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Abstract

:

Addressing fatalities on road is a major concern in most countries in the world. South-East Asian countries are no exception. In Indonesia, three persons die on road every hour. Understanding where and how road traffic crashes happen is imperative before the most efficient countermeasures can be devised and implemented. In this paper, three tools—hot spots, hot zones and hot clusters—are used to identify sections of two main highways in the Province of Aceh that require most urgent action. Many countermeasures have been developed to address the problem of black sites (hot spots). Examples of implementation often come from Australia, Europe or North America. Less research exists on countermeasures in hot zones, even less so in the Global South (less developed countries from Southeast Asia, Africa and Latin America). This research applies quantitative spatial analysis that builds on existing works using the hot zone methodology and goes a step further by suggesting relevant countermeasures. More precisely, by taking into consideration the global urban-rural divide, this paper attempts to identify the most dangerous highway sections, in Indonesia, and to suggest appropriate hot zone countermeasures based on the characteristics of these hot zones. The results showed that urban highways, when compared to rural highways, were characterized by higher crash rates and a larger number of hot zones. Formulating hot zone countermeasures in urban environments should therefore consider their associated dangerousness and environmental features. Proposed countermeasures in urban roads include a stricter monitoring of the use of helmet, seat belt and cellphone, and the development of periodic communication and awareness campaigns.
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1. Introduction


The World Health Organization (WHO) reported 1.35 million deaths on roads in 2016 worldwide [1]. To date, road traffic fatality is the eighth leading cause of death globally. In order to further reduce the number of road traffic crashes, identifying the most dangerous road locations is a fundamental step to formulate effective policy interventions. The “hot spot” (also called black-site and black spot) and “hot zone” methodology are two popular methods employed by road safety administrations and researchers to identify hazardous road locations. A hot spot generally refers to a dangerous road location where the actual crash rate is higher than the critical crash rate [2,3,4], whereas a hot zone refers to a dangerous road location made of two or more continuous segments that contain an actual crash rate higher than a threshold value [2,5,6,7]. There is a rich literature that examines the spatial statistics of identifying hot spots and hot zones of traffic crashes [6,7,8,9,10,11,12,13]. However, the application of suitable identification methods is largely dependent on the spatial context. Essentially, roads in urban and rural regions can display different distinctive patterns of hot spots and hot zones [2,3,5,14], possibly due to variations in road geometries (e.g., length of road segments, number of intersections and road signage) and other factors like road user behavior. For instance, urban roads are generally shorter and have denser road intersections, which are more likely to give rise to hot spots. On the contrary, rural roads and highways have longer road sections and fewer junctions which may lead to hot zones. To develop appropriate corrective measures and curb traffic fatalities and causalities, local context should be duly considered [15]. Therefore, further investigation is needed on comparing hot spot and hot zone analysis to identify hazardous roads in different spatial contexts (i.e., urban cores, urban fringes, suburbs and rural regions), so that appropriate road safety measures targeting dangerous road locations can be put forward.



Road safety issues, primarily traffic fatalities, have been particularly serious in low- and middle-income countries, which often bear the greatest burden of road traffic fatalities and injuries. The Global South, which comprises of the less developed countries from Southeast Asia, Africa and Latin America, is still facing challenging road safety issues. As pinpointed by WHO [1], the road traffic death rates per capita are the highest in Africa (26.6 per 100,000 population) and Southeast Asia (20.7 per 100,000 population). When looking into the countries of the Association of Southeast Asian Nations (ASEAN), Indonesia has the second lowest estimated fatality rate of 12.2 per 100,000 people in 2016 (Table 1). In Thailand, for example, the fatality rate in 2016 was 32.2 per 100,000 people; in Myanmar, it was 19.9 per 100,000 people [1]. Notwithstanding, Indonesia has one of the highest traffic fatality rates for the motorized 2- and 3-wheelers [16]. In addition, the total number of traffic crashes in Indonesia has been increasing consistently since 2001 (Figure 1). The situation has become alarming with 31,726 deaths on roads recorded in 2016, an increase of 91% when compared to the figure in 2007. Reducing the number of traffic crashes is therefore a priority in Indonesia. This paper attempts to identify the hot spots and hot zones of traffic crashes on two major roads of Aceh province and suggest some countermeasures that can be implemented in dealing with the two different types of road locations. By doing so, this paper provides new knowledge on traffic safety in the Indonesian context, which will be of major reference to other developing countries in the Global South. Indeed, very little research currently exists on this topic in South East Asian countries primarily because of data limitations. Most of the research on identifying and comparing hazardous road locations often comes from US, Europe or Australia, and is not always applicable in the South-East Asian context.



In early 2007, the Ministry of Transportation implemented a program called the ‘Decade of Action for Road Safety’. The program included actions to strengthen road safety management and improve road infrastructure. It also included mass awareness campaigns to improve drivers’ behavior on roads and to incite them to improve the maintenance of their vehicles. The drop in the number of accidents in the country in 2007, as shown on the graph, might be associated to this new program. A new series of actions were renewed in 2010 to promote the program, although it does not seem to be associated to a drop in the number of accidents after the second series of actions.




2. Literature Review


Spatial analysis and the configuration of road traffic crashes have been investigated for over two decades. The two commonly used methodologies include hot spot and hot zone analyses. A hot spot refers to a dangerous road location where the actual crash rate is higher than the critical crash rate [2,3,4]. A hot spot is mainly a “point” at one specific location such as a road intersection, or a small but distinctive geographical feature such as a basic spatial unit (BSU). Therefore, a BSU is a hot spot if the expected crash rate of the BSU is significantly higher than the critical crash rate. Other researchers suggest different parameters to define a hot spot location, including the expected number of crashes, rather than the actual number, by using the Empirical Bayes and Full Bayes [8,9,10]. The major weakness of the hot spot methodology is that hot spots can be numerous and are independent events without considering network contiguity. Although the hot spot methodology allows easier comparison across road segments, the case of actual crash rate exceeding the critical value can be a result of randomness rather than the “systematic” occurrence of traffic crashes, leading to the so-called “false-positive” scenarios [2,11]. This can be problematic when developing road safety measures with limited resources in selected priority areas for road safety improvement.



