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Abstract 

Populations living in the Arctic are subject to increasing risks to their lifestyles and health due to 

climate change and economic development. However, from the definition of the region itself to 

the renewed risk of not being able to access quality demographic data, it is difficult to study their 

responses to current challenges. Thus, it is necessary to find alternatives. 

Global population datasets built using remote sensing covariates such as land use, night lighting 

or water bodies, aim to provide a realistic spatial distribution of population and population 

change over time globally. These promising datasets could enable the development of spatial 

population distribution perspective models, improving our understanding of past and future 

demographic trends and enabling the development of public policies, particularly in contexts 

where we lack data. 

Using Sweden’s highly reliable register-based grid data as a reference of the spatial distribution 

of its population, we aim to identify how close three of the main population gridded datasets are 

from the reference and quantify this distance. 

Our results highlight the improvements made in these grids in the last few years. We detail their 

performances in identifying population distribution for the years 2015 and 2020, and for 

population change in 2015-2020 period. Finally, we discuss their fitness for use in the Arctic 

context. 
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Introduction 

The Arctic has long been neglected by demographers and population experts. In the collective 

imagination, it remains for many a cold, icy and therefore inhospitable place for human life, where 

only a few individuals survive. It is difficult to quantify exactly the population living in the Arctic, 

whether indigenous or non-indigenous, but one thing is certain: it is populated by several million 

individuals, about whom we still know very little. 

One of the best examples of our lack of knowledge, which is at the same time a source of 

explanations for the difficulty of estimating the population of the Arctic, lies in the definition of this 

territory. Even today, the Arctic is very loosely defined as the region around the North Pole, in and 

around the Arctic Circle. It is a land and sea area that includes the territories of eight countries 

that are members of the Arctic Council, founded in 1996 by the Ottawa Declaration: Canada, 

Denmark, Finland, Iceland, Norway, Russia, Sweden and the United States. However, the 

boundary remains unclear as to which region(s) of their territories should be considered part of 

this area. 

For this reason, numerous delimitations have been created and are used today to define the Arctic 

[Vaguet, 2021]. These include geophysical boundaries such as the 10°C isotherm in July, the 

southern limit of permafrost and the limit of tree flora. The main problem with these geophysical 

delimitations lies in their variability over time. The same applies to Louis-Edmond Hamelin's 

Nordicity index [Hamelin, 1968], which considers environmental constraints and adds indicators 

of geographical position (latitude) and human desert. 

What is indirectly assumed behind these limits is geographical disparity but stability of conditions 

over time, whether in terms of environmental constraints or human settlement. This is tantamount 

to considering the populations of the Arctic as stable and/or immobile, thereby reducing the 

interest in studying them in population studies. 

To remedy this problem, various Arctic Council working groups have defined their own boundaries 

for what should be considered the Arctic. Examples include the Conservation of Arctic Flora and 

Fauna, the Arctic Monitoring and Assessment Programme, the Emergency Prevention, 

Preparedness and Response, and the Arctic Human Development Report (AHDR) [Einarsson et 

al. 2004]. 

In the past, for political reasons or because of the difficulty of collecting data, the Arctic territories 

were less quickly included in censuses and registers than the more southerly provinces, both in 

North America and Eurasia [Dolson, 2010]. This differentiation is no longer relevant today, except 

for certain surveys such as the Canadian Community Health Survey. 

The challenge now lies in harmonising data at supranational level, to treat the Arctic as a region, 

as called for by the Arctic Council, to identify the specific characteristics of these populations. 

However, to my knowledge, no comprehensive surveys were ever conducted on Arctic peoples 

cross-border. Studies working on the evaluation of Arctic population counts often use censuses 

and register data. Their results are consistent with one another and vary mainly from the use of 

various delimitation of what should be considered the Arctic [Heleniak, 2021; Smirnov, 2020]. In 

2015, Larsen and Fondhal updated the AHDR and estimated the population of the Arctic region 

according to this definition at over 4 million people in 2013, a far cry from the few hundred or 

thousand people cut off from the world in the collective imagination. For their part, Ramage and 

colleagues (2021) estimated the population living in the Arctic Circumpolar Permafrost Region 

(ACPR) at nearly 5 million individuals, including 1 million living on the coast, based on data from 

national statistical offices in 2016-2017. Using broader definitions and based on the administrative 

boundaries of individual countries, the Arctic population can also be estimated at 8.9 million 

inhabitants in 2001, rising to 9.0 million twenty years later [Bureau du Colombier, 2022]. This 

apparent demographic stability masks major geographical disparities in the evolution of its 
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population and their characteristics. In particular, there are still today considerable gaps in 

knowledge in assessing counts of the variety of indigenous people in the Arctic [Young and 

Bjerregaard, 2019; Burtseva et al., 2019], and thus their diversity “in population size and 

composition, growth rates, settlement patterns, and economic structures” [Emelyanova, 2022]. 

The relative lack of knowledge we have on the Arctic and its peoples, compared with the other 

territories of the Global North, should be reduced in the light of the region's current challenges. 

Indeed, the climate of the Arctic is undergoing a change that is unprecedented compared to the 

rest of the world, leading to a change in the potential for settlement in the entire area. In particular, 

the increase in surface temperature is expected to be almost three times higher than that of the 

rest of the globe between 2000 and 2100 [IPCC, 2022]: this is the phenomenon of Arctic 

amplification [Serreze and Barry, 2006]. 

This particularity provides a new prism through which to focus on Arctic populations, whether 

indigenous or not, who will be subject to increasing risks to their lifestyles and health (displacement 

of wildlife towards the north, risks of floods and droughts, soil destabilization), or, more broadly, 

on changes in the settlement of the region. An increasing number of observers are also looking to 

the Arctic for the economic opportunities it promises. 

Some studies have developed in the last decade to study the response of Arctic populations to the 

climatic, economic and political challenges they face on a local scale [Chi et al., 2024], but we lack 

large-scale studies (and data) capable of informing us about the region as a whole 

In Northern Europe, the Nordic Council aims to encourage scientific collaboration between its 

member states. However, this impetus is hampered, in particular but not exclusively by the 

difficulty of accessing Russian data. This has been particularly true since the beginning of the 

invasion of Ukraine by the Russian authorities, which highlights the dependence of academic 

research on international agreements, particularly in certain regions of the world, or in certain 

political contexts that are not conducive to academic research on climate change topics. 

