
Citation: Miao, S.; Wang, S.; Huang,

C.; Xia, X.; Sang, L.; Huang, J.; Liu, H.;

Zhang, Z.; Zhang, J.; Huang, X.; et al.

A Big Data Grided Organization and

Management Method for Cropland

Quality Evaluation. Land 2023, 12,

1916. https://doi.org/10.3390/

land12101916

Academic Editor: Adrianos Retalis

Received: 15 September 2023

Revised: 7 October 2023

Accepted: 11 October 2023

Published: 13 October 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

land

Article

A Big Data Grided Organization and Management Method for
Cropland Quality Evaluation
Shuangxi Miao 1,2,† , Shuyu Wang 1,*,† , Chunyan Huang 1, Xiaohong Xia 1, Lingling Sang 3,4,*,
Jianxi Huang 1,2 , Han Liu 3,4,5 , Zheng Zhang 3,4, Junxiao Zhang 6,7, Xu Huang 1 and Fei Gao 8

1 College of Land Science and Technology, China Agricultural University, Beijing 100083, China
2 Key Laboratory of Remote Sensing for Agri-Hazards, Ministry of Agriculture and Rural Affairs,

Beijing 100083, China
3 Key Laboratory of Land Consolidation and Rehabilitation, Land Consolidation and Rehabilitation Center,

Ministry of Natural Resources, Beijing 100035, China
4 Technology Innovation Center for Land Engineering, Ministry of Natural Resources, Beijing 100035, China
5 Key Laboratory of Digital Mapping and Land Information Application, Ministry of Natural Resources,

Wuhan 430079, China
6 Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University,

Chengdu 611756, China
7 Qilu Aerospace Information Research Institute, Jinan 250100, China
8 Department of Natural Resources, No. 263 Hongqi Street, Harbin 150030, China
* Correspondence: shuyuwang@cau.edu.cn (S.W.); sanglingling@lcrc.org.cn (L.S.)
† These authors contributed equally to this work.

Abstract: A new gridded spatio-temporal big data fusion method is proposed for the organization
and management of cropland big data, which could serve the analysis application of cropland quality
evaluation and other analyses of geographic big data. Compared with traditional big data fusion
methods, this method maps the spatio-temporal and attribute features of multi-source data to grid
cells in order to achieve the structural unity and orderly organization of spatio-temporal big data
with format differences, semantic ambiguities, and different coordinate projections. Firstly, this paper
constructs a dissected cropland big data fusion model and completes the design of a conceptual
model and logic model, constructs a cropland data organization model based on DGGS (discrete
global grid system) and Hash coding, and realizes the unified management of vector data, raster
data and text data by using multilevel grids. Secondly, this paper researches the evaluation methods
of grid-scale adaptability, and generates distributed multilevel grid datasets to meet the needs of
cropland area quality evaluation. Finally, typical data such as soil organic matter data, road network
data, cropland area data, and statistic data in Da’an County, China, were selected to carry out the
experiment. The experiment verifies that the method could not only realize the unified organization
and efficient management of cultivated land big data with multimodal characteristics, but also
support the evaluation of cropland quality.

Keywords: organization and management of big data; geographic big data; grids; cropland quality
evaluation

1. Introduction

Cropland big data, including vector, raster, and text data related to cropland stand
conditions, profile traits, and soil health, have typical spatio-temporal big data characteris-
tics such as multi-dimensionality, diverse sources, different semantics and spatio-temporal
dynamic changes [1–3]. These features seriously limit data mining and the deep application
of cropland big data; how to efficiently manage and organize multi-source heterogeneous
cropland big data is the basis for improving the value of comprehensive big data applications.

The Geographical Grid Systems is a widely adopted approach used to unify data
across various spatial, source, and scale dimensions [4]. It finds extensive applications

Land 2023, 12, 1916. https://doi.org/10.3390/land12101916 https://www.mdpi.com/journal/land

https://doi.org/10.3390/land12101916
https://doi.org/10.3390/land12101916
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0001-5308-1551
https://orcid.org/0009-0002-9757-108X
https://orcid.org/0000-0003-0341-1983
https://orcid.org/0000-0002-9386-2464
https://doi.org/10.3390/land12101916
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land12101916?type=check_update&version=1


