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Abstract: Based on the MODIS NDVI data and Landsat TM/ETM data of 2002 and 2012, this
paper extracts the planting area of winter wheat—-summer maize, single spring maize, cotton
and forest/fruit trees, vegetable and paddy, and made the agricultural land use map of the
North China Plain (NCP). Agricultural land use area accounted for 63.32% compared to the
total area of the NCP in 2002. And it increased to 65.66% in 2012, which mainly caused by
the vegetables and forest/fruit trees increasing. Planting areas of winter wheat—summer
maize, cotton, single spring maize, forest/fruit trees, vegetables and paddy were 5031.21x10°,
865.90x10°, 1226.10x10°, 1271.17x10°, 648.02x10°, 216.51x10° ha in 2012. Rank of
changes was: vegetables (+45%) > forest/fruit trees (+27.4%) > paddy (-23.7%) > cotton
(=20.4%) > single spring maize (+17.3%) > winter wheat—-summer maize (—0.6%). In devel-
oped region like Beijing and Tianjin, planting area of crops with high economic benefit (such
as fruit trees and vegetables) increased significantly. Government policies for groundwater
protection caused obvious decline of winter wheat cultivation in Hebei Province. Cotton
planting in Shandong Province decreased more than 200,000 ha during 2002-2012. The data
products will be published in the website: http://hydro.sjziam.ac.cn/Default.aspx. To clarify the
agricultural land use in the NCP will be very helpful for the regional agricultural water con-
sumption research, which is the serious problem in the NCP.
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1 Introduction

The North China Plain (NCP) produced ~20% of national grain food while ~80% of the
cropland was irrigated by groundwater (Yuan and Shen, 2013). Therefore, water shortage
and ecological problems caused by decreased groundwater table become more and more
serious in the NCP. Cropping system adjustment and agricultural production estimation are
the key to ensure both food security and water saving. Remote sensing monitoring of agri-
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culture provides the information support which included the crop spatial pattern. Crop spa-
tial pattern can help to clear the regional crop planting structure (crop types and planting
areas), systems (multiple cropping or fallow) and patterns (continuous, rotation or inter-
planting) (Tang et al., 2010). In order to reduce the inputs and maximize the profit, crops
and agricultural production strategies have changed dramatically in the NCP over the past
decade. Crops spatial pattern is very important for reasonable cropping system adjustment
and optimization, effects of climate change on agriculture and model building in this region.

Remote sensing applied in the crop monitoring started in the mid-20th century. In the
1960s, the Purdue University firstly used the remote sensing data to monitoring the single
maize growth. In 1974, in order to identify and measure the areal extent of major crop types
and to estimate their yields, the Large Area Crop Inventory Experiment (LACIE) was un-
dertaken jointly by the USDA (United States Department of Agriculture), NOAA (the Na-
tional Oceanic and Atmospheric Administration) and NASA (the National Aeronautics and
Space Administration) (MacDonald et al., 1975). In 1980, the AgRISTARS Project (Agri-
culture and Resources Inventory Surveys through Aerospace Remote Sensing) was imple-
mented by ESS (Economics and Statistics Service). This project completed the growth and
yields estimation of many kinds of crops, e.g. wheat, maize and soybean (Kleweno and
Miller, 1981; Wilson and Sebaugh, 1981). During the 1990s, more and more countries de-
veloped the crop spatial patterns research by the remote sensing method. The MARS Project
(Monitoring Agriculture with Remote Sensing) of the European Union developed large scale
operational tools to establish the crop yields estimation systems (Gallego, 1999). Accurate
mapping of agricultural land use in semi-arid Africa has proven to be difficult, because the
size of cropped fields is small with high similarity between the cropped and uncropped sur-
faces. However, multi-temporal imagery data of SPOT—XS were used to recognize and map
the rice fields on a West African floodplain and 71% of ploughed-field reference sites were
classified correctly (Turner and Congalton, 1998). From 1997, the NASS (National Agricul-
tural Statistics Service) of USDA produces the annual Cropland Data Layer product (Boryan
et al., 2011). Multiple crops types (e.g. cotton, sugar beet, and alfalfa) were identified by the
remote sensing method (Clevers, 1997; Conrad et al., 2016; Marshall and Thenkabail, 2015).
The research also extends from the single growth area observation to multiple cropping sys-
tems and patterns distribution (Murakami et al., 2001; Serra et al., 2016).

