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Abstract: The spatial resolution of source data, the impact factor selection on the grid model and the size of the grid might be the main
limitations of global land datasets applied on a regional scale. Quantitative studies of the impacts of rasterization on data accuracy can
help improve data resolution and regional data accuracy. Through a case study of cropland data for Jiangsu and Anhui provinces in
China, this research compared data accuracy with different data sources, rasterization methods, and grid sizes. First, we investigated the
influence of different data sources on gridded data accuracy. The temporal trends of the History Database of the Global Environment
(HYDE), Chinese Historical Cropland Data (CHCD), and Suwan Cropland Data (SWCD) datasets were more similar. However, differ-
ent spatial resolutions of cropland source data in the CHCD and SWCD datasets revealed an average difference of 16.61% when provin-
cial and county data were downscaled to a 10 x 10 km?® grid for comparison. Second, the influence of selection of the potential arable
land reclamation rate and temperature factors, as well as the different processing methods for water factors, on accuracy of gridded
datasets was investigated. Applying the reclamation rate of potential cropland to grid-processing increased the diversity of spatial distri-
bution but resulted in only a slightly greater standard deviation, which increased by 4.05. Temperature factors only produced relative
disparities within 10% and absolute disparities within 2 km? over more than 90% of grid cells. For the different processing methods for
water factors, the HYDE dataset distributed 70% more cropland in grid cells along riverbanks, at the abandoned Yellow River Estuary
(located in Binhai County, Yancheng City, Jiangsu Province), and around Hongze Lake, than did the SWCD dataset. Finally, we ex-
plored the influence of different grid sizes. Absolute accuracy disparities by unit area for the year 2000 were within 0.1 km? at a 1 km?
grid size, a 25% improvement over the 10 km? grid size. Compared to the outcomes of other similar studies, this demonstrates that some
model hypotheses and grid-processing methods in international land datasets are truly incongruent with actual land reclamation proc-
esses, at least in China. Combining the model-based methods with historical empirical data may be a better way to improve the accuracy
of regional scale datasets. Exploring methods for the above aspects improved the accuracy of historical cropland gridded datasets for
finer regional scales.
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1 Introduction tracted widespread research attention, and the recon-
struction of high-resolution data has made great pro-
Historical land use and land cover changes have at-  gress. In recent years, some research has focused on
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how to convert existing statistical data based on admin-
istrative units into a gridded format. The use of different
source data, spatial resolutions, gridding processes, and
grid sizes will affect the accuracy of reconstructed data.
Thus, quantitative research on the effects of these fac-
tors is needed.

The international datasets of the Center for Sustain-
ability and the Global Environment (SAGE) (Ra-
mankutty and Foley, 2010) and the History Database of
the Global Environment (HYDE) (Goldewijk et al.,
2011) have become representative examples of this re-
search area. However, the accuracy of global datasets is
still limited at the regional scale, and popular interna-
tional global-scale or large-scale reconstruction methods
may not be suitable for regional-scale land cover recon-
struction (Kaplan et al., 2011; Fuchs et al., 2012; Li et
al., 2013). For instance in China, Li et al. (2010) and He
et al. (2012) compared the SAGE and HYDE datasets
with historical data on arable land in Northeast China
and traditional Chinese agricultural areas, respectively,
from the past 300 years. The trends of the SAGE data-
set, particularly linear trends in land reclamation, con-
trasted sharply with those of the regional data. There
was also a significant discrepancy in spatial distribution
between the HYDE dataset and Chinese historical arable
land records. Zhang et al. (2013) found that the average
reclamation rate in the HYDE and PJ datasets was lower
than that in Chinese regional data based on historical
arable land records. Moreover, the HYDE dataset over-
estimated the reclamation rate in northern China and
underestimated it in the Yangtze River Basin. Thus, ap-
proaches to regional-scale land cover reconstruction,
particularly with regard to historical land cover changes
in China, must be strengthened, and their applicability
should be assessed.

Domestic scholars have conducted some research in
this field (Lin et al., 2009; Li et al., 2016). The grid-
ding process and the spatial resolution of source data
affect the accuracy of reconstructed data. For example,
the source of the gridded cultivated land data used by
Ge et al. (Chinese Historical Cultivated Land Dataset,
abbreviated as CHCD) (2003) was primarily provincial
arable land data. However, Yuan er al. (2015) used
source data of different spatial resolutions and found
that county data improved accuracy by 16% over pro-
vincial data at a 10 km” grid size for Jiangsu and Anhui
provinces (Suwan Cropland Dataset, abbreviated as

SWCD).

