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Abstract 
The purpose of this report is to investigate the relationship between climate factors and internally displaced 
people (IDP) through elaborate climate indicators that are developed on a micro (district) level using 
advanced remote sensing analytics for the period 2016-2019. The report describes the analyses used, 
derived information, conclusions, and a roadmap for future monitoring of the environment and climate 
change threats in Somalia. Our findings confirm that slow-onset climate events and rapid-onset climate 
events have different impact on society and the responses depend on the urge due to the deterring 
aftermath of the extreme weather event and most importantly the capabilities of people. We also 
emphasise that data quality and availability for the socio-economic indicators is of importance to enhance 
the future studies given the interlinked associations between climate change, economic deprivation and 
violent conflict. 
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1. Introduction 

‘In the past, God would always leave something for us, but now ... We had to flee. You go where you can when you 
lose everything,’ 

Yurub Abdi Jama, 35, lives in a makeshift shelter outside Hargeisa, said to Agence France-Presse. 

The year 2015 was a year of rising awareness following the aftermath of the Syrian civil war and 
political instability and economic crisis in Latin America. In the following years, millions of Syrians, 
and Latin Americans (i.e., Colombians and Venezuelans) were internally displaced, then by migrated 
to neighbouring countries before deciding to migrate to Europe. These Middle Eastern and Latin 
American humanitarian crises which first caused internal displacement and then emigration have been 
extensively discussed and studied (Popa & Cocos, 2015; Aburas et al., 2018; Podesta, 2018; Huynh & 
Basu, 2020; Roth, 2021). Nevertheless, the number of people living in internal displacement has 
firmly been increasing worldwide and forced displacement has been a crucial issue for Africa already 
for decades. A recent IDMC report (2021) stated that as of the end of 2020, the number of IDP 
around the globe reached a record high number and doubled the number of refugees.  

Irregular migration is one of the major aspects emphasised in the European Pact on Migration and 
Asylum. The EU calls for cooperation from the global community in addressing migration and forced 
displacement to support the countries to minimise the risks. The European approach aims to protect 
both migrants and refugees, but more importantly to develop a better understanding of the root 
causes of irregular migration and forced displacement.  

Figure 1.  Global forced migration (at the end of the year) 

 
Source UNHCR Refugee Data Finder 
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The significance of internal displacement is evident, as illustrated in the Figure 1, since IDP consti-
tutes 56% of the overall forced migration. What is more striking is that this displacement lasts 20 years 
on average for refugees and more than 10 years for most IDPs (EC, 2021). Moreover, the UNHCR 
(2020) report of global trends on forced displacement showed that almost 80% of the refugees and 
IDPs live in developing countries. Somalia, which has been in the top 10 list of source countries for 
cross-border displacement throughout the decade, ranked the fifth largest forcibly displaced popula-
tion worldwide with almost 2.6 million IDPs (of concern to UNHCR), by the end of 2019 (ibid). 

The reasons for displacement are versatile and the strong intersectional threats related to climate, 
conflict, extreme poverty, and food insecurity cannot easily be separated. The decision to move is a 
strategic response to anticipate the negative impacts of these threats on people’s lives, family well-
being and security. Nevertheless, the timing and the size of the impact of the shock are unpredictable, 
hence the strategy can be traded off with impulses to avoid suffering hunger and material deprivation. 
In the case of Somalia, which is prone to harsh climatic conditions and ongoing conflict, the root 
causes of displacement are not easy to explain given the strong inter-linkages between conflict and 
environmental deterioration. According to the IDMC statistics between 2008 and 2020, when more 
than 9,600 disaster events were reported, 318.7 million people were displaced. In the same period, 
Somalia experienced 43 significant disaster events which led to more than 3.2 million new displace-
ments.1 

Scholars have investigated environmental dynamics and mobility decisions (Laczko & Aghazarm, 
2009; Piguet et al., 2011; Abel et al., 2019; Boas et al., 2019; DeFries et al., 2019; Bosetti et al., 2021; 
Hoffmann et al., 2021), although contemporary predictions of environment- or climate-induced 
migration are progressing when compared to the past efforts. Innovative data sources and advanced 
analytics also have significant potential for indicator development, data collection and consequently 
enhanced knowledge and insights of displacement particularly in the context of slow-onset processes 
of climate change. This report aims at scrutinising the relationship between climate factors and IDP 
through elaborate climate indicators that are developed on a micro (district) level using advanced 
remote sensing analytics for the period 2016-2019. The report describes the analyses used, derived 
information, conclusions, and a roadmap for future monitoring of the environment and climate 
change threats in Somalia.  

 
1  The number of new displacements that take place during the year refers to the number of movements rather than the number of 

people displaced. 
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2. Case of Somalia 

Somalia is a country with an area of 637,540 km² that is located in the North East of Africa. Somalia 
is surrounded by the Gulf of Aden from the north, from the east by the Indian Ocean, and inland it 
is bordered by Kenya, Ethiopia, and Djibouti. According to UNFPA (2014), only 42.4% out of a 
total population of 12.32 million people are urban dwellers. The remaining population mostly live in 
rural areas (22.8 percent) or are nomadic (25.9 percent).  

