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Abstract  Current data from a moored Acoustic Doppler Current Profiler (ADCP) deployed at 69˚30.155´N, 169˚00.654´W in the 
central Chukchi Sea during 2012 summertime is analyzed in the present paper. Characteristics of tidal and residual currents are ob-     
tained with Cosine-Lanczos filter and cross-spectral analyses. The main achievements are as follows: 1) Along with the local inertial 
frequency of 12.8 h, two other peaks at ~12-h and ~10-d dominate the time series of raw velocity; 2) The M2 dominates the 6 re-
solved tide constituents with significant amplitude variations over depth and the ratios of current speed of this constituent to that of 
the total tidal current are 54% and 47% for u and v components, respectively. All the resolved tidal constituents rotate clockwise at 
depth with the exception of MM and O1. The constituents of M2 and S2 with the largest major semi-axes are similar in eccentricity 
and orientation at deeper levels; 3) The maximum of residual currents varies in a range of 20–30 cm s−1 over depth and the current 
with lower velocities flow more true north with smaller magnitudes compared to the current in surface layer. The ~10 d fluctuation of 
residual current is found throughout the water column and attributed to the response of current to the local wind forcing, with an 
approximate 1.4 d lag-time at the surface level and occurring several hours later in the lower layer; 4) Mean residual currents flow 
toward the north with the magnitudes smaller than 7 cm s−1 in a general agreement with previous studies, which suggests a relatively 
weaker but stable northward flow indeed exists in the central Chukchi Sea. 
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1 Introduction 

As the unique Arctic marginal sea with its extensive 
continental shelf (~800 km) and relatively shallow depth 
(~50 m), the Chukchi Sea connects the Arctic and the 
Bering Strait through several pathways via which the Pa-
cific-origin waters enter to influence the freshwater bal-
ance, heat, and water movement and exchanges with the 
Arctic Ocean (Woodgate et al., 2005). 

Driven by the sea-level difference between the Pacific 
and Arctic Oceans (Coachman and Aagaard, 1966), a 
~0.8 Sv of the Pacific waters (Roach et al., 1995) is sug-
gested entering the Chukchi Sea. With a significant transit 
time ranging from one to six months (Woodgate et al., 
2005), the Pacific inflow remarkably modifies the dynam-
ics processes, the ice extent, and ecosystem of the produc-
tive Chukchi Sea (Walsh et al., 1989; Arrigo et al., 2014; 
Hunt et al., 2013). 

It was broadly believed that the main northward flow in 
the Chukchi Sea was a coastally trapped current which 
directed to the Beaufort Sea (Sverdrup, 1929; LaFond  
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and Pritchard, 1952; Paquette and Bourke, 1974) before 
1975. Based on direct current measurements and varia-      
tions of ice extent (Paquette and Bourke, 1981; Ahlnas 
and Garrison, 1984), this basin-scale flow pattern of the 
three main branches gradually becomes clear: one exists 
east to Hanna Shoal feeding into Barrow Canyon, one 
exists west to Herald Shoal which converges toward Her-      
ald Valley, and the third branch referred to as the Central 
Channel flow is located between the two shoals men-      
tioned above. Compared to extensive research of flows in 
Barrow Canyon and Herald Valley, the direct measure-       
ments in the central channel are relatively sparse, there-      
fore, the results from a few data show inconsistent and 
even opposite (Coachman et al., 1975; Weingartner et al., 
1998). Based on a year-long current meter record in the 
central channel, a mean northward flow has been evi-      
dently observed (Weingartner et al., 1998), which is in 
contrast to the southward flow inferred by Coachman et al. 
(1975), and some observations also suggest a eastward 
flow occasionally present on the outer shelf of the Chuk-      
chi Sea (Johnson, 1989; Münchow et al., 2000). More 
interestingly, a new pathway for exchanges between the 
Chukchi Sea and the Arctic Ocean is observed feeding 
into the Long Strait along with these three main outflow 
branches from the Chukchi Sea (Woodgate et al., 2005), 
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which all suggest that the patterns of flow in the Chukchi 
Sea need to be further studied with the emphasis on the 
details in the central channel. 

