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NASA LCLUC 
SARI Synthesis

SE Asia has seen extensive change in 

environmental and socio-demographic 

patterns from 2000-2020.

These complex dynamics transition 

differently along the rural-urban 

continuum.

Essential to LCLUC synthesis research is 

the inclusion of the human element.



Introduction to gridded population data

- Population data are usually collected from censuses of population and housing undertaken 

by national statistical offices. Additional data sometimes come from surveys.

- These data are almost always collected for administrative units that are useful for statistical 

units and are in vector-format. The boundaries of such units are intrinsically

o irregular

o change over time

- Transforming such inputs to a grid standardizes the spatial units and thus increases their 

usability in a wide variety of environmental usages

o A limitation is that most global grids include information on population counts 

(Worldpop, by age and sex) but not on other socio-demographic or housing information



Grids: consistent and 
comparable format and a 
framework for integrating 

differing data types

100 x 100m gridded 
estimates of population 
density 

Administrative unit 
population totals

Grids: flexibility in 
summarization to any 

administrative unit level

Gridded Data



Population Data

Settlement

Geospatial 

covariates

Spatial statistical 

model

Population 

estimates 

(ideally with 

uncertainty)

Wardrop et al (2018) PNAS

Spatial demographic modelling





Gridded Products



Data Comparison Tools



There are 4 major global gridded data 
sets (and other national or regional 
grids). Figuring out which is best for 
your intended use can take some time:

See this paper for guidance:

Leyk et al. 2019
"The Spatial Allocation of population:
a review of large-scale gridded 
population data products
and their fitness for use"
https://doi.org/10.5194/essd-11-1385-
2019

Fitness for Use

https://essd.copernicus.org/articles/11/1385/2019/essd-11-1385-2019.pdf
https://essd.copernicus.org/articles/11/1385/2019/essd-11-1385-2019.pdf
https://essd.copernicus.org/articles/11/1385/2019/essd-11-1385-2019.pdf
https://essd.copernicus.org/articles/11/1385/2019/essd-11-1385-2019.pdf
https://doi.org/10.5194/essd-11-1385-2019
https://doi.org/10.5194/essd-11-1385-2019


Gridded Products



WorldPop ‘Global 1’ Project

• Bill and Melinda Gates Foundation funding 2016-18

• Top-down disaggregation of GPWv4 2000-2020 database using Random Forests and 

global 100m geospatial covariate library

• Assembly of subnational age/sex structure data and development of 

interpolation/projection methods



LIVING ATLAS IMAGE

Female Male

www.portal.worldpop.org/demographics

www.portal.worldpop.org

Global 100x100m age/sex structured 
annual population estimates 2000-2020







Fragmentation increases steadily with 
increasing population size

Majority of urban areas with <500,000 
people historically within their 
boundaries but how changing?



PREVIOUS WORK AND SYNTHESIS 
AREAS



Compare two gridded data 
products, modes of 
disaggregating regional/country 
level non-point source CO2 
emissions

Evaluation of Gridded CO2 Emissions from Night-Time Lights Compared with 
Geospatially-Derived Population Distributions for Vietnam, Cambodia, and Laos

Gaughan et al., 2019



Per pixel differences in CO2 emissions 
estimates produced using only 
nighttime light intensity, minus those 
produced using population estimates 
(per capita emissions).

Units are expressed in tonne 
carbon/year/grid cell

Results are separated by the years 2000 
(a), 2005 (b), and 2010 (c)

Gaughan et al., 2019

Evaluation of Gridded CO2 Emissions from Night-Time Lights Compared with 
Geospatially-Derived Population Distributions for Vietnam, Cambodia, and Laos



Bangkok

<< 4 Elevation data 
sets --> LECZ

4 gridded pop  >> 
data sets

4 urban data sets (not 
shown)

Yield different 
estimates of 
population exposures 
to coastal flooding

Data available from: https://doi.org/10.7927/d1x1-d702; paper from https://doi.org/10.5194/essd-13-5747-
2021

https://doi.org/10.7927/d1x1-d702
https://doi.org/10.5194/essd-13-5747-2021
https://doi.org/10.5194/essd-13-5747-2021


Prior work of Balk & 
Nghiem

Leverages different 
remote-sensing data for 
the built-environment 
with census data to 
examine urban change

Some methods 
applicable to current 
study: see slide 29 for 
similar census or survey 
data that we can use



Agricultural Transitions, Dragon Fruit Cultivation, and Electrification in Southern Vietnam

Kauser et al., 2022, Jia et al., 2022



THE GREATER 
MEKONG REGION:
HUMAN POPULATION 
AND HEAT EXPOSURE



-

The global rate of urban transition has been immense in the past half century.

-

Much of that transition and associated population growth occurs across coastal and riverine 

parts of Asia.

-

At the same time, changes in climate patterns have disproportionate impacts on populations at 

risk, the old, and young. Notably, increasing temperatures impact different populations in more 

or less extreme ways based on livelihoods, age, environment.

The Greater Mekong Region: Human Population and Heat Exposure



Gridded annual counts of the 
number of days where the 
maximum WBGTmax exceeded 
> 30oC for 2016.

Dependency ratio (2020) across 
the Greater Mekong Subregion 
river basins

The Mekong and Chao Phraya basins have the most notable 
impact of heat stress on  key demographic populations of 
young and old, but also have the highest range of 
dependency ratios.

The Greater Mekong Region: Human 
Population and Heat Exposure

An application of leveraging Google Earth 
Engine and gridded data of demographic 
patterns to illustrate heat exposure for the 
Lower Mekong Region.



Synthesis 
Framework for 

Integrating 
Population 
Variation & 
Change with 

LCLUC



Further Information

E-mail: forrest.stevens@louisville.edu

mailto:forrest.stevens@louisville.edu


www.worldpop.org

Population counts

Applied research and 

implementation group with 25+ 

staff

Method development for 

mapping small area 

demographics and 

health/development metrics

Analysis of spatial data to 

support decision making

Open data, data analysis tools 

and dashboards, co-

development, capacity 

strengthening

Population characteristics

Population mobility



Global modelling

Health metrics; Epidemiological modelling; 

Humanitarian response; Vaccination strategies; 

Scientific analyses

Bespoke country analyses

Support to census processes; Vaccination 

microplans; Health system denominators; 

Education planning; Humanitarian response



GOVERNMENT CO-DEVELOPMENT, 
SUPPORT

WorldPop co-develops 
population estimate 
models and provides 

support on population 
modelling to multiple 

NSOs


	Slide 1: Open-Source Population and Demographic data:   
	Slide 2: NASA LCLUC SARI Synthesis
	Slide 3: Introduction to gridded population data
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Gridded Products
	Slide 8
	Slide 9
	Slide 10: Gridded Products
	Slide 11
	Slide 12: Living atlas image
	Slide 13
	Slide 14
	Slide 15
	Slide 16: PREVIOUS WORK AND SYNTHESIS AREAS
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 31
	Slide 32
	Slide 33: Government co-development, support

