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Abstract

In most of the natural disaster, a tsunami has the one of highest harmful possibility to human being. The impact of a tsunami can result in property damage, more importantly, lead to death.  From the high risk of the tsunami disaster, flooding and earthquake affect people’s lives on the west coast of Vancouver Island. This project investigates Tofino and Ucluelet as the major areas which affected by a tsunami. Flooding maps were used to visualize the potential risk area in the west coast of Vancouver Island. And the report will discuss the effect of flooding by a tsunami as well as the vulnerability. The dataset was gathered from DataBC and G: Drive from GEOB 270 course lab. From the analysis, we determined the damage by tsunami in Tofino is worse than that in Ucluelet. Ucluelet has more schools influenced by tsunami but Tofino has higher chance fall within flooding due to roads drowned. 



Description of Project

In this project, the risk of a tsunami is described. The potential risk of a tsunami is a real problem on the west coast of Vancouver Island. In order to analysis the risk on Vancouver Island, two cities were picked to compare the vulnerability. Tofino is located at the southern edge of Clayoquot Sound, and Ucluelet is located at the western edge of Barkley Sound. Those two cities are about 40 kilometers away, and near the Pacific Ocean. Since Vancouver Island is in the Tsunami Risk zones, the nearest city would be affected more by a tsunami. Tsunami waves generated a large volume of water from the ocean to the surface, and the waves contain very strong energy could lead to hazards. In order to decrease damage, coastal communities would be considered and analyzed, such as schools and roads. In this study, different tsunami height would be analyzed, and how many schools would be affected by a tsunami would be also investigated. Due to tsunami might occur flooding, so flooding roads would be studied. 

DataBC stores all the government data, and contains all the dataset that we need to use. We download schools and roads data, coastline and DEM for Vancouver Island. Then, we imported data and created maps using ArcGIS.


Methodology

Part 1 Acquiring data

	Dataset Name
	Attributes/tabular data
	        Source

	DEM
	Raster
	https://catalogue.data.gov.bc.ca/dataset/digital-elevation-model-for-british-columbia-cded-1-250-000


	Coastline for Vancouver Island 
	Vector
	https://catalogue.data.gov.bc.ca/dataset/freshwater-atlas-coastlines 

	Schools
	Tabular
	https://catalogue.data.gov.bc.ca/dataset/bc-schools-school-locations 

	Total population, youth, and seniors…
	Tabular
	http://datacentre.chass.utoronto.ca/census/


	Roads
	Polygon
	G: Drive

	City
	Tabular
	G: Drive





Part 2 Parse Filter

Firstly, we set up a geodatabase called FP, and select New > File geodatabase and name it FP, then, set a default geodatabase to C:\temp\FP\FP.gdb. So geodatabase stores all the output of analytical operation in FP.gdb. And also checked all the coordinate system is UTM 10N. 

Secondly, import DEMs and coastline for Vancouver Island datasets into the geodatabase. We imported DEMs using Raster datasets and using Feature Class (multiple) for coastlines because it is vector data. Due to the DEM is the whole of Vancouver Island so we clip it to a detailed area contains Tofino and Ucluelet cities using Data Management Tools > Raster > Raster Processing > Clip by Arctool box. Since the original map color is dark grey, we changed color to yellow in order to make the map more clearly. Then, clipped shoreline as well using Analysis Tools > Extract > Clip. After that, we buffered shoreline using Analysis Tools > Proximity > Buffer, and change the shoreline color to blue from light to dark by comparison.

	Thirdly, schools and roads inserted into the clipped map. And clip schools and roads to the detailed area. After that, a clipped highway was added to the map. 	Finally, add the legend, title, name, north arrow and other sources to the map and export the map. 

Part 3 Data Mining

See Appendix 

Figure 7. Flowchart of the analysis procedure. 

Part 4 Representation

	Maps produced with different layers, the project DEM used as the base map. We produced four maps to show the tsunami risk area. For the first map, we illustrated the general view of Vancouver Island, all cities, schools, and highway added to the map. The second map demonstrated the detail area contains Tofino and Ucluelet cites. In comparison to which city have a higher risk by a tsunami. Two cities, nearest schools, highway and major roads, and roads influenced by a tsunami are labeled in the map. The third and fourth map showed Tofino area and Ucluelet area with highway, schools and major roads respectively. All maps include a legend, scale bar, north arrow, title and data source etc. 