Tides in coastal and semi-enclosed seas are generally 
more difficult to predict and model than those in the deep 
ocean. Previous studies indicated that tides in the Chukchi 
Sea plays an important role in the distribution of ocean 
temperature, salinity and circulation by observations and 
numerical models (Cartwright, 1979; Pearson et al., 1981; 
Kowalki, 1999; Foreman et al., 2006). In addition to the 
effects of tides described above, recent studies demon-
strated that tides can substantially impact the ice motion 
by amplifying the effect on the annual cycle of sea-ice 
formation and melting, although the tides in the Chukchi 
Sea are rather small (Woodgate et al., 2005). Knowledge 
of tides and current in the central Chukchi Sea is not only 
critical to understand regional physical dynamics and 
ecosystem function (Day et al., 2013), but particularly, a 
key point to support commercial fishing, oil spill trajec-
tory surveying and new shipping routes exploring. Much 
of our understanding of tide characteristics in this area 
mainly derives from previous studies and indicates com-
plicated distributions of semi-diurnal and diurnal tides (Li 
et al., 2005; Wang et al., 2011); however, the detailed 
features remain largely unknown. 

Compared with active observations performed by 
American and Russian, the Chinese Arctic Research Ex-     
pedition (CARE) was carried out relatively late but has 
developed rather quickly since its first cruise in 1999. 
Several short-time of moored observations were accom-     
plished in the Chukchi Sea and its adjacent marginal sea 
during subsequent two CARE activities (Jiao et al., 2008; 
Chen et al., 2013). Considering the impact of tides and 
currents on the physical environment and dynamics proc-      
esses, a new sub-surface mooring system was deployed 
during the 5th CARE in 2012. The present study focuses 
on the time series of ADCP measurements, with emphasis 
on the analysis of dominant tides components and resid- 

ual currents in 2012 summertime. Although it only fur-     
nishes a short-term length of data, this work indicates a 
remarkable ~10 d variability which is closely related to 
the local wind forcing and allows us considering future 
mooring system configurations. Section 2 describes the 
system configuration and data retrieved. Section 3 ana-      
lyzes the characteristics of several dominant tidal con-       
stituents existing in the central Chukchi Sea. Section 4 
studies the profile of residual currents and examines their 
relationship to the local winds.  

2 Measurements 

To further advance our understanding of the character-       
istics of the short-term variability in the central Chukchi 
Sea, an upward-looking 300 kHz ADCP mooring was 
deployed at 69˚30.155´N, 169˚00.654´W (Fig.1), where 
the ADCP was mounted at ~20 m above seabed to avoid 
potential risks from the heavy ice expansion and fishing 
activities. The sampling interval was set to 20-minute, 
averaging 50 pings at 24-s, and hourly data was then ob-
tained by averaging three samples. The vertical profile 
was binned using 2-m interval from the depth of the 
ADCP transducer up to the surface. However, because the 
surface layer data for depth shallower than 5 m were 
heavily contaminated by the signals reflected at the sur-     
face, only the data between 5 m and 37 m were analyzed 
in the present study. The mooring system was deployed 
on July 21 and recovered on September 8, 2012; hence a 
time series of 49-day data was collected. The short gaps 
in the data were linearly interpolated in time. In addition 
to the above measurements, variables of temperature and 
salinity across our selected time period were also ob-     
tained by 5 RBR CTD recorders mounted at different 
layers above the ADCP. The pressure data recorded by the 
CTD located 1 meter above ADCP was used to calibrate 
its depth variation and no significant change in the depth 
was indicated due to the swings of the mooring line.  