Land 2023, 12, 1916 2 of 20

in geographic information systems, database management, and computer graphics [5–7].
The Geographical Grid Systems significantly enhance data organization, retrieval, and
computational efficiency [8]. Researchers have investigated various methods for managing
big data in croplands, including multilevel data management and grid mapping [9]. Chen
constructed a multiscale cropland quality evaluation system, and proposed a multilevel
cropland quality evaluation method by selecting a suitable grid size [10]. Shen et al. [11]
took the 1′ × 1′ latitude/longitude grid as the basic evaluation unit, and carried out the
priority assessment for farmland remediation to achieve farmland multilevel hierarchical
management. Chen et al. [12] defined a kilometer-scale grid and employed text encoding
techniques to achieve the spatially consistent aggregation of cropland data. Li et al. [13]
used a 10 km grid cell to collect the cropland area data and statistical data to construct the
Chinese farmland coverage dataset, and verified that the cropland area differences were
small. He et al. [14] established a dataset of cultivated land area in China over the millennia
by constructing an allocation model based on a cropland grid with a grid size of 10 km,
and analyzed the spatial and temporal changes of cropland area on this basis. The above
research completes multi-source data aggregation and data reconstruction based on grid
idea. However, the lack of unified multi-source data organization and management modes
in data organization and management cannot meet the needs of the efficient application of
multi-source heterogeneous cropland big data.

Cropland quality is a comprehensive result of natural conditions and human activities
under dynamic changes in time [15,16]. Therefore, the evaluation of cropland quality relies
on multi-indicators and multi-dimensions in order to comprehensively understand the
soil quality. Conventional methods for assessing cropland quality rely on the utilization
of GIS software to perform multilayer overlay analyses. Li et al. [17] analyzed cropland
quality in the northeastern Corn Belt, selecting seven key indicators, including PH, organic
matter content, and barrier layer thickness. The researchers employed the soil quality index
alongside GIS technology for this assessment. Similarly, Kazemi et al. [18] utilized a multi-
criteria decision analysis approach, implementing ArcGIS’s weighted overlay analysis to
superimpose digital layers for the evaluation of soil quality classes in northeastern Iran.
However, as the number of indicators and the volume of data increase, the performance
of data-processing capacity of traditional evaluation techniques experiences a significant
decline [19,20].

Big data processing technology provides a new technical means for the sustainable
development of cropland [21]. Yao et al. [22] developed a cropland quality big data pro-
cessing system using MapReduce. Comparative experiments have demonstrated its high
performance and scalability, offering an alternative solution to the storage and management
challenges associated with cropland big data as compared to traditional GIS technology.
Chen et al. [23] employed Remote Sensing (RS) and Geographic Information System (GIS)
technology to formulate a series of assessment models for the sustainable utilization of
land resources. They leveraged big data technology to analyze the sustainability of land
use in a county from 2009 to 2018, and identified the promising prospects of utilizing big
data in addressing challenges related to land resource management and sustainable usage.
The above studies have demonstrated the excellent processing and analyzing capabilities of
big data processing technology, which support the processing and mining of land resource
data. However, the organization and management of cropland big data are neglected in
existing studies. Therefore, it is necessary to integrate traditional GIS technology with big
data technology to harness the strengths of these distinct technologies and offer robust
support for the organization and management of cropland big data.

In order to solve the above limitations, such as the lack of a unified organizational
framework for the cropland big data and the poor computational performance of cropland
quality evaluation, the study aims to present a new approach for organizing and managing
multi-source heterogeneous cropland big data. The specific objectives of this paper are
(1) to innovatively propose a cropland big data fusion model with grid as the data orga-
nization unit, to form a unified and efficient data organization framework, and to solve
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the problem of the management and fusion of cropland big data, which are multi-source,
multi-dimensional and dynamically changing. (2) We take Da’an County, an important
grain production base in the black soil region, as an example to verify the feasibility and
effectiveness of this data organization and management method in the application of actual
arable land quality evaluation.

2. Materials and Methods

In this paper, we establish a multilevel grid system through the construction of a
cropland big data fusion model. This model maps vector data, raster data, and text data
into the grid. Considering the specific requirements of cropland quality evaluation, our
approach involves selecting appropriate grid layers based on the quantitative and spatial
characteristics of cropland patches. We also verify the spatial consistency between cropland
grid data and cropland patch data. Lastly, we select a representative test area to conduct
a multi-source, heterogeneous cropland big data fusion experiment to evaluate cropland
quality and assess the effectiveness of our model within the study area. Figure 1 shows the
research framework.
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2.1. Study Area

Da’an County is located in the northwestern part of Jilin Province, China, at latitude
45◦52′ north and longitude 124◦27′ east (as shown in Figure 2). The county is located
in the hinterland of the Songnen Plain, with relatively flat terrain. The administrative
area of Da’an County includes 10 towns, 5 streets and 8 townships, with a total area of
about 487,859 hectares. The region has a temperate continental monsoon climate with
four distinct seasons, cold and dry winters and hot and rainy summers. Meanwhile,
Da’an County is one of the most important agricultural production areas in Jilin Province,
and the main crops include wheat, corn, soybean and rice. The total area of cropland is
about 145,750 hectares, specifically including dry cropland, paddy cropland and irrigated
cropland. Among them, the type of cropland is mainly dry cropland with an area of
102,441 hectares, paddy cropland with an area of 13,457 hectares and irrigated cropland
with an area of 29,852 hectares. Da’an County has rich and high-quality black soil resources,
with soil rich in organic matter and nutrients and high soil quality, providing a good
production base for agriculture.
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2.2. Data Source

