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BACKGROUND
The Bering Strait, ~85 km wide and ~ 50m deep and the only Pacific entrance to the
Arctic Ocean, is split into two channels by the Diomede Islands. Year-round measurements of
near-bottom temperature, salinity and water velocity were first established in the Bering Strait
region in 1990 at 3 main sites:
- A1, the center of the western (Russian) channel;
- A2, the center of the eastern (US) channel; and
- A3, ~ 60 km north of the strait (in US waters).
Since 2000, a further site A4 has been established to measure the Alaskan Coastal Current,
present seasonally in the eastern strait. To date, to avoid trawling by ice, all measurements have
been made only ~ 10m above the bottom.

Figure 1: Map of the Bering Strait region
with MODIS sea surface temperature image
from 26th August 2004, showing positions
mooring locations (A1, A2, A3, A3’ and A4),
occupied variously since 1990.
For more details, see
psc.apl.washington.edu/BeringStrait.html

Measurements at site A2 and A3 have continued almost uninterrupted from 1990 until
present day (although for some years, a site further north A3’ was occupied instead of A3).
Measurements at A1 have only been made (to date) in 1990-1991, 1992-1993, 1993-1994, 20042005, 2005-2006. Data from 1990-1991 suggest that data from A3 is a reasonable proxy of the
combined water properties and flow through both channels of the strait [Woodgate et al., 2005b]
and thus data from A3 has been used to study seasonal and interannual variability in the Bering
Strait throughflow [Woodgate and Aagaard, 2005; Woodgate et al., 2005a; , 2006].
Now that more time-series are available from site A1, in this report we re-examine the
relationship between water properties and flow at site A3 and that in the individual channels of
the Bering Strait, and present some issues needing consideration in designing a “climate site” for
the Bering Strait throughflow.
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DATA USED IN THIS COMPARISON
Moored data are available from the western (Russian) channel for only 5 separate years.
Table 1 below documents data available in the Bering Strait region for these years.
YEAR
Velocity
Water Properties
1990-1991
A1
A2
A3
A1
A2
A3
1992-1993
A1
A2
A3’
A1
1993-1994
A1
A2
A3’
A1
A2
A3’
2004-2005
A1
A2
A3
A1
A2
A3
2005-2006
A1
A2
A3
A1
A2
A3
Table 1: Mooring data available for the intercomparison, by site, year and measurement.
Thus, there are only 3 years (1990-1991, 2004-2005 and 2005-2006) in which concurrent
measurements of water temperature and salinity exist at all three sites A1, A2, A3. These three
years form the basis of the present intercomparison. We will consider first a simple comparison
of the hourly data at all three sites. Secondly, we will briefly address the record-length mean,
although since deployments usually span a year starting at variable dates in summer/autumn, this
measure is not particularly useful. For most of the work, we will consider 30 day smoothed
time-series. We address comparisons of water properties, and flux estimates.
Mooring positions are given in Table 2. The data used in this comparison are available at
NODC and via our Bering Strait website, http://psc.apl.washington.edu/BeringStrait.html.
YEAR
1990-1991
1992-1993
1993-1994
2004-2005
2005-2006

Position A1
Position A2
Position A3
65° 54.00' N
65° 46.48' N
66° 17.58' N
169° 25.66'W
168° 35.23' W
168° 57.89' W
65° 53.62' N
65° 46.51' N
169° 26.08' W
168° 36.14' W
65° 53.55' N
65° 46.49' N
169° 26.19' W
168° 35.14' W
65° 53.96' N
65° 46.780' N
66° 19.540' N
169° 26.03' W
168 34.480' W 168° 58.03' W
65° 54.03' N
65° 46.78' N
66° 19.54' N
169° 25.73' W
168° 34.50' W
168° 58.02' W
Table 2: Mooring positions as per Table 1.

