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Background 
 
Throughout the world, Illegal, Unreported, and Unregulated (IUU) fishing practices are a serious 
problem, threatening the biodiversity of the marine environment, and, in extreme cases, the 
existence of entire species. In a human rights context, the practice likewise threatens the livelihoods, 
cultural traditions, and food supply of indigenous communities who rely on the sea for their survival, 
either through direct competition for resources, or by providing incentives for members to abandon 
traditional ways of life in favor of more profitable, but unsustainable, practices such as shark finning. 
For years, the establishment of marine protected areas (MPAs) has been one of the primary policy 
tools available to combat the deleterious effects of overfishing, however in many areas throughout 
the world the high cost of patrolling thousands of square kilometers of protected waters has led to 
enforcement that is sporadic or, in the worst cases, nonexistent. Although space-based surveillance 
systems using a combination of radar imagery and data from Automatic Identification System (AIS) 
transponders on properly equipped vessels have been deployed for monitoring by developed 
countries, the high cost of continuous radar surveillance makes this option problematic for many of 
the jurisdictions that suffer the most from illegal fishing. 
 
For the purposes of ship detection, the day/night band (DNB) of the visible infrared imaging 
radiometer suite (VIIRS) carried aboard the Suomi NPP satellite offers an inexpensive alternative to 
radar imagery. By acquiring wide-area nighttime imagery at a resolution of 750 meters per pixel (a 
45-fold improvement on previous nighttime optical data products), Suomi NPP is capable of 
distinguishing individual ships at sea by detecting the artificial light that they produce when fishing at 
night. To prove the utility of this data, scientists from the National Oceanic and Atmospheric 
Administration (NOAA) have recently launched a tool that automates the process of boat detection, 
delivering a daily summary of individual vessel activity over a wide swath of southeast Asia1. This 
region is also one of the most affected by illegal fishing, contains numerous MPAs, and, due to its 
geography and economic constraints, has had some of the greatest problems addressing the issue. 
This project endeavored to establish the usefulness of using nighttime lights data to identify 
hotspots of possible illegal fishing by combining the NOAA boat detection data product with space-
based AIS observations.  
 
Data and Methods 
 
The two primary data products used for this investigation were DNB-derived boat detection data 
provided by NOAA, and vessel monitoring data provided by ExactEarth, a Toronto-based company 
operating a network of space-based receivers that collect AIS transponder signals over large 
swathes of Earths oceans. These signals are broadcast by all ships equipped with the appropriate 
transmitters, and allow other vessels equipped with AIS receivers to view the transmitting vessel’s 
name, position, course, speed, hailing port, and other relevant information. The AIS system greatly 
facilitates navigation and collision avoidance, and is quickly becoming mandatory in large portions of 
the globe. By observing sensitive maritime areas that frequently have vessels detected within them 
at night, and subtracting legitimate vessels that openly identify themselves through AIS broadcasts, 
it was hoped that it might be possible to identify areas where there is a high probability of illegal 
fishing taking place2. The most significant of these areas, along with the zones immediately outside 
the MPAs3, could then be targeted using high-resolution satellite imagery during the daytime, to 

                                                        
1 VIIRS Boat Detection https://ngdc.noaa.gov/eog/viirs/download_boat.html accessed 30 August 2018. 
2 It was assumed that vessels engaged in illegal fishing would tend not to broadcast their position for all to see. 
3 Many vessels engaged in illegal fishing are suspected to remain outside MPAs during the daytime, crossing into 
the forbidden zone only under cover of darkness. 
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determine whether the vessels involved were fishing boats. By observing the change in this activity 
over time, it was hoped that it might also be possible to predict the conditions under which illegal 
fishing was likely to take place, leading to more effective enforcement actions by local authorities, 
and advocacy by civil society. To test this theory, a pilot area was chosen near the southern end of 
the Indonesian island of Sulawesi, where many subsistence fishing communities of an indigenous 
people known as the Bajau practice their livelihoods using methods that have changed little over 
hundreds of years, but which are now threatened by illegal fishing on an industrial scale4. 
 
A major challenge of this project resulted from the fact that the VIIRS boat detections and AIS data 
were collected by different satellites, which passed over the study area at different times. Because 
boats move, often at speeds of 10 knots or more, the position of a vessel identified during an AIS 
pass had the potential to change by dozens of nautical miles by the time it was observed by VIIRS an 
hour or more later5. Because AIS data were collected multiple times per night, however, it was 
thought that this problem could be solved by using the data provided by AIS to infer the vessel’s 
position at the time of the VIIRS observation6. To do this, four similar, but distinct procedures were 
followed, each associated with a particular configuration of AIS and VIIRS measurements. In the first 
two scenarios, AIS readings existed of a vessel both before and after the VIIRS image was acquired. 
Experience showed that when the AIS data indicated that vessel was not moving during either 
observation, the two location readings were almost always very close together, as would be expected 
for a vessel at anchor, tied to a quay, or otherwise immobile. In this case, the first observation’s 
location was used as the position, and compared to the VIIRS detection.  
 