 
Fig.1 Bathymetric map of the Chukchi Sea showing the mooring positions (black dot and red dot indicate the positions of 
moorings deployed in 2008 and 2012, respectively. The base map is cited from http://www.ims.uaf.edu/chukchi). 
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3 Tidal Currents 

To detect the dominant frequencies in current varia-
tions, a rotary spectral analysis is performed. Figs.2b, c 
and d show the power spectrum distributions of raw cur-
rent at depths of 5, 21 and 37 m, corresponding to the 
typical depths of the surface layer, midlevel and deep 
layer, respectively, obtained from the CTD profile casted 
at 69˚36.11´N, 168˚51.72´W, where is much close to this 
mooring position. In addition to the local inertial fre-
quency of 12.8 h, two other notable oscillations of proxi-
mate 12 h and 10 d are all evidently demonstrated in those  

 

three layers. Further more, both the oscillations have 
comparative amplitude and indicate that the tidal signals 
should be considered carefully. 

A classic harmonic tidal analysis package (Foreman, 
1978) is used for tidal analyses. Because of the relatively 
short measurement durations, only the dominant tidal 
constituents are analyzed using a given Rayleigh reso- 
lution criterion for least-square fit (Rayleigh constant is 
set to be 1.0). Applying this criterion, the largest 6 indi-
vidual tidal constituents of M2, S2, N2, O1, MM, and MSF 
are well resolved for the mooring location; current ampli-
tudes for these constituents as a function of depth are 
shown in Fig.3.  

 

Fig.2 The profile of temperature (dashed) and salinity (solid) nearby the mooring (a) and power spectrum of current 
velocities at 5, 21 and 37 m. 

 
Fig.3 Amplitudes for individual tidal constituents (MM, O1, MSF, M2, S2 and N2) for u and v velocity components.  
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Among these resolved tidal constituents, M2 current 
amplitudes of the u and v components are the largest 
throughout the water column with significant variations 
over depth; for depth-averaged tidal current series, the 
ratios of this tidal constituents to the total tidal current are 
54% and 47% for u and v components, respectively. The 
M2 current amplitudes of the u components are weaker (< 

4.1 cm s−1) at the upper levels than at midlevel (5.6 cm s−1 
at 25 m depth), whereas the situations for the v component 
are the opposite to the above, i.e., larger at the upper lev-
els with maximum of 5.2 cm s−1 and minimum of 4.0 cm 

s−1 occurring at 17 m depth. The current amplitudes of u 
components for MM and N2 have obvious variability in 
the upper layers; meanwhile, the current amplitudes of v 
components for MM appear more stable than N2. In com-
parison, the current amplitudes of u components for MSF, 
O1 and S2 are relatively independent of the depth and gen-
erally have values smaller than 2 cm s−1. The mean magni-
tude of depth-averaged tidal currents is about 15% of the 
original current magnitudes from the result of the har-
monic tidal analysis. In other words, tidal currents are 
remarkably weaker and residual currents dominate, the 
latter being nearly 85% of the flows at this mooring posi-
tion in the summer of 2012. 

Major and minor semi-axes, inclination angles (semi-
major axis rotation measured in degrees counterclockwise 
from the east) as a function of depth of the analyzed 6 
tidal constituents are shown in Fig.4. The sign of the mi-
nor axis indicates the sense of rotation: positive implies 
counterclockwise rotation and negative implies clockwise 
rotation. All these chosen tidal constituents rotate clock- 
wise throughout the water column with exception of MM 
and O1. The largest two components of M2 and S2 are 
similar in eccentricity and orientation in deeper levels, but 
the magnitudes of the former are larger than the later. The 
magnitudes of minor semi-axes for M2 and S2 are more 
than twice as large as MM and MSF, while their major 
semi-axes are relatively comparable. Current ellipses for 

 
Fig.4 Current ellipses individual tidal constituents (solid 
line indicates counterclockwise rotation, dash line indi-
cates clockwise rotation). 

