharing Platform
(www.yearbookchina.com, accessed on 20 May, 2021) and search words of “Chongqging”
and “artificial planation (rengong zaolin)” in combination. As Chongqing was upgraded to
a metropolis directly under the administration of central government in 1997, the available
municipal statistical data were after 1997. Three types of statistics documents are found
reporting the artificial planation area at provincial level: China Forestry Statistical Year-
book (zhongguo linye tongji nianjian), China Statistical Yearbook on Environment (zhongguo
huanjing tongji nianjian), and Compilation of Agricultural Statistics in 30 Years of Reform
and Opening (gaige kaifang sanshinian nongye tongji ziliao huibian). This research takes China
Statistical Yearbook on Environment to collate yearly artificial planation data and checks
data accuracy with the other two statistics documents.
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Figure 2. Land use and forest land maps in Chongging (1990, 2000, 2010, 2015); Source: edited
by authors.
2.2.2. Characterizing Forest Transition

An exploratory, progressive approach is applied to unravel the change of forest land
and forest resources in Chongqing. To characterize the intra-metropolitan patterns of
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forest transition, a multiscale perspective is adopted in line with Chongging’s multi-level
spatial layout. At the metropolitan level, sources and flow of forest display the land use
impetus of forest transition. The transitioned forest cover area from/to other land use type
divided by its net increased /decreased area eliminating the impact of area size manages to
showcase the conversion between forest and other land use. This research uses FCjyg4 ;) t0
represent the former and FC;, ; ;) to indicate the latter. In specific, FCjysq(;) ; represents
the proportion of the converted forest cover area (in line i) to another type of land use
in column j to the total loss of forest cover in the same period; FCyy;, ; (;) indicates the
ratio of converted area from other types of land use in line i to forest cover in column j to
total increased forest area. Both FCjyg;) ; and FCypyy, ; () are contribution rates of land use
transition out of or to forest. FCN,,;y ;; refers to the net increase rate of forest (in line 7)
from land use type j. FC; and FC; are the total areas of gained/lost of forest cover from/to
other areas in column i and line 7, respectively.

Preliminary observation suggests that gains of forest cover evidently happened after
the year 2000 in Chongqing, before that, the area of forest cover declined in general and the
outbreak of 1998 well-known basin-wide catastrophic flood had raised the significance of
forest-based soil and water conservation. Therefore, annual data related to forest resources,
e.g., the artificial planation, total standing forest stock, stock volume of forest, and ratio of
forest coverage after 2000 are identified to provide additional information for this study.

To move forward to unravel how the loss and gains of forest cover are spatially
distributed and variated, this research links the spatial database of Chongqing containing
both district/county-level and village/town-level spatial units with forest cover data with
coordinates. For all the time periods, statistical spatial units are based on administrative
division and adjustment after the city was upgraded as a municipality directly under
the administration of the central government. As the change of forest land is minimal
compared with the absolute value of forest land area, this research only maps the spatial
distribution of forest land in 2015 and calculate Gini coefficient and coefficient of variation
accordingly, which is sufficient to represent the spatial distribution and concentration
degree in other years. The coefficients of variation (CV) capturing the extent of variability
of change rate of forest cover and the Gini coefficients measuring the degree of spatial
concentration of change rate of forest cover are calculated to quantify the spatial variance
of loss/growth rate of forest cover.