Based on data acquisition feasibility and the purposes of the study, this paper mainly
collected vector data, raster data and text data to verify the effectiveness of the cropland
big data fusion model. Among them, land use data were used to extract cropland patches,
road networks and water surfaces in the study area, which were obtained from the data of
the Second National Land Survey. DEM data were obtained from Geospatial Data Cloud
(https://www.gscloud.cn/ (accessed on 6 June 2023)), and slope values were extracted
from DEM data. Soil type data and organic matter value data were obtained from the
Ministry of Natural Resources of the People’s Republic of China. Agricultural statistics
data were obtained from the 2019 Statistical Yearbook from the government of Da’an
County, Jilin Province. Combined with the purpose of the study and data availability, crop
production data, agricultural modernization data and agricultural mechanization data
were used in this paper. The experimental data and types are shown in Table 1.

https://www.gscloud.cn/
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Table 1. Experimental data and types.

Category Data Data Format

Farming conditions Cropland patch Shapefile (Polygons)
Topographic slope Raster

Soil fertility Soil type Shapefile (Polygons)
Organic matter Shapefile (Point)

Convenience of farming Rural roads, highways, rivers, ditches Shapefile (Polylines)
Level of agricultural production capacity Crop production in 2019 CSV

Level of agricultural construction Level of mechanization in 2019 CSV
Level of modernization in 2019 CSV

2.3. Establish Cropland Big Data Fusion Model

Facing the demand for the unified organization and efficient management of cropland
quality big data, this paper establishes a cropland big data fusion model based on a
dissected grid, which can accurately portray the development and change of objective
cropland quality data in the temporal, spatial and attribute domains.

The proposed model is based on the data model of the Global Subdivision Grid [24].
It is an extension of the big data fusion model used in the application of cropland. The
traditional data model, including vector data models, raster data models, and object-
oriented models, realizes data management through the management of a single layer or
object, whereas the cropland big data fusion model realizes data management through
the management of a single layer or object. The cropland big data fusion mode realizes
big data management by mapping the spatial and attribute features of cropland into a
dissected grid.

The UML graph (as shown in Figure 3) of the cropland big data fusion model is
designed as follows. The discrete grid class inherits the spatial subdivision and encoding
methods from the space domain class and time domain class; the entity, object attribute,
event and simple topological relationship classes are derived from the discrete grid class,
and inherit all the members and methods of the discrete grid; the entity, object, event
and simple topological relationship classes are associated with the attribute table through
the unique primary key of the data table (the grid code). Finally, the encoded collec-
tion realizes the representation of the vector-based point, polyline and polygon objects,
raster-based remote sensing image data, time-based geographic processes and semantic-
based socio-statistical text data. The model not only describes the spatial and temporal
changes of physical objects, but also determines the topological relationship between objects
through coding.

The conceptual model of big data fusion model of cropland quality is designed as follows:

CodeGrid = { (obj, even, topo, attr)| f (CodeGrid)} (1)

The process includes encoding and feature mapping of discrete cells, and also includes
a query process to obtain grid cell attributes based on the encoding. CodeGrid stand for
the code of discrete grid of cropland. obj, even, topo and attr stand for objects, event
collections, topological geometries and attribute collections belonging to the matching
discrete grid. The function f () returns the results of a query that retrieves all the attributes
from current CodeGrid.

We build distributed grid datasets by encoding discrete cells via Geohash [25] and
using them as index table primary keys for distributed grid datasets. The multilevel feature
of grids provides a natural advantage for searching object and describing the boundaries of
arable land. In the query and retrieval of arable land objects, if there is no such object in
the parent grid, there is no need to query the child grid, which improves the efficiency of
the data query. When describing the boundaries of the arable land polygon, the four child
grids can be automatically synthesized into the parent grid, which reduces the number of
grids and improves the accuracy of description for cropland boundaries.
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Figure 3. UML of cropland big data fusion model.

2.4. Establish a Multilevel Grid System for Cropland Big Data
2.4.1. Creation of Multilevel Grid

This study establishes a multilevel grid based on Geohash coding. Geohash is a
geocoding system that maps geographic coordinate points into short strings for the efficient
storage and transmission of geolocation information in computer systems, and it also
represents geographic area’s extent. The method meets the need for data aggregation, which
means that the spatial extent of its representation will be reduced with each additional
bit of the encoding. Therefore, the Geohash algorithm is used as a basis for constructing
multilevel grids based on the range of coding accuracy, and the grids are coded and the
uniqueness of the grid code is verified.