In addition, the impact of the gridding method on
the accuracy of regional-scale data must be evaluated.
To construct both an international and domestic data-
set, the appropriate limiting factors and gridding model
need to be selected based on regional characteristics
(Wei et al., 2014). Zhang et al. (2014) distributed the
arable land of Heilongjiang Province during the late
19th century in a grid with 1 km x 1 km pixels by
building a comprehensive reclamation tendency model
that included factors such as settlement, terrain, and
water. Feng ef al. (2014) proposed the idea of separate
modeling and used different models for the gridding of
traditional agricultural areas, Northeast China, North-
west China, and Qinghai-Tibet. Long et al. (2014) and
Yang ef al. (2015) used the CA model to reconstruct
historical spatial patterns of cultivated land in Jiangsu
and Shandong provinces. Luo et al. (2015) used dif-
ferent grid-processing methods for the Hehuang Valley
in Tibet. Their results were fragmented because of fac-
tors such as urbanization, infrastructure, and forest
husbandry that influence modern distribution patterns
of arable land. Ignoring such factors and considering
only natural and other human factors can polarize
gridding results.

Overall, research pertaining to the impacts of gridding
methods on data accuracy is lacking. At present, the main
challenges and debates surrounding gridding model re-
construction methods include the validity of the hypothe-
sis that historical land reclamation was within the scope
of modern cultivated land and the impacts of the modern
reclamation rate or range of potential reclamation rates as
parameters of reconstruction models, temperature as a
model factor on grid-processing, and different river and
lake processing methods on gridded data. In addition,
quantitative research on the effects of different grid sizes
on data accuracy is worth conducting.

In summary, internationally popular global-scale re-
construction methods are not always suitable for re-
gional-scale reconstruction of Chinese land cover
changes; thus, regional-scale methods must be strength-
ened. Using cropland data from Jiangsu and Anhui prov-
inces, this study quantitatively compared the accuracy of
gridding results from different data sources, gridding
methods, and grid sizes. It will provide a reference for the
establishment of a regional dataset that accurately reflects
China’s historical regional land cover changes.
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2 Materials and Methods

2.1 Study area

Jiangsu and Anhui provinces (collectively, the Suwan
area) are traditional agricultural areas of China. They are
considered active hot spots, influenced by both natural
and anthropogenic factors and famously known as a
land overflowing with fish and rice. The two provinces
are located in the Yangtze River Delta, which comprises
mainly hilly plains with low, flat terrain and a developed
water system with many rivers and lakes (Fig. 1). Paddy
fields account for 60.06% of Jiangsu Province’s
cultivated land, concentrated in the old rice areas of
Taihu Lake, the Lixia River, and the Zhenji-
ang-Yangzhou hilly region. The majority of dry land in
Jiangsu Province is located in Xuzhou, Huaiyin, and
coastal and riverside areas (The agriculture of China,
Jiangsu volume editor committee, 1998). Anhui Prov-
ince spans the Huaihe River and the Yangtze rivers,
which divide the province into three regions: Huaibei,
Jianghuai, and Jiangnan. The paddy fields of Anhui
Province are mainly located along the Yangtze River
and in the Huaihe River hilly area. Dry land is mainly
distributed on the Huaibei plain and in the Huaihe River
hilly area. According to the administrative regional dis-
tribution, the arable land of Fuyang, Livuan, Suxian, and
Chuzhou accounts for 55.26% of the province’s total
arable land (The agriculture of China, Jiangsu volume
editor committee, 1998).

