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I N T R O D U C T I O N 
 
In September 2018, the Governance Lab at New York University, 

UNICEF, and the Signal Program on Human Security and Technology 

at the Harvard Humanitarian Initiative conducted research on 

population monitoring in Somalia (figure 1)Φ ¢ƛǘƭŜŘ άChildren on the 

Move: Using Satellite Data Analysis in Conflict/Famine-Affected 

!ǊŜŀǎέΣ ǘƘŜ ǇǊƻƧŜŎǘ ǳǎŜŘ ǎŀǘŜƭƭƛǘŜ ƛƳŀƎŜǊȅ to develop a 

standardized methodology for identifying and monitoring 

vulnerable populations on the move in the Somalia.  

 

Population migration is not a newly occurring phenomenon in 

Somalia or in the Horn of Africa. In fact, historical patterns of 

seasonal and economic migration within and across international 

borders are deeply engrained into the ǊŜƎƛƻƴΩǎ Ŧŀōric. 

Unfortunately, the Horn of Africa is also no stranger to forced 

migration: ongoing political instability, conflict, and extreme 

weather events have aggravated forced displacement in the 

region, though the impact of these circumstances is unevenly 

distributed. Arguably, Somalia has taken on much of the hardship 

associated with these difficulties.  

 

hǾŜǊ ƘŀƭŦ ƻŦ {ƻƳŀƭƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ǇŀǎǘƻǊŀƭƛǎǘǎΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ƭƛǾŜǎǘƻŎƪ rearing is 

directly linked to the livelihoods of many people.1 The health and wellbeing of livestock is deeply 

dependent on the condition of the landscape, because livestock require adequate water and 

vegetation to survive.2 The increasingly frequent and prolonged droughts in Somalia have 

substantially diminished the availability of water and vegetative cover, contributing to the 

widespread deaths of livestock in recent years. Additionally, environmental degradation is 

pervasive, and the lack of necessary resources at times leads to contention and resource conflict.3 

These conditions, among others, require pastoralists to travel beyond familiar territory, make 

deals, or take loans from friends and families to sustain themselves, while others must abandon 

their pastoral practices all together. In search of alternate livelihoods, many pastoralists become 

internally displaced and migrate to urban areas, where they frequently settle in ever-expanding 

internally displaced peoples (IDP) camps.  

 

Patterns of movement generated by forced migration are incredibly complex. Somalia has several 

commonly used points of entry and exit along its shared borders and coastline. While the 

 
1 Avis, W., & Herbert, S. (2016). Rapid fragility and migration assessment for Somalia. Birmingham: GSDRC University of Birmingham. 
2 Ginnetti, J., & Franck, T. (2014). Assessing drought displacement risk for Kenyan, Ethiopian and Somali pastoralists. Technical Paper. 

Norwegian Refugee Council (NRC)/Internal Displacement Monitoring Centre 
3 Avis, W., & Herbert, S. (2016). Rapid fragility and migration assessment for Somalia. Birmingham: GSDRC University of Birmingham. 

Figure 1. Map of Somalia 
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movement of migrants and refugees across borders is generally captured by organizations such as 

the International Organization for Migration (IOM), these data often do not reflect the large 

numbers of people that are voluntarily or forcibly on the move within countries. 

 

While we live in the age of Big Data, publicly available population data from Somalia is limited, and 

often outdated. According to UNFPA, the most recent publicly available population census data is 

from 1975.4 Since then, Somalia has undergone many changes and developments that have 

changed population dynamicsΣ ƛƴŎƭǳŘƛƴƎ ŀ ōƭƻƻŘȅ ŎƛǾƛƭ ǿŀǊ ōŜǘǿŜŜƴ мфум ŀƴŘ мффмΦ ¢ƘŜ ŎƻǳƴǘǊȅΩǎ 

population no longer resembles the population facts and figures captured during the 1975 census. 

Since then, UN agencies and other organizations have collected population data in pockets 

throughout the country, but capturing populations on the move, including pastoralists, is incredibly 

difficult given their mobile nature in remote areas.  

 

W H Y  S A T E L L I T E  I M A G E R Y ? 
 