Conversely, the hot zone methodology mainly identifies dangerous road locations of two or more continuous road segments (i.e., BSUs) that contain an actual crash rate higher than a threshold value for each spatial unit [2,5,6,7]. The spatial analysis of hot zones takes into account the contiguity of the entire road network, therefore considering the spatial dependence between the BSUs. Various spatial statistics of local (i.e., Kernel Density Estimation, K-function, Local Moran’s I, Local Getis and Ord G and spatial autocorrelation) and global measures (i.e., Quadrant methods and K-functions) are used to illustrate the clustering pattern of road traffic crashes [12]. In relation, some studies suggest using Empirical Bayes and Full Bayes methods to reduce the regression-to-mean (RTM) bias [13]. Although there is no consensus on the best approach to detect hot zones, the use of local statistical measures can generally generate better results, as global measures only capture the average spatial pattern in an entire region [3]. Spatial autocorrelation using the link-attribute approach is particularly beneficial in the hot zone analysis, because this allows to identify contiguous BSUs that are specifically with higher crash intensity [19]. The methodology contains three fundamental steps including (i) geo-validation of traffic crashes, (ii) line segmentation of road network into BSUs and (iii) hot zone detection [2].



When comparing the hot spot and hot zone methodologies, the practical value of the two analyses may vary. As highlighted by Moons et al. [5], hot spots can be complementary in road safety analysis given they can lie within or outside hot zones. Moreover, the results from Loo [2] suggests that the hot zone methodology can be a better approach in identifying dangerous road locations or segments in suburban and rural regions, whereas the hot spot methodology can perform better in urban areas with higher density of roads and a larger number of junctions. In traffic crash analysis, many empirical findings indicate that the spatial pattern of traffic collisions can vary according to a wide range of factors. The distribution of hot spots or hot zones can, for example, vary based on temporal change [20], road types (e.g., highways and urban roads) [21], land uses [13] and pedestrians or other vulnerable groups [22]. Putting the spatial context into the perspectives of hotspot and hot zone identification is therefore conducive to formulating geographical-specific and effective road safety measures.



The spatial variations depicted above imply that the associated measures to tackle a single hot spot or a continuous hot zone would be different. However, this has not been thoroughly investigated in literature. Loo et al. [23] investigated the hot spots and hot zones relating to the rural-urban divide in China and suggested that further traffic inspections in urban environments and segregation of lanes to reduce vehicular-pedestrian conflicts are essential. In the rural areas, hazardous hot zones may require additional lighting facilities, and visible warning signs should be installed. Many studies have analyzed the spatial pattern of hot spots and associated countermeasures to reduce the dangerousness of these locations, in both the urban and rural contexts. These countermeasures, listed in Table 2, are largely consolidated from well-established road safety plans from more developed countries, in an urban context [24,25,26,27,28] as well as in a rural context [25,26,29,30,31,32]. For example, urban hot spots are usually tackled by traffic engineering measures in intersections (i.e., clear road signs, signalized control, engineering-based approaches and speed reduction) and stricter speed enforcement. Road safety campaigns are conducted for the high-risk groups (i.e., motorcyclists and young drivers). For rural areas, road safety measures tend to display some differences. Engineering measures on rural roads mainly include visibility enhancement and clear signage as well as visual aid on speed limit and speed reduction. Enforcement is also put forward in regulating certain aggressive driving behavior such as overtaking and speeding. In terms of education, efforts are made to provide information to rural communities where the residents are exposed to higher risks on roads due to poorer infrastructure and a lack of traffic signals at intersections. Some of the countermeasures listed in the table below may also be applicable in both urban and rural contexts.




3. Methodology


3.1. Study Area


The study area is Aceh province in northern Sumatra of Indonesia. In the province, the number of road traffic accidents has been increasing since 2012 (Table 3). The province of Aceh represents 3.2% of the terrestrial extent of Indonesia and, in 2015, its population accounted for about 2% of the total population in Indonesia. In 2015, 98,970 road traffic crashes were reported on Indonesian roads, out of which 1.7% (1684 crashes) were reported in Aceh.



The Vienna Convention defines a fatal accident as ‘an accident in which a person died of their injuries at the scene or within thirty days’ [33]. The same threshold is used to classify as a fatal crash in Indonesia. In total, four categories are used to classify road crashes in the country, based on the severity level (i.e., fatal injury, serious injury, minor injury and property damage only). According to a government regulation from 1993, a fatal accident is one in which a victim died, either on the spot or due to injuries sustained within 30 days of the accident. A serious injury is one in which the casualty suffered serious injuries and was admitted to a hospital and received treatment for over 30 days; and a minor injury is one in which the casualty required medical treatment or was admitted to a hospital and received a treatment for less than 30 days. While the trend of major injuries in Indonesia has been decreasing, the number of fatalities and minor injuries in Aceh have been increasing continuously between 2012 and 2015. Only the number of major injuries recorded in the province has been decreasing since 2013. Crashes with only property damage are also recorded by the relevant traffic agency, but they were excluded from this analysis, as the major objective is to identify areas that can cause casualties and loss of lives because these are the major negative social externality of transport.



