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NASA’s Applied Remote Sensing Training Program (ARSET)

https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/about-arset

« Part of NASA's Applied Sciences
Program

« Empowering the global community
through remote sensing training

« Seeks to increase the use of Earth
science in decision-making through
training for:

— Policy makers
— Environmental managers

— Other professionals in the public
and private sector

I Water Resources

Disasters I
| Airuality |
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The POPGRID Data Collaborative
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Course Structure and Materials

* Two, 2-hour sessions on March 30 and April 6

* The same content will be presented at two
different times each day:

— Session A: 10:00-12:00 EDT (UTC-4)

— Session B: 15:00-17:00 EDT (UTC-4) ARSET - Introduction to Population Grids
— You only need to attend one session per day. and their Integration with Remote Sensing
Data for Sustainable Development and
* Webinar recordings, PowerPoint presentations, PiSEstegranagemeliy
and the homework assignment can be found

at:

— https://appliedsciences.nasa.gov/join-
mission/training/enaglish/arset-infroduction-
population-grids-and-their-integration-remote

— QT&A following each lecture and/or by email
at:

* brock.blevins@nasa.gov
* hasa.arset@gmail.com

NASA's Applied Remote Sensing Training Program
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Homework and Certificates

Homework:

— One homework assignment given after Part 2
— Answers must be submitted via Google

ARSET - Introduction to Population Grids

F orms and their Integration with Remote Sensing
. H w Deq d Ii ne: TU eSd ay April 2 7 Data for Sustainable Development and

Disaster Managemerit

Certificate of Completion:
— Attend both live webinars (March 30 and April 6)

— Complete the homework assignment by the
deadline (access from ARSET website)

— You will receive certificates approximately three
months after the completion of the course from:
marines.martins@ssaing.com

NASA's Applied Remote Sensing Training Program
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Course Outline
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Original Gridded Population of the World Dataset

e Createdin 1994-95

— Collaboration with NCGIA (Waldo Tobler
and Uwe Deichmann)

— 19,000 administrative units used

— Estimated 1994 populations; total
population of 5.6 billion

— 5’ x &' lat-lon spherical quadrilaterals, 6.7
million cells

— Unsmoothed and smoothed versions
(Tobler's pycnophylactic algorithm)

— Regional and global coverages

Center for International Earth
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Gridded Population of the World — Version 2

J. Sachs et al., 2001. The Geography of Poverty and Wealth.
Scientific American, Vol. 284 (3, March), pp. 70-5

Center for International Earth
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GPWv4.11, Population by Age Group & Gender, 2010

Basic Demographic Characteristics, v4.10, 2010: Children (Ages 0-14) Basic Demographic Characteristics, v4.10, 2010: Sex Ratio
Gridded Population of the World, Version_4 (GPYVV‘*) ) — Gridded Population of the World, Version 4 (GPWv4)

|__Map Credh GiE s coxly >
- Children as a percent of the total population e Number of males per 100 fomales
=15 ] 16-20 [ 20-26 [ 25-30 [ 50-35 [N 3540 NN 4045 NN =45 [ NoData - <co [ £0-00 [EN) S0-05 [ 95-100 [ 100105 [T 105110 [ 110-120 [N 120-130 [N ~130 [0 Mo Data
Gridded Population of the World, Version 4 (GPWv4) Basic Demographic Characteristics, Revision 10 cansists of estimates of human population by age and sex, consistent with Gridded Population of the World, Version 4 (GPWv4) Basic Demographic Characteristics, Revision 10 cansisis of estimates of human population by age and sex, consistent with
national censuses and population registers, for the year 2010. The glabal distribution of children. ages 0-14. is represented here as a percent of the total population in the year national censuses and population registers, for the year 2010. The sex rafio represents the number of males for every 100 females in the population. It is calculated by dividing the
2010. It is calculated by summing the counts in the v4.10 5-year age group rasters from ages 0 to 14, then dividing the sum by the total population in the year 2010 and mulliplying total male count raster by the fotal female count raster and muliiphing the quolient by 100,
the quotient by
Center for |
Scienee

Basic Demographic Characteristics, v4.10, 2010: Women of Childbearing Age (Ages 15-49)

Gridded Population of the World, Version 4 (G
ddiacdntls
o o

GPWv4.11 includes a dataset on Basic
Demographic Characteristics with
gridded estimates of population by age |
groups and gender for 2010.

http://sedac.ciesin.columbia.edu/data/coll
ection/gpw-v4/sets/browse

|00 Crogh: CIESIN oy

v P Women of childbearing age as a percent of the total population
[ <20 ] 2022 [ 22-24 [ 2426 [N 26-26 I 26-50 N »20 [ o Data
.
Gridded Population of the World, Version 4 (GPWvd) Basic Demographic Characteristics, Revision 10 consists of estimates of human population by age and sex, consistal
nalional cansutes and population ragisters, for the yoar 2010, The globel disirbulion of women of chi age, nges 15-41 s here aa parcent of the enter ror internationa art
population in the year 2010, It is calculated by summing the counts in the v4,10 female S-year age group rasters from ages 15 to 49, then dividing the sum by the total pap
the year 2010 and mulliplying the quotient by 100,

Science Information Network
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New Sources of Data for Mapping Human Settlements,
Infrastructure, and Population

« Night-Time Lights (DMSP >1 km - VIIRS ~750 m)
- Landsat (~30 m)
« Radar (~12 m)

- High Resolution Imagery
(< ~3 m resolution)

VIIRS dnb
DMSP-OLS

Center for International Earth
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High Resolution Settlement Layer from Facebook

* Result of a collaboration between ff#\
Facebook, CIESIN, and the World Bank N8

* Originally mofivated by the desire to patsnge \ /
optimize Internet access in rural areas H};:: Rl

« Further development driven by k,:w .

humanitarian needs identified by the
IFRC and others
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https://tech.fb.com/ai- powered mops help-

. vaccination-campaigns/
https://data.humdata.org/or

ganization/facebook
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News

Home - News:

How the POPGRID Data
Community is Respond-
ing to COVID-19

4 June 2020

As communities around the world

arapple with the devastating effects

hitps://www.popagrid.orqg/

A New POPGRID Report
Shows How Gridded Pop-
ulation Data Can Help
Close the Knowledge Data
Gap

