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Exit Strategies of Pompeiians Caught in the 79 CE Eruption
Introduction and Artifact Analysis
The 79 CE eruption of Mount Vesuvius, notoriously affecting the nearby town of Pompeii, is one of the best-known natural disasters around the world, in no small part because of the excellent preservation present at the site and the degree of the destruction caused. Public and scholarly interest in the site is particularly focused on the victims of the eruption, found in a variety of locations and contexts. Since the first plaster casts created by Giuseppe Fiorelli in the 19th century, the last moments of those killed by the eruption have been a source of near-constant scholarly research (Berry 2013, 54). The estimated 2000 victims of the disaster died from a variety of eruptive hazards ranging from seismic activity and collapsing buildings to pyroclastic density currents (PDCs), each with a unique combination of circumstances (Luongo et al 2003, 173). While the most distinctive cases of recovered bodies have been occasionally sensationalized in public media, each and every body found at Pompeii provides important insights into the human responses to the eruption of Vesuvius, through both the artifacts found in association with the bodies and the locations of the bodies themselves. 
	First and foremost, the artifacts found associated with the bodies of fallen Pompeiians can provide a great deal of information about the varying responses to the disaster at hand. The large number of Pompeii skeletons found with sets of keys, for example, could indicate a belief, rational or not, that individuals would be able to return to their homes after the eruption had concluded (Bergmann 2006, p. 497). While these individuals might have believed that their evacuation from their homes was merely temporary, others seemed far more prepared for a long-term departure, taking with them valuables or items that would help in their journey. The skeleton of one man found at Oplontis had 176 denarii on his person and was also clutching a small chest of 81 gold coins to his chest (Hobbs 2013, p. 6-7). While the denarii found with the man were in everyday use at the time of the eruption, gold coins would have been a less common currency. Thus, in the face of the disaster, this individual chose to take with him both easily-traded coins, perhaps to help in his attempt to flee, and his more stable wealth (Hobbs 2013, p. 7). In a very recent discovery, the skeleton of a man estimated to be in about his mid-40s was found near the shoreline of Herculaneum, with one small satchel holding a wooden box and a small ring (McGreevy 2021). While perhaps less flashy than a box of gold coins, the contents of such a satchel were clearly important enough to this individual to be salvaged and carried away in the midst of a disaster, and therefore must have held great emotional, if not strictly monetary, value. 
	However, not every resident of Pompeii was focused on fleeing the disaster. In his account of his uncle’s experience with the eruption, Pliny the Younger describes the difficult choice between remaining indoors while “buildings were shaking with frequent and severe tremors” or risking “falling pumice stones” out in the open (Cooley and Cooley 2004, p. 46-47). Multiple discoveries of skeletons grouped together within villas and other structures indicate that a good amount of individuals instead chose to avoid falling debris in the streets by sheltering within structures (Killgrove 2018). In fact, the majority of victims found in the pumice layers of Pompeii, as opposed to within the ash of the pyroclastic density currents, have been found inside of houses (Scandone, Giacomelli, and Rosi 2019, p. 18). Unlike the individuals who fled the city, those sheltering from the eruption had no need to take jewelry or money with them. Instead, it appears that their most important consideration in the face of the disaster was not what was with them, but who. Bioarchaeological studies conducted on groups of skeletons found in close indoor proximity to one another have indicated varying degrees of genetic relatedness between them (Killgrove 2018). In one case, DNA analysis of thirteen skeletons recovered from the interior of a villa found that six of the thirteen were closely genetically related, supporting the general conclusion that those who chose to shelter together in the wake of the eruption were often family (Di Bernardo et al, 2009). These genetically familial contexts are just as important as those which include portable artifacts, yet they create incredibly distinct images of Pompeiian responses to the eruption between those who chose to flee and those who tragically attempted to wait the eruption out.

Geospatial Analysis
	The wealth of archaeological literature on Pompeii and the victims of the 79 CE eruption of Vesuvius is in many ways an advantage when it comes to further study of the site. Extensive excavations mean that there is more than enough archaeological material to investigate just about any hypothesis one could create. However, the sheer amount of literature and research available on Pompeii can quickly become just as much of a limiting factor as it is a beneficial one. While the specific archaeological context of each fallen Pompeiian would be immensely useful in creating a robust understanding of Pompeiian responses to the eruption of Vesuvius, such a study is far beyond the scope of this paper. It is hoped that the generalized examples detailed in the earlier section of this paper will illustrate the importance of studying these specific contexts, just as this section of the paper will now illustrate the benefits of a more generalized analysis of the victims. The remainder of this paper will focus specifically on creating a general characterization of the different escape routes that might have been taken by fleeing Pompeiians. This will be achieved through analysis via ArcMap 10.8.1, a geographic information system software.