2.2.3. Analyzing Forest Transition Dynamics

A valid land administration and conducive policy making on forest development
necessitate the identification and analysis of dynamics of land use transition. While various
factors are found related to forest land change, for instance, development and natural
geographical factors such as GDP, demographic change, altitude and slope, their influences
are discrepant under different natural economic milieu and local context [43-45], which de-
serves further research. In this research, data of the ratio of forest land to total land area
in each district or county in 2000, 2010, and 2015, obtained through remote sensing and
GIS technology, are aggregated as dependent variables. Seven independent variables are
sought out informed by review and considering data availability (Table 1). Variables re-
lated to hydrography and topography include distance to two main rivers in Chongqing,
the Yangtze and Jialing River, and the mean slope in each district or county. Data of the
distance to rivers are measured through GIS software, referring to the vertical distance
(shortest distance) from the administrative center of the chosen city to either Yangtze or
Jialing River. Data of the mean slope are obtained from a topographical research about
Chongging [41]. All the following data are obtained from Chongqing Statistical Yearbooks
based on the administrative division: variables indicating level of economic development
include GDP per square kilometer and forestry output value; road density represents the
intensity of construction activities; rural employed population and grain yield efficiency
exemplify the level of rural development.
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Table 1. Dependent and independent variables.
Description Units Min Max Median Mean SD
Dependent Variables—Forest Land (Ratio)
1 Ratio of forest land Y% 0.43 64.31 27.13 30.37 17.14
2 Forest land area Sq.km 0.18 2390.40 444.76 773.82 739.89
Independent Variables
Variable 1 Proximity to rivers km 0.18 113.11 7.76 24.39 26.22
Variable 2 Mean slope - 3.70 28.10 11.26 12.94 6.13
Variable 3 GDP intensity 10,000 Yuan/sq.km  113.27 226,783.29 703.93 6429.77 25107.65
Variable 4 Forestry output value 10,000 Yuan 0 40,278.27 6399.00 9715.68 9234.01
Variable 5 Road network density km/sq. km 0 3.88 1.54 1.42 0.74
Variable 6  Rural employed population 10,000 persons 0 82.42 34.90 33.94 19.80
Variable 7 Grain yield efficiency ton/sq. km 0 568.29 294.63 283.34 113.86

Source: edited by authors.

The random forest regression is used to capture the degree of significance of each factor
in forest land transition. Random forests are an ensemble learning method that constructs
a multitude of decision trees for classification or regression. The average prediction of the
individual trees is returned for regression. Less expensive than other machine learning
methods such as Artificial Intelligence Network [46—48], random forest (RF) is a tree-
based algorithm that is mild demanding on quantities of data sources and can compute
significance degree of factors under data constraints. Variable importance evaluation with
random forests is made by out-of-bag (OOB) error, which is the mean prediction error
on each variable using only the trees that did not involve that variable. Two measures
are commonly used for the OOB error. One is the percent increase in mean squared error
(%IncMSE) as a result of a variable being permuted. The other is the total decrease in node
impurities (IncNodePurity) from splitting on the variable. The IncNodePurity is measured
by residual sum of squares for regression tasks.

3. Results and Discussions
3.1. Characteristics of Forest Transition in Chongqing

The general source and flow of forest transition are calculated and summarized in
Table 2. From 1990 to 2015, forest land had first decreased from 30,661 km? to 30,630 km?
during the first 10 years, then increased from 30,630 km? to 31,063 km? during the latter
15 years. Though such general trend has experienced fluctuation amidst the process,
e.g., area of forest land indeed reached the peak to 31,166 km? in 2010 then dropped
thereafter according to the remote sensing data; this does not prevent forest land change in
Chonggqing from echoing the “U” shape rules in forest transition theory at metropolitan
scale. The Three Gorges project and the rapid expansion of urban area have once threatened
the overall forest land use in Chongqing, especially before 2000. Forest issues have earned
great attentions since the 1998 well-known basin-wide catastrophic flood and reforestation
accelerated thereafter. According to Table 2, during the transition peak of forest from
2000 to 2010, farmland and grassland are two major sources, substantially contributing
323.906 km? and 297.825 km? to the transition of forest land, suggesting prominent effects
of the policy of Grain for Green. In the meanwhile, conversion between built-up land,
waters and forests are comparatively insignificant, only 35.143 km? and 45.110 km? forest
land was converted to waters and built-up land during the fast urbanization.

