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Construction of multi-scale grid for massive land survey data
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Abstract. In the face of ever-growing and complex massive multi-source spatiotemporal data, the
traditional vector data model is increasingly difficult to meet the needs of efficient data organization,
management, calculation and analysis. Based on the simple and widely used geographic grid data
organization model, this paper designs a technical method to convert vector data into multi-scale grid data,
establishes a unified, standardized and seamless land spatial grid data model, and analyses the area accuracy
of multi-scale grid data. Practice shows that the model can better meet the needs of multi-scale geospatial
information integration and analysis, and it is easy to carry out distributed data processing, which provides

technical support for the efficient organization, fusion and analysis of spatiotemporal data.

1 Introduction

Globally, using big data to improve social governance
and enhance government services and regulatory
capabilities is becoming a trend [1]. In recent years, with
the deep integration of spatial information technology
and resource management, spatial data is growing in
variety and complexity. At present, the national land
basic database has accumulated more than 20 categories
of geospatial data involving mountains, rivers, fields,
lakes and grasses, with a total amount of more than
300TB, and the data scale is still growing rapidly. For a
long time, these data are managed by different
departments, and the standards of data scale, coordinate
system and data format are different, which causes the
barriers of data analysis and application [2]. At the same
time, China is a country with vast territory, diverse types
of resources, complex land use types and land use
structure [3], so the spatial and temporal scales of data
required by various geoscience applications are different
[4]. In order to meet the needs of fine and diversified
multi-source and multi-scale spatial data integration
analysis of natural resources, it is necessary to establish a
unified data organization model supporting multi-
dimensional information interoperability. As a concise
data model with a long history, grid is easy to integrate
spatial data of different scales and uneven distribution,
which is an important tool for spatial analysis and spatial
data mining [5]. From digital map to spatial information
grid, in order to store, manage and express spatial
information, relevant scholars have carried out many
beneficial researches on grid data models such as
latitude-longitude grid, triangle grid, quadrilateral grid
and Voronoi-based grid [6-8]. However, most of the
related researches focus on grid generation algorithm,
and there are few reports on constructing multi-scale grid
for large-scale vector data and its engineering
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application. Based on the standardized geographic
graticule, this paper constructs a multi-scale land spatial
grid system on the land survey data, to provide a solution
and base map for multi-source spatial data fusion and
calculation of natural resources.

2 Grid Construction

2.1 General ideas

The massive vector data of land survey cover the
national survey area seamlessly, which is the geospatial
base map of all kinds of natural resources data. As a kind
of widely used, concise and scientific geographic grid,
geographic graticule is suitable for the integration and
analysis of continuous, contiguous and large-scale
geospatial information, and it is an effective carrier for
building land survey grid data. The grid cells of
geographic graticule are non-uniform, its area and shape
change with latitude. For a better control of space and
area, and facilitate distributed data processing, a grid
system is constructed by the idea of divide and conquer,
the basic technical ideas are as follows:

- In the survey area of nationwide, constructing a
control grid system, define the control grid scale, and
grid encoding.

- Calculate the area of control grid unit one by one.

- Acquiring vector data of land survey within all
control grids scope.

- Unify the grid cell starting point and define the cell
size, then feature to raster.

- Data accuracy analysis.

The technology roadmap is shown in Fig. 1.
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Fig. 1. Technology roadmap.

2.2 Control Grid Building

The control grid is a geographic graticule covering all
data space; it is the benchmark grid for constructing
multi-scale grid, so that the grid scope, grid size, grid
code and grid area need to be defined first.

2.2.1 Control grid size and scope

National land survey data covers extra-large scale spatial
scope, the northernmost end is 53°33" N, the
southernmost end is 3°52" N, the westernmost end is
73°40" E, the easternmost end is 135°2’ E. The control
grid should cover the above space and select the
appropriate grid scale. Too large a control grid unit will
reduce the accuracy of area calculation and is not
conducive to distributed computing and processing, too
fine grids will increase data complexity. Considering the
needs of data calculation and analysis, a 30 minutes (30')
grid cell is selected as the basic unit of the control grid,
that is, the longitude and latitude differences between
adjacent control grid units are both 30'. There are 12423
control grid units nationwide, from west to east, starting
at 73°30" E, ending at 135°30" E, involving 123 units;
from south to north, starting at 3°30’ N, ending at 54° N,
involving 101 units.

