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Abstract: The spatial-temporal population dataset of Hainan Island (2013-2018) is based on the
2013-2018 NPP/VIIRS night light data, and performs Image synthesis, unstable light sources
removal, and year-by-year corrections to eliminate the effects of transient light sources and
background noise. Based on the correlation analysis between the processed night lighting data
and population statistics data, a regression model is established, and the population spatial
modeling is carried out according to the error classification, so as to eliminate the influence of
mountain topography, small population and other factors on the simulation accuracy. Finally, the
spatial distribution dataset of population in Hainan Island is generated. The dataset is archived
in .tif format with a spatial resolution of 500 m and consists of 26 data files, 11.0 MB (compressed
into one file, 168 KB), reflecting the characteristics of temporal and spatial distribution of
population in Hainan Island from 2013 to 2018.
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1 Introduction

Nightlight remote sensing images can provide important basis for the estimation of
socio-economic parameters such as GDP, population, electricity consumption, greenhouse
gas emissions, poverty index and Gini coefficient and so on!'. At present, the commonly
used night light data are DMSP/OLS night light data and NPP/VIIRS night light data, both
of which come from the National Oceanic and Atmospheric Administration (NOAA). The
difference between them is that the time series of DMSP/OLS night light remote sensing
image is from 1992 to 2013, and the spatial resolution is 1 km, while the time series of
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NPP/VIIRS night light remote sensing image is from 2012 to now, and the spatial resolution
is 500 m. At the same time, NPP/VIIRS night light data were captured by Suomi-NPP sate-
llite using VIIRS, using polar orbit, and obtained by stitching together multiple cloud-free
images'?!. The NPP/VIIRS sensor has 22 bands, with a wavelength range of 0.4—12pm,
covering the visible and infrared spectrum. Spectral resolution is 16 bit, and radiation
detector with wider band and on-orbit radiometric correction technology effectively improve
the quality of light image'™. Thanks to its stronger light capture sensitivity, higher spatial
and temporal resolution, NPP/VIIRS data is more suitable for small and medium-scale
human activities research!®, and the spatial distribution of population information extracted
from this can be intuitive reflects the characteristics of the temporal and spatial evolution of
the population. Therefore, this dataset is processed based on NPP/VIIRS night lighting data,
and the spatial distribution information of population in Hainan Island is obtained by
correlation analysis and regression modeling with the demographic data of 18 cities and
counties of Hainan Island, in order to provide data basis and decision-making basis for
Hainan’s territorial spatial planning or scientific research.

2 Metadata of the Dataset

The metadata of Night lights and statistical data fusion of Hainan Island population 500-m
grid dataset (2013-2018)"*!dataset is showed in Table 1.

Tablel Metadata summary of the Night lighting and census integrated 500 m raster population dataset of
Hainan Island (2013-2018)

Items Description
Dataset full name Night lighting and census integrated 500 m raster population dataset of Hainan Island (2013-2018)
Dataset short name PopulationHaiNan 2013-2018
Authors Lai, X. L., Hainan University, 1309842628@qq.com

Han, N.L., Hainan University, nlhan@hainu.edu.cn
Huang, P. J., Hainan University, 1538541468@qq.com

Geographical region Hainan island Year 2013-2018

Temporal resolution Year Spatial resolution 500 m

Data format tif

Data size 168 KB (After compression)

Data files Regional stable NPP/VIIRS nighttime light dataset of Hainan island, 2013-2018
Hainan island population spatial dataset based on NPP/VIIRS night light data from 2013 to 2018

Foundations Hainan Province (HNSK(ZD)19-119); Natural Science Foundation of Hainan Province
(2019RCO16); Hainan University (kyqdsx1962)

Data publisher Global Change Research Data Publishing & Repository, http://www.geodoi.ac.cn

Address No. 11A, Datun Road, Chaoyang District, Beijing 100101, China

Data sharing policy Data from the Global Change Research Data Publishing & Repository includes metadata, datasets
(in the Digital Journal of Global Change Data Repository), and publications (in the Journal of
Global Change Data & Discovery). Data sharing policy includes: (1) Data are openly available
and can be free downloaded via the Internet; (2) End users are encouraged to use Data subject to
citation; (3) Users, who are by definition also value-added service providers, are welcome to
redistribute Data subject to written permission from the GCdataPR Editorial Office and the
issuance of a Data redistribution license; and (4) If Data are used to compile new datasets, the
‘ten per cent principal’ should be followed such that Data records utilized should not surpass 10%
of the new dataset contents, while sources should be clearly noted in suitable places in the new
dataset™