A further exploration on annual forest transition on the right side of the “U” shape in
post 2000 suggests a gradualist gain but differed increasing rates of forest land and forest
area, that is, the latter of standing trees excluding shrub and sparse forest land has gained
more area size and grew faster than the former (Figure 3). Forest area is different from
forest land in that the former refers to forest land with a canopy closure of 0.2 or above,
or forest belt with a crown width of 10 m or above, which include both natural or artificial
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coniferous forests, broad-leaved forests, mixed coniferous, and broad-leaved forests but
exclude shrub forest land and sparse forest land. In 2001, forest area was only 17,790 km?,
in 2010, the number has reached 30,490 km?2. Meanwhile, data from the China Statistical
Yearbook on Environment suggest that substantial artificial plantation were made in this
period. This is particularly true in the year 2003 with the peak of 3314 km? plantation area,
followed by plantation area of 1732 km? in 2010 and 1548 km? in 2002. As annual increase
of forest land and forest area is no more than 4583 km?, it can be reasonably assumed
that considerable increase of overall forest land and forest area comes from the artificial
plantation and natural forests may have experienced loss in the same period. This partly
explains why carbon emission remains going up despite of the increase of forest cover
areas in the city. It also raises the question of the quality of reforestation in Chongging.
That is, whether the increase of overall forest land manages to provide better ecosystem
services, and thus improve the level of carbon sequestration and benefit carbon fixation
and reduction. Clarification of the question is important as in places such as Ecuador and
Chile, gains of forest from plantation at the cost of natural forest loss have already been
found negatively related to carbon storage [30].

Table 2. Flow rates of forest land use change in Chongging during 1990-2000, 2000-2010, and 2010-2015 (km?).

Period Flow of Conversion Total Farmland  Grassland Waters Built-Up Land  Unused Land
. Value (km?) 173.169 6.151 166.586 0.432 0.000 0.000
Conversion to forest
FCgai,, i(j) (%) 100.000 3.552 96.198 0.249 0.000 0.000
2 202. 22.7 169.141 .011 11. .
1990-2000 Conversion from forest Value (km~) 02.896 39 69 0.0 006 0.000
FCoss (1), (%) 100.000 11.207 83.363 0.005 5.424 0.000
. Value (km?) —29.727 —16.588 —2.555 0.421 —11.006 0.000
Net conversion
FCNgqin i,j (%) 100.000 —55.801 —8.594 1.416 —37.022 0.000
. Value (km?) 686.148 361.727 323.585 0.305 0.302 0.230
Conversion to forest
FCouin iy(j) (%) 100.000 52.718 47.160 0.044 0.044 0.034
2
2000-2010 o nversion from forest Value (km~) 144.439 37.821 25.760 35.448 45.411 0.000
FCloss (i),j (%) 100.000 26.185 17.834 24.541 31.440 0.000
. Value (km?) 541.709 323.906 297.825 —35.143 —45.110 0.230
Net conversion
FCNgain i,j () 100.000 59.793 54.979 —6.487 —8.327 0.042
. Value (km?) 0.030 0.000 0.030 0.000 0.000 0.000
Conversion to forest
FCgm i(j) (%) 100.000 0.000 100.000 0.000 0.000 0.000
2
2010-2015 o pversion from forest Value (km~) 103.620 0.005 3.031 17.494 83.089 0.000
FCloss (i),j (%) 100.000 0.005 2.925 16.88. 80.186 0.000
. Value (km?) —103.589 —0.005 —3.001 —17.494 —83.089 0.000
Net conversion
FCNgain i,j (%) 100.000 —0.005 —2.897 —16.888 —80.210 0.000

Source: edited by authors.

