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INTRODUCTION

In September 2018the Governance Lab at New York Universitv.

UNICEF, and the Signal Program on Human Security and Tech  °/'°°“"
at the Harvard Humanitarian Initiativeonducted research on
population monitoring irSomalia(figure 1yp ¢ AQhitd@iRon dhe
Move: Using Satellite Data Analysis in Conflict/FasAifected

I NBFaé¢s (GKS LINR2SO0 todzde@ePp a&
standardized methodology for identifying and monitoril Ethiopia
vulnerable populations on the movetime Somalia

Somalia

Populationmigration is not a newly occurring phemenon in

Somalia or in the Horn of Africln fact, hstorical patterns of

seasonal and economic migratiamthin and across internationa

borders are deeply engrained intaghe NX 3 A 2 yri.4

Unfortunately, the Horn of Africa is also no stranterforced

migration: ongoing political instability, conflict, and extrerr O
weather events haveaggravatedforced displacementin the

region, hough the impact of these circumstances is uneveFigurel. Map of Somalia
distributed. Arguably Somaliahas taken on much of the hardship

associated with these difficulties.

h@dSN) KFEEF 2F {2YFfAlIQa LI2LJz F GA2Yy A& rdadhyisl2 a SR
directlylinkedto the livelihoodsof manypeople! The health and wellbeing of livestockdiseply
dependenton the condition of the landscape, becauseesiock requireadequatewater and
vegetation to survivé. The ncreasingly frequentand prolonged drought in Somaliahave
substantially diminished the availability of water and vegetative cover, contributing to the
widespread deaths of livestockin recent years Additionally, a@vironmental degadation is
pervasiveand the lack ohecessary resourced times leadso contenion and resource conflict
Theseconditions among othes, require pastoralists to &vel beyond familiar territorymake
deals or take loans froniriends and families to sustain themselves, while others must abandon
their pastoral practices albgether.In search of alternate livelihoodsiany pastoralistbecome
internally displaed and migrate to urban areas, where they frequently settle in-expanding
internally displaced peoples (IDP) camps.

Patterns of movement generated by forced naigon are incredibly complex. Somdhas several
commony used points of entry and ex#long its shared borderand coastline. While the

1 Avis, W., & Herbert, S. (2016). Rapid fragility and migration assessment for Smmaiigham: GSDRC University of Birmingham

2Ginnetti, J., & Franck, T. (20143sessing drought displacement risk for Kenyan, Ethiopian and Somali pastbeahsiisal Paper.
Norwegian Refugee Council (NRC)/Internal Displacement Monitoring Centre

3 Avis, W., & Herbert, S. (2016). Rapid fragility and migration assessn@oinfaliaBirmingham: GSDRC University of Birmingham
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movement of migrants and refugees across bordegemerally capturedby organizationsuch as
the International Organization for MigratioflOM), these dataoften do not reflect the large
numbers ofpeoplethat are voluntarily or forcibly on the mowathin countries

While we live inlie age of Big Datpublicly availabl@opulation data from Somalia is limited, and

often outdated According to UNFPA, the most recpnbliclyavailable population census data is

from 1975% Since then, Somalia hamdergonemany changes and developments thadve
changed population dynamigs Ay Of dzRAy 3 | of 22R& OAGAft &I NJ oS
populationno longerresemblethe population facts and figuresaptured duringhe 1975census

Since then UN agenciesand other organizationshave collected population data in pockets
throughout the country, but capturing populations on the maweluding pastoralist$s incredibly

difficult given their mobile nature in remote areas.

WHY SATELLITEIMAGERY?

Population enumeratiorand data collection is time intensive and costly, especwalign the
populations of interesare dispersednd inhardto-reach areasTo supplement more traditional
means of population data collection, Signal analysts considered the ussryohigh reslution
(VHR)satellite imagery< 1 m)to capturemovementsof mobile populations.The use of satellite
imagery as an observational and analytical tool allows fornge-continuous monitoring of
remote and/or noRrpermissive environments. Analysts can capture large swaths of land in a matter
of minutesto highlightchange and/oranomalies in e landscapelmagery analysis a highly
effective way of gaining an understamdj of landscaps in a remote capacityVHRimagery
however, is usually toooarseto spot individual peopldnstead,natural and artificial featuresre
analyzed as proxy indicatdir human activity