Communication and DOI, CSTR, Crossref, DCI, CSCD, CNKI, SciEngine, WDS/ISC, GEOSS

searchable system

3 Methodology
3.1 Sudy Area and Data Sources

The study area of this paper is the 18 cities and counties in the land area of Hainan Island
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(excluding Sansha city), which are Haikou city, Sanya city and Danzhou city, and 15
province-level counties. Hainan Island is located between 108°37'E—111°03'E and
18°10'N-20°10'N. The terrain of the whole island is low and flat all around, with a high
tower in the middle, presenting a dome-long mountain topography. The original night light
data of this dataset are mainly the NPP/VIIRS night light remote sensing monthly composite
mean image during 2013-2018, which comes from the NPP/VIIRS sensor dataset in the
National Oceanic and Atmospheric Administration (NOAA)', with a resolution of 500 m.
Hainan Island’s administrative division data comes from the China Natural Resources
Database’; Hainan Island’s demographic data comes from the Hainan Provincial Statistical
Yearbook!”.

3.2 Technical Route

The technical route of this study includes three parts: NPP/VIIRS night light data acquisition,
data processing and population spatialization modeling (Figure 1).

Although the monthly data of NPP/VIIRS night light data have eliminated the effects of
lightning, moonlight irradiation and cloud coverage, there are still transient light sources
such as aurora, fire, and ship lights and background noise. Therefore, it is necessary to
process the original data to obtain stable annual average data. Therefore, NPP/VIIRS night
light data processing includes the process of annual mean image synthesis, elimination of
negative and extremely high values, removal of unstable light sources, and continuous
correction!®”!,

Population spatialization modeling includes correlation analysis, regression modeling and
correction. We toke the city and county to analyze the correlation between the night light
brightness from 2013 to 2017 and the corresponding demographic data. The regression
modeling analysis of demographic data and night light brightness values shows that the R of
the cubic linear function model is the highest, so the population spatialization model uses a
cubic linear function. The 2018 demographic data was used to verify the 2018 population
simulation results of the model. The results show that the average error of the overall
simulated population of Hainan Island is 36.55%, and the error of individual cities and
counties is much larger than the average error.

Raw data acquisition
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Figurel Data development technology roadmap

' National Oceanic and Atmospheric Administration, U.S. https:/ngdc.noaa.gov.
2 China Natural Resources Database. http://www.naturalresources.csdb.cn/index.asp.
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4 Data Results and Validation
4.1 Data Composition

The population spatial dataset of Hainan Island from 2013 to 2018 is composed of 26 data
files, and the data is named in the form of “subject + time”.

4.2 Data Products

After processing the original data through the above technical route, the Night lighting and
census integrated 500 m raster population dataset of Hainan Island (2013—-2018) with a
resolution of 500 mx500 m is obtained, in which the data unit is the total population on the
500m grid. The characteristics of the spatial and temporal distribution of Hainan Island’s
population from 2013 to 2018 from the dataset show that the population distribution of
Hainan Island is scattered on the whole. The population is mainly distributed in coastal cities
and counties, and mainly concentrated in the two cities of Haikou and Sanya. The population
of central cities and counties is relatively sparse, and formed the spatial polar distribution
pattern of north Haikou and south Sanya (Figure 2, 3). From 2013 to 2018, the population of
Hainan Island has a relatively obvious growthtrend. The population increment is mainly
distributed in the suburbs of cities and counties, and spreads from the urban center to the
periphery, such as Haikou and Sanya are particularly obvious. On the whole, the growth
population is mainly distributed in the urban areas of coastal cities and counties, the areas
along the high-speed railways and the high-speed roads around the island (Figure 4).
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Figure2 Population spatialization of Hainan Island in 2013

4.3 Data Validation

The NPP/VIIRS night light data from 2013 to 2018 is used to retrieve the population of the
past years through the model, and the errors are verified according to the statistical data, and
the large errors are grouped and then modeled again. Based on the secondary modeling after
error grouping, the accuracy of population simulation is significantly improved compared
with the accuracy of the first simulation. The average relative error of the model inversion
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Figure4 Population growth of Hainan Island from 2013-2018

results is 18.19%, and the regression coefficient R* is above 0.9. The regression coefficient
R’ results are close to the results of Li et al.!'” and Cao et al.""!. The model error is similar
to that of Zhao et al."”, and higher than the average relative error of Wang et al.'"*! and
Chen et al.!'¥,