Position A3’

68° 09.97' N
168° 58.48' W
68° 09.92' N
168° 56.56' W

Figure 2 compares the hourly, unfiltered data obtained at the various mooring sites in the
various years.
Overall, hourly records show quite good agreement between sites. Consideration of
specific temperature or salinity events shows some evidence of advection of features between
sites. A3 is ~ 60km N of A1 and A2. If water properties were advected with a mean speed of
20 cm/s, a signal would take 3-4 days to propagate from the Strait proper to A3.
Thus, it is more realistic to seek agreement of water properties over some average time
period. Previous studies have used monthly means and we will use 30-day means for this work.
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Figure 2: Time-series of temperature (T) (top left), salinity (S) (top right) and northward
velocity (bottom right) for 1990-1991, 2004-2005 and 2005-2006. T-S diagrams for the
deployment year i.e., summer/autumn to summer/autumn (bottom left). Colours indicate
moorings (A1=blue, A2=red, A3-black). See Woodgate et al., [2005b] for discussion.
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Figure 3a: Thirty-day smoothed time-series (right) and smoothed time-series with errors (left)
for temperature (top sets of 3), and salinity (bottom sets of 3, for 1990-1991 (top panel of each 3),
2004-2005 (middle panel of each 3), 2005-2006 (bottom panel of each 3), colours indicating
moorings (A1=blue, A2=red, A3-black). Errors in the mean are estimated using the integral
timescale to estimate the effective number of degrees of freedom.
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Figure 3b: As per Figure 3a but for northward velocity. Note that in the 1990-1991 A1 and A2
records, the slowing for the 2nd half of the time-series is likely due to rotor fouling.
Figure 3 shows the thirty-day smoothed data. This smoothing removes much of the high
frequency variability, but the smoothed record is still clearly affected by shorter timescale events.
For velocity, all currents are highly correlated, as per previous work [e.g., Woodgate et
al., 2005b].
For temperature, the traditional understanding that the eastern strait is warmer is
supported by these data, and A3 yields temperatures between A1 and A2 for the summer seasons.
During winter, all temperatures are at the freezing point. During the spring/summer warming,
there is little difference in temperature across the strait apart from in 1990-1991. In that year:
a) in spring the eastern strait is sometimes colder than the western strait; and
b) there is a sudden warming of the eastern strait (A2) compared to A1 and A3 at day 600
(i.e., around August 1991).
Both these issues require further investigation.
For salinity, the traditional understanding that the eastern strait is fresher is generally
supported by these data, and A3 yields salinities between A1 and A3 for most of the year. Two
further issues are surprising:
a) that around day 300-350 in 2004 and 2005, A1 is fresher than either A2 or A3; and
b) at day 400 in 2005, A3 is fresher than any readings in the strait.
Both these issues require further investigation.
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COMPARISON OF RECORD LENGTH MEANS

Figure 4: The “record length” mean for each mooring (indicated by colour, with A1 blue, A2
red and A3 black) for each deployment year (1990-1991, 2004-2005, 2005-2006, from left to
right). (These means are calculated over a time period when all three moorings are in the
water.) Thin lines are errors in the mean calculated using the integral timescale to estimate the
effective number of degrees of freedom.
Figure 4 shows the record-length means.
In temperature (left), A3 always lies between A1 and A2 except in 1990, when the mean
at A3 and A1 are almost identical. However, the errors (uncertainty) in these means shows that
from different sites, the means do not differ significantly.
In salinity (middle), A3 always lies between A1 and A2, and here A1 and A2 are almost
distinguishable in the record length mean. Note that A3 tracks A1 better than A2.
In northward velocity (vvel, right), the 1990 must be disregarded, as A1 and A2 suffered
from rotor fouling. For 2004-2005 and 2005-2006, the means are indistinguishable between
different moorings in the same year.
Note that for T and S, the record length mean is not a very useful measure, since the seasonal
cycle in T and S is substantial, and deployments are not the same length from year to year.
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RELATIONSHIP BETWEEN CLIMATE SITE A3 AND STRAIT SITES A1 AND A2
One motivation for this work is the hypothesis that A3 is dependent on A1 and A2. This
hypothesis is based on the 1990-1991 data set [Woodgate et al., 2005b] and qualitative analysis
of satellite and bathymetry data, which suggest that at site A3, waters from the western channel
(A1) are diverted for a short distance over the convention line and mix with eastern channel
waters (A2). We consider the most simple formalization of this hypothesis, i.e.,
A3 = offset + A1coef x A1 + A2coef x A2
Assuming A3 is a simple mixture of A1 and A2, the coefficients indicate the relative
contributions, and the offset value would suggest consistent change between the strait proper and
the northern site, e.g., cooling or warming. Initially we consider these coefficients to be constant,
although certainly in the offset one can envision why that might not be so. We calculate the
coefficients using a least squares regression (Table 3).
A3 as a function of A1 and A2:
Year
A3 northward velocity
Offset A1coef A2coef
0.9
0.37
0.38
19900.7
0.35
0.37
1991
1.1
0.38
0.40
1.5
0.43
0.34
20041.3
0.41
0.33
2005
1.6
0.44
0.36
0.37
0.44
0.31
20050.22
0.43
0.30
2006
0.52
0.45
0.33