INTENDEPURPOSEAUDIENCE

This guide will outline tools and techniques to establish a foundation for visual analysis and will
discuss how these techniques cassistin identifying notable landscape features in Somalia. While

it is not an exhauste list, it attempts to holistically capture the indicators associated with
population movementin SomaliaTo the knowledge of the Signal Program analysts, tier®
documentation ofwhat frequently occurringhatural and marmadefeatures in Somalia &k like

and therefore this guide sheds light on how to identify and analymsefeatures. The information
found in thisdocumentis intendedto supplementresearchand is primarily for humanitarian
analysts workingn projects considerinthe region. If critically considered, the techniques and
tools may also be extrapolated and applied in different humanitarian contexts.

4UNFPA. (2014). Population Estimation Survey 204BPA Nairobi.



AREAS OF INTEREST

The scope of analysis was intended to cover

all of Somalia, however, the areas of intere

(AOI) identifid bythe local partner, UNICEI

Somaliawere concentrated in Somalilarizi4

AOIs were identified irthe administrative

regions of Awdal, Wogqooyi Galbee:

Togdheer, Sanaag, SoNljgaaland Bar(Bati i

and Nugaal arghe only region outside of

Somaliland, in Puntlanddigure 2). While the

AOIs are clustered in Somaliland, Sig i
analysts believe many features ai
comparable to those found iather parts of
Somalia.According to the UNICEF Soma
team, the identified AOlsexperienced high P
flows of movementand were therefore i
prioritized for analysisWith that in mind,
Signal analysts examined the identifie
locations and the surrounding areasdetect

proxy indicators of population movement.

Study Area

iiiii

Admin 1 Boundaries

Figure2. Administrative regions in Somaliland and Puntland

The xamples that are used in this guide will be drawn from the listdainistrative regions in
Somalilandand PuntlandFor reasonselated to confidentialityand security the exactgeographic
coordinatesandthe settlement names will not becluded but the date on which the image was
captured will bedenotedso that seasondluctuationsare taken into consideration duringisual
analysisAll images examples are from Google Earth Pro and are North orientebbss otherwise
stated

IMAGER& SOFTWARKESED

Satellite imagery can be obtained, visualized, and analyzed in aumplatforms Whenlooking

for imagery it is important toestablishproject objective beforehandto guide your imagery
selection rather thanto obtain the imageryfirst and then develop a research questiaivthen
thinking aboutacquiringimagery, it is important to fitsconsider the imageharacteristicdisted
below. It is highly likely that you will have to trade off one of the listed characteristics for another,
so be sure to prioritize your neegsior to obtaining, purchasing, and/atownloadingsatdlite
imagery:



1) Spatial resolution

2) Temporal resoltion

3) Spectral resolution

4) Radiometric resolution
5) Level of processing

6) Cost

When identifying softwareofr processing satellite imagery there additional prerequisites to
consider including,

1) Cost

2) Licensng

3) Machine compatibility

4) Analysidunctionality requirements

Forthis guide,we will use Google Earth Pro whishafree
commercial software that ixompatible with Windows,
Mac, and Linux operating systeml. you are entirely
unfamiliar with Gogle Earth Prathere aremanyresources
availableonlineto orient you to the softwarerlhis guide will
not explore Google Earth Pro in its entirety, bather
demonstrate how to effectively usa subset ofthe tools
availablefor visual analysis

Google Earth Pro is a platform that integrates imagery at
various resolutions frona variety of sources and imagery
providers(figure 3. Some of the imagery thas visualized

in Google Earth Prés freely and publically availablaa
other platforms such asatellite imagery captured through
the Landsatconstellation that can be downloaded through
LI D{ Q 9 NJwKile 6thetLiihad®ys mMastly at higher
resolutions,aretypically acquired at a cost. In Google Earth
Pro, you ca freely browse the imagergt different spatial
scalesPlease note, there may l@atformswith equivalent
capabilities that you maywse to obtain, visualize, and
explore satellite imagery

Figure 3. Google Earth Pro is compiled from multipl
sources as indicated near the bottom of the image.
Satellite images are of Hargeisa, Somaliland captur
on 1/10/2019.



GETING STARTED

There are severabkteps you can take tstrengthenthe imagery analysisprocessand the
subsequentresults By solelyconducting visual analysis of satellite imaggu will most likely
not gainanin-depth understanding of what you astudying This is primarilypecause you Inhay
be unfamiliar with the context and/or 2) have nseen the AOFrom above. Whatever the
circumstances may be, you wikelybe biased in what yoare observinglepending orhow your
own experiences have shaped you.

