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Abstract: Multiple cropping index (MCI) is the ratio of total sown area and cropland area in a
region, which represents the regional time intensity of planting crops. Multiple cropping sys-
tems have effectively improved the utilization efficiency and production of cropland by in-
creasing cropping frequency in one year. Meanwhile, it has also significantly altered biogeo-
chemical cycles. Therefore, exploring the spatio-temporal dynamics of multiple cropping in-
tensity is of great significance for ensuring food and ecological security. In this study, MCI of
Huang-Huai-Hai agricultural region with intensive cropping practices was extracted based on
a cropping intensity mapping algorithm using MODIS Enhanced Vegetation Index (EVI) time
series at 500-m spatial resolution and 8-day time intervals. Then the physical characteristics
and landscape pattern of MCI trends were analyzed from 2000-2012. Results showed that
MCI in Huang-Huai-Hai agricultural region has increased from 152% to 156% in the 12 years.
Topography is a primary factor in determining the spatial pattern dynamics of MCI, which is
more stable in hilly area than in plain area. An increase from 158% to 164% of MCI occurred
in plain area while there was almost no change in hilly area with single cropping. The most
active region of MCI change was the intersection zone between the hilly area and plain area.
In spatial patterns, landscape of multiple cropping systems tended to be homogenized re-
flected by a reduction in the degree of fragmentation and an increase in the degree of con-
centration of cropland with the same cropping system.
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1 Introduction

Continued growth in population and food consumption has brought about the great challenge
facing global agriculture to ensure a constant food supply while reducing negative environ-
mental impacts (Robertson et al., 2005; Foley et al., 2005; 2011; Godfray et al., 2010; Til-
man et al., 2011; Seufert et al., 2012). Cropland use intensity is not only an important char-
acteristic of agricultural land use (Rudel, 2009), but also one of the major causes of envi-
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ronmental change (Foley et al., 2005). On one hand, improved cropland use intensity is one
of the important and effective sources of growth in crop production. Seasonal farming pro-
duces complex and changeable mosaics at regional scale, which results in new landscape
and ecological mechanisms. On the other hand, high agricultural land-use intensity has ad-
justed exchange rates of biogeochemical processes, altered biological diversity and affected
energy flow and water cycling (Godfray et al., 2010; Tilman et al., 2011).

As for China, the largest food consumer, improving resource use efficiency by increasing
cropland intensity is an essential pathway for ensuring food security (Shi et al., 2010). Multi-
ple cropping is an effective way for increasing grain production (Liu et al., 2011; Zhang, 2011;
Liang ef al., 2012) by improving cropland use intensity at time dimension to increase the re-
source utilization efficiency and agricultural output (Bian et al., 1999). Multiple cropping land
in China accounted for more than one-third of the total national cropland in 2002, and its spa-
tial pattern changes with the dynamics of natural and socio-economic status (Qiu et al., 2003;
Yan et al., 2005a; Yan et al., 2014). On one hand, potential for extending multiple cropping is
investigated to increase agricultural output. On the other hand, multiple cropping rate de-
creases due to low efficiency of agriculture (Zhu et al., 2007; Jin et al., 2011; Liang et al.,
2012; Song et al., 2012; Xu et al., 2013). However, current research reveals the large gaps in
knowledge of spatial dynamics of multiple cropping intensity (MCI), which is an important
determinant of sown area. Since grain production in China soared to its highest level ever in
1998, crop yield and total production have continually decreased, including a sharp decline in
rice and wheat. So China began to face the grand challenge of achieving food security again.
Grain output began to grow with increasing harvested areas in 2004, and through policy
regulations, it exhibited a continued growth for the following ten years. The growth in the
ten years may be due to the following reasons: increases in MCI (Zhang, 2011; Zhang et al.,
2011a; Liang et al., 2012), large areas of cropland circulation, or reformation of medium-
and low-yield cropland and construction of high-standard cropland (Zhao et al., 2009;
Cheng, 2010; Zhang et al., 2011b; Yan et al., 2016). Therefore, it is of great importance to
explore the spatio-temporal dynamics of multiple cropping intensity for understanding the
impacts of cropland use intensity on agricultural production and ecosystem functions.

