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1.  INTRODUCTION 

The annual mean surface air temperature in China
has increased 1.1°C over the past 50 yr. This is higher
than the global average or even than that of the North-
ern Hemisphere for the same period. Striking warming
has occurred since the mid-1980s (Ding et al. 2006,
2007), particularly in northern China (Qin et al. 2005).
Recent studies have attempted to indicate the effects of
climate change on agriculture and food production in
the past or future by concentrating on the relationship
of crop yield with climate changes such as temperature
and precipitation (Lobell & Asner 2003, Tao et al. 2003,
2006, 2008a, Liu et al. 2004, Lobell et al. 2008). How-
ever, the relationship between climate change and
agricultural production is complex. Climate change in-
fluences food production by affecting agroecological

conditions (Feng & Hu 2004, Schmidhuber & Tubiello
2007). Climate change has had, and will have, signifi-
cant effects on agriculture in China (Liu et al. 2004,
Tao et al. 2006, 2008a,b). As a result, farming systems
and land-use patterns have been changing under
changing climatic conditions; therefore, more studies
are needed to assess possible effects of climate change
on agroecological conditions and agricultural land use
in China.

As a fundamental element of the agroecological con-
dition, cultivated land is likely to be vulnerable to cli-
mate change. Increased surface air temperature has
improved the thermal conditions for agricultural pro-
duction despite the negative effects such as drought.
Improved natural conditions have made more land
in northwestern and northeastern China (the agro-
pastoral transition zone) cultivatable, and crop phenol-
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ogy has advanced (Tao et al. 2006). Although several
studies have investigated the effects of climate change
on the agricultural water cycle (e.g. Tao et al. 2003,
2005), crop phenology (e.g. Tao et al. 2006) and crop
yield (e.g. Tao et al. 2008a,b), related studies investi-
gating the response mechanisms of cultivated land to
climate change and variability are limited.

Thermal conditions are crucial in regulating crop
growth. Crops must accumulate a certain quantity of
heat to complete the process of growth. The annual
accumulated temperature >10°C (AAT10) is an impor-
tant indicator of thermal conditions in crop ecology
(Qiu & Lu 1980, Bai et al. 2008). AAT10 affects the
choice of crop varieties, the crop calendar, cropping
systems and crop patterns (Zheng et al. 2008). Former
studies of the thermal distribution of cultivated land
on a macroscale have focused on designating physical
and climate regions as they relate to agriculture (Qiu
1992), with AAT10 as an important indicator in this
work.

Accumulated temperature zones (ATZs) within a
country refer to different regions that are divided
according to AAT10 criteria (Yu et al. 1997). With
climate warming, the area and distribution of ATZs
have changed. Important research questions include
how ATZs change spatially, whether changing ATZs
affect traditional cropping systems, if (and how) land
use has changed as possible responses to changes in
thermal conditions, and whether ATZ changes have
potential benefits for future agriculture. Based on the
above considerations, the primary purpose of the pre-
sent study was to assess the relationship between
accumulated temperature change and cultivated land
use in China from the late 1980s to 2000. We first des-
ignated ATZs in 3 periods using spatial meteorologi-
cal datasets with a 1 km × 1 km resolution. Then, we
extracted information on spatial variation of cultivated
land under ATZs during the 3 periods from spatial
grid data on land use with a 1 km × 1 km resolution.
We further analyzed the possible effects of AAT10
changes on spatial cultivated land changes and on
cropping systems according to principles of crop eco-
logy. Finally, we examine the possible effects on agri-
culture production.

2.  DATA AND METHODS

2.1.  Data

2.1.1.  Cultivated land data

We used 3 periods (see below, this paragraph) of
cropland area data developed by the Chinese Acad-
emy of Sciences (Liu 1996); each grid contained infor-

mation on the percent area of cultivated land. Land-
use vector data were acquired first by interpretation of
Landsat TM images through a computer-aided, inter-
active procedure guaranteeing classification consis-
tency and accuracy (Liu et al. 2003, 2005). Then, the
vector data and a vector fishnet with cells of 1 km ×
1 km were intersected, and the area percentage of cul-
tivated land in a cell was calculated as the value of the
cell. Finally, the vector data were converted into raster
grids (Liu et al. 2005). The 3 time periods of cropland
area data included: (1) the late 1980s (which were
interpreted from Landsat TM images from 1986–1989),
(2) the mid-1990s (using Landsat TM images from
1995–1996) and (3) 2000 (from Landsat TM images
from 1999–2000). The data indicated that the total
cropland in China increased by 2.79 × 106 ha from
1990–2000, with substantial spatial variations across
the nation (Liu et al. 2005).