The Juba and Shebelle rivers are the two permanent rivers of the Horn of Africa, crossing Somalia 
from the highlands of Ethiopia towards the Indian Ocean. The Juba River flows more than 1,000 km 
out of its 1,800 km of total length in Somalia whilst the Shebelle River extends for more than 
1,200 km from the Somali-Ethiopian border to its confluence with the Juba (WFP, 2016: 258: World 
Food Programme (2016). Atlas of Climate Risk and Food Security in the Greater Horn of Africa 
Region.). They provide the highest agricultural potential in the central and southern parts of Somalia 
resulting in livestock and agriculture becoming the two primary income sources of the Somali people. 
For example, livestock only alone accounts for nearly 70% of Somalia’s GDP. However, despite the 
source of fresh water provided by the Shebelle and Juba rivers, animal husbandry and agricultural 
industries are highly exposed to extreme environmental events due to the arid and semi-arid climate. 

More than 80% of Somalia’s landmasses have arid and semi-arid climates, and rainfall in the country 
is low with high spatial and temporal variability. This climate makes Somalia characteristically prone 
to extreme weather conditions where lack of water resources leads to food scarcity. In addition, 
natural threats and climate change further undermine the available natural resources in Somalia, most 
notably by increasing the spatial and temporal variability of the rainy and dry seasons. These adverse 
environmental impacts and the mismanagement of natural resources negatively affect the country’s 
economy since approximately 70 percent of Somalis depend on climate-sensitive agriculture and pas-
toralism. 

This study covers the period from 1 January 2016 to 31 December 2019. The year 2016 was chosen 
as start date, due to this being the earliest date when the Sentinel-1 and Sentinel-2 data, used to 
produce flood and drought maps, was available. In addition, migration data are only available since 
2015. The final date is 2019, when the project commenced.  
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Figure 2.  Rainfall over Hiiraan region in Somalia between 2016 and 2019* 

 
* Consisting of Beledweyne, Buloburde, and Jalalaqsi districts. 
Source Rainfall data derived from the Climate Hazards Group InfraRed Precipitation with Station data – 
(CHIRPS) (WFP, 2020) 

Precipitation is generally scarce in Somalia, which is typical of a desert or semi-desert climate in vast 
areas. Figure 2 shows the rainfall over the Hiiraan district (Somalia) from 2016 to 2019 illustrating a 
bi-modal rainfall distribution.  

Rainfall occurs in two growing seasons called Gu and Dayr and their timing is variable depending 
on the location within the country. Gu is typically referred to as the main growing season from March 
to late May. Dayr is the second growing season that starts at the end of September and finishes by 
the end of November. These two seasons have a direct impact on the productivity of livestock and 
agricultural sectors. 

2.1 Extreme climate events and aftermath for Somalia 
Somalia’s fragile and vulnerable situation is nurtured by ongoing conflicts, long-lasting epidemic out-
breaks, weak social protection systems, erratic climate conditions and shocks which are detrimental 
to agriculture and livestock, pastoral and rural livelihoods, and hence food security. Moreover, 
according to the World Bank, Somalia is one of the poorest countries in the world, since almost 70% 
of the population live below the poverty line, earning less than $2 per day. Therefore, this disadvan-
taged social and ecosystem edges Somalia with a prolonged humanitarian crisis and internal displace-
ment. According to the UNHCR, Somalia ranks seventh in the world in terms of the displaced popu-
lation. 

Extreme climate events generally refer to unexpected, unusual, severe, or unseasonal weather 
events at the extremes of the historical distribution. In this study, Somalia was selected as the study 
area since it is prone to extreme weather and climate events that have resulted in significant internal 

(a) 2016 (b) 2017 

(c) 2018 (d) 2019 
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migration. Historically, drought and flood are the two main extreme climate events that persistently 
impacted Somalia severely. The combined effects of consistent drought periods and flood events are 
more likely to result in soil and land degradation and reduce grass growth - reducing the production 
and productivity of livestock and impacting the food security of pastoralists. 

Generally, drought refers to prolonged shortages in the water supply, whether precipitation, surface 
water or groundwater. For example, the most extreme drought in Somalia within the last decade 
occurred in 2011, when near 258,000 people lost their lives. It was followed by a famine in Bay, 
Bakool, Lower and Middle Shebelle regions, located in central and southern Somalia (World Bank, 
2017). In another case, a drought started in 2015 and reached a peak in late 2016 and early 2017 when 
more than 800,000 Somalis fled their homes in search of water and a more stable livelihood. Somalia 
was the most affected African country, with 167,000 people displaced by the drought between 
January and June 2018. 

Floods occur when excessive rainfalls within a restricted period. This study focuses on river floods 
occurring when water overflows from rivers due to a prolonged period of rainfall. Often floods are 
exacerbated by the opening of rivers to create outlets for irrigation by providing water during the dry 
seasons and lead to flooding of neighbouring land during the growing season when water flow is at 
its highest. Reoccurring floods along the Juba and Shebelle Rivers also severely affect agricultural 
production by destroying crops and on-farm infrastructure, affecting the country's food security. In 
addition, the extreme flood events in Somalia can lead to the displacement of many people, including 
the loss of dwellings, loss of livestock, and food insecurity. In recent years, floods have increased in 
both frequency and magnitude, which has gravely impacted Somalia, causing wide-scale displacement 
of the local population (OCHA, 2020). For example, in 2016, the Shebelle River overflowed flooding 
several villages and towns in the Hiiraan region including Belet Weyne and Mahaday, affecting 
30,000 people (FloodList, 2016b). 

