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smaller vessels in nearby waters, the total estimated likely Chinese
catch would correspond to approximately 101,300 metric tons of
squid worth $275 million in 2017 and 62,800 metric tons of squid
worth $171 million in 2018 (13). Such catch figures would approxi-
mate those of Japan and South Korea combined from all their sur-
rounding seas (13).

- Russia
azen . 500 km
N. Korea/ se.

=

i S. Korea j/

§ (Q 5 Japan
i

China NS

« ® AIS fishing position
% = ® AIS nonfishing position
B 4 Study area

22°N Claimed N. Korean EEZ

110°E 122°E 134°E

Fig. 2. Origin of vessels fishing in North Korean waters. During 2017 and 2018,
vessels that fished in North Korean waters originated from Chinese ports and also
fished in Chinese waters. Included are all AlS positions broadcast by all vessels
identified as likely fishing within the claimed North Korean EEZ. Each position was

identified as fishing or nonfishing by the model described in (76).

DISCUSSION

This large number of previously unmonitored vessels poses a sub-
stantial challenge for stock management. A political stalemate due
mainly to sovereignty conflicts and maritime boundary disputes has
prevented regional joint fisheries management (20), while existing
state-based efforts are ineffective because of a lack of shared vessel
monitoring data, management arrangements, and comprehensive
stock assessments. For instance, to prevent overfishing, South Korea
sets the total allowable catch for squid, limits the lighting power of
squid jiggers, bans pair trawling, and permits fewer than 40 small
trawlers (13, 21-23). The likely Chinese fleet, however, targeting the
same stock, uses brighter lighting power, pair trawling, and a greater
number of vessels (13). Given the declining CPUEs of South Korean
and Japanese squid jiggers and the drastic decline in squid larval
densities since 2003 (24, 25), the large number of vessels revealed
through this study is particularly concerning.

In addition to sustainability concerns, there are also substantial
implications for fisheries governance and regional geopolitics. These
vessels originate from China and, based on inspections by the South
Korean authorities, are assumed to be owned and operated by Chinese
interests (13). However, because the vessels often do not carry appro-
priate papers, they may plausibly be so-called “three-no boats” oper-
ating outside of official Chinese authority, with no registration, no
flag, and no license to operate (26). If these vessels do not have ap-
proval from both the Chinese and North Korean governments, they
are fishing illegally; Chinese regulations require ministerial approval
to fish in foreign waters (15), and the UN Convention on the Law of
the Sea grants coastal states sovereign rights to manage living marine
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Fig. 3. Chinese and North Korean lighting vessels. (A) A 55- to 60-m Chinese lighting vessel near North Korean waters. (B) A Planet SkySat (0.72-m resolution) image
of a Chinese lighting vessel. (C) A 10- to 20-m wooden North Korean lighting vessel in the Russian EEZ. (D) Vessel detections on 24 October 2017 by SAR, which detects
large, metallic vessels but not smaller wooden ones [by PALSAR-2 (Phased Array L-band Synthetic Aperture Radar-2); blue box shows detection footprint, and blue dots
show vessels]; and by VIIRS, 2 hours later, revealing lighting vessels with the brightest lights (red, >1000 nW/cm?/sr, mostly Chinese), with medium lights (orange, 50 to
1000 nW/cmZ/sr, South Korean or Chinese), and the dimmest lights (yellow, <50 nW/cmz/sr, mostly North Korean). Vessels in (D) (i) are Chinese lighting vessels, (ii) Chi-
nese pair trawlers (detected only by SAR), (iii) North Korean squid vessels (detected only by VIIRS), and (iv) the South Korean squid fleet.

Park et al., Sci. Adv. 2020; 6 : eabb1197 22 July 2020

30of7

0202 ‘1€ 1snBny uo /610’ Bewadusios ssoueApe//:dny Wol) papeojumod


http://advances.sciencemag.org/

SCIENCE ADVANCES | RESEARCH ARTICLE

A 800 .
Pair trawlers @
c
3
Imagery: Planet S 600 - *
E " .
s SAR: PALSAR-2 a
g 400 . .
°
5 SAR: RADARSAT-2 % . . lm o .
&
_ £ 200 . . . .
= SAR: Sentinel-az1 & a a P .
: | ] | ] . b L] . 1 niy
0 =88 st-8g gt L 83 3 58809 aual L L s ss B s 8 ]
B 150
[}
<
3
Q -t
2 100 - -
Lighting vessels 2 .
0
[
Imagery: VIIRS 2 “, A
Q " .
T 50 . _ hoo
E . EICI JoU .
w .'|| ‘s o2
0 oA I Kore e A
C
1000
§2}
€
3
Total vessels % 750
. 172}
Pair trawlers 3
Lighting vessels 5 500
o Coastguard counts <
£
2 250
w
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
2017 2018
D ®
(0]
& 3000
g
c 2500
]
o
Q 2
North Korean vessels X 000
Imagery: VIIRS £ 1500
<)
b4
B 1000
©
E 500
k7]
oo
2015 2016 2017 2018 2019