Faced with the need to study individuals who have been left out of demographic and population 

studies for too long, especially in view of the environmental changes occurring on their territories 

and faced with growing uncertainty over access to certain data, it is necessary to find alternatives 

for studying these populations globally. 

Population datasets built from remote sensing data could provide a solution. They have been 

developing significantly over the past few decades [Archila Bustos et al., 2020]. They are a great 

tool to examine population distribution based on several covariates such as land cover, built 

structures, night-time lights or water bodies for example. As of June 2025, we listed eleven major 

open access global gridded population datasets: HYDE (history database of the global 

environment) [Klein Goldewijk et al., 2010], GDGPS (global dataset of gridded population and 

GDP scenarios) [Murakami and Yamagata, 2016], GHS-POP (global human settlement population) 

[JRC, 2024], GlobPOP (global gridded population dataset) [Liu et al., 2024], GPWv4 (gridded 

population of the world, version 4) [Doxsey-Whitfield et al., 2015], GRUMP (global rural-urban 

mapping project) [Balk, 2009], HRSL (high resolution settlement layer) [Tiecke et al., 2017], Kontur 

[Kontur, 2020], LandScan Global [Dobson et al., 2000], WorldPop [Tatem et al., 2017] and WPE 

(world population estimate) [Frye et al., 2018]. These datasets are largely differing in the 

complexity of their methodology, but they all have in common to create products distributing 

population counts or density on grid cells across the globe. 

These promising datasets are enabling researchers to better understand the evolution of 

population distribution in the past and its mechanisms in different contexts, especially remote 

communities for which we lack population data, in the Arctic but also elsewhere in the world. This 

knowledge would enable the development of spatial population distribution perspective models, 

improving our understanding of past and future demographic trends and enabling the 
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development of public policies. Some studies are beginning to use population grids in the Arctic, 

notably in Sweden, where Karagiorgos and colleagues (2024) sought to specifically assess the 

reliability of population grids regarding flood exposure settlements. Thus, understanding how well 

remote sensing-based population grids represent the spatial distribution and the evolution of 

population over an entire country with reliable data, such as Sweden, is key for their development 

in population studies. This work is included in a global research trend of assessing and comparing 

remote sensing-based population grids in various contexts, whether in rural settings [Láng-Ritter 

et al., 2025], low- and middle-income countries [Thomson et al., 2022], fast growing population 

regions [Yin et al., 2021] or high-income countries [Archila Bustos et al., 2020]. 

 

Data and Methods 

The aim of this study is to assess the quality of open access population grids using remote sensing 

data, compared with reference data from a reliable source, the Swedish population register. This 

work involves both qualifying the proximity between the population numbers for the years 2015 

and 2020 from our different sources, and assessing the change in population between these two 

dates. The latter objective is in line with studying populations and their movements over time. 

We selected three of the main population grid open access datasets, which are the Global Human 

Settlement Population Grid (GHS-POP), from JRC and CIESIN, LandScan Global from ORNL, and 

WorldPop gridded population counts. These grids, which are among the most highly modelled, are 

the most widely used in academic research [Láng-Ritter et al., 2025]. They have been developed 

with a view to being used as tools for public policy [ORNL, n.d.; WorldPop, n.d.; Schiavina et al., 

2023]. 

The geospatial datasets are included in a ‘top-down’ modelling framework, as opposed to ‘bottom-

up’. Bottom-up methods use estimated total number of people per grid-cell to get count of people 

for sample locations. These methods are mainly used for countries where there is a lack of reliable 

and/or updated data [WorldPop, n.d]. On the other hand, top-down methods are used to study 

global coverage, over an entire country or region such as the Arctic, and changing population over 

time. From count of people per administrative unit, top-down methods estimate total number of 

people per grid-cell, with total population matching official counts. 

This data can be accessed in the form of spatial raster datasets that depict the distribution of 

population, expressed as the number of people per cell. To obtain it, global population datasets 

providers use total population counts from varying sources. Then, they build a model using a 

remote sensing-based global data modelling and mapping approach to identify where people are 

more likely to reside (or live), and which results in creating a ‘weighted’ population density grid. 

Finally, this grid is used to project total population counts on the cells. 

The GHS-POP, LandScan and WorldPop grids we used in this study are downloadable freely for 

academic purposes either in 3 arc-seconds or 30 arc-seconds in WGS84 coordinate system. It 

corresponds to approximately 100m and 1km respectively at the equator in Mollweide coordinates. 

This work is a continuation of that carried out by Archila Bustos et al. (2020) in Sweden and aims 

to update their results and to identify, if necessary, the potential causes of the differences obtained 

between our results. Indeed, updates in candidate grid cells may not lead to consistent results over 

time and past studies comparing datasets may need to be updated regularly to maintain their 

relevance for current and future use of population grids. For this reason, we will use names and 

methods like those used in their work in order to facilitate comparison between our results. Thus, 

the three gridded population datasets will hereafter be called ‘candidate population grids’, while 
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the reference will be called the ‘known population grid’. A final aim is to identify a best fitting 

resolution, if any, that is reducing approximations for each data source. 

We will now briefly present the different candidate and known population grids, and then detail 

the methods used to compare them. For a more complete description of existing candidate 

population grids, see Leyk et al. (2019), Archila Bustos et al. (2020), Láng-Ritter et al. (2025), and 

POPGRID Data Collaborative (2023). 

 

Statistics Sweden register-based population grid 

 

Sweden has a wide range of high-quality demographic data. One of these is the Swedish Total 

Population Register, a yearly updated database containing a wealth of socio-demographic 

information on Sweden’s inhabitants, whether Swedish or non-Swedish citizens with a residence 

permit of at least one year. In addition to usual socio-demographic information, the register 

includes the place of residence of each individual, in the form of geographical coordinates. Having 

the location of its population makes possible for Statistics Sweden (SCB), the national population 

statistics office of Sweden, to produce register-based population grids, on a yearly basis. To 

generate the grids, each individual in the population register is assigned to its place of residence. 

Then, the persons in a 1 x 1km cell are summed up to obtain the number of inhabitants per cell. 

Before making this data available, Statistics Sweden anonymises it so that individuals cannot be 

identified. This consists of assigning a value of 0 or 3 for all cells with a population equal to 1 or 2. 