2.4.2. Preprocessing of Heterogeneous Cropland Big Data from Multiple Sources

Given the multitude of data types and intricate structures inherent in cropland big data,
it is imperative to engage in pre-processing to ensure the reliability and consistency of the
data. Cropland big data are classified according to data types and processed as vector data,
raster data, and text data individually. Vector data represent geographic objects through
geometric ensembles of points, polylines, and polygons [26]. Therefore, the data need to be
processed according to different geometric types, through the normalization of attribute
tables, the definition of projections and coordinates based on multilevel grid systems,
and the integration of data based on geometric types. Raster data are based on image
element arrays to represent geographic information [27], and the specific processing steps
are: clipping the data in the range of administrative divisions, resampling the data based
on the grid scale, defining projections, and converting coordinates based on the multilevel
grid system. In addition, geospatial data are interpolated using interpolation techniques
such as inverse distance weighted interpolation [28] to fill in missing values to ensure data
integrity. Compared with geospatial data, the data structure of text data is relatively simple,
and the specific content of data processing is data cleaning and data standardization.

2.4.3. Grid Mapping of Heterogeneous Cropland Big Data from Multi-Sources

In terms of vector data, cropland patch data are considered the basis of cropland
big data. Therefore, cropland patch data could be used as a grid mapping standard for
other cropland big data. However, due to the variability of the spatial pattern and area
of cropland patches, the grid mapping of cropland patch data requires the development
of grid mapping rules to improve the grid processing efficiency of cropland patches data.
Building upon this foundation, the presence of multiple cropland patches within a grid cell
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is managed by prioritizing area occupancy. In such cases, when the grid intersects with
multiple cropland patches, we allocate land to the grid based on the cropland patch with
the largest area coverage within that grid.

In the case of raster data, the accurate mapping of the values of the image elements into
the grid is a key component. Therefore, the grid mapping of raster data should evaluate
the suitability of image elements to the grid scale in order to obtain accurate grid data.

In addition, with respect to text data, firstly, an attribute table for text grid data is
established. Secondly, determine the names and data types of each field of the attribute
table. Finally, the text message is allocated to the grid.

Based on the above steps, the vector data, the raster data, and the text data will be
mapped into the grid system according to the grid scale of each level (as shown in Figure 4).
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2.5. Selection of Cropland Quality Big Data Grid Levels
2.5.1. Adaptive Grid-Scale Indicator Analysis for Cropland Quality Evaluation

This study constructs a big data fusion model for cropland that satisfies multilevel
management. Cropland patches have regional variability and need to be analyzed accord-
ing to evaluation indicators to select the optimal scale of the grid. Therefore, this study
examined the area of cropland patches and the spatial relationship between the grid scale
and cropland patches in terms of both quantitative and spatial characteristics, and the
results could be used as a basis for selecting the grid level.

2.5.2. A Multilevel Grid Selection Method for Cropland Quality Evaluation

The grid scale is usually selected by considering the problems and objectives of the
study area. Power law curves are used to characterize the distribution of data, especially
in large-scale datasets, and could help to understand the distribution pattern of data [29].
In this study, a power rate curve was used to determine the grid scale, using the cropland
patch areas as an indicator, fitted to a power law distribution to form a power law curve,
and the scale range was determined based on the significant points of the curve.

y = axk (2)

where a and k are constant parameters. k is often referred to as the “power rate”.

2.6. Evaluation of Grid Datasets Based on Similarity of Spatial Distribution

In Section 2.3, the suitability of the area of cropland patches with respect to the
grid scale has been analyzed. Therefore, in this section, the consistency of gridded data
for cropland patch data is assessed in terms of the spatial pattern of cropsland patches.
Standard deviation ellipse (SDE) is one of the spatial statistical methods that could be used
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to accurately reveal the characteristics of the spatial distribution of various geographic
elements [30–32]. By weighting the center and rotation angle, the degree of deviation of
the center point and the rotation angle could help us to accurately assess the differences in
spatial distribution. Its calculation method is as follows:

SDEx =

√
∑i (xi − x)2

n
(3)

SDEy =

√
∑i (yi − y)2

n
(4)

where SDEx is the length of the short semi-axis of the standard deviation ellipse; SDEy
is the length of the long semi-axis of the standard deviation ellipse; n is the number of
elements. The rotation angle θ is calculated as follows:

tan θ =
A + B

C
(5)

A = ∑ x̃2 −∑ ỹ2,B =

√ (
∑ x̃2 −∑ ỹ2

)2
+ 4

(
∑ x̃ỹ

)2, C = 2 ∑ x̃ỹ (6)

where x̃,ỹ is the difference between the x, y coordinates and the mean center.
According to the above formula, the distribution direction of cropland patches and grid

cropland is calculated using the perimeter of the cropland patches as weights. Specifically,
the smaller the rotation angle and the closer the distance between the center points, the
more similar the spatial distribution direction is.