2.2 Climate-induced internal displacement in Somalia 
Somalia has experienced more than 30 extreme weather events since 1990, including 12 droughts and 
19 floods which led to two significant periods of famine, first 1991-92 and then 2011. The longitu-
dinal interplay between drought and floods deteriorates the food security and access to basic services 
in Somalia whilst increasing the vulnerability which forces people to leave at different paces. Accord-
ing to UNHCR data on the reasons for IDPs, since 2016, more than three million Somalis have been 
uprooted by the fierce and frequent droughts and floods. Despite the presumptions on ‘environ-
mental migration’ claiming the immediate effect of the weather-related disasters such as floods, 
storms and drought, displacement is a migration process where responses and trajectories may differ 
based on the contextual conditions, the individual and household capabilities rather than rational 
choices. In areas like Somalia which are prone to multiple or reoccurring extreme weather events, 
disasters and poor environmental conditions might lead to displacement multiple times which only 
contribute to the vulnerability. 

The environmental factors, which are getting more disadvantageous in time as the climate becomes 
drier, warmer, have a direct negative impact on the crop-, livestock-, and forestry-based livelihood 
systems. Regular and predictable rainfall is essential to sustain the pastoral and rural lives of many 
Somalis. However, in addition to immediate effects of sudden extreme weather events, the slow onset 
of environmental degradation is a significant trigger for displacement to more habitable areas. These 
rapid- and slow-onset environmental factors might have differential roles at different times in 
people’s decision to (either internally or internationally) migrate. Numerous qualitative and mixed 
methods studies show that in many cases, decisions to leave were taken as a ‘final straw’ following an 
extreme incident which made the existing living conditions unbearable (Achour & Lacan, 2012; 
Jayawardhan, 2017; Van Baalen & Mobjörk, 2018; Lindvall et al., 2020). 
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Figure 3.  Total number of new displacements due to disasters between 2008-2020 in Somalia 

 
Source IDMC 

Figure 3 demonstrates the latest reported occurrences of disaster-related internal displacement in 
Somalia between 2008 and 2020, with a sharp increase in 2017. To identify the difference between 
the new displacements and the IDPs, Figure 3 refers to the number of movements, and not people, 
as individuals can be displaced several times, and the data collected by the IDMC does not always 
reflect this.  

Figure 4.  Percentage of environmental IDPs to total IDPs between 2016 and 2019 at regional 
level in Somalia 

 
Source IDMC 

It is difficult to distinguish the marginal driving factors of migration due to strong inter-linkages 
between the insecure context of Somali and its exacerbated climate conditions. In Figure 4, we 
observe the share of environmental factors reported as reasons to migrate between 2016 and 2019. 
The area of interest for our study, that is delimited with a bold-blue line, was affected by detrimental 
climate conditions which led to internal displacement. In other words, regardless of the type of the 
disaster, these conditions continued to degrade the environment and hence led to an accumulative 
process that compelled millions of people to leave their homes. 
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Panel (a) in Figure 5 displays the population density of Somalia in each 100 × 100-meter grid 
square. Close-ups show details around (a) Hargeisa, (b) Bosaso, and (c) Mogadishu. Panel (b) is a land 
cover map of the region with the two major rivers in Somalia: Shebelle crosses the central and Juba 
crosses the Southern areas of Somalia. Panel (c) shows the land cover of Somalia generated by ESA 
as part of Africa land cover project in 2016. Finally, The share of IDPs for environmental reasons 
between 2016 and 2019 at regional level is shown in panel d. 

Figure 5.  Maps of Somalia: study areas, population density, rivers, land cover and environ-
ment-related migration 

 
Source Linard et. al., 2010 

These aggregate numbers give a broad picture of the harsh and unpredictable climatic conditions of 
Somalia and how people respond to the crisis by making hard decisions to move out of their live-
lihoods. Nevertheless, annual numbers fail to provide sufficient evidence to understand the rapidly 

 

(a). Somalia population map 2010 (b). Somalia major rivers map 

(c). Land Cover (LC) of Somalia 
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changing but slowly evolving dynamics of the environment and their indirect and direct impact on 
people's lives. The decision to move/migrate can happen both as a direct response to disasters 
occurring or as a longer-term choice, as a result of repeated environmental devastation and limited 
long-term prospects.  

When the relation of the extreme weather events to internal displacement is drawn in Figure 4, high 
numbers following disasters are not surprising, and moreover, we observe that people continue to 
move with the incremental climate conditions. Considering the fact that people may react differently 
to the same circumstances depending on their physical and economic constraints and their perception 
of the short to long term risks, it is not easy to distinguish how far these movements are part of the 
continuum of displacement. Therefore, more time-sensitive environmental indicators can shed light 
on the relation between the changes in climate factors and internal displacement. 

The study area was selected based on criteria including population density, proximity of the major 
rivers, and the volume of reported internal displacement due to environmental factors. Central and 
Southern Somalia were chosen as target study areas since both regions are densely populated 
(Figure 5.a) and crossed by Shebelle and Juba rivers (Figure 5.b) that provide ideal conditions to grow 
crops and forage production (Figure 5.c). Thirdly, they have been routinely faced internal displace-
ment due to extreme environmental events (Figure 5.d). 