In this way, the final downloadable product contains 1 x 1km cells for all populated areas of the 

country. A value of zero in an existing cell therefore indicates a cell originally populated by one or 

two individuals. We identify the bias as minor since most people in Sweden, even in the Arctic, are 

concentrated in urban areas, which reduces the number of cells involved. On the other hand, the 

grid does not cover the whole of Sweden, since only cells where an individual’s place of residence 

has been identified are considered to be populated and are thus created [SCB, n.d.]. Archila Bustos 

and colleagues (2020) compared official population counts from Statistics Sweden to the register-

based grids in 1990, 1995, 2000, 2005, 2010 and 2015, for a resolution of 100 x 100m, and 

concluded the grid data were highly accurate, with less than 0.1% of the population missing each 

year on average. 

Since the beginning of 2025, the Swedish register-based population grids have been available free 

of charge for each of the years from 2015 to 2024. They are produced yearly with a resolution of 

1 x 1km, in EPSG:3006 – SWEREF99 coordinate system. They consist of three different layers: one 

is the total population in each grid cell, then the population by five-years age range in each grid 

cell, and finally the population by sex in each grid cell. Academics and students may obtain the 

layers for previous years, up until 1980, or for a 100 x 100m resolution, in return for a commission 

fee asked by Statistics Sweden. 

For this study, in order to compare the register-based grids with remote sensing datasets, we are 

using Sweden’s total population layers for the years 2015 and 2020, in the 1 x 1km resolution. We 

downloaded the vector files on 16/04/2025 and assigned the known population in each grid cell 

to its centroid for later treatments. 

 

GHS-POP 

 

The Global Human Settlement Population Grid (GHS-POP), from the European Commission’s Joint 

Research Centre (JRC) is a global multi-temporal population grid. It is one of the many data 

produced by the Global Human Settlement Layer (GHSL) [Schiavina et al., 2023]. It combines 

population estimates from finest administrative units, derived from the Gridded Population of the 
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World (GPW) project, and spatial extents of human settlements to produce spatial raster datasets 

available between 1975 and 2030 in 5-year steps [Doxsey-Whitfield et al., 2015]. GHS-POP 

products are using a so-called ‘constrained’ method to spread the population. Unlike the 

‘unconstrained’ method, where the assumption is made that no settlement dataset is accurate 

enough to identify all residential buildings globally and therefore be used as a mask to map 

uninhabited areas, the ‘constrained’ method projects population only in cells where residential 

buildings have been observed from remote sensing imagery. Because their original constrained 

model was solely based on the presence of built structures [Freire et al., 2016], using a dasymetric 

mapping approach, GHS-POP was considered a ‘lightly modeled’ population grid [POPGRID, 

2023]. But the model has been complexified and improved in several ways in the last couple of 

years, including the use of built-up volume maps, systematic improvement of census coastlines, or 

integration of non-residential built-up volume information [JRC, 2024]. Therefore, the latest release 

(R2023A) introduced residential built-up volume as a predictor for population downscaling, 

thereby depicting population place of residence [Pesaresi et al, 2024]. These improvements should 

rise the percentage of cells correctly identified as populated or unpopulated. GHS-POP products 

are freely accessible for spatial resolutions of 3 arc-seconds and 30 arc-seconds in the WGS84 

projection system, as well as 100m and 1km equivalent in Mollweide system. 

We conducted our work using the latest version of GHS-POP (GHS-POP R2023A). We downloaded 

the raster files on 16/04/2025 for the tiles corresponding to Sweden’s extent (R3_C20, R3_C21 

and R4_C20) in 30 arc-seconds (WGS84), for 2015 and 2020. For each year, we merged the three 

rasters into one global. We then clipped the global raster with the administrative boundaries of 

Sweden, obtained from the GADM Database [GADM, 2015], but we obtained a slight 

underestimation (1-2 %) of the overall Swedish population. We chose to use the unclipped global 

raster (1-2 % overestimation) since it was reducing the error percentage in our comparison 

statistics. 

 

LandScan 

 

The LandScan Global population distribution is part of the LandScan Program, initiated at Oak 

Ridge National Laboratory (ORNL) and developed on behalf of the U.S. federal government. It 

uses spatial data, high-resolution imagery exploitation, and a multi-variable dasymetric modelling 

approach to disaggregate census counts normalised to the CIA World Factbook within an 

administrative boundary [ORNL, n.d.; POPGRID, 2023]. Variables input included in the model are 

land cover, roads, built structures, a dichotomy variable to distinguish urban areas, infrastructure, 

environmental data, protected areas and water bodies [Mesev, 2003]. The dataset is developed 

annually and made publicly available through ORNL’s LandScan Portal, in 30 arc-seconds spatial 

resolution (WGS84), from 2000 to 2023. LandScan Global methodology is improved every year by 

using the highest quality input data available, giving better estimates every year [Lebakula et al., 

2025]. However, previous products are not updated, which makes cell comparisons over time less 

– if at all – relevant. Unlike many population grids which estimate the resident population, 

LandScan Global models the ambient population, i.e. the 24-hour average [Dobson et al., 2000], 

with a view to capturing “the full potential activity space of people throughout the course of the 

day and night” [ORNL, n.d.]. This choice has been made to better address where people are when 

a natural or manmade disaster occurs. But it also leads to greater uncertainty when it comes to 

assessing the intrinsic quality of the data in relation to a reference, usually ‘resident’, population. 

For example, with this difference in definition alone, the ambient population in city centres is 

expected to be higher than the residential population, due to employment dynamics [Dobson et 

al., 2000]. 
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We downloaded the 2015 and 2020 LandScan Global ambient population raster grids on 

16/04/2025. The global grids were then clipped to the administrative boundaries of Sweden. 

 

WorldPop 

 

The WorldPop research programme, initiated in 2013 from the University of Southampton, 

produces data on population distributions and other demographic characteristics at high spatial 

resolution [WorldPop, n.d.]. It results from the combination of AfriPop, AsiaPop and AmeriPop 

projects and is now producing, among other things, population estimates with age and sex 

breakdowns for each 100 x 100m grid square globally [Lloyd et al., 2017]. WorldPop products are 

considered being one – if the most – highly modelled population grid [POPGRID, 2023]. They are 

using country-official population estimates as well as UNPD estimates to produce two grid types. 

