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Final Project Summary: Analyzing the Relationship Between Marine Traffic and Oil Spills 
  

 
 Over the past half century, marine vessel traffic has greatly increased to facilitate the 

shipment of goods across continents as the world economy has grown more interconnected. 

While the form of transportation is efficient from an energy perspective relative to other means 

of travel, there are associated hazards, such as collisions, whale strikes, and oil spills that 

contribute to pollution and degradation of marine ecosystems. In recent years, the frequency of 

major oil spills attributed to the liner shipping industry has decreased (Roser 2017), however 

their impact is so catastrophic that it remains worthwhile to analyze in pursuit of their 

elimination. 

 For this research project, I am looking to investigate the relationship between marine 

vessel density levels and historic oil spill data to see if a rise in one correlates to the other. Any 

trends, if any, should be consistent on a global scale, however data availability makes this project 

better suited to a specific region. The California coast will serve as the study area for this project 

as there is dependable, state-provided oil spill data and its Los Angeles and Long Beach ports are 

the busiest in the United States, providing a large sample size of marine traffic (World Shipping 

Council 2015). 

 In the last 20 years, the Automatic Identification System (AIS) has become standard in 

large ships, broadcasting their location and attributes each minute. This huge output of data has 

laid the groundwork for many marine vessel analyses and has allowed for highly accurate density 



maps (Mustaffa et al. 2017; Zaman et al. 2015; Fiorini, M., A. Capata, and D. D. Bloisi. 2016). 

These broadcasts will be the basis for determining marine vessel density off the California coast. 

Data is made available on MarineCadastre.gov and downloadable in geodatabases by month and 

UTM zone. The data used is from the month of June, 2014 for UTM zones 10 and 11. It would 

be more exhaustive to use multiple months, or span multiple years, but limited computing 

resources make processing one month of data enough of a challenge, as each zone contains over 

20 million points. Though the overall traffic varies from month to month, marine shipping lanes 

are regulated and density patterns should be typical of most months. 

California’s Department of Natural Resources has a Spill Prevention and Response 

(OSPR) Incident Tracking Database which has published coordinates of oil spills in the state. In 

speaking with Cathy Conway who manages this database and by joining associated oil spill case 

spreadsheets, it was revealed that this dataset represents reported spills that can range from 

several thousand gallons to just visible, surface oil sheens. This changes the implications of the 

analysis somewhat, speaking more to incidental and minor spills rather than catastrophic events 

from the result of collision, but regardless should give helpful insight into the nature of everyday 

oil spill incidents.  

 The first step in the analysis is creating a density raster using the AIS points. For this 

analysis there is no need to know the cumulative values, just the regional density pattern, such as 

was performed in a marine emissions analysis of the Arctic (Winther et al. 2014). This allowed 

for use of a random point generator within the AIS feature class to cut down on the volume of 

data to allow for easier processing. Roughly thirty million points between UTM Zones 10 and 11 

were cut to ten percent of their original values and transformed into a point density raster. 



 Likewise, the OSPR oil spill data set was converted into a raster format. The dataset 

includes all chemical spills in the state, so only those that occurred in marine areas were used 

which consolidated the data set to 662 spills. There were a fair number of incidents removed 

from the analysis that were located on the shoreline of California harbors, likely the result of 

accidents at fuel docks. I felt that these incidents didn’t really speak to the nature of the 

relationship I was looking to investigate as they didn’t occur while a vessel was underway, but I 

could see them being included if the study was being done on just a harbor or waterway. 

In mapping vessel traffic off of Norway, Aronson and Landmark weighed the pros and 

cons of the use of a raster or vector data format (Aronsen, M., and K. Landmark. 2016). They 

determined a vector-based fishnet or grid to be better suited for the application because of the 

capacity for a variety of attribute data. Likewise, I used the vector approach as it enabled several 

useful analysis tools in ArcMap. A fishnet was created within the extent of the oil spill point 

data. Some tweaking was required to find the most useful grid dimension – an area too large does 

too much to generalize vessel traffic, and an area too small creates bulky data. I settled on a grid 

of 100 sq. km. polygons with a total of 1184 along the California coastline (Figure 1). 



