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The seafloor observation system is becoming an important infrastructure for marine research because it is transforming oceanic 
research from temporal investigation to long term observation. The East China Sea coastal seafloor observatory, located between 
30°31′44″N, 122°15′12″E and 30°31′34″N, 122°14′40″E, is constructed near the Xiaoqushan Island outside the Hangzhou Bay on 
the inner continental shelf of the East China Sea. The observatory is connected by a submarine optical fiber composite power 
cable that is more than one kilometer long and consists of a special junction box that transmits power and communication signals 
to different instruments. The special junction box has a variety of waterproof plugs and connects to three different instruments 
installed in a trawl preventer. The submarine optical fiber composite power cable is landed on the platform by The East China Sea 
Branch, State Oceanic Administration and the power is continuously supplied by the solar panels and solar battery on the top of 
the platform. The real time data are directly sent through the cable to the platform and are transmitted by CDMA wireless to the 
receiver at the State Key Laboratory of Marine Geology of Tongji University. Measurements at the observatory have been taken 
since April 20, 2009 after installation and the results have been interpreted. The characteristics of the near bottom boundary are 
constrained by a sediment suspension model using portion of the observed data. In particular, discussion is provided on the sea 
surface height anomaly at Xiaoqushan Island influenced by the tsunami driven by the 2010 Earthquake in Chile. The successful 
establishment of the coastal seafloor observatory is the first step toward future development of seafloor observation systems in 
China. It not only accumulates experiences in technology and engineering, but also paves the way for performing important oce-
anic research using the long term continuous observation platform. 
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Historically, ocean research is performed mainly from a 
vessel for a short period of time. With the development of 
remote sensing technology, we can explore the ocean on a 
large scale from space; but that technology is constrained to 
the sea surface and tells nothing about the undersurface wa-
ter column or the bottom of the ocean. Earth and ocean sci-
entists are on the threshold of a revolution enabled by the 
rapidly emerging technologies. We are expanding beyond 
short-term expeditions moving into a long-term seafloor 
observation. The most effective method is seafloor observa-

tion network. It uses fiber-optical/power cables, which sup-
plies power and collects data, to connect multi-discipline 
sensors on a large scale submarine network of remote, in-
teractive natural laboratories for real-time, four-dimensional 
experiments on all weather conditions. The observational 
scopes not only cover the sea surface, but also water column 
and the seafloor. And the scientific research involves the 
integration of the physical, chemical, geological and bio-
logical oceanography [1].  

The concepts and proposals for establishing seafloor ob-
servatories in North America and Europe have continued for 
more than ten years. The first step of the seafloor observation 
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system started from series observatories near coastal and 
then developed to the ocean (www.neptune.washington. edu, 
www.neptunecanada.ca, marine.rutgers.edu/nurp/factech. html, 
www.mbari.org/mars) [2]. For example, The LEO-15 bio-
logical seafloor observatory was built in 1996 near New 
Jersey coastal which has 10 kilometers long cable and lo-
cated at 15 meters water depth. It has been obtained a series 
breakthrough results at its first operation ten years [3]. The 
largest scale and the most advanced ocean observation pro-
gram in the world is OOI (Oceans Observatories Initiatives) 
of the National Science Foundation of the United States 
(www.neptune.washington.edu). However, the NEPTUNE- 
Canada (North-East Pacific Time-series Undersea Network 
Experiments (Canada), www.neptunecanada.ca) is the larg-
est network that is functional so far.  

Comparing to the developed countries, China has only 
recently started to develop observatory technologies. The 
seafloor observation offers an opportunity to narrow the gap 
in oceanic research between China and the developed na-
tions [4]. For the purpose of increasing the seafloor obser-
vation system, a project developing networking technology 
and application was founded in 2006 by Shanghai Science 
and Technology committee. It was to design the junction 
box and test information transport technique in the East 
China Sea near Shanghai to accumulate the seafloor obser-
vation experiences and to solve the technical bottleneck. 
Based on the science, technology and engineering investi-
gation, the East China Sea seafloor experimental observa-
tory was installed near Xiaoqushan Island and began to 
work on April 20, 2009. It is the first time and the first step in 
seafloor observation system test in China. Here in this paper, 
we try to introduce the observatory technical preferences 
and the primary interpretation of the data collected so far.      

