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Abstract
Background Although road traffic injuries and deaths have decreased globally, there is substantial national and 
sub-national heterogeneity, particularly in low- and middle-income countries (LMICs). Ghana is one of few countries 
in Africa collecting comprehensive, spatially detailed data on motor vehicle collisions (MVCs). This data is a critical 
step towards improving roadway safety, as accurate and reliable information is essential for devising targeted 
countermeasures.

Methods Here, we analyze 16 years of police-report data using emerging hot spot analysis in ArcGIS to identify hot 
spots with trends of increasing injury severity (a weighted composite measure of MVCs, minor injuries, severe injuries, 
and deaths), and counts of injuries, severe injuries, and deaths along major roads in urban and rural areas of Ghana.

Results We find injury severity index sums and minor injury counts are significantly decreasing over time in Ghana 
while severe injury and death counts are not, indicating the latter should be the focus for road safety efforts. We 
identify new, consecutive, intensifying, and persistent hot spots on 2.65% of urban roads and 4.37% of rural roads. Hot 
spots are intensifying in terms of severity and frequency on major roads in rural areas.

Conclusions A few key road sections, particularly in rural areas, show elevated levels of road traffic injury severity, 
warranting targeted interventions. Our method for evaluating spatiotemporal trends in MVC, road traffic injuries, 
and deaths in a LMIC includes sufficient detail for replication and adaptation in other countries, which is useful for 
targeting countermeasures and tracking progress.
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Background
Road traffic injuries are the leading cause of death among 
children and young adults 5 to 29 years of age [1]. The 
global incidence of road traffic injuries has increased 
while mortality has declined [2]. Increases in road traf-
fic injuries are due to global increases in motorized 
transport and vulnerable road users (VRUs), whereas 
infrastructure, legislation, and improved post-crash care 
have led to decreases mortality [1, 2]. Despite global mor-
tality reductions, there is substantial regional, national, 
and sub-national heterogeneity [2, 3]. An estimated 90% 
of deaths from road traffic injuries occur in low- and 
middle-income countries (LMICs) despite comparatively 
low numbers of motorized vehicles (an estimated 47% of 
the world’s vehicles) [4, 5].

Countries have committed to reducing road traf-
fic injuries and deaths on roads through commitments 
such as the United Nations (UN) Sustainable Develop-
ment Goal (SDG) 3.6 and the adopted resolution for the 
UN Decade of Action for Road Safety 2011–2020 and the 
second Decade of Action for Road Safety 2021–2030, all 
which aim to reduce road traffic injuries and deaths by 
50% [6–8]. To understand whether countries are making 
progress toward achieving these ambitious targets, it is 
critical to monitor and use data for road safety planning 
and interventions.

Increasingly, LMICs are beginning to track detailed 
information on motor vehicle collisions (MVCs), road 
traffic injuries, and deaths to understand and address 
road safety issues, a common practice in most high-
income countries [9]. Since 1991, Ghana has been one of 
the few African countries collecting comprehensive, spa-
tially detailed data on MVCs, injuries, and deaths, which 
can drastically improve the ways in which changing pat-
terns can be identified and used to inform decision-mak-
ing, implementation, and evaluations. Specifically, spatial 
statistics can identify trends to allow for policymakers 
and public health practitioners to detect particularly 
high-risk areas and target injury prevention and con-
trol efforts. This is well aligned with a leading theory in 
road safety, the Safe Systems Approach, which focuses on 
eliminating serious road traffic injuries and fatalities by 
proactively and holistically addressing road system com-
ponents [10, 11].