3 June 2020

POPGRID Website and Viewer

POPGRID

DATA

Home About Events M Data Providers Explore Data Resources v

Cities, crowding, and the
coronavirus; Predicting
contagion risk hotspots

-12 May 2020

This blog post is reposted from the
World Bank's Sustainable Cities bloa

NASA’s Applied Remote Sensing Training Program
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Population Estimates by Data Set and Year
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Population Estimates by Data Set and Year
Source Population Estimates
GHSL 2015 1168070
GPWva 2015 1167638
LandScan 2015 543416
WarldPop 2015 1175609
HRSL 2015 1165745
ESRI WPE 2016 854999
LandSean 2018 586270
GPWva 2020 1270014
WarldPop 2020 1336866

Data Quality Message(s)

+ The average national WPE reiabilty ranking is 2

+ HRSL nas coverage
+ Theaverage size of national inpuit units in GPW is 1586 square kilometers

hitps://sedac.ciesin.columbia.edu/map

ping/popgrid/

Center for International Earth

Science Information Network
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https://sedac.ciesin.columbia.edu/mapping/popgrid/
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Applications of SEDAC’s Gridded Population Data in
Scientific Literature

L% Soc10ECONOMIC DATA AND APPLICATIONS CENTER (SEDAC

A Data Center in NASA's Earth Observing System Data and Information System (EQSDIS) — Hosted by CIESIN at Columbia University

« More than 3,300 citations TSRS
Of G PW Versio ns in S E DAC ] S DATA MAPS THEMES RESOURCES SOCIAL MEDIA ABOUT HELP

Citations Database Follow Us: # B3 B * | sharc

L] L]
C I -I-O -I- I O n d O -I-O b O S < E The Citations Database is & collection of all identified publications that cite SEDAC data.

| Dau ~

« More than one-fourth of ¢

Uses Remote Senf,ing‘_’ Title Abstract First author

these citations also cite

M Year Year v | |Descending v | |10 ¥ &pply) (Reset
rel I lOTe Sel IS” lg dG-I-G 0 2020 (427) Displaying 1 - 10 of 3377
2018 (414) Export results: OR Export selected citations using checkboxes:
] 2019 (388) . . ) - -
Abel, Christin; Horlon, Stéphanie; Tagesson, Torbern; De Keersmaecker, Wanda; Seddon, Alistair W. R.;
0 2017 (347) Abdi, Abdulhakim M.; Fensholt, Rasmus. 2021. The human—environment nexus and vegetation—
2

[ 2016(321) rainfall sensitivity in tropical drylands. [Nature Sustainability] . 4(25-32) DOI:

Show more https://doi.org/10.1038/541893-020-00597-z

Publication type Uses Remote Sensing: yes

SEDAC Data Collection{s): - gpw-v4 + wildareas-v3 (Journal Article) export [
[ Journal Article (2765)
Report (257)

) Bai, Heming; Zheng, Zhi; Zhang, Yuanpeng; Huang, He; Wang, Li. 2021. Comparison of satellite-based
] Book Section (190)
O

PM2.5 estimation from aerosol optical depth and top-of-atmosphere reflectance. [Aerosol and Air
Quality Research] . 21(2): 200257 DOL: https://doi.org/10.4209/aaqr.2020.05.0257

Uses Remote Sensing: yes

SEDAC Data Collection{s): - gpw-v4 (Journal Article) export [

Conference Proceedings
(33)
[ Book (29)
Show more Bayat, Bagher; Camacho, Fernando; Nickeson, Jaime; Cosh, Michael; Bolten, John; Vereecken, Harry;
- . . Monitzka, Carsten. 2021. Toward operational validation systems for global satellite-based terrestrial
SEDAC Data Collections - ; 2 S B L
essential climate variables. [International Journal of Applied Earth Observation and Geoinformation] . 95:

gpw-v3 102240 DOIL: https://doi.org/10.1016/1.jag.2020.102240
grump-v1 Uses Remote Sensing: yes
gpw-vé SEDAC Data Collection(s): » grump-v1 (Joumnal Arficle)  export (]

https://sedac.ciesin.columbia.edu/citations-db

Center for International Earth
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https://sedac.ciesin.columbia.edu/citations-db

63 Subject Areas of Journals with Articles Co-Citing SEDAC
Data with Remote Sensing Data, 2007-2016

= Agriculture

Science & Technology - Other
Topics, 4%

= Area Studies

= Astronomy & Astrophysics

= Biochemistry & Molecular Biology
Remote Sensing,

7% = Biodiversity & Conservation

Biotechnology & Applied Microbiology

m Business & Economics

Public,
Environmental & = Cell Biology
Occupational .
Health, 4% Environmental = Computer Science
Sciences & Ecology, = Demography
24%

\\ = Education & Educational Research
Mefeorok)gy & ‘ u Emergency Medicine
Atmospheric Sciences,

10% = Endocrinology & Metabolism

= Energy & Fuels

Engineering
= Enfomology

Life Sciences &

Biomedicine - Other Topics, Geography, 4% Environmental Sciences & Ecology

6% . .
Geology, 5% Evolutionary Biology

Downs, Chen, & Schumacher, AGU, 2017

Center for International Earth
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Science Hiaatintd et

Recent Citations: Science

* Lau, W.W.Y., Shiran, Y., Bailey, R. * Llecocq,T., Hicks, S. P., Van Noten,
M., Cook, E., Stuchtey, M. R., K., van Wijk, K., Koelemeijer, P., De
Koskella, J., ... Palardy, J. E. Plaen, R.S. M., ... Xiao, H. Global
Evaluating scenarios toward zero quieting of high-frequency seismic
plastic pollution. Science, First noise due to COVID-19 pandemic
release, 23 July. lockdown measures. Science, First

—Uses GPW v4.11 in combination with release, 23 July.
HydroSHEDS to assess population within —Uses GPW v4.11 to distinguish seismic
1 km of water and to delineatfe urban measurements in dense vs. sparse areas.

from rural areas (using European
Commission definition). HydroSHEDs is
based on SRTM data.