2.2 Data sources

For Jiangsu and Anhui, the frequently used gridded land
data include the SAGE and HYDE datasets and the
Chinese Historical Cultivated Land Dataset (CHCD) of
traditional agricultural areas. The SAGE dataset was
reconstructed by the Global Environment and Sustain-
able Development Center of the University of Wisconsin
(http://daac.orl.gov/ISLSCP_II/guides/historic_cropland
xdeg.html), covering the years of 800 to 1992 with a
0.5° x 0.5° spatial resolution and 10-year time resolu-
tion. The HYDE dataset was reconstructed by the Neth-
erlands Environmental Assessment Agency (http://
themasites.pbl.nl/en/themasites/hyde/download/index.
html), with a reconstruction period of 10000 BC to 2000
AD, 5’ spatial resolution, and time resolution of 10 year
after 1700 AD. The CHCD dataset, which is based on
provincial data and has a spatial resolution of 60 km x
60 km, was obtained from Lin et al. (2009). The provin-
cial data were mainly from the cultivated land data re-
constructed by Ge et al. (2003), while data on years af-
ter 1949 were from the National Statistics Bureau (He et
al., 2012). The source dataset used in the gridding proc-
ess of the arable land in Jiangsu and Anhui (Suwan
Cropland Data, hereafter SWCD) included county-level
data on the Qing Dynasty (1735) and Republic of China
(1933), as provided by Zhao (2005); modern general
survey data (1980s); and detailed survey data (1996).
Modern land use data were obtained from the Earth
System Science Data Sharing Platform (http://www.

70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E

40°N

30°N

Y

20°N

80°E 90°E 100°E  110°E 120°E

Legend &y 4050 ' DEM (m)
Trrr Cana . hf:
. P High: 1713
[ JLake :

i L Low:1
[ Provincial boundary ow

Fig.1 Study area. DEM: Digital Elevation Model



276

Chinese Geographical Science 2017 Vol. 27 No. 2

geodata.cn/Portal/index.jsp).

We compared data in terms of time trends and spatial
distribution. The SAGE, HYDE, CHCD, and SWCD
datasets all have different time distributions. They were
all transferred to corresponding time sections represent-
ing decadal-scale resolution, assuming that the arable
land in a short time will not have a fundamental change
limited by climate and topography. In this study, six
time periods were selected based on the SWCD, includ-
ing the mid-Qing Dynasty (1735), the late Qing Dynasty
(1860), the Republic of China (1933), the early days of
liberation (1950), the 1980s, and the late 20th century
(1995). The SWCD data for 1735, 1933, and 1996
closely corresponded to the years 1730, 1930, and 1995;
CHCD data for 1724, 1873, and 1933 data corresponded
to the years 1730, 1860, and 1930; SAGE data for 1992
corresponded to 1995; and the average of the 1990 and
2000 data from the HYDE dataset was used in lieu of
1995 data.

2.3 Methodology

The arable land gridding process model was created by
Yuan et al. (2015). The model was based on the poten-
tial arable land reclamation rate, area of rivers and lakes,
slope, and average annual temperature, as expressed by
Equation (1):

a(i)=N(@)xe(i)xS'())xT'(i) (1)

where a(i) represents the extent of the priority arable
land reclamation of grid 7, N(i) represents the potential
arable land reclamation rate of a historical period
(computed as the sum of the modern arable land recla-
mation rate and modern construction land reclamation
rate), &(i) represents the standard value of land area
within grid 7, S'(i) represents slope standardized value of
grid 7, and 7'(7) represents the annual temperature stan-
dard value of grid i. The cultivated land area of grid i of

Table 1 Sources of cropland area data for Suwan

county k is determined by Equation (2):
8(i,k)=a(i,k)/ Y a(i,k)x A(k) )

where o(i,k)/2;a(i,k) is the proportion of cultivated land
area of grid i of county &, and A(k) is the total area of
cultivated land in county k. The reclamation rate for grid
i is determined using Equation (3):

K(i)=0/area(i) 3)

where area(i) is grid area, the value of which was
100 km? in this study. Using this model, cultivated land
data from 1735, 1932, 1980, and 1996 were processed
into a grid, and the gridded cropland dataset of Jiangsu
and Anhui, or the SWCD, was constructed.