Like other LMICs, Ghana has a growing burden of 
road traffic injuries and deaths. The World Health Orga-
nization (WHO) estimated 8,494 deaths (25.9 deaths 
per 100,000 people) in 2021 [12]. The cost of severe road 
traffic injuries and deaths was an estimated 8.2% of the 
country’s Gross Domestic Product in 2016 [13]. In 2021, 
the total number of registered vehicles was 3,314,215, a 
60% rise from the 2,066,943 vehicles recorded in 2018 
[1, 12]. There has also been a surge in the number of 
powered two- and three-wheelers, which now make up 

an estimated 24.9% of the total vehicle fleet [14]. In the 
past two decades, the majority of injuries and deaths 
have been among vulnerable road users, with a notable 
increase in the proportion among occupants of powered 
two- and three-wheelers recently (2.7% of deaths in 2001 
to  34% of deaths in 2021) [15]. Despite the substantial 
morbidity and mortality, Ghana does not comply to all 
UN conventions for national road safety legislation and 
has heterogenous implementation of the existing policies. 
National legislation that is absent includes laws requir-
ing vehicles to have front and side protection, antilock 
braking, electronic stability control systems, and pedes-
trian protection, and a law mandating child restraints 
[12]. Although several other policies to address key risk 
factors (drink, drug, and distracted driving, helmets, 
seatbelts, speed, post-crash care) exist, there are docu-
mented variations in implementation and enforcement. 
For example, a recent study found that the level of overall 
compliance with road safety legislation among commer-
cial motorcyclists was 59.2% [16]. Limited adherence has 
also been documented for seatbelts [17–19], helmets [20, 
21], drink driving [22], and excessive speeding [23, 24].

Moreover, Ghana, like many other LMICs, did not 
reach the UN Decade of Road Safety 2011–2020 goal to 
reduce road traffic injuries and deaths by 50% by 2020. 
Limited progress underscores the urgency in analyzing 
spatiotemporal trends, a practice commonly employed in 
high-resource settings [25]. When reviewing geospatial 
hotspot analyses studies in Africa, we found only 19 stud-
ies have been published since 2000, primarily in Nigeria 
[26–32] and Ethiopia [33–36]. These studies have some 
notable limitations, such as solely providing descriptive 
reports of the count or frequency of road outcomes [26, 
31, 35, 37, 38], lacking spatial specificity (i.e., outcomes 
aggregated to a large geographic area) [26–30, 32, 34, 
38], or focusing on a limited geographical scale (i.e., one 
city) [39]. To address this research gap, we conducted a 
rigorous hotspot analysis study to provide information 
on the specific 100-meter areas of high risk along major 
roads in Ghana from 2017 to 2020 (publication forthcom-
ing). While hotspot analyses are valuable in identifying 
high risk areas, they often fall short in capturing tem-
poral trends. Similarly, while many global, regional, and 
country-specific studies document trends over time, they 
often lack detailed geographic information which is criti-
cal for targeting resources effectively [1, 2, 5, 40–44] In 
contrast, spatiotemporal analyses can offer a more com-
prehensive understanding by identifying risk clusters and 
tracking changes in these clusters over time. By leverag-
ing available data, Ghana has the potential to serve as an 
exemplar for other LMICs initiating similar data collec-
tion efforts and aiming to identify trends and geographic 
road safety priorities.
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We set out to demonstrate a method for evaluating 
spatiotemporal trends in MVCs, road traffic injuries, 
and deaths in an LMIC, and to provide sufficient detail 
to facilitate the replication and adaptation of these meth-
ods for other countries/agencies. The method includes 
aggregating data into a space-time cube, and a hot spot 
analysis which combines Getis-Ord Gi* statistic and the 
Mann-Kendall test. To the best of our knowledge, only 
one study in a LMIC has employed this method to under-
stand the evolution of pedestrian hotspots in Ahmed-
abad and Kolkata, India, identifying consecutive hotspots 
in the high economic activity city areas and new hotspots 
near areas undergoing road construction and infra-
structure development [45]. This method has been used 
in high-income countries, including in Seoul for MVCs 
involving elderly people [46], Western Australia for heavy 
vehicle collisions [47], China for urban MVCs [48], and 
North Dakota for single-lane departure MVCs [49]. We 
used 16 years of data (from 2005 to 2020). We used an 
established road traffic injury severity index that assigns 
greater weights based on road traffic injury severity to 
identify particularly unsafe and high-risk road locations. 
We also mapped and assessed absolute counts of MVCs, 
minor injuries, severe injuries, and deaths as secondary 
outcomes. We hypothesized that there would be statis-
tically significant clusters of road traffic injury severity 
indices with distinct spatiotemporal patterns that could 
inform future priorities.

