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Abstract
High-precision population grid datasets hold significant value in risk assessment,
disaster emergency response, ecological environment protection, and regional
development and planning. Differences in input data precision and model se-
lection result in distinct characteristics and advantages, making it crucial to
evaluate the accuracy of representative datasets and analyze their applicable
conditions. This study assesses the accuracy of the WorldPop dataset and the
Gridded Population of the World version 4 (GPWv4) dataset in the arid regions
of northwestern China, specifically Gansu Province, Ningxia Hui Autonomous
Region, and Qinghai Province. Using township administrative divisions—the
finest available unit of Chinese census data—as the study unit, we conduct
correlation analysis between the WorldPop and GPWv4 datasets and the 2020
Seventh National Census data, calculate the spatial distribution of statistical er-
rors and relative errors, and quantitatively evaluate the accuracy of each dataset.
We qualitatively analyze the mapping performance of the datasets through vi-
sual estimation and discuss their error sources. Statistical error results indicate
that the WorldPop dataset exhibits higher accuracy, with its correlation coef-
ficient (r), root mean square error (RMSE), mean absolute error (MAE), and
mean absolute percentage error (MAPE) reaching 0.76, 23016, 0.73, and 0.60,
respectively, while the corresponding statistics for the GPWv4 dataset are 0.70,
22297, 0.75, and 0.58. Additionally, the spatial distribution of relative errors
reveals that the WorldPop dataset provides more accurate estimations across
a larger number of regions. Visual estimation results demonstrate that both
population grid datasets exhibit similar mapping performance, characterized
by densely populated eastern regions and sparsely populated western regions.
Evaluation studies on the accuracy of population grid datasets in arid regions
facilitate analysis of dataset error sources and guide rational dataset utilization.
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Future research should leverage ancillary data on human habitation to generate
population distribution patterns specific to arid regions, thereby enhancing the
accuracy of population datasets for northwestern arid areas.
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Abstract: High-precision population grid datasets hold significant value in
risk assessment, disaster emergency response, ecological environment protec-
tion, and regional development planning. Variations in input data precision
and model selection endow these datasets with different characteristics and ad-
vantages. Therefore, evaluating the accuracy of representative GPWv4 and
WorldPop datasets and analyzing their applicable conditions is of great impor-
tance. This study assessed the accuracy of the WorldPop and GPWv4 datasets
in the arid regions of Gansu Province, Ningxia Hui Autonomous Region, and
Qinghai Province in northwestern China. Using the finest available unit of
Chinese census data (township administrative divisions) as the research unit,
correlation analysis was conducted between these datasets and the seventh cen-
sus data from 2020. Statistical and relative error distributions were calculated
to quantitatively evaluate each dataset’s accuracy. Mapping performance was
qualitatively analyzed through visual estimation. Finally, error sources were dis-
cussed. Statistical error results demonstrate that the WorldPop dataset achieves
higher accuracy than GPWv4, with correlation coefficient (r), root mean square
error, mean absolute error, and mean absolute percentage error of 0.76, 23016,
0.73, and 0.60, respectively, compared to 0.70, 22297, 0.75, and 0.58 for GPWv4.
Concurrently, the spatial distribution of relative errors indicates that WorldPop
accurately estimates population in more areas. Visual estimation results reveal
similar mapping performance between the two population grid datasets, both
showing dense population in the east and sparse distribution in the west. This ac-
curacy assessment of population grid datasets in arid regions facilitates analysis
of error sources and guides rational dataset utilization. Future research should
incorporate auxiliary data on human habitation to generate arid-region-specific
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population distribution patterns, thereby improving the accuracy of population
datasets in northwest China’s arid areas.

Keywords: population grid dataset; GPWv4 dataset; WorldPop dataset; accu-
racy evaluation; arid area in northwest China

Introduction
Population data serve as crucial foundational information for risk assessment,
disaster emergency response, ecological environment protection, and regional
development planning, and constitute the primary data source for population
spatialization research. Traditionally, population data are collected through
national censuses using administrative regions as basic units, which suffer
from low spatial and temporal resolution and fail to adequately reveal intra-
administrative population distribution patterns. Moreover, administrative
unit-based statistical population data cannot be easily coupled with grid-based
geographic unit data, hindering flexible utilization in spatial analysis and
statistics. Consequently, establishing population grid datasets that reflect
actual population spatial distribution and predict population data and its
spatiotemporal patterns holds important theoretical and practical significance.