1  Xiaoqushan seafloor observatory  

The Xiaoqushan Seafloor Observatory is located near the 

Xiaoqushan Island between 30°31′44″N, 122°15′12″E and 
30°31′34″N, 122°14′40″E, which is 20 km distance from 
Yanshan international harbor (Figure 1a). The average wa-
ter depth in this area is 15 m. The XEO belongs to an un-
regular semidiurnal tide area, which is not far from the deep 
waterway. In this area the sedimental material is medium to 
fine sand and the water is highly turbid because of its close 
proximity to one of the Yangtze River’s transportation 
Channels characterized by mud and sand. It is a vital eco-
system because it is the fishing eel area.  

The observatory consists of a submarine optical fiber 
composite power cable that is more than one kilometer and 
a special junction box, which provides the power and com-
munication signals to different instruments. The special junc-
tion box, which has three different kinds of waterproof 
plugs, is installed in a trawl preventer and connects to three 
different instruments, CTD, OBS and ADCP, separately. 
The submarine optical fiber composite power cable is land-
ed on the platform by The East China Sea Branch, State 
Oceanic Administration of the People’s Republic of China 
(Figure 1a), and the power is continuously supplied by the 
solar panels and solar battery on top of the platform. The 
real time data are directly sent through the cable to the plat-
form and are transmitted by wireless CDMA to the receiver 
at the State Key Laboratory of Marine Geology of Tongji 
University. The installation technologies are designed dur-
ing the construction of the observatory. An informational 
system is established as well to receive, monitor, and man-
age incoming data. 

Continuous measurements at the observatory started on  
April 26, 2009, which include a turbidity sensor (OBS) and 
a 1200 kHz ADCP on an SBE-16 CTD system that was 
installed in a standstill trawl preventer standing about 80 cm 
above sea bottom. The observational data are continuously 
transmitted through the junction and the fiber-optical cables 
to the platform and then sent to the receiver located at the 
State Key Laboratory of Marine Geology in Tongji Univer-
sity. For the first five months the sampling rate of ADCP  

 

Figure 1  a, The location of Xiaoqushan Seafloor Observatory; b, the observatory landing platform.
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was 1 time per minute, and the spatial resolution was 25 cm. 
The CTD was about 1 time per minute. From October 13, 
2009, the frequency of data transmission of the ADCP and 
CTD was shifted to 15 s. The information received at 
Tongji University includes near bottom temperature, con-
ductivity, pressure, turbidity, the current values and direc-
tions of every 25 cm layer from 80 cm above sea bottom to 
the sea surface, and status parameters of all equipment. 

2  Components of key technologies 

2.1  Special junction box  

Seafloor observation network connects different types in-
terface equipments by cables and wireless communications. 
Because the individual observation sensors need different 
types of power supplies, the main power at the station needs 
to be divided and delivered via the cable to the undersea 
nodes. Information collected by every sensor is transmitted 
to the shore station or data center and the commands will be 
sent from the shore station or controlling center to change 
every sensor or equipment’s working model. The signal 
transmission and the power conversion are accomplished by 
the junction box [5]. 

The main function of the junction box is to fulfill the 
power conversion and supply, the data collection, coding 
and transmission. It realizes the remote controlling and 
management to all equipment. Sometimes it can be used to 
add miscellaneous functions such as wireless communica-
tion for the underwater mobile platform. And it even can be 
used for AUV (Autonomous Underwater Vehicle) power 
docking. In the junction box, the power module for power 
conversion and allocation, the instruments data collecting 
and coding module and the electrical-optical transform 
module were designed for three kinds of instruments. There 
are one interface for 10–48 V direct current input and four 
interfaces for 12–24 V direct current output, which can 
supply 10 W for each. Several interfaces, such as RS-232 
and RS-485, by the I2C bus extender was designed at the 
same time. The data collecting, coding and transmission 
were made by programmable controller on the control pan-
el. All the special design was for Coastal seafloor observa-
tory of the East China Sea near Xiaoqushan special junc-
tion box. 