Remote sensing monitoring of crop acreage in small scale area usually used the
full-coverage remote sensing image with multi-sensor, multi-time and spatial resolution.
High spatial resolution of QuickBird and Landsat TM data were widely used in crop acreage,
spatial distribution and dynamic change extraction (Cohen and Shoshany, 2002; Frolking et
al., 2002; Kingra et al., 2016). Liu et al. (2003, 2005, 2010) used the Landsat TM digital
images to learn the spatial patterns of land use change in China during different periods and
also analyzed some driving forces. However, medium and low spatial resolution MODIS
data play an important role in crop acreage spatial distribution monitoring in large areas
(Wardlow and Egbert, 2008; Xiao et al., 2005). Methods of mapping crop distribution by
remote sensing can be divided into three categories: crop identification method based on the
spectral characteristics (Wu and Li, 2012), crop phenology characteristics (Zhong et al.,
2016), or multi-source data (Zhao et al., 2016).

Significant progress has also been made in the study of crop cropping patterns based on
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remote sensing technology. The vegetation index based on remote sensing data can reflect
the growth status of vegetation. At the same time, the seasonal variation of vegetation index
corresponds to the seasonal activity process of vegetation growth and decline. Therefore, the
time series vegetation index is used to obtain the crop growth curve by various smoothing
methods, which can effectively monitor the crop multiple cropping pattern. Based on the
time-series EOS-MODIS NDVI data, crop planting patterns in the North China Plain were
studied by the Fourier analysis method (Zhang et al., 2008). Maximum likelihood classifier
is also used in estimating the crop rotation research by the NDVI and EVI data (Oguro et al.,
2001; Panigrahy and Sharma, 1997).

However, planting patterns and cropping systems are various in China. Characteristics of
Chinese crop distribution are fragmentized and scattered. Previous studies on the spatial and
temporal pattern of crops in successive years usually used the visual interpretation method
or based on the mathematical analysis of statistical data (de Oliveira et al., 2017; Li et al.,
2017; Liu et al., 2014). All these methods consumed lots of laboral, material and financial
resources. At the same time, crop distribution map of the NCP will be useful to clarify and
optimize the planting pattern and agricultural disaster alleviation. Therefore, time and la-
bor-saving methods for crop planting area extraction for the NCP in successive years are
very necessary. Objectives of this study are: 1) Based on the time series NDVI data and
phenological characteristics, the main crops of the NCP were classified, and the crops with
small planting area such as vegetables and rice were extracted based on TM/ETM data; 2)
modification and accuracy test were carried out according to the investigative and statistical
data; 3) agricultural land use change was observed in the NCP during 2002—-2012. This arti-
cle only classified agricultural land and analyzed its changes. Construction land, water bod-
ies, and wetlands, etc. are not included in this article.

2 Data sources
2.1 Site description

The North China Plain, covering an area of about 141,000 km? (Figure 1), which is located
in the east of the Taihang Mountains, west of the Bohai Sea, south of the Yanshan Mountains,
north of the Yellow River. This area is flat with deep soil layer and the attitude of the NCP is
lower than 100 m. The NCP includes municipalities of Beijing and Tianjin, provinces of
Hebei, northern Henan, and western Shandong. It belongs to the temperate continental
monsoon climate with the annual mean temperature of 10.0-14.2°C. Annual radiation is
enough for the growth of winter wheat—-summer maize rotation. Main grain crops are wheat,
maize and rice while main economic crops are cotton, fruit trees and vegetables. Yields of
these crops account for about 8%—50% (Fang et al., 2010; Pei et al., 2015; Zhang et al.,
2013). Annual mean precipitation in the area is 400-500 mm, with about 70% occurring in
summer. Agricultural irrigation consumed more than 80% of the total groundwater.