A3 Temperature
Offset A1coef A2coef
-0.15
0.59
0.29
-0.16
0.58
0.28
-0.14
0.60
0.30
0.00
0.67
0.33
-0.01
0.66
0.31
0.01
0.68
0.34
0.04
0.61
0.39
0.02
0.59
0.38
0.05
0.63
0.40

Offset
4.4
4.2
4.7
8.0
7.6
8.4
13.3
12.9
13.7

A3 Salinity
A1coef A2coef
0.46
0.40
0.45
0.39
0.47
0.41
0.35
0.40
0.34
0.39
0.36
0.42
0.47
0.11
0.47
0.10
0.49
0.12

Table 3: Regression coefficients calculated assuming a least squares reconstruction of A3 data
from an offset, A1 and A2 data. Within each box, top line is the best estimate and lower two
lines are the 95% confidence limits.
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Figure 5a: Time-series plots and reconstruction for A3 northward velocity hourly (left) and 30
day smoothed (right). Black=original data. Cyan=reconstruction from A1 and A2 data. (also
shown as dashed blue(A1) and red(A2) lines). Magenta=difference between original and
reconstruction. Coefficients for fit to hourly data are given on the plots. Top panels = 19901991 data (note short time-series). Middle = 2004-2005 data. Bottom = 2005-2006 data.
For northward velocity, A3 data can be reconstructed very well from A1 and A2 data.
Offset values are small (~ 1 cm/s), coefficients consistent year-to-year, and similar in value (~
0.3-0.4), reflecting the high coherence in velocity found at all sites within the strait [Woodgate et
al., 2005b]. This large scale coherence is attributed to the fact that all forcings for the velocity
(the wind and the background pressure head forcing) are large scale compared to the strait and
that in the centre of the strait, the water properties are dominantly barotropic. Note that the
northward velocity at A3 is weaker than at A1 and A2, reflecting the broadening of the strait
region.
In summary, A3 northward velocities can be well recreated from A1 and A2.
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Figure 5b: As per Figure 5a but for temperature
For temperature, the reconstruction is not as good as for velocity. The high frequency
(hourly) variability is only poorly reconstructed, although this is to be expected given the 2-3 day
advection time from A1or A2 to A3. The 30 day smoothed time-series indicates much better
agreement, with the reconstruction being a better estimator than A1 or A2 alone.
The coefficients (Table 3) do show sizeable variation from year to year. The offset varies
from -0.15 deg in 1990-1991 to 0.04 deg in 2005-2006. The seasonal cycle is much larger than
this (-2 deg C to 6-8 deg C), thus the variation in offset is small compared to the seasonal cycle.
Note that one might assume the offset varies seasonally. For example, during summer the waters
likely warm moving north while in winter they are more likely to cool. Thus, variability in the
offset likely reflects weakness in our original simplistic model.
The weightings of A1 and A2 suggest some 2/3rd of the variability at A3 is due to
variability at A1. Again, this varies between years. One might assume that the mix of A1 and
A2 at site A3 depends on across-strait advection, which in turn is likely a result of topography
(constant) and wind forcing (seasonally and interannually variable). The values presented here
go some way to perhaps quantifying this interannual variability.
Despite this variability, note that in the 30 day smoothed data, the reconstruction is still
closer to the reality of A3 than either A1 or A2.
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Figure 5c: As per Figure 5a but for salinity and with residual offset by 30 (left) or 31 (right) psu
for presentation purposes.
For salinity, the reconstruction is less promising. The coefficients for A1 and A2 suggest
roughly equal contributions of these waters to A3. Yet, the offset is in each year very high (4
psu, 8 psu and 13 psu) respectively. The reconstruction does badly in reproducing the hourly
variability, as might well be expected. However, even the variability of the 30 day smoothed
time-series is not well represented. In general, the reconstruction shows too small a seasonal
cycle, and in many instances is just as far from A3 and A1 or A2, especially in 2005-2006. Thus,
we conclude that the salinity at A3 can only be roughly estimated from that at A1 or A2 by this
simple model. A better reconstruction of the salinity will depend on an improved understanding
of the processes in the strait and would be strengthened by more data for testing.
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RECONSTRUCTION OF A1 DATA FROM A2 AND A3?
One possible product of the hypothesis that A3 is dependent on A1 and A2 is that,
perhaps in the several years that A1 was not deployed, a proxy time-series for A1 may be
estimated from A2 and A3. To test this, we consider the hypothesis that
A1 = const + A2coef x A2 + A3coef x A3
where (as above) A1, A2 and A3 represent time-series of temperature, salinity of velocity (with
different values of const, A2coef and A3coef for each variable). From the three years of
coincident data, again we can estimate const, A2coef and A3coef by a least squares regression.
Then we reconstruct the time-series at A1 and test the prediction against the reality.
A1 as a function of A2 and A3:
Year
A1 northward velocity
Offset A2coef A3coef
-1.7
0.28
0.88
1990-2.0
0.25
0.85
1991
-1.4
0.30
0.92
-1.9
0.35
0.83
2004-2.1
0.33
0.80
2005
-1.7
0.37
0.86
-2.0
0.30
0.89
2005-2.3
0.28
0.86
2006
-1.8
0.32
0.91