Statistical methods based on census data are the primary methods to map MCI for admin-
istrative regions (Xie and Liu, 2015). However, it only represents the regional average crop-
ping intensity and fails to provide inter-regional variations (Yan et al., 2014). Satellite re-
mote sensing is the most effective technique to detect large-scale land cover change. Data
from remote sensing images have provided critical supports for identifying and monitoring
land use change, vegetation dynamics and key phonological transition dates (Defries et al.,
2000; Friedl et al., 2002; Xiao et al., 2002a; 2002b; Liu et al., 2003). Ding et al. (2015, 2016)
computed MCI of China using SPOT NDVI data and GIMMS NDVI, respectively. MODIS
(Moderate Resolution Imaging Spectroradiometer) data has been freely available since 2000.
MODIS data has higher spatial resolution than AVHRR and better spectral resolution than
SPOT, and is widely applied for vegetation phenology monitoring and multi-cropping prac-
tices mapping (Peng et al., 2006; Zuo et al., 2009; Wang et al., 2010; Kalfas et al., 2011).
Yan et al. (2014) and Zuo et al. (2014) investigated spatial pattern of multiple cropping
practices of China using MODIS data in 2000 and 2005, respectively. The Enhanced Vegeta-
tion Index (EVI) time series curve generated from MODIS reflects crop phenological cycles
through specific cyclical turning points (peaks and troughs), which has become the primary
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technique for extracting MCI (Zuo et al., 2009; Wang et al., 2010).

Huang-Huai-Hai agricultural region is an important agricultural region with high irrigated
cropping intensity in China. Multiple cropped areas in this region accounted for 30.46% of
that in China. Statistical data indicated that grain production in this region increased from
163.37 million tons in 2000 to 203.34 million tons in 2012, with an increment of 39.97 mil-
lion tons accounting for about one-third of the national increment. Meanwhile, cropland area
decreased from 3.47 x10” ha in 1996 to 3.27 x10” ha in 2008, while harvested area increased
from 5.07 x10” ha to 5.13 x10” ha. Qiu et al. (2017) evaluated the cropping intensity trends
in the North China plain from 1982-2013. Additionally, Ding et al. (2016) analyzed the spa-
tio-temporal variation in MCI in Northern China using GIMMS NDVI data. The current re-
searches mainly focus on the spatio-temporal variation of cropping intensity but the physical
characteristics and landscape pattern of the trends remain weak. The objectives of this study
are: 1) to recognize the dynamics of MCI in Huang-Huai-Hai agricultural region during the
first 10 years of the 21st century based on the constructed crop time-series growth curves
from MODIS 500 m-resolution 8-day composite products (MODO09A1); and 2) to character-
ize the physical characteristics and landscape pattern of MCI trends.

2 Data and methods
2.1 Study area

Huang-Huai-Hai agricultural region is located in northern China, extending from
112°-121°E to 31°—41°N. Geographically, it comprises all of Beijing, Tianjin, and Shandong
Province, most parts of Hebei and Henan provinces, and the northern part of Jiangsu and
Anhui provinces. As a typical alluvial plain based on the deposits of the Yellow River,
Huaihe River, and Haihe River, the region is characterized by deep soil layers and soil tex-
ture suitable for farming (Liu and Long, 2016). The region has a temperate monsoon climate
with semi-arid in the north and semi-humid in the south. The mean annual precipitation
ranges from 280 to 1050 mm and the average temperature is 11°C to 15°C, with the accu-
mulated temperature >10°C ranging from 3800°C to 4900°C (Huang et al., 2016). The re-
gion is dominated by double-cropping systems with winter wheat-rice rotation in Jiangsu
and Anhui provinces, and winter wheat-summer maize rotation in the other provinces and
municipalities (Tao et al., 2017).

According to cropping system zones of China (Liu, 1993), the study area includes the
following five sub-regions (Figure 1 and Table 1) with different geomorphic and water con-
ditions (Fan, 2003; Yan, 2007): 1) Piedmonts of Taihang and Yanshan Mountains with irri-
gated double cropping and single cropping dry land; 2) Heilonggang lower-lying plain with
irrigated double cropping and single cropping dry land; 3) Low plain in northwest Shandong
and north Henan with irrigated grain double cropping and cotton single cropping land; 4)
Shandong hilly region with irrigated double cropping and peanut-cotton single cropping
sloping dryland; 5) Nanyang basin of the Huang-Huai Plain with dryland and irrigated dou-
ble-crop.

