Lessons from the field

Sampling at community level by using satellite imagery and
geographical analysis
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Problem Traditional random sampling at community level requires a list of every individual household that can be randomly selected in
the study community. The longitudinal demographic surveillance systems often used as sampling frames are difficult to create in many
resource-poor settings.

Approach We used Google Earth imagery and geographical analysis software to develop a sampling frame. Every household structure
within the catchment area was digitized and assigned coordinates. A random sample was then generated from the list of households.
Local setting The sampling took place in Lilongwe, Malawi and formed a part of an investigation of the intensity of Plasmodium falciparum
transmission in a multi-site Phase Ill trial of a candidate malaria vaccine.

Relevant changes Creation of a complete list of household coordinates within the catchment area allowed us to generate a random sample
representative of the population. Once the coordinates of the households in that sample had been entered into the hand-held receivers of
a global positioning system device, the households could be accurately identified on the ground and approached.

Lessons learnt In the development of a geographical sampling frame, the use of Google Earth satellite imagery and geographical software
appeared to be an efficient alternative to the use of a demographic surveillance system. The use of a complete list of household coordinates
reduced the time needed to locate households in the random sample. Our approach to generate a sampling frame is accurate, has utility
beyond morbidity studies and appears to be a cost-effective option in resource-poor settings.

Abstracts in G H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Problem

In estimating disease prevalence at community level, a sam-
pling frame is required to ensure that the study sample is
representative of the study community. Such a sampling frame
typically lists all households that can be randomly selected in
the study community and is often based on an existing demo-
graphic surveillance system. In the absence of such a system,
one option is to create a complete listing of all households in
the study area. In many malaria indicator surveys, for example,
each household in the study area is visited, information on
each head of household is captured and a sketch map showing
the location of each household structure is drawn. However,
this approach carries substantial field costs and these costs
may increase when large census enumeration areas have to
be sampled and a single segment has to be randomly selected
from each enumeration area. Many resource-poor settings lack
the funds and labour needed to create a full household list-
ing in this manner - or to create and maintain a longitudinal
demographic surveillance system.

Open-source software packages for geographical analysis
are being increasingly employed in public health research, are
available to those working in resource-poor settings and can
be used to create an affordable sampling frame. We therefore
used Google Earth and other geographical analysis software
to generate an inexpensive sampling frame for a study on the
intensity of Plasmodium falciparum transmission in Lilongwe,
Malawi. In this paper, we report our experiences in construct-
ing this sampling frame and using it to generate a random
sample of households at the community level.

Local setting

Malaria transmission intensity — which is dependent on several
factors, including the parasite, vector, human host, environ-
ment and treatment — serves as an important guide for inter-
ventions of malaria control. The effects of such interventions
on malaria morbidity may vary with transmission intensity.'
Thus, there is a need to assess not only how decreasing parasite
exposure — via vaccines and other interventions — will alter
malaria transmission but also how varying levels of malaria
intensity may alter the efficacy of any intervention.

Lilongwe, Malawi, is one of 11 sites of a Phase III efficacy
trial for the candidate malaria vaccine, RTS,S/AS01 (GlaxoS-
mithKline, Brentford, England). As part of this trial, temporal
trends in the prevalence of human infection with P. falciparum
in the vaccine catchment area needed to be assessed. The Lilon-
gwe site is not covered by a demographic surveillance system
and does not have the resources needed to conduct a complete
field-based listing of all of the households in the catchment
area. We therefore needed an alternative, inexpensive and
low-resource approach to create a valid sampling frame for
the investigation of malaria transmission intensity.

Approach

We used two open-source software packages — Google Earth
5.1 (Google, Mountain View, United States of America) and
Digipoint 2 (Zonum Solutions, Tucson, USA)* - to gener-
ate a listing that showed the geographical location of each
household. We then used two more programs — ArcGIS 9.3

?Institute for Global Health and Infectious Diseases, University of North Carolina-Chapel Hill, 130 Mason Farm Road, Chapel Hill, NC 27599, United States of America

(USA).

® Department of Geography, University of North Carolina-Chapel Hill, Chapel Hill, USA.

¢ University of North Carolina Project, Lilongwe, Malawi.

4 Department of Medicine, University of North Carolina-Chapel Hill, Chapel Hill, USA.

Correspondence to Veronica Escamilla (email: escamill@email.unc.edu).

(Submitted: 27 December 2013 — Revised version received: 1 May 2014 — Accepted: 8 May 2014 — Published online: 17 June 2014)

690 Bull World Health Organ 2014;92:690-694 | doi: http://dx.doi.org/10.2471/BLT.14.140756



Veronica Escamilla et al.