2.2  Data acquisition and integration  

Seafloor observation network remotely monitors continuous, 
real time and long term interactions among physical, chemi-
cal, biological and geological phenomena under any weather 
conditions. The observation scales include the solid earth 
under seafloor, the sea bottom, the water column, the sea 
surface and the atmosphere above. The data set is huge and 
the information inside is enormous. Coastal seafloor obser-
vatory of the East China Sea near Xiaoqushan has only 

three sensors, but the data received at terminal everyday is 
over 30 Mb. For tens of instruments or more, multidisci-
pline and multi observation parameters, add real video data, 
the data set of whole system will be over a gigabyte. Such 
huge data need a high performance computer with rapid 
data processing capabilities and the data center will include 
real-time reception, quality control, storage, analysis and 
mining, and sharing and applications of data. The successful 
example is Cyberinfrastructure Program of American National 
Science Foundation (National Science Foundation Cyber-
infrastructure Council, 2007) [6]. It needs to set up a hard-
ware environment including high capacity, distributed data 
storage, high performance computer, wide band internet 
instruments and high performance visualization equipment 
and a series of software packaging. 

For the purpose of testing the data acquirement and inte-
gration and applications, a seafloor observation system vis-
ualization information system was designed for the 
Xiaoqushan Seafloor Observatory. The information system 
is based on the data flow, applications flow and user ori-
ented to make a top-level design. The “NET” development 
platform and C# language were used. The ArcGIS toolkit 
and object-oriented data model was also used. In order to 
achieve the advancement and practicability, the new 
OpenGL extention functions and advanced color laguage 
was used to program for the GPU (Graphics Processing 
Unit) to realize three-dimensional visualization application 
model. The information system and database were made 
according to computer software and database criteria to 
assure the information system’s openness and the database 
sharing. In addition, the safety, the reliability, the stability 
and the friendly user interface of the information system 
were considered.     

The architecture of seafloor observation system visuali-
zation information system consists of the information flow 
from the data acquirement, organization, management and 
sharing to modeling and visualization applications. It con-
sists of a complete information processing link. The infor-
mation system can be divided into four functional modules. 
The first one is data receiving module, which fulfills the 
data reception, decoding, storage in bata-base and manage-
ment. The second module is for information control, which 
is for instrumental status control and data quality control. 
The third module is two dimensional GIS, which finishes 
GIS functions like the metadata management for the obser-
vation data, the query and statistical analysis and so on. The 
last one is a two or three dimensional linkage module, which 
primary fulfills two- or three-dimensional model for visual-
ization applications. All the modules are designed according 
to “NET”, a standard component that can be run separately 
but also can be nested with each other. In addition, all the 
modules can be connected seamlessly with SQL SERVER 
2005 database system to perform highly effective database 
operations. The information infrastructure can finish all the 
tasks for the Xiaoqushan Seafloor Observatory (Figure 2).  
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Figure 2  The seafloor observation system visualization information system.  

