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The sustainable development and utilization of sandy areas in arid and semiarid

regions is of strategic importance to ensure both food and ecological security.

The unique geographical environment of these areas and uncontrolled

exploitation by farmers lead to large amounts of fragmented cropland.

Despite government management, the quantity and distribution of these

fragmented croplands is unknown, and accurate identification of the

region’s fragmented croplands can provide data to support the sustainable

use of sandy areas. We propose a method for identifying fragmented cropland

based on scale transformation. Small-scale fragmented cropland is

approximately represented at larger scales, so we apply small-scale high-

resolution remote sensing images to identify features and obtain information

at a large scale, i.e., the ratio of fragmented cropland area. By correcting the

cropland areas identified from low-resolution remote sensing images and using

them as the basis for the resulting calculation, more accurate identification can

be 1 at a large scale. In this study, this method was applied based on remote

sensing images with 0.54 and 30m resolutions that were acquired during the

same period, using Horqin Zuoyihou Banner as the study area. The results

showed that (1) there was 13,637.08 hm2 of fragmented cropland in Horqin

Zuoyihou Banner due to precipitation and terrain topography, mainly in the

central and western regions and 2) identification at the sample point scale and

plot scale were positively correlated in area and showed a consistent

distribution. Therefore, accurate and efficient identification of fragmented

cropland can be achieved through scale transformation.
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1 Introduction

A large amount of fragmented cropland exists in arid and

semiarid sandy regions. In addition to natural land

fragmentation due to the sandy terrain, the lack of effective

regulation and planning has created a large amount of

fragmented cropland due to disorderly development and

replenishment of cropland (Tan et al., 2006; Zhao, 2011; Jia

and Petrick, 2014). Arid and semiarid areas are not only

important food production bases in China (Li et al., 2021),

but also ecologically fragile areas (Huang et al., 2019; Xu

et al., 2021). Facing the dual needs of food security and

ecological safety, mapping the amount and distribution of

fragmented cropland is the basis for making decisions on the

consolidation and removal of cropland (Xiong et al., 2020; Vijay

and Armsworth, 2021), and it will also support the sustainable

use of sandy areas (Lyu et al., 2020; Wang et al., 2021). The

identification of fragmented cropland, which covers a small

area but is very common, is limited in many ways, and the

quantity and spatial distribution of fragmented cropland are

not yet known. Therefore, the efficient and accurate

acquisition of information about the quantity and

distribution of fragmented cropland on a large scale, as the

basis of sustainable use studies and site-specific studies (Wan

and Ceng, 2001; Ye et al., 2004; Matton et al., 2015; Lu et al.,

2018), is a key issue in land cover identification and is one of

the important research directions for research on land cover

identification.

Current identification methods for land cover types fall into

three broad categories. The first identificationmethod is based on

manual mapping and user experience (Zhang et al., 2014; Qu

et al., 2021): objects are discriminated based on experience

combined with field calibration. This method relies on the

empirical knowledge of the researcher, and the identification

results have relatively high accuracy but limited applicability and

suitability for larger study areas.

The second method is based on existing data processing,

which means that results are obtained by processing remote

sensing images or existing datasets (Chen Yuanyuan et al.,

2012; Ren Yang et al., 2020; Feng et al., 2017; Li et al., 2017;

Xiong et al., 2017; Feng et al., 2018). For example, Milbrandt

analyzed and summarized data from the USGS 2006 National

Land Cover Database to obtain information on the amount

and distribution of marginal lands in the United State

(Milbrandt et al., 2014). Similarly, Xue used the summary

statistics (analysis) tool in ArcGIS 10.1 to calculate the total

area of each land type based on the 2000 1 km × 1 km gridded

dataset from the Earth System Science Data Sharing

Infrastructure (http://www.geodata.cn/) (Xue et al., 2016).

Compared with the first method, this approach is not limited

in its scope of application. However, the spatial resolution of

the images used in large-scale datasets is too low to obtain

accurate results when identifying small objects.

The third method uses layer-by-layer screening, that is, in a

study area, screening is carried out sequentially one layer at a

time by selecting indicators to exclude areas that do not meet

search requirements to identify research objects (Du et al., 2020).

Fang et al. adopted satellite images with a 30 m resolution to

identify marginal land by selecting indicators such as land use

type and land cover type and considering environmental impact

(Wang and Shi, 2015). Alternatively, Ben et al. used ZY-3 3D

land-cover products and the Chinese soil database to exclude

land unsuitable for cultivation, conduct screening based on

relevant indicators of land quality and crop environment, and

finally identify urban marginal land (Zhang et al., 2021). This

approach reduces the limitations of the second method, with

which results with relatively low accuracy are produced.