Figure 4 indicates a hollowing pattern of forest land in the city center of the nine
districts and reveals that most of the forests are in the two wings area, and the farther
away from city center, the larger the forest land area. The southeast wings generally owns
more forest land than the northeast wings and are contiguous to the edge of the one-hour
economic circle. At district/county scale, Chengkou, Wuxi, and Fengjie in the southeast
wings and Youyang in the northeast wing have the largest forest land. At the village/town
scale, apart from the aforementioned districts, Nanchuan, Wulong, Fengdu, and Qjjiang
also have many towns and villages owning large forest land. The spatial concentration
degree of forest land area (0.522) is generally higher than that of the ratio of forest land
to total area (0.321) at the district/county level as measured by Gini coefficient (Figure 5).
The result indicates a mild dispersed spatial patterns of forest land distribution. This mild
dispersion, however, does not mean a spatial balance of forest distribution. As the as-
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tonishingly high values of coefficient of variations calculated at the district/county scale
suggest, spatial distribution of forest land is quite imbalance with all CVs surpassing 1.03
throughout 1990 to 2010. This is also clearly indicated in the change rate of forest land
that shows a distinctive differed forest land change in the “one hour, two wings” spatial
structure (Figure 6). The year 2000 turns to be the watershed of forest transition. Forest land
generally lost during the period of 1990 and 2000 and the loss rate was relatively evenly dis-
tributed across the metropolis. The decrease turned around after 2000 that the two wings,
especially in its middle section such as Shizhu, Dianjiang, Pengshui, etc., have experienced
substantial increase of forest land.
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Figure 3. Annual forest change in Chongqing (2000-2010); Source: multiple statistical yearbooks.
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by authors.
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(down) level in Chongqing (1990-2010); Source: edited by authors.
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3.2. The Significance Degree of Forest Transition Factors in Chongging

Results of multiple linear regression (MLR) and random forest (RF) are shown in
Table 3 and Figure 7. In both two models, mean slope, GDP per square kilometer, rural
employed population, and grain yield efficiency are significantly related to ratio of forest
land. Topographical factor, as reflected by mean slope, is overwhelmingly significant given
its least p-value in MLR and greatest value in RF. GDP per square kilometer ranks 2/7 in
RE, implying that the level of economy matters for the gain of forest land, which echoes
the economic development pathway of forest transition. However, obviously, economy
is not as important as topography in the case of Chongqing. In other words, the function
of economy in the right side of the “U” shaped curve of forest transition is limited in
Chonggqing. This is also reflected in the results of forestry output value which, though is
considered significant in forest transition upon its association with both forest scarcity and
economic development [5,14,36], is proved less so in this research.

Table 3. Results by multiple linear regression and random forest.

Method Multiple Linear Regression Random Forest
Dependent Variables Ratio of Forest Land Ratio of Forest Land
. Results Coeff. s.e. t Stat IncMSE IncNode Purity
Variables
Proximity to rivers —0.118 0.061 —1.925 0.2111 0.5791
Mean Slope 0.812 *** 0.063 12.921 0.4283 2.7930
GDP per sq.km —0.271 ** 0.099 —2.723 0.3533 2.3066
Forest output value 0.041 0.066 0.616 0.1405 0.6392
Road network density —0.116 0.079 —1.483 0.0727 0.5817
Rural employed population —0.353 *** 0.075 —4.693 0.2148 0.6874
Grain yield efficiency 0.507 *** 0.082 6.216 0.2348 0.7607
R Square 0.7378
% Var explained 0.8466

Note: For multiple linear regression, * p < 0.05, ** p < 0.01, *** p < 0.001, intercept is the mean for the response when
all the variables value 0, R square assesses the goodness-of-fit for multiple linear regression; % Var explained in
random forest is similar to R square in multiple linear regression.