Figure 6.  Study area at district level 
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Table 1. List of districts used as areas of interest (AOI) for drought maps 

NO Districts District Area (km2) NO Districts District Area (km2) 

1 Saakow 6,774 9 Bulo Burto 16,054 

2 Jowhar 4,637 10 Baardheere 15,275 

3 Balcad 4,238 11 Jalalaqsi 3,123 

4 Jalalqsi 3,123 12 Kurtunwaarey 2,546 

5 Luuq 8,260 13 Qansax Dheere 3,267 

6 Belet Weyne 14,867 14 Rab Dhuure 3,309 

7 Bulo Burto 16,054 15 Tayeeglow 6,596 

8 Garbahaarey 8,318 16 Doolow 1,618 

Figure 6 shows the study area that selected for this study at the district level. In total, 16 districts were 
selected from the Central and Southern parts of Somalia with 111,578 km2 coverage. The details of 
the selected districts are illustrated in Table 1. 
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3. Data and methodology 

With the aim of scrutinising the patterns of internal displacement in Somalia induced by environ-
mental factors, we utilised our derived indicators to see if any relationships can be found to the IDPs 
throughout the AOI, to understand the relationship between the extreme weather events, slow-onset 
climate change and the internal displacement in Somalia between 2016 and 2019. This study is one 
of the first attempts to analyse the climate/environment induced displacement on a district level by 
environmental indicators developed by daily, weekly, and monthly satellite data. 

For the IDPs, we gathered different indicators from available sources such as UNHCR, IDMC and 
the World Bank, where district level statistics are available. The details of the derived and gathered 
indicators are listed in the following section.  

3.1 Environmental indicators  
A series of environmental and non-environmental indicators were considered to understand environ-
mental migration better. The goal of using environmental indicators was to measure the direct impact 
of environmental events on agricultural and urban features, whilst non-environmental indicators such 
as IDP were used to quantify the human impact. Thus, in our analysis, environmental indicators were 
considered as casual indicators whilst non-environmental features measured the effect this causes had 
on the local population, ultimately leading to migration. 

3.1.1 Drought 
The Agricultural Drought Indicator (ADI) was the first environmental indicator defined, based on 
the cause-effect relationship for agricultural drought, whereby a shortage of precipitation leads to a 
soil moisture deficit, resulting in a reduction of vegetation productivity. The ADI was developed 
based on three sub-indicators, including the Standardised Precipitation-Evapotranspiration Index 
(acquired from the Spanish National Research Council), the Soil Moisture Index (acquired from the 
ESA Climate Change Initiative Soil Moisture Climate Copernicus), and the Normalised Difference 
Vegetation Index (generated from Sentinel-2 Level-1C acquired from ESA Copernicus). The ADI 
represents the drought level in three levels: watch (yellow), warning (orange), and alert (red) (Table 2).  

Table 2. Three different drought levels 

 

 

Drought 
level Colour Conditions Interpretation 

Watch  SPEI-3 < -1 or SPEI-1 < -2 Low SPEI means precipitation deficit. 

Warning  SMA < -1 and (SPEI-3 < -1       
or SPEI-1 < -2) 

Precipitation deficit plus a negative 
anomaly of soil moisture. 

Alert  NDVIa < -1 And (SPEI-3 < -1 
or SPEI-1 < -2) 

Precipitation deficit plus a negative 
anomaly of vegetation ‘greenness’. 
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In total, 48 ADI mosaic produced monthly with 20 m spatial resolution in GeoTIFF format. Figure 7 
shows an example of drought map of August 2017, where the AOI was affected by moderate and 
severe drought), primarily in the south of the AOI at the lower Shebelle river. 

Figure 7.  A mosaic of drought map in Somalia August 2017 
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3.1.2 Flood 

Figure 8.  Sentinel-1 flood maps generated within the AOI 

 

River floods are the most common and one of the main causes of environmental migration in 
Somalia, which happens when water overflows a riverbank due to a prolonged period of rainfall. The 
flood algorithm was developed based on change detection technique using Sentinel-1 data from 
before and after a flood. In addition, the Digital Elevation Model was used to calculate the slope of 
the study. Whilst the drought maps were produced monthly, flood maps were produced based on 
flood events. Figure 8 shows the overall flood mosaic map, where in 2016, 865.5 km2 of the AOI was 
flooded, with the Belet Weyne, Saakow and Jowhar districts mostly affected (Figure 8.a). In 2017, 
floods affected the districts of Saakow and Jowhar, covering 2,263.4 km2 (Figure 8.b), whilst in 2018 
several districts were flooded (including Hiiraan -Figure 7) with an area equal to 3,552.1 km2 
(Figure 8.c). Lastly, in 2019 the total area flooded was 2,657.9 km2. A summary of the floods mapped 
is found in Figure 8 and the total flooded area detected for each S1 tile is found in Table 3. The flood 
was used as a base map alongside the population map to estimate the number of people affected by 
each flood event. 
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Table 3. Flooded and non-flooded area extent (2016-2019) 

Year Main districts covered by S1 tile Flooded 
area (km²) 

Non-
flooded  
(km2) 

Non-
flooded  
(%) 

Flooded  
(%) 