2.1.2.  Meteorological data

We used meteorological data from 752 meteorolog-
ical stations run by the China Meteorological Admin-
istration (locations shown in Fig. 1). AAT10 data
were calculated with Matlab according to daily aver-
age air surface temperature data. AAT10 points were
then interpolated into raster grids using thin-plate
smoothing splines with ANUspline software (Hutch-
inson 2002); the method took into account elevation
in the process of interpolation for the surface, and
original elevation data, with a resolution of 90 m ×
90 m, were adopted. The surface air temperature
grid data had a resolution of 1 km × 1 km, and
Albers projection was used to match the data of culti-
vated land.

AAT10 is the sum of daily mean temperatures ≥ to
the minimum biology temperature (here 10°C). It is
called the active accumulated temperature and is cal-
culated using the following formula:

(1)

where is the average temperature on Day i, n is
equal to 365, and the calculation begins with the sec-
ond day >10°C. If < 10, then = 0. That is, all the
days with mean air temperatures >10°C were consid-
ered for calculation.

We averaged meteorological data during the same 3
periods considered in the land-use dataset (the late
1980s, the mid-1990s and 2000). That is, we averaged
meteorological data for 5 yr for the 3 time periods.
AAT10 values in the late 1980s, mid-1990s and 2000
were calculated with means from 1986–1990, 1993–
1997 and 1998–2002 data, respectively.
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2.2.  Methods

2.2.1.  Designation of ATZs

Dividing regions into ATZs is an effective method to
examine the broader picture and smooth out the ‘noise’
of accumulated temperature. AAT10 is an important
parameter in both agricultural climatic and physical
geographic regionalization. Past spatial distributions of
accumulated temperature can be found in various
regionalization studies, such as those from the 1980s
(Qiu & Lu 1980, Qiu 1983, 1986). Studies of geographi-
cal regionalization methodologies have improved in
recent years (Zheng et al. 2008). However, because
trends of climate warming are complex and acute, pre-
vious regionalization studies have, thus for, not been

able to precisely describe changes in the thermal con-
ditions of farmland. ATZs must be regularly monitored
to effectively indicate the changes in thermal condi-
tions. In the present study, we used the classical crite-
ria from traditional regionalization attempts to desig-
nate the ATZs (Table 1) for the 3 periods.

2.2.2.  Spatial statistical analysis

We assessed the spatio-temporal thermal change
characteristics of cultivated land on a macro-scale by
(1) calculating the area of each ATZ in the 3 periods
and (2) the area of cultivated land in each ATZ;
(3) identifying the spatial distribution of transfer
regions (i.e. regions where the ATZ is changing from
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Fig. 1. Locations of 752 meteorological stations in China

ATZ AAT10 (°C) Cropping system Crop varieties

Sugar cane >8000 3 crops per year for rice Rice, sugarcane, rubber
Rice 4500–8000 2 or 3 crops per year Rice, winter wheat, cotton
Winter wheat 3400–4500 1 crop per year or 3 crops in 2 years Winter wheat, cotton, corn, cotton, peanut
Spring wheat 1600–3400 1 crop per year Spring wheat, corn, flax, soybean
Potato <1600 1 crop per year Spring wheat, potato

Table 1. Criteria of accumulated temperature zones (ATZs) and corresponding cropping systems, from the State Council Informa-
tion Office of the People’s Republic of China; revised by B. J. Qiu and B. W. Huang during the agricultural regionalization (accord-
ing to physical conditions) of China in the 1980s (Tibetan Plateau is not included). AAT10: annual accumulated temperature >10°C
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Fig. 2. (a) Spatial distribution of AAT10 (annual accumulated temperatures >10°C) in the late 1980s (reference values) and 
(b) changes in AAT10 values from the late 1980s to 2000
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one AAT10 scale to another) in each ATZ by overlay-
ing the 3 periods of data; and (4) determining the
change in cultivated land area in the transfer regions.

