The spatial distribution
resident population anc

"Degree of Urbanisatiot
GHSL R2023

Marcello Schiavina, European Commission’s DG Regional &

The 13t ISDE International Lectures : “Advances on the Glok
by joint assessment of Earth Observation and Population Sur

11th November 2024



Structure & Outline

* The population grid
°* What s
* Why
° How

« The GHSL population grid: GHS-POP R2023A
* |Input data
* Workflow
* Multi-temporal population estimates
* Covariates

* The Degree of Urbanisation
°* What is
* Why
° How
* The porting of the Degree of Urbanisation into the GHSL framework:

GHS-SMOD and GHS-DUC R2023A I



The population grid

How




European
Commission

(qv)
c
@)
c
O
-
>
—
S
e
B2
©
c
.nlu.mu.
-
O e
- -
2 5
pr
O o
(@)
8 = 5
2| S8 &
.Wam 5
C O
R -
N 7 B Q
= 09 ©
— | 5 ® o
o) o8 o
, (- c
cC | ®©.E S
OSYmﬁ
B L
" T © ©
T 52 28
— | 9% 5 a
Q. ...umun_num
©
Q S 3% 8
o 823%F
- < @




The population grid: Why

Does not depend on the shape and
size of census units

Does not depend on the boundary of
census units
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Grid cells have the same size and are
stable over time

Grids integrate easily with other data
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The population grid: How

« Census disaggregation « Census aggregation (bottom-up)
(top-down, dasymetric approach)

Co-Variate Built-Up Area/Surface/Volume
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The GHSL population grid:
GHS-POP R2023A

Input data
Workflow
Multi-temporal population estimates

Covariate selection



GHS-POP R2023A: Input data

» Resident population data (census) collected by the Center for Integrated
Earth System Information (CIESIN, Columbia University, NY) for the

production of the Gridded Population of the World (GPW v4.11):
e 251 Countries
13,415,003 polygons
* Harmonised geometries
e 2 Census epochs per country (2000-2010 on average, ranging between 1983 and 2015)
* Adjusted growth rates computed between the two epochs

« UN World Population Prospects 2022 (WPP2022)

* Countries population time series (to adjust country total annual population)

« UN World Urbanisation Prospects 2018 (WUP2018)

* Urban Agglomerations population time series (increase the accuracy of estimates)
« GHSL built-up layers as covariates (Surface/Volume; TOT/NRES)
[disaggregation top-down approach]



https://earthdata.nasa.gov/data/catalog/sedac-ciesin-sedac-gpwv4-popcount-r11-4.11

GHS-POP R2023A:
Workflow

Data Statistics
Layer Pre-processing

Multi-temporal population estimates
(1975-2030 5yrs interval)

Coastline extension

Falsely unpopulated polygons &
Population data anomalies

|dentification of the best covariate
Population downscaling

Quality check and assessment
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GHS-POP R2023A:.

Multi-temporal population estimates (1)

WUP 2018 POP CENSUS
(City Time series) polys (CIESIN)

MERGE polys
POP=POPcity

Estimated CITY
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(Time series)
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POP
time series
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CNTRY as
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GHS-POP R2023A:
Multi-temporal population estimates (2)

Kitchener-Cambrigde:
a2 UN WPP / CNTRY / / Admin level / UN WUP
. j 2022 / layersfor ¢ 2018
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(SmartDissolve, Schiavina et al. 2023, http://dx.doi.org/10.1038/s41598-023-31253-2)
Green: ‘city’ boundaries in US, from UN data
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http://dx.doi.org/10.1038/s41598-023-31253-z

GHS-POP R2023A:
Multi-temporal population estimates (3

CALIBRATIONSET | e o e e e e e e e e e
Belgium l2.5% Greece l6.0% Slovenia i1.3% i / CNTRfY / ! Admin level 7 UN WUP
Bulgaria '3.1% Croatia —l8.2% Slovakia 41.1% CNTZS\Z(ZPOP ll /aélleTr/sEgr // y; per country POI320C1I$IES
Switzerland 4% Ireland 0.7% USA Bea3e - | 0 -7 0- S
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Germany .8.9% Italy '8.5% Nepal l6.3% < 2015
Denmark ;0.8% Liechtenstein l9.5% Georgia_C .5.0% POP CNTRY
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GHS-POP R2023A:
Covariate selection

 Built-up covariate tested:

« Surface (GHS-BUILT-S), Volume (GHS-BUILT-V) | SOURCEZONES | __REFDATA __
ountry ggregation nits nits op

* TOT built-up layer as target (hnoNRES) PN 10| 5016] 501,600] 126,146,099

BEL 7 25 32,140 11,485,814
e TOT built-up - full NRES layer (fullRES) I;':N b 086 ANl 5434567
« mixed TOT and NRES using weight (mixNRES) ST T BT E=¥ - pprors
» mixed TOT and binarised NRES weight (binNRES) . RO RS

RMSE %TAA
Surface Volume Surface Volume

Country
JPN

noNRES

fullRES  mixNRES binNRES noNRES fullRES mixNRES binNRES | noNRES
4336 4343 4353 456.0

BEL 405.2 4077 411.3

FIN 87.3 av.6 88.1

KEN 3811.1 38118 38128 37804
AUS

coL 2713

J69.8

fullRES mixNRES binNRES noNRES fullRES mixNRES binNRES

0.825

0.716

0.825 0.824
0.814 0.813 0.811
0.715 0.714

0720

09102 09102 0.9102  0.9102
0.801 0.801 0.801
0.460 0.460
0.776 0.776 0.776 0.774 07909 0.7907
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The Degree of Urbani

What is
Why
How
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The Degree of ::Urbanisatiorh:‘: What is