	In working with a geographic information system, characteristics of a site are translated into ‘features,’ consisting of either points, lines, or polygons. The GIS analyses that follow utilize data provided by the Pompeii Bibliography and Mapping Project (PBMP), which maintains an incredibly detailed geographic information system database for nearly every feature of Pompeii one could imagine, ranging from architecture to streets to artifacts. In this paper, the PBMP’s point layer of “Victims4” was used to indicate the locations of fallen Pompeiians, while the line layer “Streets” was used to indicate the streets of the city. The locations of the city gates were derived from the “Gates” subfeature of the polygon class “Topography,” while the locations of unexcavated areas were derived from the “Unexcavated Areas” subfeature of the same polygon class. All of these layers, along with additional layers created by the project, can be found on the Pompeii Bibliography and Mapping Project’s website, at digitalhumanities.umass.edu/pbmp. The coordinate system used for each of the maps created was Monte Mario / Italy Zone 2, and the base imagery used in Figure I was included in ArcMap as ESRI’s World Imagery layer. 
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Figure I: Pompeii in Relation to Vesuvius and the Bay of Naples. In this map, Pompeii (indicated by the ‘Pompeii victims’ and ‘Gates’ layers) appears in the lower right corner. The Bay of Naples is shown to the west of Pompeii, and Vesuvius is shown to its northwest. 

In creating a geospatial analysis of the victims of Pompeii, it is necessary to first understand the location of Pompeii in broader context, as is the purpose of the first map constructed for this project (see Figure I). Understanding later analyses of exit pathways taken by Pompeiians necessitates that one first understands the surrounding geography of the region—namely, that the Bay of Naples is located to the west of Pompeii, and that Vesuvius is to the northwest. These geographic features provide two important insights. Firstly, any individuals attempting to flee via the port would likely have been fleeing towards the west (specifically, towards the city gate known as the Porta Marina, which is marked in Figures III and IV). Secondly, the presence of pyroclastic flows coming from Vesuvius means that individuals would likely not have been fleeing towards the volcano. Therefore, the presence of a large number of victims in the city’s northwest or northern portions should be unlikely—unless, of course, these victims were sheltering in place or, unfortunately, did not make it very far in their escape attempts. 
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Figure II: “Hot Spot Analysis of Pompeiian Victims.”

	The next analysis that was performed was a hot-spot analysis on the locations of victims. Hot spot analyses are useful tools for identifying statistically significant clustering of certain features. In a hot spot analysis, cold spots (marked in shades of blue) are areas where there is a statistically significant absence of data. In other words, blue points are areas wherein there is a large absence of data that is not merely due to chance. Conversely, hot spots (marked in shades of red) indicate areas with significant statistical clustering of data, or, in other words, areas where there is a great deal of data clustered also not due to chance. Areas marked in gray show no statistically significant degree of clustering. In the case of hot and cold spots, the darkness of the color (red and blue, respectively) used to indicate the area also demonstrates the degree to which it is statistically significant, with darker areas being more statistically significant. 
	The hot spot analysis for victims within Pompeii turned out relatively simple, with only one region showing statistically significant clustering in the southeastern portion of the map. This area, specficially focused around Porta Nocera, displays a unique variation from the rest of the map, which yields only results of no significance. The statistically significant clustering in this area of the map could result from a number of different phenomena—perhaps a large group of victims sheltering within a building could have biased the data, or perhaps families chose to flee this way for one reason or another and ultimately perished together along the way. Perhaps the simplest explanation, however, is that a large influx of people were heading towards the Porta Nocera gate and perished along the way, resulting in the statistically significant clusters seen in this analysis. Further analysis could perhaps refine these results by differentiating between victims found indoors or outdoors, though unfortunately, this information was not available in the Pompeii Bibliography and Mapping Project’s data. 
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Figure III: “Cost Allocation of Pompeiian Gates.” This figure shows the results of the cost allocation analysis, as well as each gate, individually marked, and the locations of victims.
	The next form of analysis in this project, cost allocation, identifies the nearest feature for each location on a map based on the least accumulative cost it takes to reach that feature. In this case, the ‘cost’ factor being considered is distance. Thus, for this analysis, cost allocation creates a map (Figure III) showing the nearest gate for each location along the streets of Pompeii. 
	A number of inferences can be made on the basis of the cost allocation analysis depicted in Figure III. To begin, it is clear that the cost allocation areas for some gates encompass a much larger area, and a much larger number of victims, than others. The cost allocation area for Porta Marina, for example, is relatively small when compared to the larger area allocated to Porta di Stabia. Furthermore, only a few victims are located within the cost allocation area for Porta Marina, which would have led towards the Bay of Naples and the possibility of escaping via the sea. It may seem surprising that only a few of the deceased individuals of Pompeii seemed to be taking this path, but it is important to note that individuals in other cost allocation areas, especially those for Porta Ercolano and Porta Vesuvio, may have been heading towards Porta Marina from a distance. While the gates of Porta Ercolano and Porta Vesuvio may have been closer for these individuals, they were also located towards the same direction of Vesuvius, and therefore would not have offered much safety from the eruption. If these individuals, then, were indeed heading ultimately towards Porta Marina, they clearly did not make it far.