Using the cultivated land data from the mid-Qing
Dynasty in 1735 as a representative example, we
quantitatively analyzed the impact of the gridding
method on the accuracy of gridding results. To inves-
tigate the effects of the potential arable land reclama-
tion rate and annual temperature on accuracy, we in-
dividually removed each factor from the original
model and compared the grid-processing results with
those of Yuan et al. (2015). For example, when the
potential arable land reclamation rate parameters are
removed, the reclamation rate is calculated as Equa-
tion (4) and Equation (5):

a(@)=e@)xS'@)xT'(Q) “)

When the mean annual temperature is removed, the
reclamation rate is calculated as Equation:

K@i)= a(i,k)/Za(i, k)x A(k)/ area(i) %)

The accuracy of the river and lake treatment method
was then investigated, and the results from the HYDE
dataset were compared with the grid-processing results
of Yuan et al. (2015). Finally, the impact of gridding
size on accuracy was evaluated. The grid size was set to

Dataset Spatial resolution Time slices (time resolution) Time span Data source

SAGE 0.5° % 0.5° 1-50 years 800-1992 Ramankutty and Foley (2010)
HYDE 5'x 5 10 years after 1700 10000 BC-2000 AD Goldewijk et al. (2011)

CHCD 60 km x 60 km 1661, 1724, 1784, 1820, 1873, 1911 Since the Qing Dynasty Lin et al. (2009) and He et al. (2012)
SWCD 10 km x 10 km 1735, 1933, 1980s, 1996 Since the Qing Dynasty Yuan (2015)

Notes: SAGE is datasets of the Center for Sustainability and the Global Environment; HYDE is History Database of the Global Environment; CHCD is Chinese

Historical Cultivated Land Dataset; SWCD is Suwan Cropland Dataset
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1 km? and 10 km?, and the above model was used to
compare the results. Absolute and relative differences
between the results of different treatments were calcu-
lated to analyze the impacts of grid-processing methods
on accuracy.

3 Results

3.1 Comparison of data sources for grid-processing
In terms of total data, the SAGE dataset was larger than
the SWCD dataset, while the HYDE and CHCD data-
sets were close in size to the SWCD dataset. Through
comparative analysis, the HYDE and SWCD datasets
were found to reflect Anhui Province accurately. There
were only 2.15% more HYDE data from 1995 than
SWCD data. The difference between the HYDE and
SWCD datasets was greatest in 1930, when there were
13.33% more HYDE data than SWCD data (Fig. 2a).
The difference in the amount of data in Jiangsu Province
was greater than that in Anhui Province. In Jiangsu, the
greatest difference appeared from 1930 to 1950, when
there were 22.5% more HYDE data than SWCD data.
The smallest difference (8.75%) occurred in 1980 for the
two provinces. The difference between the CHCD and
SWCD datasets was small. This difference was most no-
ticeable in 1730 in Jiangsu Province (21.26%). The dif-
ference in the size of the datasets for the entire Suwan
area was 11.66%. This was mainly because the adminis-
trative area of the CHCD data was based on the Qing
Dynasty regionalization, in which Shanghai was returned
to Jiangsu.

Overall, both for Anhui, Jiangsu and the complete
Suwan area, the trends regarding cultivated land were
basically the same between the two datasets. From 1730
to 1950, as a result of the Taiping Heavenly Kingdom
War, all areas exhibited a relatively stable cultivated
land area and weak growth (Fig. 2). Variations in culti-
vated land trends in each dataset were mainly due to the
following factors: the gridding handle of the SAGE
source data was a linear interpolation of cultivated land
data; the HYDE source data were the cultivated land
data of different time periods per capita arable land area;
the CHCD dataset reflected trends using an alternative
method of trend-data revision of historically arable land;
and the SCWD data in 1735 were based on local chroni-
cles that considered the discount in mu (1 ha = 0.0015 mu)
and converted tax units into statistical data.
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Fig. 2 Dataset of cropland area of Center for Sustainability and
the Global Environment (SAGE), History Database of the Global
Environment (HYDE), Chinese Historical Cultivated Land Data-
set (CHCD), and Suwan Cropland Dataset (SWCD)

From the previous assessment and evaluation results
of He et al. (2012), cropland data of the Jiangsu and
Anhui provinces in the SAGE and CHCD datasets were
found to differ significantly, while those of the CHCD
and SWCD datasets differed only slightly. There are 154
counties in the Jiangsu and Anhui provinces, and ap-
proximately half (77 counties) of these counties’ areas
range from 1000 to 2000 km”, while only five counties’
areas exceed 3000 km’. The spatial resolution of the
CHCD dataset was 60 km x 60 km, and each grid was
3600 km®. Therefore, this dataset could not accurately
reflect the spatial distribution of land in the county and
could not be used in our comparison.