Methods
Study area
The African continent has the highest road traffic death 
rate (26.6 per 100,000 people) worldwide and has seen 
increases in road traffic injuries and deaths in the last 
three decades [5]. We selected Ghana for this study as it 
is one of few countries in Africa collecting detailed and 
georeferenced data on each police reported MVC, road 
traffic injury, and death using recommended standard-
ized definitions (i.e., anyone killed immediately or dies 
within 30 days of the MVC) [1, 50]. This study is from 
2005 to 2020. Although we expected that COVID-19 
restrictions would affect movement, traffic patterns, and 
the associated road safety outcomes in 2020, we decided 
to include this year as Ghana implemented few COVID-
19 restrictions (a 21-day partial lockdown which required 
people to stay home) and limited these restrictions to 
four urban areas (Accra, Tema, Kasoa, and Kumasi). We 
did not observe any differences in road safety outcomes 
in 2020 compared to the prior years.

The geographical focus is on the major road net-
work in Ghana, which includes national, inter-regional, 
and regional roadways (termed ‘trunk road network’ in 
Ghana, ‘interstate’ or ‘highway’ system in other coun-
tries). MVCs have been compiled electronically in the 

current format since 2005 (although the database started 
in 1991), and MVCs on the major road network were the 
ones for which geospatial information was obtained. We 
limited the analysis to any roads reporting more than 10 
MVCs a year, as many small regional roads comprise a 
small portion (3.8%) of the total MVCs.

Data and outcomes
Since 1991, the Ghana Building and Road Research Insti-
tute (BRRI) and Ghana Police Service collaborated to 
collect and maintain information on MVCs, road traffic 
injuries, and deaths in the National Road Traffic Accident 
Database for the National Road Safety Authority (NRSA). 
Trained staff from the Motor Traffic and Transport 
Unit of the Ghana Police Service are dispatched to each 
reported MVC and injury in a hospital to collect data 
using a standardized crash report form.

Each observation includes road and weather environ-
ment conditions (e.g., rain or clear, potholes), vehicle 
characteristics (e.g., type, ownership), driver informa-
tion (e.g., drinking status, age), and outcome (i.e., MVC 
resulting in property damage, or minor road traffic 
injury, or severe road traffic injury [defined as requiring 
hospitalization], or death within 30 days of the MVC for 
each road user involved. We present the variables in the 
Supplementary Materials.

BRRI geospatial information is stored as a route num-
ber assigned by the Ghana Highways Authority (GHA), 
a km marker, and a landmark such as the townhall. We 
obtained the national road network shapefile from GHA. 
We also obtained complementary road network datasets 
from open sources including OpenStreetMap and the 
Humanitarian Data Exchange. We accessed the European 
Commission’s Joint Research Center’s Global Human 
Settlement Layer data to determine urban versus rural 
areas [51]. This dataset presents the degree of urbaniza-
tion for each one km grid by combining population den-
sity from national censuses and built-up surfaces from 
satellite imagery.

We used a road traffic injury severity index for each 
time (year) and location as our primary outcome, pre-
sented in Eq. 1. There is no consensus on the best index 
to use in LMICs, or the best weighing approach for out-
comes [52, 53]. On the first, there are several different 
approaches, including the widely used KABCO scale 
established by the Federal Highway Administration.

Given our focus on reducing morbidity and mor-
tality, we employed an indexing system that assigns 
greater weights to worse collision severity, aligned with 
prior studies conducted in New South Wales and in the 
Adelaide metropolitan areas, and with our in-country 
collaborators’ views on appropriate weights [12, 13]. 
We included minor road traffic injury, severe road traf-
fic injury, and death counts as secondary outcomes. 
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Our decision to use a road traffic injury severity index 
is grounded in our theoretical viewpoint that we can 
achieve the greatest impact by focusing on severe injuries 
and deaths on the roads rather than trying to prevent all 
MVCs, as the Safe Systems Approach recommends [10, 
11].