Population enumeration and data collection is time intensive and costly, especially when the 

populations of interest are dispersed and in hard-to-reach areas. To supplement more traditional 

means of population data collection, Signal analysts considered the use of very high resolution 

(VHR) satellite imagery (< 1 m) to capture movements of mobile populations. The use of satellite 

imagery as an observational and analytical tool allows for the near-continuous monitoring of 

remote and/or non-permissive environments. Analysts can capture large swaths of land in a matter 

of minutes to highlight change and/or anomalies in the landscape. Imagery analysis is a highly 

effective way of gaining an understanding of landscapes in a remote capacity. VHR imagery, 

however, is usually too coarse to spot individual people. Instead, natural and artificial features are 

analyzed as proxy indicators for human activity.   

 

I N T E N D E D  P U R P O S E  &  A U D I E N C E  
 
This guide will outline tools and techniques to establish a foundation for visual analysis and will 

discuss how these techniques can assist in identifying notable landscape features in Somalia. While 

it is not an exhaustive list, it attempts to holistically capture the indicators associated with 

population movement in Somalia. To the knowledge of the Signal Program analysts, there is no 

documentation of what frequently occurring natural and man-made features in Somalia look like 

and therefore this guide sheds light on how to identify and analyze these features. The information 

found in this document is intended to supplement research and is primarily for humanitarian 

analysts working on projects considering the region. If critically considered, the techniques and 

tools may also be extrapolated and applied in different humanitarian contexts.   

 
4 UNFPA. (2014). Population Estimation Survey 2014. UNFPA Nairobi.   
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A R E A S  O F  I N T E R E S T   
 
The scope of analysis was intended to cover 

all of Somalia, however, the areas of interest 

(AOI) identified by the local partner, UNICEF 

Somalia, were concentrated in Somaliland. 24 

AOIs were identified in the administrative 

regions of Awdal, Woqooyi Galbeed, 

Togdheer, Sanaag, Sool, Nugaal and Bari (Bari 

and Nugaal are the only region outside of 

Somaliland, in Puntland) (figure 2). While the 

AOIs are clustered in Somaliland, Signal 

analysts believe many features are 

comparable to those found in other parts of 

Somalia. According to the UNICEF Somalia 

team, the identified AOIs experienced high 

flows of movement and were therefore 

prioritized for analysis. With that in mind, 

Signal analysts examined the identified 

locations and the surrounding areas to detect 

proxy indicators of population movement.  

 

The examples that are used in this guide will be drawn from the listed administrative regions in 

Somaliland and Puntland. For reasons related to confidentiality and security, the exact geographic 

coordinates and the settlement names will not be included, but the date on which the image was 

captured will be denoted so that seasonal fluctuations are taken into consideration during visual 

analysis. All images examples are from Google Earth Pro and are North oriented, unless otherwise 

stated.  

 

I M A G E R Y  &  S O F T W A R E  U S E D  
 
Satellite imagery can be obtained, visualized, and analyzed in numerous platforms. When looking 

for imagery, it is important to establish project objectives beforehand to guide your imagery 

selection, rather than to obtain the imagery first and then develop a research question. When 

thinking about acquiring imagery, it is important to first consider the image characteristics listed 

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 needs prior to obtaining, purchasing, and/or downloading satellite 

imagery: 

 

Figure 2. Administrative regions in Somaliland and Puntland 
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1) Spatial resolution  

2) Temporal resolution 

3) Spectral resolution 

4) Radiometric resolution 

5) Level of processing 

6) Cost 

 

When identifying software for processing satellite imagery there are additional prerequisites to 

consider including, 

 

1) Cost  

2) Licensing 

3) Machine compatibility 

4) Analysis functionality requirements 

 

For this guide, we will use Google Earth Pro which is a free 

commercial software that is compatible with Windows, 

Mac, and Linux operating systems. If you are entirely 

unfamiliar with Google Earth Pro, there are many resources 

available online to orient you to the software. This guide will 

not explore Google Earth Pro in its entirety, but rather 

demonstrate how to effectively use a subset of the tools 

available for visual analysis.  

 

Google Earth Pro is a platform that integrates imagery at 

various resolutions from a variety of sources and imagery 

providers (figure 3). Some of the imagery that is visualized 

in Google Earth Pro is freely and publically available via 

other platforms, such as satellite imagery captured through 

the Landsat constellation that can be downloaded through 

¦{D{Ω 9ŀǊǘƘ 9ȄǇƭƻǊŜǊ, while other imagery, mostly at higher 

resolutions, are typically acquired at a cost. In Google Earth 

Pro, you can freely browse the imagery at different spatial 

scales. Please note, there may be platforms with equivalent 

capabilities that you may use to obtain, visualize, and 

explore satellite imagery.  