O1 and N2 are generally smaller and the ratio of major to 
minor semi-axis shows more depth-dependent than the 
other analyzed constituents. The ratio for O1 is maximal 
13.01 at 5 m and decreases over depth with minimal value 
4.2 at a deeper level of 37 m; in contrast, the situations for 
N2 for N1 are completely reversed, where the ratios of 
minimum (~1.92) and maximum (~3.2) occur at 5 m and 
37 m, respectively. In addition, the rotations for the above 
two tidal components are opposite, that is, O1 rotates anti-
clockwise while N2 indicates clock-wise rotation. 

4 Temporal and Vertical Structures of 
the Residual Current 

The data are edited to eliminate spikes, being rotated 
by 5˚ to correct for the magnetic deviation from true north, 
and low-pass filtering using a Cosine-Lanczos filter with 
a 40-h cutoff is applied to remove tidal and other high 
frequency variations to obtain the residual currents. In 
order to better analyze the distribution characteristics of 
current velocity within the entire observed water column, 
current statistics for the tide-removed data consisting of 
mean current components, standard deviations, mini- 
mums, maximums, mean speed and directions (0˚ is north) 
are shown in Table 1. The maximum of residual currents 
varies in a range of 20–30 cm s−1 with depth, meanwhile, 
the maximum of u component (20.2 cm s−1) is found in the 
upper layer and the minimum of 6.1 cm s−1 at the deepest 
bin (37 m). The variation for v component is similar to 
that for u component and the respective maximum and 
minimum are 21.9 cm s−1 and 16.0 cm s−1. The vertical 
variation for mean u and v components duplicates the 
same trend at depths where v  is significantly larger than 
u , whereas σv is smaller than σu , suggesting that v com-
ponents appear more stable throughout the observed wa-
ter column during observation. Overall, the mean speed is 
relatively small (< 7 cm s−1) and flowing toward the north. 

Considering the depth and settings of ADCP, together 
with the vertical distribution of residual currents, the re-
sidual are shown in Fig.5, meanwhile, the time series of 
currents are compared with sea winds at the grid point 
closest to this mooring site from NOAA/NCDC Blended 
0.25-degree Sea winds dataset (Zhang et al., 2006). The 
temporal resolution of currents and winds is 2 h and 6 h, 
respectively. It is obvious that currents in the upper levels 
are influenced greatly by the sea meteorological condition 
and its fluctuations. Currents in the surface layer (5 m) 
respond quickly to the winds and tend to flow north with 
southerly winds and to flow south with northerly winds. 
This variation of time series illustrates much difference to 
the previous observation in the summer of 2008 (Wang      
et al., 2011), in which the surface currents flow south-     
ward, being opposite to the southerly prevailing winds, 
and direction reverses at depths. On the other hand, both 
the currents variation suggest the complicated responses 
to the varying atmospheric and wind effects existing in 
the central Chukchi Sea, and the difference also results 
from two moorings with a distance larger than 2 merid-      
ional degrees between them (see Fig.1). The currents in 
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the deeper levels are toward relative true north and have 
mean velocities of approximately 5.4 cm s−1. Near the end 
of the observation period, the strongest northeasterly 

burst was measured, and both the surface and deep layers 
responded to a strong northeastward flow of ~30 cm s−1 at 
~1 day phase lag behind the winds. 

Table 1 Statistics of ADCP records after tide-removing 

Depth 
(m) 

u  
(cm s−1) 

σu 

(cm s−1) 
umax 

(cm s−1) 
umin 

(cm s−1)
v  

(cm s−1)
σv 

(cm s−1)
vmax 

(cm s−1)
vmin 

(cm s−1) 
pS  

(cm s−1) 
Dir 
(˚) 