Take into consideration the following imagégure 4) what do you see? Rememb#rat these
are satellite images of Somaliland

A-1/15/2019

Figure 4Manmade features captured via very high resolution lisgémagery in Somaliland. The imagery reveals the complexity of human landsc:
and the need to understand a study area prior to drawing conclusions from imagery

In figure 4 ImageA shows circular salt pits primarily in teasternand soutlern parts of the image
bordering ocean waters the northwest ImageB showdivestock holding pens, most liketyadivestock
market, whereanimalscan be seen congregating in areas throughbatscene while image <hows a
densely settled internally displaced peoples (IDP) cangh gienomenacan look different within a
country and can especially vary betweenrries. These differences lie in the construction of a feature,
the contrast betveen the feature of interest and theurrounding environmerthe quality of the image,
and more.

To assisfeature recognitionthrough satellite imagery it is stronglyrecommended that yowonduct
background researcprior to and during analysi§ you are unfamiliar with salt mining or the livestock
industryin Somalilandor exampleimage A an8will likelylook unfamiliar, not allowing you to accurately
OF(iS3A2NRT S GKI G &2 diodkedBt uvaraasyirdade mayzappganuitd differéntzQ @
given that the structures ar@mall organized, andearone another with no paved roatetworkvisible



betweenthe structures The contextual informatiogatheredduringthe research process invaluable to
the interpretation of satellite imagery.

Background research can consistdoferse sources includingews reports, academic articles, gray
literature, white papers, blogs, photos and/or videdbeseresourcescan be used to understand your
study site better, i.e. what is the population of Hargeisa, Somaliland®h@t,does surface water
collection look like in Somalia®ere is no limit to the amount or subject of research. Understanding the
economic, enviromental, social, and political dynamics of an A@I benefit imagery analysis in
surprising wayandincreases yaugeneral awareness of an AQirdudh the consideratiorof photos and
videos,you arealsolikely to gain a better understandingtbt appearance of landscape featurgsm a
groundangle While the angle of capture is different to that of satellite imageryctih@rs andshapes,

for examplethat are visibly documented groundphotos and videomay corroborate what can be seen
from the remotely sensed data.

FEATURE CHARACTERISTICS

Before interpreting featuresit is good practiceto be aware of the image orientation arstale.
Orientation, whether the top of the image istth, East, South, or Weshayinfluences the way in which
youunderstandthe image(figure 5) For instance, if you are conducting analysis relative to other AOIs in
the region, you will likely need to know how the locations relat¢he otherand willtherefore need to
know theimageorientation.All theimages in this guide are North oriented, unless otherwise statzde

is also an important consideratiam addition to orientationsince features loo#istinctiveat different
spatialscales and add be misinterpreted ¥ a Ol £ S Aay Qi O2yaiARSNBR

Once the orientation and scale are acknowledged, you will be better equipped for visual analysis. While
the captured features may be distinct in many ways, there are several traits to assist in the categorization
of features. This includes the considerataf size, shape, color, tone, pattern, shadow, and the overall
arrangement of features.

Figure 5. Port in Somaliland viewed using two different orientations. At this scale, the \
features in the water could be misinterpreted, but at another st@eeature characteristic
can be recognized as Somali fishing boats.



Shape & Size | Shape and size are often the most noticeable characteristics in satellite (figage6).
Whether a feature is circular, rourtdangular, elongated, or measww# x 1 m, the recognition ofhese
characteristicaadds meaning toongoingresearchand helps further your understanding the A®br
examplea structurethat measures 1 x 1 4is arguably too small to ba housewhile a structurethat
measure 3 x 3 Atould be interpreted as a livable siZdis statemenshouldbe consistent with and
supported by ontextual research.