Table §3: Estimated populations living in proximity to rivers or coastal waters.

Fig. 1 Worldwide seismic station
locations. Locations of the 268
global seismic stations with usable

Number of people living in proximity | Proportion of population living in \ dOTO (e.g., Nno |Ong dOTO gOpS,
to water proximity to water 8 .
Archetype “Tim Tk Tkm - | working sensors) we analyzed.
HI-U 387,364,176 502,326,123 43.5% 56.5% | Lockdown effects are observed
HLR 139,551,400 200,098,923 41.1% 58.9% .
UMIU 738,055,814 953,720,947 43.6% 56.4% (red) at ]_85.OUT of 268 STOJ“O.nS'
UMIR 333,681,550 481,968,707 40.9% 59.1% Symbol size is scaled by the inverse
LMIU 957,825,466 1L115472,519 46.2% 53.8% : :
LMIR 340,003,878 470,101,017 42.0% 58.0% of poDUl_Ohon qlensfry (28) TO,
LL.U 91,908,375 136,868,144 40.2% 59.8% emphasize stations located in
LLR 159,418,874 278,735,508 36.4% 63.6% remote areas. ..
hitps://doi.org/10.1126/science.aba?475 https://doi.org/10.1126/science.abd?2438

Center for International Earth
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http://10.1126/science.aba9475
http://10.1126/science.abd2438
https://science.sciencemag.org/content/early/2020/07/22/science.abd2438%23ref-28

Recent Citations: Nature Communications

* Boulange, J., Hanasaki, N., Yamazaki, D., & Pokhrel, Y. (2021). Role of dams in reducing
global flood exposure under climate change. Nature Communications, 12(1), 417.
— Uses GPWv4.11 for population exposure estimates
— Also uses Global Reservoirs and Dams (GRaND) database (but not necessarily SEDAC’s version)

504 a Scenarios and GCMs: 504 b
& RCP2.6 + no dam — RCP6.0 + dams GCMs:
- RCP2.6 +dams = Historical ’
40 - # RCP6.0 + no dam 40 - 2 ESEL-EMSEMEHSA
o IPSL-CMSA-LR
© MIROCS
30 + 30 - = e
o

Population exposed to river flood [million]

20 4 20 4
10 - ; k L 7 - ' 10 1 )
'x,\‘;‘" 1 L% ik g F
Wl Panel b 's
0- Historical Fulure 1 + 0 -
T | T T T T L
18975 2000 2025 2050 2075 2100 dams no dam

Fig. 1: Population exposure to the historical 100-year river flood (keeping population constant at 2010
level) downstream of dams

https://doi.org/10.1038/s41467-020-20704-0

t Center for International Earth
NASA’s Applied Remote Sensing Training Program nature : : Impact Factor (20] 9)' 12.121 Science Information Network
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https://doi.org/10.1038/s41467-020-20704-0

THE LANCET mpact Factor (2019): 60.392
Recent Citations: The Lancet

* Watts et al. 2020. The 2020 report of The Lancet
Countdown on health and climate change:
responding to converging crises. Online First, 2

December. o 2y
—Uses GPWv4 in computing multiple health impact G bt ot grte
indicators including excess heat, wildfire risk, labor eI ¥
force impacts, and urban green space Figure 4. Population-weighted average changes in the number of

days of exposure to very high or extremely high risk of wildfire in
2016-19 compared with 2001-04

3.0 Ml China

E
] I India -
5 25 [ apan b=
g [ usA
-.? 2.0 I Indonesia =
= [ Rest of the world
§ 157 +
g i <
© !- -
5 104
3 I il -
a =
& 054 n B -
H | L ™ | . o~

O]t e e o B - . R TR Sy S
% o — == -- --- -
= _05 DI-\’IN',I Ihl Ib"\‘%l%lﬁl’\l’bl’ T chl I’\qulcjl I\I"I,I’*JI'D\I I"ol’\l%l I(}I‘\I"‘yl Ibzlgjlbld\lq:lojl ; -

S S S S S R S S e

Year )
Figure 1. Change in days of heatwave exposure relative to the 1986~ e ceon et I s e e s
2005 baseline in people older than 65 years E oncan E . E N
Amercas 0 B8 Eurg paan Weastern Pacific

hTTDS ://d OI .OFQ/ ] O . ] O ] 6/80 ] 40_6736 (20) 32290_)( Figure 0 Urban Green Space by WHO Region.
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https://doi.org/10.1016/S0140-6736(20)32290-X

TH E LAI\]C ET Impact Factor (2019): 60.392
Recent Citations: The Lancet

o ] T
PEERN 1 T
e Sartorius, B., Cano, J., Simpson, H., Tusting, L. % o000m0- [ [ I ] oo &
S.. Marczak, L. B., Miller-Petrie, M. K., . .. £ omon 1 [ L jsmo &
Pullan, R. L. (2021). Prevalence and intensity HUN M l oo 3
of soil-fransmitted helminth infections of e s
children in Sub-Saharan Africa, 2000-18: @ :
geospatial analysis. The Lancet Global o ~ ot
Health, 9(1), e52-e60. ) N et
—Uses GPWv4.11 estimates for children aged 5-14 g ¥ N
years to estimate population counts of infection § =
and moderate-to-heavy infection by species o
https://doi.org/10.1016/52214-109X(20)30398-3 o[

Figure 1. Prevalence of

C any soil-tfransmitted
e e e eshild helminth infections (A) and
7 of moderate-to-high
2 intensity infections (B), and
y the absolute number of
= " prevalent cases (C), in
5 " children aged 5-14 years
E 2 in sub-Saharan Africa,
34 2000-18
2.
N Center for International Earth

Science Information Network
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SEDAC Data Reuse: Global Forest Watch and PREPdata

™ . ? - / > e 5 .,_gfg o f Urban Heat Island Effect, Daytime Temperature

m‘ 5 € LEGEND ul ANALYSIS - . h - . 5 . .‘ Difference (“C)

A i1 Major dams - 2014 { 0 X

A @ Inventoried
LAND COVER @ suspended

@ Unknown

LD st i1 Fire Alerts (VIIRS) 4 6 x )]JPV N

5 @ Fires Alerts (VIRS) !