The road network of the province mainly consists of national roads, provincial roads, district roads and village roads. National roads, which include highways, are the busiest roads with the most important number of road traffic accidents. The two main highways in Aceh cross the province from North to South and run alongside the East coast (“East road” thereafter) and the West coast (“West road” thereafter). These two highways are part of the national roads and are the focus of this study. In total, these highways have a total length combined of 1053 km and cut across 15 districts located in urban, rural and urban-rural environments. As shown in Table 4, the East road and West road sections crossing the different districts are most predominantly located in the urban environment. In five districts only, Aceh Besar (on both East and West roads), Aceh Jaya and Aceh Selatan, Nagan Raya and Subulussalam, roads are crossing in a longer rural section. Districts crossed by the East road have a larger urban extent than districts crossed by the West road. In two districts, Banda Aceh and Langsa, the highways do not cross into rural environment.




3.2. Data Collection and Preparation


3.2.1. Geovalidation of Traffic Crashes


Traffic crash information from 2012 to 2015 was obtained from the Departments of Transportation and Traffic Police in Aceh. The authors do not have access to information beyond 2015. Information included, for each accident, the spatial coordinates and a series of attributes characterizing the accident (including the number of persons involved in the accident categorized per severity, the weather and light conditions or condition of the road). This information was quality checked, geo-validated and mapped into the Geographic Information System (GIS). In the province, the traffic police collect crash location information by recording the GPS coordinates of the crash at its emplacement. Overall, there was very few deviations of the data from the road network. Minor deviations could arise from the high tree cover preventing the GPS to pick up a reception and therefore require the police officer to move out of the tree cover. In this case, each point record (i.e., crash) was manually snapped to the nearest line segment of the road. In total, 2035 road traffic crashes in the East side of the island (East road hereafter) and 409 road traffic crashes in the West side of the island (West road hereafter) were analyzed. Four-year crash data were used in this analysis, as focusing on a single year was not reliable due to randomness. Aggregating 4-year data allows a more robust analysis and provided more creditable results.




3.2.2. Network Segmentation


The second step for both hot spot and hot zone methodologies is to conduct road segmentation, which essentially divides the entire road network into smaller BSUs [4,5,6]. The network distance for the two main highways in Aceh province is 1053 km. The length of the BSUs can vary and is context-specific [3], but 100-meter long segments are commonly used [2,4,7,34]. In this study, the roads were cut into 200-meter long BSUs because this segment size was best reflective of the local context and of changes in the environment of highways without a lot of intersections. Essentially, using different lixel lengths (e.g., shorter lengths in urban areas and longer in rural areas) for hot zones can yield more promising results [35]. Overall, the general rule of thumb is that the BSUs should be long enough to allow for the identification of hot spots and short enough to reflect changes in the environment that may influence road safety [2]. In total, the East road was split into 2330 segments and the West road was split into 2936 segments.




3.2.3. Hot Spot and Hot Zone Identification


The geo-validated traffic crashes are then assigned to the divided road segments. Each spatial unit (BSU) has a record of the number of traffic crashes. One important note is that double-counting issue may arise when assigning the traffic crashes on the road segments (e.g., a crash happens right between two BSUs). If this is the case, the crash will be assigned to the road segment with a smaller x coordinate, which follows the same methodology as in Loo [2] and Loo and Yao [19]. Then, the principles of classifying the BSU(s) as hot spots or hot zones are as follows. It is noted that the generation of hot spots, hot zones and hot clusters is based on the locations of empirical traffic crashes (see Section 3.2.1). This research does not apply the traffic conflict technique for analysis, as the major objective is to examine the spatial patterns of actual traffic crashes over the province, instead of an observation of potential traffic crashes in specific road sections or junctions.




	(a)

	
Identification of hot spots: To determine whether a BSU represents a hot spot, the national definition and methodology of traffic hotspots are applied, as suggested by the Department of Transportation in Indonesia [36]: a location in which three or more traffic crashes occurred in a year (HS3+). The hot spots (i.e., BSUs that contained 3 or more traffic crashes) are then used to identify road hazardous locations and analyzed geographically by district and by land use.




	(b)

	
Identification of hot zones: A hot zone consists of two or more contiguous road segments (i.e., BSUs) that contain an actual crash rate higher than a threshold value. To allow a consistent comparison with the hot spot methodology, the critical threshold value is also set as three or more traffic crashes per 200-meter (HZ3+). In other words, if each of the consecutive BSUs has three or more traffic crashes, a hot zone appears. In the previous studies, the identification of hot zones is executed as separate steps in the GIS software. In this study, a python-based add-in (i.e., Hotzone Generation addin), as developed by Grubenmann et al. [37], was used to automate and speed up the spatial process of hot zones identification. This tool uses the three-step hot zone methodology, as described in Loo [2], to identify hazardous road locations composed of at least two contiguous road segments.




	(c)

	
Identification of hot clusters: The hot-cluster approach detects dangerous road segments in a way similar to the traditional hot zone methodology (i.e., continuous road segments with the actual crash rate higher than the critical crash rate). It partly eases the constraints of line segmentation, as in the traditional hot zone methodology, and addresses the shortest network distance between points. It follows the concept of hierarchical clustering in which two nearest clusters (i.e., two points) are combined to form a new cluster (detailed methodology see [38]). This is a data-driven method without parameter specifications; and it does not require a pre-defined length of road segments (i.e., window size) or specification of crash densities in advance. In the analysis, the traditional hierarchical clustering technique was further defined and developed into the network-constrained hierarchical clustering. All potential road clusters are produced simultaneously to allow switching between parameters. The nearest distance was calculated based on the shortest network distance. To remediate the long manual processing time, this paper uses a Python-based add-in developed by Grubenmann et al. [38]. The parameters used were: a minimum length of 200 m and the default value (0.03) for the minimum density (which is equivalent to a minimum three or more traffic crashes per BSU). No maximum length or maximum separation point were defined.