The diverse array of structures visibl@gnre 6A capturesthe heterogeneity of a single scerieheshape,

size, and color of thelongated structure with the sartblored roofin figure 6Bfor examplelooks
substantially differentrom the surroundngbuildingsin the AOI Contextual research suggests thare

is a hospitalat this exact locatioand therefore analysts assume this buildingp ifact,a hospital The
structures that appear more consistentshape, size, and construction mateinahe AOtesembleghe
construction of homes in this are¥ou may speculate the intended function of a feature, that
interpretation must be made with cautidmecause it is often difficult to confirm the features exact
function. When possible, it is ideal to corroborate interpretations with ground validatidfoathrough
eyewitness reports. Through repeated analysis an analyst will likely gain a better understanding of
FSFEGdZNBaAaQ FdzyOlAz2ya o6FlaSR 2y (GKS 20aSNIISR LIKeaA

Figure6Cshows a structurgvithout a roof, where only thetanding wall androom partitions are visible.
To the right of the unfinishestructurethere is an outline of what likely demarcatks area upon which
anotherstructurewill be erectedin summaryshape size and numerous other characteristics should be
studied when conducting visual analysssncethese considerationassist and oftersimplify feature
recognition

Figure 6. Shape and siziestructures differ greatly between and within AOIs



Color, Tone, Pattern, & Texture | Color, tone, pattemg texture arecontextualpieces ofinformation
that can improve our understanding lahdscape featureg.hese characteristiceayalso provide some
insight on the condition of the featurEor example, arightly colored structure that appears next to a
similar building with a dutlolored roofcould suggeghat the bright structure is newly constructed while
the other structure i®lder or not well taken care of in compariséimough such conclusions should be
carefully drawn

Thesepropertiesalso speak to the material makeup of features to determine whether it is natural or
artificial For instancegxposed rock looks very @ifént from sand or grass, while an aluminum roof looks
different from tarps or woodin figure 7the pattern and bright color of the artificial tadlearly sethem

apart from thenatural and marmadefeatures in the surrounding environment.

Figure 7. The color and texture of the artificial turf gree Figure8. Closely arranged structures with different colored roofs
contrasts the characteristics of the surrounding cast shadows, encircled red.
environment.

Shadow | Shadow may be ustedunderstand what timef day the image was capturegiven the length

and direction of the shadawypicallythis information is stored in the metadata, lBbogleEarth Pro

only readily shows the date of capture, so in this case shadow can be used to determine time of day.
Shadow can further provide an indication of how &dlobjectis, whetherit isnatural or artificia(figure

8). When taking vegetationtm consideration, for example, a shadow cast by a tree will be longer than
that cast by a bush. When comparing thadibw of the two features, is evidentwhich one is taller.

Arrangemen{ Are the features you are analyzing closely arranged or are they far apart? Is it organized
or does it seem to be random? By asking questions about feature composition, youab#g/tbebetter
understandwhat you are looking at. When consideringmansettlements for example, an organized
refugee campmaylook differentfrom a newly-establishedspontaneously develope®Pcampsite. A

variety of settlement examples are presented and discussed later in this document.
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USING GOOGLE EARTHPROTOOLS

For the purposes of the analysisaissedn i KA & 3JdzARSX (GKS GAYS &f ARSN
features in @ogle Earth Prwill be discussedelow. Please note that Google Earth Pro makes a plethora
of tools and visualization techniques available for its users and that the discussed tools are not exhaustive.

#1) Time slider [The time slider enables users to®§ S § K NP dzfstorical inagery &cive,
which is particularly valuable when conductmglti-temporal analysis. Comparing and contrasting
imagery over time is typicalleferred to as change detection, whiellows for the detection and
documentaton of landscape features across tinEhrough change detection for axple, you can
capture what a landscape looked like before and after flooding, before and after an earthquake, or
generallyobservechanges acrostays, weeks, months, or yealtss a powerfulvay to capture tstorical
changes andvents andnayevenassist iranticipating future changes

It is important to note that theidtribution ofavailablamagery g
is notperfectlyuniformworldwide, and this is particularigue
for VHRimagery.As yu zoom in and out ofandscapes at

o . h o 1/29/2019
Google mosaics imagery from a variety of sources that ca e e—— — i 1)

remotely sensed datacross different spatial and tempor: '

scalesSq while some AOIs havehaavily populatedistorical Figure 9. Historical image availability of Boston, USA |
. . . and Gondar, Ethiopia (bottom) shows the difference ir

archive going back decades, eth may only have two availablimage availability in Google Earth Pro. The light blue |

imagesin the entire databasgigure 9) Additionally, thejuality 'ndicate animage was captured on that date.

of the imagesis not guaranteed. Haze, cloud cover, and |

contrast are some elements that can obscure the featurec ..