Lessons from the field
Sampling using satellite imagery in Malawi

Fig. 1. Zoomed Google Earth image of the sampling frame, Lilongwe, Malawi, 2010

Note: The random sample of households to be surveyed are indicated by black dots. The complete list of households is indicated by green dots. The full length of
the scale bar — which formed part of the image downloaded from Google Earth — represents a distance of 288 m.
Map data: Google, digital globe.

(Environmental Systems Research Insti-
tute, Redlands, USA) and Hawth’s Tools
for ArcGIS’ - to select a random sample
from the complete geographical listing.
Hand-held Garmin eTrex 10 global
positioning system receivers (Garmin
Ltd, Schaffhausen, Switzerland) were
subsequently employed to find the
sample households in the field.

We first identified the 61 census
enumeration areas that defined the catch-
ment area for the Lilongwe vaccine trial.
For this, we used the enumeration areas of
residence for the malaria patients attend-
ing the Malawi Ministry of Health’s area
18 health centre. The boundary files for
the enumeration areas used in the 2008
census were obtained from the Malawi
National Statistics Office. Community
health workers used Garmin eTrex 10 re-
ceivers to collect the coordinates of each
village within the catchment area. These
coordinates and the boundary files were
then imported into ArcGIS 9.3, converted
into keyhole markup language (KML)
files — for compatibility with Google
Earth - and then imported into Google
Earth so that the boundary of the catch-
ment area could be defined. Village loca-
tions were overlaid onto the boundaries
of enumeration areas and enumeration
areas that included household structures
within villages were digitized.

After the catchment area was de-
fined in Google Earth, a list of the co-

ordinates of every household structure
in the area was generated. Individual
household structures on the Google
Earth satellite images of the catchment
area were digitized using Digipoint 2
rather than Google Earth because this
simplified the saving of multiple digi-
tized points. The satellite images that we
used had been recently updated - on 11
December 2009 or 4 June 2010 - and
had sufficient resolution to identify
individual structures (Fig. 1). However,
they could not be used to distinguish
houses from local commercial structures
that were similar to the local houses in
terms of size and construction material.

All of the digitized points - approxi-
mately 18000 — were converted to Uni-
versal Transverse Mercator coordinates
in Digipoint 2 and then imported into
ArcGIS 9.3. We then used the random
selection tool from Hawth’s Tools for
ArcGIS to generate a simple random
sample of 880 household structures. The
size of the sample required had already
been defined by the manufacturer of
the candidate vaccine. The coordinates
of the structures in the random sample
were entered into Garmin eTrex 10
receivers so that health workers given
the receivers could find and visit the
structures. Households were visited in
the order of their random selection. In
instances where two houses were very
closely situated, the house closest to the
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relevant coordinates was selected. Struc-
tures that were included in the initial
sample but found to be latrines, kitchens
or commercial structures when visited
were noted but otherwise ignored, and
not replaced by new resampled coordi-
nates. Houses found to be unoccupied
or occupied only by children when first
visited were revisited at a later date. If an
adult was present in a visited household,
demographic information was collected
and the household members were in-
vited to participate in our malaria survey
at a later date.

Evaluation and lessons
learnt

By using Google Earth satellite imagery
and geographical methods we were
able to create a geographical sampling
frame and select a representative ran-
dom sample of the target population
for our study. We eventually evaluated
P. falciparum transmission during peak
season — February to June - in 2011,
2012 and 2013. For each annual survey,
we resampled the complete listing of
household coordinates. Households that
were investigated more than once were
easily identified using the spatial join
tool within ArcGIS 9.3.

Our method of generating a geo-
graphical household list appeared ef-
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ficient and cost-effective and required
relatively few resources other than
the Garmin eTrex 10 receivers and an
ArcGIS software licence. The digitizing
exercise was completed by one research
assistant within 3 months.

The geographical listing of house-
holds was found to be fairly accurate
when used by community health work-
ers on the ground. Fewer than 5.0% of
the structures included in our initial list
of structures to be visited were found
to be latrines, kitchens or commercial
structures. The ratio of male to female
subjects in our sample - 1.08 — was very
similar to that recorded in the Malawi
demographic and health survey in 2010
-1.07."

The use of Google Earth imagery
and geographical methods to assemble a
household list appears to be an efficient
use of time in the field. Households that
were targeted for study could be rapidly
located on the ground by a community
health worker with a global positioning
system receiver. The list could be eas-
ily updated and could provide a useful
framework for the future development
of a demographic surveillance system.
All survey data could be linked to
household coordinates and displayed in
ArcGIS - allowing spatial patterns in any
household characteristic to be illustrated
and investigated. Using our method of
generating a sampling frame, all house-
holds in a target area can be digitized
relatively easily, regardless of the area’s
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Box 1.Summary of main lessons learnt

In the development of a geographical sampling frame, the use of Google Earth imagery
and geographical software was an efficient alternative to the use of a demographic

surveillance system.