4. Results


4.1. Spatial Distribution of Hot Spots, Hot Zones and Hot Clusters


Table 5 summarizes the results of the hot spots, hot zones and hot clusters. Overall, the identification of hot spots using the official terminology of Indonesia detected 236 hot spots (HS3+) in total on the East and West roads between 2012 and 2015 (Figure 2). More than 95% of them were located on the East road. On the West road, hot spots were found in four out of the eight districts. The district of Aceh Selatan, where the road crosses in rural areas predominantly (46%) records the highest number of hot spots. Half of the six in this district are located in urban environment, two in urban-rural environment and one in rural environment. The three other districts, Aceh Besar, Aceh Jaya and Subulussalam each record only one hot spot, located in urban environment in Aceh Besar and Subulussalam, and in rural environment in Aceh Jaya. On the East road, with the exception of Pidie, all the other districts recorded some hot spots. The districts of Lhokseumawe and Aceh Utara recorded the highest number of hot spots recorded (59 and 56 respectively). In all the districts of the East road (except in Pidie), hot spots were mostly recorded in urban areas. On the East road, the maximum number of traffic crashes per BSU for hot spots located in urban environment was 10. In urban-rural environment, a maximum of 8 traffic crashes per BSU was identified. The figure stood at 9 for the rural environment.



To identify the hot zones, the minimum threshold value of three crashes was used and the BSU length was 200 meters. In total, 99 hot zones (HZ3+) were identified in all districts of the East road over the 2012–2015 periods. Only the district of Pidie did not record any hot zones in on the East Road. On the West road, no hot zones were identified in any districts. The districts of Lhokseumawe and Aceh Utara, on the East road, recorded the highest number of hot zones (42 and 29, respectively). Districts with a large number of hot spots and hot zones are those with a larger traffic volume, higher crash density and population density. These districts (including Lhokseumawe, Bireun, Pidie and Aceh Utara) are on the East road and are the most densely populated and with higher crash density (except Banda Aceh). The longest hot zones (Max (n)) consisted of 8 contiguous BSU, representing a 1.6 km long segment. The maximum crash rate for an individual BSU, for the two threshold values, was 11.



In terms of spatial distribution, the hot clusters showed a similar pattern to the identification of hot zones. No hot clusters were found on the West road. Though, the number of hot clusters found on the East road was much smaller that the number of hot zones. In total, only three districts were identified with hot clusters: Lhokseumawe, Bireun and Aceh Utara. The longest hot cluster was 1.104 km long and contained 39 traffic crashes. The distribution of the hot clusters, hot zones and hot spots in the different districts shows that they were located primarily in urban environments (over 60%). Figure 3 shows a summary of all the hot zones and hot clusters identified on the East road and zooms in into the district of Lhokseumawe in order to show the distribution of hot zones and hot clusters in this district.



The identification of hot spots, hot zones and hot clusters on both roads shows that these events were more located in the East road than in the West road, and dominantly recorded in an urban environment (Table 6). On the West road, the number of hot spots was higher in rural areas than in the urban and rural areas. No hot zone or hot cluster was recorded on this road. On the East road, the localization of hot spots located outside of hot zones and hot clusters did not seem to follow any particular pattern. Indeed, they were distributed in all three land use types (urban, rural and urban-rural), and in areas with high traffic density and populated areas as well as in less populated areas outside of the city centers. When comparing the figures of hot spots, hot zones and hot clusters on the East road, 43.3% of the urban hot spots (84 out of 194) are overlapping with the hot zones in urban areas. The corresponding figures for the urban-rural divide and rural areas are 42.8% (6 out of 14) and 21.1% (4 out of 19), respectively. This suggests that the traditional hot spot analysis tend not to be an ideal approach to detect the continuous dangerous locations. On the East road, areas where hot spots and hot zones overlapped are characterized with high urban densities and higher activity that can be associated with high traffic density, population density, as well as a higher number of intersections and many activities that result in the presence of a high pedestrian population (for example schools, supermarkets, etc.). These areas, identified as dangerous locations take into consideration a larger number of factors, including the environmental context, than in areas where hot zones and hot spots are isolated and not overlapping.




4.2. The Spatial Features of the 20 Most Dangerous Hot Zones


A closer look at the 20 most dangerous hot zones in terms of both concentration of crashes and total fatalities shows that 12 out of the 20 hot zones were located in the district of Lhokseumawe (Table 7). This highlights the need to prioritize this district and set up appropriate countermeasures. In addition, all but two hot zones were located in the urban environment. The two other hot zones were located in urban-rural environment in the district of Aceh Utara and in rural environment in the district of Aceh Besar. To understand how the hot zones rank in terms of severity level, each severity level was weighted (fatality = 1.15, major injury = 1.05 and minor injury = 0.95) and the total of weighted road safety burden was calculated. The hot zones that rank highest in terms of number of crashes also rank high in terms of severity level. However, three hot zones in Lhokseumawe which rank 9, 12 and 13 in terms of number of crashes appear to have a higher severity weighted than other hot zones ranking higher in terms of number of crashes. This means that while these hot zones recorded a smaller number of traffic crashes, these tend to be more serious.