The Degree of Urbanisation (DEGURBA) is a population based
methodology recommended by UN to classify the urban/rural continuum

Harmonised people-centric definition for international statistical comparison (SDG)
Based on 1km population grid in equal area projection

European |
Commission

~ Classification grid (Stage 1) and classification of territorial units (Stage I)



The Degree of Urbanisation: Why

o _amie L w
* Half the countries = :
designate urban and R
rural areas, which
cannot be replicated I

« Different definitions
hamper the
possibility of statistics
comparisons (SDG)

Definition relies on:
Population size and/or density indicators

™ A combination of indicators including
population size or density

[ Other indicators than population size or
density

I No statistical definition reported

23 0 3,000 Km._ - 2
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The Degree of Urbanisation: How (Stage |, 1)
4-point Contiguity  8-point Contiguity
(Rook) (Queen)  Each grid cell is classified
according to a set of rules
applied on a 1km equal era
population grid:

* Population density

Population Grid Low Of eaCh Ce”

Population o _

density « Contiguity & distance between

I High cells to form clusters of cells
Population size * Population size
in the cluster C of the clusters
z Population Europea

1 km grid Commission

cellsinC



The Degree of Urbanisation: How (Stage |, 2)

1st Level 2nd | evel

Urban areas

aa@ B 322323

B . Dense Urban clusters
Urban . Semi-dense Urban clusters  See the m
Clusters / B Suburban, peri-urban grid man_ual for
cells details on the
B . Rural clusters ClaSSGS
Rural grid
cells Low density rural grid cells
Very Low density rural grid European
cells Commission

Icons credits: City by Muhajir ila Robbi from the Noun Project, Town by Alice Design
from the Noun Project, Farm by Andi Nur Abdillah from the Noun Project


https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Applying_the_degree_of_urbanisation_manual&oldid=572332

The Degree of Urbanisation: How (Stage I, 1)

2 50% pop. in urban centres

2 50% pop. in urban clusters
and not classified as city

Rural 0 : :
> 50% pop. in rural grid cells

» Territorial units are classified
based on

» Settlement grid classification
« Population grid

 Makes possible to disaggregate
existing local statistics in the
3 or 7 classes




The Degree of Urbanisation: How (Stage I, 2)

1st Level

2nd | evel

Urban areas

i o

towns and

AB e

% . rural areas
NS

Icons credits: City by Muhajir ila Robbi from the Noun Project, Town by Alice Design
from the Noun Project, Farm by Andi Nur Abdillah from the Noun Project

ﬁﬁ towns (dense /

semi-dense)

suburban, peri-urban
areas

villages
dispersed rural areas

mostly uninhabited
areas

« See the online
manual for
details on the
classes
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https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Applying_the_degree_of_urbanisation_manual&oldid=572332

The porting of the Degree of
Urbanisation into the GHSL
framework: GHS-SMOD
and GHS-DUC R2023A




GHS-SMOD and GHS-DUC R2023A

29

The GHS-SMOD is the settlement classification grid produced by applying the
Degree of Urbanisation Stage | to each epoch (1975-2030, 5yrs interval) of
the GHS-POP 1-km

The GHS-DUC is the Global Administrative boundaries layer (GADM,

www.gadm.orq) classified according to the Degree of Urbanisation Stage II:
GHS-SMOD as settlement classification grid
GHS-POP 100m as population counts

This is only a exemplificative exercise to show how the Degree of Urbanisation Stage I
can be applied; there are no statistics associated to the GADM geometry to be
disaggregated and produce indicators by Degree of Urbanisation and GADM geometry
IS quite coarse for some countries

European
Commission



http://www.gadm.org/
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GHS-SMOD 2020 1km
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GHS-SMOD 2020 1km
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GHS-SMOD R2023A: Global Results

Between 1975 and 2020: The global urban share:
urban centre pop almost x3  69% (32%+37%) in 1975
urban cluster pop almost x2 80% (45%+35%) in 2020

2000

Here more charts derived from these data, chart source OurWorldinData.org
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https://ourworldindata.org/urbanization#the-european-commission-estimates-that-8-in-10-people-now-live-in-urban-areas-split-across-cities-towns-and-semi-dense-areas

GHS-SMOD R2023A: Regional Results

Africa has the largest South America has the
increment in urban centre: largest share of urban
from 96M to 550M (x5.7) centre population: 57%

Africa Asia
100% 100%
* I —
1B
50% 50%
1975 1990 2000 2010 2020 1575 1990 2000 2010 2020 1975 1990 2000 2010 2020 1975 1590 2000 2010 2020
Oceania MNorth America Oceania North America
100%

Here more charts derived from these data, chart source OurWorldinData.org

European
Commission
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https://ourworldindata.org/urbanization#the-european-commission-estimates-that-8-in-10-people-now-live-in-urban-areas-split-across-cities-towns-and-semi-dense-areas

Thank you for your attention

Global Human Settlement Layer
https://human-settlement.emergency.copernicus.eu

© European Union, 2024 rC‘hSl@EC.EU ropa.eu

Unless otherwise noted the reuse of this presentation is authorised under
the CC BY 4.0 license. For any use or reproduction of elements that are not
owned by the EU, permission may need to be sought directly from

the respective right holders.

European
Commission



https://creativecommons.org/licenses/by/4.0/
file:///E:/WRK/2023/02%20Templates/2023.3103%20-%202023.01655%20-%20Support%20request%20for%20the%20JRC%20Templates/10%20wrk%20to%20make%20new%20template/Joint-research-centre.ec.europa.eu
https://human-settlement.emergency.copernicus.eu/
mailto:jrc-ghsl@ec.europa.eu