	Another interesting trend in the cost allocation analysis can be seen a comparison of the cost allocation areas for Porta di Stabia and Porta Nocera, as opposed to those for Porta Sarno and Porta Nola. The cost allocation areas for the former two, especially Porta di Stabia, appear to contain a significantly larger amount of victims than the latter two, even though all four gates lead away from Vesuvius. This could be indicative of a differential influx of fleeing individuals between the two sets of gates, with more individuals fleeing towards the southernmost two gates. The apparent influx of individuals towards Porta Nocera could be supported by the hot spot analysis seen in Figure II, as a significant clustering of victims was found in the area around Porta Nocera specifically. While there is less analytical evidence to support the same degree of fleeing towards Porta Stabia, the large number of victims found in the area around it is not surprising when one considers that the Porta Stabia led to one of the other large settlements in the area, Stabia. Fleeing Pompeiians may have falsely thought that the devastation of the eruption would not reach Stabia, though in the end, Stabia was plagued with the same eruptive processes that buried Pompeii (D’Orsi 1953, p. 103). Nevertheless, the differential presences of victims in each cost allocation area is an important step in determining what paths fleeing Pompeiians chose to take, as well as in beginning to understand why they might have chosen the paths that they did. 

Conclusions
	Spatial analysis at the site of Pompeii is an immensely promising premise, and one which can take many forms based on the sheer amount of data available for the site. While this project has offered basic insights into the spatial significance of the resting places of Vesuvius’s victims, there is still a great deal of advanced work that could elaborate on this topic and many others of consequence to our understanding of Pompeii and the eruption of Vesuvius.
	One factor of great relevance to possible future GIS investigations of Pompeii, and simultaneously one of the limitations in this specific project, is the significant portion of the site that remains currently unexcavated (see Figure IV). While expected streets have been projected through the unexcavated areas, predicting the locations of victims without excavation is a much more difficult task. Thus, unexcavated areas remain ‘blank spots’ as far as victims are concerned. In the future, spatial analyses like the hot spot analysis performed earlier could look quite different, depending on what exactly is discovered as excavations continue. 
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Figure IV: “Unexcavated Areas of Pompeii.” This map shows the unexcavated areas of the site, as well as the locations of victims and city gates.
An additional limitation of this project—and an unexpected one at that—was the surprisingly large amount of literature on Pompeii that was not available in English. For a site as large and well-known as Pompeii, one might have expected that even the most academic sources related to the excavations would have been translated more widely. This unfortunately was not exactly the case, though it is possible that this particular hurdle is less important in the academic sphere, as those committed to intensive study of the site likely know Italian. Another limitation—namely, the overwhelming amount of literature on the site and its excavations, varying widely in time of publication and archaeological standards—was discussed earlier in this project. The sheer amount of sources did occasionally make it difficult to track down and locate specific information. However, this so-called limitation is just as useful as it is limiting in regards to the strong support it gives in favor of geospatial analyses over alternative forms of academic work such as a literature review, which would be much more labor-intensive. 
Despite the limitations faced by this paper, general conclusions about the exit strategies of fleeing Pompeiians can be inferred from the data presented. For one thing, the statistically significant clustering of victims near the Porta Nocera is a unique aberration from the non-statistically significant results of the hot spot analysis found everywhere else in Pompeii. Future investigation with more refined data could help to definitively decide if the clustering near Porta Nocera can be attributed to Pompeiians fleeing in groups, or if it is more likely that this clustering is the result of a large number of victims who attempted to shelter indoors together. In either case, bioarchaeological analysis could be additionally useful in understanding if clustered victims exhibited strong genetic relatedness, which would indicate familial responses to the disaster. The cost allocation analysis, on the other hand, importantly emphasizes the surprisingly small area in which the nearest gate for fleeing Pompeiians would be the Porta Marina. The cost allocation also demonstrates the large amount of victims assumed to be heading towards Porta Stabia and Porta Nocera as opposed to Porta Sarno and Porta Nola, which further indicates differential decision-making in where Pompeiians chose to flee towards.
Ultimately, the archaeology of Pompeii provides a unique opportunity to study not only the specific responses of Pompeiians to the eruption of Vesuvius, but to understand human responses to disasters more generally. An understanding of what choices Pompeiians made during the eruption, as well as the reasoning behind those choices, can deepen not just our understandings of the ancient Roman world, but can in some circumstances be extrapolated to even the most modern circumstances. Choices of whether to shelter or flee, where to flee to, and what to bring along on the journey are decisions that are too often necessary in the face of disasters, ancient or modern, and understanding the motivations and concerns involved in these choices is an essential first step to understanding responses to disasters as a whole. 
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