2.2 Data

Spatial and areal information of cropland in Huang-Huai-Hai agricultural region was from
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Figure 1 Location and sub-regions of Huang-Huai-Hai agricultural region

Table 1 Physical conditions of sub-regions in Huang-Huai-Hai agricultural region

Area of Proportion Mean annual =10 Proportion P.ropor—
Sub-region cropland of crop- precipitation 2:::1?;:?;2?3 of plain hitlllo;a(ia
(x10*ha)  land (%) (mm) ) area (%) %)
Piedmonts of Taihang 535.61 15.13 600-900 3500-4900 66.69 33.31
and Yanshan Mountains
Heilonggang lower-lying 462.36 13.06 600-750 34004500 99.96 0.04
plain
Low plain in northwest 387.20 10.94 700-900 26004800 99.68 0.32
Shandong and north Henan
Shandong hilly region 749.54 21.17 800-850 35004200 45.66 54.34
Nanyang basin of the 1405.70 39.70 900-1100 3800-5400 92.82 7.18

Huang-Huai Plain

the China’s National Land-Use/Cover Dataset (NLCD) in 2000. NLCD data was derived
through visual interpretation using Landsat TM/ETM+ images and validated through exten-
sive field survey datasets (Liu et al., 2014). The area fraction cropland in each 1-km grid cell
was calculated based on the vector maps. The 1-km grid cells dominated by cropland were
assigned as cropland, and were then resampled to 500 mx500 m for spatial consistency with
cropping intensity result.

MODIS EVI datasets (Huete et al., 2002) in 2000 and 2012 used in this study were de-
rived from 8-day MODIS surface reflectance product at 500 m from the MODO09AT1 product
(http://www.edc.usgs.gov/). EVI is calculated using the following equation:

EVI=2.5x% Phir — Fred (1)
pnir +6Xpred _7'5X%lue +1

where pui, prea and ppp,e are the values of reflectance of NIR1, red and blue bands, respectively.
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2.3 Multiple cropping index from MODIS EVI time series

Vegetation index such as EVI is a directly remote sensing indicator for crop growth moni-
toring. An annual time series of EVI data covering 46 time phases reflects crop phonological
stages including planting, emergence, heading, maturity and harvest (Jakubauskas et al.,
2002; Sakamoto et al., 2007). The dynamic process of rise-peak-fall in EVI time series cor-
responds to a crop growth cycle. Therefore, the number of peaks in EVI time series in indi-
vidual grid cell is regarded as the MCI of cropland. Generally, external influences, e.g., sun
angles, clouds, atmosphere and soil, cause the abnormal fluctuation of EVI dataset (Gutman,
1991; Yan et al., 2005b). Therefore, Harmonic Analysis of Time Series (HANTS) method
was applied in our study to remove these noises and reconstruct smooth and gapless EVI
time series data. Based on harmonic analysis, the HANTS program has been proved an ef-
fective method for phenological studies (De Jong et al., 2011; Zhou et al., 2015), which uses
Fourier transformation and the least square curve fitting method for reconstruction the
smooth EVI time series. Crop phenological information provided by agro-meteorological
observations was also involved to compute MCI using the peak value detection method (Yan,
2007). MCI is calculated using the following equation:

Mcr= 4 @)

2
where MCI refers to the multiple cropping index of cropland; A, represents total area har-

vested in a single year; 4, represents total cropland area.
2.4 Landscape metrics calculation

Landscape fragmentation index (LFI) and patch density (PD) were chosen to measure the
fragmentation of cropping pattern at regional and landscape scales, respectively. LFI refers
to the ratio of the total number of patches to the total landscape area. PD is the ratio of patch
number to the total patch type area. Lower LFI and PD values mean less fragmentation,
suggesting that the landscape is composed of few large patches. Higher LFI and PD values
indicate more fragmentation, that is, the landscape is composed largely of small patches
(Wang et al., 1996; Li et al., 2011; Cheng et al., 2005).

N
LFI =— 3
S 3)
where N refers to the total number of patches; S refers to the total landscape area.
N.
PD=—" 4
< ©

1

where V; represents the patch numbers of landscape 7; S; represents the area of landscape i.