Their model includes a bunch of geospatial covariates, from sources like, in the example of 

Sweden, ESA Climate Change Initiative (urban areas, woody vegetation, etc.), OpenStreetMap 

(major roads and waterways, road intersections), WorldClim (average time invariant temperature 

and precipitation), Viewfinder Panoramas (slope and elevation), Socio Economic Data and 

Applications Center, from CIESIN (distance to coastline), Visible Infrared Imaging Radiometer 

Suite (night lights), and the World Database on Protected Areas (distance to category 1 protected 

areas) [WorldPop, n.d., Lloyd et al., 2019]. However, inputs variables are not annual, which 

certainly provides an evolving distribution of the population over time, but which does not 

correspond exactly to any particular year. For example, the Swedish reference population was 

selected from SCB for the year 2010, and the exponential growth rate calculated for the period 

2005-2010 to then be simply applied for the entire 2000-2020 period [Lloyd et al., 2019]. While it 

is common practice in gridded population datasets to have differences in total population at local 

or sub-national level, this also creates a difference at national level. In 2015, the difference between 

the reference population provided by SCB and that estimated by WorldPop was 0.4%, rising to 

1.3% in 2020. The population density is then obtained from a flexible model algorithm using the 

Random Forest-based dasymetric approach developed by Stevens et al. (2015). Finally, the total 

population counts are projected onto the weighted grids in constrained and unconstrained 

datasets. But constrained datasets are only available in 2020, as opposed to unconstrained data 

which are annual time series between 2000 and 2020 available in 3 and 30 arc-seconds. 

Unconstrained datasets are therefore the ones we used, even if this method produces a non-zero 

allocation of population to all land grid cells, resulting in misallocation of population to uninhabited 

areas1, and under-estimates of urban populations in some areas. 

We retrieved the already clipped 1 x 1km unconstrained aggregated UN-adjusted population data 

for Sweden on 16/04/2025, for 2015 and 2020. We chose to work with the UN-adjusted grid 

because the final aim of this study is to possibly use these candidate data for all Arctic countries 

and territories, with the most homogenous data possible, the UN estimates fulfilling this role better. 

 

Methodology 

 

We created a virgin rectangular grid of 1km-by-1km cells, aligned with the known population grid, 

in EPSG:3006 – SWEREF99 TM (to create the grid with meter units, and not degree), using a 

geographic information system (QGIS). The cells which overlap (at least partially) with the 

 
1 Except water, missing land cover or areas outside census unit boundaries where the population density 
is defined as zero. 
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administrative boundaries of Sweden were selected by localisation, exported and reprojected to 

WGS84. 

Each of the following steps have been done identically for 2015 and 2020. We calculated zonal 

statistics in each cell and for each candidate population raster grid and attributed their population 

sums to the virgin grid. We reprojected the layer in SWEREF99 to join by nearest localisation the 

attributes of the known population vector. 

Our final 1 x 1km grid contains 460,068 cells and a total known population of 9,833,597 individuals 

in 2015 and 10,363,164 in 2020. Compared to SCB total population counts, we lost less than 0.2% 

of population in both year through anonymisation. 

We then created virgin rectangular grids for smaller resolutions (2.5 x 2.5km, 5 x 5km, 10 x 10km 

and 25 x 25km cells, aligned with the known 1 x 1km population grid), and reproduced the firsts 

previous steps. To sum the values of 1 x 1km vector layer known grid into 5 x 5km, 10 x 10km and 

25 x 25km cells, we ‘joined the attributes by localisation (summary)’. 

Finally, we exported the attribute tables to obtain, for each spatial resolution, a .csv file operable 

in R and containing for each cell the known and candidate population estimates in 2015 and 2020. 

The final smaller resolution grids contain respectively 75,035 cells (2.5 x 2.5km), 19,178 cells (5 x 

5km), 4,976 cells (10 x 10km) and 864 cells (25 x 25km). 

 

Comparison statistics 

 

To measure the differences between the known and candidate population grids for each year we 

selected indicators commonly used in academic research and in particular by Archila Bustos et al. 

(2020), in order to better compare our results with theirs. The first statistics used are the percent 

mean absolute error (%MAE) and the percent root mean square error (%RMSE), which penalises 

extreme values more than %MAE. They are calculated in percent to allow for cross-dataset 

comparisons. Another comparison statistic is a measure of the linear association between the 

known and candidate grids, namely Pearson’s R, which ranges between -1 (strong negative 

relation) and 1 (strong positive relation). To assess the gaps between our population grids 

differently, we used the percentage of cells correctly identified as populated and unpopulated. 

Candidate grid cells with population greater than zero were identified as populated, while cells 

with population equal to zero were considered unpopulated. For the reference population, each 

existing cell in the known population grid, whether it has a value of zero or more, was identified 

as populated. Cells that did not exist in the known population grid are the ones considered 

unpopulated. Then, as in Archila Bustos et al. (2020), “the percent correctly populated is the 

number of cells that were identified as populated in both the candidate and known datasets, 

divided by the number of known populated cells” (respectively for the unpopulated cells). Lastly, 

we calculated the relative difference between the known and candidate grids in each cell, which 

ranges between -1 (unpopulated in candidate but populated) and 1 (populated in candidate but 

unpopulated), and produced six associated maps of Sweden. 

We then calculated the known population changes between 2015 and 2020. We identified three 

types of cells. Growth cells were selected when the population was higher in 2020 than in 2015, or 

when the cell was populated in 2020 and was not in 2015. Stable cells were selected when the 

population was the same in 2015 and 2020, or when the cell was unpopulated for those two years. 

Decline cells were selected when the population was lower in 2020 than in 2015, or when the cell 

was populated in 2015 and was not in 2020. 

Then, for each cell type and each candidate population, we calculated their population change. We 

measured the linear association between the known population change and the candidate populate 

change, as well as the percentage of correctly growing, stable, and declining cells. 
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Lastly, we conducted two final analyses by calculating the same comparison statistics as described 

above for round values from the candidate population grid, and by selecting the closest rounded 

value in each cell. Rounding the candidate population estimates is a way to reduce the side effect 

of models using a non-zero allocation in rural areas, where cells having less than 0.5 inhabitants 

would count as zero. Finally, by selecting the nearest rounded value from the candidate grids, we 

establish a measure of how close (or far) a candidate grid combining the best of each dataset is to 

reality. 