Equation 1 Injury severity index

 Injury severity index = 3 ∗ X1 + 1.8 ∗ X2 + 1.3 ∗ X3 + X4

Where:
X1 = count of deaths
X2 = count of severe injuries
X3 = count of not severe injuries
X4 = count of collisions resulting in property damage 

only

Data processing and statistical analysis
We present a summary of the processing steps in Fig. 1. 
In the Supplementary Materials, we provide sufficient 
detail on data processing and statistical analysis decisions 
to improve replicability and scalability of the approach to 
other contexts.

First, we developed a road network by combining the 
GHA, Open Street Map, Humanitarian Data Exchange 
shape files, and BRRI’s strip maps. We consulted experts 
across the BRRI and GHA to verify the accuracy of the 
road network by checking the start point, end point, and 
curves along the road (A in Fig. 1). Next, we aggregated 

outcomes to each unique 100-meter location along the 
major road network. We then developed an automated 
process in ArcGIS Pro to calculate geocoordinates (X, 
Y) for a projected coordinate system relevant to Ghana 
(World Geodetic System 1984, Universal Transverse 
Mercator Zone 30  N). As part of this step, we qual-
ity checked the geocoordinates by comparing selecting 
a random subset of MVCs to manually map and verify 
using the BRRI strip maps (B in Fig. 1). Next, we trans-
formed the data into a Network Common Data Form 
(netCDF) with a spatial resolution of 2  km using the 
Create Space Time Cube by Aggregating Points tool in 
ArcGIS Pro to sum all road traffic injury severity indi-
ces within each bin and period (C in Fig. 1). Our analysis 
included 16 years of data, the time slices, in the space-
time cube. We aggregated data into 2 km bins by empiri-
cally testing different spatial resolutions. We selected 
this resolution to balance the needs of the research ques-
tion (i.e., a larger area may not be relevant for a detailed 
understanding of the risk on roads) and the requirements 
of statistical tests (i.e., sufficient power and limited zeros 
for time series analysis). We present the results of a series 
of spatial resolutions in Table 1. Adjustments to bin size 
did not substantially affect results.

Then, we selected the neighborhood distances (D in 
Fig. 1) and overlaid the Global Human Settlement Layer 
data to determine which roads were in urban or rural 
areas for stratified analyses (E in Fig. 1). Lastly, we used 
the Emerging Hot Spot Analysis tool in ArcGIS and pre-
sented results in maps and figures (F in Fig. 1). Additional 

Fig. 1 Data processing and statistical analysis workflow

 



Page 5 of 12Mesic et al. BMC Public Health         (2024) 24:1609 

details on the neighborhood distances are provided 
below.

The Emerging Hot Spot Analysis tool is a space-time 
pattern mining tool that combines two statistical analy-
ses: (1) the Getis-Ord Gi* statistic; and (2) the Mann-
Kendall trend test for temporal trends. Input parameters 
for the tool include: (1) time step; (2) conceptualization 
of spatial relationships; and (3) polygon analysis mask, 
which are described in the Supplementary Materials. 
Briefly, we selected 3-year time steps, fixed distance band 
conceptualization, and to stratify by urban and rural 

areas by selecting differing distance for spatial relation-
ships (e.g., 2  km for urban areas, 8  km for rural areas). 
There are 17 distinct categories of outcomes for the anal-
ysis, but we present only hot spots of road traffic injury 
severity and outcome counts that fall within four catego-
ries (new, consecutive, intensifying, persistent) defined in 
Table 2 below as the research team (in-country and global 
partners) decided these outcomes are the most relevant 
for understanding spatiotemporal patterns of road traffic 
injury. We have presented the results below and online in 
a Tableau Dashboard for decision-makers to access.

