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Abstract

As one of the areas covered by plenty of primeval forests, Northeast China contributes a lot for the conservation of water and
land resources, produces timber production, and provides habitats for a huge number of wild animals and plants. With changes of
socio-economic factors as well as the geophysical conditions, there are dramatic shrinkage trends of forestry area. Therefore, it is
of significance to find the underlining reasons for the changes of forestry area. To grasp the determinants of forestry area change
in Northeast China, an econometric model is developed which is composed of three equations identifying forest production,
conversion from open forest to closed forest and conversion from other land uses to closed forest, and then to explore the impacts
on the changes of forestry area from demographic, social, economic, location and geophysical factors. The research results
provide meaningful decision-making information for conserving and exploiting the forest resources and for making out the
planning for forest production in the Northeast China region.

© 2010 Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
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1. Introduction

Northeast China region, an important production base for timber and forestry by-products in China, is also the
water conservation area for essential rivers— Heilongjiang river and Songhuajiang river—as well as the ecological
barrier of Sanjiang plain, Songnei plain and Hunlunbeier grassland, and bears the important significance to the
maintenances of the regional ecological safety and socio-economic development [1-3]. After half a century of
exploitation, forestry area in the Northeast China region has been shrinking dramatically, the age structure of forests
has tended to be monotonous and juvenile, and the forest resources suitable for exploitation decrease gradually.
According to the national survey of forest resources, ripe forestry area reduced by 49.0% in the period between 1981
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and 1988, then in the next ten years, 0.61 million ha of forestry area will further disappear, accounting for about
60.0% of the total ripe forestry area of whole country [4,5]. Therefore, protection of forest quality has been the
significant challenge for the environmental conservation and ecological engineering construction, which would
restrict the development of local forestry production seriously [6].

As is known, forestry area changes are closely related to many factors, such as economic growth, social
development and the changes of geophysical conditions [7-9]. Logging out of plan, forest fire, extreme weather
events and man-made destroy activities for forestry area all promote the shrinkage of forestry area to some extent.
Although Northeast China is the pilot region for the Grain for Green project, Logging Ban Program, and other
ecological restoration projects have achieved success to some extent, the shrinking trends of forestry area and forest
degradation still exist [10-13]. In addition, forestry area changes in Northeast China not only refer to conversions
between forestry area and other land uses, but also the conversions among the sub-classes of forests consisting of
closed forest, shrub, open forest and other forest [14-16], which has drawn more and more attentions from the
scholars as well as the decision-makers. Therefore, it is of significance to explore the causes of forestry area changes
in Northeast China for improving the management of the forests and understanding the causes and possible effects
of deforestation at the regional extent and even for the entire China.

2. Data and processing

Before building the Structural Equation Models (SEM) for exploring the causes of the forestry area changes in
the Northeast China region, detailed information needs to be gathered and integrated. The first step of the
methodological design is to build a database which includes relevant data related to the attributes of the influencing
forces and data to describe the changes of land uses from 1988 to 2005 to provide parameters for the SEM model.
Parameters for the SEM can be generically categorized into three categories: land use information, geophysical
variables and socio-economic variables (Table 1).

Table 1. Variables for exploring the causes of forestry area changes in Northeast China
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Definition of Variables Variables
Population density Popden
Agricultural population proportion at one stage lag Ap

GDP Gdp
Average elevation Dem
Square term of average elevation dem2
Average terrain slope Slope
Square term of average terrain slope slope2
Soil organic matter Organic
Annual precipitation Pa
Square term of annual precipitation pa2
Annual temperature Ta
Distance to the provincial capital d2pvep
Distance to the nearest port city d2port
Distance to the nearest road d2road
Distance to the nearest water area d2water
Gross output value of forestry section Y

Forest production Prod
Forest product price index Value

Is natural reserve (=1) or not (=0) Fpark

Is major grain production area (=1) or not (=0) Grain
Gets involved in the state-owned forest and nursery financial system regulation (=1) or not (=0) Mng
Area of other land use categories converted into closed forest cvother21
Area of open forest 1d22
Have implemented natural forest protection project (=1) or not (=0) Tbp
Have implemented policy of returning cropland to forestland (=1) or not (=0) Tghl
Forestry coverage rate Forcover

1 The land use data in 1988, 1995, 2000 and 2005 is derived from Data Center of the Chinese Academy of
Sciences; Variables at one stage lag are substituted by the average values of each of the variables for the last three
years.