 

Hypotheses 

 

Hypothesis 1: 

LandScan is expected to perform less well in 2015 and 2020 in the 1 x 1km grid than other 

candidate population grids because it focuses on the “ambient population” and is compared with 

a reference “resident population”. 

Hypothesis 2: 

GHS-POP should achieve significantly better results in our study than in that of Archila Bustos et 

al. (2020), following the improvements implemented since 2020 by the JRC. 

Hypothesis 3: 

Increasing cell size will proportionally increase comparative indicator scores for all candidate grids. 

Hypothesis 4: 

The comparison of population change between candidate grids and the known grid should be less 

accurate for LandScan (because the methodology changes each year) and WorldPop (because 

2005-2010 population growth is projected from 2010), than for GHS-POP. 

Hypothesis 5: 

Assigning rounded values and in particular zero to almost-zero value cells should greatly improve 

WorldPop's performance in cell-by-cell comparisons. 

 

Results 

As we described previously, highly modelled candidate grids have major differences in their 

methodologies. One of them is to ‘constrain’ or not the distribution of the population only in urban 

extents and can be seen in Figure 1. 
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Figure 1. Relative difference between known and candidate population grids by year 
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Generally, all comparison statistics for the 1km² grid cells are improving for all datasets between 

2015 and 2020, with the exception of the percentage of well-attributed unpopulated cells in 

LandScan (Table 1). 

Table 1. Comparison statistics for 1km² cells by dataset and year 

 
* Truncated values. Reading note: 83.9% of 2015 populated cells were correctly identified by GHS-POP. 

In both years, LandScan's 1km² cell by cell comparison statistics have a lower performance than 

GHS-POP and WorldPop grids. Its %MAE and %RMSE are higher, meaning their absolute fit with 

the known grid is not as good. This is consistent with a lower linear association in LandScan. For 

each of these three indicators, and for both years of the study, GHS-POP obtained the best results, 

followed by WorldPop and then LandScan. 

When looking at the cells correctly identified as populated, LandScan is also less performing, 

whereas GHS-POP obtain good results and WorldPop obtain almost perfect results with only 10 

cells out of more than 110 000 which are not populated when they should have been. However, 

WorldPop has almost no unpopulated cells, leading to a very low total percent of well-attributed 

cells. LandScan has a better fit for unpopulated cells than any other grids, with more than 90%, 

just above GHS-POP 89%. In total, the latter is performing the best for a 1km² grid cells with a 

total percent of correct cells at 88%, but LandScan is very close. More than the attribution of 

populated or unpopulated cells (even if the former is lower than that of its competitors), it is the 

values inside the cells, especially the extreme values, that lower LandScan's precision. 

The annual improvements of LandScan methodology may explain the increase in the percent 

correct populated cells (+5.5 percentage points) as well as the decline for unpopulated ones (-0.7 

p.p.), leading to an overall improvement between 2015 and 2020. Focusing on ambient population 

rather than resident population is certainly the cause for having lower populated cells estimates 

than in other constrained grid (i.e. GHS-POP). We thus validate our first hypothesis. In GHS-POP 

and WorldPop, since no methodological improvements have been made between the 2015 and 

2020 grids, improved statistics may be due either to a change in the distribution of the population 

across Sweden between 2015 and 2020, which fortuitously leads to an improvement in the fit 

between estimated and known data, or to an improvement in the prediction of 2020 input data 

compared with 2015 ones. With the information available to us, we cannot draw any conclusions 

on this point. 

Our second hypothesis aims to test the gap between the results of currently available GHS-POP 

2023 version and the 2019 one. Major improvements have been made between GHS-POP R2019A 

and R2023A products. The only indicator that is performing less well in the latter is the percentage 

of correctly identified unpopulated cells (-7.2 p.p., Table 2). This performance gap is largely offset 

by the enhancements of populated cells (+55.0 p.p.). All the other indicators point to greater 

proximity to the known population grid. Therefore, our second hypothesis is validated, and results 

obtained by Archila Bustos and colleagues (2020) may be updated for GHS-POP Global dataset. 

Populated Unpopulated Total

2015 0.601 5.71 0.870 83.9 89.2 87.9

2020 0.597 5.69 0.873 84.0 89.5 88.1

2015 0.742 7.52 0.754 68.3 91.4 85.7

2020 0.718 7.45 0.756 73.8 90.7 86.5

2015 0.699 6.18 0.837 99.9* 2.14 26.2

2020 0.679 6.06 0.843 99.9* 2.15 26.5

Percent correct
Dataset Year %MAE %RMSE Pearson's R

GHS-POP

LandScan

WorldPop
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Table 2. Comparison statistics for 1km² cells in GHS-POP 2015 by version 

 

GHS-POP is performing best for 1km² cells (see Table 1) after receiving improvements in its 

methodology, which has repercussions on the quality of its most recent products, for population 

grids of current (as would be the case for LandScan) and past years. 

However, these improvements in the GHS-POP products due to the improvement in its 

methodology must be qualified in relation to the improvement achieved through the use of better 

input data. This feature is common to the WorldPop, LandScan and GHS-POP products, and 

therefore may lead to an improvement for each of these files. 

Between our results and the ones calculated by Archila Bustos and colleagues (2020), the %MAE 

and the %RMSE are both decreasing (i.e. improving) for all 2015 candidate grids. The improvement 

of the former is three to four times better in GHS-POP than in LandScan and WorldPop grids. 

Pearson's R is also increasing more in GHS-POP (+0.02) than in WorldPop (+0.01) and LandScan 

(stable). However, the %RMSE is decreasing eight to nine times less in GHS-POP than in the other 

candidate grids but still remains the lowest overall. Finally, where GHS-POP massively improved 

its percent of correct populated cells, LandScan products see a diminution in this category (-1.4 

p.p.) as well as in the total percent of correctly identified cells (-2.8 p.p.). In the case of WorldPop, 

while the percentage of populated cells correctly identified is similar in our work to previous one, 

and the percentage of non-populated cells decreases slightly (-0.8 p.p.), the percentage of cells 

correctly identified by WorldPop found by Archila Bustos and colleagues (2020) was 16%, whereas 

it reaches 26.5% in our case (+10.2 p.p.). After multiple checks, we were unable to explain this 

difference, our total percent being consistent with all our other produced results. 