3 Results

3.1 Changes in intensity of multiple cropping and its regional differences

From 2000-2012, the area proportions of single- and triple-cropping croplands in
Huang-Huai-Hai agricultural region dropped from 47.2% and 0.3% to 42.1% and 0.2%, re-
spectively, while the proportion of double-cropping area rose from 52.5% to 57.7%. The
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average MCI increased from 152.67% to 156.67% was mainly attributed to expansion of
double-cropped areas. In space, about 25% and 16% of cropland area suffered an increase
and decrease in MCI, respectively. Among the five sub-regions, decreased MCI primarily
occurred in piedmonts of Taihang and Yanshan Mountains (region (1, Table 2). In this re-
gion, single-cropped area increased from 306 x10* ha to 320x10* ha and double-cropped
area decreased from 227 x10” ha to 209 x10* ha. There was 24.54% of cropland with multi-
ple cropping intensity declined and 15.95% of cropland rose at the same time. MCI in-
creased primarily in Low plain in northwest Shandong and north Henan (region ®) and
Nanyang basin of the Huang-Huai Plain (region &) with high cropping intensity. In these
two regions, average MCI increased from 165.47% and 177.97% to 173.57% and 188.89%,
respectively. Multiple cropped areas increased in both regions, with the proportions of mul-
tiple cropping land reached about 73% and 90%, respectively. Shandong hilly region (region
@) and Heilonggang lower-lying plain (region @) have relatively stable MCI (Table 2).
Region @ experienced a slight decline in single-crop land from 545x10* ha to 535%10" ha,
as well as a slight expansion in double-crop land from 200x10* ha to 204x10* ha. In region
@), cropland with single-cropping system increased from 353x10* ha to 355x10* ha while
double-cropping area decreased from 106x10* ha to 104x10* ha. Similar proportions of
croplands suffered the increased and decreased cropping index in both regions.

Table 2 MCI changes and the corresponding croplands proportions in sub-regions in Huang-Huai-Hai agricul-
tural region during 20002012

Average MCI (%) Proportion of cropland (%)
Sub-region Increased Decreased Stable
2000 2012 Change MCI MCI MCI
Piedmonts of Taihang and 142.07  137.27 —4.8 15.95 24.54 59.52
Yanshan Mountains
Heilonggang lower-lying plain 122.29  121.37 -0.92 16.92 21.71 61.37
Low plain in northwest Shan-  165.47  173.57 8.1 29.41 12.42 58.18
dong and north Henan
Shandong hilly region 126.52  126.22 -0.3 18.43 19.82 61.74
Nanyang  basin  of the 177.97 188.89 10.92 33.57 9.91 56.52

Huang-Huai Plain

3.2 Physical characteristics in the stable or variant regions of multiple cropping
change

Topography and hydrothermal conditions are the major potential reasons for trend differ-
ences of MCI in different regions. Relief degree of land surface is an important regional to-
pographic index in describing macroscopic landform, which can be represented as maximum
height difference in a certain distance. Generally, the regions with a relief degree lower than
30m are defined as plain area and regions with a relief degree higher than 30m are defined
as hilly area (Liu et al., 2001; Yan et al., 2016).

In Huang-Huai-Hai agricultural region, MCI in hilly area was more stable than that in
plain area (Figure 2). From 2000 to 2012, the average MCI of cropland in plain area in-
creased from 158% to 164%, while that in hilly area remained stable. The cropland area
proportions with increased, stable and decreased MCI in plain area were about 27.43%,
56.04%, and 16.53% while the corresponding area proportions in hilly area were 16.46%,
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68.80% and 14.74% (Figure 2). According to piedmonts of Taihang and Yanshan Mountains
(@) and Shandong hilly region (@) with a large proportion of hilly area (Table 1), croplands
with stable cropping intensity in hilly areas were 20.05 and 29.63 points higher than that in
plain area (Figure 2). Graphically, 65.19% of cropland with increased MCI was distributed
in plain-dominated regions such as low plain in northwest Shandong and north Henan (®)
and Nanyang basin of the Huang-Huai Plain (®). 49.69% of cropland with decreasing MCI
was located in regions D and @ (Table 3). The regional average MCI of cropland in both
plain and hilly areas increased in regions @) and ® (Table 4).
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Figure 2 MCI changes in plain area and hilly area of sub-regions and the whole region during 2000-2012
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Table 3 Proportions of cropland with increased and decreased MCI in each sub-region in Huang-Huai-Hai ag-
ricultural region during 2000-2012 (%)

Sub-region

Proportion of
increased

Proportion of
decreased

Plain Hilly Plain .

