
� 1Poole DN, et al. BMJ Global Health 2020;5:e002885. doi:10.1136/bmjgh-2020-002885

Spatial–temporal trends in forced 
migrant mortality, 2014–2018

Danielle N Poole  ‍ ‍ ,1,2 Bethany Hedt-Gauthier,3,4 Till Bärnighausen,5,6 
Stéphane Verguet  ‍ ‍ ,2 Marcia C Castro  ‍ ‍ 2

Original research

To cite: Poole DN, 
Hedt-Gauthier B, 
Bärnighausen T, et al. 
Spatial–temporal trends in 
forced migrant mortality, 
2014–2018. BMJ Global Health 
2020;5:e002885. doi:10.1136/
bmjgh-2020-002885

Handling editor Valery Ridde

Received 11 May 2020
Revised 2 September 2020
Accepted 16 September 2020

1Neukom Institute for 
Computational Science, 
Dartmouth College, Hanover, 
New Hampshire, USA
2Department of Global Health 
and Population, Harvard T H 
Chan School of Public Health, 
Boston, Massachusetts, USA
3Department of Global Health 
and Social Medicine, Harvard 
Medical School, Boston, 
Massachusetts, USA
4Department of Biostatistics, 
Harvard T H Chan School 
of Public Health, Boston, 
Massachusetts, USA
5Heidelberg Institute of Global 
Health, Heidelberg University, 
Heidelberg, Germany
6Africa Health Research 
Institute, KwaZulu-Natal, South 
Africa

Correspondence to
Danielle N Poole;  
​dani.​poole@​dartmouth.​edu

© Author(s) (or their 
employer(s)) 2020. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction  The identification of spatial–temporal 
clusters of forced migrant mortality is urgently needed to 
inform preventative policies and humanitarian response. As 
a first step towards understanding the geography of forced 
migrant mortality, this study investigates spatial–temporal 
patterns in death at a global scale.
Methods  We used information on the location and dates 
of forced migrant deaths reported in the International 
Organization for Migration’s Missing Migrant Project from 
2014 to 2018. Kulldorff’s spatial–temporal and seasonal 
scans were used to detect spatial–temporal and temporal 
heterogeneity in mortality.
Results  A total of 16 314 deaths were reported during 
the study period. A preponderance of deaths occurred at 
sea each year (range 26%–54% across 5 years). Twelve 
spatial–temporal clusters of forced migrant mortality 
were detected by maximum likelihood testing. Annually, 
the period of August–October was associated with a 
40-percentage-point increase in the risk of mortality, 
relative to other time periods.
Conclusions  Death during forced migration occurs close 
to national borders and during periods of intense conflict. 
This evidence may inform the design of policies and 
targeting of interventions to prevent forced migration-
related deaths.

INTRODUCTION
The number of forcibly displaced individ-
uals, including refugees, internally displaced 
persons and asylum seekers, reached a record 
high of nearly 80 million worldwide at the 
end of 2019.1 Forced migration—or mobility 
stemming from conditions precluding a 
reasonable life2—is expected to continue 
to increase due to the changing nature of 
conflict and the compounding effects of 
climate change.3 4 International human rights 
law and treaties protect the rights of asylum 
seekers;5 6 however, there are insufficient 
global governance mechanisms to enforce 
state accountability—particularly in border7 
and transit states,8 as well as at sea,9 resulting 
in the unacceptable loss of lives.

The transit phase of forced migration is a 
period of exceptionally high morbidity10 and 

mortality.11 12 Place-level risk factors for forced 
migrant mortality include drivers of migra-
tion, such as conflict and climate change, 
as well as the terrain, temperatures and 
weather encountered in transit.13 14 Moreover, 
evidence suggests that the increasing crim-
inalisation of irregular entry has cost many 
lives as forced migrants seek to move clan-
destinely, employ smugglers and move along 
treacherous routes.15–20

The risk of death during forced migration 
is thus spatially and temporally heteroge-
neous, and transboundary by nature.21 22 The 
identification of high-risk geographies and 
time periods for forced migrant mortality may 
enable policy-makers to target interventions 
mitigating place-level risks. Spatial–temporal 
analyses have been effectively integrated into 
surveillance and response systems for health 

Key questions

What is already known?
►► Forced migrants encounter myriad dangers on their 
journeys to safer destinations.

►► Criminalisation of irregular entry, temperature and 
weather patterns and difficult terrain are known risk 
factors along migration routes.

What are the new findings?
►► This is the first analysis of forced migrant mortal-
ity at a global scale—highlighting spatial–tempo-
ral patterns of risk as forced migrants cross state 
borders.