2.2 Data sources

The remote sensing data included 250 m NDVI (MOD13Q1) data, 1000 m land-cover type
data (MOD12Q1) of Terra/MODIS (Moderate-Resolution Imaging Spectroradiometer), and
30 m Landsat/TM images (Thematic Mapper). MODIS NDVI data were 16-day compo-
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Figure 1 Elevation map of North China Plain with the positions of ground truth samples

sited time series data (2002 and 2012, H26V04, H26V05, H27V04, H27V05), used for
building crop growth stages curve and crop recognition. Land-cover type MODIS data were
from NASA (http://reverb.echo.nasa.gov, 2002 and 2012), which were applied for masking
NDVI data and non-cropland & non-forest land area removing. Landsat TM images came
from the Global Land Cover Facility belonging to University of Maryland
(http://www.landcover.org/), which were used to extract crops, vegetables and rice with
small area.

Verification data included the meteorological data from the CMDC (China Meteorological
Data Service Center, http://data.cma.cn/en), observation data of crop growth stages from the
agricultural meteorological stations (22 points, mainly distributed in Beijing, Tianjin, and
Hebei Province), crop sown area data from the provincial and municipal statistical data
(2002-2012, provinces and municipalities located in the NCP) and field survey data (89
points located in the NCP).

3 Data processing methods
3.1 Crop NDVI time series curve reconstruction

According to the field survey, statistical data and phenological material from the agricultural
meteorological stations, winter wheat—-summer maize, single maize, cotton and fruit orchard
were the main agricultural land use types while their phenological characteristics were quite
different from each other. So, it was easy to extract the planting area according to these dif-
ferences (Figure 2).

At the same time, the time series curve of annual MODIS NDVI data was reconstructed.
In order to avoid effects from clouds, fog and water vapor, HANTS algorithms (Harmonic
Analysis of Time Series), available from the Geospatial Data Service Centre (GDSC), Neth-
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erland was used to eliminate noise and retrieve the previous metrics. HANTS is an improved
algorithm based on Fourier transform, which is commonly used in remote sensing image
processing to reduce periodic fluctuation noise (Roerink ef al., 2000). This algorithm is
suitable for processing time series to retrieve vegetation metrics as considering the seasonal-
ity of vegetation (White et al., 2009). According to the planting characteristics, survey and
MODIS NDVI data, values of 5 major control parameters of HANTS were: 1) valid data
range: —3000 to 10000; 2) length of period: 23; 3) frequencies selected: 2; 4) fit Error Tol-
erance: 1000; 5) maximum number of points thrown away: 8. The crop NDVI time series
data after reconstruction were shown in Figure 3.

Items Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. [ Aug.| Sep. [ Oct. | Nov. | Dec.

Winter wheat

Spring maize AT AN

Summer maize AN NN ===

Cotton R T
Fruit trees R R R R Y
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[0 Leaf-expansion period = E== Leaf-flushing period

Figure 2 The main crops growth periods in the North China Plain
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Figure 3 NDVI time series curves of different crops in the North China Plain

3.2 Multiple Cropping Index (MCI) calculation

The number of peaks of curves in the NDVI time series represents the Multiple Cropping
Index (MCI) (Zhang et al., 2017). However, NDVI time series data were still discrete points,
not showing continuous function after the reconstruction. The number of peaks can be ob-
tained by searching for local maxima in the reconstructed NDVI time series with the aid of
the improved difference method (Fan and Wu, 2004; Liang et al., 2017), which avoided the
micro peaks caused by the sparse vegetation coverage by the NDVI threshold value accord-
ing to many experimental results including the study area (Eq. 1). The method of controlling
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the time series length (see Figure 2) was used to shield the peaks outside the growing season
and the winter peaks.
0 NDVI <85

numbers of maximum NDVI =85

MCI={ (1)