Results
Descriptive time trends
From 2005 to 2020, 87,441 police-reported MVCs 
occurred on major roads (59.3% of the 147,332 total 
MVCs) in Ghana. We limited the analysis to roads 
reporting more than 10 MVCs a year (84,118 of 87,441 
MVCs; 96.2%), given that over 60 regional roads com-
prise less than 4% of the data. In total, BRRI reported 
30,939 unique 100-meter locations along the major road 
network, with MVCs. Overall, all police-reported out-
comes showed decreases from 2005 to 2015, with minor 
road traffic injuries and property damage decreasing 
most dramatically. Notably, property-damage MVCs and 
minor injuries are particularly prone to under-reporting, 
although we have no reason to believe that the reporting 
rate has changed over time. Upon observation, the sums 
of all police-reported outcomes seem to be increasing 
from 2015 to 2020. Since 2015, severe injury counts have 
surpassed all other outcomes (Table 3; Fig. 2).

Space-time cube results
There were 50,689 unique combinations of year and 
location (2 km by 2 km bins) of MVCs, minor road traf-
fic injuries, severe road traffic injuries, and deaths across 
the 16 years with neighborhood distances of 2  km for 
urban areas and 8 km for rural areas. In the space-time 
cube, the overall road traffic injury severity index sum 

Table 1 Space-time cube spatial resolution
Outcome Space-time cube 

resolution
Number of 
bins

% non-
zero, 
sparseness

Road traffic injury 
severity index sum 
for each cube

500 m 1,605,990 24.92%
1 km 402,420 31.72%
2 km 50,689 40.64%
2.5 km 44,807 43.78%
5 km 16,330 53.91%

Table 2 Categories and definitions for emerging hot spot 
analysis
Pattern type Definition
New hotspot A location that is a statistically significant for the final 

time step (2018-2020) and has never been a statisti-
cally significant hotspot before.

Consecutive 
hotspot

A location with a single uninterrupted run of at least 
two statistically significant hotspot bins in the final 
time-step intervals (2015-2017 and 2018-2020). The 
location has never been a statistically significant 
hotspot before the final hotspot run, and less than 
90% of all bins are statistically significant hotspots.

Intensifying 
hotspot

A location that has been a statistically significant 
hotspot for 90% of the time-step intervals, including 
the final time step (2018-2020). In addition, the inten-
sity of clustering of high counts in each time step is 
increasing overall, which is statistically significant.

Persistent 
hotspot

A location that has been a statistically significant 
hotspot for 90% of the time-step intervals with no dis-
cernible trend in the intensity of clustering over time.

Table 3 Yearly sums of MVCs resulting in property damage, road traffic injuries, severe road traffic injuries, and deaths (2005–2020)
Outcome 2005 2006 2007 2008 2009 2010 2011 2012 2013
Property damage 1,789 1,834 1,770 1,666 1,696 1,668 1,437 1,728 1,462
Minor road traffic injuries 6,158 5,387 4,870 5,734 6,919 6,210 5,193 4,191 3,976
Severe road traffic injuries 3,658 4,088 4,091 4,025 4,724 4,133 3,870 3,550 3,090
Deaths 1,312 1,328 1,370 1,380 1,739 1,491 1,527 1,506 1,338
road traffic injury severity mean* 5.08 5.51 5.43 5.30 5.87 5.85 5.68 5.68 5.13
Outcome 2014 2015 2016 2017 2018 2019 2020 Total
Property damage 1,386 792 492 710 783 924 945 21,082
Minor road traffic injuries 3,920 2,845 1,973 2,483 2,902 2,924 3,305 68,990
Severe road traffic injuries 3,496 2,565 2,320 3,196 3,731 4,088 4,250 58,875
Deaths 1,305 1,002 979 1,042 1,181 1,208 1,437 21,145
road traffic injury severity mean* 5.44 5.18 5.62 5.30 5.71 5.88 5.75 5.52
* For 100-meter locations reporting an MVC (N = 30,939 unique locations)
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and minor injury counts trends decreased significantly 
(P = 0.0060 and P = 0.0014, respectively). However, severe 
road traffic injury and death counts did not (P = 0.3214 
and P = 0.2241, respectively) (Table 4).

Emerging hot spot (spatio-temporal) results
We identified a small number of high-risk clusters along 
major roads in urban and rural areas (shown below in 

Table 5; Fig. 3). All clusters for all years are presented in 
a Tableau Dashboard. Severe injuries have the most clus-
ters, followed by injury severity index clusters (Fig.  3). 
Locations and patterns are broadly similar across out-
comes. The hot spots of severe injuries and the injury 
severity index demonstrate nearly identical spatiotempo-
ral patterns.