Currently, numerous population grid datasets have been developed, with widely
used examples including LandScan, Gridded Population of the World (GPWv4),
Global Rural-Urban Mapping Project (GRUMP), OpenPopGrid, Global Human
Settlement Layer (GHSL), and WorldPop. These datasets have been flexibly
applied in various research contexts. Presently, only WorldPop and GPWv4
have been updated to 2020, meeting the requirements for contemporary spatial
analysis. However, the complexity of human spatial distribution and limita-
tions of dataset generation models inevitably introduce errors into population
grid datasets. Evaluating the accuracy of existing datasets not only helps data
producers identify shortcomings but also enables users to understand dataset
characteristics and select appropriate data for specific research needs.

Accuracy assessment of population grid datasets remains challenging. Two main
approaches exist: evaluating the models and datasets that produce the data, or
aggregating grid datasets to administrative units for comparison with census
data. The former is difficult due to the complexity and mobility of popula-
tion distribution, making it impossible to obtain accurate grid-level popula-
tion values. The latter approach has been employed in several studies. For
instance, Tatem et al. evaluated GRUMP dataset accuracy by constructing a
global malaria prevalence map, revealing substantial differences in estimated
population distribution among existing datasets. Wang Xuemei et al. compared
GPWv3 and LandScan datasets with statistical data at the watershed scale in
the Heihe River Basin, demonstrating that CnPop data exhibited higher accu-
racy. Bai Zhongqiang et al. assessed GPWv3, GRUMP, and WorldPop datasets
using China’s fifth census data, finding all three datasets exhibited low accu-
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racy in northwest China. Xu Yong et al. evaluated WorldPop and GPWv4 ac-
curacy in Yunnan, Guangxi, and Guizhou provinces in southwest China, while
Lin Danchun et al. assessed four gridded population datasets in Guangdong
Province. These studies confirm that population grid datasets demonstrate good
accuracy in densely populated areas but significantly lower accuracy in north-
west China’s arid regions. Investigating the accuracy and influencing factors
of these datasets in such arid areas represents an important research direction.
Furthermore, most previous studies were based on 2010 census data, lacking the
most recent findings.

Environmental factors such as water resources profoundly influence population
distribution patterns. Northwest China is characterized by arid conditions that
result in population aggregation patterns distinct from those in coastal regions
with favorable climates. Previous studies have categorized the accuracy of pop-
ulation grid datasets in arid regions as inadequately estimated. Exploring error
sources and dataset deficiencies in such areas can help data developers improve
dataset accuracy. Therefore, this study utilizes 2020 seventh census data as
ground truth to evaluate WorldPop and GPWv4 datasets, analyzing their ac-
curacy and characteristics in northwest China’s arid regions to address this
research gap.

1 Study Area Overview
Gansu Province, Ningxia Hui Autonomous Region, and Qinghai Province (collec-
tively referred to as Gan-Ning-Qing) are located in the arid region of northwest-
ern China. The area borders Inner Mongolia Autonomous Region to the north,
Xinjiang Uygur Autonomous Region to the northwest, Tibet Autonomous Re-
gion to the southwest, Sichuan Province to the south and southeast, and Shaanxi
Province to the east. The study area comprises 20 prefecture-level administra-
tive units, including 5 ethnic autonomous prefectures, totaling 107 county-level
administrative divisions, covering a total area of 2.25$×10^{6}$ km2. The Gan-
Ning-Qing region serves as a core area of the “Silk Road” economic belt, forming
a crucial hub connecting China with Central Asia and Europe. Rich in natural
resources, it represents a key region for China’s “Western Development” strategy
and serves as an energy production and export base for projects such as “West-
East Gas Pipeline” and “North Coal South Transport.” Despite its vast territory
and abundant resources, the region exhibits extremely uncoordinated population
distribution. According to 2020 census data, the total population is approxi-
mately 3.81$×10{7}, 𝑤𝑖𝑡ℎ𝑎𝑛𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑜𝑓𝑎𝑏𝑜𝑢𝑡17𝑝𝑒𝑟𝑠𝑜𝑛𝑠 · 𝑘𝑚{-2}$, far be-
low China’s average population density.