5 −2.1 11.2 20.2 −32.0 6.5 8.5 21.9 −19.9 6.9 342.4
7 −2.4 10.6 19.2 −33.1 6.4 8.0 21.4 −18.2 6.8 339.5
9 −2.5 9.8 17.1 −32.6 6.2 7.6 20.7 −16.9 6.7 338.2
11 −2.4 9.1 15.4 −30.9 6.3 7.6 20.6 −15.9 6.7 339.5
13 −2.3 8.5 13.5 −27.9 6.4 7.5 20.2 −16.8 6.8 340.5
15 −2.1 7.8 12.1 −23.7 6.5 7.3 21.0 −14.7 6.9 341.9
17 −1.9 7.2 10.9 −20.0 6.6 7.1 21.8 −14.1 6.9 343.9
19 −1.6 6.5 10.2 −17.9 6.6 7.3 22.4 −15.1 6.8 346.0
21 −1.4 5.9 10.1 −17.1 6.4 7.7 22.8 −19.7 6.6 347.8
23 −1.1 5.4 9.1 −16.9 6.2 7.9 21.9 −22.2 6.3 349.6
25 −0.9 5.1 7.9 −16.0 5.9 7.9 20.4 −22.6 6.0 351.1
27 −0.7 4.7 7.0 −14.2 5.7 7.9 19.3 −21.2 5.7 353.0
29 −0.7 4.6 6.6 −13.6 5.5 7.9 18.6 −21.3 5.5 353.2
31 −0.6 4.7 6.4 −13.6 5.4 8.1 18.7 −21.7 5.4 353.5
33 −0.5 4.7 6.6 −12.9 5.3 8.0 19.1 −21.6 5.3 354.8
35 −0.5 4.5 6.3 −12.3 5.3 7.7 18.7 −21.0 5.3 355.0
37 −0.4 3.8 6.1 −11.4 4.8 6.8 16.0 −21.2 4.8 355.7

Notes: u and v  represent east-west and north-south components of velocity, respectively; pS , current speed; Dir, current 

direction (where 0˚ is north). 

 

Fig.5 Vector-stick diagrams of wind speed and residual current velocities at different depth: (a) Wind speed at 10 m; 
(b) Residual current velocity. 
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The residual currents vary over depth and time, changing 
their directions nearly every 10 days, particularly signifi-
cant variations in current magnitudes and directions occur 
firstly in the upper layer from Julian Day of 203 (August 
8th ), then propagate downward to deeper layer two days 
later. Strongest currents (~35 cm s−1) occur at a shallow 
level near the surface (7 m bin). These currents measured 
in shallow levels are turning clockwise within nearly one-
third of the record along with magnitudes decrease and 
directions well homogeneous over depth, with a generally 
northward flow throughout the whole observed water 
column in accordance with the southerly prevailing winds. 
A low-frequency fluctuation of the currents could be seen 
at a period of about 10 days. 

Fig.6 (a) shows the time-averaged currents over depth 
in the observation period in 2012. As the most striking 
feature, the mean currents are all seen to be directed to 
the north throughout the whole observed water column, 
whereas the mean currents at 5 m in 2008 summer time 
flow toward the east-southeast. This implies that a stable 
northward current indeed exists in the central Chukchi 
Sea during 2012 summer time and even its depths are 
within the reach of the influence of the atmosphere. 
Meanwhile, the strongest currents occur at the upper 
levels (6.9 cm s−1 at 5 m) where the averaged direction 
points to NNW, and the weakest at the observed deepest 
leval (4.8 cm s−1 at 37 m) with the currents flowing more 
northward. Compared with the observation at 71˚40.024´N, 
167˚58.910´W mentioned above in 2008 summertime, the 
mean currents in 2012 flow more true north with quite 
considerable magtitudes. In contract to the results of 
previous observation in the central Chukchi Sea (Li et al., 
2005), the mean current in the deepest layer is chosen for 
this purpose. The magtitudes of mean current at 37 m in  

2012 and that at 32 m in 2008 are 4.8 cm s−1 and 3.7 cm s−1, 
respectively, while somewhat smaller magtitude of 1.3 cm 

s−1 at 38 m is observed at 70˚30.899´N, 167˚58.499´W in 
2003 summertime, indicating that the northward flow in 
central Chukchi Sea is relatively weak but of high vari-     
ability. The reason for the variability might be related to 
topographic difference between the two sites. 

