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Background: Maritime search and rescue (SAR) remains a great global challenge because of the long
distances, harsh environment and complicated trauma. A systematic investigation and analysis of China
Maritime Search and Rescue Center (CMSRC) data has been lacking. This study aimed to provide more
insightful information for future development of a better maritime and aquatic SAR system in China.
Methods: This retrospective study retrieved and analyzed data on the water traffic volume from The
Ministry of Transportation, People’s Republic of China website and SAR data on ship accidents between
January 1, 2008 and December 31, 2019. Spearman’s correlation test was performed to analyze the data
for the number of ship accidents, number of persons in distress, number of rescued persons, SAR success
rate, and SAR forces. The y test was used to assess significant changes in the proportion of ship accident
locations, categories, dispatched SAR forces, and location of deaths annually. The Cox Stuart test was applied
to determine the trends in the data from 2008 to 2019.

Results: Between 2008 and 2019, a total of 24,013 ship accidents were reported and recorded by the
CMSRC surveillance system; 209,948 persons in distress because of ship accidents were reported; 8,051
individual deaths from ship accidents. Water traffic volume and ship carrying capacity increased while the
annual number of persons in distress, ship collisions, and ship collision-related deaths decreased. The SAR
success rate (96.17%0.92%) did not improve despite an increase in the number of rescue ships dispatched
during this period. Helicopters (92.40+20.58 min) arrived faster than rescue ships (283.75+40.96 min) but
the dispatched number of helicopters did not increase during this period. The average arrival time of nearby
passing ships (41.90+7.98 min) was the shortest.

Conclusions: CMSRC efforts mitigated the growth of ship accidents despite increasing traffic volume.
More dispatched rescue ships did not improve the SAR success rate without saving arrival time. Future SAR
protocols may need to increase and strengthen the role of helicopters and nearby passing ships to improve
the SAR success rate.
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Introduction

Merchant sea-shipping is still the most useful international
goods transportation method in the world (1,2). To date,
there are >80,000 merchant ships used for trading by
various merchants internationally (3), and the worldwide
shipping fleet is registered in >150 countries or territories
with >1 million seafarers (1-4). Reported by World Health
Organization (WHO), about 37 million people, around
90% are in Asia, depend on small-scale fishing which
is considered highly susceptible to drowning for their
livelihoods (5).

The WHO reported that “drowning is the 3™ leading
killer of unintentional injury death worldwide”. Drowning
estimated 236,000 annual drowning deaths globally in
2019, a part of which caused by maritime and aquatic
accident (5,6). The sea-shipping business is the foundation
of economic globalization, but seafaring is one of the most
dangerous professions in terms of occupational health
risk because numerous circumstances, such as collisions,
grounding, fire and explosions, sinking and other factors,
can cause ship accidents at sea, leading to injury or death
(4,7,8). A previous study from the United Kingdom (UK)
of merchant shipping between 2003 and 2012 showed that
the fatal accident rate was 21-fold higher than that of the
general workforce (7). Another UK study revealed that
there were 17,386 deaths from ship accidents, of which
6,074 were from ship disasters and 11,312 from personal
accidents between 1919 and 2005 (9). At the same time,
low- and middle-income countries have lower maritime
and aquatic search and rescue capabilities (5), which causes
that maritime and aquatic accident-caused death becomes
a globally public health problem. Thus, it is essential to
establish and improve maritime and aquatic maritime search
and rescue (SAR) systems in order to reduce the loss of life
in seafaring (10-12).

Maritime and aquatic SAR operations frequently, if
not always, involve a long distance to the accident site in
harsh environments (high wind, rough water, and dark sky)
with complicated wounds or dying individuals (12-15).
Thus, timely SAR responses to rescue victims at sea could
be beneficial, with appropriate resuscitation at the scene
followed by prompt and rapid transportation to a medical
facility, which would save lives and reduce injury (12-15).
In China, there were 1,716,866 registered crewmembers
by the end of 2020 and over 152.9 million water passengers
in 2021, while water traffic is still growing and ranks the
number one in the world (16,17). China Maritime Search
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and Rescue Center (CMSRC) is part of China’s Ministry
of Transport. It is responsible for organizing, coordinating
and directing major emergencies on highways and
waterways in China (17). Such a huge fleet and operation
has resulted in a total of 201,897 persons in distress and
24,013 SAR operations between 2008 and 2019 according
to the statistics from CMSRC. Nevertheless, a systematic
investigation and analysis of the CMSRC data has been
lacking and such a study could facilitate and improve the
future planning and execution of maritime and aquatic SAR,
save more lives, and reduce material loss at sea.