However, there are still shortcomings when identifying objects

with unclear characteristics, which may result in objects being

screened out mistakenly.

These findings indicate that results based on manual

empirical identification are the most accurate when

compared to other identification methods, but this method

is limited by the size of the study area that can be addressed.

The results achieved by processing existing data address the

study area size limitation, but they are still limited by the

classification and spatial resolution of the original dataset.

For example, when identifying fragmented cropland, original

datasets may not contain this land cover type, and the

relatively low spatial resolution of the data does not allow

the identification of fragmented cropland. Although the

layer-by-layer screening method improves on the first two

methods, identification of objects with this approach relies on

restrictive conditions. Generally, this approach is suitable for

identifying relatively obvious characteristics. For example,

when identifying an object that is easily confused with other

features, such as fragmented cropland, it is difficult to choose

a suitable index and establish screening rules for

identification.

At present, the identification of fragmented cropland is

mainly restricted by the size of the study area, spatial

resolution of remote sensing images and feature interpretation

characteristics. Methods that provide accurate identification are

used in small areas but the remote sensing images used in the

methods applied to large areas have low resolution, resulting in

less accurate results. Identification based on high-resolution

remote sensing images over large scales also faces challenges

when identifying features with nonspecific characteristics, such

as fragmented cropland.

The main purpose of this study is to explore how to identify

fragmented cropland with nonspecific characteristics over a large

scale by combining remote sensing images with two resolutions.

Specifically, we first select samples in the identification area,

which is divided into several sample areas and sample points.

Then, we identified areas of fragmented cultivated land by

integrating the interpretation of the remote sensing images
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with different resolutions at different scales. This study can

provide an effective measurement method for the

identification of fine-grained cropland in arid and semiarid

areas, and provide a valuable reference for other regions and

countries in the world.

2 Materials and methods

2.1 Study area

Horqin Left Rear Banner, Tongliao city, Inner Mongolia

Autonomous Region, was selected as the study area. It is

located between 121°30′-123°42′E and 42°40′-43°42′N. This

area is found at the intersection of the Horqin Sandy and

Songliao Plains and the intersection of the East and West Liao

Rivers, where there is an alluvial plain accounting for less than

3% of the total area. Except for the alluvial plain at the

intersection of the East and West Liao Rivers, the rest of

the landform is composed of sand dunes and meadows.

Horqin Left Rear Banner is located on the border of the

mid-temperate and subhumid areas, with a temperate

continental monsoon climate. The spatial distribution of

precipitation in the area varies greatly. The average annual

precipitation is 414.9 mm, and precipitation amounts large

enough to support rain-fed agriculture is usually concentrated

from May to September, accounting for approximately 85% of

the total annual precipitation. In 2019, the GDP of this region

was 12.2×109 RMB, the per capita income of urban residents

was 29,025 RMB, the per capita income of rural pastoral areas

was 13,671 RMB, and the permanent population amounted to

401,100 people.

In general, the area of Horqin Zuoyihou Banner is large, and

the landforms and precipitation in the eastern and western

regions of the banner vary greatly. During the research

process, it was found that the typical topography and

precipitation conditions of Horqin Zuoyihou Banner led to a

fine-grained distribution of some cropland in the banner and that

there is a large amount of fragmented cropland, making it an

ideal study area for this study.

2.2 Data

The data used in this study are mainly two contemporaneous

remote sensing images of Horqin Left Rear Banner with different

resolutions acquired by MapQuest: an image with a 0.54 m

resolution acquired in 2021 and a remote sensing image with

a 30 m resolution acquired in 2021. The 30 m resolution image

was used for supervised classification in ENVI 5.3 to identify the

cropland within the sample points and areas, and the 0.54 m

resolution image was used for visual interpretation to identify the

cropland within the sample points.

2.3 Methods

2.3.1 Methodological framework
The method described in this paper is the identification of

fragmented cropland based on scale transformation (IBST), that

is, the distribution of cropland and fragmented cropland at a

small scale is used to determine the distribution at a large scale,

and the result is calculated based on cropland area weighting by

obtaining the total cropland area in a large sample area. The key

step is to identify all the cropland (including fragmented

cropland) at the large scale and use it as a database for

calculation. Therefore, we used the large-scale low-resolution

identification data as the basis and adjusted the results according

to the difference in the cropland area identified in the images with

different resolutions to obtain an estimate of the total cropland at

the large scale. We divided this method into three steps: 1) the

construction of scale relationships and the establishment of

sample points and sample areas, 2) the identification of

cropland and fragmented cropland and 3) the calculation of

fragmented cropland based on cropland area weighting

(Figure 1).