We noted earlier (see hypothesis 2) that the values obtained by our various indicators were better 

in 2020 than in 2015, especially for GHS-POP, but also for LandScan and WorldPop. This is still 

true only for 1x1km grids: for other resolutions, %MAE and %RMSE reflect a deterioration in the 

fit with the known population in 2020 compared with 2015 (Table 3, 3B and 3C). 

Table 3A. Comparison statistics of GHS-POP by year and spatial resolution 

 

Populated Unpopulated Total

0.72 5.84 0.85 28.9 96.4 81.3

0.60 5.71 0.87 83.9 89.2 87.9

%MAE %RMSE Pearson's R
Percent correct

GHS-POP R2019A

GHS-POP R2023A

Version

Populated Unpopulated Total

1 x 1km 0.601 5.71 0.870 83.9 89.2 87.9

2.5 x 2.5km 0.466 3.83 0.913 90.5 80.5 84.9

5 x 5km 0.204 1.08 0.990 93.7 69.0 84.3

10 x 10km 0.109 0.484 0.997 96.3 54.3 87.1

25 x 25km 0.124 1.59 0.944 98.7 20.8 91.8

1 x 1km 0.597 5.69 0.873 84.0 89.5 88.1

2.5 x 2.5km 0.471 4.02 0.907 91.0 80.6 85.2

5 x 5km 0.215 1.25 0.988 94.3 68.7 84.3

10 x 10km 0.124 0.592 0.997 96.4 54.2 87.0

25 x 25km 0.137 1.60 0.947 98.8 20.7 91.4

%MAE %RMSE Pearson's R
Percent correct

Year Resolution

2015

2020

PRELI
M

IN
ARY D

RAFT - 
DO N

OT C
OPY



 

Table 3B. Comparison statistics of LandScan by year and spatial resolution 

 

Table 3C. Comparison statistics of WorldPop by year and spatial resolution 

 

Improvement in comparison statistics scores by resolution was tested by dividing the gain in each 

indicator by the ratio between two close resolutions. Constant improvement values would have led 

to conclude increase in cell size leads to a proportional improvement in comparison statistics 

scores. But this hypothesis is not conclusive for LandScan, WorldPop, and even less so for GHS-

POP. 

For GHS-POP, Table 3A shows an improvement in the first three indicators (%MAE, %RMSE and 

Pearson's R) only up to the 10x10km grid. The 25x25km grid obtained poorer results than the 

higher resolution grid, and poorer %RMSE and Pearson's R than the 5x5km grid. On the other 

hand, the percentage of correctly identified cells increased for the two least precise resolutions (as 

did LandScan, see Table 3B), indicating an improvement in the predictive power of these grids. 

However, this result is masked by the fact that almost all the cells become populated at low 

resolutions. Thus, the simple fact of declaring all 25x25km cells as populated (and therefore no 

non-populated cells) results in a total predictive percentage of more than 90% (see Table 3C). 

There is also a massive loss of accuracy in the predictability of GHS-POP non-populated areas 

between the 1x1km grid and the 25x25km grid, both in 2015 and 2020. 

Table 3B provides extensive information on LandScan's performance. The changes in 

methodology between 2015 and 2020 have led, as we have seen in hypothesis 1, to a clear 

improvement in the recognition of populated cells for 1x1km resolution at the expense of a slight 

loss in unpopulated cells. However, for less precise resolutions, notably 25x25km in 2020, the 

identification of non-populated areas becomes poor (only 35.4%), which was not the case in 2015. 

Finally, it should be noted that none of the candidate datasets manages to correctly identify all the 

cells, even for a low resolution such as 25x25km. 

Populated Unpopulated Total

1 x 1km 0.742 7.52 0.754 68.3 91.4 85.7

2.5 x 2.5km 0.562 4.24 0.886 75.8 90.7 84.1

5 x 5km 0.341 2.08 0.962 79.5 88.9 83.1

10 x 10km 0.222 1.04 0.986 86.0 83.6 85.5

25 x 25km 0.105 0.308 0.999 95.4 76.6 93.8

1 x 1km 0.718 7.45 0.756 73.8 90.7 86.5

2.5 x 2.5km 0.552 4.26 0.886 80.7 87.9 84.7

5 x 5km 0.345 2.15 0.961 84.4 81.8 83.4

10 x 10km 0.230 1.06 0.986 90.3 67.8 85.3

25 x 25km 0.124 0.355 0.999 98.6 35.4 92.6

Year Resolution Pearson's R
Percent correct

2015

2020

%MAE %RMSE

Populated Unpopulated Total

1 x 1km 0.699 6.18 0.837 99.9* 2.14 26.2

2.5 x 2.5km 0.500 3.82 0.909 99.9* 2.18 45.4

5 x 5km 0.237 1.21 0.988 99.9* 2.33 62.6

10 x 10km 0.121 0.450 0.997 100 2.38 78.6

25 x 25km 0.049 0.119 0.999* 100 0 91.1

1 x 1km 0.679 6.06 0.843 99.9* 2.15 26.5

2.5 x 2.5km 0.492 3.94 0.905 99.9* 2.18 45.2

5 x 5km 0.240 1.29 0.986 100 2.30 61.8

10 x 10km 0.127 0.488 0.997 100 2.36 78.4

25 x 25km 0.058 0.145 0.999* 100 0 90.5

2015

2020

Year Resolution %MAE %RMSE Pearson's R
Percent correct
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Then, to test our fourth hypothesis, we compared the change of population in the cells of each 

candidate grids to the one in the cell of the known grid. We found in Table 4A that Pearson's R 

values are positive for all candidate grids but LandScan's one shows no correlation (<0.10), 

whereas GHS-POP and WorldPop values are weak (0.20-0.39). Also, when looking at the fit 

between the direction of population change (either growth, stable or decline), constrained datasets 

are performing way better than the unconstrained one. 

Table 4A. Population change comparison statistics in 1x1km grid by dataset, between 2015 and 2020 

 

Moreover, in all three candidate datasets, we see a weak to very-weak but positive correlation 

between growing cells in candidate grids compared to the known grid (see Table 4B). However, 

all candidate datasets have also very-weak to weak negative correlation levels in declining cells. 