When assessing the road traffic injury severity index 
sums, most locations (87.51–95.75%) across all outcomes 
and area types did not have a statically significant trend. 
We found three intensifying hot spots in urban areas 
and 29 (0.67%) in rural areas. Two urban clusters are in 
Kumasi, whereas another is located just north of Suhum 
in the Eastern Region. Several intensifying rural hot spots 
are found in Ejisu-Juaben District along National Road 
6 and Regional Road 104 in the Ashanti region and on 
National Road 6 and Regional Road 32 in East Akim Dis-
trict in the Eastern Region (map in the Supplementary 
Materials). These outcomes are particularly concerning 
given the MVCs are statistically more severe over time in 
these locations.

Table 4 Overall trends in data (2005–2020) in space-time cube
Outcome Overall data trend of 

outcome (P-value)
Road traffic injury severity sumA Decreasing (P = 0.0060)
Road traffic injury countB Decreasing (P = 0.0014)
Severe road traffic injury countB Not significant 

(P = 0.3214)
Death countB Not significant 

(P = 0.2241)
The road traffic injury severity sums of each 2 km by 2 km bin. For example, if 
a bin has 2 MVCs in a 3-year period, one with a road traffic injury severity of 5, 
another with a road traffic injury severity of 100, then the sum would be 105 for 
that period/bin combination. This is the value used to assess time trends.

This is the total count of the outcome in each period and bin. For example, if a 
2 km by 2 km bin has 5 MVCs in a period, all resulting in deaths, the death count 
would be 5. This is the value used to assess time trends.

Fig. 2 Annual sums of MVCs resulting in property damage, road traffic injuries, severe road traffic injuries, and deaths from 2005 to 2020
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We found six new hot spots (0.30% of total area) in the 
urban areas and 35 (0.81%) in rural areas. The new urban 
hot spots were found in Kumasi city, east of Konongo 
in Asante Akim Central District, and in Mamangso in 
Birim North District. New rural hot spots were found all 
over the country but were often concentrated in a spe-
cific area, such as seven new hot spots on Inter-regional 
Road 5 between Kumasi and Bibiani in Atwima Mponua 
District.

We found 37 (1.87%) consecutive hot spots in urban 
areas and 63 (1.47%) in rural areas. Consecutive urban 
hot spots were all found on roads linking or between 
Kumasi and Accra, such as National Road 6 and Regional 
Road 64 in Central, Eastern, and Ashanti Regions. Rural 
consecutive hot spots were more widespread but fol-
lowed similar patterns to the other categories (i.e., several 
concentrated along a specific stretch of road). Lastly, we 
observed seven (0.35%) persistent in urban areas and 96 
(2.23%) in rural areas.

In Fig.  4, we highlight a few regions with significant 
patterns of road traffic injury severity over the 16-year 
period in Greater Accra and Eastern Region between 
three of Ghana’s largest cities (Accra, Kumasi, Cape 
Coast). To further demonstrate the spatial specificity and 
utility of this analysis and output for decision-making, 
we present a high-resolution map of greater Kumasi in 
Fig.  5. In this map, we have identified critical locations 
and information for decision-makers in the Ashanti 
region regarding which roads and stretches of roads are 
responsible for high injury severity in the country over 16 
years. For example, the center of Kumasi has new, inten-
sifying, and consecutive hot spots relative to the rest of 
the urban areas in Ghana, indicating it is of high prior-
ity to address. National Road 6, southeast and northwest 
of Kumasi, show persistent and intensifying trends of hot 
spots. National Road 6, and Regional Roads 64 and 32 
have several concentrated areas of high risk.