2016 Belet Weyne 526.22 10,849.56 95.37 4.63 

2016 Saakow 120.16 62,220.66 99.81 0.19 

2016 Jowhar/Jalalaqsi/Balcad 219.11 14,201.03 98.48 1.52 

2017 Saakow 819.19 61,559.02 98.69 1.31 

2017 Jowhar/Balcad 1,444.24 60,442.43 97.67 2.33 

2018 Baardheere/Ceel Waaq/ Garbahaarey 552.78 61,825.08 99.11 0.89 

2018 Diinsor/Qansax Dheere/Saakow/Baardheere 380.26 61,990.41 99.39 0.61 

2018 Jowhar/Jalalaqsi/Balcad 1,078.76 60,807.91 98.26 1.74 

2018 Luuq/Xudur/Doolow 510.74 61,885.18 99.18 0.82 

2019 Baardheere 296.46 62,081.4 99.52 0.48 

2018 Belet Weyne /Bulo Burto 251.48 61,474.12 99.59 0.41 

2019 Bu’aale/Saakow 398.87 61,971.80 99.36 0.64 

2019 Garbahaarey 296.46 62,081.40 99.52 0.48 

2019 Jalalaqsi/Jowhar/Balcad 1,015.78 60,870.89 98.36 1.64 

2019 Saakow 398.87 61,971.80 99.36 0.64 

2018 Belet Weyne 208.76 61,516.84 99.66 0.34 

2018 Saakow 272.81 62,097.86 99.56 0.44 

3.1.3 Land Cover (LC) and LC change maps for drought and flood events 
The last environmental indicator was comprised of the Land Cover (LC) and LC change maps. The 
LC helps assess the impact of natural threat phenomena like floods and drought on agricultural food 
productions (like orchards and croplands) and human settlements (like towns and villages). First, LC 
maps were produced to show the Earth's different land cover patterns in five different classes 
(soil/sparse vegetation, water, agriculture field, forest, and grassland/shrubland). 

Sentinel-2 L2A imagery was the primary data input for LC maps. A state-of-art U-Net based algo-
rithm produced LC maps during drought and flood events. The convolutional nature of U-Nets 
allows them to incorporate information from neighbouring pixels in the prediction which can lead to 
a stronger detection of different textural features seen in the base images. LC is a fundamental envi-
ronmental variable for understanding the causes and trends of human and natural processes. LC 
refers to the physical material at the earth’s surface like grass, soil, impervious surfaces, and trees. The 
information extracted from the land cover features and their associated changes can help understand 
the impact of environmental threats on the amount of variation of crops. Accurate identification and 
extraction of different land cover features (e.g., agricultural fields) is important to assess the distribu-
tion across agricultural regions. 

As a result, 17 LC maps were produced according to the flood events resulting in significant IDPs 
from 2016 to 2019. The dates selected to produce the LC maps were selected using the first usable 
Sentinel-2 image that was available after the date reported for each flood event. However, the LC 
maps for drought events were generated as an aggregate for growing seasons (Gu and Dayr). Eight 
aggregate LC maps were produced, providing an overall representation of the Land Cover for each 
agricultural growing season between 2016 and 2019. The figure AG shows the aggregate LC map on 
Dayr 2018. The Agricultural field with the light green colour represents the croplands and orchards 
mainly distributed across the Shebelle and Juba rivers (Figure 9). 
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Figure 9.  Aggregate LC map for AOI during Dayer agricultural growing seasons in 2018 

 

Next, LC change maps were produced to highlight the changes in agricultural fields and human 
settlements due to flood and drought events. LC change maps for flood events were generated by 
comparing the LC maps after flood events to the corresponding aggregate LC maps. For drought, 
six LC Change maps were produced by comparing each aggregate to the previous years’ aggregate 
map for the identical season; for example, Gu 2016 was compared to Gu 2017.  

The flood LC Change map shows the clear impact of floods on the agricultural fields and settle-
ments of the affected areas, whilst the LC Change map for drought showed a significant fraction of 
agricultural fields in drought areas were destroyed or damaged. All the LC and LC change maps were 
produced in 10 m spatial resolution. Figure 10 demonstrates the impact of the flood by showing the 
agricultural fields and settlements that were lost in the Beledweyne District in Figures 10.c and 10.d 
respectively. Most notably, evidence of migration from major urban areas close to the rivers to smaller 
communities far away from rivers can be seen after flood events. This suggests that migrants from 
major floods try to stay close to their homes but outside the direct disaster zone. 

An unsupervised clustering was performed to explore the impact of flood events further. The flood 
events labelled as regular showed to have similar characteristics. In contrast, extreme floods led to 
higher IDPs, more affected people, and larger damage to agricultural fields and human settlements. 
It is expected that, compared to regular floods that are part of the agricultural climate and essential 
for growing season, extreme floods are more likely destructive and lead to migration. 
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Figure 10.  LC change of agricultural fields and settlements areas shown around the city of 
Beledweyne after flood event NO 11 

 

Compared to flood events, drought events typically take place over a much longer time scale. As such 
for determining the LC change, a single post drought image cannot be defined in the same way as for 
flood. As a result, six drought LC change maps were produced based on comparing the matching 
seasonal aggregates LC. In addition, the change in the agricultural class was the only component of 
the drought LC Change, as drought should not directly destroy the settlement class as with flood. 
Figure 11 shows an example of the LC Change maps that were produced between the 2019 and 2018 
Gu season showing the impact of a drought in April 2019 around the Balcad region. 
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Figure 11.  Drought LC change in the Gu season of 2019* 

 
* (c): affected drought areas and (d): matchup with areas of agricultural field loss 

3.1.4 Internally Displaced People (IDPs) 
As part of the non-environmental indicators, IDPs (acquired from UNHCR) were used to study the 
internal movements of environmental migrants since 2015. IDP values state the number of internally 
displaced people each month and include both the reason for the migration and the origin and des-
tination districts.  