The difference in performance between GHS-POP and other candidate grids may be explained by 

the light overestimation of the total population we obtained by not clipping the raster since this 

result is consistent over resolution. Results in population change cells prediction confirm this 

finding with low to very low correct percentage in growing and declining candidate grid cells. Still, 

we find very good to excellent results for stable cells. This is mainly due to the large proportion of 

unpopulated cells in both years (>75%), and, for WorldPop, to a very low number of identified 

unpopulated cells. Yet, the few cells that WorldPop identifies as stable, because they are not 

populated, give excellent results. 

Table 4B. Comparison statistics in 1x1km grid by dataset and population change, between 2015 and 
2020 

 
R.n. 35.2% of the growing cells of GHS-POP are indeed growing in the known grid between 2015 and 2020. 

This hypothesis 4 is not validated. Indeed, even if it is difficult to separate the impact of the change 

in LandScan's methodology from the difference in definition (ambient versus resident), we do not 

identify a clear disadvantage in LandScan's performances compared with the other candidate 

grids. In fact, LandScan obtains the best (or less bad) results for declining cells, whereas differences 

between GHS-POP and WorldPop are mainly explained by their constrained/unconstrained 

intrinsec methodology gaps. 

Our last hypothesis considered that assigning rounded values and in particular zero to almost-zero 

value cells should greatly improve WorldPop's performance in cell-by-cell comparisons. Indeed, 

GHS-POP 0.387 77.3

LandScan 0.067 78.2

WorldPop 0.318 11.8

Dataset Pearson's R
Total percent 

correct

Growth 70296 0.399 35.2

Stable 327212 NA 96.1

Decline 62560 -0.225 24.5

Growth 48950 0.133 33.2

Stable 363855 NA 90.7

Decline 47263 -0.159 28.2

Growth 212601 0.364 11.8

Stable 7424 NA 99.8

Decline 240043 -0.166 9.00

Dataset
Population 

change
Cell counts Pearson's R

Total percent 

correct

GHS-POP

LandScan

WorldPop
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this is vastly improving the prediction capacity of WorldPop products in 2015 and 2020 (Table 5). 

Although this reduces the performance of populated cells at the same time, the improvement in 

overall predictability is striking. This result is all the more interesting in that it coexists with a 

maintenance (or even a very slight improvement) in the other performance indicators. These 

figures could also be slightly improved by redistributing in populated cells the 22,986 and 25,005 

individuals (for 2015 and 2020 respectively) that this manipulation has removed. They represent 

0.23% and 0.25% of the population for these years. 

Table 5. Difference between the performance of indicators in traditional population grids and those with 
rounded values. Comparison by year and dataset. 

 
R.n. Assigning rounded values increased the correct percentage of unpopulated cells in WorldPop by 53.4 percentage 
points in 2015. Shaded cells indicate an improvement in the indicator thanks to the rounded values. 

For its part, LandScan obtains almost unchanged results, since the majority of the values in its cells 

are already integer values. Thus, in 2015, the equivalent of just 22 individuals (and 19 in 2020) were 

lost through this manipulation. 

In contrast to WorldPop, the results of assigning rounded values for GHS-POP are mixed, with a 

slight improvement in total predictability and for non-populated cells, but a drop in predictability 

for populated cells. The loss of individuals was only 0.02% for both years. 

If we look at the change in population between 2015 and 2020, we see almost no loss of 

information for Pearson's R by rounding the values and a very sharp improvement in the total 

percentage of correctly identified cells, not only for WorldPop but also for the other candidate 

grids. However, as we detailed in hypothesis 4, this good performance masks the difficulties in 

identifying decreasing cells. And, even if the results for these cells with rounded values are better 

than the original results, their correlation remains negative, whatever the dataset. 

Finally, for each 1km² cell, we chose the candidate grid value closest to that of the known 

population. This allows us to assess how close this simulated 'best population grid' is to reality. As 

this grid was created using a known reference population, it is not intended to be replicated in 

other contexts. Table 6, 6B and 6C present our results. 

Table 6A. Comparison statistics for nearest values in 1km² cells by year 

 

The %MAE, %RMSE and Pearson's R all show an excellent correlation between this grid and the 

reference, both in 2015 and 2020. The percentages of correctly identified cells, whether populated 

or not, are also very high. However, there is a slight drop in the predictability of our grid in 2020, 

in line with the trends observed at LandScan. 

Populated Unpopulated Total

GHS-POP -0.000 +0.000 +0.000 -7.21 +3.92 +1.18

LandScan -0.000 -0.000 +0.000 -0.049 +0.025 +0.007

WorldPop -0.002 -0.000 +0.000 -3.35 +53.4 +39.4

GHS-POP -0.000 +0.000 +0.000 -7.24 +3.92 +1.15

LandScan -0.000 +0.000 -0.000 -0.036 +0.022 +0.007

WorldPop -0.002 -0.001 +0.000 -3.20 +55.2 +40.7

Difference in correct percentage (p.p.)

2015

2020

Year Dataset
Difference in 

%MAE (p.p.)

Difference in 

%RMSE (p.p.)

Difference in 

Pearson's R values

Populated Unpopulated Total

2015 0.333 3.74 0.944 91.8 96.4 95.3

2020 0.329 3.71 0.944 93.0 95.0 94.5

Year %MAE %RMSE Pearson's R
Percent correct
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Table 6B. Comparison statistics for nearest values in 1km² cells between 2015 and 2020 

 

For the 2015-2020 study period, Pearson's R has a moderate value due to an average correlation 

(0.503) for cells with a population identified as increasing and an absence of correlation (0.029) for 

cells with a population identified as decreasing. However, the percentage of cells correctly 

identified as increasing and decreasing is almost identical (44-46%), which suggests that as well as 

not accurately identifying the cells undergoing a population change, it is the very value of these 

changes that is not well captured. Thus, the cells identified as decreasing describe a stable 

population on average. 

Table 6C. Comparison statistics for nearest values 1km² cells by population change 

 
 

Discussion 

The great development of global gridded population datasets in the last decades have permit to, 

for example, estimate population at risk of coastal hazard and sea level rise, and mapping sub-

national heterogeneities in health, wealth, and resource access [MacManus et al., 2021; Lloyd et 

al., 2019; Mondal and Tatem, 2012]. 