interestand at times rendean ima@ useless. Aeselimitations - — '\

B Path  Polygon  Circle  3Dpath 3D polygon }' ’I“—

will be discussed in a later section. Messre th ditancobetwsantwa gt anth ground s 13
Map Length: 4757 Meters ] = o

Ground Langeh: Pt e
0 Ruler | The ruleris an mcrediby useful tool when - i >
analyzing feature or multiple feature(figure 10)The Satellite
Sentinel Poject, for exampleused the ruler tool to measuré
the dimensions ofehicles to identify if they were consisteat
specific models of military uge the area of interesfThe ruler
could also be used tdetermine the height of a building b
measuring its shadow, as wedl ealculate the distance on th
ground between two structureShere are many ways to us

the ruler tool and itan providevery valuable insights for visuac
Figure 10. Ship measures 47.57 m. This measuremer

anaIyS|s. be compared to known ships to identify the make and
model

Mouse Navigation
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These toolgan be used tsave a latitude and longitude of a location/feature of intebgshavigating to

the place of interest and dropping a placemark at that localibee appearance of th@acemarlcan be
customized in a variety of ways but most intpotly, the tool can be used to document an item of
interest. Documenting a location of intereistvaluable when conducting change detection and/or when

collecting a database of eviderfoe analysis.

In addition to adding placemarks or denoting a location, it is also possible to enfgortaldata files.
Existing data filemay includeimagery files and shapefiléisat can be displayed and overlaid on the
imagery in Google Earth Py overlayingexternal information, you may be able to extract new
information. Similarly, any placemarkenerated in Google Earth Rtanalsobe exported forfurther
analysis iranother platform

SOMALILAND FEATURES

Considering and understandingetfeature characteristics described in the previous sectiorgveitly
supportvisual analysis. Howevéine manifestation ofeature characteristicgaries within and between
countries. The following descript®rorrespond to features identified in and around the AOIs analyzed
in SomalilandConsidet 2 6 £ SNXa T A NAwhictiapplies t2 ifhagarp shalysihd kiies that
ceverythingis related to everything else, but near things areranelated thandistant things. The
examples outlined below are, of course, directly relevant to the AOI in which they were idedfiéed.

the same featureer variation of the featuresan be found throughout other parts of Somaliland, Somalia,
and even neighboringountries in the Horn of Africa and beyor@areful analysis and contextual
considerations will assist in the identificatiohfeatures. The following eamples are consistent with
known ground features but have not been validated using ground Oatdeatures described below are
categorized as 1) agriculture and livestock, 2) water collection, and 3) settlements. The categories do not
capture alanalyzed featuredut theyarethe most relevant to pastoral movemenmthich was the central
focus of this poject.

Agriculture and Livestodk! LILINR EA Y| G St & cm>» 2F {2YFf Al Q& LI L
while another quarter of the population practices@gastoralism. While nomadpastoralists primarily

rely on livestock as a source of livelihood, agastoralism integrates botlivestock and agricultural
practices tosupportlivelihoods.® Given that livestock and agriculture are deeply interconnected with the
lives of many Somalis, the presencéwaistock and/or agricultural fieldéten suggest that people reside

nearmy. The ientification of livestock in VHR satellite imaghowever,is challengingn comparison to

5CarrHill, R. A., & Ondij®. (2012). Assessment of the Education, Livelihoods, Living Conditions ando\gtfarali Pastoralists: A
Representative, MulSectoral Survey Conducted to Provide a Baseliirogramming.
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structures, cars, or even large trees, the small size of livestock combined with their color (shades of brown,
white, blackimakes them harder to differentiatecim their surroundings.

Pastoral migration is largely driven by the availability of vegetation and water. While there are very few
limitations regarding where livestock can roam, it is recommenddetdgn scanningandscapes near
greener pastures and dace waterassuming thesare theareasin whichthey congregatéfigure 1J.

In figure 12we see a livestock market, captured in December 2018 and January 2019. Tiesgide
comparison of the AGihowsa shift amonghe elongated shapesacross space and time. The shift in
movement between the images, cbined with contextual research abaiitKk S NXB I A 2ryafkéts t A FS
supportsthe rational thatthe visiblefeaturesare consistent withivestock.

12/11/2018

FHgure 11 Livestock on the edge of a waterbody.

A t12/15/2018 B-1/15/2018

Hgure 12 Livestock market where animals can be seen roaming and congregating in different areas
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