 

  
Figure 3. Google Earth Pro is compiled from multiple 
sources as indicated near the bottom of the image. 
Satellite images are of Hargeisa, Somaliland captured 
on 1/10/2019.  
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G E T T I N G  S T A R T E D 
 
There are several steps you can take to strengthen the imagery analysis process and the 

subsequent results. By solely conducting visual analysis of satellite imagery, you will most likely 

not gain an in-depth understanding of what you are studying. This is primarily because you 1) may 

be unfamiliar with the context and/or 2) have not seen the AOI from above. Whatever the 

circumstances may be, you will likely be biased in what you are observing depending on how your 

own experiences have shaped you.  

 

Take into consideration the following images (figure 4), what do you see? Remember that these 

are satellite images of Somaliland. 

 

In figure 4, Image A shows circular salt pits primarily in the eastern and southern parts of the image, 

bordering ocean waters to the northwest. Image B shows livestock holding pens, most likely at a livestock 

market, where animals can be seen congregating in areas throughout the scene while image C shows a 

densely settled internally displaced peoples (IDP) camp. Such phenomena can look different within a 

country and can especially vary between countries. These differences lie in the construction of a feature, 

the contrast between the feature of interest and the surrounding environment the quality of the image, 

and more.  

 

To assist feature recognition through satellite imagery, it is strongly recommended that you conduct 

background research prior to and during analysis. If you are unfamiliar with salt mining or the livestock 

industry in Somaliland for example, image A and B will likely look unfamiliar, not allowing you to accurately 

ŎŀǘŜƎƻǊƛȊŜ ǿƘŀǘ ȅƻǳ ŀǊŜ ǎŜŜƛƴƎΦ 9ǾŜƴ ƛŦ ȅƻǳΩǾe looked at urban areas, image C may appear quite different 

given that the structures are small, organized, and near one another with no paved road network visible 

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

A - 1/15/2019 B - 1/15/2019 C - 1/15/2019 
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between the structures. The contextual information gathered during the research process is invaluable to 

the interpretation of satellite imagery.  

 

Background research can consist of diverse sources including news reports, academic articles, gray 

literature, white papers, blogs, photos and/or videos. These resources can be used to understand your 

study site better, i.e. what is the population of Hargeisa, Somaliland? Or, what does surface water 

collection look like in Somalia? There is no limit to the amount or subject of research. Understanding the 

economic, environmental, social, and political dynamics of an AOI will benefit imagery analysis in 

surprising ways and increases your general awareness of an AOI. Through the consideration of photos and 

videos, you are also likely to gain a better understanding of the appearance of landscape features from a 

ground angle. While the angle of capture is different to that of satellite imagery, the colors and shapes, 

for example, that are visibly documented in ground photos and videos may corroborate what can be seen 

from the remotely sensed data.  

 

F E A T U R E  C H A R A C T E R I S T I C S 
 

Before interpreting features, it is good practice to be aware of the image orientation and scale. 

Orientation, whether the top of the image is North, East, South, or West, may influences the way in which 

you understand the 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 relates to the other and will therefore need to 

know the image orientation. All the images in this guide are North oriented, unless otherwise stated. Scale 

is also an important consideration in addition to orientation, since features look distinctive at different 

spatial scales and could be misinterpreted ƛŦ ǎŎŀƭŜ ƛǎƴΩǘ ŎƻƴǎƛŘŜǊŜŘ.  

 

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 consideration of 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 white 
features in the water could be misinterpreted, but at another scale the feature characteristics 
can be recognized as Somali fishing boats.  

N 

N 

2/22/2019 
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Shape & Size | Shape and size are often the most noticeable characteristics in satellite imagery (figure 6). 

Whether a feature is circular, round, triangular, elongated, or measures 1 x 1 m2, the recognition of these 

characteristics adds meaning to ongoing research and helps further your understanding the AOI. For 

example, a structure that measures 1 x 1 m2 is arguably too small to be a house while a structure that 

measure 3 x 3 m2 could be interpreted as a livable size. This statement should be consistent with and 

supported by contextual research. 