3.  RESULTS

3.1.  Spatio-temporal changes in AAT10

3.1.1.  Spatial changes in AAT10

While previous studies have shown that AAT10 of
nearly all regions of the country first increased and then
decreased between the 1930s and 1980s (Wang & Wang
1985), we found that AAT10 increased slightly from the
late 1980s to the mid-1990s in most parts of China. This
pattern was seen in northeast China (principally eastern
Inner Mongolia and most parts of Heilongjiang, Liaoning
and Jilin Provinces), in the Huaihe River Basin (including
Jiangsu and Anhui Provinces and other regions) and
along the northern fringe of the Tianshan Mountains
(including the northern Xinjiang Autonomous Region).
However, AAT10 declined in some regions, including
the western Inner Mongolia Autonomous Region, parts
of Xinjiang and some regions south to the Yangtze River.
Changes in AAT10 were significant during the second
period from the mid-1990s to 2000 and AAT10 increased
remarkably in most regions of China; by over 200°C
in most parts of Inner Mongolia, southeastern coastal
regions and south of the Tarim Basin.

Accumulated temperature increased in nearly all of
China from the late 1980s to 2000. We found hotpots
with clear AAT10 increases of >100°C (Fig. 2b). The
most significant regions of warming included the east-
ern part of Inner Mongolia, most parts of northeastern
China, the Taihang Mountains (the northern part of
the Huang-Huai-Hai Plain), southeastern coastal
areas, Taiwan and the northern and eastern edges of
the Qinghai-Tibet Plateau region. In some regions,
AAT10 decreased, including a part of the Shandong
Peninsula, the central part of the Huang-Huai-Hai
Plain and a small area in the Tarim Basin.

3.1.2.  Designation of ATZs and area changes

The distribution of AAT10 depended largely on lati-
tude and altitude (Fig. 2a). The spatial structure of
ATZs was steady on the whole, while partial changes
occurred at the edges of ATZs. Accumulated tempera-
ture changes were analyzed by calculating the areas of
ATZs in different periods since the late 1980s. Results
showed that AAT10 increased on the whole, and the
transfer from spring wheat ATZ to winter wheat ATZ
was the most pronounced (Table 2, Figs. 3a,c & 4).

(1) The area percentage of spring wheat ATZ fell to
26.53% in 2000 from 28.70% in the late 1980s, and the
total area of spring wheat ATZ decreased.

(2) The area percentage of winter wheat ATZ in-
creased significantly from 13.69% in the late 1980s to
15.37% in 2000, with a persistent increasing trend in
the 3 periods.

(3) The area percentage of potato ATZ declined
slightly from 28.28% in the late 1980s to 27.63% in 2000.

(4) The area percentages of rice ATZ and sugar cane
ATZ increased slightly by 0.81 and 0.32%, respec-
tively, from the late 1980s to 2000.

These results indicate that the thermal conditions
improved on the whole; large areas converted from
lower AAT10 to higher AAT10.

3.1.3.  Transfer of ATZs

The above analysis indicated trends in thermal condi-
tions on the whole, but it is important to understand dis-
tinct changes in thermal conditions, such as finer scale
trends and the directions of trends. Transfer metrics of
ATZ change from the late 1980s to 2000 reflect the direc-
tions of conversion of thermal conditions more clearly
(Table 3). The most pronounced conversion occurred
from spring wheat ATZ to winter wheat ATZ, with a
transfer area of 3.16 × 105 km2. Transfer areas from
winter wheat ATZ to rice ATZ were also large, reaching
1.64 × 105 km2. Transfer areas from potato ATZ to spring
wheat ATZ reached a total of 1.22 × 105 km2. In other
words, ATZs moved northward, and the dominant trend
indicated rising temperatures.

From the transfer matrix (Table 3), we determined
the directions of ATZ change. Spatial analysis was
used to ascertain the changes in thermal conditions
based on spatial characteristics. Transfer regions were
extracted through overlay analysis of ATZs during the
late 1980s and 2000. With 5 zones, 20 transitions were
possible; however, the 3 most common transitions
described >70.28% of all changes. The main transfer
regions were chosen with large area changes to sim-
plify the results (Fig. 4). The occurrence of spatial vari-
ation was clear. It is, thus, more effective to spatially
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ATZ Area percentage of ATZs Trend
Late 1980s Mid-1990s 2000

Potato 28.28 27.77 27.63 ↓
Spring wheat 28.70 28.34 26.53 ↓
Winter wheat 13.69 14.98 15.37 ↑
Rice 28.10 27.71 28.91 ↑
Sugar cane 1.24 1.20 1.56 ↑

Table 2. Area percentages of ATZs for all of China during the 
3 study periods
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Fig. 3. ATZs (accumulated temperature zones) for the 3 periods: (a) late 1980s, (b) mid-1990s and (c) 2000
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identify areas of ATZ conversion than to assess
changes in absolute AAT10 values (Fig. 2b).