Figure 12 shows the map of displacements occurring inside and between district levels. Doolow is 
the most favourite destination district for those who left their home in other districts, during drought 
events between 2016 and 2019. In total, nine migration movements reported to Doolow followed by 
Luuq with six migration movements. On the other hand, the Qansax Dheere had the highest depar-
ture movements due to drought events in the same periods. Similar displacements are displayed in 
Figure 13. Compared to the Drought displaced movements, the flood displacements often occurred 
within districts. This suggests that it is less likely that people left the district due to flood events. 
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Figure 12.  Displacement movements occurred at the district level during drought event 
between 2016 and 2019 

 

Figure 13.  Displacement movements occurred at the district level during flood event between 
2016 and 2019 

 

External IDPs 
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3.1.5 Socioeconomic indicators 
Regarding the socio-economic indicators, data availability, data quality and reliability were a 
significant issue for Africa, particularly for poor countries, for decades (Devaranjan, 2013, 
Hoogeven & Nguyen, 2019; Naudé & Vinuesa, 2021). The situation is not any different for Somalia. 
International databases developed by many (mostly international) institutions (i.e., international 
NGOs and organisations, aid agencies, private consulting firms, etc.) cover various domains such as 
democracy, development, access to services, etc. (Bédécarrats et al., 2016). Yet, these international 
databases mostly provide annual statistics on country or regional level, while disaggregated data for 
smaller administrative units are scarce.  

Our first step was selecting the data sources where disaggregated socio-economic indicators were 
available district level, on a monthly basis. Among the World Bank, IOM, and UNHCR, we checked 
the data quality and completeness for the period of interest (2016-2019). The only sufficient data 
relate to the food prices (district level, on a monthly basis) that provides the price of an essential 
commodity (like sorghum, maize, and rice). It is essential to underline that, acknowledging the limi-
tations (such as inconsistencies), incompleteness and scarcity of data, socio-economic variables were 
not selected as indicators for migration drivers, but rather to control for the impact of environmental 
factors on socio-economic conditions in Somalia.  

3.2  Methodological approach 
For the analysis of climate induced IDPs in Somalia, there are some methodological challenges to be 
explained. First, when we refer to IDPs, in fact we talk about displacement movements as the existing 
sources provide only the numbers of internally displaced people without making a distinction 
between unique individuals. In other words, the same people may be counted at different times in 
the same district if the person has moved several times within the same timeframe. In addition, the 
reasons are self-reported and only one reason is kept for the records. However, it is difficult to dis-
tinguish or rank the reasons for displacement when people are struggling several factors (flood, food 
insecurity, conflict, extreme poverty, etc.) simultaneously. Thus, when interpreting the marginal num-
bers and patterns, the reported reasons can undervalue and oversimplify the driving factors. Thirdly, 
despite our initial intentions to model IDPs with numerus exploratory indicators, such an approach 
is not feasible given the lacking micro (district)-level statistics on socio-economic status and 
demographics. We gathered as much information as possible where statistics are available on district 
level.  
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4.  Analysis and findings 

A series of plots were generated for all districts in our AOI to visually demonstrate the impact of 
environmental threats like drought and flood on internal displacement in Somalia. The plots of the 
Qansax Dheere and Doolow districts were compared visually. Qansax Dheere district had the highest 
outgoing environment-related displaced people, while Doolow district on the border with Ethiopia 
had the highest incoming environment-related displaced people (Figure 12). 

4.1 Drought and loss of agricultural fields 
Agricultural fields (in hectares) in this study are important to investigate because they provide sources 
of food for humans and livestock. In addition, they are the main source of income and survival in 
rural areas in Somalia. Figure 14 shows the impact of drought on agricultural fields' variation for the 
Qansax Dheere district from 2016 to 2019. The percentage of the district affected by three different 
drought levels is shown as pale orange (watch level), orange colour (warning level), and dark brown 
colour (alert). The purple curve represents the total agricultural fields lost. As Figure 14.a shows, the 
total agriculture fields started to reduce when the purple curve moves upright, three months after the 
drought started in February 2016. In 2017, the agricultural fields began to disappear as a drought 
started in May, and despite the drought intensity increasing between May to July, the agricultural 
fields did not shrink. This smaller reduction in the agricultural fields can be explained by the natural 
crop production increase which occurs during the agricultural growing season following the Gu grow-
ing season seen in Figure 14.b. Despite more areas of the Qansax Dheere district being affected by 
the lowest degree of drought between August and December 2018, the reduction in the agricultural 
fields was minimised. It can be explained by the importance of the degree of drought that affected 
agricultural fields. In other words, the agricultural fields are affected mainly by the highest level of 
drought and are least affected by the warning level of drought. This can be seen in Figure 14.d where 
agricultural fields' coverage started to diminish from June to October 2019 since more areas of the 
Qansax Dheere district were affected by alert and warning drought. Reviewing plots for other districts 
repeats the same story: generally speaking, agricultural fields were reduced due to increasing drought 
severity and extent. These plots help to validate our ADI metric that we chose by showing a clear 
link to agricultural devastation thus agreeing with the cause-effect hypothesis proposed. It can be 
suggested that the ADI particularly in severely affected regions can be indicative of economic devas-
tation, as seen on agricultural fields’ reduction.  
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Figure 14.  The impact of drought on agricultural fields in Qansax Dheere district during 2016 
(a), 2017 (b), 2018 (c), and 2019 (d) 