- The use of a complete list of household coordinates reduced the time needed to locate

households in the random sample.

- Theapproach that we used to generate a sampling frame appears accurate and cost-effective
and has utility beyond morbidity studies, even in resource-poor settings.

size. There is no need to segment large
study areas before sampling. In the
future, it may be possible to distinguish
households from industrial buildings,
even in densely populated areas, by
using high-resolution satellite or aerial
imagery,” although identification of the
use of multi-storey buildings from such
imagery is likely to remain a challenge.

Our method of generating a sam-
pling frame could be used for many
health investigations. Google Earth has
already been employed to identify and
sample household clusters,”* capture
neighbourhood characteristics that in-
fluence health outcomes’ and improve
disease surveillance.”*' Several different
geographical methods - and combina-
tions of such methods - can be used
to generate a geographical sampling
frame. For example, if the simultaneous
export of a large number of points is not
a concern, household structures can be
digitized directly in Google Earth. Alter-
native software is available if researchers
cannot obtain an ArcGIS license. For
example, QGIS" is open-source and

includes a random selection tool that
can be used to create a representative
sample of households. Our approach
- or a variation of it - can provide an
accurate and apparently cost-effective
sampling frame that has multiple po-
tential applications in resource-poor
settings (Box 1). l
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Résumé

Echantillonnage au niveau de la communauté a 'aide de Iimagerie satellite et de 'analyse géographique

Probléme L'échantillonnage aléatoire traditionnel au niveau de la
communauté requiert une liste de tous les ménages individuels qui
peuvent étre choisis aléatoirement dans une étude communautaire.
Les systemes de surveillance démographique longitudinaux, qui sont
souvent utilisés comme base déchantillonnage, sont difficiles a créer
dans de nombreux endroits a faibles ressources.

Approche Nous avons utilisé I'imagerie de Google Earth et un logiciel
d'analyse géographique pour développer une base déchantillonnage.
Chaque structure de ménage dans la circonscription a été numérisée
et associée a des coordonnées. Un échantillon aléatoire a ensuite été
généré a partir de la liste des ménages.

Environnement local ['échantillonnage a été effectué a Lilongwe,
au Malawi, et entrait ans le cadre d'une étude sur l'intensité de
la transmission du Plasmodium falciparum dans un essai clinique
multicentrique de phase Ill d'un vaccin contre le paludisme potentiel.
Changements significatifs La création d'une liste complete des

coordonnées des ménages dans la circonscription nous a permis
de générer un échantillon aléatoire représentatif de la population.
Une fois que les coordonnées des ménages de cet échantillon ont
été entrées dans les récepteurs portables d'un dispositif du systéme
de positionnement universel, les ménages ont pu étre précisément
identifiés et approchés sur le terrain.

Lecons tirées Dans le développement d'une base déchantillonnage
géographique, I'utilisation de l'imagerie satellite de Google Earth etd'un
logiciel géographique semblait étre une alternative efficace a l'utilisation
d'un systeme de surveillance démographique. L'utilisation d'une liste
complete de coordonnées des ménages a réduit le temps nécessaire
pour localiser les ménages dans un échantillon aléatoire. Notre approche
de génération d'une base déchantillonnage est précise, utile au-dela
des études de morbidité et semble étre une option économique dans
les endroits a faibles ressources.

Pesiome

Bbi6opKa Ha ypoBHe 06LMH C MCNonb30BaHNEM CMYTHUKOBbIX CHUMKOB 1 reorpaduyeckoro aHanmnsa

Mpo6nema [na TpagMUMOHHON Cy4YaiiHOM BEIGOPKM Ha YPOBHe
00WNH TpebyeTca CNMCOK BCeX OTANbHbIX AOMOXO3ANCTB, KOTOpbIe
MOryT ObITb CllyuaiiHO BbibpaHbl B Mccnenyemon oblmHe. Cuctembl
NpOoAONbHOrO Aemorpaduyeckoro Haazopa, KoTopble 4acTo
MCMONB3YIOTCA B KaueCTBe OCHOB BbIOOPKM, CIIOKHO CO3AAl0TCA BO
MHOTUX MeCTax C OrpaHU4eHHbIMI Pecypcamm.

Moaxop [1nA pa3paboTKM OCHOBBI BHIOOPKM MCMOMNb30BaNach
nporpamma NoCTPOEHUA 1300paKeHNI 1 reorpadryeckoro aHanm3a
Google Earth. CTpyKTypa Kax[oro JOMOX03AMCTBa B Nnpefenax
paioHa oxBaTa Obina oLMdPOBaHa C MPUCBOEHVEM KOOPAVHAT. 3aTem
13 CMNCKa JOMALLHUX XO3A1CTB Oblna chopMMpOBaHa ClydaliHas
BbIOOPKa.