Part 5 Table of dataset

Table 1: Original Datasets 
	Layer/datafile name 
	Source
	Uses 
	Entity/data model
	Attributes
	Modifications 

	c13e, c13w, c14w, e01e, f03w, f04e, f04w, 
 
	 DataBC 
	DEM of Tofino and Ucluelet area 
	raster 
	92C& 92F 
	Changes: project to UTM 10N, convert to polygon, clip

	FWA_COASTLINE92C_SP,
FWA_COASTLINE92F_SP
	DataBC
	Coastline of Vancouver Island
	Vector
	Shoreline
	Project, clip, buffer

	VanIsIrds
	G: Drive
	Vancouver Island roads
	Vector
	Roads
	Project, clip

	VanIsIhwy
	G: Drive
	Vancouver Island highway
	Vector
	Highway
	Project, clip

	VanIsIedu
	G: Drive
	Vancouver Island education
	Vector
	Schools
	Project, clip

	VanIsIDEM
	G: Drive
	Vancouver Island DEM
	Raster
	vanisI77mdem
	Project, convert to polygon, 
raster, clip

	major_cities
	G: Drive
	Canada major cities
	Vector
	cities
	Project, clip




Discussion and results
 
Due to the recent climate change, the weathering events have transpired around the world including flooding, earthquake and volcano eruption etc. Among those, the threat of the potential tsunami that hitting the West coast of Canada has been loomed for years. Experts predicted that a powerful magnitude 9.0 earthquake may rip through the Pacific Coast, killings thousands of lives and causing tsunami waves up to 20 meters high. From their prediction, the hypothetical magnitude-9.0 earthquake may happen along the Cascadia Subduction Zone, which is a fault line runs from northern Vancouver Island to Northern California. The fault is a boundary between the Juan de Fuca tectonic plate and the North American plate (which we live on). The Juan de Fuca plate has been moved toward the North American plate and built up stress for three centuries. When the rocks slip past each other along the fault, it will cause a series of earthquakes. Then the tsunami can be potentially generated by the earthquakes (Tanioka and Satake,1996). Giving the high energy that both plates have stored, it will cause a 15 to 20 meters tsunami, and areas along the Pacific Coast will be hit the hardest (Dangerfield, 2018).
 
A tsunami cannot be accurately predicted, even if the magnitude and location of an earthquake are known. Geologists will analyze each earthquake and based on many factors then issue a tsunami warning.  The automated systems can provide warnings immediately after an earthquake in time to save lives. Areas on the west coast of the island, like Tofino, will have around 20 minutes warning after the earthquake before the tsunami comes (Dangerfield, 2018). Therefore, geographic analysis for the potential risk area becomes most important in order to evacuate people. Based on the above scenario, a series analysis on risk area has been done. The risk of 5m, 10m and 20m tsunami has been analyzed separately, and the 50m damage zone has also been examined.
 
From figure 1, tsunami risk on Vancouver Island, the risk area, major cities in the island and Island highway have been graphed. The blue areas indicate the potential tsunami damaged areas, and the yellow areas indicate the safe areas. Fortunately, the overall damage to the island was not very severe, only a few tiny areas along the west side of the island were graphed in blue, most of the major cities in Victoria area were covered by yellow. The most of island Highway was also not influenced by the tsunami and flooding, which ensures the evacuation route for the residents of the Vancouver Island. However, Tofino and Ucluelet area was partially influenced by the tsunami since a blue patch was shown in this area.  
 
Then a detailed area analysis was conducted on these two cities along the west coast, which was shown in figure 2. Those two cities are located in high-risk area, the tsunami comes from the Pacific Ocean will directly hit the west coast of the island and reach those two cities in 15 to 20 minutes.  According to the map, both of those two cities have long shorelines, and especially, Tofino city is in a peninsula. Those two cities have relatively more population than its surrounding area, for Tofino city has approximately 1,932 residents and Ucluelet has approximately 1,717 residents(Census Profile, 2016).
 
By comparing figure 3 (tsunami risk in Tofino area) and figure 4 (tsunami risk in Ucluelet area), we can see the damage in Tofino area is worse than Ucluelet area. 16.2% of Tofino area will be influenced badly, for about 0.04% of the area will be threatened by 5 m tsunami, 0.67% of the area will be threatened by 10 m tsunami, 2.88% of the area will be threatened by 20m tsunami, and total of 12.61% of the area will be damaged by the tsunami. Comparatively, only 9.75% of Ucluelet area will be influenced badly, for about 0.03% of the area will be threatened by 5m tsunami, 0.35% of the area will be threatened by 10m tsunami, 1.43% of the area will be threatened by 20m tsunami, and total of 7.94% of the area will be damaged by the tsunami. In Tofino area, only one school is influenced by the tsunami, whereas in Ucluelet area, three schools were influenced by the tsunami.