A1 Temperature
Offset A2coef A3coef
-0.07
0.06
0.86
-0.08
0.05
0.84
-0.06
0.07
0.88
-0.18
0.09
0.78
-0.19
0.08
0.77
-0.18
0.10
0.80
-0.22
0.17
0.63
-0.23
0.16
0.61
-0.21
0.19
0.65

Offset
3.5
3.1
3.8
2.3
1.7
2.9
1.1
0.4
1.8

A1 Salinity
A2coef A3coef
0.01
0.88
-0.003
0.86
0.03
0.91
0.15
0.78
0.13
0.75
0.18
0.81
0.04
0.93
0.02
0.91
0.05
0.96

Table 4: Regression coefficients calculated assuming a least squares reconstruction of A1 data
from an offset, A2 and A3 data. Within each box, top line is the best estimate and lower two
lines are the 95% confidence limits.
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Figure 6a: Time-series plots and reconstruction for A1 northward velocity hourly (left) and 30
day smoothed (right). Blue=original data. Cyan=reconstruction from A2 and A3 data (also
shown as dashed red (A2) and black (A3) lines). Magenta=difference between original and
reconstruction. Coefficients for fit to hourly data are given on the plots. Top panels = 19901991 data (note short timeseries). Middle = 2004-2005 data. Bottom = 2005-2006 data.
For velocity, prior work has already noted the strong correlation between velocity at all
mooring sites [e.g., Woodgate et al., 2005b]. Note that A3coef is larger than A2coef, indicating
that A3 plays the dominant role in reconstructing A1. Between years the coefficients are similar,
and the residual is small, indicating that velocity at A1 can be well reconstructed from velocity at
A2 and A3. Note that hourly variability is also well reconstructed. For completeness, the
reconstruction from A1 or A2 alone should also be tested.
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Figure 6b: As per Figure 6a but for temperature
For temperature, the reconstruction is also quite good (especially in the monthly
smoothed data), and dominated (at least in 1990-1991 and 2004-2005) by A3. The hourly
variability is not very well reconstructed, with errors in the reconstruction being up to 2 deg C.
Given the advection time-scale in between A1 and A3 however, this is not unexpected. Thus,
although the longer term average is reasonably reconstructed, short timescale variability cannot
be estimated by this method.
The time-series at A1 is more strongly related to A3 than to A2. This fits somewhat with
our understanding of inputs to the strait. The Alaskan Coastal Current (warmer and fresher) is
generally confined to the eastern channel, and thus only weakly influences A3 and very weakly
influences A1. However, one might assume that A3 is some mixture of A1 and A2, i.e.
A3=A1+A2, which would then imply that A1 = A3 – A2. Yet, the sign of the coefficient for A2
is positive from the least squares fit, which is not expected from this simple hypothesis. This
requires further study, and likely reflects inadequacies in this simple model and the fact that A3
and A2 are not independent.
Note also that the coefficients vary significantly between years, and imply a stronger
influence of A2 in 2005-2006. This too requires further study.
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Figure 6c: As per Figure 6a but for salinity and with residual offset by 30 (left) or 31 (right) psu
for presentation purposes.
Similar conclusions apply to the reconstruction of salinity. The smoothed reconstruction
is quite reasonable. The hourly reconstruction does not recreate the correct variability,
unsurprisingly for the same reasons as given above. Note that there are sizeable freshenings in
the real A1 record in the late autumn, which are not recreated at all by this simple hypothesis.
These require further study.
Note also that here again the coefficients vary significantly between years, and also, in
contrast to the temperature, here A2 appears to be less important than usual in 2005-2006.
Thus we conclude that velocity can be reasonably well constructed at A1 from A2 and
A3, but reconstructions of temperature and salinity are more troublesome. Note that, to present a
numeric scheme, requires the same set of coefficients to apply to each year, rather than the
coefficients being specific to the year. An obvious next step is to create some multiyear
regression and then test the reconstruction for each year individually. We postpone that analysis
until more years of data are available.
However, even this analysis shows that the system is more complex than A3 being a
simple mixture of A1 and A2. Perhaps wind effects will provide some clue as to a more
appropriate mixing scenario.
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DO A3 FLUXES REPRESENT TOTAL FLUXES THROUGH THE STRAIT?
We conclude with one final test. Recent papers [Woodgate et al., 2005a; , 2006] have