Fig. 4. Satellites track fishing by Chinese and North Korean vessels. (A) Counts of Chinese pair trawlers and (B) lighting vessels operating in our study area during 2017
and 2018. Because of weather conditions or incomplete coverage of the study area [e.g., Sentinel-1 footprint covers <1/2 of the study area (fig. S9)], vessel counts are
mostly underestimates, so we use the maximum value over a half-month period to estimate the number of active vessels, which is shown by the gray bars. (C) Estimated
total number of Chinese vessels operating in each half month (gray bars) is largely consistent with the counts of vessels from the South Korean Coast Guard (black line).
(D) Estimated number of North Korean lighting vessels operating in the Russian EEZ, 2015-2018; data for each half-month period are the maximum number of VIIRS de-

tections below 50 n\W/cm?/sr.

resources in their waters (27). Alternatively, if they are operating
with approval from either or both governments, those state(s) are in
violation of UN Security Council sanctions. Notably, the Chinese
government has repeatedly refuted this latter scenario, confirming
its support for the current sanctions (13). Regardless of the scenario,
each results in the violation of either or both international and do-
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mestic law. Bearing this in mind, our analysis identified over 900 dis-
tinct illegal vessels in 2017 after sanctions began and over 700 in 2018,
representing the largest known case of illegal fishing perpetrated by
a single distant-water fleet (2, 28, 29).

The presence of this foreign fleet also has severe consequences for
North Korean small-scale fishers. Evidence suggests that competition

40f7

0202 ‘1€ 1snBny uo /610’ Bewadusios ssoueApe//:dny Wol) papeojumod


http://advances.sciencemag.org/

SCIENCE ADVANCES | RESEARCH ARTICLE

from these larger trawlers displaces these small-scale wooden boats,
shifting substantial effort to neighboring Russian waters. This kind
of shift in response to foreign fleets has been documented elsewhere
(30) and is also consistent with local fisheries ecology in this re-
gion. During the last trimester of the year, Japanese flying squid mi-
grate south, through the Russian EEZ (7), providing an opportunity
for the North Koreans to fish before the foreign fleets deplete the
stock. A large portion of this North Korean fishing in Russian waters
is, however, also illegal. The Russian government has authorized
fewer than 100 North Korean boats since 2014, and in 2017, no permits
were granted (13). In contrast, we estimate about 3000 vessels fished
in these waters during 2018. North Korean artisanal boats are se-
verely underequipped for the long-distance travel required to reach
Russian fishing grounds (movies S1 and S2). As a result, between
2014 and 2018, 505 North Korean boats washed ashore on Japanese
coasts. These incidents frequently involve starvation and deaths, and
local media reports that many fishing villages on the eastern coast of
North Korea have now been coined “widows’ villages” (13). The illegal
fishing patterns documented here likely exert a heavy toll on fish and
fishers alike.

We suggest that this analysis represents the beginning of a new era
in satellite monitoring of fisheries. Multiple satellite sources have
long been available to government agencies for targeted surveillance.
However, it is only with recent increases in data availability, acces-
sibility, and computing power that these techniques can now be
performed at large enough spatial and temporal scales—and by small,
independent groups of researchers—to enable transparent fisheries
monitoring. Although some aspects of this study are particular to
the region (e.g., prevalence of pair trawlers), most techniques are
easily transferable, such as matching AIS to vessel detections from
freely available global satellite imagery or radar. And for the satellite
data sources that are not yet freely available, such as commercial
satellite radar or high-resolution optical imagery, the cost per image
is decreasing rapidly (13). Combining these satellite technologies
can reveal the activities of dark fleets, filling a major gap in the man-
agement of transboundary fisheries. Furthermore, these technologies,
when accompanied by local expertise, can identify potential hot
spots of illegal, unregulated, or unreported fishing. Global fisheries
have long been dominated by a culture of confidentiality and con-
cealment, and achieving a comprehensive view of fishing activities
at sea is an important step toward sustainable and cooperative fisheries
management.

MATERIALS AND METHODS

The analysis on fishing access agreements in the region is presented
in section S1. All satellite data sources and methods to identify fishing
vessels operating in and around North Korean waters are explained
in detail in sections S2 to S5 (optical imagery in section S2, SAR in
section S3, AIS in section S4, and VIIRS in section S5). We describe
in section S6 the information obtained from South Korean authori-
ties and various observations on the waters to validate our estimate
of vessel presence and fishing activity. The legal analysis of the
detected fishing activity is provided in section S7. Section S8
demonstrates the method for estimating the amount and the mone-
tary value of the total catch in 2017-2018.

SUPPLEMENTARY MATERIALS

Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/6/30/eabb1197/DC1
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