The two provinces were found to differ in terms of
spatial distribution between the source data of the
HYDE3.1 and SWCD datasets. This difference was
concentrated in areas around rivers, especially during



278 Chinese Geographical Science 2017 Vol. 27 No. 2

the Qing Dynasty and the Republic of China. The great-
est difference occurred for the two provinces in 1930
(Fig. 3b), with the HYDE data 70% greater than the
SWCD data in the majority of coastal areas and the
Yangtze River canal area. The difference in spatial dis-
tribution in the Huaihe River coastal region also reached
more than 40%. In the 1980s and 1995, the difference
between the two datasets for the two provinces was less
pronounced at less than 40%, but it was still relatively
large along rivers and in lake areas (Fig. 3).

With different spatial resolutions of arable land data
(comprising provincial and county domain data), the
results were different, even with the same amount of
data. These data were allocated into 10 km % 10 km grid

1730 0

1980s

Relative difference (%)

cells through downscale processing. The gridded results
differed between the simulated Jiangsu and Anhui pro-
vincial land data and county land data by an average rate
of 16.61%. The relatively smaller difference rate
(-10%—10%) occupied 24.55% of the grid, and the lar-
ger rate (>70% or <-70%) occupied 13.3% of the grid,
primarily within the Hongze Lake Basin and northern
Jiangsu along the Yangtze River Plain (Yuan, 2015).

3.2 Influence of different factors selection and
grid-processing methods on accuracy

3.2.1 Influence of potential land reclamation rate

As seen in Fig. 4 and Table 2, the spatial distribution of
cultivated land was consistent overall, with only slight

1930

1995 [ County boundary

B <70 [ -70-~0 [ | 010 | -10-10[ ] 1040 4o-70 [ > 70

Fig. 3 Relative difference in county spatial distribution between HYDE and SWCD datasets
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differences between the two models with and without
the consideration of the potential arable land reclama-
tion rate. Without the addition of the potential land
reclamation rate, the cultivated land spatial distribu-
tion within the county area or adjacent to the county
was more uniform, and spatial differences and stan-
dard deviations were small (Fig. 4a). With the added
potential arable land reclamation rate, the results had
the same characteristics as modern arable land distri-
bution, with spatial differences to an extent (Fig. 4b).
Because Jiangsu and Anhui provinces have a long
history of traditional agriculture, their natural condi-
tion is more balanced. In the later development pe-
riod, some locations became suitable for reclamation,
but other places remained unsuitable. However, this
difference was not very obvious, as 72.98% of grids
exhibited an absolute difference in cultivated land
area within 10 km®, and 51.58% of grids had a rela-
tive difference rate of less than 10%. Only 10.92% of

gy

grids exhibited relatively large differences (>70% or
<-70%). Approximately half of the grids with rela-
tively large differences were distributed in moun-
tainous areas where the reclamation rate mostly
ranged from 10% to 20%, while others were scattered
in the Suwan region’s plains. When the potential cul-
tivated land reclamation rate was added to the model,
standard deviation increased by 4.05.

Because the simulation results of the two models in
each grid were one-to-one, a paired-samples z-test was
selected to analyze whether the difference in the results
was significant. The premise of the test was that signifi-
cant test data needed to be normally distributed. The
data were found to be not normally distributed and
needed to be converted to a normal distribution. After
normal conversion, the f-statistic was —0.996, and the
associated probability was 0.319, which was greater
than the 0.05 significance level. Therefore, the differ-
ence was not statistically significant.

0 100 km

—
Cultivation ratio (%)
1 o-10 1020 [120-30 13040 [ 40-50
[ 1s50-60 [ 60-70 I 70-80 B 8090

Fig. 4 Grid distribution results of models without (a) and with (b) the potential land reclamation rate parameter

Table 2 Comparison of reclamation rates between two models

Model 0-20% 20%-40% 40%-60% 60%-80% 80%-90% Standard
deviation

Model 1 10.8585 30.0689 48.6257 60.0391 84.2024 2223

Model 2 53166 31.0482 49.3074 65.7471 85.3878 26.28

Notes: Model 1 refers to the gridding model without the potential cultivated land reclamation rate. Model 2 refers to the model with the potential cultivated land

reclamation rate
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3.2.2 Comparison on Influence of different tem-
perature factors

In the original cultivated land allocation model, terrain
is considered to be the main factor affecting cultivated
land (Hall et al., 1995), and climatic factors are not con-
sidered. Other model types are diverse and complex,
with some using temperature as a climate indicator (e.g.,
HYDE dataset) and some using climatic potential pro-
ductivity (Li et al., 2012; 2014; He et al., 2014; Luo et
al., 2014).