 

The diverse array of structures visible in figure 6A captures the heterogeneity of a single scene. The shape, 

size, and color of the elongated structure with the sand-colored roof in figure 6B, for example, looks 

substantially different from the surrounding buildings in the AOI. Contextual research suggests that there 

is a hospital at this exact location and therefore analysts assume this building is in fact, a hospital. The 

structures that appear more consistent in shape, size, and construction material in the AOI resembles the 

construction of homes in this area. You may speculate the intended function of a feature, but the 

interpretation must be made with caution because it is often difficult to confirm the features exact 

function. When possible, it is ideal to corroborate interpretations with ground validation and/or through 

eyewitness reports. Through repeated analysis an analyst will likely gain a better understanding of 

ŦŜŀǘǳǊŜǎΩ ŦǳƴŎǘƛƻƴǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƻōǎŜǊǾŜŘ ǇƘȅǎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ  

 

Figure 6C shows a structure without a roof, where only the standing walls and room partitions are visible. 

To the right of the unfinished structure there is an outline of what likely demarcates the area upon which 

another structure will be erected. In summary, shape, size, and numerous other characteristics should be 

studied when conducting visual analysis, since these considerations assist and often simplify feature 

recognition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Shape and size of structures differ greatly between and within AOIs 

A - 7/5/2019 B 

C 
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Color, Tone, Pattern, & Texture | Color, tone, pattern, and texture are contextual pieces of information 

that can improve our understanding of landscape features. These characteristics may also provide some 

insight on the condition of the feature. For example, a brightly colored structure that appears next to a 

similar building with a dull-colored roof could suggest that the bright structure is newly constructed while 

the other structure is older or not well taken care of in comparison, though such conclusions should be 

carefully drawn.  

 

These properties also speak to the material makeup of features to determine whether it is natural or 

artificial. For instance, exposed rock looks very different from sand or grass, while an aluminum roof looks 

different from tarps or wood. In figure 7, the pattern and bright color of the artificial turfs clearly set them 

apart from the natural and man-made features in the surrounding environment.  

 

Shadow | Shadow may be used to understand what time of day the image was captured, given the length 

and direction of the shadow. Typically, this information is stored in the metadata, but Google Earth 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 tall an object is, whether it is natural or artificial (figure 

8). When taking vegetation into consideration, for example, a shadow cast by a tree will be longer than 

that cast by a bush. When comparing the shadow of the two features, it is evident which one is taller.  

 

Arrangement | 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, you may be able to better 

understand what you are looking at. When considering human settlements for example, an organized 

refugee camp may look different from a newly-established, spontaneously developed IDP camp site. A 

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

Figure 8.  Closely arranged structures with different colored roofs 
cast shadows, encircled in red. 

Figure 7. The color and texture of the artificial turf greatly 
contrasts the characteristics of the surrounding 
environment.   

2/10/2019 1/15/2019 
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U S I N G   G O O G L E  E A R T H  P R O  T O O L S  
 
For the purposes of the analysis discussed in ǘƘƛǎ ƎǳƛŘŜΣ ǘƘŜ ǘƛƳŜ ǎƭƛŘŜǊΣ ǊǳƭŜǊΣ ŀƴŘ άŀŘŘ ǇƭŀŎŜƳŀǊƪέ 

features in Google Earth Pro will be discussed below. 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.  

 

Time slider | The time slider enables users to togƎƭŜ ǘƘǊƻǳƎƘ DƻƻƎƭŜΩs historical imagery archive, 

which is particularly valuable when conducting multi-temporal analysis. Comparing and contrasting 

imagery over time is typically referred to as change detection, which allows for the detection and 

documentation of landscape features across time. Through change detection for example, you can 

capture what a landscape looked like before and after flooding, before and after an earthquake, or 

generally observe changes across days, weeks, months, or years. It is a powerful way to capture historical 

changes and events and may even assist in anticipating future changes.    

 

It is important to note that the distribution of available imagery 

is not perfectly uniform worldwide, and this is particularly true 

for VHR imagery. As you zoom in and out of landscapes at 

different scales, you will notice that the number of images 

available and their characteristics change. This is because 

Google mosaics imagery from a variety of sources that capture 

remotely sensed data across different spatial and temporal 

scales. So, while some AOIs have a heavily populated historical 

archive going back decades, others may only have two available 

images in the entire database (figure 9). Additionally, the quality 

of the images is not guaranteed. Haze, cloud cover, and low 

contrast are some elements that can obscure the features of 

interest and at times render an image useless. These limitations 

will be discussed in a later section.  

 

Ruler | The ruler is an incredibly useful tool when 

analyzing a feature or multiple features (figure 10). The Satellite 

Sentinel Project, for example, used the ruler tool to measure 

the dimensions of vehicles to identify if they were consistent to 

specific models of military use in the area of interest. The ruler 

could also be used to determine the height of a building by 

measuring its shadow, as well as calculate the distance on the 

ground between two structures. There are many ways to use 

the ruler tool and it can provide very valuable insights for visual 

analysis. 