To quantify the influence of the northward flow on wa-
ter properties in the central Chukchi Sea, the tide-removed 
current at 35 m is selected with corresponding to the tem-
perature and salinity time series in the same layer as 
shown in Fig.7. It is notable that the currents and T-S are 
incoherent. However, some of the current variations coin-
cide with the significant T-S fluctuations, which is proba-
bly caused by the passage of an upwelling event occur-
ring along the northwestern Alaskan coast; this topic will 
be further studied with other supplementary data. 

 
Fig.6 Observed mean residual currents over depth in 
2012 (a) and 2008 (b). 

 

Fig.7 Residual current , temperature (solid), and salinity (dashed) time series at 35 m during  2012 summertime. 



WANG et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2016 15: 201-208 

 

207

 

5 Cross-Spectral Analyses of Currents 
and Winds 

For quantitatively comparing of the currents and the 
winds, spectra were computed for the meridional com- 
ponent, which all showed maxima in bands covering 
about 10 days period. Overall energy is higher in the sur-
face layer currents than that in midlevel. The variability at 
the 10 d band implies a link between the local winds forc-
ing and the currents. 

To further understand the low-frequency fluctuation of 
the currents and its relationship with winds, the method of 
cross-spectral analyses is conducted. Considering the ma-
jor characteristic of the prevailing winds during this ob-

servation, only the meridional components of the winds 
are applied for analyses. Fig.8 showed the squared coher-      
ence and phase lag between meridional currents and wind 
components at three different bins (5 m, 19 m and 37 m) 
with 95% confidence level, where negative phase lag 
means that winds lead currents. 

Significant coherence (> 0.8) is found between north-
south components of currents and winds for 10 d period at 
5 m (Fig.8a), and the phase of 54˚ corresponds to currents 
trail winds by ~1.4 d. Similar results are obtained at 19 m 
and 37 m, where the phase lag is ~1.6 d and ~1.7 d, respec-
tively. These results suggested that the 10 d fluctuation of 
the currents is in response to fluctuation in the winds with 
response time of ~1.4 d, while the response at deep layer is 
several hours later than that at upper layer. 

 
Fig.8 Coherence and phase diagrams for the meridional residual current and wind at: (a) 5 m; (b) 19 m; (c) 37 m. The 95% 
confidence level is indicated. Negative phase indicates that the current trails the wind. 

6 Summary and Conclusion 

During the mooring observation in the central Chukchi 
Sea, obvious high-frequency periodical fluctuations of the 
studied currents are attributed to semidiurnal tidal currents. 
The M2 constituent is largest both in u and v components 
over depth, and followed by MM in u component and O1 
in v component, respectively. For depth-averaged tidal 
current series, the ratios of M2 constituent current to the 
total tidal current are 54% and 47% for u and v compo-      
nents, respectively. All the resolved tidal constituents 
rotate clockwise throughout the water column with excep-    
tion of MM and O1. Both M2 and S2 are similar in eccen-     
tricity and orientation at deeper levels, but the magnitude 
of M2 is larger than that of S2. 

Residual currents are considerably variable in both 
magnitude and direction in the summer of 2012, whereas 
the variation trend is basically homogeneous over the 
whole depth. The range of maximum currents is found 
between 20 and 30 cm s−1 and mean currents are generally 
weaker than 7 cm s−1. Furthermore, the v component is 

much stronger than u component with similar tendency in 
standard deviation over depth. Time series of the residual 
currents exhibits poor coherence with the corresponding 
T-S at 35 m, while some of the current variations coincide 
with the larger T-S variations due to the possible passage 
of a front or eddy during the observation. Residual cur-      
rents respond to meridional winds at a significant period 
of about 10 d with an approximately 1.4 d of response time 
at the 5 m depth, meanwhile, the currents at midlevel (19 

m) and deeper level (37 m) have close response times 1.6 

d and 1.7 d, respectively. Overall, local winds forcing 
appears to be the dominant driving mechanism and needs 
to be observed in future work. 
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