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Abstract: The northeastern China, the United States, and the western Europe are important agricultural regions both on the global and
regional scales. The western Europe has a longer history of agricultural land development than the eastern United States. These two
regions have changed from the deforestation and reclamation phase in the past to the current land abandonment and reforestation phase.
Compared with the two regions, large-scale land exploitation has only been practiced in the northeastern China during the last century.
After a short high-intensity deforestation and reclamation period, agricultural and forest lands are basically in a dynamic steady state. By
comparing domestic and international agro-forestry development and considering the ecological environment and socio-economic benefits that can be derived from agro-forestry, this paper suggests that large area of reforestation would be inevitable in future though persistent and large agricultural demand in coming decades even more. And local reforestation at slope farmland with ecological vulnerability should be imperative at present to avoid severer damage. At the same time, from the perspective of Land Change Science, the
results demonstrate that the research on land use change in the agro-forestry ecotone is typical and critical, particularly those dealing
with the analysis of spatial and temporal characteristics and the simulation of climate, hydrology, and other environmental effects.
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1

Introduction

Land use and other similar exploitation of resources by
human beings have profoundly changed the surface of
the earth, and the impact of such changes in the local
and regional scales extend to a global scale. Since the
implementation of the ′Land Use/Land Cover Change′
(LUCC) program and the ′Global Land Project′ (GLP),
land use change research has played an increasingly
important role in global change and sustainable development, and has promoted the formation and develop-

ment of Land Change Science (Tunner et al., 1995;
Gutman et al., 2004; GLP, 2005). Compared with the
LUCC program, Land Change Science is more concerned with research about land system dealing with the
human-environment theme. The agro-forestry land system investigated in the current study is one subset of the
land system, which concerns dynamic changes and interactions between agricultural and forest lands. In the
process of these changes and interactions, human activity is the dominant factor.
Worldwide agricultural activities are concentrated in
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regions with humid or semi-humid climate and native
vegetation of different types of zonal forest or forest
steppe. For example, the native vegetation of the North
China Plain region consists of deciduous broad-leaved
forest (Li, 1996). The natural vegetation in Europe
comprises of temperate deciduous forest, and the eastern
United States was mainly dominated by a mixed pine
and oak forest before the European settlers arrived
(Abrams and Ruffner, 1995). In history, these areas experienced clear-cutting of large areas of forests and expansion of agricultural land. In Europe and the eastern
China, there was a long history of agricultural land
gradually replacing the native forest cover, whereas in
the eastern USA, the period was shorter and lasted for
less than 150 years (Barton, 1977). The nrtheastern
China experienced high-intensity land exploitation during the last 100 years, where forest coverage decreased
from 62% in the beginning of the 20th century to 41%
in 2005, majority of which were converted to agricultural land (Zhang Shuwen et al., 2006). Conversion
from forest to agriculture land is an inevitable phenomenon in the development of human society, partly
because of the demand for timber and food. On the other
hand, good natural environment of forest areas has also
attracted more people.
Opposite to the above-mentioned developments, there
are many reforestation plans being carried out worldwide, including those in regions in China where abandonment of arable land contributed to the increase of
forest cover (Smith et al., 1993; Li, 2002; RigueiroRodríguez et al., 2009). In most regions of Europe, reforestation started in the middle and late 20th century,
whereas in the eastern USA, reforestation began after
the 1930s. In China, the ′Grain for Green Project′ implemented in the upstream areas of the Changjiang
(Yangtze) River and the Huanghe (Yellow) River, and
the northeastern China started in 2000 (Li, 2002). Reforestation plans promoted forest recovery in certain
regions, but the structure and function of restored forests
are far simpler than the native forest because of insufficient succession. At the same time, deforestation continued in some regions (Rudel et al., 2010).
Substantial researches have been extensively and intensively conducted on the pattern, process, and effects
of land use change between forest and agricultural land
(Turner et al., 2007). Local surface conditions changed
as forests being converted to agricultural land prompted