3. Results
3.1. Results of Selecting the Level of Cropland Big Data Grid

Based on the scope of the study area, this paper constructs a multi-layer cropland
big data grid system using Geohash coding, and the total number of grids in each level is
studied and calculated, as shown in Table 2.

Table 2. Statistics of the total number of grids in each layer.

Accuracy Scale Area (ha) Number of Grids
(Pcs)

Geohash4 39.1 km × 19.5 km 76,245 12
Geohash5 4.89 km × 4.89 km 2391.21 230
Geohash6 1.22 km × 0.61 km 744.42 6882
Geohash7 153 m × 153 m 2.3409 209,805
Geohash8 38.2 m × 19.1 m 0.0729 6,689,053
Geohash9 4.77 m × 4.77 m 0.002275 ≈200,000.000

Taking into account not only the suitability of cropland patch area and grid scale
but also the spatial relationship between each arable patch and the corresponding
grid, we establish a basis for selecting grid cell accuracy. In our study area, there are
a total of 20,983 cropland patches, with varying sizes ranging from a minimum of
1.22 × 10−4 hectares to a maximum of 812 hectares. The median patch area stands at
3.96 hectares, with an average of 6.94 hectares. In addition, the probability distribution of
cropland patch areas indicates that most of them are concentrated in smaller area ranges.
However, there are also some larger area values, which constitute the long-tailed part of
the cropland area distribution curve shown in Figure 5.
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As presented in Figure 5 and Table 2, Geohash coding accuracies ranging from 6 to
8 prove to be optimal for grid dimensions of 1.22 km × 0.61 km, 153 m × 153 m, and
38.2 m × 19.1 m, respectively. Within this range, we calculate the number of grids that
entirely contain a cropland patch for each grid accuracy level. This step aids in assessing the
data processing complexity associated with each precision. Figure 6 illustrates the outcomes,
revealing that the highest percentage of grids fully containing a cropland patch is achieved
with a Geohash precision of 6 bits. However, this coarser precision leads to larger grid
ranges and reduced accuracy in cropland quality evaluation. With a precision of 7 bits, the
number of grids completely containing cropland patches drops significantly. Meanwhile,
at 8-bit precision, only three grids fully contain cropland patches, creating a substantial
amount of data redundancy and diminishing data processing efficiency. Considering these
factors comprehensively, opting for a 7-bit Geohash accuracy level (153 m× 153 m) appears
to be the most reasonable choice.
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3.2. Spatial Distribution Similarity Test

The degree of mean center offset and the difference in rotation angle of the standard
deviation ellipse method could be used to determine the consistency of the spatial pattern
between the cropland patch data and the cropland grid data. According to the grid level
selection results in the previous section, the distribution patterns of the cropland patch data
and the seventh-level cropland grid data are calculated separately. The results are shown
in Figure 7. The average center coordinates of the distribution of cropland patch data are
(557,346, 5,039,286), and the average center coordinates of the distribution of grid data are
(554,280, 5,037,376). The difference between the horizontal coordinates of the two is 3066 m,
the difference between the vertical coordinates is 1910 m, and the distance between the
centers is about 3612 m. The difference between the horizontal and vertical coordinates
of the grid data distribution is (557,346, 5,039,286). In addition, the rotation angle of the
standard deviation ellipse of the cropland patch is 83.613845◦, and the rotation angle of
the standard deviation ellipse of the grid data is 76.281426◦, with a difference of 7.33◦.
According to the above results, there is a deviation between the cropland patch data and the
cropland grid data. This is mainly due to our method’s principle of mapping based on the
predominant cropland patches within the grid, which can lead to area loss or redundancy.
In general, although there are discrepancies in the assessment results, the grid data can still
reflect the distribution of cropland, indicating that the cropland patch data and the grid
data are consistent in terms of spatial distribution.
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3.3. Cropland Quality Evaluation and Result Analysis

Indicators used to assess cropland quality include natural features, as well as aspects
related to socio-economics, prioritized outcomes, and the farming processes used in a
region. Based on the data accessibility and purpose of the study, this paper selects 11 evalu-
ation indicators from the five indicator layers of farming conditions, farming convenience,
soil fertility, cropland production capacity level and agricultural construction level. The
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normalization of the data of each indicator was completed separately. Then, expert scoring
and hierarchical analysis [33,34] were used to calculate the weights of each indicator, and
they passed the consistency test. Finally, the grading of each indicator was completed based
on the knowledge constraints and the statistical characteristics of the data of each indicator
(e.g., Table 3).