 

4.2 Drought and displacements  
A series of plots were generated for every sixteen districts to visualise the variation on IDPs during 
the drought events. Here only two IDP plots for Qansax Dheere and Doolow are represented. 
Qansax Dheere represents the district with the highest outgoing migration events during 2016 and 
2019. However, the Doolow district is chosen since it has the highest number of incoming displace-
ments. Figure 15 and Figure 16 provide a better picture of displacement movements due to drought 
for the entire four years of study controlling for other factors including flood events, growing seasons. 
The background of each figure shows the percentage of the district (Qansax Dheere, in the case of 
Figure 15) affected by watch, warning, and alert on the left vertical axis. Then, you can find the two 
vertical strips per year representing the Gu and Dayr growing seasons, respectively. It is expected 
that precipitation will rise by the start of those seasons, consequently decreasing the percentage and 
intensity of the drought through the growing seasons. 

Three different IDP values are presented in the next figures: net IDP, internal IDP, and total IDP. 
The net IDPs represents the overall movement for a given month factoring those leaving as a result 
of environmental factors and those migrating to this district to escape devastation from other dis-
tricts. A negative net IDP means that more people moved in the district rather than leaving. The 
internal IDP figures reflect only the number of people displaced from their homes who decided to 
remain within their home districts, whilst the total IDP numbers show the total number of people 
who were displaced in some way during in a period of a month.   
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Figure 15.  Profile showing the internal, total and net IDP for the Qansax Dheere district over the 
full time period of investigation compared to the drought ADI classification and flood 
events for this same period* 

 
* The Gu and Dayr growing seasons are indicated on this figure as period of peak agricultural growth. Data for 

all indicators are provided on a monthly timescale. 

As shown in Figure 15, the first displacement wave started two months after the drought event started 
in November 2016 (the start of the dry season) and the majority of the displaced population returned 
to their homes in Qansax Dheere by May 2017. It took nearly one year for the remaining migrants to 
return to their homes. The second drought period was between June and September 2017, leading to 
around 3,000 displaced people. This low number of displacements can be explained by the previous 
drought during which many people had already left the district. In addition, the drought that occurred 
during the agricultural growing season suggests there may be enough food available for them to stay. 
The number of displaced people during the third drought period between May and September 2019 
did not exceed 3,000 people. This can be explained by the availability of food during the agricultural 
growing season, similar to the previous drought period. 

Figure 16.  The relationship between drought events and IDPs movement in Doolow district 
between 2016 and 2019 

 

As shown in Figure 16, two major drought periods were identified for the Doolow district between 
2016 and 2019. The first drought started in June 2016 and ended in January 2017, leading to a signifi-
cant external displacement from Doolow two months later. The second noticeable drought event 
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occurred a month after the first migrants had returned home, and lasted until November 2018. Like 
the previous time, the migrants moved out of Doolow two months after the drought started. This 
indicates that people might need to collect resources to be able to move, and the decision to move 
can follow with a time lag needed to realise the ‘capabilities’ (De Haas, 2021). 

It may seem that due to higher precipitation during the Gu and Dayr growing seasons, the impact 
of droughts decreases during these seasons. However, unexpectedly we saw examples against this. In 
the case of Qansax Dheere the displacements were often external with no incoming migration. How-
ever, Doolow had a high negative net IDP meaning that large numbers of people moved into Doolow 
because of drought in other districts is Somalia. This is not unexpected as people who managed to 
arrive in Doolow are closer to humanitarian support such as safety, food and healthcare provided at 
the nearby refugee reception centres and camps. Doolow is one of the main exit points from Somalia 
to Dolo Ado, a small Ethiopian border town, and mostly serves as is a hub for cross-border flows of 
displaced people.  

4.3 Flood and displacements  
Compared to drought, the impact of flood is mostly localised and limited to the districts. Figure 13 
shows that the majority of displacements due to floods remained internal within a district. Because 
beside internal displacements, Belet Weyne recorded having two external displacements. The flood 
events representing regular and extreme floods, respectively are shown as two different lines. 
Figure 17 shows the displacement movements in Belet Weyne district with a focus on floods. From 
the three flood events, only two ‘- (April 2018 and November 2019) led to displacements.  

In Figure 17, we can see that the effect of flood events on displacement is much more immediate 
than that of drought. Migration is occurring shortly after the flood followed by a quick return to the 
migrant’s homes after water receded. Drought on the other hand, is more gradual and people start to 
leave their homes with a delay after the drought started. In addition, it takes much longer for those 
who decide to return home as it is likely that those who are migrating have decided that their previous 
living conditions were unviable.  

Figure 17.  The relationship between flood events and IDP movements in Belet Weyne district 
between 2016 and 2019 

 

To sum up, the impact of droughts on departure and return displacements is more complex than that 
of floods. However, reviewing the entire AOI period on drought and IDPs for all districts reveals 
that it is not necessary for a district affected by a severe drought to also result in a high displacement 
of people. 
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5. Conclusion and recommendations 

With the emerging climate change, the increasing frequency and severity of environmental hazards, 
people living in such disadvantaged areas have become more vulnerable both socially and economi-
cally. Deepening deprivation rooted and exacerbated by extreme weather events and climate change 
forces people away to leave their homes. Migration, either voluntary or forced, international or inter-
nal, is a societal response and a human right. Considering climate-induced migration, one of the main 
challenges is to depict the complex and grifted relationship between environmental factors and 
human migration, beyond the conceptual discussions. A growing number of studies shows that 
climate factors cannot be considered as sole and marginal driver of human mobility; a deeper under-
standing is required to interpret the interactive dynamics of this nexus (see Abel et al., 2019; DeFries 
et al., 2019; Bosetti et al, 2021).  