At the level of cities and counties, Wuzhishan city has a large error in the retrieve results .
The reason is that Wuzhishan city is located in the hinterland of the central mountainous
area of Hainan Island, and its urban topography is undulating and its population is sparse, so
it is difficult to accurately retrieve its population spatial distribution only by night light data.
According to the administrative divisions of Hainan province, the cities and counties are
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divided into prefecture-level cities, county-level cities, ordinary counties and ethnic minority
autonomous counties. It can be found that the population simulation error of prefecture-level
cities is the smallest, followed by ethnic minority autonomous counties. The error of
county-level cities is slightly higher than that of minority autonomous counties, and the error
of ordinary counties is the largest. There is no regular difference in population simulation
accuracy between cities and counties with different administrative levels.

At the same time, Fu et al. conducted population regionalization based on the spatial
distribution characteristics and regional differences of the population in China, and screened
out land use types with strong correlation with population distribution as model parameters,
established a multiple regression model to achieve population spatialization, and four factors
of urban population density, traffic conditions, DEM and total amount control are used to
calibrate the model"™, and finally obtained the national population distribution dataset.
Among them, the average relative error of the population spatialization data of Hainan
Island in 2010 was only 0.92%!"%. Therefore, these methods can be referenced in the future
to combine night light data for population spatialization to improve accuracy.

Table2 Model simulation results

Statistical First population Second population
Classification Cities and counties ~ P°P i ik Sh Afon Error Sh Afon Error
(ten thousand (ten thousand (ten thousand
people) people) people)
Haikou city 230.23 258.12 12.12% 194.61 15.47%
Prefecture Sanya city 77.39 121.09 56.46% 74.51 3.72%
-level city Danzhou city 99.84 90.34 9.52% 117.89 18.08%
Average error 26.03% 12.42%
Wenchang city 56.89 42.34 25.58% 51.57 9.35%
Qionghai city 51.57 43.34 15.97% 52.66 2.11%
County Wanning city 57.86 47.28 18.28% 57.13 1.27%
-level city ~ Wuzhishan city 10.71 26.27 145.25% 16.36 52.77%
Dongfang city 42.97 62.63 45.74% 51.95 20.89%
Average error 50.16% 17.28%
Dingan county 29.76 30.05 0.99% 39.55 32.88%
. Tunchang county 26.85 24.67 8.11% 35.09 30.68%
Ocrjllfr‘l‘t‘;y Chengmai county 49.44 57.02 15.33% 69.19 39.94%
Lingao county 45.1 35.25 21.84% 44.32 1.73%
Average error 11.57% 26.31%
Ledong county 48.27 48.94 1.39% 59.08 22.39%
Qiongzhong 18.02 24.86 37.95% 14.87 17.49%
county
Minority Baoting county 15.28 26.68 74.59% 16.8 9.93%
A“g’;‘lfgous Lingshui county 33.39 52.65 57.67% 43.06 28.95%
Y Baisha county 17.34 26.71 54.05% 16.83 2.91%
Changjiang county 23.35 36.68 57.07% 27.26 16.75%
Average error 47.12% 16.40%
Overall average error 36.55% 18.19%

5 Discussion and Conclusion

NPP/VIIRS night lighting data population spatial modeling can basically reflect the spatial
distribution of population, but the simulation accuracy of Wuzhishan city is poor. The reason
may be due to the fact that Wuzhishan city is located in the central mountainous area, with
large terrain undulations, which greatly affects the night light data, and the population of
Wuzhishan city is small, which is far from other cities and counties
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To solve this problem, more detailed population zoning of the study area will be
considered in the future. At the same time, combined with land use data, POI and other
multi-source datal'”), and multi geographical factor weighting method, spatial weighted
regression or neural network models will be adopted to improve the inversion accuracy. This
dataset is the 500-m resolution data of Hainan Island’s population based on NPP/VIIRS
night light data retrieve. This dataset can reflect the spatial and temporal distribution of
Hainan Island’s population from 2013 to 2018, and can provide an auxiliary basis for the
current Hainan territorial spatial planning and related research.
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