	 
	Tofino
	Ucluelet

	
	m^2
	 
	m^2
	 

	Total area
	 44207661
	Percentage (%)
	 29166678
	Percentage (%)

	Area under 50m
	5574007
	12.61
	2314980
	7.94

	Area under 20m
	1272445
	2.88
	418452
	1.43

	Area under 10m
	296184
	0.67
	103116
	0.35

	Area under 5m
	19379
	0.04
	8346
	0.03

	Sum
	 
	16.20
	 
	9.75


Table 1. the summary table of tsunami risk of Tofino and Ucluelet area. The area was generated by pixel count of the DEM layer, for each pixel represents 1 square meter of the area. Area of water body was clipped out before making the count.
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Figure 5. The pie chart of damaged area comparison between Tofino and Ucluelet. Blue represents risk and damaged area, yellow represents the undamaged and safe area.
 
According to figure 6, most roads in Tofino area will be drowned by tsunami flood, but only some of the roads along the coastline will be drowned, those roads were highlighted in red as shown in the figure. The total length of the major roads in those two cities area is about 912.83 km. The drowning section of the major roads was selected by 1km shoreline buffer, which is about 276 km long and takes up 30.23% of the length of major roads in those two cities area. Typically, the roads for entering the Tofino peninsula will be completely drowned by the flood.
 
Generally, the tsunami will bring large damage to Vancouver Island, especially to the west side of the island. As we can see in figure 1, there are two major cities located along the west coast, they are Tofino and Ucluelet. After a series risk and damage comparison, Tofino was determined to be a more tsunami-threatened area, due to it has more area in low elevation, more residents and less route to evacuate. Moreover, it is worth to point out that Tofino can be considered as a very popular tourist attraction on Vancouver Island, it has more than 750,000 tourists visit this area annually (Tofino Annual Municipal Report, 2017). In this case, the tsunami risk can be a ruinous disaster for this area. Therefore, the local government should build up a very effective alerts system for residents as well as tourists and plan the evacuating route and rescue route in advance.


Errors and Uncertainty

If procedures are correct, geologists consider the limitation of ArcGIS in the project. Some errors and uncertainty might occur during processing. As we use analysis tools, some of the processes cannot be finished at once, for example, when we buffer shoreline to 1000 meters, the processing failed twice due to the Vancouver Island DEM is too large.  Besides a large load of processing, the resource time frame may also occur errors. The Digital Elevation Model for British Columbia was published in 2012. The elevation might change during six years, therefore, the model might not exactly describe the existing Island model. The same as the coastline, coastline changes more often than elevation because the erosion of the coastline would lead to loss of land, thus, tsunami risk area might more than the calculations.  


Further research

In this project, on the one hand, only Tofino and Ucluelet area are detailed described for the tsunami risk. In future research, more cities could be considered for the potential risk of a tsunami. On the other hand, since only education institutions are studied, medical institution and resident could be investigated in order to decrease the risk of human life. Young people and senior would affect more by the tsunami because of vulnerable. We suggest that avoid building medical and education institution near the coast and set up warning of sea level rise in order to retreat people to shelter. 

In addition to that, different tsunami height could be examined as further research. We emphasized 5, 10 and 20 meters tsunami height in this case, however, a tsunami can reach to more than 300 meters as the record ("World's Biggest Tsunami | 1720 feet tall - Lituya Bay, Alaska", 2018). The higher tsunami was reached, the higher energy is stored. So the impact of a tsunami would cause more damage. The damage of tsunami would cause more serious problems not only for life but also for economy and environment. Hence, we also advise the government to pay more attention to a tsunami and establish more warning system and prepare more plans to reduce the loss to a minimum. 
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Figure 1: Analysis map of the tsunami risk on Vancouver Island. The risk of 5m, 10m and 20m tsunami has been analyzed separately, and the 50m damage zone has also been examined. The blue areas indicate the potential tsunami damaged areas, and the yellow areas indicate the safe areas. 
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Figure 2. Analysis map of tsunami risk on Tofino & Ucluelet area. The risk of 5m, 10m and 20m tsunami has been analyzed separately, and the 50m damage zone has also been examined. The blue areas indicate the potential tsunami damaged areas, and the yellow areas indicate the safe areas. 
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Figure 3: Analysis map of tsunami risk on Tofino area. The risk of 5m, 10m and 20m tsunami has been analyzed separately, and the 50m damage zone has also been examined. The blue areas indicate the potential tsunami damaged areas, and the yellow areas indicate the safe areas. 
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Figure 4: Analysis map of tsunami risk on Ucluelet area. The risk of 5m, 10m and 20m tsunami has been analyzed separately, and the 50m damage zone has also been examined. The blue areas indicate the potential tsunami damaged areas, and the yellow areas indicate the safe areas. 
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Figure 6: Analysis map of tsunami risk on Tofino & Ucluelet area. The risk of 5m, 10m and 20m tsunami has been analyzed separately, and the 50m damage zone has also been examined. The blue areas indicate the potential tsunami damaged areas, and the yellow areas indicate the safe areas. Damaged roads were highlighted in red.
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Figure 7: Flowchart of the analysis procedure.
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