Note: This figure was produced based on the standard map downloaded from the
Standard Map Service website of the National Administration of Surveying, Map-
ping and Geoinformation (Approval No. GS(2019)1822), with no modifications
to the base map boundaries. The same applies below.
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[Figure 1: see original paper] Schematic diagram of the study area

2 Data and Methods
2.1 Census Data

Administrative divisions are hierarchical regions designated for administra-
tive management convenience, also known as administrative areas. China’s
administrative divisions are structured into four levels: province, prefecture,
county, and township. This study evaluates dataset accuracy at the township
scale, which represents the finest available unit for Chinese census data.
Township administrative boundary data were obtained from the National
Geomatics Center of China at a scale of 1:100,000. Due to administrative
adjustments, some township boundaries had changed. Using 2020 administra-
tive divisions as reference, inconsistent boundaries were modified in ArcGIS
software, resulting in 1,081 township administrative units. Township census
data were sourced from district and county census bulletins available on
official government websites. For example, census data for various streets
and townships in Chengzhong District, Xining City, Qinghai Province, can
be queried from the Chengzhong District People’s Government website
(http://www.xncz.gov.cn/info/2953/121813.htm). The township administra-
tive boundaries and census data are illustrated in Figure 2. Township census
data employ the WGS84 geocentric coordinate system and Albers equal-area
projection as geographic references.

[Figure 2: see original paper] Number of statistical populations in townships

2.2 Population Grid Datasets

GPWv4 Dataset: The Gridded Population of the World version 4 (GPWv4)
dataset is a global population grid dataset released by NASA’s Socioeconomic
Data and Applications Center (SEDAC). GPWv4 models global population dis-
tribution from 2000 to 2020 at 30 arc-second resolution (approximately 1 km at
the equator) using basic input data comprising non-spatial population census
data and spatially explicit administrative boundary data. Estimated popula-
tions are allocated to grid cells proportionally by area within census administra-
tive units, while water bodies are used as a mask to prevent interference from
lakes, rivers, and ice-covered areas.

GPWv4_{UNADJ}: The UN-adjusted GPWv4 dataset is modified from the
original GPWv4 dataset based on population data provided by UN population
agencies.

WorldPop Dataset: The WorldPop dataset provides annual population es-
timates from 2000 to 2020 at 100 m spatial resolution (3 arc-seconds at the
equator). It incorporates spatial ancillary datasets such as settlement locations,
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nighttime satellite imagery, roads, vegetation, terrain, and land use to correct
residential and built-up area distributions. A random forest regression tree
model generates predictive weighting layers to redistribute official census data
into grid cells, achieving population spatialization.

WorldPop_{UNADJ}: The UN-adjusted WorldPop dataset is modified from
the original WorldPop dataset based on UN population agency data.

[Figure 3: see original paper] Visually estimated population distributions of
population grid data sets

2.3 Accuracy Evaluation Methods

To assess the accuracy of population grid datasets, we calculated the correlation
coefficient (r), root mean square error (RMSE), mean absolute error (MAE),
and mean absolute percentage error (MAPE) between estimated and statistical
values. The formulas are as follows:

𝑅𝑀𝑆𝐸 = √∑𝑛
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where 𝑃𝑖 represents the estimated population within the township administra-
tive area for each grid dataset, 𝑂𝑖 represents the corresponding township census
population data, and 𝑛 is the number of administrative units.

Relative error (RE) was calculated to evaluate dataset accuracy:

𝑅𝐸 = 𝑃𝑖 − 𝑂𝑖
𝑂𝑖

× 100%

Using the 1,081 township administrative divisions, ArcGIS zonal statistics were
employed to aggregate grid dataset values and calculate estimated population
densities for each administrative unit. Error statistics were then computed to
evaluate each dataset’s performance.

Basic information of the population grid data sets
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3 Results
3.1 Visual Estimation

Figures 3 and 4 illustrate population distributions from the four population
grid datasets across the study area. To enable comparative analysis at uniform
resolution, WorldPop data were resampled to 1 km resolution using ArcGIS.
Compared with census data, the grid population density data in Figure 3 show
similar trends: dense population distribution in the east and sparse distribu-
tion in the west. Influenced by climatic and geographic conditions, northwest
China exhibits a radial distribution pattern centered on major cities. Key pop-
ulation agglomerations include Yinchuan, Wuzhong, and Zhongwei in Ningxia;
Lanzhou, Tianshui, Wuwei, Zhangye, and Jiuquan in Gansu; and Xining and
Golmud in Qinghai. In contrast to the highly concentrated distribution in
eastern areas, the western region features large areas with sparse, dispersed
populations, with most areas exhibiting population densities below 10 persons・
km−2.