2.1. Land use data

Land use data set is derived from the Data Center of the Chinese Academy of Sciences, which is composed of
six kinds of land use categories: cultivated land, forestry area, grassland, water area, built-up area and unused land.
In this study, the Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper (ETM) remote sensing data of
late 1980s and late 1990s was chosen and used as the basic information, because the use of satellite remote sensing
has been proven to be a good choice for detecting and monitoring forestry area changes. Landsat TM/ETM images
in 1988, 1995, 2000 and 2005 were interpreted at a scale of 1:100,000, and its interpretation accuracy reached
92.7% by field survey and random sampling check conducted by the Data Center of the Chinese Academy of
Sciences (CAS) [17]. In order to identify the spatial variability of forest quality, forestry area was further
disaggregated into four sub-classes: closed forest, open forest, shrub, and other forest. Closed forest is defined as
natural or man-made forest with canopy cover over 30%, open forest refers to land covered by trees with canopy
cover between 10% and 30%, shrub is land covered by trees less than 2 meters high and with the canopy cover over
40%, and other forest refers to land covered by tea-garden, orchid, and/or non-grownup forest [18].
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2.2. 2.2 Geophysical data

Geophysical data include measurements on climatic change, information on terrain slope, information on soil
property variability, and so on. The original meteorological data, consisting of annual temperature and annual
precipitation, were derived from China Meteorological Bureau, which was originally filed in the form of text, and
then we interpolated the text information into 1kmx1km grid pixel data using the method of Kriging. Information on
the terrain slope and the proportion of plain area were derived from DEM data at a scale of 1:250,000 covering the
Northeast China. Information on the soil property comes from the second national soil survey of China, and is
finally interpreted into 1kmx1km grid pixel data using the Kriging method [19].

Location data is to measure the distance to the nearest expressway, the nearest provincial capital, the nearest
water area and the nearest port city, and these measurements are calculated by using measure tools based on the road
network, provincial capital map, water area map and the port city maps, which are derived from the topographic
map at a scale of 1:250,000 for the Northeast China region.

2.3. Socio-economic data

Socio-economic data set consist of variables such as population density, agricultural production, agricultural
population proportion, GDP, timber production, forest product price index, gross output value of forest production,
and those binary values, e.g., if it is major grain production area, if it is natural reserve, and so on. Those continuous
data including population density, agricultural population proportion, GDP, are derived from provincial statistics,
and forest production data are derived from the forest products yearbook of China [20].

The policy variables involved in this study include the involvement of Grain for Green project and Logging
Ban program which have been unfolded in the national level. Logging Ban program was put forward after the
devastating flood in 1998 summer, and is designed to achieve restorative development of forest, control water and
soil loss and preserve ecological environment [21]. Grain for Green project, an ecological environment protection
engineering, is organized and implemented in 1999, and protect the ecological environment in Northeast China to
some extent [22].

3. Methodology

Based on the process selection of forestry area change in Northeast China, we develop an econometric
approach of structural equations model to explore the causes of forestry area change. In this model, the forestry area
changes were set as explained variables and the driving factors were set as explanatory variables. By using the
method of stepwise estimation, we explored the driving mechanism of all factors driving forestry area changes in
Northeast China.

The structural equations model (SEM) for the causes of forestry area change in Northeast China are composed
of three regression equations, the process of forest production (1), the conversion of open forest to closed forest (2)
and the conversion of other land uses to closed forest (3). This model takes into account the causality among various
variables, that is, some explained variables in the left side of the equation can be regarded as explanatory variables
to present in the right side of another equation. To be described in mathematical language, some dependent variable
yi can be taken as independent variable to influence other dependent variable yj , which force the estimation error
transferred from yi to yj . In this way, the causes of forestry area change can be described in detailed. As for the
variables, we can distinguish exogenous ones from endogenous ones. The main variables needed for structural
equation model are presented in Table 1.

When establishing the structural equations model, we diagnosed the collinearity between each two variables to
eliminate the non-linear influences on estimation results; and then we took the natural logarithm for each variable in
1988, 1995, 2000 and 2005 to eliminate dimension differences on estimation results. In this way, the influences
from the scales of variable on the estimates of the magnitude of the variables were avoided. After preparing the
databases, the structural equations model used to explore the causes of forestry area change in Northeast China is in
the following form, among which involves three explained variables including forest production (yit), conversion of
open forest to closed forest (syit) and the conversion of other land uses to closed forest (oyit):
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Y, =a, +a,popden,_ +a, In(gdp,_ )+ a; In(dem,) + o, In(dem?2,) + a; In(slope, ) + o In(slope2,)) + e, splain,
+ o In(organic, ) + a, In(pa,, ) + ,, In(ta, ) + a,, In(d2 pvep, ) + e, In(d 2 port,) + &, In(d 2road.)