Discussion
We assessed police-reported road traffic injury patterns 
over space and time in Ghana from 2005 to 2020. We find 
the road traffic injury severity index and minor injuries 
are decreasing significantly; however, severe injuries and 
deaths are on the rise indicating that increasing counts of 
severe injuries and deaths should be the focus of future 
road safety efforts, a finding which aligns with the Safe 
Systems Approach [10, 11]. Observationally, we find that 
all outcomes show reductions up until 2015, which may 
be attributed to the government’s road safety efforts.
vehicle composition and traffic patterns. Since 2016,  all 
outcomes have shown increases and severe injuries have 
surpassed all other outcomes. The rapid expansion of 
all vehicles, and particularly motorized two- and three-
wheelers (15,136 newly registered in 2005 compared to 
105,059 in 2020) may explain this trend. These vehicles 
have altered road traffic injury trends, exacerbating the 
problem for VRUs (e.g., pedestrians, cyclists, and occu-
pants of powered two-and three-wheelers) [54].

Our analysis identified a small proportion of the major 
roads to target for injury prevention (2.65% of major 
roads in urban areas; and 4.37% of major roads in urban 
areas) to shift alarming trends. Specifically, we identi-
fied three specific 2 km by 2 km urban areas and 29 spe-
cific 2 km by 2 km rural areas, which are becoming more 
severe hot spots over time (“intensifying”). By using a 
data-driven approach which focuses on 7% of the major 
roads, we transform a national problem of high injuries 
and deaths into a more manageable and actionable issue. 
This highly targeted approach enables a more efficient 
and potentially effective deployment of scarce road safety 
resources, one which is needed to meet the goals of the 
second Decade of Action for Road Safety 2021–2030.

Trends in rural areas are particularly concerning. Stud-
ies have documented the persistent issue of road traffic 
injuries and deaths in these areas for decades [44, 55], 
and we now have data to support the issue’s urgency. 

Table 5 Emerging hot spot results (2005–2020) along major roads in urban and rural areas summary
Road traffic injury 
severity index

Road traffic injury 
counts

Severe road traffic 
injury counts

Death 
counts

Type of area Category N (%) N (%) N (%) N (%)
Urban (N = 1,997 
bins)

No cold or hot spot trends 1,850 (92.64%) 1,912 (95.74%) 1,810 (90.64%) 1,907 
(95.49%)

New hot spot 6 (0.30%) 6 (0.30%) 19 (0.95%) 13 (0.65%)
Consecutive hot spot 37 (1.85%) 17 (0.85%) 53 (2.65%) 24 (1.20%)
Intensifying hot spot 3 (0.15%) 0 (0%) 1 (0.050%) 0 (0%)
Persistent hot spot 7 (0.35%) 0 (0%) 5 (0.25%) 3 (0.15%)

Rural (N = 4,299 
bins)

No cold or hot spot trends 3,788 (88.11%) 4,058 (94.39%) 3,762 (87.51%) 3,925 (91.3%)
New hot spot 35 (0.81%) 14 (32.56%) 61 (1.42%) 45 (1.04%)
Consecutive hot spot 63 (1.47%) 28 (65.1%) 142 (3.30%) 66 (1.53%)
Intensifying hot spot 29 (0.67%) 4 (0.09%) 19 (0.44%) 8 (0.18%)
Persistent hot spot 96 (2.23%) 61 (1.41%) 52 (1.21%) 48 (1.12%)
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Fig. 3 Emerging hot spot analysis (2005–2020) for the injury severity index, minor injuries, severe injuries, and deaths along major roads in urban and 
rural areas
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Understanding related factors, such as land use changes, 
road degradation, or disparities in post-crash care, is cru-
cial. The notable differing trends in rural and urban areas 
support urbanization-stratified study designs, such as a 
recent analysis of the predictors of injury severity among 
motorcyclists in urban areas versus rural areas [56]. 
Understanding and altering these temporal trends on a 
granular level may change the overall trajectory of road 
safety outcomes and progress toward national and inter-
national targets.

In line with this, we have two key recommendations for 
the Ghanaian government, implementers, and research-
ers. First, the government should examine and act on the 
areas we have outlined for injury prevention with a spe-
cific focus on the rural hot spots, which have increased 
in frequency and severity. Secondly, we recommend fol-
low up analyses include a detailed stratified analysis of 

characteristics for MVCs to better understand the key 
drivers in the specific hot spot locations, and in these 
areas overall. Beyond this, a road user-specific (e.g., 
pedestrians) or vehicle-specific (e.g., motorcycle, motor-
ized tricycle) analysis would provide important details on 
what is causing the spatiotemporal patterns we observe.