3.3 Classification and Regression Tree method (CART)

Classification and Regression Tree method (CART) was a generic supervisory classification
method (Breiman et al., 1984), which used the training sample to construct binary trees for
classification. The original CART code decision tree software contained two parts: the Clas-
sifier and Numerical modules. The first module was used to construct the decision trees and
produce the classification results while the second was used in numerical modelling, for
large regional or long time series remote sensing classification. In this classification research,
the target variables were winter wheat—summer maize, single spring maize, cotton and for-
est/fruit trees. And the test variables were characteristics of NDVI time series data for dif-
ferent crop types. Firstly, the classification training samples are selected to generate the rule
table, based on the MCI and the NDVI curve of each type, and then the regular rule table is
trimmed. Finally, the rule table is used for classification.

3.4 TM/ETM data processing

Based on TM/ETM data, the maximum likelihood method was used to classify the images
by selecting the training samples, and the planting area of vegetables and rice in the NCP
was extracted. Because the available Landsat TM/ETM data are not continuous in time, this
research chooses the images of the early April around 2002 and 2012. And vegetables and
rice area of these two years in the NCP were extracted. The total area of these two crop types
is still very small, accounted for less than 7% of the total NCP area. And planting area
change during continuous years was even smaller and had little effect on the other crop area
changes in the NCP. Therefore, the extraction results were considered as the mapping of
vegetables and rice area in 2002 and 2012.

3.5 Calibration and verification of classification results and mapping for agricultural
land use

According to the statistical data and investigation, single spring maize was planted in most
northern Hebei, while cotton was planted in the northwest of Shandong. However, classifi-
cation results of remote sensing showed that the area of cotton planting in northern Hebei
and single spring maize in northwestern Shandong were too large. This phenomenon ap-
peared probably due to the close growth period of cotton and single spring maize and similar
filtered NDVI time series curve. Therefore, classification results of the cotton in northern
Hebei and the single spring maize in the northwest of Shandong were adjusted to single
spring maize and cotton respectively, for grids of continuous pixels number larger than one.
The results of winter wheat—summer maize, single cropping maize, cotton, forest and fruit
trees based on MODIS data were added to the vegetables and rice results based on TM/ETM
data in 2002 and 2012, which were cut according to the boundaries of the NCP. Finally, we
got the agricultural land use as shown in Figure 4. The classification results of the counties
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and the statistical yearbooks were compared for accuracy verification. The correlation coef-
ficient between area and agricultural statistical area is higher than 0.77 for all the cropland
use types (confidence interval: 95%, Figure 5), and the slope was similar to 1:1 line. This
method has high classification accuracy in crop extraction in the NCP, and can reflect the
spatial and temporal changes of agricultural land use.

The distributions of different agricultural land use types of the NCP in 2002 and 2012
(Figure 4) shows winter wheat and summer maize are widely cultivated in the south of Bei-
jing and Tianjin, which are the main planting pattern in the NCP. Single maize is widely dis-
tributed in northern Hebei, especially in Langfang. Cotton is mainly distributed in southern
Hebei and the main cotton producing areas of northwestern Shandong, such as Xingtai,
Hengshui, Dezhou and Liaocheng. Fruit was concentrated in the fruit tree planting bases of
Shijiazhuang, Cangzhou, and Binzhou. The agricultural land use in northern Hebei, Beijing
and Tianjin is much complicated with various crops and economic crops such as the widely
distributed vegetables and forest/fruit trees.