MCI area area MCI area Hilly area
Piedmonts of Taihang and 9.96 79.16 20.84 23.63 78.32 21.68
Yanshan Mountains
Heilonggang lower-lying 9.13 99.99 0.01 18.08 99.97 0.03
plain
Low plain in northwest 13.00 99.65 0.35 8.47 99.85 0.15
Shandong and north Henan
Shandong hilly region 15.71 66.78 33.22 26.06 63.52 36.48
Nanyang basin of the 52.19 91.22 8.78 23.76 90.08 9.92

Huang-Huai Plain

Table 4 MCI changes in plain area and hilly area of sub-regions in Huang-Huai-Hai agricultural region during
2000-2012 (%)

Plain area Hilly area
Sub-region
2000 2012  Change 2000 2012 Change
Piedmonts of Taihang and Yanshan Mountains 15712 151.75  -5.37 116.15 112.50  -3.65
Heilonggang lower-lying plain 12259  121.79  —-0.80 100.00  95.44 —4.56
Low plain in northwest Shandong and north Henan 166.15 174.31 8.16 178.41 190.72 12.31
Shandong hilly region 145.61 145.18 —0.43 111.76  111.77 0.02
Nanyang basin of the Huang-Huai Plain 180.47 191.13 10.66 151.33  165.86 14.53

Figure 3 shows that cropland with declining MCI in plain area was mostly located in the
intersection zone of hills and plains. Cropland with increasing MCI in hilly area was also
distributed in boundary zone of hilly and plain area. The MCI of cropland was almost stable
in the plain hinterland and the core part of hilly area. Buffer zones of 10, 20 and 30 km
around hilly area were identified as piedmont plain area, and the rest of the plain was identi-
fied as plain area. Results showed that hilly area had the largest proportion of cropland with
stable MCI, followed by plain area and then piedmont plain area. The piedmont plain area
had a similar proportion of cropland with increasing cropping intensity to the plain area, as
well as a larger proportion of cropland with declining cropping intensity than both hilly area
and plain area. It seemed that MCI of cropland in plain area and hilly area was relatively
stable and that in piedmont plain area was prone to change (Table 5).

Table 5 Proportions of cropland with increased and decreased MCI of plain area, piedmont plain area and hilly
area in Huang-Huai-Hai agricultural region during 2000-2012 (%)

Buffer Plain area Piedmont plain area Hilly area

zones Decreased  Stable  Increased  Decreased Stable Increased Decreased  Stable  Increased
MCI MCI MCI MCI MCI MCI MCI MCI MCI

10 km 15.39 57.47 27.15 20.23 52.56 27.21 14.74 68.80 16.46

20 km 14.85 58.72 26.43 19.46 52.26 28.27 14.74 68.80 16.46

30km  14.56 59.53 25.91 18.79 52.77 28.44 14.74 68.80 16.46

Hydrothermal conditions also affected the spatial pattern of MCI changes. The MCI de-
creased croplands were mainly distributed in Heilonggang lower-lying plain (@) character-
ized by low precipitation and groundwater level restricting irrigation agriculture (Figure 3).
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Cropland with decreased MCI in this region accounted for 18.08% of that in Huang-Huai-
Hai agricultural region. In terms of Low plain in northwest Shandong and north Henan ()
with flat terrain and abundant water resources, MCI in plain area increased from 166.15% to
174.31%. According to Nanyang basin of the Huang-Huai Plain (&) with favorable hydro-
thermal conditions, MCI in plain area rose from 180.47% to 191.13%. Good hydrothermal
conditions favored a rise in cropping intensity in hilly area in these two regions from
178.41% and 190.72% to 151.33% and 165.86%, respectively. Owing to little limitations to
multiple cropping practices in regions 3 and &), cropland with increasing MCI in these re-
gions accounted for 13.00% and 52.19% of that in Huang-Huai-Hai agricultural region, re-
spectively (Table 3).
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Figure 3 Multiple cropping dynamics with various topographic conditions in Huang-Huai-Hai agricultural re-
gion during 2000-2012