5. Discussion


The findings show that the majority of the hot spots, hot zones and hot clusters are found on the East road, and more particularly in the districts of Banda Aceh, Aceh Besar, Aceh Utara and Lhokseumawe. These districts account for a higher number of traffic road crashes than districts crossed by the West road. Traffic crash density was also higher, on average, in the Eastern districts. Lhokseumawe was the district with the highest crash density. In terms of population density, districts in the East presented higher densities. Based on the literature from the Indonesian Central Agency of Statistics [18], Banda Aceh was the district with the highest density, and Lhokseumawe was the second highest. Overall, the more the highway crossing the different districts is located in an urban environment, the higher the crash density and the population density are (e.g., Banda Aceh, Lhokseumawe or Langsa). Conversely, when the highway crosses into districts with lower urban extent, the crash density decreases, and in some districts both the crash density and population density decrease. When looking at the relationship between traffic flow and hot zones (Figure 4), two third of the hot zones are distributed in areas with an annual average daily traffic (AADT) value under 18,000 a day, and only one third of the hot zones are distributed in areas with very important traffic, with an AADT value ranging from 39,000 to 83,000 vehicles a day. In addition, only five of the top 20 hot zones identified were located in areas with high AADT (<25,000 vehicles), showing that the dangerous sections are not systematically located in traffic dense areas.



The identification of hot spots on a road network enables to understand where urgent measures should be put in place first at certain identified parts (i.e., point locations) of a road. The analysis found that the number of hot spots identified was significantly higher on the East road than on the West road. This is partly due to the higher traffic density, associated with higher population densities in the East road districts, which result in higher crash rates on the East road. In addition, the hot spots were located predominantly in an urban environment on both roads. While the hot spots analysis and the subsequent implementation of hot spot countermeasures is now commonly used in many countries to improve road safety, in some instances, it is necessary to move beyond these specific point locations, and to take into consideration the broader landscape and look at the spatial dependence of different segments of a road. This is where the concept of hot zones comes in. While the hot zone methodology is getting more advanced, just knowing where these hot zones are located is not enough. In order to address the dangerousness of certain sections of the road (hot zones), the development of appropriate countermeasures is necessary. The analysis of hot zones on the two main highways of the province identified hot zones on the East road only. No hot zones were detected on the West road. On the East road, hot zones were located primarily in urban environment and concentrated in certain districts. Lhoksemawe and Aceh Timur recorded the highest number of hot zones. Most of these hot zones overlapped with the most important hot spots. This is important as the identification of hot zones thereby support and complement the hot spots identification.



When looking at each hot zone individually and analyzing the environmental characteristics, some commonalities emerged. For instance, most of the top 20 hot zones where sections of the road that contained many intersections. Some of these hot zones contained markets, which means that these sections were likely to have many pedestrians walking in these areas during market hours. Other hot zones included some access roads to the railway station. This also meant that these areas were likely to have a lot of traffic and many pedestrians going to and from the train station. Some hot zones also recorded shopping centers implying a likely intense traffic during the weekends, and schools, meaning important road traffic, motorcycles and pedestrians during term time. Some of these hot zones also recorded sharp curve in some areas, which can lead to road crashes in these areas. In the other 79 hot zones identified on the East road, commonalities across the hot zones included: relatively high number of intersections in the hot zones, presence of schools, universities, hospitals, shopping centers, markets and housing along the road sections.



Based on the common characteristics of hot zones that emerged from Table 7, the next table presents a series of countermeasures that could be developed in the hot zones, as well as in the hot cluster sections. It does so by reviewing some of the hot spot countermeasures, that road safety experts and practitioners in Indonesia and overseas in Europe and Asia, have put in place and identifies some gaps that hot zone countermeasures can fill. These measures are classified into three main categories—engineering, education and enforcement (Table 8).



In an urban environment, suggested countermeasures proposed on the highways of Aceh province include enhancing road users’ awareness ahead of intersections, sharp curves, or stops by adding additional signs before these events. Other measures, in terms of enforcement, would include stricter monitoring on use of helmet, seat belt and cell phone, and stronger enforcement on related fines. In terms of education, it is encouraged to develop periodic communication campaigns for the public in terms of important safety aspects of highways, such as good practices on roads and main reasons of road crashes. In a rural environment, some suggested countermeasures would focus on reducing wildlife crossing on highways by installing more frequent bridges for wildlife to cross overusing the bridge. This could also include improving fencing in areas frequently crossed by wildlife and better designing wildlife corridors to direct them towards wildlife crossing bridges. Other measures would include adding sufficient lights before, at and after intersections and sharp curves as some places in rural environments tend to be poorly lighted. Finally, ensuring a stronger enforcement of speed related regulations in rural areas is also recommended in order to decrease speed related crashes in these environments.




6. Conclusions


In this paper, the hot spot and a hot zone analyses are undertaken within an Indonesian context. The results are analyzed to understand how the hot spots and hot zones overlap. The 20 most dangerous hot zones in terms of concentration of crashes are selected and studied in more depth. Appropriate hot zone countermeasures are then proposed to ameliorate the road safety hazards of these areas.



This study is one of the few research papers which focused on quantitative spatial analysis on road safety in the Global South. The lack of sufficient high-quality data on these roads still enabled this research team to analyze and map these data, and produce some results, which, it is hoped will provide decision-makers with the necessary information to put in place appropriate measures to reduce traffic fatality rates on these roads. There are a few limitations in this study. First, only 4-year traffic crash data are available (potentially relating to issues in terms of quality of location data or underreporting). Second, only road crashes on highways were recorded, and analyzing the patterns of crashes on other road types (i.e., arterial roads and intersections) will be expected to produce more fruitful results. Notwithstanding, the results can serve as a useful reference for relevant measures in other parts of Indonesia, as well as in the broad region. With the fatality rate of three persons killed on road every hour, mapping and understanding where and why road traffic crashes occur should be a key priority in Indonesia. The use of the hot zone methodology complements the official black site methodology. A closer look at the most dangerous hot zones allows the road safety administration to better understand some common characteristics, which could explain their dangerousness.