2.3.2 Scale relationship construction and sample
layout
2.3.2.1 Scale relationship construction

There is some connection between the identification results at

large and small scales within a given region (Tobler, 1970;

Woodcock and Strahler, 1987; Xu et al., 2011; Wang and Shi,

2015; Wang et al., 2018; Ain and He, 2019), but the conversion

between scales needs to be corrected according to the setting (Li

et al., 2000; Zhu et al., 2018). We were able to extend patterns

observed at smaller scales to larger scales, so the parameter ratio of

fragmented cropland (RFC) was introduced to visualize the link

between large and small scales, replacing the large scale with the ratio

of fragmented cropland obtained from the small scale. Additionally,

the parameter area correction coefficient λwas introduced to control
the accuracy of the identification according to the setting.

2.3.2.2 Sample layout

To improve the accuracy of identification results over large

areas, it is necessary to account for the scale conversion of

subregions by establishing sample areas (unit level) and

sample points (plot level) (Figure 2A). To reflect the

differences and patterns in the distribution and number of

recognition results, this method uses a uniform distribution of

points to establish samples. The specific steps for establishing

sample points and sample areas are as follows (Figure 2B).

After creating a 9 km × 9 km grid for uniform distribution,

144 sample areas covering the grid were selected in the Horqin

Left Rear Banner, and a 1 km × 1 km sample point was selected in

the center of each sample area. The distribution of identification

targets within the sample points represents the distribution

within the sample areas where they are located.
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2.3.3 Identification of cropland and
fragmented cropland

The main target of identification in this study was

fragmented cropland, namely, cropland in woodland,

grassland or intermountain zones that is sporadically

cultivated. These areas are small (not identifiable in low- and

moderate-resolution images but identifiable in high-resolution

images; absolute area <2 ha) and varied in shape (mostly narrow

or curved, multilateral, irregular plots). We found that most of

the fragmented cropland is located next to large areas of cropland

(cropland identified by low- and moderate-resolution images

with absolute area ≥2 ha), and the area and distribution of large

cropland can be used as a reference for determining the area and

distribution of fragmented cropland. Thus, the identification of

cropland based on low- and moderate-resolution remote sensing

FIGURE 1
Research method framework.

FIGURE 2
Diagram of the sample layout. (A) Scale construction; (B) sample layout.
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images at large scales can be used as the basis for scale

transformation calculations.

Identification was performed in two steps. The first step

was the identification of cropland and fragmented cropland

within the sample points using high-resolution imagery.

Based on the remote sensing images with a 0.54 m

resolution, the areas of cropland and fragmented cropland

within the sample points were obtained by visual

interpretation. Through this process, we were able to

accurately identify the cropland and fragmented cropland

within the sample points, and these data were then used to

calculate the RFC.

The second step was to identify cropland within the sample

points and sample areas using moderate-resolution imagery.

Based on the 30 m resolution images, the supervised

classification tool in ENVI 5.3 was used to identify the

cropland within each sample point and sample area. Through

this process, we were able to identify the area of cropland in each

sample point and sample area. The area of cropland within each

sample point was used to calculate the area correction coefficient

λ for the sample area in which it was located, and the area of

cropland within the sample area was the basis for the scale

transformation.

2.3.4 Calculation of fragmented cropland based
on cropland area weighting

The calculation of the area of fragmented cropland was

divided into three main steps. The first step was to calculate

the RFC within each sample point. The RFC is the proportion of

fragmented cropland to all the cropland within the sample point.

Based on the assumptions of the scale transformation, the RFC

within a sample point could be replaced with the RFC within the

sample area, thus obtaining the actual RFC within the sample

area. The RFC was calculated as

RFL � Ai

Ah
(1)

where Ai is the area of fragmented cropland within the ith

sample point identified using the image with a 0.54 m

resolution and Ah is the area of all the cropland within the

ith sample point identified using the image with a 0.54 m

resolution.

The second step is the cropland area correction in each

sample area. To correct the cropland area within a sample

area, the area correction coefficient λ for that sample area was

first obtained. We assume that the difference in image

recognition results between the two accuracies at the sample

point scale can still be reflected at the sample area scale. Based on

this assumption, we constructed the area correction coefficient λi
for the ith sample area based on the proportion of the area of

large cropland plots (excluding fragmented cropland) identified

from the images with two resolutions within the sample points. λi
is calculated as

λi � Ah − Ai

Am
(2)

where Am is the area of cropland within the ith sample point

identified using remote sensing images with a 30 m resolution.