by human activities, which affected local or regional
hydrology, soil, climate, vegetation, and so on. The effects extended to a larger scale by different geophysical
and geochemical processes. The interaction between
land cover change and climate change has been a significant research concern for decades (Brain, 2009).
Studies on land surface and air temperature change
showed that the effect of land cover change to climate
warming in late 20th century was close to or even exceeded the effect of air composition change (Kalnay and
Cai, 2003; Zhou et al., 2004). On the local and regional
scales, natural environment degradation was almost inevitable when forests were cut down. Several ecological
problems emerged, such as water and soil loss (Benito et
al., 2003), agricultural land degradation, including imbalance in soil nutrients, soil compaction, soil acidification, accumulation of harmful substances, decrease of
microbial populations, decline of functional diversity,
and so on (Zhang Taolin et al., 2006), and frequent
droughts and floods. According to a FAO (Food and
Agriculture Organization of the United Nations) (1996)
estimate, 30% of global soil erosion was induced by
deforestation. The effects of forests on hydrological
processes are still controversial, but a consensus has
been reached on the role of runoff regulation in hydrological processes (Chen and Li, 2001). Runoff regulation through trees and vegetation will eventually cease
after the conversion of forests to other land use types,
which exerts a major impact on regional hydrological
processes (Zhang and Schilling, 2006).
Research concerning patterns of land cover change
and their effects in recent times has also earned a growing awareness in the LUCC research community, specifically on the need to move away from the dominant
focus on deforestation in order to examine the patterns
and processes associated with reforesting landscapes
(Mather et al., 1999; Mather, 2007). After the analysis
of typical cases, some researchers developed the ′forest
transition′ theory to understand the process of transition
from deforestation to reforestation in several regions, for
example, Europe and the eastern USA. The driving role
of economic factors is critical to understanding the forest transition process (Satake and Rudel, 2007). At the
same time, the idea of a forest transition has attracted
critics (Robbins and Fraser, 2003; Perz, 2007) who state
that the theory cannot be applied to developing countries
that have not yet transitioned from deforestation to re-
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forestation. Moreover, the relevance of reforestation in
developed countries and the potential of reforestation in
developing countries are not clear.
In China, reforestation has expanded to many provinces with serious soil erosion and sandstorm hazard,
which has improved the forest cover significantly (Li,
2002). The foregoing trend in forest cover change is
similar with the trend in some countries or regions in
Europe, USA, and developing countries. In the field of
land use change, the vast majority of studies focused on
land use pattern change and its drivers and effects under
a certain spatial and temporal scales, and there was little
comparative study of several agriculture and forestry
development process. The northeastern China is an important agriculture and forestry base in China, located in
the northern mid-latitudes, similar with agriculture areas
in the western Europe and the eastern USA. In the present study, we selected these three regions as typical
areas, and compared the trajectory of agricultural and
forest land change in the past. Although there were differences in agricultural and forest land changes among
the three regions, their trends in these regions could be
compared and analyzed to identify the relevance or provide a reference on the benefits of reforestation in developed countries to the northeastern China. Combined
with the forest transition theory, this study attempted to
examine the development stage of agricultural and forest land system in the northeastern China, and to direct

Fig. 1

Land use map of eastern United States in 2000

potential development efforts in the future.

2

Methodology

2.1 Study areas
We selected the eastern United States, the western Europe,
and the northeastern China as comparative study areas.
The three areas lie in similar latitude locations, with
large areas of humid or semi-humid climate and native
forests. They are or were important regional agricultural
regions. Although current states are different, the relationships between agriculture and forestry development
are comparable.
In this study, the eastern United States includes 20
states around the Appalachian Mountains and the northeastern United States (Fig. 1). The Appalachian Mountains lies in the middle of this region from northeast to
southwest, west of which is the Great Plains, and east of
which is the plain of coastal zone. Typical regions in the
western Europe include Germany, France, and Britain
(Fig. 2). The climate in these regions is temperate marine climate or humid temperate continental climate.
Most of the regions consist of lowland terrain, with low
mountainous terrain northwest of Britain and southeast
of Germany and France. The northeastern China includes Heilongjiang Province, Jilin Province, Liaoning
Province and the eastern part of Inner Mongolia
Autonomous Region (Fig. 3). The climate of the north-
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Fig. 2