.H. Fr\)m' 28 DEC2020 to 28 JAN 2021

i Population Density - 2015 {|| @ X
* Partnership for Resilience and

® v Preparedness (PREP)

. L e e — Map-based, open data online platform
e L £ M Bl for climate adaptation and resilience
B L g 50 m A s W 4 <5 @ planning

o = ¢ B Q._mdp;‘x;.'. oglé Earth Eng c.f.nr;- |':E\r¢|nezl (i) zoomhf.?o lat, lon: -27.93659, 15191089

: : e et — Includes >4 data sets from SEDAC,
The Global Human Settlement Layer including GPWv4, GRanDv 1, GHSL-POP,
population (GHS-POP) data developed with and Global Roads Open Access
the JRC, and Global Reservoir and Dam Dataset (QROADS)

(GRaND) data are available as layers in the
Global Forest Watch interactive map, in
conjunction with other satellite data and

hitps://www.prepdata.org/explore

imagery hitps://www.globalforestwatch.org/ I RESILIENCE Center for International Earth
NASA's Applied Remote Sensing Training Program § &PREPAREDMNESS Science Information Network
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https://www.globalforestwatch.org/map/3/-20.33/16.63/ALL/grayscale/viirs_fires_alerts,forest2000/609?tab=analysis-tab&geostore=6e1415646a65a56ec03b460b96564f2e&begin=2018-05-31&end=2018-06-01&threshold=30&dont_analyze=true
https://www.prepdata.org/explore

Use of the SEDAC Population Estimation Service in the
GeoCollaborate Decision Support Tool

« Use open services to enable
data and queries fo be || B

@ I GLM Flash AvgArea

@ T GOES GLM

hd [ ] (]
accessed via existin Orocmc: || 2
© 1 RGE Tive Colr Questions call Dave Jones,

decision support systems 2= || |
« Support flexible platforms

that integrate and fransform eye.....oo

data from multiple sources T | L e ; '

into timely and usable O | S I AL | e —
iﬂf orm CITI on * p * hitps://frwg.geocollaborat

e.com/dashboard/
Stor
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X i

i 20 085
3 2010 Total: 631,095
2015 Total: 627,941
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2010 Detail:
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Dorian currently: CAT2 (110mph
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Updated Automatically from NHC
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https://frwg.geocollaborate.com/dashboard/

SEDAC Data Reuse: Informal Education

* Several SEDAC and NASA datasets featured
prominently in “Countryside” Exhibit at the
Guggenheim Museum through February 15,
2021

* GPW, Human Footprint/Last of the Wild, gROADS,
Nuclear Power Plants

* Nighttime lights, land surface temp, etc.

2000-2020 POPULATION DENSITY

2004 REMAINS OF WILDERNESS

urce: NASA

Center for International Earth
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GEO Focused on the Role of Earth Observations to Address

the Sustainable Development Goals

« “Population distribution” and “Cities
and Infrastructure Mapping” are
Important to indicators and decision
making related to all 17 goals.

Alignments of the Goals
with Specific Types of
Earth Observations and
Geospatial Information

CED e
GROUP ON = B
EARTH OBSERVATIONS oy

GI-18 Initiative THE GLOBAL GOALS

NASA’s Applied Remote Sensing Training Program

use mapping

SUSTAINABLE
DEVELOPMENT

GOALS

and

Population distribution
infrastructure mapping
Agricultural monitoring

Hazards, disasters and
environmental impact monitoring

Cities and
Land cover

1 No poverty

2are hiinaor
Zero hunger

3 Good health and well-being
4 Quality education
5 Gender equality

6 Clean water and sanitation

8 Decent work and economic grow h

9 Industry, innovation and
infrastructure

10 Reduced inequalities

11 Sustainable cities and communitie

12 Responsible consumption and
production

13 Climate action
14 Life below water

15 Life on land

16 Peace, justice and strong
institutions

T Center for International Earth

Science Information Network
EARTH INSTITUTE {:Dl.l_JN'lHIJ\ UNIVERSITY



Role of Fundamental Geospatial Data Layers in Assessing

SDG Indicators

o e

Number of deaths, missing persons and persons
affected by disaster per 100,000 people
7.1.1 Proportion of population with access to electricity

92.1.1 I Proportion of the rural population who live within ]

11.1.1 Proportion of urban population living in slums,
informal settlements or inadequate housing

11.2.1 Proportion of population that has convenient
access to public tfransport

11.3.1 Ratio of land consumption rate to population
growth rate

11.6.2  Annual mean levels of fine particulate matter (e.g.,
PM2.5 and PM10) in cities (pop. weighted)

11.7.1 Average share of the built-up area of cities that is
open space for public use for all, by sex, age and
persons with disabilities
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Many SDG indicators directly require
fundamental population, settlement,
and infrastructure data.

« Consistency in methods between data
is therefore important.

» Choice of datasets has implications for
indicator accuracy and consistency.
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Earth Observations Toolkit for Sustainable Cities and
Human Settlements

About | Contact Us
DATA TOOLS USE CASES LEARN CONTRIBUTE

* Collaboration between UN-Habitat and GEO
EO4SDGs
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Population Makes a Difference!

MOST SOLAR SYSTEM DIAGRAMS ARE MISLEADING.

THIS CHART OFFERS A MORE ACCURATE VIEW BY
SHOWING THE PLANETS SIZED BY POPULATION.
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Measuring Development Progress: Proportion of the Rural
Population who Live within 2 km of an All-Season Road (SDG 9.1.1)

Linda Pistolesi and James Gibson, CIESIN

April 6, 2021



Learning Objectives

By the end of this session, you will be able to...

1. Describe Indicator 9.1.1 and how it is measured
2. ldentify the geospatial inputs used to calculate the Rural Access Index (RAI)

3. Explain why the choice of gridded population input can lead to different results for
this “simple” indicator

4. Recognize the advantages and the limitations of using currently available open
global data sources to calculate RAI

NASA's Applied Remote Sensing Training Program



Sustainable Development Goal (SDG) 9

.

Build resilient infrastructure, promote inclusive and
sustainable industrialization, and foster innovation.