(2) 2002 (b) 2012

g

B Winter wheat- BN Winter wheat-
summer maize summer maize

[ Single cropping maize [ Single cropping maize

B Forest / Fruit trees B Forest / Fruit trees

] Vegetables T Vegetables

[ Cotton 3 Cotton

0 200 km = Paddy 0 200 km B Paddy
[ No data [ No data

Figure 4 Agricultural land uses of the North China Plain in 2002 (a) and 2012 (b)

4 Results and discussion

4.1 Agricultural land use area changes of different planting patterns in the North
China Plain

Agricultural land use area accounted for 63.32% compared to the total area of the NCP in
2002 (Table 1). And it increased to 65.66% in 2012, which was mainly caused by the vege-
tables and forest/fruit trees increasing. Winter wheat—summer maize rotation was the main
planting pattern in the NCP. The planting area of this rotation accounted for about 55% of
the total crop planting areas, which decreased by 34,200 ha from 2002 to 2012. Proportions
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Figure 5 Comparison of classified land use area for different crops with statistical data (data points in the fig-
ures show area for year 2002 and 2012 at county level)

Table 1 Area and proportion of crops in the North China Plain
Winter Single sprin, Forest/
Year Items wheat-summ  Cotton g'c spring . Vegetables Paddy  Summation
. maize fruit trees
er maize
2002 Area (10° ha) 5065.40 1087.37 1045.88 997.60 447.62 283.88 8927.75
Proportion (%) 56.74 12.18 11.72 11.17 5.01 3.18 100.00
012 Area (10° ha) 5031.21 865.90 1226.10 1271.17 648.02 216.51 9258.91
Proportion (%) 54.34 9.35 13.24 13.73 7.00 2.34 100.00

of single spring maize, forest/fruit trees and cotton, compared with the total planting area,
were around 12%. Planting area of cotton was decreasing by 221,400 ha while planting areas
of single maize and forest/fruit trees increased by 17.3% and 27.4% from 2002 to 2012.
Vegetables cultivation accounted for only 6% of the total planting area, which increased
from 447,600 ha in 2002 to 648,000 ha in 2012. As the lowest proportion is about 2.7%, the
rice cultivation acreage declined. In brief, the rank of crops planting areas in the NCP for
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2012 was: Winter wheat-summer maize > forest/fruit trees > single spring maize > cotton >
vegetables > paddy; the rank of changes was: vegetables (+45%) > forest/fruit trees (+27.4%)
> paddy (-23.7%) > cotton (-20.4%) > single spring maize (+17.3%) > winter
wheat—summer maize (-0.6%).

Based on remote sensing classification analysis, the total planting area increased from
8927.75x10° ha in 2002 to 9258.91 x10° ha in 2012, with 3.7% increase within ten years.
Official statistical data show the same trend that the planting area also increased by
500.00x10° ha from 2002 to 2012. This result was probably caused by the following reasons:
1) Grain production in the NCP decreased from 1999 to 2003, while continued to grow from
2004 to 2013. The decline in grain production from 1999-2003 could be explained by the
national policies (Zhao and Lv, 2015), which refers to “returning farmland to forests” pro-
gram and is regarded as the major contributor to the decrease of cultivated land. Accordingly,
farmers have less willingness to plant grain. Since 2004, the government has increased the
subsidies and started to improve policies to boost agriculture and benefit farmers, with vari-
ous documents on the theme of “agriculture, rural areas and farmers”. The increased grain
sown area, agricultural input and water use efficiency have directly promoted the continuous
increase in grain production during the last decade (Lu et al., 2016). 2) The available
MODIS data are limited by spatial and temporal resolution (Chaudhuri et al., 2018), which
influences the accuracy of classification. Different crops co-existence in the NCP, thus, the
occurrence of mixed pixels provides a substantial challenge in classifying imagery. 3) A
large amount of wastelands or saline-alkali lands have been restored or developed into pro-
ductive agricultural land, such as areas around the Bohai Sea and in Henan Province (An,
2018), which can possibly explain the increase in agriculture land.