Land use map of typical areas in western Europe in 2000

Fig. 3

Land use map of northeastern China in 2000

eastern China is temperate monsoon, with wide humid
and semi-humid area. The land use maps of the eastern

United States and the western Europe shown in Fig. 1
and Fig. 2 were obtained from the GLC2000 dataset
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(Global Land Cover 2000 Project) based on SPOT-4
remote sensing images. The land use map of the northeastern China was derived from ′Past 100 Years LUCC
Data in Northeastern China′ in 2000, which was based
on Landsat TM remote sensing images. All the land use
data were merged into several types, as shown in Fig. 1
to Fig. 3.
2.2 Materials
The ′Historical Database of the Global Environment′
(HYDE) developed by the Netherlands Environmental
Assessment Agency was used to describe dynamic relationships between agriculture and forestry in the eastern
United States (Klein et al., 2010; 2011). The HYDE
historical land cover inventory was based on a number
of general concepts for allocating land cover, which
concerns the early settlement period, the USA in the
early 18th century. The current version is HYDE 3.1
with a spatial resolution of 5′. The data between
A.D.1700 and A.D. 2000 were selected, with a temporal
resolution of 10 years.
Land cover data from HYDE include cropland and
pasture. Cropland area statistics were allocated to grid
cells according to weighing maps. A current one was
constructed from a satellite map of A.D. 2000 for cropland, and a historical one was constructed based on satellite map and statistic data in history. As the construction of historical map, the influence of the satellite map
decreases gradually from A.D. 2000 to history. The
HYDE land cover dataset lacks forest data. According to
the land use map in Fig. 1, forest land and agricultural
land accounted for 93.75% of the total area in the eastern United States, the rest were pasture and urban builtup areas. Furthermore, forest land and agricultural land
were major land use types in the past 300 years. Hence,
we assume that forest land area equals total land area
minus areas of cropland and pasture in the HYDE dataset.
For the western Europe, the HYDE dataset was significantly different from the results of regional research.
Regional research data were chosen to depict the land
use change process precisely. Data were obtained from
some articles and related results, including Brok et al.
(1998), Mather et al. (1999), and Mount et al. (2005),
concerning Germany, France, and Britain (Fig. 2).
Compared with other countries in Europe, Germany,
France, and Britain have better time series, which could
provide the best path of land use change at present,
though data precision was not unified.

For the northeastern China, there are three data resources used in the present study, including HYDE time
series, CNEC data (The Cropland Data of Northeast
China), and Past 100 Years LUCC Data in the northeastern China as reference. CNEC data were reconstructed
according to land use information from historical documents, with a spatial resolution of 1°, nearly a county,
and a temporal resolution of 50 to 100 years from the
17th to 19th centuries, and a resolution of 5 to 10 years
in the 20th century. The Past 100 Years LUCC Data in
the northeastern China were extracted based on past
geographical maps and Landsat images, with a spatial
resolution of hundreds of meters over the past century.

3

Results and Analyses

3.1 Eastern USA
Based on the HYDE dataset, the result of forest land and
agricultural land change trajectory in the eastern USA in
the past 300 years is shown in Fig. 4.