Wheat, maize, soybean, and rice are the predominant crops within the study area.
Consequently, the dimensions of cropland quality evaluation are geared towards assessing
their suitability for mechanized tillage. In terms of farming conditions, this study selected
cropland patch areas and the slope of the terrain to complete the assessment. Specifically,
the larger the cropland patch area and the smaller the slope, the more suitable it is for
mechanized cultivation. In terms of soil fertility, soil type and organic matter content are
effective assessment dimensions. This could effectively reflect soil structure and nutrient
content. In terms of ease of farming convenience, it depends on the distance of the road
network and water sources; the closer the distance, the higher the productivity. In terms
of cropland production capacity level, the crop output value is chosen as the assessment
indicator, with a higher output value indicating more productive cropland. In terms
of the agricultural construction level, the level of agricultural modernization, and the
level of agricultural mechanization are used as assessment indicators. Regarding relevant
studies and statistical characteristics, these indicators are classified into three to four grades.
Among them, a higher value of the grade represents a greater positive effect of the indicator
on the quality of cropland. The system of indicators used for evaluating the quality of
cropland is shown in Table 4.

Then, the scores of each indicator layer were calculated using the results of grading
and the weighting of each indicator, and the quality of cropland was calculated. Using
the Fisher–Jenks algorithm [35], the cropland quality score was divided into five levels to
ensure that the variance between groups was maximized. The formula for calculating the
quality of cropland was as follows:

CQ = ∑n
i=1 Wi × Si (7)

where CQ is the quality of cropland, n is the number of indicator layers, Wi is the weight of
each indicator layer, and Si is the score of each indicator layer.

In terms of the spatial distribution pattern of cropland, cropland is more concentrated
in the northwestern, central and eastern parts of the area, and more dispersed in the
southern part. The evaluation results of the indicators are shown in Figure 8, with a high
proportion of Grade 3 and 4 in the area of cropland, soil type, slope and ditch; the grades of
highways and rural roads are evenly distributed in each layer; the data on organic matter
and rivers are mainly of Grade 1 and 2, and show lower grades.

The quantitative characteristics of the quality of cropland in the study area are shown
in Table 5. In general, the quantity of each type of cropland in the study area varies con-
siderably. Dry cropland, paddy cropland and irrigated cropland accounted for 75 percent,
18 percent and 7 percent, respectively. Among them, dry cropland is the most abundant
and paddy cropland is the least. In terms of quality grades, dry cropland is dominated
by “medium” and “lower” grades, paddy cropland is concentrated in “medium” grades,
while irrigated cropland is biased towards “medium” and “lower” grades. It is worth
mentioning that the number of grids with “higher” grades in dry cropland is as high as
6700, indicating superior soil conditions. Dry and irrigated cropland is dominated by
“lower” and “lowest” grades, indicating poor soil quality and the need for land manage-
ment authorities to improve soil quality by adopting land improvement and management
measures tailored to local conditions. The spatial distribution patterns of cropland quality
evaluation shown in Figure 9, high-quality cropland was mainly distributed in the eastern,
central and northwestern parts of the study area, while the southern part of the study area
was dominated by “medium” quality. Low-quality cropland is mainly concentrated in
the western part of the area, and this distribution pattern is to some extent influenced by
topographic factors.
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Table 3. Statistical characteristics of indicators.

Indicator Minimum Maximum Mean Standard Deviation First Quartile Median Third Quartile Skewness Kurtosis

Cropland area (ha) 0.000122 812.728446 6.946133 14.813213 1.492834 3.963701 8.856711 28.2 1205.4
Terrain slope (%) 0.000674 37.98 3.03 2.37 1.38 2.39 3.9 2.05 10.2
Organic matter

(g·kg−1) 5 45 15.09 6.86 16 16 16 0.5 5.1

Distance of rural roads
from cropland (m) 0 11,355.87 1332.27 1697.85 226.02 724.34 1714.11 2.15 8

Distance of highway
from cropland (m) 0 24,049.08 5371.09 5019.89 1103.8 3983.14 8351.14 0.94 3

Distance of ditch from
cropland (m) 0 24,495.1 2802.74 3472.35 663.56 1640.08 3533.7 2.7 12.2

Distance of river from
cropland (m) 0 26,281.53 10,337.91 6955.96 4083.51 9409.12 15,857.45 0.38 2

Table 4. Cropland quality evaluation indicator system.