Mean Slope 9 Mean Slope 9
GDP per.sq.km © GDP per.sqg.km °
Grain.yield.efficiency © Grain.yield.efficiency °
Rural.employed.population o Rural.employed.population ©
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Figure 7. Random Forest result for urban-rural factors and ratio of forest land in Chonggqing (in-
creased importance from bottom to top).
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In the economic development pathway, there are normally two major mechanisms
assuming to be able to promote the growth of forest land [32]. First, economic growth
directly pushes up the price increase of forest products, thus increasing the value of
forests. As forest land is characterized by complicated topography and hard to implement
mechanized plantation, such increase of forestry output value often leads to the rise of
forest land rent price. This is quite different from farmland, which is often situated in
flat areas and is prone to achieve mechanized plantation. Improved production efficiency
could prevent the rent price of farmland from increasing, when rise of rent price of forest
surpasses that of farmland and grass, transition to forest land happens under market
regulation [37]. Here, the increase of forestry output value can be viewed as a constituent
factor of both economic development and forest scarcity pathways. Reduction of forests
(either results from agricultural or urban expansion) leads to shortage of forest products and
decreased function of ecosystem service, but human'’s needs for forest service is inelastic.
In a normal market', the price of forest products will go up under this shortage, thus
increase the forestry output value. Yet, in this research, significance of forestry output
value is not so prominent (with p-value surpassed 0.05 in MLR and rank 6/7 in terms
of %IncMSE and 5/8 in terms of IncNodePurity in RF), indicating that increase of forest
land through market mechanism did not work well in rural mountainous city. Second,
development of economy increases non-agricultural job opportunities thus leads to rural
urbanization. Non-agricultural sectors absorbed surplus rural labor force and indirectly
propelled higher production efficiency in agricultural sectors. This urbanization-driven
increase of forest land through seems work well in this case as significances of agricultural
employees (rank 4/7 in its relation to the ratio of forest land in RF) and grain production
efficiency (rank 3/7 in its relation to ratio of forest land in RF) follow right after mean
slope and GDP per square kilometer and the p-values of both are less than 0.001 in MLR.
Assuredly, these two factors are not only related to economic development pathway but
also part of land use intensification pathway of forest transition.

Distance to rivers (Yangtze and Jialing Rivers in this research) (rank 5/7 and 7/7 in
its relation to ratio of forest land in RF) is faintly significant but as its p-value almost ap-
proaches 0.05 in MLR, its role in forest land change cannot be overlooked. Like many other
waterfront cities, Chongqing’s initial human settlements developed along the two rivers
where frequent commercial and trade activities brought prosperity to the surrounding
area. This is especially true for the traditional main city area of Chongqing where the
closer to the two main rivers, the higher the production, commerce, leisure and residence
densities are. Road network density (rank 7/7 and 6/7 in its relation to ratio of forest
land in RF) exemplifying intensity of construction is the least important factor given its
rank and p-value in both results. This well echoes the identified sources and flows of
forest land in Table 2 that conversions between construction land and forest land are quite
small compared with those happened between farmland, grass and forests. In other words,
accessibility to rivers (river economy) is more to do with forest land change than that to
road (road economy).

4. Conclusions

This research deals with the paucity of in-depth, multiscale studies on forest transition
at intra-urban scale through a case research in a subtropical metropolis, Chongqing, China,
since the 1990s to actualize the three objectives. First, it finds that the general trends of
forest land change in Chongging have echoed the “U” shaped curve of forest transition
observed in Euro-American countries. Yet, the turning point happens around 2000, roughly
in line with the national forest protective measures, e.g., Natural Forest Protection Project
(launched in 2000), Grain for Green Program (launched in 1999), and Key Shelterbelt
Development Programs along the Yangtze River (launched in 1989 and completed the first
phase of the project in 2000) [49-51]. Second, it pays attention to natural forest loss and
afforestation during the year 2000-2010 and unveils the truth that the overall increase of
forest land in Chongging is mainly contributed by afforestation while natural forests have
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continued loss since 1990s. Third, findings of dynamics of forest land change generally
correspond the economic development pathway of forest transition at the meso-urban
scale, but topography as reflected by mean slope is the overwhelmingly important factor
in mountainous Chonggqing. Instead of treating economic development as a factor solely
reflected by GDP, this research looks into its different dimensions through identifying
how variables such as rural employed population, grain yield efficiency, and forestry
output value are related to economy, unveiling a variance of relations between forest land
change and economy. The reform of forest property rights and citizen’s demand for forest
protection also do favor to forest land increase, which deserve furtherance research.
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Notes

1

Noteworthy, if a market is highly controlled, things would be different. For instance, before the market reform, shortage of forest
products did not lead to the price increase of forest products or forestry output value under China’s planned economy.
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