Fig. 4

Land use area change of eastern USA in past 300 years

Based on Fig. 4, large-scale land exploitation in the
eastern United States began in the early 19th century.
Subsequently, the development of agriculture and forestry has gone through three stages: 1) From the early
19th century to the early 20th century, it was the stage of
deforestation and expansion of agriculture. The forest
cover decreased from 97.50% in 1800 to 64.76% in
1910, with an average decrease rate of 3.11% per decade.
In the same period, agricultural land increased from
2.25% to 31.62%, with an average increase rate of
2.80% per decade. 2) From the early 20th century to the
middle of the 20th century, agricultural land and forest
land were basically stable. Forest cover was maintained
between 64.76% and 62.43% from 1910 to 1950 while
the corresponding range for agricultural land was
31.62% to 33.18%. 3) From the middle 20th century to
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2000, forest cover increased from 62.43% in 1950 to
79.86% in 2000, with an average rate of 3.00% per
decade. At the same time, agricultural land decreased
from 32.94% to 13.10% at an average rate of 3.32% per
decade. A total 87.85% of the abandoned agricultural
land was reforested, and the reforestation rate accelerated in recent decades.
3.2 Typical regions in western Europe
Large-scale land exploitation in Europe can be traced
back to 1000 years ago, much longer than in the eastern
United States. We compared the HYDE land cover
dataset with conclusions from regional research about
land cover change in Europe. The HYDE dataset could
not reflect the land cover change process, which may be
because land use change was different with settlement
regions. Thus, we cited historical land cover change data
from the research of Bork et al. (1998), Mather et al.
(1999), Mount et al. (2005), and so on, to analyze the
land change process in typical areas, including Germany,
France, and Britain (Fig. 5).
Figure 5a shows that Germany had plenty of forest
resources 1000 years ago. Under the demand for agricultural production due to population increase, forest
cover decreased from 81% in A.D. 800 to 20% in A.D.
1300, with an average rate of 1.22% per decade, most of
which were converted to arable land and pasture. Pasture land in the western Europe was different from zonal
grassland. Together with arable land, pasture land could
be called agricultural land. After the middle of the 17th
century, forests in Germany experienced two stages: 1)
Forest cover gradually reduced from 32% in the middle
of the 17th century to less than 25% in the middle of the
19th century, with a decrease rate of 0.37% per decade.
2) From the middle of the 19th century to 2000, forest
cover increased to 30%, with an average increase rate of
approximately 0.32% per decade. The rate of decrease
of arable land was greater than the rate of increase of
forest land.
Other than Germany, similar processes occurred in
other European countries. The lowest forest cover rate in
France occurred during the early 19th century. Reforestation began in some areas from 1830, and accelerated
after the second half of the 19th century. The forest
cover rate in France was about 27% in 2000, reaching
the level reported from the 1400s and the 1600s (Fig.
5b). For Britain, reforestation in the upland was the

most important land use change in rural areas during the
past 50 years. For example, at the upland of Trannon
Basin, reforestation occurred from 1948 to 1978. Forest
cover increased by 38% from 1966 to 1978 (Fig. 5c).
Arable land abandonment and reforestation also began
in the middle 20th century in Cardener Basin of Spain,
which was similar with the vegetation evolution in other
European regions (Juliana et al., 2010). From 1956 to
1983, agricultural land in the European Community
countries were reduced 1.1 × 107 ha, accounting for 8%
of the total agricultural land area, whereas forest cover
increased 15%. By 2000, there were 1.2 × 107 ha to
1.6 × 107 ha of agricultural land converted to forest in
European Union countries, with 2 × 106 ha to 3 × 106 ha
being converted in France (Li, 2002).
3.3 Northeastern China
Like the eastern United States and the western Europe,
the northeastern China is also located in the continental
margin with similar latitude. However, the native vegetation of the northeastern China was much more diverse
because of the complexity of climate, topography, and
other conditions. There were large areas of wetland,
grassland, sand land, and so on, except for big forests.
Under this natural background, competition among the
three industries, namely, agriculture, forestry, and animal husbandry, resulted in the dynamic change of agricultural land, forest land and grassland. Conversion
from forest land to agricultural land was the primary
land use change at the piedmont and intermountain basin of the Da Hinggan Mountains, the Xiao Hinggan
Mountains, and the Changbai Mountains.
Historical land cover data from HYDE have obvious
errors in estimation of land cover change in the northeastern China, which will lead to inaccurate results if the
data are used to evaluate land use change quantitatively
and directly (Li et al., 2010). A possible explanation for
such discrepancy could be the lack of statistical data in
China. However, trends in land cover change from the
HYDE dataset are still available for reference. The
HYDE land cover data show a constant increase in agricultural land during the past 300 years, but with an
abrupt increase in the 1980s. Meanwhile, as land cover
data (CNEC dataset) were rebuilt by Chinese researchers (Ye et al., 2009), the figure on increasing agricultural
land was more accurate than in HYDE dataset (Fig. 6).
However, forest data were not rebuilt, and one of the
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Fig. 5