In order to continue to develop these products and ensure their widespread use in all settings and 

regions of the world, academic researchers have been looking at their performance. It is difficult 

to determine that one grid is ‘the best’ since none of them performs better than the others in all 

the tests we have carried out. We therefore reiterate the precautions formulated by Leyk and 

colleagues (2019) who, after a detailed examination of the methodology used for each grid, 

concluded that the choice of data grid by users would depend on their objective(s). 

LandScan Global performed less well than GHS-POP and WorldPop overall, which is consistent 

with the results of Archila Bustos and colleagues (2020) who identified LandScan as the worst 

performing of the highly modelled grids in the comparative statistics they used for the annual 

analyses. But these discrepancies are due in particular to the type of population projected (i.e. 

ambient rather than resident). This point also constitutes the strength and uniqueness of LandScan, 

which may be a preferred option when one wants to be able to quantify where individuals are 

during daytime, for emergency response purposes for example. 

For a study looking at urban/rural population, it is better to use a constrained grid where urban 

extent has been used in the modelling, such as GHS-POP. The constrained modelling may however 

overconcentrate population in urban extent, whereas unconstrained might underestimate it, e.g. 

WorldPop [Leyk et al., 2019]. Also, an endogeneity problem may arise when the candidate grid 

includes in its population projection model one or more variables which constitute the subject of 

study. This occurs for the study of urban extent with a constrained grid but can also occur for the 

study of the links between population and climate change with respect to climate input data. 

Lately, population grids have gained significant improvements in their precision, being often 

available at 1x1km and even 100x100m cell size. In some of their applications, climate scenario 

Pearson's R

2015-2020 0.423 84.1

Total percent 

correct
Period

Growth 67321 0.503 45.9

Stable 336105 NA 98.4

Decline 56642 0.029 44.6

Pearson's R
Total percent 

correct

Population 

change
Cell counts
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modelling for example, such precision is not necessarily needed, and lower resolution of general 

spatial population distribution may be preferable, especially if it provides a better assessment of 

the actual population size. Our results show that reconstructing these grids for smaller resolutions 

has a beneficial effect on the metrics we used. But future users should remember that this is not a 

systematic effect. When LandScan and GHS-POP statistics were the best for 25x25km grids, 

WorldPop was performing best at 10x10km. In addition, our results show that improvements in 

matching between two annual grids for a given resolution cannot be inferred to other resolutions. 

Our study is one of the first to evaluate the fit between different grids in relation to a reference 

population, and then to compare these results with a similar study carried out with an earlier 

version of one of the grids (i.e. GHS-POP R2019A). Indeed, our results update those of Archila 

Bustos and colleagues (2020) using the most recent versions of the grids, both in terms of the data 

inputs used and the changes in methodology. These results show that studies comparing global 

gridded datasets are very important but have a very short period of validity. Another example is 

the work from Kuffer and colleagues (2022) that evaluated causes of uncertainty in GHS-POP 

products prior to the 2023 version. Thus, when releasing a new product version, updated with new 

methodologies, it would be precious to generalise its comparison not only with previous product(s) 

which these methodologies improve but also with other comparable population grids. 

Our analyses concluded that progress have been made in recent years, allowing grids to get closer 

to a realistic population distribution for specific years (here 2015 and 2020). However, the results 

are less enthusiastic when we look at changes in population distribution over time. The grids we 

have studied do a poor job of identifying cells whose population is decreasing. These data are 

therefore not yet able to replace more traditional demographic data for longitudinal studies, 

particularly in specific contexts such as territories experiencing known demographic decline (e.g., 

Russian Arctic territories), or to specifically study population decline. However, it should be noted 

that these population grids offer an additional possibility when few data are available. In this case, 

for long-term population change, it is preferable to use GHS-POP, which obtains the best results 

using a non-extrapolated 'resident' population every five years. 

Other structural problems with gridded population datasets have been identified in the literature. 

A lack of performance has been shown in low population density settings (i.e. <50 people/km²) 

[Archila Bustos et al., 2020]. Láng-Ritter and colleagues (2025) found massive and systematic 

underestimation of the rural population in gridded datasets for all tested countries. However, in 

Sweden and Finland, GHS-POP products were only tested for years before 1990, and we cannot 

say whether they used the 2023 version or an earlier version. Conversely, GHS-POP has been 

shown to outperform WorldPop but still overestimates flood exposure in Sweden [Karagiorgos et 

al., 2024]. 

Finally, Liu and colleagues (2024) have created a composite 31-year population grid to maximise 

the performance and precision of the three highly modelled population grids we analysed, as well 

as GPWv4 and GRUMP. They found that their dataset, GlobPOP, performs consistently better than 

the products they combined, in developed countries (Japan, Germany, USA and Portugal) and 

developing ones (China, Liberia, Guyana and Lebanon). There is a need to continue testing this 

dataset in order to develop its potential future use, particularly, but not only, because it combines 

datasets using different definitions and which originally have specific applications. 

In addition to continuing to develop these comparative analyses in various contexts (urban, rural, 

LMICs, HICs, etc.) to improve the performance of existing grids across the globe and develop their 

applications for public policies, it is important to propose ways to expand their scope. Thus, it is 

necessary to extend the population distribution of the entire population to distribution in gender 

and age structures. Data on gender and age distribution from the Swedish register could also be 

used to test these products in future research. 
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Conclusion 

With a view to finding alternatives to traditional demographic data for studying Arctic populations 

in a context of climate change and threats to academic research, we sought to examine the 

proximity of three of the main open-access population grids (namely GHS-POP, LandScan Global 

and WorldPop) to the Swedish total population register. The development of these global gridded 

datasets is a superb opportunity to study populations that are not easily accessible. 

We draw readers' attention to the fact that the results obtained in this and in other studies are 

comparable only when the same versions of the products are used: their performance can vary 

greatly depending on their updates, and so can the results obtained by testing them. We remind 

that the choice of grid must be made according to one’s object and field of study, since no grid 

performs better than the others for all our indicators; plus, their methodologies differ and therefore 

do not allow the same treatments. For use in the Arctic, we recommend using GHS-POP because 

it detects residential populated and non-populated areas best and obtains better results over the 

two years tested (2015 and 2020). However, these data would need to be improved for longitudinal 

use, in the Arctic as elsewhere, as their results remain mediocre, particularly in rural areas. 
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