Target 9.1: ...development of a quality, reliable, and
resilient fransport network....

Indicator 9.1.1 - The Rural Access Index (RAI)

Proportion of the rural population who live
within 2 km of an all-season road

h NASA's Applied Remote Sensing Training Program




Measuring Rural Access to Roads

The Rural Access Index (RAI), World Bank Version 1

- Rural Access Index: A Key Development Indicator
World Bank Transport Unit technical paper by Roberts et al. (2006)

- Approaches to measuring RAI:

- Preferred: Household surveys
with questions about access
to transport

- Alternative: GIS methods and
model estimations where
data inputs were available

- RAI Computed for 173 countries at

The nah.ona’ ’eve’ On’y. RAI (%) based on World Bank v1
B0 -20 @20 -40[140-60[_160-80[_180 - 100 (=1 RAI Not Computed
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https://openknowledge.worldbank.org/bitstream/handle/10986/17414/360060TP100Rural0access0index01PUBLIC1.pdf?sequence=1

Measuring Rural Access to Roads

The Rural Access Index (RAI), World Bank Version 2

Measuring Rural Access: Using New Technologies, 2016 Transport & ICT Report

Figure Al.1: Basic Methodological Framework

Road
network
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Measuring Rural Access to Roads

World Bank Geospatial RAI Data Inputs and Sources

Pop.ulqhon Admlnlstrqtlve Rural Areas Road Network Road Condition
Estimates Boundaries
o~ ~N | - —
WorldPop 100m [~ National National; National; _— National;
gridded data \ GRUMP / OSM; DelLorme IRI, PCI, visual
RAI

Rural Pop with Access
RAI = ¥ 100
Total Rural Pop
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Measuring Rural Access to Roads

The Rural Access Index (RAI), World Bank Version 2

Advantages of the Geospatial Methodology:

-  More cost-effective and
sustainable: no need to wait for
the next survey

.  More consistent across countries

- Allows for subnational RAI
estimation - aiding prioritization
of rural road improvements and
monitoring

. 25 countries completed thus far — rai ¢ based on world Bank v2

MO0 -20MW20-40[740-60[_160-80[ 180 - 100 ™1 RAIl Not Computed
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A Global Open Data Approach to the RAI

"

Advantages of using Open Global Datasets to Calculate RAI for Every Couniry:

« Common inputs enable better cross-country comparison

o Common gridded population estimates - several choices
o Standardized administrative boundaries

o Common urban/rural definition based on population density,
counts, & satellite-derived built-up areas

o Common road classification; continuously updated

o Avutomated script for faster processing and ease of repeatability

o Temporal comparison possible as datasets are updated

h NASA's Applied Remote Sensing Training Program




A Global Open Data Approach to the RAI

Population
Estimates
GHS-Pop
WorldPop

HRSL

Administrative
Boundaries
GADM

Rural Areas
GHS S-MOD

Python Script

A 4

RAI

All-season
Roads
OSM

RAI

Rural Pop with Access

x

Total Rural Pop

100
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Population Input: Three Gridded Population Datasets

@ GHS-Pop 2015 Count

«  Global Human Settlement Population 2015 (GHS-
POP)

0

+
. «  WorldPop 2019 (WP)
. High Resolution Settlement Layer 2015 (HRSL)

Leaflet | Powered by Esri | HERE, DeLorme, Mapmylindia, © OpenStreetMap contributors, SEDAC

& Sync Panels [ | 88 Repeat Map | @ Zoom Out | [ Legend | @ Overview |  « Comparison View

@ WorldPop 2020 Count @ High Resolution Settlement Layer 2015 Count

F o ]

0

| +

+
e

Leaflet | Powered by Esri | HERE, DeLorme, Mapmyindia, ©® OpenStreetMap contributors, SEDAC
Leaflet | Powered by Esri | HERE, DeLorme, Mapmylindia, © OpenStreetMap contributors, SEDAC

Poparid Viewer: https://sedac.ciesin.columbia.edu/mapping/popgrid/ .
36
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https://sedac.ciesin.columbia.edu/mapping/popgrid/

Population Inputs Compared

Sourc

Dataset e Concept/Method Resolution
Global Human JRC & Lightly modeled 1 km
Settlement CIESIN Binary dasymetric: Proportional (30 arc-seconds)
Population 2015 allocation of census population to
(GHS-POP) Landsat-derived built up areas
WorldPop WorldPop Highly modeled Tkm
Unconstrained Random Forest model and dasymetric (30 arc-seconds)
2019 UN Adjusted redistribution: Census population
(WP) allocated to grid cells based on statistical
weighting of co-variate layers, €.9., urban
extents, land cover, roads....
High Resolution Facebook Lightly modeled 30 m
Settlement Layer & CIESIN Binary dasymetric: Proportional allocation (1 arc-second)

2015 (HRSL)

NASA's Applied Remote Ser

sing Training Progrq

of census population to satellite-derived
“settlement extents” defined by the
presence of buildings

Source: https://www.popq

prid.org/explore-data



https://ghsl.jrc.ec.europa.eu/ghs_pop2019.php
https://www.worldpop.org/geodata/listing?id=75
https://ciesin.columbia.edu/data/hrsl/

Admin Input: Database of Global Administrative Areas (GADM

s . S e — - Se—
o e — - o

S LS S
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Rural Areas Input: GHS Settlement Model (GHS-SMOD)

Rural | Urban

NASA's Applied Remote Sensing Training Program https://ghsl.jrc.ec.europa.eu/ghs smod2019.php




Roads Input: OpenStreetMap (OSM)

Global OSM roads data was downloaded
as a geopackage from:
https://download.osmdata.xyz

Global openstreetmap data extracts | osmdata.xyz

Introduction: This project provides global data extracts based on OpenStreetMap data as GeoPackages. Each extract represents its related primary feature regarding the OpenStreetMap project.

Information about this project and data processing: osmdata.xyz on GitHub

Updates are available every month. Building is updated every odd month.