+a,, In(d2water,) + a5 In(prod, ) + a,, In(value, ) + o, fpark,_, + a4tbp,,_, + a,grain, + o,ymng,, |

(1)

Vi = 180 + ﬂl ln(yir—l )+ ﬂzpopdeni,,] + ﬂ3apit—l + 184 ln(gdpit,] )+ ﬂs ln(demi) + 136 ln(demZi) + ﬂ7 ln(SZopei) + ﬂx ln(slopeZl.)
+ B, In(organic;) + B, In(pa, ) + p,, In(pa2,) + B, n(ta, ) + B,; In(d2 pvep,) + B, In(d2 port,) + B, In(d2road,)
+ B¢ In(d2water,) + B, In(prod,,_,) + Bstbp,,_, + Pis In(cvother2l, )+ B,, foreserve,_, + 3, In(ld22, )
()
0y, = p, +p In(y, )+ p,popden, , + psap, , + p,In(gdp, )+ ps In(dem,) + p, In(dem2,) + p, In(slope; ) + p; In(slope2,)
+ p, In(organic;) + p,, In(pa,, ) + p,, In(ta, ) + p,, In(d2 pvep,) + p,; In(d2 port,) + p,, In(d2road,) + p,s In(d2water,)
+ pie In(prod, )+ p,; In(value, )+ p\s fpark, | + potbp,, , + pygrain, , + p,1ghl, | + p,, forcover, ,
(3)
where, 1 identifies the basic analysis unit, county or municipality; t is to identify the year, 1988, 1995, 2000 and
2005; t-1 refers to the first stage lagged variables.

4. Results

It is of importance to understand the causes of forestry area change in Northeast China from 1988 to 2005 for
the best management of forestry resources, because it can not only help us recognize and represent the pattern of
forestry area change and it can deepen the understanding for the driving mechanism of forestry area change in
Northeast China. Table 2 displays the quantitative relationship between endogenous variables and exogenous
variables in the process of forestry production, open forest converted to closed forest, and other land uses converted
to closed forest. In order to clearly explain the driving mechanism of forestry area change, we will elaborate the
driving factors by dividing them into geophysical conditions and socio-economic variables.

Table 2 Estimation results for the causes of forestry area change in Northeast China
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Variables Equation(1) Equation(2) Equation(3)
popden -0.009 -0.025 -0.010
(1.88)* (0.89) (1.69)*
0.383 0.294
P a 0.47) (1.85)*
In(adp) 0.034 0.247 -0.043
(1.34) (1.19) (0.92)
In(dem) 0.379 0.945 0.564
(2.45)** (1.52)** (2.05)**
In(dem2) -0.095 -0.725 -0.063
(5.56)%** (3.16)%** (2.07)**
Inslope) 0.522 1.188 0.397
(10.25)%** (2.57)** (3.58)***
In(slope2) 0.059 0.407 0.097
(3.90)*** (3.09)*** (2.99)***
In(organic) -0.551 0.051 -0.148
(11.61)%%* (0.11) (1.74)*
0.686 1.787 0.323
n(pa) (4.52)%** (1.49) (1.21)
In(pa2) 222
(0.81)
Inta) -30.42 -43.693 -26.519
(6.54)%** (0.95) (0.86)
In(d2pvep) -0.025 -0.055 0.083
(0.76) 0.2) (1.46)
In(d2port) -0.737 0.589 0.100
(10.44)%** (0.93) (0.97)
In(d2road) -0.340 0.660 0.142
(5.90)%** (1.39) (1.44)
In(d2water) -0.066 0.426 -0.022
(1.73)* (1.19) (0.35)
Iny) - 0.776 0.412
(2.16)** (6.18)%**
In(prod) 0.162 -0.528 -0.330
(1.89)* (1.56) (4.59)%**
0.003 0.001
value (2.48)** n (0.92)
fpark -0.004 o 0.156
(0.05) (0.99)
) -0.010 0.167
sram (0.21) N (1.96)*
1.300
mng — —

(20.12)***
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In(cvother21) — 0.218 B
(2.09)**
In(1d22) _ 0.932 B
(7.05)*#*
tbp 0.282 1.142 0362
SOC .67y (2.49)%*
tghl — - 0.207
(2.56)%+
forcover — o -0.018
(3.67)%*x
Constant 4.848 -3.576 5117
(8.53)%xx* (3.88)%*x (7.02)%%%
Observations 645 365 398

T Absolute value of t statistics in parentheses; T T *¥%* **_ * ig the significant level of 1%, 5% and 10%,
respectively; T T T (t-1) identifies one stage lagged variables; T T T T Observations of 258 in 86

county/municipalities corresponds the counties of Jiangxi province (86 times 3 years).