This study aimed to provide more insightful information
for future development of a better maritime and aquatic
SAR system in China, as well as provide data for the
Chinese government to implement more SAR sites
along the country’s approximately 18,000-km shoreline.
We present the following article in accordance with the
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-4530/rc).

Methods
Study design and data sources

In this retrospective study, we analyzed the data on maritime
and aquatic operations in China by retrieving data from
The Ministry of Transportation, People’s Republic of China
website (http://www.mot.gov.cn/shuju/) and SAR data on
ship accidents from the CMSRC website between January 1,
2008 to December 31, 2019. We retrieved and statistically
analyzed data on the annual water passenger volume, annual
water freight volume, annual number of transportation
ships, annual total ship carrying capacity, annual number of
persons in distress, annual number of ship accidents, SAR
success rate, and dispatched SAR forces. We then compared
the composition of annual dispatched SAR forces and the
location of death distribution. This study was approved by
the Health Research Ethics Committee of the Shanghai
East Hospital of Tongji University. The requirement for
individual consent was waived by the committee. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Data retrieval and categories

The data on annual water traffic between January 1, 2008
and December 31, 2019 were retrieved from http://www.
mot.gov.cn/shuju/, including water passenger volume, water
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Figure 1 Rapid growth of water traffic volume and ship carrying capacity in China between 2008 and 2019. (A) Water freight volume and

water passenger volume. The water freight volume per annum showed rapid and continuous increase and the water passenger volume per

annum also increased. (B) Ship carrying capacity and number of ships. The ship carrying capacity showed a rapid increase, associated with a

decrease in the number of transport ships per annum.

freight volume, the number of transport ships, and the
total ship carrying capacity. The annual ship accidents and
related SAR data between January 1, 2008 and December
31, 2019 were obtained from the CMSRC website including
the number, category and location of ship accidents, the
number of persons in distress, rescued persons and deaths,
causes of deaths, number of SAR forces, arrival time of SAR
forces, SAR success rate, and mortality rate of persons in
distress for different categories of ship accidents.

Further, the categories of ship accidents were counted,
including the number of collisions, grounding, fire and
explosions, wind disasters, and others (18,19). Collision
was defined as a structural impact between two ships or
one ship and a floating or still object. Grounding indicated
any incident that resulted in shipwrecking or stranding,
typically on rocks, beaches, and harbor walls, leading to hull
breaches, cargo spills, total loss of the vessel, and human
casualties in more serious accidents. Fire and explosions
referred to incidents resulting from hazardous material,
equipment failure, human errors, and other factors that
may cause a potential fire and explosion risk to life safety
on board. Wind disasters indicated incidents of shipwrecks,
mechanical failure, human drowning, or injuries on board
caused by typhoons, gusts, storms, etc. Others included
crew injuries, and work injuries among fishermen, capsizing
or disappearance of fishing vessels, which were usually
presumed to have foundered or other causes of damage.

Statistical analysis

The data were collected into Microsoft Excel® version
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2007 (Microsoft, Redmond, WA, USA) and statistically
analyzed using SPSS 18.0 (vision 22.0, SPSS, Inc., Chicago,
IL, USA). Spearman’s correlation test was performed to
analyze the data for the number of ship accidents, number
of persons in distress, number of rescued persons, SAR
success rate, and SAR forces. The %’ test was used to assess
significant changes in the proportion of ship accident
locations, categories, dispatched SAR forces, and location
of deaths annually. The Cox Stuart test was applied to
determine the trends in the data from 2008 to 2019. Two-
side P<0.05 was considered statistically significant.

Results

Increase in water traffic volume and ship carrying capacity
between 2008 and 2019

Between 2008 and 2019, there was a significant growth in
the water traffic volume (Figure 1A4). The water passenger
traffic also increased from 203.30 million people in 2008 to
272.66 million people in 2019, and the water freight traffic
increased from 2.95 billion tonnes in 2008 to 7.47 billion
tonnes in 2019. In contrast, there was a decrease in the
number of water transport ships between 2008 and 2019, but
an increase in the average ship carrying capacity (Figure 1B).