The analysis reveals an important urban-rural gap. Sections of the highways located in urban areas recorded a significantly higher number of road traffic crashes than in rural areas. Higher traffic volumes in urban areas, combined with more complicated road traffic conditions (road geometry and design, and intersections) than in rural areas, contributed to more hot zones in urban areas than in rural areas. Indeed, 90% of the hot zones were located in urban areas. Given the rapid urbanization of the Global South, this finding is of significant strategic importance to national road safety administrations. The development of countermeasures should consider the dangerousness and features of hot zones. In urban areas, characterized with high crash rates, proposed countermeasures include implementing more frequent speed controls and traffic patrols to encourage road users to comply with traffic regulations. This should go in line with strengthening the public’s awareness about traffic rules, though for example mass campaigns. On some dangerous sections of the East road, characterized with high traffic volume, introducing segregated lanes for motor vehicles, bicycles, and pedestrians, as well as installing multiple bumps over short distances, can enhance the safety of all users. In rural areas, road safety measures should target areas identified with high crash rates. While sections of the highways in rural areas record less daily traffic volumes, medical services tend to be less accessible. Therefore, improving the presence of medical and emergency services in rural areas with high crash rates could help save more lives.



Future work could include focusing on traffic crashes at intersections under different settings, including for example the characteristics of crashes occurring on curves at the end of straight roads. This will help inform better road infrastructure design to address road safety problems before they occur. Secondly, investigating the long term effects of both hot spot and hot zone countermeasures and understand their individual impact and joint impact on improving road safety (when both measures are taken on a same segment, versus taken on different segments) could help better understand how to best develop certain type of measures in certain given contexts.
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Figure 1. Evolution of the number of accidents (total, and by severity level) in Indonesia between 2001 and 2015 (Source: Indonesia Central Agency on Statistics [18]). 
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Figure 2. Localization of the hot spots on the West and East roads, per land use, based on the local methodology (Source: the authors). 
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Figure 3. Localization of the hot zones and hot clusters on the East road (Source: the authors). 
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Figure 4. The relationship between traffic flow and the number of hot zones (Source: the authors). 
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Table 1. Fatality rate in South-East Asian countries (Source: WHO [17]).
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	Country
	Fatality Rate (per 100,000 People)





	Maldives
	0.9



	Indonesia
	12.2



	Timor-Leste
	12.7



	Sri Lanka
	14.9



	Bangladesh
	15.3



	Nepal
	15.9



	Bhutan
	17.4



	Myanmar
	19.9



	India
	22.6



	Thailand
	32.7
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Table 2. Commonly applied road safety measures to address traffic crash hot spots (Source: Authors; data compiled in [24,25,26,27,28,29,30,31,32]).
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	Urban
	Rural





	Engineering
	
	
Constructing clear and enlarged road signs on and above the passageways



	
Improving junction design based to reduce speed (e.g., rear control, rumble strips and markings)



	
Improved the overall visibility (i.e., blind spots, vegetation cover and lighting conditions)



	
Constructing tunnels and bridges to reduce pedestrian-vehicular conflicts



	
Improving signalized control (with better phasing and flash warnings) to prioritize the crossing of pedestrians



	
Pedestrianization





	
	
Constructing warning signs before the dangerous road sections ahead



	
Developing clear signage of speed limit



	
Introducing visual aids to warn the dangerous locations (e.g., curve marking and transversal white lines)



	
Constructing a lamppost near the intersection between two rural roads



	
Investing in protection infrastructure (e.g., crash barriers)



	
Improved the overall visibility (i.e., vegetation cover and lighting)



	
Reducing the number of unsignalized intersections








	Enforcement
	
	
Enforcing speed reduction or low-speed driving areas



	
Developing roadblocks to check on risky driving behavior (e.g., speeding, drink-driving, drug driving and text-driving)



	
Conducted targeted speed enforcement



	
Enforcing frequent vehicle and safety tests





	
	
Introducing surveillance on speeding issues



	
Restricting overtaking behavior



	
Restricting slow-driving vehicles on highways



	
Introducing compulsory use of speed limiters on vehicles



	
Conducted targeted speed enforcement








	Information/Education
	
	
Road safety campaigns or classes to educate drivers about the consequence of aggressive driving



	
Educating young students and children to making right road-crossing judgements (parents and children)



	
Conducting road safety campaigns to high-risk groups such as motorcyclists and young drivers





	
	
Conducting road safety campaigns to high-risk groups such as motorcyclists and young drivers



	
Providing specific information of the dangerous road locations and intersections to the public (especially the community)
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Table 3. Road traffic crash characteristics, in Indonesia and in the Province of Aceh, between 2012 and 2015 (Source: Indonesia Central Agency on Statistics [18]).
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Year




	
2012

	
2013

	
2014

	
2015






	
Total number of total traffic crashes

	

	

	

	




	
Country level

	
117,949

	
100,106

	
95,906

	
98,970




	
Aceh Province

	
505

	
1111

	
1137

	
1684




	
Length of national highways (km)

	

	

	

	




	
Country level

	
501,969

	
508,000

	
518,248

	
523,974




	
Aceh Province

	
1053

	
1053

	
1053

	
1053




	
Accident rate (per road km)

	

	

	

	




	
Country level

	
0.23

	
0.19

	
0.18

	
0.18




	
Aceh Province

	
0.47

	
1.05

	
1.07

	
1.59




	
Fatality rate

	

	

	

	




	
Country level

	
11.86

	
10.48

	
11.09

	
10.26




	
Aceh Province

	
5.7

	
12.4

	
13.3

	
15.9




	
Severity levels (number)

	

	

	

	




	
Country level

	

	

	

	