In instances where one or both of the AIS records bracketing the VIIRS detection indicated that the 
vessel was underway, a straight line was constructed between the two points, and the speed of the 
vessel was used to estimate where along that line the vessel would have been when VIIRS observed 
the study area. Other AIS detections were unique, that is, they consisted of single records received 
either before or after VIIRS observations. If these unique detections were moving (i.e., the record 
indicated a speed-over-ground of greater than zero knots), that speed was used in conjunction with 
the vessel’s course and the elapsed time between the AIS detection and VIIRS observation to project 
where the boat might have been at the time that VIIRS passed overhead. If, on the other hand, a 
unique detection indicated no motion (speed-over-ground equal to zero), it was assumed that the 
vessel remained in the reported location during the VIIRS pass. A script was developed that 
incorporated each of these four methods, and applied them to all AIS detections in the study area. It 
was hoped that, once the AIS detections were projected to their estimated locations at the time of 
the VIIRS observation, the two datasets would align sufficiently to enable the association of most AIS 
records with a nighttime light detections from VIIRS. Those VIIRS detections without an associated 
AIS record would then have been investigated further for trends consistent with illegal fishing. 
 
Results 
 
Overlap between projected AIS positions and VIIRS detections was poor (Figure 1). On January 2, 
2016, for example, 38 VIIRS detections were present in the study area, only two of which fell within 
one mile of a projected AIS position. AIS data show that both of these ships were stationary at the 
time. This experiment was repeated thirty one times; once for every day in January 2016. This 
experience showed that such results were typical, and emphasized the extreme difficulty of 
correlating two datasets collected by different space-based platforms at different times while the 
                                                        
4Kearney, Marianne (2009). “Indonesia’s Sea Gypsies Struggle to Survive”. VOA News, available 
https://www.voanews.com/a/a-13-2007-12-27-voa11/402414.html accessed 31 August 2018. 
5 One knot, or nautical mile per hour, equals equivalent to 1.852 kilometers per hour. The same ratio converts the 
respective distance units. For the sake of simplicity, hereafter the term “miles” refers to nautical miles. 
6 Unlike AIS data, VIIRS detections occurred only once per night. Because the detections are based on optical 
imagery, all detections in the study area occurred simultaneously, and only identify the presence of a vessel; no 
other characteristics are provided. 
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features of interest were in motion. In light of the inability to make meaningful comparisons between 
AIS data and VIIRS detections, further work on this project was discontinued, as other methods of 
monitoring illegal fishing, while more resource-intensive, appear to result in significantly more useful 
outcomes7. 
 

 
Figure 1: Nighttime lights in the study area (red outline) detected by VIIRS imagery (green triangles) shows very 
little overlap with the projected locations of AIS detections (circles, color-coded by the procedure for estimating 
position: yellow, two detections, not moving; red, two detections, moving; blue, one detection, moving; pink, one 
detection, not moving. 
 
 
 
 

                                                        
7 Global Fishing Watch (http://globalfishingwatch.org/) is one example of such a project, which relies on the 
analysis of massive amounts of AIS data using machine learning algorithms. 
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Conclusions 
 
Both nighttime lights detections and space-based AIS data are powerful tools for the detection and 
analysis of the positions and behavior of ships at sea. These two data products are complementary in 
many ways, with AIS providing a detailed look at the parameters of modern vessels that carry with 
them the latest in automated position-reporting technology, while VIIRS maps all vessels that 
produce sufficient light to be detected by its sensors. Due to the speed with which vessels move and 
the typical delay between VIIRS and AIS-detecting overflights, however, correlating these datasets 
with one-another is highly problematic. This is unfortunate, as large numbers of vessels were 
detected using VIIRS in the study area, many of which may have been involved in IUU fishing. Without 
correlated AIS or other ground truth, however, differentiating fishing activity from other marine 
traffic is not feasible. In light of this, while both AIS and VIIRS may be useful in analyzing patterns in 
illegal fishing activity, unless additional data are available or the times of overflight fortuitously 
match, future researchers would be well-advised to consider treating the two datasets separately. 