4.1. Impacts of geophysical conditions

Geophysical conditions are the controlling factors for forestry production and forestry area changes. Among
them, average terrain slope and elevation exert an obvious influence on the forestry production and forest
conversion. The steeper the terrain slope is and/or the higher the elevation is, the larger the forestry area is, and the
higher the forestry production is. In addition, these areas, with poor condition for habitat, are not suitable for
cultivation, and the levels of urbanization and industrialization are low, so it provides the positive conditions to
make open forest and other land uses converted to closed forest in a certain extent. Similarly, when the altitude
surpasses a certain height, the further development of forestry sector is limited, and area of other land uses can be
converted to forestry area decrease. Variables such as annual temperature and annual precipitation were chosen to
analyze and illustrate the influence of climate changes on forestry area. Estimation results show that annual
temperature and annual precipitation are only obvious to the forestry production, but not obvious to forest
conversion. The coefficients of annual precipitation on the forestry production is around 0.686 and its significance is
at 1% level, which indicates that forestry production would increase by 68.6% while annual precipitation increase by
10%. However, temperature has somewhat constrains on the forestry production because that the forestry area of
Northeast China is mainly distributed in northern part of Northeast China.

Variables to measure the effects of distances to the nearest port city, the nearest water area and nearest main
road can not be ignored, especially their functions for the conversion of land use cover. The estimated coefficients
from these variables of distances to the nearest port city and nearest main road are 0.278 and 0.340, respectively.
Variable on the distance to nearest water area is also the important factors to promote forest production, because a
close distance to the water resource can not only provide conditions for forest conversion, but also provide the
possibility for the timber shipping. Although the location conditions have dramatic influence on the forest
production, however, they have no obvious influence on the conversion of other land uses to closed forest.

4.2. Impacts from socio-economic variables

Socio-economic variables are the major factors affecting forest production and the spatial pattern of forestry
area. Population density, agricultural population proportion (one stage lagged terms), GDP are taken to identify and
characterize the statistic relationship between economic or population growth and forestry area change. In populated
area, the damage to forest is usually more dramatic, so gross output value of forest production is relatively lower,
and the conversion of other land uses to closed forest is restricted. However, the increase of agricultural population
could promote more area of other kinds of land uses converted into closed forest. The expansion of gross output
value of forest production stimulates the development of forestry sectors, promotes the closed forest expansion, and
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the coefficients for the conversion of open forest to closed forest and the conversion of other land uses to closed
forest is up to 0.776 and 0.412, respectively. Although in natural reserve area and main grain production county
forest production will be influenced, the magnitude is marginal. In main grain production area, the conversion of
forestry area is dramatic, the elasticity coefficient is 0.167, and its significance is at 10%. Open forest provide the
resources for the conversion of open forest to the closed forest, the more area the open forest, the bigger the
conversion area of open forest to closed forest.

By analyzing polices of Grain for Green project and Logging Ban program, the influences of forestry
management policies and the elasticity coefficients were measured. Research results show that the implementation
of Grain for Green project and Logging Ban program have obvious influences on forest production and the
conversions from open forest to closed forest, and the estimated coefficients of the Logging Ban program are 0.282
and1.142, respectively. The effect of Grain for Green project is to promote the conversion of other land uses to
closed forest, and its elasticity coefficient is 0.207.

In a word, forestry area in Northeast China is affected by both geographical conditions and socio-economic
environment. Geographical conditions of forestry area constitute the basis of its spatial distribution changes, and
determine its changing trend at large scale. On the contrary, socio-economic environment would influence the
direction and intensity of forestry area changes. Therefore, forestry area change is the result of interaction of a
variety of factors.

5. Conclusion

It is of great significance to explore the causes of forestry area changes to reveal the macro-structure and spatial
heterogeneity of land system. In this paper, we developed a model to analyze the causes of forestry area change in
the Northeast China region. In this model, we build three equations, set explanatory variables associated with
forestry area change, and then estimate the relationship between forestry area change and influencing factors
including geophysical conditions, socio-economic environment and forest management policies in Northeast China
from 1988 to 2005. The research results show that terrain slope, elevation and climate conditions are crucial factors
to determine the forest production and forest conversions. Location conditions, as the socio-economic factors, have
obvious influence on forest production. At the same time, population density, gross output value of forest production,
polices of Grain for Green project and Logging Ban program will have different influence on the forestry area
changes. In general, it can be concluded that the socio-economic factors play a decisive role for the changes of
forestry area in the short term, while the geophysical conditions factors play an important role in the long term.
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