Downloads

Note: The GeoPackages are compressed into ZIP-Archives. Projection of the geodata: WGS 84 | EPSG 4326

GeoPackage size

Name File ar ;;‘;:'B MB "jd“i:l'[‘lf;;;‘;
approx.
Address address EPSG4326.zip 13.682 49.009 04.01.2021
Aerialway aerialway EPSG4326.zip 7 32 04.01.2021
Aeroway aeroway EPSG4326.zip 82 253  04.01.2021
Amenity amenity  EPSG4326.zip 2.665 8.547 04.01.2021

NASA's Applied Remote Sensing Training Program 40



https://download.osmdata.xyz/

Roads Input: OpenStreetMap

The OpenStreetMap data files provided on this server do not contain the user names, user IDs and changeset IDs
of the OSM objects because these fields are assumed to contain personal information about the OpenStreetMap
contributors and are therefore subject to data protection regulations in the European Union.

Extracts with full metadata are available to OpenStreetMap contributors only.

Welcome to Geofabrik's free download server. This server has data extracts from the OpenStreetMap project which
are normally updated every day. Select your continent and then your country of interest from the list below. (If you
have been directed to this page from elsewhere and are not familiar with OpenStreetMap, we highly recommend that
you read up on OSM before you use the data.) This open data download service is offered free of charge by Geofabrik
GmbH.

Willkommen auf dem Geofabrik-Downloadserver. Hier gibt es Daten-Ausziige aus dem OpenStreetMap-Projekt, die
normalerweise taglich aktualisiert werden. Wahlen Sie aus dem Verzeichnis unten den Kontient und ggf. das Land, fir
die Sie Daten benétigen. (Wenn Sie von anderswo auf dieser Seite gelandet sind und von OpenStreetMap nichts
wissen, dann ist es empfehlenswert, sich mit dem Projekt vertraut zu machen, bevor Sie mit den Daten arbeiten.)
Diese Downloads werden von der Geofabrik GmbH kostenlos angeboten.

Click on the region name to see the overview page for that region, or select one of the file extension links for quick
access.

Sub Region Quick Links

.osm.pbf .shp.zip .0sm.bz2
Africa [.osm.pbf] (4.3 GB) x [.osm.bz2]
Antarctica [.osm.pbf] (29.1 MB) [.shp.zip] [.0osm.bz2]
Asia [.osm.pbf] (9.2 GB) x [.osm.bz2]
Australia and Oceania [.osm.pbf] (845 MB) x [.osm.bz2]
Central America [.osm.pbf] (432 MB) X [.osm.bz2]
Europe [.osm.pbf] (22.9 GB) X [.osm.bz2]
North America [.osm.pbf] (10.1 GB) X [.osm.bz2]
South America [.osm.pbf] (2.3 GB) x [-0sm.bz2]

Technical details about this download service.

NASA's Applied Remote Sensing Training Program

(OSM)

1] +]

Alternatively, country level
OSM roads data can be
downloaded from Geofabrik
Download Server:
https://download.geofabrik.de

£& Not what you were looking for? Geofabrik is a
consulting and software development firm based in
Karlsruhe, Germany specializing in OpenStreetMap
services. We're happy to help you with data preparation,
processing, server setup and the like. Check out our web
site and contact us if we can be of service.

™= Nicht das Richtige dabei? Die Geofabrik ist ein auf

OpenStreetMap spezialisiertes Beratungs- und

Softwareentwicklungsunternehmen in Karlsruhe. Gern

helfen wir Ihnen bei der Datenaufbereitung,

Datenkonvertierung, Serverinstallation und &hnlichen

Aufgaben. Besuchen Sie unsere Webseite und sprechen
l Sie mit uns, wenn wir Ihnen helfen kénnen.

4]



https://download.geofabrik.de/

Roads Input: OpenStreetMap (OSM)

oSmdatarxyz

Osmdata.xyz
https://github.com/michaelmgis/osmdata.xyz

Geofabrik

https://download.geofabrik.de/

. Global extract

- Country extract

- Primary feature (e.g.,
highways)
and all atftributes

- Selection of features (e.g.,

land use, roads,
waterways) and affributes

- Geopackage

- Shapefile

Universal fimestamp for the
NASA's @:rr?cll' ﬁeejfé%shg@@rlg Program

Different timestamps for
each country




Defining OSM “All-Season Roads”

Two Definitions Based on OSM “fclass” Atribute World Bank Definition

OSM fclass World Bank CIESIN

<

Primary & Primary Link v

Secondary & Secondary Link

Tertiary & Terfiary Link

CAMEROON

Trunk

CIS 8|S

Motorway

Unclassified -

Track Grade 1 -

Unknown -

\YASAYASAYASANA

Road -

CAMEROON
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Global Open Data RAI Script

Dissolve Convert Filter & Buffer
GADM to Admin O | S-MOD to Polygon ; OSM Roads ‘
and Admin 2 Extract Dissolve
Rural Areas Buffers
Admin O
‘ - \ 7 o \ N Ay
Admin 2

me

CAMEROON

7

Douala

e

NASA's Applied Remote Sensing Training Program
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Global Open Data RAI Script (Continued)

Zonal Statistics
Clip ‘ on Pop Grids

Pop Grids 1 with Admin 2

Rural Buffers

Intersect
— Admin 2, Rural
Areas, & Buffer

\ 4

Admin 2 Rural Road Buffers - l .
: ; Rural Population with
GHS-Pop

Access to Roads
i RAI = %100

L Total Rural Pop

WorldPop [ {:;;

BENIN

IHRSL | Beirin

JENIN

yyyyyyyyyy

uuuuu
nnnnnnnnn
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Pilot Results with Global Open Data

Country

Nigeria 1

Nigeria 2

Colombia

Spain

Population Total Rural Rural Population % of Rural Population
Data Set Population within 2km of Roads within 2 km of Roads
GRID3 86,073,240 80,056,026 93.0
HRSL 91,823,234 84,610,846 92.1
GHS Pop 49,553,503 45,167,977 91.1
GRID3 86,073,240 55,136,377 64.1
HRSL 91,823,234 59,071,979 64.3
GHS Pop 49,553,502 33,317,594 67.2
HRSL 21,304,160 18,396,019 86.3
GHS Pop 7,589,940 6,894,459 90.8
HRSL 14,892,604 14,676,806 98.6
GHS Pop 11,072,657 10,960,981 99.0

NASA's Applied Remote Sensing Training Program

Source: Rural Access to Roads StoryMap on SDGs Today

RAI results for Nigeria (1, with "unclassified” roads; 2, without "unclassified" roads), Colombia, and Spain using different gridded population inputs.

https://arcq.is/04PaHv



https://arcg.is/04PaHv

Global Open Data RAI Results: Nigeria

GHS HRSL
CIESIN
Roads
Definition
“ﬁ;“" AN .
. r"}%%”l‘
World N i
W
Bank |
Roads L
Definition =3 L
,,,,, ¢ {‘-}g’i&i‘ 91;-%\;‘3 p,
- .\‘?ﬁ?!% — 7 oowis

NASA's Applied Remote Sensing Training Program I:I 75-100 % I:I 50-75 % - 25-50 % - 0-25% I:I N/A 47 .