4.2 Agricultural land use area changes of different planting patterns in different
cities

In order to clarify the differences of agricultural land use changes among cities and areas,
the planting areas changes from 2002 to 2012 were compared as shown in Table 2. The NCP
was divided into four parts according to the administrative boundary: Beijing and Tianjin,
Hebei Province, Shandong Province and Henan Province.

Grain crops planting area of Beijing, Tianjin and eastern Hebei (Qinhuangdao and Tang-
shan) declined obviously, while forest/fruit trees and vegetable planting areas increased. The
increase of forest/fruit trees in Beijing is likely to be affected by a significant increase in
urban greening, rather than simply due to increased tourist picking around the city and sub-
urbs. Because of the serious water shortage and governmental reducing groundwater explo-
ration policies, winter wheat—-summer maize planting areas in Langfang, Cangzhou, and
Hengshui decreased obviously and the average proportion reached 31.7%, and the total area
reduced by 280,000 ha. However, planting area of single spring maize increased about
160,000 ha, about 66.7%, compared with the previous planting area. Forest/fruit trees plant-
ing area also increased for about 40% in these three prefectures. Meanwhile, planting area of
vegetables double increased in Cangzhou and Hengshui. Cotton planted in Hengshui de-
creased to 22,740 ha. These results were not any good for saving groundwater, which proba-
bly caused by the economic force. Grain crops planted in Baoding also decreased while fruit
trees increased, especially for several counties near Beijing. Winter wheat-summer maize
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planting area in the south of Hebei (including Shijiazhuang, Xingtai and Handan) appeared a
little increase, because some farmers no longer grew multigrain and switch to winter wheat
and summer maize, which sowing and harvest were more conveniently. As the continuous
low price, planting area of cotton decreased for about 10,000 ha in Shijiazhuang and Handan,
while vegetable planting double increased in Handan.

Table 2 Agricultural land use area change of municipalities or prefectures in the North China Plain from 2002 to
2012 (10° ha)