compared monthly and seasonal variability in the Bering Strait throughflow using A3 as a proxy
time-series for the entire throughflow. Is this a good measure of the variability?
Figures 7 (a,b,c) show a comparison of time-series of fluxes of volume, freshwater
(relative to 34.8 psu) and heat (relative to -1.9 deg C). These estimates assume a barotropic
(non-sheared) water column, homogeneous across either each channel of the strait (for A1 and
A2) or across the whole strait for A3. For a discussion, see [Woodgate et al., 2005b; Woodgate
et al., 2005a; , 2006]. We use cross section areas of:
A1= 1.08 km2 , A2= 1.57 km2, A1= 4.35 km2
Figures 7 (a,b,c) also show scatter plots of flux estimates from A1 plus A2 and from A3.
The volume transport time-series show that the estimate based only on A3 reproduces
transport variability very well. This is to be expected, since velocities at A1, A2 and A3 are
highly correlated. Correlation between the transport estimates made in and north of the strait are
0.97 or higher. The magnitude of the transport estimate from A3 is slightly higher than that
estimated from the sum of A1 and A2, although the estimates agree to within errors. The
assumption of horizontal homogeneity in velocity is obviously flawed in the eastern channel of
the strait, where the Alaskan Coastal Current is estimated to add order 0.1 Sv to the mean
transport [Woodgate and Aagaard, 2005]. Thus, estimates from A1 + A2 are likely too low and
the A3 estimate is probably more accurate. Note however, that the multiplicative factor between
the A1+A2 estimate and the A3 estimate (Grad on the bottom row of plots) is consistently 1.2.
This constancy indicates that even if the A3 flux is an overestimate, it is consistently an
overestimate and thus comparison between different years using A3 data alone is still meaningful.
The freshwater and heat flux time-series and scatter plots also indicate that A3 is doing a
good job of estimating the sum of the fluxes through the different channels of the strait, despite
the reservations about reconstruction of temperature and salinity time-series discussed above.
The reason for the good agreement here is that both the freshwater and heat fluxes are dominated
by the transport [Woodgate et al., 2006]. Thus, if the transport estimates are correct, this
freshwater and heat fluxes will be close to correct also. The correlations for both freshwater and
heat flux are still high (~ 0.94 or above), although lower than for the transports, reflecting the
discrepancies in reconstruction of the temperature and salinity time-series. Note now that the
multiplicative factor and the offset do vary between years by order 5%. This uncertainty must be
taken into consideration when using A3 as a proxy for interannual variability.
In summary though, the following plots demonstrate that the use of A3 as a climate proxy
is a reasonable approach. Further work is necessary to establish the most effective calibration of
the A3 temperature, salinity and velocity time-series to produce time-series of volume,
freshwater and heat for the Bering Strait throughflow. Such a calibration requires more data
coverage within the strait. These issues are being addressed in a recent NSF-funded IPY
(International Polar Year) project (Woodgate, Weingartner, Lindsay and Whitledge), which in
collaboration with Russian colleagues will deploy a high resolution mooring array across the
strait, with water velocity profiling and upper layer temperature and salinity sensors and combine
these data with moored bottom pressure gauges and satellite data to improve our understanding
and estimation of the Bering Strait throughflow.
For more details and data access, see http://psc.apl.washington.edu/BeringStrait.html
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Figure 7a: Time-series of volume flux (in Sv) for 1990-1991 (top), 2004-2005 (2nd row) and
2005-2006 (3rd row). Black = estimate from A3 alone. Cyan = sum of estimates from A1 and A2
(each also individually as dotted lines – A1(b), A2(r)). Time-series means and errors are cited.
Bottom row = scatter plots of A1+A2 estimate versus A3 estimate each year, with correlation
(corr), effective number of degrees of freedom (Neff) cited on panel. Also cited is the gradient
(Grad) and offset (Offs) of the least squares best-fit line through the scatter plot.
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Figure 7b: As per Figure 7a but for freshwater flux, relative to 34.8 psu.
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Figure 7c: As per Figure 7a but for heat flux, relative to -1.9 deg C.