Indicator Layer Weight Indicator Weight
Hierarchy

1 2 3 4

Farming conditions 0.24347
Cropland area (ha) 0.875

Range

0–1.4928 1.4928–3.9637 3.9637–8.8567 8.8567–812.7284
Terrain slope (%) 0.125 >20 10–20 5–10 0–5

Soil fertility 0.5251
Soil type 0.143 Wind sand and

sandy soil
Soda and salted

soil Calcareous soil Meadow soils and
black calcareous soils

Organic matter (g·kg−1) 0.857 0–5 5–16 16–45 -

Convenience of
farming 0.13373

Distance from rural road to
cropland (m) 0.554 1714.11–11,355.87 724.34–1714.11 226.02–724.34 0–226.02

Distance from highway to
cropland (m) 0.089 8351.14–24,049.08 3983.14–8351.14 1103.8–3983.14 0–1103.8

Distance from river to
cropland (m) 0.308 15857.45–26,281.53 9409.12–15,857.45 4083.51–9409.12 0–4083.51

Distance from ditch to
cropland (m) 0.049 3533.7–24,495.1 1640.08–3533.7 663.56–1640.08 0–663.56

Level of agricultural
production capacity 0.06622 Level of modernization in 2019 1 - - - - -

Level of agricultural
construction

0.03149
Level of modernization in 2019 0.8 - - - - -
Level of modernization in 2019 0.2 - - - - -
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Table 5. Number of grids with different grades for each category.

Type
Highest Higher Medium Lower Lowest

TotalNumber
(pcs)

Proportion
(%)

Number
(pcs)

Proportion
(%)

Number
(pcs)

Proportion
(%)

Number
(pcs)

Proportion
(%)

Number
(pcs)

Proportion
(%)

Dry cropland 1362 2 6700 9.85 18,386 27.04 25874 38.05 15682 23.06 68,004
Irrigated cropland 535 3.24 2584 15.65 5544 33.58 5343 32.36 2506 15.18 16,512

Paddy cropland 181 2.65 464 6.83 3179 46.78 2290 33.7 682 10.04 6796
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3.4. Effectiveness Analysis of Cropland Big Data Fusion Model

A total of about 200,000 datasets were analyzed in this study, and the grid data import
efficiency was tested according to the data volume of 50,000, 100,000, 150,000 and 200,000,
respectively. As could be seen from Figure 10, the time to import data increases by about
one second for every 10,000 increases in data volume, which means that data volume and
time consumption have a strong linear correlation. Based on this, time predictions could be
made based on the amount of data to be imported. However, the efficiency of data import
could also be affected by factors such as hardware configuration, the primary key design of
storage tables, the frequency of data updates [36], etc. This result is for reference only.
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Figure 10. Time spent on data import.

The total number of grids in the study area is 209,805. Among them, there are
91,312 grids containing cropland, accounting for 43.5% of the whole. In order to ver-
ify the management efficiency of the cropland big database, cropland quality grade and
land type were used as data filtering conditions for 20 random searching trials, respectively.
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In terms of cropland quality grade inquiries, there is significant variation in the
distribution of grid numbers across each grade. Specifically, the distribution is as follows:
20% fall into the “Lowest” grade, 37% in the “Lower” grade, 30% in the “Medium” grade,
11% in the “Higher” grade, and 2% in the “Highest” grade. “Low” and “Lower” account
for a high proportion of the overall data, over 50%. “Medium”, “Higher”, and “Highest”
are about 43%. The efficiency of data retrieval is shown in Figure 11. It is found that
there is a significant positive correlation between the query time and the number of grids.
Meanwhile, the average response time for each grade was within 3 s. Cropland in the
study area contains dry cropland, paddy cropland and irrigated cropland. The percentage
of dry cropland is 75%, that of irrigated cropland is 18%, and paddy cropland is only 7%.
Further, the cropland class is used as a filter condition for data query, and it takes about
3.5 s on average to query the information of each class. Dry cropland has the longest
average retrieval time due to its dominant number of grids. However, the number of grids
in dry cropland is 10 times that of paddy cropland and 4 times that of irrigated cropland,
but the retrieval time is 2.19 times and 1.66 times that of dry cropland, respectively. This
indicates that there is no significant linear relationship between data volume and retrieval
time without considering other factors. In addition, there are fluctuations in the results of
data retrieval time, and the query time shows some randomness, which may be related to
database performance and hardware configuration. After verification, the query efficiency
of this method meets the needs of the basic query of cropland quality.
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Furthermore, a comparative study was conducted between a traditional data model
and the cropland big data model (as shown in Figure 12). Ten separate experiments
were executed for data import and data query tasks, and the average processing time
was calculated. The results demonstrate the superior data organization and management
performance of the cropland big data model.
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4. Discussion
4.1. Effectiveness of Cropland Big Data Fusion Model