Beyond addressing existing issues, this method con-
tributes to predicting future trends, a key distinction 
from related hot spot analyses. Hot spot analyses and 
similar spatial assessments retrospectively identify areas 
of high risk. This work goes beyond that by captur-
ing both the spatial and temporal dimensions, enabling 
a more nuanced understanding of which areas or road 
users are most affected and may be experiencing deterio-
rating safety conditions (i.e., the intensifying hot spots). 
Advancements in technology, computing, and data (e.g., 
real-time electronic crash reports) could enable this 

Fig. 4 Key regions of emerging hot spots (2005–2020) along major roads in urban and rural areas
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method to be used frequently in real time, rather than as 
a periodic review of trends.

In this report, we applied spatiotemporal analyses 
to Ghana, but we have outlined our methods, model 
assumptions, and analytic decisions with sufficient detail 
to facilitate research for road safety practitioners in other 
countries. This method has been applied to understand 
pedestrian hotspots in India [45], and for several MVC 
analyses in high-income settings [46–49]. To the best of 
our knowledge, this is one of the first attempts to under-
stand emerging trends and geographic priorities nation-
ally in Africa. It also underscores the importance of 
frequently collecting and monitoring road traffic injury 
and death data on a granular level, so that we can move 
beyond simple descriptions and identify emerging trends 
to guide future interventions.

For other countries in Africa and beyond that may con-
sider similar analyses, we outline some key components. 

First, georeferenced data on MVCs is required. This is 
a notable gap in LMICs, while the benefits of collecting 
and maintaining these data cannot be overstated given 
the disproportionate burden of road traffic injuries and 
deaths in these settings [50]. Next, the data must also 
have at least 10-time steps (e.g., 10 years, months, or 
weeks of data depending on the timescale of interest). 
Finally, given how crucial the key parameter selection 
is (e.g., neighborhood distance, bin size), each aspect 
should be discussed and decided with in-country part-
ners to ensure context-relevance.

This study has some limitations to note. We rely on 
police-reported data on MVCs, minor road traffic inju-
ries, severe road traffic injuries, and deaths, which may 
be underreported, particularly for less severe outcomes. 
There is a notable difference between the BRRI and 
WHO estimates for outcomes (e.g., over 8,000 annual 
deaths in the WHO estimates in 2021). This discrepancy 

Fig. 5 Emerging hot spots along major roads in urban and rural areas of Greater Kumasi
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is not unique to Ghana [57–59]. We have no reason to 
believe that this data is missing in a non-systematic way 
over the study period, as the data collection methodology 
was consistent. As such, we believe that this data is use-
ful, particularly for evaluating trends over time. Closely 
related, we did not apply a correction factor due to lim-
ited evidence on appropriate factor to use for each out-
come [60]. Second, our dataset includes 2020, when the 
COVID-19 pandemic occurred, which may have influ-
enced road safety outcomes. However, in the aggregate, 
2020 did not seem dramatically different from other years 
given limited COVID-19 measures. Next, we do not 
include exposure data (e.g., vehicle counts), as this is not 
available in Ghana or many other LMICs. Next, many test 
specifications (e.g., bin size, and neighborhood distance) 
are subjective. We selected these parameters by consider-
ing the research question and context to design an analy-
sis that could arm policymakers with meaningful and 
specific findings for future road safety efforts. Finally, we 
opted to use a weighted index for injury severity, which 
assigns more severe outcomes greater weights. We also 
conducted the analysis for outcome counts to account for 
potential disagreements about the weighting decisions.

Despite these limitations, our study demonstrates how 
the increasing availability of georeferenced road traffic 
injury and death data allows for analyzing and monitor-
ing spatiotemporal trends. Trends can inform decision-
making related to injury prevention and track progress 
toward national and international goals, forecast future 
patterns, and increase equity in addressing these global 
challenges.
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