The Jiangsu and Anhui provinces have adequate wa-
ter and light, and temperature exerts a relatively large
impact on crop yields of all climate factors. Zhang
(1982) reported that when temperature changed by 1°C,
the corresponding crop yield changed by 10%. In our
model, cultivated land area was considered with and
without the annual average temperature parameter, and
96.07% of the grid exhibited a relative difference from
—10%-10%, while 96.85% of the grid had an absolute

Cultivation ratio (%)

[ 0-10
[ 150-60

[20-30
[ 70-80

1020
[ 60-70

difference ranging from —2-2 km’. Thus, the effect of
average annual temperature on the model was minimal.
The temperature factor selection index can vary and
affect the distribution of cultivated land in terms of an
average annual temperature or an accumulated tem-
perature of greater than 0°C or 10°C (Fig. 5 and Table
3). Using the average annual temperature and an accu-
mulated temperature greater than 0°C, we investigated
the effects of temperature on cultivated land gridding
results. We found that 85.86% of the grid exhibited rela-
tive differences from —10% —10%. In the Suwan region,
temperature changes had little effect on farmland
grid-processing results. Therefore, in some cases, the
temperature factor can be omitted to simplify the model.
3.2.3 Influence of different land distribution methods
near rivers and lakes
The SWCD and HYDE datasets differed in terms of
spatial distribution (Fig. 6). SWCD data had lower rec-
lamation rates in the three regions: mountainous areas of

100 km

[ 40-50

13040
I 8090

Fig. 5 Comparison on grid distribution of cultivated land using model parameters of 0°C accumulated temperature (a) and annual

average temperature (b)

Table 3 Comparison of reclamation rates between two models

Average reclamation rate (%) Standard
Model .
0-20 20-40 40-60 60-80 80-90 deviation
Model 1 5.4825 30.7298 49.0990 65.7169 87.8119 25.98
Model 2 5.3166 31.0482 49.3074 65.7471 85.3878 26.28

Note: Model 1 refers to the gridding model using 0°C accumulated temperature. Model 2 refers to the model considering average annual temperature
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the southern Suwan area; the abandoned Yellow River
Estuary; and the region around Hongze Lake, including
Sixian, Sihong, Xuyi, and Mingguang, but the reclama-
tion rate of other plains was higher. The HYDE dataset’s
reclamation rates were higher on both sides of the an-
cient Yellow River and Yangtze River, while the recla-
mation rates of the mountains were low. In northwestern
Anhui Province and the coastal areas of Jiangsu Prov-
ince, the natural conditions were better, but the reclama-
tion rates were low. This was mainly due to different
treatment methods of cultivated land distribution near
rivers and lakes; the HYDE dataset assumed that coastal
and river plains were more conducive to farmland rec-
lamation and therefore allocated more farmland area
near water.

The relative difference in cultivated land area be-
tween the SWCD and HYDE datasets is shown in Fig.
6. In the HYDE dataset, 70% more cultivated land was
distributed along river coastlines, in the Old Yellow
River Estuary and in the areas surrounding Hongze
Lake, than in the SWCD dataset. The plains far from
rivers and lakes in the HYDE dataset were allocated at
least 20% less arable land area.

3.3 Accuracy with different grid sizes

This study distributed cultivated land into 1 km x 1 km
and 10 km x 10 km grids for the Jiangsu and Anhui
provinces, respectively, according to the existing grid-
processing model and then compared the results with

Cultivation ratio (%)
[ 020

20-40

[ 40-60

[ 60-80

B 80-90

remote-sensing data from 2000 as a representative ex-
ample to determine accuracy based on grid size (Fig. 7).