Diverging from conventional data models, the cropland big data fusion model in-
troduces a fresh concept for organizing and managing heterogeneous data from various
sources. It also offers a novel approach to evaluating cropland quality. Based on the results
of grid mapping multi-source cropland data, it is evident that in the tested scenario, the
cropland grid data and cropland patch data exhibit substantial similarities, demonstrating
their suitability for the intended application. These findings confirm the effectiveness of
our grid mapping approach and suggest its adequacy for similar applications in contexts
that closely resemble our test case. Multi-source heterogeneous cropland quality evaluation
data include soil sample data, soil testing data, topographic data, agricultural management
data [37,38], etc. In this paper, land use data, topographic slope data, soil organic matter
value data and agricultural statistics data are combined in the model test to construct a
multi-dimensional cropland quality evaluation system, which is conducive to the integra-
tion of multi-source heterogeneous data and obtains the comprehensive evaluation results
of cropland quality. Furthermore, we compared our results with those of other scholars
who used big data processing techniques for data management [39,40]. The differences
between our method and those of other scholars are minimal. Despite various factors
affecting data organization and management efficiency, this further demonstrates that our
method meets fundamental application requirements, benefiting the organization and man-
agement of cropland big data. Also, the land management department is able to estimate
the processing time and retrieval efficiency of the cropland quality big data based on the
area of the test area, the type of cropland big data and the amount of data, and the results
could provide a certain reference for the construction of land management information.

4.2. Factors Affecting the Efficiency of Cropland Big Data Fusion Model

The pre-processing of cropland big data could reduce the differences in the grid
mapping of each type of data, so that vector data, raster data and text data are accurately
mapped into the same grid cell. This will create a standardised environment for the retrieval
of cropland quality information and data mining. In addition, the grid formulation rules
will affect model performance. In a related study, the researcher formulated the principle
of maximum area and the principle of land priority degree [41,42], which could be used
to reasonably allocate land for the grid within the study area. The mapping accuracy
may vary depending on the principles of cropland allocation [43,44]. In terms of data
management, the application efficiency of the cropland quality database is affected by
hardware configuration, data storage structure and other aspects [45]. Therefore, reasonable
trade-offs and optimizations are needed in the model design and application process, which
could improve the efficiency of the cropland big data fusion model and help to maintain
the efficiency of the model in different application scenarios.
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4.3. Limitations and Future Work

There are some limitations and challenges in this study that need to be further explored
in future work. Firstly, in terms of the object of data fusion management, this paper used
vector data, raster data and text data to complete the validation of the model. Remote
sensing data could provide key information such as surface cover, vegetation index, and
land use in the work of cropland quality evaluation [46]; Therefore, they could be used
as research data to further improve the generality of the model in the future. Secondly, in
terms of the results of the spatial consistency test, the cropland patch data and the cropland
grid data have some discrepancies. In the future, under the premise of ensuring the
efficiency of data organization and management, grid mapping could be further explored
in machine learning, deep learning and other methods to provide more accurate data
organization methods and results of cropland quality evaluations for land management
departments [47,48]. Finally, Geohash is a space-filling curve encoded as a grid with Z-
order curves [49], which is able to downscale multi-dimensional data to low-dimensional
data in order to reduce the complexity of the data [50]. However, the method has the
characteristics of storing proximity and not reflecting the actual distance mutation. In the
future, in addition to the space-filling curve, grid encoding could use the index structure of
quadtree [51] or R-tree [52], which could improve the query efficiency of data and support
the efficient organization and management of cropland big data.

5. Conclusions

This paper is centered on the integrated organization and management of cropland
big data and introduces an innovative grid-based cropland big data fusion model. The
model is founded upon the global subdivision grid data model. Using Da’an County, a
representative area characterized by black soil, as a case study, a multilevel grid system
for cropland big data is established. Grid mapping is executed by selecting grid levels
based on the spatial and quantitative characteristics of cropland patches. Additionally,
organizational management efficiency of cropland big data is assessed with the grid as
the fundamental unit. Ultimately, the method’s efficiency in evaluating cropland quality
is substantiated. The results are as follows: (1) By evaluating the spatial distribution
similarity between the cropland grid data and the cropland patch data, the rotation angles
of the mean center coordinates and standard deviation ellipses of the two are close to
each other. This result proves that the cropland grid data based on the method of this
paper are highly accurate and could meet the needs of cropland quality evaluation. (2) The
data management efficiency of the cropland big database system is relatively high. When
importing a large amount of data, the time it spends increases by about 1 s for every
10,000 data volumes. In addition, taking attribute query as an example, the response time
for querying cropland information in 200,000 pieces of data is about 3 s. Therefore, the
cropland big database system could meet the needs of basic queries. (3) By testing the
method in a case of cropland quality evaluation in Da’an, the method presented in this
paper was shown to be conducive to cropland quality evaluation. For the tested case,
using the method enhanced the comprehensiveness of the evaluation results, and thereby
extended the potential uses of data available for the region.

Overall, this study has developed a new data model for managing multi-source
heterogeneous cropland big data. It offers a highly operational reference method for
cropland quality evaluation across various spatial scales.
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