Cotton sprisni;1 %rl::iize frlflci’trfrs;és \:\{Iilr::tr V;zlgeesta_ Paddy

Beijing (BJ) 0.13  -21.09 69.96 -8.57 7.13 0.93

Tianjin (TJ) 024  -5.09 31.64 ~19.91 48.92 2878

Qinhuangdao (QHD) 0.72 13.78 14.63 —24.89 0.49 -2.36

Tangshan (TS) 016  -31.07 35.38 2491 45.04 -25.12

Langfang (LF) 878  56.61 33.18 -81.30 13.69 1.19

Cangzhou (CZ) 9.61 63.08 3428 12033 33.10 9.72

P:)i?sice Hengshui (HS) 2274 4122 28.14 ~78.82 23.27 0.56

Baoding (BD) 8.06  —17.40 95.50 -38.88 -1.67 1.61

Shijiazhuang (SJZ) ~ -10.62  -7.24 0.78 57.33 -1.72 0.01

Xingtai (XT) 1527  -29.04 —4.64 5421 ~0.51 0.00

Handan (HD) -9.36 10.71 276 24.06 28.19 0.05

Dongying (DY) 8.50 2.09 -7.61 10.46 ~6.08 -10.58

Binzhou (BZ) ~6.43 5.85 8.44 -23.92 285 435

SPha“‘.i"“g Jinan (JN) 10.26 2.99 0.73 -10.56 -0.07 1.80
rovince

Dezhou (DZ) 8527 2183 47.79 16.09 6.59 5.01

Liaocheng (LC) ~ -139.00  12.08 -28.95 177.93 11.39 ~7.18

Hebi (HB) 0.13 3.43 ~0.28 7.53 -0.10 0.00

Xinxiang (XX) ~7.24 17.90 0.65 12.56 ~0.80 -4.07

Henan Jiaozuo (JZ) 0.29 5.49 1.32 ~10.96 0.03 031

Province Puyang (PY) ~052 2179 -8.66 3322 ~0.81 ~6.79

Anyang (AY) 234 12.38 ~12.78 14.85 211 0.01

Total 22138 180.28 273.44 -34.82 201.15 ~68.03

Water resources in Shandong are more abundant than in Hebei. Prefectures in Shandong
were near the Yellow River, which supplied enough irrigated water. Therefore, winter wheat
cultivation did not decline significantly. Winter wheat cultivation in Liaocheng increased
177,930 ha during 2002-2012. At the same time, because of the cumbersome planting ap-
proach and low price, there was some reduction of paddy and cotton planting in Liaocheng
and Dezhou. More and more economic crops, such as watermelon, jujube pear and various
vegetables, were planted in these prefectures. Take Dezhou as an example, cotton planting
area decreased for 85,270 ha while forest/fruit trees increased 47,790 ha. Land use changed
not obviously in Dongying, Binzhou and Jinan. Because of the wasteland renovation in
flooded area and land reclamation of northern Henan, the planting area increased except in
Jiaozuo with more mountainous regions. For the same reason as Shandong, the paddy and
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cotton planting area also decreased.

In general, agricultural land use change in Beijing, Tianjin and Henan was not significant,
compared with Shandong and Hebei. Increased land use types in Beijing and Tianjin were
crops with high economic benefit (fruit trees and vegetables, totally 94,368 ha). However,
planting area of grain crops (wheat and single maize) increased obviously in Henan with a
total of 118,181 ha. Winter wheat and cotton cultivation significantly changed in Hebei and
Shandong, a decrease of more than 275,000 ha during 2002-2012. Meanwhile, forest/fruit
trees and vegetables planting area increased around 403,000 ha in both of the two provinces.

5 Conclusions

The North China Plain is the second largest plain in China, which is one of the major
grain-producing bases. Reasonable agricultural land use is related to the local and even food
safety in China. The long-term irrigation has resulted in the rapid decline of the groundwater
level in the NCP, forming the world’s largest ‘compound funnel’ area. Therefore, the re-
search of agricultural land use serves as the important basis for crop distribution, agricultural
disaster reduction and adjustment of agricultural planting pattern.

Based on the MODIS NDVI timing data and crop phenological characteristics, this study
extracted the winter wheat—-summer maize, single spring maize, cotton and forest/fruit
planting area in the NCP from 2002 to 2012. Based on Landsat TM/ETM data, the vegetable
and rice planting area in the NCP in 2002 and 2012 was extracted. Agricultural land use area
accounted for 63.32% and increased to 65.66% in 2012 because of the increasing of vegeta-
bles and forest/fruit trees. Planting areas of winter wheat—-summer maize, cotton, single
spring maize, forest/fruit trees, vegetables and paddy were 5031.21x10°, 865.90x10°,
1226.10x10%, 1271.17x10°, 648.02x10° and 216.51x10° ha, respectively in 2012. Rank of
changes was: vegetables (+45%) > forest/fruit trees (+27.4%) > paddy (-23.7%) > cotton
(-20.4%) > single spring maize (+17.3%) > winter wheat—-summer maize (—0.6%). In de-
veloped region in the NCP, like Beijing and Tianjin, planting area of crops with high eco-
nomic benefit (such as fruit trees and vegetables) increased significantly. Government poli-
cies for groundwater protection caused obvious decline of winter wheat cultivation in Hebei
Province. However, the increase of fruit trees and vegetables planting seems no good for
groundwater recover. Cotton planting in Shandong decreased more than 200,000 ha during
2002-2012 because of the low price and cumbersome harvest approach.

This research will provide basic data for regional agricultural water management, crop
planting structure adjustment and groundwater protection. Further research still should be
developed, such as the mixed pixels decomposition. The results will be uploaded to
http://hydro.sjziam.ac.cn/Default.aspx. as products of agricultural hydrology and water re-
sources group.
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