3.3 Changes in landscape patterns of multiple cropping

Landscape index including landscape fragmentation index (LFI) and patch density index
(PD) were calculated to analyze the spatial pattern characteristics of multi-cropped land and
non-multi-cropped land from 2000-2012. The MCI of single-cropping land was less than or
equal to 100%. MCI of double-cropping land reached values between 100% and 200%. The
triple-cropping land usually had MCI more than 200% (Figure 4). The single-, double-and
triple-cropping croplands were regarded as three types of landscape.

Results showed that fragmentation degree decreased at both regional and landscape scales
from 2000 to 2012 (Table 6). Landscape fragmentation index declined by 50%. Patch den-
sity of double- and single-cropping land decreased by 50% and 40%, respectively. Tri-
ple-cropping land had a minimum reduction in cropland patch density (5%). The decreased
fragmentation degree of croplands with various cropping systems in Huang-Huai-Hai agricultural
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Table 6 Patch density and landscape fragmentation index in Huang-Huai-Hai agricultural region in 2000 and 2012

2000 2012
Landscape types
PD LFI PD LFI
Single-cropping land 0.20 0.12
Double-cropping land 0.08 0.16 0.04 0.08
Triple-cropping land 2.96 2.80

region indicated that croplands with the same cropping systems tended to be spatially ag-
gregately distributed. For example, in the central part of Heilonggang lower-lying plain (),
single- and double-cropping land was largely crossly distributed in 2000 (Figure 4). When it
came to 2012, a clearer boundary between single- and double-cropping land was identified,
that is, the former was concentrated in the northeast and southwest parts, and the latter was
mainly located in southwest of central region. In Nanyang basin of the Huang-Huai Plain
(®), the scattered and dispersed distribution pattern of single- and triple-cropping land
turned to concentratedly distributed around the west boundary of regions @ and &), which
led to the higher connectivity of double-cropping landscape.

4 Conclusions and discussion
4.1 Conclusions

Monitoring MCI dynamics is of great importance for estimating future agricultural produc-
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tion and achieving food security. Compared with the traditional statistical methods, moni-
toring MCI is faster and more effective based on time-series vegetation index, and can rep-
resent the detailed information of spatio-temporal patterns of cropping intensity. In this pa-
per, the 8-day interval MODIS EVI data with a spatial resolution of 500 m was applied to
identify multiple cropping changes in Huang-Huai-Hai agricultural region from 2000 to
2012.

The area proportion of single-cropping land declined from 47.2% to 42.1% and the area
proportion of double-cropping land increased from 52.5% to 57.7% in Huang-Huai-Hai ag-
ricultural region. Regional MCI increased from 152.67% to 156.67% with significant re-
gional variations. MCI increased in 25% of cropland and dropped in 16% of cropland.

Terrain is an important factor affecting spatial pattern of MCI changes. MCI in hilly area
was more stable than that in plain area. The average MCI of cropland in plain area increased
from 158% to 164%, while that in hilly area remained stable. Some 65.19% of the cropland
with increasing cropping index primarily occurred in the low plain in northwest Shandong
and north Henan (®) and Nanyang basin of the Huang-Huai Plain (®)) where plain cropland
was dominated. 49.69% of cropland with decreasing MCI was located in regions O and @
with a large proportion of hilly area. The intersection zone of hills and plains was more
prone to cropping system change. The area proportion of cropland with stable MCI de-
creased in the order of the piedmont plain area, plain area and hilly area. There was similar
area proportion of cropland with increasing MCI in the piedmont plain area and plain area.
However, cropland with decreasing MCI in the piedmont plain area was more than that in
hilly area and plain area. The piedmont plain area and bordering area of hilly area and plain
area were prone to a decline and rise in MCI, respectively. Cropping intensity of the crop-
land in core area between hilly area and plain area was relatively stable.