National RAI Results: CIESIN Roads Definition

SESS T y

D e B
=

GHS

* Akroftiri and Dhekelia, Kosovo, Aland,
and Northern Cyprus are excluded from
this map because they do not have
official UN population values for verifying
their results.

** Countries with a population percent
error greater than 50 % when compared
to official UN population values are
excluded from this map.

HRSL

N=179

B0 -20 W20 -40C7740-60[ 160 -80[_ 180 -100 1 RAI Not Computed 4




National RAI Results: World Bank Roads Definition

GHS

HRSL

N=178

B0 -20 8820 -407740-601 160 -801[_ 180 -100 71 RAI Not Computed 4

* Akrotiri and Dhekelia, Kosovo, Aland,
and Northern Cyprus are excluded from
this map because they do not have
official UN population values for verifying
their results.

** Countries with a population percent
error greater than 50 % when compared
to official UN population values are
excluded from this map.




Africa Subnational (L2) RAI Results: CIESIN Roads Definition

N = 8,436

B0 -208W20-407740-601 160 -80[ 180 - 100 71 RAI Not Computed
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Africa Subnational (L2) RAI Results: World Bank Roads Definition

HRSL

NASA's Applied Remote Sensing Training Program

N = 9,364

B0 -208W20-407740-601 160 -80[ 180 - 100 71 RAI Not Computed
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Preliminary Global Average RAI Resulis

World Bank Roads Definition CIESIN Roads Definition
GHS HRSL WP GHS HRSL WP
AVERA AVERA
GE 33.4 82.9 /6.4 GE 92.4 93.8 36.7
STDEV 18.2 16.7 21.1 STDEV 12.3 9.1 15.5
N  CIESIN®Prore Inclysig selectisp(pf “oll-seasdy"” roads resulRaalopal diy&rage RAID |

fhat are consistenily ~TO percenfage points greafer Than the averages computfed
with the World Bank definition.

e For both definitions, GHS & HRSL averages are generally consistent with each other
and ~8 points higher than the WP results.

This is consistent with WP often predicting lower RAIs for a given unit, likely due to the
the manner in which the model allocates population to large rural areas.

NASA's Applied Remote Sensing Training Program



Limitations of the Global Open Data Approach to the RAI

.

Gridded Population . Several data sets to choose from, each with
Estimates their own bias
. Varying frequency of updates

GADM National . Resolution varies by country
Boundaries . Handling of disputed territories
. Infrequent/unpredictable updates
S-MOD Urban/Rural . Potential misalignment with national
Areas urban/rural delineation
OSM Roads o Varioble coverage, especially in rural areas

Accuracy ultimately depends on Hgguaq gf%@l@ %ch% dcqug?or aglvgn counf ]y
. '‘fclass” at rlbu’re as a proxy requires further

refinement
NASA's Applied Remote Sensing Training Program 53
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Let’s Review...

.

e SDG indicator 9.1.1, the Rural Access Index (RAI), measures rural
access to all-season roads.

e RAIl can be effectively calculated by combining geospatial data
for administrative units, rural areas, roads, and population.

o« While there are advantages to using global datasets, such as
standard inputs, automation, and temporal comparisons, there
are also limitations.

e The choice of POPGRID dataset and OSM road selections
significantly impact RAIl results calculated using this method.

o This is a simple and effective method for monitoring RAI globally.

NASA's Applied Remote Sensing Training Program
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Population Grid Use Cases: Modeling Building Exposure data for DRR
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Funding and Background

« Research funded by UK Space Agency International Partnership Programme:
Project METEOR

* And through the NASA Disasters Program: Open Critical Infrastructure Exposure for
Disaster Forecasting, Mitigation, and Response

 And Human Planet funding from NASA

NASA Earth Science

DISASTERS rrocram
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What you should learn in this lesson...

« Whatis exposure data and how is it
used in the process of estimating
losses from natural disasters?

« The basic process of developing
exposure data

« The value of EO data

« Understanding uncertainty and the
appropriate use of results

NASA’s Applied Remote Sensing Training Program



Loss Estimation and CAT (Catasirophe) Modeling for DRR

« Before an Event - What might happen if...¢

« During an Event - Where is this goinge What should we do?

- After an Event - What just happened? Should we ask for international helpe Where
Is the most damage<¢ Where are people without food and sheltere

 On Average - Where should we build stronger, higher, or farther awaye Where
should we retrofit, acquire property, or replace facilitiese What should be insured?
(Insurers- how much should that cost?)
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What is Building Exposure for DRR?

NASA’s Applied Remote Sensing Training Program



Risk - Confluence of Hazard, Vulnerability, and Exposure
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What is Building Exposure for DRR?