►► Twelve spatial–temporal clusters of forced migrant 
mortality, in which the observed number of deaths 
statistically exceeded the annual mean number of 
deaths per area, were identified.

►► The period of August–October was associated with a 
40-percentage-point increase in the risk of mortality, 
relative to other time periods.

What do the new findings imply?
►► Forced migrant deaths do not occur at random but 
instead are clustered in spatial–temporal patterns.

►► Clusters of forced migrant mortality occur proximate 
to borders and intense conflict, which may inform 
targeted monitoring and prevention activities.
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outcomes with geographically heterogeneous risk factors 
such as malaria23 and childhood diarrhoea,24 among 
other conditions.25 Evidence-informed decision making 
on immigration and health is inherently political, and 
data alone do not necessarily lead to better outcomes 
for forced migrants.24 Nonetheless, deaths in transit are 
often preventable by interventions such as the humani-
tarian monitoring of dangerous routes and the deploy-
ment of search-and-rescue teams to locate lost or injured 
individuals.26 Spatial–temporal evidence of clusters of 
death may be used to drive the political will necessary 
to enhance the transparency and accountability of global 
governance relevant to forced migrants.27 28

Understanding spatial–temporal trends in forced 
migrant mortality is an important first step in the timely 
response to place-level risk factors and the commensurate 
allocation of resources. To the best of our knowledge, this 
is the first study to investigate the recent spatial–temporal 
dynamics of forced migrant mortality at a global scale.

METHODS
Data sources
Forced migrant mortality
Since 2014, the International Organization for Migration 
has maintained the Missing Migrants Project, the only data-
base that collects information on forced migrant deaths 
worldwide.29 The database tracks the deaths of forced 
migrants, including refugees and asylum-seekers, who 
have died in the process of migration towards an interna-
tional destination. The Missing Migrants Project is a ‘case-
based’ database, meaning that each entry represents 
a single occurrence in which an individual or group of 
individuals died during forced migration.29 Deaths occur-
ring in detention facilities and during or after deporta-
tion are not included in this database.

The database sources comprise data received from 
survivors at landing points, data compiled from medical 
examiners and media and government reports. For 
each case, the database includes an event identification 
number, date of reporting (day, month and year), infor-
mation on the location where forced migrant remains 
were recovered (ie, geographical coordinates, region and 
Frontex migration route name), cause of death, a Likert 
quality rating based on the data source and a link to the 
primary data source.

The temporal scope of this analysis includes the years 
2014–2018. Due to incomplete documentation of forced 
migrant remains, the number of reported deaths is esti-
mated to represent a mere one-third of all deaths.30 
However, at present, this database is the most compre-
hensive source of information about the global scope 
of forced migrant mortality. The Missing Migrants Project 
database is publicly available via a Creative Commons 
Attribution for Intergovernmental Organisations license, 
and is indexed on the Centre for Humanitarian Data’s 
website.31

Administrative boundaries
Shapefiles storing the attribute information of geographic 
features including administrative boundaries and mari-
time sovereignties were obtained from Natural Earth.32 
Administrative boundaries represent geographic areas of 
jurisdiction. Under this definition, disputed territories 
are classified with the administering territory.

Patient and public involvement
The database used in the study was developed with 
patient and public involvement. We have engaged with 
the public, including humanitarian operational partners, 
on the dissemination of the results.

Spatial analysis
The Missing Migrants Project database, containing the 
latitude and longitude coordinates of forced migrant 
deaths, was imported into a geographic information 
system mapping and analysis software (ArcGIS V.10.6)33 
to create a map layer displaying the location of deaths as 
points. The point map layer of forced migrant deaths was 
spatially joined to the administrative boundaries shape-
files to prepare the data for summary statistics and spatial 
investigation with SatScan, a free software for the statis-
tical analysis of spatial, temporal and space–time data.34

First, the combined data set was used to describe the 
occurrence of deaths per country by year, visualised as 
points within administrative boundaries. The primary 
analysis included land administrative boundaries, with 
deaths at sea categorised as ‘open water’.

Second, spatial–temporal autocorrelation, or the 
distribution of forced migrant deaths in space and 
time, was analysed using the Kulldorff spatial–tem-
poral scan statistic, available in SatScan.34 The Kulldorff 
spatial–temporal scan statistic tests for clusters in space 
and time by determining the independence of each 
multidimensional point process.35 Specifically, the Kull-
dorff spatial–temporal scan statistic imposes a cylinder 
around each point; the base of the cylinder varies across 
the area being searched, while the height of the cylinder 
varies across each year of the study period. The estimated 
number of cases for a given cylinder is compared with 
the expected value, or the global mean number of cases 
relative to the cylinder area, using maximum likelihood 
testing and adjusting for the multiple testing of cluster 
locations, reported as the likelihood ratio (LR).25 Thus, it 
is possible for clusters to overlap in the same spatial loca-
tion in multiple years. The null hypothesis tested by the 
Kulldorff spatial–temporal scan statistic is a geographi-
cally homogeneous distribution of deaths. Rejection of 
this null hypothesis suggests that the observed patterns of 
forced migrant fatalities differ from the spatial–temporal 
distribution in the null model. Output from SatScan, 
including the coordinates and radii of detected clusters, 
were uploaded to ArcGIS for visualisation.