Hydrothermal condition is another important factor influencing the dynamics trend of
MCI. Decreased MCI tended to occur in the region with scarce precipitation and underwater
resources. Heilonggang lower-lying plain (@) suffered declined MCI because costly irriga-
tion forced farmers to give up growing crops (Zhang et al., 2014). 18.08% of the cropland
with decreasing cropping intensity in Huang-Huai-Hai agricultural region was distributed in
this region. In the low plain in northwest Shandong and north Henan (®)) and Nanyang basin of
the Huang-Huai Plain (&) with favorable hydrothermal conditions and double cropping
system, MCI rose from 151.33% and 178.41% to 165.86% and 190.72%, respectively.

Changes in multiple cropping in Huang-Huai-Hai agricultural region was not only repre-
sented by MCI changes, but also embodied in significant variations of landscape pattern.
According to landscape dynamics of multiple cropping system based on LFI and PD, multi-
ple cropping intensity in this region represented a more uniform trend. The spatial fragmen-
tation degree of multiple cropping cropland decreased, and croplands with the same crop-
ping system tended to be aggregatively distributed, which meant agricultural technology and
large-scale farming might be another important reasons for promoting multiple cropping
systems change.

4.2 Discussion

The urbanization, agricultural policies and technological advancements have huge influences
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on the farmers’ enthusiasm and farming practices. The conflict between achieving national
food security and farmers seeking to maximize economic benefits is the direct cause of mul-
tiple cropping intensity change. The implementations of China’s agricultural support policies
have effectively stimulated farmers’ enthusiasm for grain production and slowed down or
even reversed the decreased tendency of MCI; the minimum grain purchasing price policies
have ensured farmers’ stable income and balanced goals at both national and farm household
scales (Zhu et al., 2007; Xu et al., 2013; Liang et al., 2012; Song et al., 2012). Although
more farmers are going out as migrant workers due to more employment opportunities re-
sulting from urbanization (Chen et al., 2009; Chen et al., 2014), farmers’ enthusiasm has
been significantly encouraged by national policies related grain production, leading to a rise
in multiple cropping intensity in Huang-Huai-Hai agricultural region. Regional variations in
MCI indicate the constraints of natural environment on policy feasibility. So the develop-
ment and application of policies should take full account of the timeliness, socio-economic
development and natural endowments of different regions (Huang, 2004; Zhu et al., 2007,
Song et al., 2012). For example, land resources in the piedmont plain area might face the
conversion of agricultural land to nonagricultural uses (Wu et al., 2001). In China, farmland
fragmentation due to agricultural land allocation system is an essential limitation to
large-scale farming which will promote agricultural mechanization development, facilitate
agricultural labor liberation and further increase the cropping intensity (Tan et al., 2006;
Liang, 2007). With the implementation of large-scale agricultural mechanization, reasonable
and orderly land circulation has been carried out to promote large-scale agricultural mecha-
nization production, develop modern agriculture, make the best use of land resource, realize
liberation of agricultural labor to the greatest extent and raise farmers’ income on the prem-
ise of food security. However, intensive farming practices will have profound effects on the
biogeochemical cycles. High intensity irrigation in agriculture has led to rapid decline in
water table and surface subsidence over half the area in Huang-Huai-Hai agricultural region
(Zhang et al., 2014; Xu, 2003). Therefore, it becomes a pressing issue for decision makers to
create rational policies to ensure grain production without compromising environmental
sustainability.

The limitations of MCI trends analysis could come from the cloud cover and low spatial
resolution of MODIS data (Jain et al., 2013; Qiu et al., 2017). First, the continuous
cloud-free MODIS images for the whole region are unavailable. Qiu et al. (2017) demon-
strated the cloud cover ratio of MODIS data showed spatio-temporal variations in
Huang-Huai-Hai region from 2001-2013. As the cloud-free images, SAR satellite images
are promising choices for higher accuracy of cropping intensity monitoring. Second, some
farm plots in the study area are smaller than the size of single MODIS pixel. The heteroge-
neity of land covers in one pixel will lead to heterogeneous cropping intensity. Therefore,
higher spatial resolutions of satellite data are required for more accurate results for small-
holder fields. Correspondingly, for our further work, we will combine Landsat TM/ETM+,
Landsat 8 OLI and Sentinel-1/2 for improving the cropping intensity monitoring at both spa-
tial and temporal resolutions.
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