In terms of mapping performance, the resampled WorldPop dataset shows vi-
sual effects similar to census data, indicating that predictive population grid
datasets generally reflect actual population distribution with good accuracy.
However, significant visual differences exist when comparing GPWv4 and World-
Pop datasets. GPWv4 exhibits noticeable mosaic effects due to its simple areal
weighting method and low spatial resolution. In contrast, WorldPop demon-
strates better spatial continuity and provides more detailed spatial heterogene-
ity. By integrating widely available remote sensing and geospatial datasets (set-
tlement locations, land cover, building maps, vegetation) to create symmetric
weighting layers, the random forest model generates 100 m resolution popula-
tion density grids, resulting in more pronounced central agglomeration patterns.
However, due to coarse classification in ancillary datasets, population density
transitions in WorldPop are not entirely smooth. Overall, WorldPop consis-
tently outperforms GPWv4 in describing population distribution differences,
whether in densely populated eastern areas or sparsely populated western re-
gions.

3.2 Statistical Analysis

Error statistics of the four population grid data sets

Table 2 presents the township-level population density error statistics for
the four datasets. WorldPop exhibits the highest correlation coefficient (r =
0.76), followed by GPWv4 (r = 0.70), WorldPop_{UNADJ} (r = 0.69), and
GPWv4_{UNADJ} (r = 0.68). The RMSE values are 23016, 22297, 23571,
and 22651, respectively, while MAE values are 0.73, 0.75, 0.77, and 0.77,
respectively. MAPE values are 0.60, 0.58, 0.62, and 0.60, respectively. Both
GPWv4 and WorldPop show improved accuracy after UN adjustment. Overall,
WorldPop outperforms GPWv4 in population grid data accuracy, while UN-
adjusted GPWv4 shows improved precision. Notably, all four datasets exhibit
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large RMSE values, indicating highly discrete population density estimation
errors, while small MAE values suggest high overall accuracy.

[Figure 4: see original paper] Correlation analysis between statistical population
at township level and predicted population in grid datasets

Figure 4 displays scatter plots of population density between the four grid
datasets and census data at the township level. The overall trend lines ap-
proximate the 1:1 line, indicating good consistency between grid datasets and
census data. WorldPop samples cluster closest to the 1:1 line with the highest
r value (0.76), while GPWv4 samples show the greatest dispersion with the low-
est r value (0.70). All datasets contain some outlier samples with large errors,
likely caused by non-natural factors such as natural disasters (e.g., mudslides)
or residential demolition-induced migration. Discrepancies between township
population growth rates and grid dataset growth rates also contribute to predic-
tion biases. Although outlier regions differ across datasets, they share similar
characteristics, possibly attributable to different dataset generation methods
and input variables.

To ensure experimental accuracy, the 11 samples with largest errors in each
dataset (1% of total) were removed and error statistics recalculated. As shown
in Table 3, all four datasets show improved accuracy after outlier removal, par-
ticularly GPWv4, while WorldPop exhibits minimal r value change. Concur-
rently, RMSE values improve significantly and MAPE values decrease notice-
ably. The best overall performance is achieved by GPWv4, followed by World-
Pop, GPWv4_{UNADJ}, and WorldPop_{UNADJ}.

[Figure 5: see original paper] Spatial distributions of relative errors of the four
data sets

The spatial distribution of relative errors across the four datasets shows similar
patterns: severe overestimation dominates in western areas, while eastern areas
show relatively balanced error distribution. Relative errors between -25% and
25% are considered accurate estimation; -50% to -25% and 25% to 50% are
considered underestimation and overestimation, respectively; -100% to -50% and
50% to 100% are considered severe underestimation and severe overestimation.
Figure 5 reveals that GPWv4 contains significantly more severe overestimation
areas than other datasets, particularly in large township administrative units in
western and northern regions, with few underestimated areas. Overestimation
areas are mainly distributed in hilly, Gobi, and plateau regions, while accurate
estimation concentrates in plains and urban agglomerations such as Lanzhou.
This indicates that GPWv4’s areal weighting method achieves better accuracy
in plain regions.

[Figure 6: see original paper] Error Taylor diagram of the four data sets

[Figure 7: see original paper] Stacked histogram of relative error percentage of
the four data sets

Figure 7 presents stacked histograms of relative error percentages. GPWv4_{UNADJ}
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and GPWv4 exhibit larger overestimation areas than WorldPop datasets. Accu-
rately estimated areas constitute the largest proportion in WorldPop datasets,
with WorldPop showing the highest proportion of accurately estimated areas
among all datasets. Overall, GPWv4 datasets overestimate total township
populations, while WorldPop datasets underestimate them. After removing
outliers, accurately estimated areas become dominant, overestimation areas
decrease substantially, but underestimation areas increase. Comparative
analysis indicates that UN-adjusted grid datasets perform better, reducing
overestimation at the township level, particularly for WorldPop, where the
adjusted dataset shows dominant accurate estimation areas. Overall, WorldPop
demonstrates higher accuracy, with its proportion of accurately estimated areas
far exceeding those of overestimation and underestimation areas in GPWv4.