Finally, the Kulldorff seasonal scan statistic36 was used 
to identify time periods (months) with an increased risk 
of mortality globally. The seasonal scan statistic ignores 
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the year and treats time as a loop, allowing for the detec-
tion of recurrent temporal patterns.

RESULTS
A total of 16 314 forced migrant deaths were reported from 
1 January 2014 to 31 December 2018. The total number 
of reported deaths by country and the geographic loca-
tion of each event corresponding to one or more deaths 
are presented in figure 1. Because deaths often occurred 
in large events, some counties have fewer event points 
and yet are the location of a large total number of deaths.

The top five locations in which most deaths occurred 
each year are presented in table 1. For every year in the 
study period, the greatest proportion of deaths occurred 
in open water (range 26%–54% across 5 years). The USA 
was the only country included in the top five locations of 
forced migrant mortality in all years studied.

Twelve spatial–temporal clusters of forced migrant 
deaths were identified, often located along irregular 
migration routes and proximate to national borders 
(figure 2).

These clusters depict the space–time points in which 
the observed numbers of deaths were statistically higher 
than expected during the 5-year study period. Details 
about the clusters are presented in table  2, linked to 
figure 2 by cluster number and ordered according to the 
LR.

Two clusters, in 2014 and 2016, represent single events 
with a high number of deaths (and thus, radii of ‘0’). The 
number of cases represented in each cluster ranges from 
134 to 1560 deaths.

Global temporal trends in absolute deaths are 
presented in figure  3. Forced migrants experienced a 
40-percentage-point increase in the risk of a mortality 
event relative to the mean temporal risk from 1 August to 
31 October (p<0.001).

DISCUSSION
In this study, spatial–temporal clusters of forced migrant 
mortality were identified using Kulldorff’s spatial–tem-
poral statistic. To the best of our knowledge, no other 
similar study has examined the place and time hetero-
geneity of forced migrant mortality at a global scale. 
Between 2014 and 2018, 12 high-risk clusters occurred, 
in which the number of high counts of observed deaths 
is unlikely to be by chance. Additionally, most deaths 
occurred at sea, with the US ranking among the top five 
land locations of deaths each year, and Libya and Mexico 
both in the top five locations of deaths for 4 years during 
the study period. A global temporal trend in forced 
migrant mortality was also observed, with the greatest 
risk of death occurring annually from August through 
October. The presence of spatial–temporal autocorrela-
tion in forced migrant mortality indicates critical hotspots 
of a humanitarian emergency on a global scale.

In 2014, the clusters appeared at the US–Mexico 
border (cluster 7), which saw an influx in asylum seekers 

(particularly women and girls fleeing violence), as well as 
in Somalia (cluster 9), where Al Shabab attacks may have 
led to increased attempts at forced migration. There 

Figure 1  Countries and locations of forced migrant 
mortality per year (2014–2018).
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was also a small cluster off the coast of Libya (cluster 
2), coinciding with the start of the Libyan war. Finally, 
an additional cluster capturing a large loss of life in a 
single event occurred in Lake Albert, at the border of the 
Democratic Republic of the Congo and Uganda (cluster 
3). The cluster over Myanmar in 2015 (cluster 10) is 
likely a product of the Rohingya crisis, while a cluster also 
covers the Mediterranean (cluster 1), marking the start 
of the period of forced migration sometimes referred to 

as the European Migration Crisis. In 2016, a cluster was 
observed over Sudan (cluster 6), when a spike in conflict 
intensity may have led to more attempts at migration 
resulting in death, in addition to a small cluster in the 
Kufra District of Libya (cluster 11). A small cluster off the 
coast of Libya and Tunisia was identified in 2017 (cluster 
12). In 2018, large clusters were observed in central 
Africa, north through Chad, as well as western Europe, 
the Mediterranean and Morocco (clusters 4, 5 and 8, 
respectively).

Of note, the spatial–temporal clusters did not overlap. 
Instead, each cluster appears to correspond to geograph-
ical areas and times experiencing heightened conflict 
and known increases in forced migration. Better data on 
the numbers and routes of forced migrants are needed 
to disentangle whether clusters indicate true increases 
in mortality risk or increases in forced migrants along 
particular routes.