Change in locations and causes of annual ship accidents

between 2008 and 2019

Between 2008 and 2019, a total of 24,013 ship accidents were
reported and recorded by the CMSRC surveillance system,
of which 74.23% were pure marine accidents, 19.26% were
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Figure 3 Annual numbers of persons in distress, rescued persons,
ship collisions, and persons in distress from ship collisions between
2008 and 2019. The number of ship collisions is indicated by the
left coordinate vertical axis, and the numbers of persons in distress,
rescued persons, and persons in distress from ship collisions are
shown on the right coordinate vertical axis. The annual number
of persons in distress is associated with the annual number of ship
collisions and the annual number of persons in distress from ship
collisions. All the data show similar downward trends, while the
annual number of rescued persons is associated with the annual

number of persons in distress.

river accidents, and 6.51% occurred in water reservoirs
and lakes. However, there was no statistically significant
difference in the locations of annual ship accidents. The
most frequent types of ship accidents were collisions
(18.39%), grounding (12.65%), fire/explosion (4.71%),
and wind disasters (1.93%). More than half of the accidents
were categorized as having other causes (Figure 2A), and
there was a statistical difference between ship collisions and
other ship accidents (P<0.05). Moreover, the annual number
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of ship collisions showed a fluctuating downward trend
between 2008 and 2019 (P<0.05; Figure 2B); however, there
was no statistical difference among the other ship accident
categories per annum.

Reduction of persons in distress, ship collision numbers,
and deaths

Between 2008 and 2019, a total of 209,948 persons in
distress because of ship accidents were reported, showing a
significant reduction in the annual numbers of persons in
distress and persons in distress in a single accident (P<0.05;
Figure 3). Moreover, the annual number of persons in
distress was associated with that of ship collisions (r=0.92;
P<0.01), and of people in distress from ship collisions
(r=0.99; P<0.01; Figure 3). However, there was no statistical
association between the annual number of persons in
distress and the annual number of other cause-related ship
accidents, although the annual number of rescued persons
was associated with the annual number of persons in distress
(r=0.99; P<0.01; Figure 3).

Furthermore, the average annual number of ship
accident-related deaths was approximately 670.92 between
2008 and 2019, with the three leading causes of death
categorized as other, collision, and wind disaster. The
number of deaths from ship collisions showed a statistically
significant reduction, although there was no significant
reduction in other causes of death. In addition, the annual
number of ship collision-related deaths was associated with
that of persons in distress (r=0.70; P<0.01), both of which
showed a downward trend (P<0.05).
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SAR success rate between 2008 and 2019

Between 2008 and 2019, the number of SAR ships and
helicopters dispatched did not show any significant changes
(Figure 4), with a total of 8,051 individual deaths from ship
accidents, of which 69.47% was at sea, 24.35% occurred in
rivers, and 6.18% occurred in other water reservoirs and
lakes. There was no statistical difference in the number
of location-related deaths (i.e., in seas, rivers, or lakes).
Moreover, there was no significant downward or upward
change in the annual mortality rates for different categories
of ship accidents between 2008 and 2019 (Figure 5A4).
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Figure 4 Number of dispatched SAR ships and helicopters
between 2008 and 2019. The number of dispatched SAR ships is
on the left axis and shows an upward trend, while the number of
dispatched SAR helicopters is indicated on the right axis and shows

no significant trend upward or downward. SAR, search and rescue.
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The average SAR success rate for rescuing persons in
distress was 96.17% [standard error (SE) 0.92%], and the
SAR success rate for rescuing persons in distress from all
categories of ship accidents showed no significant changes
between 2008 and 2019 (Figure 5B). There was also no
association between the number of dispatched SAR forces
and the SAR success rate for rescuing persons in distress.

However, there was an increase in the dispatched
number of SAR ships between 2008 and 2019, for a total of
209,948 individuals rescued by 104,781 dispatched ships and
helicopters in a total of 24,013 SAR operations. Among these,
54.90% were professional rescue ships, 41.29% were nearby
passing ships, and 3.81% were helicopters. The average
arrival time for nearby passing ships (41.90+£7.98 min)
was less than that for helicopters (92.40+20.58 min) or
professional rescue ships (283.75+40.96 min). Overall,
the arrival time for helicopters and professional rescue
ships significantly decreased between 2008 and 2019
(P<0.05; Figure 64). However, the number of dispatched
SAR helicopters did not change, whereas the number of
dispatched SAR ships increased between 2008 and 2019
(P<0.01; Figure 6B).