MecTHble ycnoBus Boibopka npowr3soamnacs 8 Slnnorrase, Manasu,
M ABMANACH YacTblo MCCNeAOBaHNA MHTEHCUBHOCTY Nepefauu
Plasmodium falciparum 8 mMHo20ueHmMpPoB8oM ucneimaHuu gasel 3
3KCMepUMeHTaIbHOM BaKLUMHbI OT Manapuu.

OcyuiecTBneHHble nepemMeHbl Co3laHe NOHOrO CNicKa KOOPAMHAT

JIOMOXO3ACTB B Npeenax parioHa 0xBaTa No3BOMNIO CreHepPMPOBaTL
CNyyalHylo penpe3eHTaTrBHYI0 BbIOOPKY HaceneHws. lNocne Toro
KaK KOOPAMHATHI JOMOX03ANCTB 3TON BbIOOPKYM Oblni BBEAEHDI
B NOPTaTMBHbIE MPUEMHWKN YCTPONCTB CUCTEMBI rNobanbHOro
NO3VLMOHWPOBaHNA, AOMOX03AMCTBA MOTYT ObITb TOYHO PaCcMo3HaHb!
Ha MecTe 1 BK/toUeHbl B MCCeoBaHNA.

BbiBoAbl [1py pa3paboTke OCHOBBI reorpadmyeckort BbI6OpPKM
MNCMONb30BaHWE NPOrpaMmMbl MOCTPOEHUA M300PAKEHWI 1
reorpaduyeckoro aHanunsza Google Earth, no-suavmomy, asnsetcs
30DEKTUBHOWN anbTePHATUBOM WUCMONb30OBaAHUIO CUCTEMBI
Jemorpadunyeckoro Ha3opa. VIcnonb3oBaHvie NOIHOrO ClMcKa
KOOPAMHAT AOMOX03AMCTB COKpaLLaeT Bpems, Heobxoanmoe ans
onpefeneHna MecTononoXeHa JOMOXO3ANCTB 13 CllyYaHOWM
BbI6OPKN. Hat noaxoa K GopM1poBaHIio OCHOBbI BLIOOPKI ABNAETCH
TOUHbIM, NOME3HbIM He TONbKO ANA MCCIefoBaHNI 3aboneBaemoCTy,
a Takxe, NO-BUAVMOMY, ABNAETCA IKOHOMUYECKN SOGEKTVBHbIM
BAPWAHTOM B YCNOBUAX OrPaHNUYEHHOCTI PeCYPCOB.
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Resumen

El muestreo a nivel comunitario mediante el uso de imagenes de satélite y analisis geografico

Situacion El muestreo aleatorio tradicional a nivel comunitario
requiere una lista de todos los hogares individuales que pueden ser
seleccionados al azar en la comunidad de estudio. Los sistemas de
vigilancia demografica longitudinales que se utilizan a menudo como
marcos de muestreo resultan dificiles de crear en muchos entornos
CON POCOS recursos.

Enfoque Empleamos imagenes de Google Earth y un software de
andlisis geografico para desarrollar un marco de muestreo. Se digitalizd
y asignaron coordenadas a cada estructura familiar dentro de la zona
de captacion, y luego se generd una muestra al azar a partir de a lista
de los hogares.

Marco regional El muestreo se llevd a cabo en Lilongwe (Malawi) y
formd parte de una investigacion sobre la intensidad de la transmisién
del Plasmodium falciparum en un ensayo de fase Ill multicéntrico de
una posible vacuna contra la malaria.

Cambios importantes La creacion de una lista completa de las

coordenadas de los hogares dentro del drea de influencia nos ha
permitido generar una muestra aleatoria representativa de la poblacion.
Una vez introducidas las coordenadas de los hogares en la muestra
en los receptores portatiles de un dispositivo con un sistema de
posicionamiento global, se pudo identificar con precision a los hogares
y aproximarse a estos en el terreno.

Lecciones aprendidas En el desarrollo de un marco de muestreo
geografico, el uso de iméagenes de satélite de Google Earthy un software
geogréficoresultd ser una alternativa eficaz a la utilizacién de un sistema
de vigilancia demogrdfica. La utilizacién de una lista completa de las
coordenadas de los hogares reduce el tiempo necesario para localizar
estos en la muestra aleatoria. Nuestro enfoque para generar un marco
de muestreo es exacto, tiene una utilidad mas alla de los estudios
de morbilidad y parece ser una opcién rentable en los entornos con
Tecursos escasos.
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