There are several possible explanations for the 
observed increase in the annual risk of death from 
August to October. First, the peak could be explained by 
an increase in attempts at forced migration during those 
months. Second, the temporal trend may reflect increas-
ingly hazardous migration routes at that time of the year. 
The majority of reported deaths occurred in the Tropics, 
Subtropics and Southern Temperate zones, which expe-
rience warmer temperatures during this time period. 
Previous studies have demonstrated that climate factors 
significantly affect seasonal forced migrant mortality at 
the US–Mexico border, with more cases observed during 
periods of high temperature.15 This exploratory analysis 
highlights the importance of investigating seasonality as 
a driver of forced migrant mortality in future research.

This retrospective analysis demonstrates the feasibility 
of applying the Kulldorff spatial–temporal scan statistic 
to case-based migrant death data. This method could be 
applied in real-time to identify clusters (and changes in 
cluster locations) of forced migrant mortality, ultimately 
allowing for the direction of resources for prevention of 
mortality. Additionally, the observed spatial–temporal 
heterogeneity implies that factors increasing the risk of 
forced migrant mortality vary over space and time. Most 
obviously, this includes national immigration policy, 
which is often not enforced consistently until a migrant 
is ashore. Improved individual-level data, such as the 
identification of the deceased, combined with structural-
level data comprising immigration policies such as that 
synthesised by MIGREUOPE,37 may identify risk factors 
for forced migrant mortality in addition to upholding 
international legal obligations.38–41

Limitations
The major strength of this study is that it is the first 
statistical analysis of the clustering of forced migrant 
mortality on a global scale. This study has some limita-
tions. First, the analysis is subject to information bias, as 
reports on the cases of forced migrant deaths are incom-
plete. We hypothesise that observations are not missing 

Table 1  Top five locations of forced migrant mortality per 
year (2014–2018)

Year Location Number of deaths, N (%)

2014 Open water 938 (54)

Mexico 265 (15)

Uganda 251 (15)

USA 287 (9)

Mozambique 17 (1)

2015 Open water 1847 (46)

Libya 751 (19)

USA 293 (7)

Mexico 136 (3)

Malaysia 130 (3)

2016 Open water 1043 (26)

Libya 846 (21)

Sudan 532 (13)

Mexico 294 (7)

USA 254 (6)

2017 Open water 951 (26)

Libya 726 (20)

Sudan 421 (12)

USA 289 (8)

Niger 268 (7)

2018 Open water 1067 (38)

Libya 369 (13)

USA 297 (10)

Sudan 182 (6)

Mexico 143 (5)

Figure 2  Spatial–temporal clusters of forced migrant 
mortality, 2014–2018.
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at random—for example, events of an individual death 
may be less likely to be detected compared with events 
including multiple deaths due to scale. Nonetheless, 
the Missing Migrants Project database represents the most 
complete documentation of mortality among forced 
migrants in transit, a marginalised population with little 
available data.42 Second, we do not have information on 
the total number of forced migrants and their routes, 
and thus we are not able to assess the relative magnitude 
of the reported deaths and to calculate mortality rates. 
Finally, this analysis did not attempt to identify local risk 
factors, such as intergovernmental and national immigra-
tion policies both at land and at sea, which are expected 
to affect the degree to which forced migrant routes are 
hazardous.

Implications for policy and practice
Findings presented in this paper may be of use to organi-
sations leading the response to the increasing number of 
forced migrants worldwide in several ways: (1) the identi-
fication of clusters of forced migrant deaths can be used 
to estimate the effects of events, such as flares in conflict 
and immigration policy, on forced migrant mortality, (2) 
prevention efforts, such as border monitoring for safety, 
may be most effective during the season identified as 
having the highest occurrence of mortality and finally 
(3) these results may provide a foundation for prospec-
tive monitoring of forced migrant mortality, including 
advocacy for improved data including reporting on age, 
gender and country of origin.43 Results of this study may 
inform retrospective analyses examining the local ‘push’ 
and ‘pull’ factors associated with the observed clusters of 
forced migrant mortality to further tailor interventions to 
the local risk environment.

CONCLUSIONS
Forced migrant deaths do not occur at random but instead 
are characterised by spatial, temporal and spatial–tem-
poral patterns. Hazardous seas and border terrain, as 
well as proximity to conflict, increase the risk of mortality 
along the routes of forced migrants. Spatial–temporal 
analysis in prospective evaluations of real-time, case-
based data may identify locations where forced migrant 
mortality is clustering, thus improving monitoring and 
prevention activities.
Twitter Danielle N Poole @daninpoole and Marcia C Castro @marciacastrorj
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