Discussion

In the current study, we retrospectively retrieved data
on the water traffic volume between 2008 and 2019 and
divided it into the annual water passenger volume, annual
water freight volume, annual number of transportation
ships, annual total ship carrying capacity, annual number of
persons in distress, annual number of ship accidents, SAR
success rate, and dispatched SAR forces and were analyzed
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Figure 5 Annual mortality rate (A) and annual SAR success rate (B) for different categories of ship accidents between 2008 and 2019. In all

categories of ship accidents, the annual mortality and SAR success rates show no significant changes. SAR, search and rescue.
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statistically. We found an increase in water traffic volume
and ship carrying capacity, but a reduction in the number of
annual persons in distress, ship collisions, and ship collision-
related deaths between 2008 and 2019. We did not find any
significant changes in the locations and causes of annual
ship accidents or even the success rate for rescuing people
in distress between 2008 and 2019. The dispatched number
of helicopters also did not increase during this period,
although there was an increase in the dispatched number of
SAR ships.

The CMSRC was established in 1989 in China under
the Chinese Ministry of Transportation and was initially
responsible for maritime and aquatic SAR operations (20).
After more than 20 years of development and operation,
the CMSRC currently handles all maritime and aquatic
ship accidents that occur in Chinese territory. The CMSRC
operates 24 h/day to comply with regulation 1/21 of the
International Convention for the Safety of Life at Sea
(SOLAS 1974), and The International Convention for the
Prevention of Pollution from Ships (MARPOL 73/78)
(20-22). As soon as a request for help is received, SAR
workers are immediately contacted by the CMSRC via
the coordination of professional rescue ships operated by
government or social welfare organization, military ships,
nearby fishing ships, passing ships, and/or helicopters to
rescue the ships and persons in distress (19-21). To ensure
that the SAR commands and coordination instructions
are promptly and rapidly implemented and executed, by
the end of 2021, the CMSRC has established 14 branches
along the approximately 18,000 km of Chinese coastline

© Annals of Translational Medicine. All rights reserved.

and the Yangtze River Main Line (20). Additionally, a
series of regulations and laws have been formulated and
applied by the CMSRC, such as the law of the People’s
Republic of China on Maritime Traffic Safety, National
Maritime Search and Rescue Regulations, and National
Maritime Search and Rescue Emergency Plan (20-22).
Our current study revealed a reduction in the number of
deaths caused by distress, ship collisions, and ship collision-
related accidents, although there was an increase in water
traffic volume and ship carrying capacity without significant
changes in the locations and causes of annual ship accidents
or the success rate between 2008 and 2019.

Previous studies have reported that ship collision is the
primary cause of serious human casualties (2,23), but in
the present study we found that the percentage of deaths
from ship collisions ranked second in all categories of ship
accidents. Therefore, we speculate that the decline in the
number of persons in distress was due to the decline in
the number of ship collisions. In China between 2008 and
2019, there was an increase in ship cargo and passenger
capacity but a decrease in the number of transportation
ships, indicating that the size of the ships increased in
China. According to the regulations of the CMSRC and
International Maritime Organization, ships >25 m in length
must be equipped with an automatic identification system,
vessel traffic services (VTS), and modern navigational
devices to provide related information and real-time data
(20-25). VTS and other navigation services, as well as better
ship design, can improve the safety and efficiency of ship
traffic through monitoring of the ship’s position, course,
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speed, and identity for better navigation in the appropriate
watercourse and therefore reduce the risk of ship collisions
(24,26,27). As a result, the number of people in distress
and the number of deaths from ship collisions decreased in
concert with the reduction in the number of ship collisions,
as observed in our current study.

Weng and Yang analyzed 10 years of global ship accident
data and showed that the rates of fatal accidents and deaths
were higher for ship collisions, fire and explosions, contact,
grounding, sinking accidents in hostile weather, and dark
conditions (28). Roberts also reported that the major cause
of ship-related deaths in the UK between 1919 and 2005
was ship collisions in poor visibility, vessels foundering
during typhoons, storms, and severe gales, and explosions
in the cargo compartment (9). Our current data are in
agreement with that study (9) and we found that >50%
of deaths were from ship collisions, grounding, fire and
explosions, and wind disasters. Previous studies showed a
continuous reduction in the number and severity of ship
accidents due to improvements in ship safety in the UK
since 1900 (2), and a significant reduction in deaths for
all the main types of ship accidents in the UK between
1919 and 2005 (9). However, the significant reduction in
deaths over time due to ship collisions did not lead to a
corresponding reduction in vessel accidents overall in the
present study, which concurred with a report from Roberts
et al. showing that a significant reduction in deaths over
time due to grounding did not cause a reduction in deaths
for vessel accidents overall when no changes in other types
of vessel accidents in the UK occurred between 1948 and
2008 (29). We also noticed that approximately 46.07%
of deaths were from other types of accidents, which may
have partly resulted from the foundering of fishing vessels
and work injuries among fishermen. According to Danish
fishing ship accident reports, the fatal accident rates among
fishermen remained high because of difficult embarking/
disembarking conditions such as darkness, alcohol
intoxication, and foundering/capsizing due to stability
changes even after regular and repeated safety training
were conducted to reduce such risks (30). Therefore, it is
necessary to develop and improve water SAR to better save
lives, especially in tough environments.