This report focuses on the case of Somalia to investigate the relationship between climate factors 
and IDP between 2016 and 2019. To be able to understand the role of specific climate indicators on 
human mobility, our analyses are based on the environmental indicators recently developed by the 
by HumMingBird team on a micro (district) level using advanced remote sensing analytics for the 
period 2016-2019. The selection of the central and southern Somalia as the study area was based on 
three criteria namely population (density), proximity to the major rivers (conditions for livelihood) 
and reported IDPs due to climate-related reasons. 

Regarding the environmental perspective, our findings show that 2017 was the driest year for 
Somalia while 2018 and 2019 were highly affected by floods. Routine rainfall seasons, namely in Gu 
and Dayer, are the periods with higher precipitation and hence the drought impact decreases during 
the Gu and growing seasons. In the areas like northern and central Somalia where rapid-onset and 
slow-onset extreme climate events occur - sequentially or sometimes simultaneously, tagging envi-
ronmental factors as ‘good’ or ‘bad’ is not straightforward when the healing effect of floods following 
a severe drought in the agricultural areas are considered. Yet, the impact might not always be reflected 
in the same positive way on people’s livelihoods. 

When we consider how these extreme weather events influence people’s daily lives, we conclude 
that the impact of the rapid-onset events (like floods) and slow-onset events (like droughts) differs 
particularly in terms of individual (or households) response time. To be more specific, the effect of 
flood events on displacement is quick with short response time. This means that people start to leave 
even shortly before floods start - and tend to return to their homes soon after the floods, depending 
on the recovery of the area. Our findings confirm that the impact of floods is mostly localised and 
limited to the districts, and the majority of displacements due to floods resulted to internal displace-
ment within the same districts. However, the drought is more progressive, and the adaptation to these 
more radical changes is more challenging. People start to leave their homes with some delay after the 
drought and the number of IDPs gradually increases. In addition, it takes a much longer time to 
return home. 

Our study demonstrated that the current efforts remain at individual level, since mobility as a 
response to -particularly slow-onset events- depends highly on ‘capabilities’ (De Haas, 2021). Should 
the expected climate change be of similar or a larger magnitude, establishing a robust assessment of 
current and future impact does not seem feasible based on macro analyses of aggregate socio-eco-
nomic statistics of the vulnerable areas and existing climate products. Particularly, disentangling the 
economy, security and climate is beyond the bounds of possibility. Climate change and extreme 
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weather events induce not only migratory movements but also other factors such as economic dep-
rivation and food insecurity. In the case of Somalia, which suffers from both environmental hazards 
and armed conflict for decades, durable solutions for the humanitarian crisis are indispensable. 
Having said that, resources required for effectively addressing internal displacement and migration in 
Somalia (and other countries) will go beyond the resources of Somalia and acquires multinational and 
multilateral collaboration since the major long-term strategy should be minimising the factors boost-
ing climate change.  

To summarise the limitations of this study, the biggest technical challenge was to acquire a dataset 
(either satellite or ground data) on a matching timescale and resolution to that of our AOI. For 
example, in the case of generating the flood product map, a Sentinel-1 image available soon after the 
flood event is required to map the scale of flood. However, in some cases due to longer revisit time 
of Sentinal-1 sensor, the image of the flooded area is not available until several days after flood started. 
This can result in the product not being a fully accurate depiction of the full extent of the flood. In 
addition, for Land Cover products the quality of ground truth data is vital, as it will have a direct 
impact on the overall quality of the predictions. This also extended to a lack of ground truth data to 
validate past drought events. Whilst datasets such as the Land Cover Net data set exist, they typically 
are either too broad, covering the entirety of Africa, or have an unspecific classification scheme that 
does not align with our own. For other products such as drought, the only option we had was to 
validate the predicted drought areas by reliable drought reports from local sources. Further research 
on drought mapping should focus on a better representation of the status of the drought, either by 
improving data input by using in-situ measurements with a finer spatial resolution or by continuing 
to use remote sensing and model ensemble techniques.  

Moreover, accessing high quality micro and longitudinal socio-econometric data, particularly on 
high granularity such as districts was not possible. The data quality and availability continue to be a 
significant challenge for the economically disadvantaged African countries (Hoogeven & Nguyen, 
2019; Naudé & Vinuesa, 2021). One of the reasons for our case is the fact that Somalia has been 
dealing with armed conflict and war for decades, which means that there are no governmental reports 
due to the difficulty of collecting ground data and that only limited data are available from interna-
tional observers.  

Our study provides an innovative assessment of detailed environmental indicators and IDPs in 
Somalia, which might be elaborated for longer time periods and with a larger geographical coverage. 
Further steps might analyse cross-border mobility and the environmental factors, yet given our find-
ings and existing data challenges, we conclude that improving data quality and availability both on 
national and international level for the regions affected the most by the climate change should be the 
one of the first steps to be taken. Last but not least, we also argue that triangulating quantitative and 
qualitative information on such grift phenomena can support future research to enhance the under-
standing climate induced migration. 
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