3  Initial analyses of in situ observations at the 
Xiaoqushan seafloor observatory 

3.1  Data description 

Since its successful establishment in April 2009, the 
Xiaoqushan Seafloor Observatory have been transmitting 
data at up to 30 Mb every day. Data obtained during the 
first 40 d are shown in Figure 3. The wind was at a rela-
tively steady state with an average speed of 6.3 m/s, and 
blew northward and southward alternately. For example, 
from the end of April to 3 May, the average wind speed was 
9.5 m/s and the direction was around 10 degrees north by 
east (Figure 3a). Both of the sea surface temperature (SST) 
and temperature near the bottom rose gradually from 16°C 
to 21°C when summer was approached (Figure 3b). The 
trends of SST and near bottom water temperature were 
comparable and their discrepancy was less than 1°C, sug-
gesting the water column was well mixed. The sea level 
variations of spring-neap tides as well as the daily high-low 
tides can be seen from the time series of depth variation 
(Figure 3c), indicating the local tidal type is a mixed semi-
diurnal tide dominated by semidiurnal signals. The daily 
tidal range varied due to unequality of mixed semidiurnal 
tide, which is characterized by distinction among higher 
high tide, lower low tide, lower high tide and higher low 
tide. The largest tide range was 3.5 m during spring neap 
and the smallest tide range was 1.5 m observed during neap 
tide. According to the time series of near bottom current 
velocity shown in Figure 3d, it is notable that the south- 
north current velocity was about 2.5 times stronger than the 
east-west current velocity. Moreover, the current velocity 

during spring tide was faster than that during neap tide. 
Current flew southward during flood tide and the speed 
varied smoothly. However, the current direction during ebb 
tide shifted abruptly with a northward trend.  

3.2  Hydrologic processes near the bottom boundary 

One of the objectives of the East China Sea bottom obser-
vatory is to explore the coastal transportation of sediment 
and sand which is supplied by the Yangtze River. These 
sediments experienced complex processes such as suspen-
sion, deposition and resuspension on the broad and shallow 
shelf [7]. The hydrological variation due to the tidal ine-
quality played an important role in controlling the distribu-
tion and transportation of sediments [8]. The echo intensity 
obtained by acoustic Doppler current profiler (ADCP) re-
vealed information about the concentration of suspended 
sediment in sea water [9], because echo intensity would be 
strengthened where more suspended sediments were founded. 
The distribution of echo intensity demonstrated that the 
nearer the bottom the larger the values were (Figure 4). The 
maxima of echo intensity with value of 220 dB appeared at 
1 m above the bottom that formed a thin near-bottom-boundary 
layer which varied during the tide periods. The thickness of 
this layer reached as thick as 2 m during the spring tide and 
became thinner during neap tide. In this case, we can con-
clude that hydrological processes in different tidal periods 
induced varied shear stresses, which resulted in different 
processes of sediments. Larger shear stress at near bottom 
boundary drives more active sediment transportation. Drag 
coefficient (Cd) was crucial to calculate shear stress. Based 
on present sediment model [10,11], drag coefficient and  
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Figure 3  Data obtained during the first 40 d in 2009. a, Wind; b, sea water temperature, the black line shows the temperature obtained by CTD near the 
bottom, and the red line represents sea surface temperature obtained from the weather station 1 km away from Xiaoqushan Seafloor Observatory; c, water 
level; d, current velocity obtained 1 m above the bottom, the black line is for south-north current (v) and the red line is for the east-west current (u); e, current 
direction for the current shown in d. 

 

Figure 4  Echo intensity measured by ADCP in 2009 at the Xiaoqushan Seafloor Observatory. 

shear stress as well as sediment transportation rate were 
calculated from ADCP and CTD measurements. The results 
(Figure 5) documented flood, ebb, spring and neap tide pe-
riodic variations, which were helpful for studying long-term 
sediment transportation. 

The calculated drag coefficient values were in the range 
of 2.8×10−3–3.6×10−3, and the mean value in neap tide was 
larger than that in spring tide. However, drag coefficient in 
neap tide was not necessarily always larger than that in 
spring tide considering the period of neap-tide2 shown in 
Figure 5b was of relatively smaller drag coefficient than 
spring-tide. Since the near-bottom shear and stratification 
accounted for the parameterization of drag coefficient, and 
strong shear variance and weak stratification due to resus-
pension intermittently occurred when current was weak 
during neap tide which was the possible reason for different 
variations during neap tide [11]. The shear stress near bot-
tom boundary layer (Figure 5c) varied little with the hourly- 