4 Discussion
This study evaluated the accuracy differences between WorldPop and GPWv4
datasets in Gansu, Ningxia, and Qinghai provinces in northwest China based
on census data. Both datasets exhibit overestimation in northwestern areas and
underestimation in eastern regions. At the township scale, WorldPop performs
well in densely populated eastern areas, while GPWv4 shows severe overestima-
tion in sparsely populated northwestern areas and moderate population density
regions. WorldPop’s 100 m spatial resolution (compared to GPWv4’s 1 km)
provides more options and improved accuracy, enabling more precise descrip-
tion of population spatial distribution and reflecting finer details, with good
performance in high-density areas. In contrast, GPWv4’s low spatial resolution
and areal weighting method limitations prevent it from reflecting true intra-
administrative population distribution, though its unique production method
yields more accurate total population counts within administrative units, per-
forming well in low-density areas and studies where the minimum research unit
exceeds administrative boundaries.

We hypothesize three main factors affect population distribution accuracy in
this region. First, the interspersed distribution of farmland and small rural
areas in northwest China makes it difficult to extract useful information from
land use data to determine human settlements. Second, the fragile ecological en-
vironment in northwest China is highly sensitive to human activities, resulting
in strong population mobility. Third, population within administrative units
is assumed to be fixed, failing to reflect true spatial heterogeneity. Improv-
ing population grid dataset accuracy in northwest China requires incorporating
auxiliary data on geographic environment and population aggregation patterns
that influence human habitation.

Another critical factor affecting dataset accuracy is the data sources employed.
Primary input data are census-based population figures adjusted by UN agen-
cies to match global population estimates for target years. However, spatial
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variations in natural and socioeconomic conditions cause township-level popu-
lation growth rates in the study area to differ from national averages, leading
to discrepancies between estimated and statistical populations. Additionally,
frequent recent administrative boundary adjustments in China may introduce
further differences between grid datasets and township-level census data. An-
cillary data inputs also affect accuracy: WorldPop incorporates settlement lo-
cations, nighttime satellite imagery, roads, vegetation, terrain, and land use
to correct residential distribution, with nighttime light data further improving
precision. In contrast, GPWv4 relies solely on non-spatial population data and
administrative boundaries.

WorldPop employs a random forest model with log-transformed population den-
sity, and eliminating zero-count units helps the algorithm achieve good segmen-
tation while making population density more uniform in most cases. However,
this creates a dasymetric density weighting layer without zero cells, causing
overestimation in low-density areas and underestimation in high-density areas.
GPWv4 uses simple areal weighting to distribute population within township
administrative units, assuming uniform population distribution across adminis-
trative units, with accuracy dependent on input data granularity. Consequently,
GPWv4 is suitable for long-term studies where the minimum research unit ex-
ceeds the township level, demonstrating high accuracy in coastal regions with
relatively uniform population distribution.

5 Conclusions
This study compared the accuracy of four population grid datasets (GPWv4,
GPWv4_{UNADJ}, WorldPop, WorldPop_{UNADJ}) in the spatially unique
“large agglomeration, small settlement” pattern of northwest China’s arid re-
gions. The main conclusions are as follows:

1) Both population grid datasets show visual similarity to census data, char-
acterized by dense population in the east and sparse distribution in the
west. Through qualitative and quantitative analysis, WorldPop demon-
strates superior overall performance in northwest China, with clear clas-
sification features, good spatial continuity, and ability to reflect high-
precision actual population spatial distribution.

2) Dataset accuracy is primarily influenced by data sources and modeling
approaches. WorldPop’s random forest regression model generates a dasy-
metric weighting layer without zero cells, where mean value estimation
leads to underestimation in high-density areas and overestimation in low-
density areas. GPWv4’s areal weighting method assumes uniform popu-
lation distribution across administrative units, with accuracy dependent
on input data granularity. WorldPop is more suitable for refined studies
in medium and high population density areas, capable of depicting intra-
administrative population heterogeneity, while GPWv4 is appropriate for
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studies where the minimum research unit exceeds township administrative
divisions.

3) In northwest China’s arid regions, population distribution is closely linked
to water resources and other living resources, as well as economic, cul-
tural, and historical factors. Fundamentally, accuracy assessment errors
stem from the complexity of China’s population distribution patterns. Fu-
ture research should generate arid-region-specific population distribution
patterns based on water resource distribution, geographic environment,
and population aggregation patterns to improve population distribution
accuracy in northwest China’s arid areas.
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