 

Figure 9. Historical image availability of Boston, USA (top) 
and Gondar, Ethiopia (bottom) shows the difference in 
image availability in Google Earth Pro. The light blue lines 
indicate an image was captured on that date.  

Figure 10. Ship measures 47.57 m. This measurement can 
be compared to known ships to identify the make and 
model 
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!ŘŘ tƭŀŎŜƳŀǊƪ μ ¢ƘŜ άŀŘŘ ǇƭŀŎŜƳŀǊƪέ feature functions similarly to άŀŘŘ ǇƻƭȅƎƻƴέ and άŀŘŘ ƭƛƴŜέ. 

These tools can be used to save a latitude and longitude of a location/feature of interest by navigating to 

the place of interest and dropping a placemark at that location. The appearance of the placemark can be 

customized in a variety of ways but most importantly, the tool can be used to document an item of 

interest. Documenting a location of interest is valuable when conducting change detection and/or when 

collecting a database of evidence for analysis.  

 

In addition to adding placemarks or denoting a location, it is also possible to import external data files. 

Existing data files may include imagery files and shapefiles that can be displayed and overlaid on the 

imagery in Google Earth Pro. By overlaying external information, you may be able to extract new 

information. Similarly, any placemarks generated in Google Earth Pro can also be exported for further 

analysis in another platform. 

 

S O M A L I L A N D  F E A T U R E S 
 
Considering and understanding the feature characteristics described in the previous section will greatly 

support visual analysis. However, the manifestation of feature characteristics varies within and between 

countries. The following descriptions correspond to features identified in and around the AOIs analyzed 

in Somaliland. Consider ¢ƻōƭŜǊΩǎ ŦƛǊǎǘ ƭŀǿ ƻŦ ƎŜƻƎǊŀǇƘȅ, which applies to imagery analysis and states that 

άeverything is related to everything else, but near things are more related than distant thingsέ. The 

examples outlined below are, of course, directly relevant to the AOI in which they were identified. Often, 

the same features or variation of the features can be found throughout other parts of Somaliland, Somalia, 

and even neighboring countries in the Horn of Africa and beyond. Careful analysis and contextual 

considerations will assist in the identification of features. The following examples are consistent with 

known ground features but have not been validated using ground data. The features described below are 

categorized as 1) agriculture and livestock, 2) water collection, and 3) settlements. The categories do not 

capture all analyzed features, but they are the most relevant to pastoral movement, which was the central 

focus of this project.  

 

Agriculture and Livestock |  !ǇǇǊƻȄƛƳŀǘŜƭȅ сл҈ ƻŦ {ƻƳŀƭƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎ ƴƻƳŀŘƛŎ ǇŀǎǘƻǊŀƭƛǎƳ 

while another quarter of the population practices agro-pastoralism. While nomadic pastoralists primarily 

rely on livestock as a source of livelihood, agro-pastoralism integrates both livestock and agricultural 

practices to support livelihoods.5 Given that livestock and agriculture are deeply interconnected with the 

lives of many Somalis, the presence of livestock and/or agricultural fields often suggest that people reside 

nearby. The identification of livestock in VHR satellite imagery, however, is challenging. In comparison to 

 
5 Carr-Hill, R. A., & Ondijo, D. (2012). Assessment of the Education, Livelihoods, Living Conditions and Welfare of Somali Pastoralists: A 
Representative, Multi-Sectoral Survey Conducted to Provide a Baseline for Programming. 
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structures, cars, or even large trees, the small size of livestock combined with their color (shades of brown, 

white, black) makes them harder to differentiate from 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 recommended to begin scanning landscapes near 

greener pastures and surface water assuming these are the areas in which they congregate (figure 11).  

 

In figure 12 we see a livestock market, captured in December 2018 and January 2019. The side-by-side 

comparison of the AOI shows a shift among the elongated shapes across space and time. The shift in 

movement between the images, combined with contextual research about ǘƘŜ ǊŜƎƛƻƴΩǎ ƭƛǾŜǎǘƻŎƪ markets, 

supports the rational that the visible features are consistent with livestock.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A �t 12/15/2018 B - 1/15/2018 

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

Figure 11. Livestock on the edge of a waterbody. 

12/11/2018 
