3.1.3.1. Transfer from spring wheat ATZ to winter
wheat ATZ. The area of spring wheat ATZ that trans-
ferred to winter wheat ATZ was the largest of all ATZ
transfer areas. The most significant transfer region
occurred in northeastern China, especially at the bor-
der of the western Jilin and Liaoning Provinces and the
eastern Inner Mongolia Autonomous Region (Fig. 4,
marked in blue rectangle). In addition, the boundaries
of 2 ATZs moved northward >400 km. According to the
thermal demand of crops, cropping systems in the
region could move from 1 crop per year to 3 crops in 2
years. Lin et al. (2006) also found that the boundary of

winter wheat has moved northward with improved
thermal conditions.

The second major spring wheat ATZ to winter wheat
ATZ transfer region was located in the Hetao region,
but the warming trend in the region was not persistent.
A third region was located in several scattered areas in
Ningxia and Gansu Provinces and the Inner Mongolia
Autonomous Region.

There was marked warming in North China with
accompanying improvement in land suitability and
cropping conditions. The boundary for growing winter
wheat gradually moved northward from the late 1980s
to 2000. These findings are consistent with existing
research results (Xiao et al. 2007).
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Fig. 3. (continued)

2000
ATZ Potato Spring wheat Winter wheat Rice Sugar cane Total

Potato 2 595 227 122 363 0 0 0 2 680 983
Spring wheat 22271 2 386 338 315 892 512 0 2 725 013
Winter wheat 6400 4096 1 119 956 164 090 0 1 294 541
Rice 0 0 25343 2 580 635 38 143 2 680 727
Sugar cane 0 0 0 1536 109 820 111 356

Total 2 623 897 2 512 797 1 461 191 2 746 772 147 962

Table 3. Metrics of spatial transfer areas for different ATZs from the late 1980s to 2000 (km2). Bold: key transfer areas
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3.1.3.2. Transfer from winter wheat ATZ to rice ATZ
and from potato ATZ to spring wheat ATZ. The south-
ern margin of the Tarim Basin shifted from winter
wheat ATZ to rice ATZ, while the northern margin of
the Tarim Basin shifted in the opposite direction, from
rice ATZ to winter wheat ATZ. Cropping systems in
the region have changed little due to water constraints.
In the northern region of Inner Mongolia, the AAT10
changed from <1600°C to between 1600 and 3400°C.

3.2.  Cultivated land changes in ATZ transfer regions

3.2.1.  Areas of cultivated land

We studied changes in the thermal conditions of culti-
vated land from the late 1980s to 2000, based on statis-
tics of cultivated land in different ATZs. The percent-
age area of cultivated land in the spring wheat ATZ
decreased from 28.02% in the late 1980s to 25.51% in
2000. Meanwhile, the percentage area of cultivated
land in the winter wheat ATZ increased from 15.09% in
the late 1980s to 17.58% in 2000. Because the total area
of cultivated land in China has increased, the areas of
cultivated land under higher AAT10 values have in-
creased more than they would have if the area of culti-
vated land had remained the same.

3.2.2.  Changes in cultivated land

Table 4 illustrates cropland area in ATZ transfer
regions. The largest cultivated land transfer, of
>5000 km2, was from spring wheat ATZ to winter
wheat ATZ (Table 5). The spatial distribution of typical
land transfer is shown in Fig. 5. Cultivated land
expanded northward with improving thermal condi-
tions, which was consistent with existing studies that
had indicated that the gravimetric center of cultivated
land had moved northward (Gao & Liu 2006, Lin et al.
2006). Therefore, we found that cultivated land areas
increased in the regions, with increasing AAT10,
decreased with decreasing AAT10, and that a relation-
ship exists between changes in cultivated land and
changes in thermal conditions.