	
Fatalities

	
29,544

	
26,416

	
28,297

	
26,495




	
Major injuries

	
39,704

	
28,438

	
26,840

	
23,937




	
Minor injuries

	
128,312

	
110,448

	
109,741

	
110,714




	
Aceh Province

	

	

	

	




	
Fatalities

	
227

	
507

	
556

	
679




	
Major injuries

	
301

	
634

	
575

	
543




	
Minor injuries

	
537

	
1224

	
1250

	
2774
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Table 4. Road characteristics per district (Source: Indonesia Central Agency on Statistics [18]).
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District

	
Road Section

	
Road Length (km)

	
Percentage of Rural and Urban Areas

	
Total Number of Crashes in 2012–2015

	
Crash Density in 2012–2015 (per km)

	
Population Density in 2015 (per km2)




	
Rural (%)

	
Urban (%)

	
Urban-Rural (%)






	
Aceh Barat

	
West

	
56.99

	
36.14

	
55.79

	
8.07

	
39

	
0.68

	
66.18




	
Aceh Barat Daya

	
West

	
57.39

	
14.29

	
72.47

	
13.24

	
9

	
0.16

	
94.38




	
Aceh Besar

	
East

	
75.70

	
51.59

	
13.76

	
34.66

	
202

	
2.67

	
132.22




	
Aceh Besar

	
West

	
56.59

	
72.08

	
26.15

	
1.77

	
34

	
0.60

	
132.22




	
Aceh Jaya

	
West

	
133.79

	
61.58

	
28.70

	
9.72

	
91

	
0.68

	
22.65




	
Aceh Selatan

	
West

	
164.39

	
46.23

	
41.85

	
11.92

	
140

	
0.85

	
58.54




	
Aceh Tamiang

	
East

	
22.79

	
5.26

	
79.82

	
14.91

	
127

	
5.57

	
142.24




	
Aceh Timur

	
East

	
103.36

	
23.40

	
68.09

	
8.51

	
425

	
4.11

	
64.10




	
Aceh Utara

	
East

	
63.18

	
11.08

	
83.23

	
5.70

	
459

	
7.27

	
180.38




	
Banda Aceh

	
West

	
0.4

	
0

	
100

	
0

	
2

	
5

	
4079.25




	
Bireun

	
East

	
71.37

	
15.97

	
80.11

	
3.92

	
370

	
5.18

	
228.96




	
Langsa

	
East

	
15.79

	
0

	
100

	
0

	
101

	
6.39

	
632.17




	
Lhoksemawe

	
East

	
22.79

	
0

	
94.74

	
5.26

	
332

	
14.57

	
1057.14




	
Nagan Raya

	
West

	
77.59

	
50.26

	
39.69

	
10.05

	
61

	
0.79

	
46.10




	
Pidie

	
East

	
90.96

	
33.19

	
52.75

	
14.07

	
19

	
0.21

	
135.69




	
Subulussalam

	
West

	
39.99

	
67.00

	
31.00

	
2.00

	
33

	
0.83

	
54.05
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Table 5. Hot spots (HS), hot zones (HZ) and hot clusters (HC) results per district on the East and West roads (Source: the authors).
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	District
	Road
	HS
	HS in Urban (%)
	HZ
	HZ in Urban (%)
	HC
	HC in Urban (%)
	Crash Density
	Population Density (2015)





	Aceh Barat
	West
	0
	0
	0
	0
	0
	0
	0.68
	66.18



	Aceh Barat Daya
	West
	0
	0
	0
	0
	0
	0
	0.16
	94.38



	Aceh Besar
	East
	15
	66.67
	7
	71.43
	0
	0
	2.67
	132.22



	Aceh Besar
	West
	1
	100.00
	0
	0
	0
	0
	0.60
	132.22



	Aceh Jaya
	West
	1
	0.00
	0
	0
	0
	0
	0.68
	22.65



	Aceh Selatan
	West
	6
	50.00
	0
	0
	0
	0
	0.85
	58.54



	Aceh Tamiang
	East
	14
	64.29
	5
	80.00
	0
	0
	5.57
	142.24



	Aceh Timur
	East
	29
	86.21
	7
	100.00
	0
	0
	4.11
	64.10



	Aceh Utara
	East
	56
	83.93
	29
	82.76
	5
	60
	7.27
	180.38



	Banda Aceh
	West
	0
	0.00
	0
	0
	0
	0
	5.00
	4079.25



	Bireun
	East
	39
	82.05
	6
	66.67
	2
	100
	5.18
	228.96



	Langsa
	East
	15
	100.00
	3
	100.00
	0
	0
	6.39
	632.17



	Lhokseumawe
	East
	59
	94.92
	42
	95.24
	8
	100
	14.57
	1057.14



	Nagan Raya
	West
	0
	0.00
	0
	0
	0
	0
	0.79
	46.10



	Pidie
	East
	0
	0.00
	0
	0
	0
	0
	0.21
	135.69



	Subulussalam
	West
	1
	100
	0
	0
	0
	0
	0.83
	54.05
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Table 6. Hot spots (HS), hot zones (HZ) and hot clusters (HC) results per land use on the East and West roads (Source: the authors).
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	Land Use
	Road
	HS
	HZ
	HC
	HS in HZ
	HS in HC
	HZ in HC
	HS in HZ in HC





	Urban
	East
	194
	90
	13
	84
	33
	29
	10



	Urban-rural
	East
	14
	4
	1
	6
	2
	1
	0



	Rural
	East
	19
	5
	1
	4
	1
	0
	0



	Urban
	West
	5
	0
	0
	0
	0
	0
	0



	Urban-rural
	West
	1
	0
	0
	0
	0
	0
	0



	Rural
	West
	3
	0
	0
	0
	0
	0
	0
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Table 7. Top 20 hot zones by number of fatalities on the East road (Source: the authors).
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	Rank
	Number of Crashes
	District
	Land Use
	Total Fatality
	Total Major Injury
	Total Minor Injury
	Total Weighted
	Environmental Characteristics