2.2.2 Control grid encoding

For better data integration and sharing, the control grid is
coded according to the geographic graticule coding rules
defined in the national standard of geographic grid (GB /
T 12409-2009), shown as Fig. 2. Each code consists of
five elements: quadrant code, grid interval code, interval
unit code, latitude and longitude code and grid number.
Quadrant code includes values of ‘NW, NE, SW and SE’,
which represent the four regions of the world: northwest,
northeast, southwest and southeast, with equator and
prime meridian as intersection points; The grid interval

code uses the integer value of the control grid size; The
interval unit code represents the unit of grid scale, with
‘D’ as degree, ‘M’ as minute, and ‘S’ as second; The
longitude and latitude code is generated by calculating
the integer value of latitude and longitude; Grid number
is generated by non-integer numerical calculation of
latitude and longitude.
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Fig. 2. Control grid unit code.

2.2.3 Control grid area

The vector features of land survey are calculated and
summarized on the ellipsoid area (i.e. surface area of the
earth ellipsoid), using the spheroid constants and related
parameters of the 2000 national geodetic coordinate
system (CGCS2000) [9]. In order to keep consistent with
the land survey area measurement standard, the ellipsoid
area is used as the area of the control grid, and the
summary area of the vector features within the grid are
used to adjust and correct the control grid area. The
length of the global meridians is equal, so the length of
the east and west sides of each grid unit is equal, but
because the length of the latitude decreases from low
latitude to high latitude, the southern side of each control
grid unit is longer than the northern side. Obviously, the
ellipsoid area of control grid units decreases from low
latitude to high latitude. For the 30' control grid
constructed in this paper, the ellipsoid area of the lowest
latitude (3.5° N) grid unit is about 3072km2, and the
ellipsoid area of the highest latitude (53.5° N) grid unit is
about 1836km2. Area variation of control grid units is
shown as Fig. 3.

2.3 Vector to raster conversion

Based on the control grid, the vector data of land survey
and related natural resources within the grid scope can
be quickly obtained. With the control grid units as index,
the vector data can be converted into raster (grid cell)
data, so that more finer-scale grids can be further defined.

2.3.1 Vector data acquisition

The national land survey data is huge, with more than
2TB of data and 300 million features in a single year,
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massive spatial vector data must be partitioned for
processing, the basic steps are:

- Overlay the control grid with the vector data of the
county-level administrative divisions, record the spatial
mapping relationship between them, and build the index
of the control grid units and the counties.
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Fig. 3.

2.3.2 Standardization of raster data

To ensure data uniformity and specification, the starting
point and cell size should be defined before rasterization.

(1) Unify the starting point of rasterization. Taking
the lower left corner of the control grid as the starting
point of the vector data rasterization, the size of the
control grid unit is 30', so the longitude and latitude of
the starting point are both integer times of 30'.

(2) Grid cell size and area defines. To ensure the
seamless connection of raster data, the grid cell size
should be an integral multiple of 30', which selected in
this study are 0.00004° (1/25000), 0.0004° (1/2500),
0.004° (1/250) and 0.001° (1/100), shown as Fig. 4. The
cell area is the mean value that the area of the control
grid unit divided by the number of cells within it.
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Fig. 4. Raster data of different cell sizes.

2.3.3 Rasterization

The general process of vector rasterization can be
summarized as follows: Traverse vector features one by
one, determine the grid cells within and on the boundary
of each graphic, and assign vector features attribute

- Extracting vector features of land survey within
control grid unit scope.

- Split the vector features according to the control
grid unit extent to establish the spatial relationship
between the features and the grid units.