4.  DISCUSSION

4.1.  Relationship between accumulated temperature
changes and cultivated land use

Several studies have investigated effects of land-
use/land-cover change on climate (Li et al. 2006, Mah-
mood et al. 2006, Pielke 2005), but more studies are
needed to address the effects of climate change on

44

Fig. 4. Main transfer regions of ATZs from the late 1980s to 2000. The area bounded by the blue dotted rectangle is shown in Fig. 5
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land use, especially on agricultural land use and land
suitability (Tao et al. 2003, Yokozawa et al. 2004, Mah-
mood et al. 2006). We found that the area of cultivated
land increased where AAT10 increased (Fig. 6a,b,
Table 5) and the suitability of land to be cultivated also
increased with climate warming in most regions of
China. For example, a large area was converted from
spring wheat ATZ to winter wheat ATZ, thereby
improving suitability for additional cropping. Because
of agroecological environmental improvement, people
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ATZ Late 1980s Mid-1990s 2000
Area (km2) Percentage Area (km2) Percentage Area (km2) Percentage

Potato 20 280.50 1.15 16 833.30 0.96 25 839.40 1.44
Spring wheat 495 109.00 28.02 491 665.00 28.07 457 949.00 25.51
Winter wheat 266 701.00 15.09 285 223.00 16.29 315 587.00 17.58
Rice 943 251.00 53.39 921 834.00 52.64 945 931.00 52.68
Sugar cane 41 491.40 2.35 35 768.10 2.04 50 195.70 2.80

Table 4. Area (km2) of cultivated land in different ATZs in the 3 study periods and pecentage of national total cultivated land area

Transition of ATZs Change in cultivated 
land area (km2)

Potato to spring wheat 270.31
Spring wheat to winter wheat 5229.21
Winter wheat to rice –313.38
Rice to winter wheat 72.12
Rice to sugar cane –180.04

Table 5. Main changes in cultivated land area (km2) in transfer 
regions of ATZs from the late 1980s to 2000

Fig. 5. Distribution of changes in cultivated land in transfer areas from spring wheat ATZ to winter wheat ATZ from the late 1980s 
to 2000. This region is an enlargement of the area in the blue rectangle in Fig. 4



Clim Res 40: 37–48, 2009

have cultivated more land, including land with low
cropping indices, to produce more food and income.
This practice has revealed the impacts of climate
warming on agricultural land use to some extent. In
addition, expanding crop areas have been driven by a
series of factors besides the increase in accumulated
temperature, e.g. the improvement of cultivars and,
especially, water availability (Tao et al. 2003). Further-
more, food demands in China have increased as a
result of the increasing population and more land has
been reclaimed to meet these higher food demands
(Yu & Lu 2006); agriculture technology, such as infor-
mation technology, machinery and irrigation, has pro-
vided the means to reclaim more arable land (Cox
2002). Some researchers point out that the adaptation
options and potentials of both farmers and species
were associated with different socio-economic capaci-
ties and policy intervention (Berry et al. 2006). Land-
use changes occurred as a result of interactions
between climate change and human activities.

The rate of change of cultivated land area from the
late 1980s to the mid-1990s was slower than that in the
later period because of a lag between changing cli-
mate and peoples’ responses to a changing climate

(Table 4). However, changes in cultivated land area
from the mid-1990s to 2000 were more significant than
those in the previous period (Fig. 6b). This indicates
that the extent of accumulated temperature changes
influenced the quantity of changing cultivated land.

4.2.  Effects of accumulated temperature changes on
cropping systems

Changing thermal conditions have caused variation
in the cropping index, which is defined as the number
of crops grown per year in a given area of land. As a
result of climate warming on a national scale, it is fea-
sible for the cropping index to improve in some re-
gions. To acquire higher yields of food and income,
people have improved the cropping index in regions
that had previously been difficult to crop and also in
some areas where the index was low. According to the
thermal accumulation demand (measured by AAT10)
of crop farming (Table 1), cropping indices have
improved in many regions since the 1980s (Yan et al.
2005, Li et al. 2008). This suggests that climate change
has affected the thermal conditions of cultivated land
and cropping systems (Feng & Hu 2004, Miller et al.
2005, Cleland et al. 2007). AAT10 can quantify the
thermal demand of crops; expected increases in the
AAT10 can cause a reduction in the length of the grow-
ing period of determinate crops and shorten the dura-
tion of the crop cycle. This makes it possible for crops
to acquire higher accumulated temperatures in less
time and for the cropping index to increase.