> . Total Value $29,625.8 USD (outer)
14N METEOR Explorer Level 1 Exposure for Africa and Arabian Peninsula — Total size 311.3 m* (middle)

Building count 7 (inner)
FTEaR PR 7T for Lat,Lon = -7.283,39.674, distributed by Construction Type
\ 4
Il © \viUR+CB99+MOC/LWAL
O mUR+ADO
Ow
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500k - 750k
750k - 1M
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Leaflet | ESRI

GEM ©)) © 2020 GEM Foundation and the METEOR Project Consortium.
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Number of buildings, where, by type and cost, for the
purpose of assessing vulnerability and hazard proximity:
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How is exposure data developed?

ili.  Collect census data
gwfl  Estimate building attributes
9 Refine spatial distribution

ﬂ Estimate number of buildings

@ Estimate replacement value
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Estimating Building Attributes

\/ S 6 USD (outer)
T 87165 ( dd)

 Literature review of predominant
building construction types

* Inferpretation of EO

« Expert opinion

* Virtual reconnaissance m

* Site surveys/strafified sampling | Eciiimimme s
Management MATO

« Housing census R

World Housing Encyclopedia

Warkd Housing Enoyrnpedia (WHE )
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Estimating Number and Size of Buildings by Development Patter

800

 People per household and

households per building 700
« OSM (Open Street Map) building data  « .
footprint N Lt
« Microcensus or government reports &
- Distribution of building area by story ~ §™ .
helg ht ~ 300 ‘.... °o V= 18.582x + 16972
« Population density, urbanity, or EO 200 S
metrics sometimes correlate w|
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Estimate Replacement Value

Building value per meter by
building type or occupancy
Building construction manuals
Expert opinion

GDP/median income

Scale by building durability

NASA’s Applied Remote Sensing Training Program
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Building Vulnerability Attributes

« FEra of development 1
 Number of stories

« First floor elevation

« Construction materials

« Lateral force resisting system
e Retrofitting

* Nail density
« Distance between buildings _ e

Damage factor

] 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Water depth (m)
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What is the role of EO in developing exposure data?

« Global population datasets

« Global urban/rural or urban intensity
datasets

« Segmentation of development
patterns

« Building footprint extraction

« Average building size

« Al, ground-based sensors

NASA's Applied Remote Sensing Training Program



Building Footprint Extraction
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Building Footprint Extraction

High Density
Remdenhol

[y S i

Rural Residential
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Extracting Development Patterns

Remote Sensing Example: Typical Midrise Residential in China

« Large residential apartments up
to eight stories

« Typically constructed of
unreinforced brick walls with Tl | N
concrete floor and roof o i A e s ,«“’:.,

.
o

diaphragms FE/ U ¥ 'y LB UL AR —
. B ;_‘,l-us- s Mﬁu " - ) fr s =y (XL s
« Observed RC frame with URM T L L 2 LS Bk

AT oy e g L ‘::*“““Sé;wamfg = ,
infill in newer buildings as well as sl Sy

typical Soviet Bloc construction
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I Urban
High Rise Residential
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Extracting Development Patterns

More Accurate Higher Resolution

g
i
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Merging Structural Characteristics with Development Patterns

0.5
0.45
0.4
0.35
0.3
0.25

0.2
0.15
0.1 |
= I W w. oL I
0 ”. i.- II Ill I _

Steel High- Steel Mid- Steel Low- RCMid- RClLow- Lightframe Reinforced Stones no
rise rise rise rise rise Steel masonry  mortar

B Very High Urban ®HighUrban QOUrban ®HDRes M®Res MRural
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How good is this stuff?

METEOR Explorer Level 1 exposure for Haiti

o oaa e
Publication date close

May 11, 2020

Edition
2020-05-07

License

Creative Commons BY-NC-SA 4.0 (CC BY-NC-SA 4.0)

Abstract

Level 1 Exposure data by ImageCat for Haiti

Total Value $3,297,345.56 USD (outer)
Total size 18,716.84 m* (middle)
Building count 253 (inner)
for Lat,Lon = 18.570,-72.313, distributed by Construction Type

érl

e -
tal Value USD / 500 x 500m area
<5k

W 5k- 10k
10k - 25k
25k - 50k
50k - 75k by v
75k - 100k
100K - 150k 3 I © MUR+CBI9+MOC/LWAL
150K 200 © CR+CIP/LFINF+DNO/HBET:1,3
200k - 250k e
250k - 500k MATO

500k - 750k MUR+STRU B

v/ H M- 10M |
i Download chart as PNG
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“Law of Large Numbers”

Average dice roll by number of rolls

—— Theoretical mean
—— Qbserved averages

0 200 400 600 800 1000
Number of trials
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(Whoops!)
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Average dice roll by number of rolls

——— Theoretical mean
Observed averages

200

400 600 800 1000
Number of trials




Levels of Exposure Data

Building Exposure in
Million of USD per 15 arc
second

<5 5 10 25 50 100 150 250

NASA's Applied Remote Sensing Training Program 81 &




Levels of Exposure Data

40,000,000 L5
35,000,000
30,000,000
25,000,000
20,000,000
15,000,000
10,000,000 v
5,000,000

0
0 50 100 150 200 250

Nobody knew!

L1
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Levels of Exposure Data

2.5E+11

2E+11
1.5E+11 levell

a)

2 level?
g 1E+11 level3
— —level4
5E+10 —levels

0

0 100 200 300 400 500

Return period

NASA’s Applied Remote Sensing Training Program



Key, Often Ignored
Factors

Persons per household
Living area per household
Rebuilding cost
Exchange rates

Focus:
* Vulnerability
 Geographic resolution




Global Population Datasets - Variance might not be critical
for regional disasters.

(a) 2015 Nepal Earth Quake > 6 Intensity
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Postdoctoral Research Scientist

Center for International Earth Science
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http://www.tuholske.com/

Extracting Development Patterns

More Accurate
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Important to Address Expectations

SUSTAINABLE
DEVELOPMENT

GOALS
Cannot typically expect accurate number of buildings at the cell level

TN
Can expect more accuracy than in the original base data sets

Cannot expect to always capture small, unmapped rural areas

Challenges in remofte sensing that will impact results (low lights, cloud -
cover, free canopies, etc.) 13 et
Can not repurpose the data for civic purposes such as address-specific

information for fax purposes 17 s

&




How much does It
cost to build this hute




s it cost effective to retrofit certain types of
buildings regionally?
Where should we focus retrofitting efforts?
Are building codes cost effective, and wheree
What might happen after...
A hundred-year flood
A large earthquake
A volcano
There has just been a large earthquake...
What are the likely impactse
Where is likely to have been affected the
moste
How should we deploy resources?

s it cost effective to
retrofit this building?
Which buildings fell
down¢ Which homes are
floodede

Exactly how many
buildings fell down?




Thank You!
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