Agricultural and forest land change in typical regions of weastern Europe

Fig. 6 Increase of agricultural land in northeastern and Northeast China based on HYDE dataset and CNEC dataset

primary causes was the reduction of forests for other
uses (Zhang Shuwen et al., 2006). Thus, the increase of
agricultural land could represent the deforestation process to some extent.
According to Fig. 6 and the Past 100 Years LUCC
Data in the northeastern China, large-scale land exploitation in the northeastern China began in the late 19th
century. Before the middle of 19th century (the middle
of the Qing Dynasty in China), majority of the land was
still in the wild, and covered with vast forest and grassland, which was a result of the prohibition policy. After
the middle of the 19th century, the land exploitation
process could be divided into the following periods:
1) The Qing Dynasty period (1896–1911). After the

opening of the northeastern China by the Qing government, a large number of people migrated to the northeastern China because of the liberal land policy in the
region, pressure from increasing population, and famine.
Most land exploitation began then. 2) The Republic of
China period (1912–1931). As a result of frequent natural disasters and wars outside the northeastern China,
more people came into the region and exploited more
forests and grasslands. At the same time, Tsarist Russia
and Japan built railroads and forest farms and seized
wood resources. A large area of native forest disappeared. For example, forest farm belonging to Tsarist
Russia near the Chinese Eastern Railway was over 1.59
× 10 6 h a. 3 ) The p seu do -Man chu kuo period
(1931–1945). Japan controlled the northeastern China
completely, and exploited agriculture and forest productions excessively. The natural environment was completely destroyed. For example, forest area was reduced
by 5.69 × 106 ha from 1931 to 1942, and forest stock
volume decreased even more. 4) Establishment of the
People's Republic of China until 1980 (1949–1980).
Population increase and economic construction resulted
in deforestation and a decrease of grasslands and wetlands. Resource depletion and environmental problems
began to appear. 5) After 1980 (1980–present). Net po-
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pulation inflows and large areas of reclamation stopped.
Arable areas for agriculture are diminishing, but deforestation persists in some areas, resulting in the slight
increase in agricultural land. Ecological and environmental problems increased tremendously. After 2000,
the national policy started to change and tended to protect the grain base in the northeastern China. Reforestation started in some areas because of the implementation
of sustainable development strategy.

4

Discussion

Although the historical length of land exploitation between the USA and Europe was different, at present,
they are typical regions practicing modern agriculture
worldwide. They have experienced traditional agriculture, mechanized and modern industrial agriculture, and
currently emerging ecological agriculture. During the
aforementioned stages in agricultural development, the
relationship between forestry and agriculture is significant and valuable for reference. Through the analysis of
the different regional agriculture types and the forestry
development processes, the relationship between forestry and agriculture was summarized in terms of the
following three periods: 1) constant increase of agricultural land and decrease of forest land; 2) slow change in
the areas of forest land and agricultural land or relatively stable state; and 3) reduction of agricultural land
and reforestation.
In the main agricultural region of the northern midlatitudes, the dynamic change in agricultural and forest
lands resulted from a change in agriculture requirements
and production, as well as ecological security. Agricultural requirements and production were greatly influenced by population, level of socio-economic development, economic structure, and so on. In addition, with
the improvement of grain yield, the dependence between
agricultural requirement and land area began to decline.
There was similarity in conclusions from research about
deforestation and expansion of agricultural land all over
the world. Reforestation in Europe and USA was closely
related to the local natural and socio-economic conditions, thus demonstrating different characteristics. For
example, in the eastern USA, reforestation resulted from
ecological problems (soil erosion), surplus of agricultural products, and regional transfer of agriculture from
the east to the central Great Plains. Policies for reducing