	1
	11
	Aceh Utara
	Urban
	7
	0
	13
	20.4
	Straight after sharp curve, 6 intersections, settlements, access road to railway station



	2
	6
	Aceh Tamiang
	Urban
	6
	1
	3
	10.8
	Curve, rural housings



	3
	6
	Aceh Timur
	Urban
	4
	1
	8
	13.25
	Curve, 5 intersections



	4
	8
	Aceh Utara
	Urban-rural
	3
	0
	10
	12.95
	Straight road, 4 intersections, shopping places, settlements, access to railway station



	5
	5
	Aceh Besar
	Rural
	2
	2
	6
	10.1
	2 intersections.



	6
	7
	Lhoksemawe
	Urban
	2
	1
	14
	16.65
	Slightly curvy, 2 intersections, settlements along the segment



	7
	6
	Lhoksemawe
	Urban
	2
	0
	10
	11.8
	Meandering, 4 intersections, settlements along the segment, market



	8
	11
	Lhoksemawe
	Urban
	1
	2
	24
	26.05
	Straight road after sharp curve, gas station, market, gas factory, settlements along the segment



	9
	8
	Aceh Utara
	Urban
	1
	2
	21
	23.2
	Sharp curve, 3 intersections, settlements, access road to railway station, heat center, police office



	10
	11
	Aceh Utara
	Urban
	1
	2
	20
	22.25
	Straight road, 5 intersections, shopping places, settlements, access to railway station



	11
	10
	Lhoksemawe
	Urban
	1
	1
	20
	21.2
	Straight road, 4 intersections, settlements along the segment



	12
	7
	Lhoksemawe
	Urban
	1
	1
	16
	17.4
	Meandering, 3 intersections, settlements along the segment, market



	13
	7
	Lhoksemawe
	Urban
	1
	0
	15
	15.4
	Straight road, 4 intersections, 1 fertilizer factory, settlements



	14
	7
	Lhoksemawe
	Urban
	1
	0
	11
	11.6
	Straight road, 6 intersections, 1 fertilizer factory, settlements, access to railway station



	15
	7
	Lhoksemawe
	Urban
	1
	0
	9
	9.7
	Curve road, settlements, shopping place, market



	16
	5
	Aceh Utara
	Urban
	0
	0
	13
	12.35
	Curve, 3 intersections, 1 connecting road to Road District



	17
	8
	Lhoksemawe
	Urban
	0
	0
	12
	11.4
	Straight, 2 intersections, settlements along the segment, school



	18
	6
	Lhoksemawe
	Urban
	0
	0
	10
	9.5
	Straight 2 intersection, settlements along the segment



	19
	7
	Lhoksemawe
	Urban
	0
	0
	10
	9.5
	Curve road, settlements, shopping place, market



	20
	5
	Lhoksemawe
	Urban
	0
	0
	9
	8.55
	Straight road, 3 intersections, settlements, access road to railway station
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Table 8. Suggested hot zone and hot cluster countermeasures in the different geographical contexts (Source: the authors).
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	Urban Context
	Rural Context





	Engineering
	
	
Enhance road user awareness by installing more intersection warning signs



	
Enhance road user awareness by installing more warning signs ahead of horizontal curves



	
Enhance road user awareness by installing more warning signs ahead of stops



	
Verify super elevation and cross slope.



	
Paint the bottom of trees on the side of the roads in white so that road users can see them more easily at night



	
Remove unnecessary fix objects to reduce the number of fixed object crashes



	
Install centerline rumble strips





	
	
Create more clear zones and improve existing ones



	
Ensure sufficient sight distance of dangerous sections of the road



	
Install more raised pavement markers on longer sections of the road



	
Enhance road user awareness by installing more warning signs ahead of sharp curves



	
Install guardrails on longer sections of the road and as medians on highways



	
Install additional lighting before, in, and after intersections



	
Lane or shoulder widening in dangerous areas of the road



	
Mowing and vegetation clearing as required in relevant sections of the road



	
Install more barrier reflectors, at smaller intervals, over dangerous road sections



	
Install more animal highways and bridges to avoid them directly crossing the road



	
Enhance road user awareness ahead of highly frequented animal road sections and lower speed limitations



	
Improving left-turn lane design








	Enforcement
	
	
Reduce speed limit on sections of the road with difficult roadway geometry over a substantial length



	
Stricter monitoring on the use of seatbelts and stricter enforcement of related fines



	
Stricter monitoring on the use of helmets for motorcycle riders, and stricter enforcement of related fines



	
Stricter monitoring on the use of mobile phones while driving and stricter enforcement of related fines





	
	
Provide additional warning signs ahead of sharp curves as well as additional speed limit signs.



	
Stricter monitoring on the use of seatbelts and stricter enforcement of related fines



	
Stricter monitoring on the use of helmets for motorcycle riders, and stricter enforcement of related fines








	Education
	
	
Increase public awareness of road accidents by undertaking campaigns of good practices on roads (signs on highways such as the dangers of using cell phones while driving, etc.)



	
Awareness raising on the main causes of road crashes (at schools, and through communication campaigns)



	
Request for driving retesting and vision testing every few years for senior people



	
Implement stricter regulations on vehicle inspections, to be done every few years





	
	
Increase public awareness on the of safety seats



	
Increase public awareness on the importance of continuous vehicle maintenance



	
Increase public awareness on the use of seat belt through communication campaigns
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