After obtaining the area correction coefficient of the sample

area, wemultiplied by the area of cropland within the sample area

(Bm) to obtain the approximate total cropland area within the

sample area (B). B is calculated as

B � Bm × λi (3)

The third step is to calculate the area of fragmented cropland

in each sample area and in the study area. By multiplying the

approximate total cropland in the sample area by the RFC of the

sample area, we obtained the fragmented cropland area of the

sample area (Bi). Bi is calculated as

Bi � B ×
Ai

Ah
(4)

The total area of fragmented cropland in the study area can

be obtained by summing the area of fragmented cropland in all

the sample areas. C is calculated as

C � ∑n

i�1Bi (5)

where C is the total area of fragmented cropland in the study area.

3 Results

3.1 Spatial distribution of fragmented
cropland in the sample points

Among the 144 sample points selected, 73 did not contain

fragmented cropland and these points were mostly distributed in

the eastern part of Horqin Left Rear Banner, within a large area of

farmland. A total of 71 sample points contained fragmented

cropland, and the total area of fragmented cropland in the sample

points fluctuated from 0.3056 hm2 to 24.3425 h m2; the total area

of fragmented cropland in each sample point was 195.9035 hm2.

Among the sample points, the largest total area of fragmented

cropland within the sample points was found in central Horqin

Zuoyihou Banner, while the minimum was found in western

Horqin Zuoyihou Banner (Figure 3A). Among the sample points

containing fragmented cropland, the range of cropland area

within a 100 hm2 sample point was between 1.83 hm2 and

95.75 h m2, with the maximum value occurring in south-

central Horqin Zuoyihou Banner and the minimum value

being found in western Horqin Zuoyihou Banner (Figure 3B).

The quantitative distribution of the cropland within the sample

points tended to coincide with that of the fragmented cropland.

RFC reflects the degree of fragmentation of cropland in the

sample points, and the larger the value is, the more fragmented the

cropland in the sample points. RFC was divided into four cases: 1)

Frontiers in Environmental Science frontiersin.org05

Sang et al. 10.3389/fenvs.2022.964403

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.964403


there was no fragmented cropland, RFC was zero, and the

percentage of finely fragmented cropland in a total of 73 sample

points in Horqin Zuoyihou Banner was zero. 2) Only fragmented

cropland was present, and RFC was equal to one; a total of two

sample sites had an RFC of 1, and these sites were distributed in

western and central Horqin Zuoyihou Banner. 3) In the case of small

cropland area, the closer the RFC was to 1, the higher the degree of

cropland fragmentation in the sample point; conversely, the closer

the RFCwas to 0, the lower the degree of cropland fragmentation. 4)

In the case of larger cropland areas, the value of RFC was low;

nevertheless, the closer the RFC was to 1, the higher the degree of

cropland fragmentation in the sample points. Similarly, the closer

the RFC was to 0, the lower the degree of cropland fragmentation in

the sample points, which mostly occurred in southwestern Horqin

Zuoyihou Banner.

Within the sample points where fragmented cropland exists,

the RFC ranges between 0.004 and 1, with the highest value

occurring in central and western Horqin Zuoyihou Banner and

the smallest value occurring in eastern Horqin Zuoyihou Banner

(Figure 3C). The RFC ranges from 0.005 to 0.036 in the eastern

sample points, from 0.016 to one in the central sample points,

and from 0.004 to one in the western sample points in Horqin

Zuoyihou Banner. Overall, the degree of fine cropland

fragmentation is low in the eastern part of Horqin Zuoyihou

Banner and high in the central and western parts of Horqin

Zuoyihou Banner.

3.2 Distribution of fragmented cropland
and its causes

The total area of fragmented cropland in Horqin Zuoyihou

Banner is 13,637.08 h m2, the area of cropland is

293,145.54 h m2, and the fragmented cropland accounts for

FIGURE 3
Identification results. (A) Area of fragmented cropland in the sample points; (B) area of cropland in the sample points; (C) RFC for each sample
point; (D) area of fragmented cropland in the sample areas.
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4.65% of the cropland area. Currently, most of the fragmented

cropland is not in the local governmental and national

databases. In this study, a considerable amount of

fragmented cropland was identified, and the compiled

information on the distribution and quantity of these

fragmented croplands provides support for cropland

remediation and planning. In the sample area where the

sample points with fragmented cropland exist, the total

area of fragmented cropland ranges from 11.89 hm2 to

1108.80 h m2, and the maximum and minimum values are

distributed in the western part of Horqin Zuoyihou Banner

(Figure 3D). A comparison of the data revealed that the area of

fragmented cropland at the sample points obtained based on

the IBST method had a consistent distribution with the sample

areas and that there was a positive correlation in quantity.