averaged value changed from 0.5 to 3.0 N m−2 and daily- 
averaged value changed from 0.8 to 1.5 N m−2. The trans-
portation rate (Figure 5d) varied with the same trend as 
shear stress and also exhibited spring-neap tide period with 
the mean value of 7.0×10−3 kg m−2 s−1 during spring tide, 
which was 40% larger than the value of 5.0×10−3 kg m−2 s−1 

during neap tide. Furthermore, the notable daily cycle can 
also be distinguished from the time series of drag coeffi-
cient, near-bottom-boundary stress and the sediment trans-
portation rate. Drag coefficient sustained large values of 
3.3×10−3–3.5×10−3 during ebb tide and decreased first and 
then increased during flood tide. To the contrast, transporta-
tion rate value rose from 2.0×10−3 kg m−2 s−1 up to 15.0× 
10−3 kg m−2 s−1 and then decreased again during ebb tide 
and it remained low during flood tide. This method of cal-
culating near bottom boundary layer parameters demon-
strates the potential usage of the data obtained from Xiao-     
qushan Seafloor Observatory for the detailed study of the  
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Figure 5  a, Sea level obtained by CTD; b, drag coefficient (Cd); c, near bottom boundary shear stress; d, sediment transportation rate. The three green 
shades in a represent two neap tides and one spring tide; black lines in b, c and d stand for hourly averaged data and the red lines for daily averaged data. 

 

Figure 6  Sea level and its anomalies from Feb. 25 to Mar. 4 in 2010. a, Sea level time series, the black and thick line stands for the observed data and the 
red thin line for the simulated results; b, sea level anomaly, the black line shows the total anomaly by subtracting simulated tide signal from the observed 
data and the red line shows the sea level triggered by surface wind. The first green pentagram shows the time when Chile earthquake occurred and the second 
one for the time when tsunami reached Xiaoqushan; c, residual sea level anomaly, the total anomaly substracted the wind-induced signal. 
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coastal sediment distribution and transportation in future. 

3.3  Sea level anomaly induced by the earthquake in Chile 

In situ measurements at the Xiaoqushan Seafloor Observa-    
tory not only can be used to monitor physical and sedimen-    
tary processes such as variation in turbidity and deposition 
rate in Yangtze River and the East China Sea (ECS) shelf, 
but also can be used to study responses of ocean environ-    
ment and ecosystem to extreme weather/climate as well as 
earthquake and tsunami. The real-time series of sea level 
data obtained from CTD at Xiaoqushan Seafloor Observa-     
tory is used to learn how tsunami in remote regions may 
impact the coastal processes off the ECS. The tsunami, for 
example, induced by the 2010 Chile earthquake occurred 
off the coast of the Maule Region of Chile at 14:43 on Feb. 
27 in 2010 (Beijing time, the first green pentagram labeled 
in Figure 6b) rating a magnitude of 8.8 on the moment 
magnitude scale, affected most of the Pacific ocean region 
[12,13]. According to the seismic wave propagation, P-wave 
and S-wave arrived at Xiaoqushan Seafloor Observatory 20 
and 27 h later, respectively. And the tsunami reached 
Xiaoqushan around 24 h forecasted by NOAA [12]. In order 
to get the actual time when tsunami arrived at Xiaoqushan 
Seafloor Observatory, the sea level variation due to tides 
(Figure 6a) simulated by harmonic analysis was subtracted 
from the observed CTD depth data yielding the total sea 
level anomaly (Figure 6b) and then subtracted the sea level 
change triggered by wind resulting in the residual sea level 
anomaly (Figure 6c). The maximal residual sea level anom-
aly 0.48 m appeared at 15:00 on Feb. 28 (shown by the se-
cond green pentagram in Figure 6b), which was consistent 
with the estimate from NOAA.  

In summary, the two examples introduced above demon-
strate the advantage of the sea floor observatory, which can 
obtain real-time and long-term measurements for compre-
hensive studies of the mechanisms of the oceanic dynamics 
and environmental variations under different weather condi-
tions in the future.  
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