ATZs play a significant role in regulating cropping.
For example, differing ATZs in Heilongjiang Province
provide an important guide for cropping, and farmers
choose crop breeds and decide on sowing dates strictly
according to the designation of ATZs (Yu et al. 1997).
The spatial distribution of ATZs shown in the present
study may be able to assist in decision-making regard-
ing the crop planting distribution.

4.3.  Possible effects of accumulated temperature
increases on future agriculture

Substantial work has been done on the possible
effects of climate change, especially temperature
change; for example, Brown et al. (2008) asserted that
climate change is acting to enhance the land-use
potential in Scotland. If warming in China continues,
cropping indices will continue to improve, but other
unpredictable climate events may occur. The demand
for cultivated land will decrease with improved crop-
ping indices and efficient food production. However,
accumulated temperature rises and a warming climate
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will expand the range of many agricultural pests and
increase pest populations (Schmidhuber & Tubiello
2007), as well as increasing evapotranspiration and the
demand for water and pesticides as the area of culti-
vated land increases (Tao et al. 2003). In addition, spa-
tial extension of arable land may reduce the integrity
of pristine natural environment by anthropogenic dis-
turbances.

4.4.  Uncertainty analysis

AAT10 is a key agroecological parameter that indi-
cates thermal demand for crop growth. However, in
addition to accumulated temperature, other factors,
such as precipitation and extreme weather events, a-
ffect crop growth (Riha et al. 1996, Challinor et al.
2005). Moisture and other natural conditions differ
among regions (Tao et al. 2003), and climate warming
may lead to increased irrigation requirements (Tao et
al. 2003), which could cause crop failure during
drought conditions in some regions (Tao et al. 2003,
Liu & Lin 2004). The frequency of extreme agromete-
orological events substantially influences crops in
some regions and may create a risk for cropland suit-
ability (Tao et al. 2003, Yokozawa et al. 2004). For
example, extremely low minimum temperatures often
restrict the growth of crops in northwestern China
(Zheng et al. 2008), rain-fed cropland on the North
China Plain could face the challenge of frequent
droughts associated with climate change and vari-
ability (Tao et al. 2003, Yokozawa et al. 2004). In
addition, soil degradation is another important prob-
lem (Tao et al. 2005). Further studies are needed to
explore the relationship between water needs and
thermal conditions.

In addition, the Qinghai-Tibet Plateau has a special
geographical and agroecological environment. In the
present study, insufficient specific analyses were per-
formed on the Qinghai-Tibet Plateau. However,
because the Qinghai-Tibet Plateau supports limited
agricultural production, results from additional analy-
ses of this region would not likely influence the conclu-
sions of our paper. Other possible uncertainties are
connected with the data. Land-use data were derived
from LANDSAT images with a resolution of about
30 m; subsequently, information on cultivated land was
extracted and converted into 1 km × 1 km grids. While
the climate data were derived from the interpolation of
752 stations, the spatial distribution was uneven.
Although topography was considered in the interpola-
tion, it was difficult to guarantee perfect consistency
with the land-use data. Furthermore, the scale effect
and consistency of the 2 datasets need more study in
the future.

5.  CONCLUSIONS

In the present study the spatio-temporal changes of
AAT10 based on meteorological data were examined.
By analyzing ATZs and cultivated land, a relationship
between cultivated land and thermal conditions was
proposed, and the potential effects of accumulated
temperature on cultivated land and farming systems
were assessed. The main conclusions are as follows:

(1) Since the late 1980s, AAT10 has noticeably risen
in most of China. It is most pronounced in the araes
converted from spring wheat ATZ to winter wheat ATZ
(3.16 × 105 km2); winter wheat ATZ to rice ATZ (1.64 ×
105 km2); and potato ATZ to spring wheat ATZ (1.22 ×
105 km2).

(2) Changes in accumulated temperature affected
cultivated land use. The area of cultivated land in-
creased in accordance with rising AAT10. Changes in
cultivated land area from spring wheat ATZ to winter
wheat ATZ exceeded 5000 km2.

(3) Cropping indices have changed because of im-
proved thermal conditions since the late 1980s. For
example, cropping indices changed from a single crop
per year to 3 crops in 2 years in the eastern Inner Mon-
golia Autonomous Region and the Hetao region. Farm-
ing systems also changed, and the growth boundary of
winter wheat moved northward.
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