agricultural land were critical to reforestation in the
eastern USA. In Europe, reforestation was a spontaneous behavior among farmers, mainly because of the surplus of agricultural products and reduction of agricultural income. In Britain, large areas of farmland do not
need cultivation every year; for example, in 2000, approximately 3 × 106 ha to 4 × 106 ha of famland were no
longer being cultivated. In France, abandonment of
farmlands was widespread, resulting in the natural succession to forest communities. Some researchers have
discussed this issue from the point of view of social
economics (Mather et al., 1999). They concluded that
reforestation was the result of urbanization and industrialization.
At present, the developing China is at the stage of
rapid urbanization and industrialization, which just entered the second period with dynamic equilibrium between agricultural land and forest land. But there are
characteristics of the third period at some areas because
of the driver of ecology protection policy now and excessive land exploitation before. In China, agriculture
and forestry in the northeastern China are extremely
important. Agricultural requirements remain high, especially under the current national conditions with respect
to large population and a large proportion of population
in agricultural areas. The situation in the northeastern
China is obviously different from that of Europe and
USA at present, although the three regions have historically similar conditions. Currently, the expansion of agricultural land is ending. A long time, however, is required to restore the dynamic balance between agriculture and forestry, which is significantly related to the
corresponding agricultural requirements for a particular
region. With the rapid development of urbanization, future population changes, and eco-building in China, reforestation would be inevitable in the northeastern
China.
Although the high demand for agricultural land has
persisted for a long time in China, reforestation has been
carried out locally, especially on sloping land with low
production and poor farming conditions. These lands are
often located at areas with large slope, thin soil containing more coarse sand, and less organic content. Grain
production ability would be significantly cut down year
after year because of the high incidence of soil erosion
under humid and semi-humid climatic condition. For
example, according to the second soil survey in China,
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there was nearly 165 000 ha of sloping farmland in Jilin
City of Jilin Province, which has already been cultivated
for the past 20 years to 100 years, and has exhibited an
erosion modulus of 900 t/(km2·yr) to 1500 t/(km2·yr).
The problems of soil erosion and great decline of grain
yield have seriously threatened the ecology and agriculture. Although terrace construction could reduce soil
erosion to a great extent, it was unacceptable among
farmers because of the large cost requirements and the
large area of the ridge. When the slope was large, the
cost of cultivation was more than the benefits expected
from the yield. The construction of a ridge reduced yield
in the short term, which can be quantified to be 30% in
the first year. Once large sloping land was contracted to
farmers for cultivation, they pursued agricultural production within a short time at the sacrifice of ecology. In
the long run, the benefit of agricultural production was
far less than the cost of ecological degradation. Therefore, cultivation of sloping land should be prohibited.
From deforestation to reforestation, as agricultural
land and forest land undergo rapid change, the agroforestry ecotone has become a hot area in land use
change research. Research on land use change includes
detection or monitoring information of land use change,
analysis of spatial and temporal change in land use pattern, and modeling process and effects of land use
change. Based on remote sensing images and historical
topographic maps, the authors have already established
a long time series of land use data, and analyzed the
characteristics of spatial and temporal change of land
use and land cover in the northeastern China and typical
areas (Zhang Shuwen et al., 2006). In several typical
areas, we have already developed datasets concerning
land use/land cover, and several climate and social
economy factors for nearly 100 years. The spatial resolution of this dataset reaches 100 m at high precision.
The dataset not only provides the data foundation for
regional land use change research, but also offers a reference and a confirmation for global change research on
the greater scale. The dataset may be regarded as a supplement to the global land cover dataset, such as the
HYDE dataset. Within 100 years of the development
process, the ecology and environment have tremendously changed. Land use change modified regional
land cover and created an impact on the biogeophysical
and biogeochemical processes on the land surface, as
well as interactions between land surface and atmospheric boundary layer. Based on several models, such as

community land model, Soil and Water Assessment Tool,
and Weather Research and Forecasting, we are modeling
effects of LUCC to regional weather or climate and hydrological process, especially for ecotones of agro-forestry and agro-pasture. These works are valuable for the
development of agriculture in the northeastern China,
and are available for reference in the formulation of land
policies.

5

Conclusions

Although agricultural requirements and production
maintain at a certain level, agricultural land in the main
agricultural regions of the western Europe and the eastern USA had been reduced and transformed to forest in
the past decades. It shows that reforestation becomes a
long term trend, especially for ecological security. For
the vulnerable ecology of the northeastern China, it is
inevitable in future. As the process of reforestation in
agricultural region, land use and land cover data with
high accuracy are important. The spatial scale of historical land cover data from HYDE are too large to
evaluate regional land use change quantitatively and
directly. More precise land use and land cover data are
necessary especially over the past century.
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