 

Figure 1.  

Oil spill incidents overlaid the fishnet symbolized by vessel traffic density 

 



With the fishnet, vessel traffic density, and oil spill density layers in place, I used zonal 

statistics to generate tables averaging the density grids to the fishnet. This process allowed for a 

relatively sparse sample of oil spill points to be generalized across a larger area and make the 

data less binary. In this process, the fishnet and density raster creation process had to be revisited 

as the zonal statistics tool struggled to aggregate values if the rater pixels were to large in 

relation to the fishnet. Both the fishnet size was increased and density raster cell sized decreased 

to accommodate this tool requirement. The fishnet was also clipped to areas that had non-zero oil 

spill values. There’s no definition in the metadata of how far off the coast of California the data 

is intended to represent, so this helped to clean up the data by removing many zero-value 

features.  

In addition to the density measurements, I also wanted to introduce a variable measuring 

the distance of each fishnet polygon to the California shoreline. This was to be able to provide an 

added look into the spatial relationship of my two datasets, and if this shoreline proximity has 

more to do with the causation of oil spills rather than traffic. This process involved the 

generation of centroid points for the fishnet grid and using the near distance tool to calculate 

their distance from a California mask polygon. These values were then joined into the fishnet 

attribute table. 

             

Figure 2. Histograms 



   

 

 

Figure 3. Transformed Histograms 

In review of my variable’s histograms it revealed that the density values were both highly 

skewed. I decided to do a log transformation of them to lessen this skew which resulted in a 

more normalized distribution (Figures 2 and 3). Review of scatterplots also revealed some 

interesting clustering of individual harbors to their given oil spill to vessel traffic ratios (Figure 

4). This may be due to the zonal statistics process where nearby areas are given similar values 

since the underlying rasters average the data. Likewise, the vertical lines in the scatterplot seem 

to correspond to oil spill outliers where the data surrounding them is fairly homogenous (Figure 

5).   

 

 



 

Figure 4. Scatterplots and harbors. 

 

Figure 5. Oil Spill Outliers 

  
 



 With the data processed and transformed. I ran an ordinary least square regression to see 

how well these variables modeled oil spill incidents. The results seemed to indicate that marine 

vessel density has some positive correlation with oil spills, and interestingly proximity to 

shoreline shows very little effect on predicting incident occurrence but does show that spills are 

somewhat more likely to occur as you move closer to shore. (Figure 6.) The r-squared value 

shows the model can explain roughly 36% of the variance in the behavior of oil spill incidents 

 

                      

         
 

Figure 6. OLS Results 
 
 
 
 



 
Figure 7. Oil Rig Locations in Santa Barbara Channel 

 
 I think that the analysis helps to convey some relationship of correlation between oil spill 

incidents and marine vessel traffic, but it is not entirely conclusive based on what we know about 

the data. The oil spill dataset contains incidents that occurred in the ocean but its unclear how 

many of them originated from boats. For instance, there seems to be a large pocket of spills in 

the Santa Barbara Channel, which quite possibly took place at oil rig facilities and not aboard a 

ship (Figure 7). As can be seen in Figure 4, the marine traffic around them is relatively low, so 

this anomaly in the data may be hindering the model’s ability to explain the rest of the oil spills 

in the dataset.  

 Going forward I would look to refine the existing data for additional regression analyses 

and consider finding new oil spill data that more directly relates to spills associated with boats. I 

did attempt to pull certain portions from the AIS data for different comparisons using just vessels 

under one hundred feet, or only oil tankers, however the data is so large that it crashes ArcMap. 

It’s also too large to be used in Excel, so a more traditional database approach or use of a more 

powerful computer would be required to adequately process the AIS data. Using this approach 



would do a better job of explaining the nature of how vessel congestion may impact the rate of 

oil spills, but one could also focus on just specific harbors if interested in the pollution aspect and 

using all waterway spills and traffic as a way to estimate pollution rates. There are valuable uses 

for both datasets involved but requires some processing and planning in order to get the most 

meaningful results. 
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