However, our current study showed that the SAR success
rate for persons in distress did not increase significantly,
although the dispatched number of SAR ships significantly
increased since 2008. This result might be due to delayed or
prolonged arrival times for rescue ships, which are usually

several hours away offshore (10,15,31,32). Although the
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arrival time of professional rescue ships has been decreasing,
it still far exceeds “the 10 platinum minutes” and “the golden
hour”. To date, there are only 24 coastal rescue bases spread
along the Chinese coastline, which is significantly fewer than
the 54 rescue bases spread along the 2,389 km of coastline
in Germany (33), resulting in accident scenes that are more
likely to be far from rescue bases. According to Nicholl ez 4L,
a 10-km increase in distance from a hospital was associated
with a 1% absolute increase in mortality (34); thus, “the 10
platinum minutes” and “the golden hour” were proposed
for the resuscitation of severely injured patients (14).
Hypertonic seawater, which has low temperature, alkalinity,
and high permeability can accelerate the death of injured
persons in distress by inducing vascular leakage and cell
dehydration and exacerbating microcirculation and energy
metabolic aberrations in injured tissues (13,31). A previous
study showed that the risk of drowning was increased in
rivers geographically located far from medical facilities (14).
Thus, to reduce the death rate, the arrival time of the
medical rescue team should be significantly shortened,
which in China can be achieved by increasing the frequency
of rescue ship cruising or establishing more rescue bases.
Furthermore, helicopters with advanced cardiac life
support (ACLS) personnel might increase the survival rate
of injured individuals (12,15,34). With improvements in
VTS and communication technology, the accident site
could be better and precisely localized to reduce the arrival
time of the helicopter rescue team. In our present study,
we found that helicopter rescue was able to eliminate
nearly two-thirds of the arrival time of professional rescue
ships. However, to date, there is no increase in the number
of helicopters dispatched by maritime and aquatic SAR
operations, which might be another reason for the lack
of improvement in the SAR success rate since 2008. In
addition, high quality prehospital care has been shown to
be essential for increasing the survival possibility of severely
injured individuals (33). Currently, the 22 h of academic
training and 16 h of practical training for SAR staff in China
are significantly shorter than the 1-week academic and
practical training hours in Germany (9,15). The training
for basic life support (BLS), wound suture, and fracture
splint fixation for Chinese SAR staff also does not meet the
needs for maritime and aquatic medical rescue duty (16,20).
For example, severely injured persons in distress urgently
require ACLS to save their lives at the scene, including
securing the airway by endotracheal intubation, hindering
exsanguination, inserting intravenous lines, and initiating
fluid resuscitation therapy (15,35,36). Thus, more and
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better training of SAR staff in China is urgently needed
to improve the medical emergency capabilities of rescue
personnel.

In addition, we noted that the arrival time of nearby
passing ships was within the range of “the golden hour”.
Therefore, it may be worth recommending and grouping
multiple ships to sail adjacent to provide help in case an
accident occurs. According to previous studies, immediate
bystander cardiopulmonary resuscitation increased the
survival of out-of-hospital cardiac arrest individuals by 2- to
3-fold (37,38). However, only 25.6% of laypersons attend
BLS training in China (39). Thus, it is crucial to increase
the popularity of seafarer BLS training. Overall, a decline
in maritime and aquatic casualties relies on the prevention
of ship accidents, and reducing the number of persons
in distress through improvements in the formulation of
regulations and policies. In addition, shortening the medical
arrival time, strengthening helicopter rescue with ACLS-
trained personnel, and increasing the ability for nearby
ships to render help will improve the SAR success rate for
persons in distress.
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