From east to west, the area and degree of fragmented

cropland showed increasing trends, which is mainly caused

by the topography of the area and distribution of water

resources. The study area is characterized by high terrain

in the west and low terrain in the east, and the topography

redistributes water and heat so that less fragmented cropland

exists in the flatter eastern region and more fragmented

cropland exists in the central and western regions, which

are interspersed with sand dunes and meadows. In addition,

the eastern region is rich in water resources, and there are two

rivers used for transit in the region (the Dongliao River and

the Xiliao River), so the water resources required for

cultivation are sufficient. Therefore, concentrated and

continuous cropland is distributed in most of the eastern

region, and the amount of fragmented cropland is very

limited.

4 Discussion

4.1 Significance of the identification
results

The fragmented cropland in Horqin Zuoyihou Banner

accounts for 4.65% of the total cropland. Thus, the

fragmented cropland occupies a large part of the cropland

resources. The identification results obtained using the IBST

method enabled us to determine the distribution and quantity of

fragmented croplands, which provides a basis for estimating the

carrying capacity of the land, availability of water resources and

carrying out land remediation. Currently, arable land resources

are limited, and fragmented cropland has become increasingly

important in the integration and planning of cropland resources.

Information on its quantity and distribution can also support the

sustainable development of cropland in arid and semiarid areas

with sandy land cover. In these situations, it is extremely

important to perform highly precise identification over large

areas.

4.2 Features and contributions of IBST

The findings of this study show that IBST can efficiently and

accurately identify fragmented cropland from a larger study area.

To better understand this method, IBST was analyzed from two

perspectives: the characteristics of the IBST method and the

contribution of the IBST method to the existing identification

methods.

4.2.1 Features of the IBST method
One of the important features of the IBST method is that it

introduces the concept of scale transformation, which enhances

recognition efficiency. The accurate identification of the RFC at

small scales is upscaled to large scales, simplifying identification

at large scales. The second feature is that the IBST method

corrects and controls results to improve the accuracy of the

identification results. The IBST method introduces the area

correction factor λ, which is an important parameter that

corrects and controls the results according to the observed

situation and improves the accuracy of the identification results.

4.2.2 Contributions of the IBST method
The main contribution of this study is to introduce a new

identification method using the idea of scale transformation so

that the new method can complement existing identification

methods. Existing identification methods seldom select

identification targets with small areas, large quantities and

unclear characteristics over large areas, and IBST provides a

new approach to identifying such targets that takes into account

efficiency and accuracy. The results of this study showed that this

new approach is feasible and that IBST can effectively identify

fragmented cropland over a large study area.

5 Conclusion

In this study, we applied the IBST method over a large

scale and effectively used remote sensing images with two

resolutions to create a new approach for the identification of

irregular fragmented cropland with unclear characteristics.

This article is mainly based on the idea that the patterns

observed at small scales can be extended to large scales, and

the IBST approach was proposed. We applied this method to

Horqin Zuoyihou Banner. First, the study area was divided

into 9 km × 9 km sample areas, and a 1 km × 1 km sample

point was selected at the center of each sample area. Then, the

high-resolution images were used to obtain the area of

cropland and fragmented cropland within each sample

point, from which the RFC was calculated. The area

correction coefficient λ for each sample area was obtained

using the difference between the two identification accuracies

within the sample point for the results of large areas of

cropland (excluding fine cropland). Finally, we corrected
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the area of cropland in each sample area obtained from the

low-resolution images, calculated the area of fragmented

cropland in each sample area by combining the

corresponding RFCs, and summed the results to obtain the

area of fragmented cropland in the whole study area. We

found that the total area of fragmented cropland in Horqin

Zuoyihou Banner is 13,637.08 h m2, the area of cropland is

293,145.54 h m2, and the fragmented cropland accounts for

4.65% of the cropland area.

In contrast to existing identification methods, the IBST

method is a complement to existing identification methods.

IBST is complementary to manual experience-based

recognition, enabling the application of visual interpretation

to a large study area. It can also improve the accuracy and

efficiency of identification by combining existing data processing

and layer-by-layer screening recognition methods.
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