To quantitatively evaluate the difference between the
results with 10 km % 10 km and 1 km % 1 km grids, we
calculated the absolute difference in area of the two
units in the model distribution data and statistically
analyzed the real spatial distribution of the re-
mote-sensing data. Of the 1 km® grids, 91.42% exhibited
an absolute difference in cultivated land area from
-0.2-0.2 kmz, while 69.94% exhibited an absolute dif-
ference within 0.1 km? (Fig. 8a). Of the 10 km x 10 km
grids, 70.46% exhibited an absolute difference per unit
land area from —0.2-0.2 kmz, while 44.94% had an ab-
solute difference concentrated within the —0.1-0.1 km®
range (Fig. 8b). Hence, a 1 km? grid can improve data
accuracy over a 10 km® grid, and the accuracy of grids
with an absolute difference per unit area within 0.1 km?
can be improved by 25%.

To evaluate the consistency of the effects of grid size
on accuracy during historical and contemporary periods,
the absolute differences in different grid sizes per land
unit area (10 km x 10 km and 1 km % 1 km) in 2000 and
1735 were calculated (Fig. 9). In 1735, 70.55% of the
grids exhibited an absolute difference between different
grid sizes per unit land area within the range of —0.1-0.1
kmz, while in 2000, only 46.93% of the grids exhibited
an absolute difference within this range. Therefore, the
impact of grid size on accuracy is greater for modern
versus historical data.

[ IRiver and lake in history
Relative difference (%)

[ IRiver and lake in history =# <-70
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B 020 [ -40—-10
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Fig. 6 Relative differences between SWCD and HYDE cultivated land data in a 10 km x 10 km grid for the Suwan region in 1735
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Fig. 8 Absolute difference histograms per unit land area of arable land gridding results with real distribution (a: grid size of 1 km x 1
km; b: grid size of 10 km x 10 km)
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Fig. 9 Absolute difference in grid-processing results for differ-
ent grid sizes per unit land area

4 Discussion

Based on the above results, we conclude that the spatial
resolution of source data, impact factor selection on grid
model and the size of grids all influence the accuracy of
gridded historical cultivated land datasets in the Jiangsu
and Anhui provinces. Furthermore, these factors might
represent the primary limitation of global land datasets
applied at the regional scale. Present popular interna-
tional global or large-scale reconstruction methods
should be modified when used for reconstruction of
Chinese historical regional-scale cultivated land cover.
Comparing our results with those from other similar
studies, we further consider whether these influences
also existed in the reconstructions of other regions in
China or in China as a whole. Maybe such considera-
tions should inspire researchers to develop better modi-
fied methods for regional scale reconstruction, espe-
cially for China.

First, other similar studies also presented the influ-
ence of spatial resolution of source data on the accuracy
of historical cultivated land datasets similar to this
study. He et al. (2012) found that the trends in land rec-
lamation in China in the SAGE dataset sharply con-
trasted with those pertaining to regional data in CHCD.
There was also a significant discrepancy in spatial dis-
tribution between the HYDE dataset and Chinese his-
torical arable land records. Similar questions also exist
in datasets in Northeast China. There are marked dis-
agreements on cropland areas and distribution patterns
between the HYDE dataset and CNEC data, especially
in the 18th and 19th centuries. The HYDE dataset can-
not reflect the actual historical reclamation progress in
Northeast China (Li et al., 2010). This research further
analyzes the influence of different spatial resolutions of

provincial and county-level data in Jiangsu and Anhui
provinces. When those are all downscaled to the 10 km
x 10 km grid for comparison, they have an average dif-
ference rate of 16.61%, and the larger rate (>70% or
<-70%) occupies 13.3% and is located primarily within
the Hongze Lake Basin and northern Jiangsu along the
Yangtze River Plain. This proves that the model hy-
pothesis of linear trend in international land datasets is
incongruent with the actual land reclamation process, at
least in China and especially at the finer regional scale.
Applying county-level data sourced from historical re-
cords that relatively reflect authentic cultivated land
cover changes for gridded datasets would be more de-
pendable compared to the use of coarser-resolution data.
Combining the model-based methods with historical
empirical data may be a better way to improve the ac-
curacy of regional scale datasets.