- Iterate the above operations for each control grid
unit to obtain vector data corresponding to it.
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values to these grid cells. In this paper, a distributed
rasterization tool is developed based on ArcEngine to
process vector data in each of the control grid unit in
parallel. The Rule of Maximum Area (RMA) is used for
the conversion, it can be interpreted as a dominance rule,
which is based on the principle that if there are multiple
types of a grid cell, the area-dominant type value is
assigned to the grid cell [10].

(1) Grid cell value standardization. To improve the
efficiency of rasterization, ArcEngine  vector
rasterization algorithm uses random values to assign
attributes to grid cells, so that vector features with the
same attributes have different type values after
rasterization, which cannot meet the needs of data
analysis. Therefore, we build a cell dictionary and design
a standardized raster type value domain, which
establishes the relationship between vector feature
attribute values and raster type values.

(2) Redefine grid cell type and bit depth. After
rasterization of vector features within different control
grid unit, the grid cell types and bit depths may be
inconsistent, making it impossible to perform uniform
raster operations. To solve this problem, the grid cell
type and bit depth are redefined by image reconstruction,
so as to carry out efficient matrix calculations between
grid cells.

(3) Symbolization. Based on the specification for
cartographic symbols, the symbolic file of raster data is
compiled, and the grid cell is rendered to support the
data visualization and mapping.

3 Data accuracy analysis

Rasterization is a lossy conversion process, the loss of
information varies with the size of the grid in the
conversion [11, 12]. To ensure the correctness of data
statistics, the accuracy of multi-scale grid data should be
analyzed to select the grid scale that can meet the
application requirements. In this paper, based on the
vector data of land use in the Ningxia Hui Autonomous
Region, four cell-size grid data (0.00004°, 0.0004°,
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0.004° and 0.001°) were constructed. Taking arable land,
garden, woodland, the grass, urban villages, industrial
and mining land, transportation land, waters and water
conservancy facilities land and other land as statistical
indicators, land use classification area of four scales grid

data were statistics and compared with the result of
vector summarization, then the area deviation of
different grid scales were obtained, shown as Tablel (Sv
represents vector data statistical value, Sr represents
raster data statistical value, the unit is hectare).

Tablel. Statistical difference of classified area between grid data and vector data.

Grid size arable land | garden woodland grass urban & villages | transportation | waters other land
0.00004° -18.29 33.24 66.42 -161.83 37.51 13.75 10.26 -34.16
S.s 0.0004° 14.75 58.77 -34.64 -235.61 157.09 -92.29 94.21 -19.84
T 00010 | -5637 10573 | -13124 | 197.11 -179.86 617.6 42556 | -172.26
0.004° -210.5 1077.82 -3021.78 3018.39 1411.64 -1157.73 17.83 -1648.24

Obviously, with the increase of grid cell size, the
difference between the statistical value of grid data and
vector data increases gradually, and the data accuracy
decreases. With (Sr-Sv)/Sv expresses the area difference
ratio, when the grid cell size is 0.00004°, it shows a very
good accuracy for the sum-up data deviation of each
land use type within 0.04%, which can fully meet the
needs of meso and macro analysis of natural resources
management, shown as Fig. 5.
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Fig. 5. Data deviation of land use types.

4 Conclusions

The analysis and application of massive vector data is
the focus and difficulty of natural resource management.
Because of the large sizes and complex types, massive
land survey data are generally divided into
administrative divisions or geographic units, which make
it difficult to ensure a balanced computing and storage
resources. The geographic grid data model built in this
paper enables seamless coverage and efficient
calculation of multi-scale grid data over a very large
spatial range. It has been fully applied in Evaluation of
National Resources and Environment Carrying Capacity
and Territorial Spatial Development Suitability
Evaluation, and has achieved good application results,
which provides an effective implementation path for the
integration and analysis of multi-source, heterogencous
and massive spatial data of natural resources.

Data accuracy is positively correlated with grid scale.
The smaller the grid cell size, the higher the accuracy,
and the higher consumption of computing and storage

resources. Therefore, the focus of the follow-up work is
to study the optimal grid scale according to the
characteristics and application needs of land survey data,
so as to further improve the efficiency of data production
and analysis.
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