Second, previous similar studies have selected dif-
ferent impact factors in the grid model. Initially, re-
searchers thought that the topography was the most im-
portant factor for spatial allocation of cropland at the
regional scale. Then, the climate factor, modern arable
land reclamation rate and water factor were added to
make the model more complex and accurate (i.e., closer
to the actual allocation). However, this study evaluates
the influence of factor selection on the grid model,
which most likely creates a regional discrepancy. Lin et
al. (2009) and He et al. (2011) selected topographic and
demographic factors, while Li et al. (2012) and Luo et
al. (2014) selected the potential arable land reclamation
rate, topography factors, climate production potential,
and water factors. In the land-grid model of Jiangsu and
Anbhui in this study, natural factors mainly comprise the
potential arable land reclamation rate, terrain factors
(elevation and slope), climatic factors, and water factors.
We found that use of the potential arable land reclama-
tion rate of the Suwan region can increase the spatial
difference in cultivated land distribution, and the stan-
dard deviation of the model increased by 4.05. In this
area, temperature had little influence on the model, and
more than 90% of the grid had a relative difference
within 10% with the consideration of annual mean tem-
perature. In addition, the difference in spatial distribu-
tion of cropland between HYDE and SWCD data was
concentrated in areas along the Yangtze River canal area
and coastal areas, especially during the Qing Dynasty
and the Republic of China. This mainly resulted from
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the model assumption in HYDE that the river is primar-
ily used for agricultural irrigation, such that more crop-
land was allocated there, while in fact it was mainly
utilized for transporting grain at that time. Another
cause is that the water system has developed over many
In this study, we apply pe-
riod-specific water system routes but not modern water
system maps, as was used in HYDE, in the gridding

hundreds of years.

process, which undoubtedly improved the accuracy of
grid datasets.

Third, past research has used different grid sizes, such
as Li ef al. (2010) using land data in Northeast China
with a grid size of 0.5° x 0.5°, Lin et al. (2009) using
traditional Chinese agricultural land data with a grid size
of 60 km x 60 km, Li et al. (2016) using a grid size of
10 km x 10 km, and Luo et al. (2014) using a grid size
of 2 km x 2 km. This study quantitatively evaluated the
difference between the results with the 10 km x 10 km
and 1 km x 1 km grids. The results show that a 1 km®
grid can improve the accuracy per unit area by 25%.
Grid size selection should be fit for the size of geomor-
phic units. Due to different intensities of land reclama-
tion at different times, the effects of grid size on data
may vary. Therefore, in the choice of grid size, the im-
pact of landform units, land use patch size, and other
factors should be considered.

5 Conclusions

This study quantitatively analyzed the influence of dif-
ferent data sources, grid-processing methods, and grid
sizes on accuracy of gridded cropland data in the Ji-
angsu and Anhui provinces. The applicability of ap-
proaches to historical regional-scale cropland cover re-
construction was assessed and some related suggestions
were given. The main findings are as follows:

(1) The temporal trends of the HYDE, CHCD, and
SWCD datasets with various data sources were more
similar. However, different spatial resolutions of crop-
land source data in the CHCD and SWCD datasets re-
vealed an average difference of 16.61% when provincial
and county data were downscaled to the 10 km % 10 km
grid for comparison.

(2) The inclusion of potential arable land reclamation
rate can increase the difference in the spatial distribution
of cropland area allocation; however, the standard de-
viation only increased by 4.05 in this study. Considering

temperature factors, more than 90% of the grid exhib-
ited relative differences within 10%, and over 90% of
the grid had absolute differences within 2 km®. Due to
the assumption that there was more arable land close to
rivers and lakes, the HYDE dataset allocated 70% more
of the grid near river coastlines, the abandoned Yellow
River Estuary, and the areas surrounding Hongze Lake
than did the SWCD dataset.

(3) Grid processing with the grid size of 1 km® im-
proved the accuracy of gridded results over that of
10 km? grid size for modern cropland data in 2000, with
the absolute difference in the unit land area within
0.1 km* improved by 25%, which was much more pro-
nounced in modern times than in historical periods.

(4) In conjunction with the outcomes of other similar
studies, this paper proves that some model hypotheses
and grid-processing methods in international land data-
sets truly do not fit with the actual land reclamation
process, at least in China and especially at the finer re-
gional scale. Combining the model-based methods with
historical empirical data may be a better way to improve
the accuracy of regional scale datasets.

Of course, continuing study will present new chal-
lenges on availability of accurate historical data on ar-
able land with multiple time sections and high resolu-
tion, consideration of the influence of manmade factors
such as changes in science, technology, and policy and
o on.
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