Page 18:20

Bering Strait – Comparing A1, A2 and A3

Woodgate, Aagaard, & Weingartner, August 2007

SUMMARY
Since 1990, to measure the Pacific inflow to the Arctic, three main mooring sites have
been occupied in the Bering Strait region – site A1 in the centre of the western channel of the
strait (in Russian waters), site A2 in the centre of the eastern channel of the strait (in US waters)
and site A3 in the centre of the strait (in US waters) about ~ 60 km north of the tightest
construction of the strait. Although the US moorings have been maintained almost without break
since 1990, far fewer measurements exist from the site in Russian waters (A1). Data from 19901991 suggested that site A3 is a useful average of the water properties at sites A1 and A2 and
data from A3 may be used as a meaningful proxy for the flow properties of the entire strait.
Since 2004, mooring work has been restarted in the western (Russian channel). The
study presented here uses all available coincident time-series measurements of temperature,
salinity and water velocity at the three sites to test the usefulness of A3 as a proxy for the other
sites and for the entire Bering Strait flow. Three years of data are available for this comparison –
1990-1991, 2004-2005 and 2005-2006.
This preliminary study yields the following conclusions:
1) For velocity, site A3 is a very good proxy for the flow at A1 and A2. In fact, the velocity at
all 3 sites is highly correlated, both with each other and with the local wind. The coherence of
these velocities is believed result from the fact that the driving mechanisms for the flow (the
local wind and a background pressure head gradient between the Pacific and the Arctic) are all
large-scale. For transport estimates, we conclude that A3 offers a very credible way of
estimating the total volume variability, on timescales of hours to years and, given a reliable
calibration, likely also would yield a good quantitative estimate of the flow.
2) For temperature and salinity, the hourly variability is only weakly linked between the
moorings. This is not surprising given the 60 km separating the moorings, which corresponds to
a 3-4 day advective lag. Indeed, propagation of some temperature and salinity events is implied
by the data.
Thus, we compare instead 30 day smoothed records, to capture the seasonal variability of the
system. For temperature, this is reasonably successful. Preliminary analysis (assuming a linear,
constant coefficient fit between A3 and A1 and 2) suggests that ~ 2/3rds of the signal at A3 is due
to A1, although this varies slightly year to year.
This hypothesis is suggested by satellite imagery, which shows the waters from A1 and A2 to
converge somewhat north of the strait. This convergence is likely driven by topography (nonvarying) and wind (highly variable) and thus it is not surprising that the mixture varies from year
to year. Likely it also varies from season to season, invalidating our hypothesis of constant
coefficients. This is the subject of further work.
For salinity, the relationship is less promising and attempts to recreate A3 from A1 and A2 do
little better than just using A1 or A2 as the estimator. To improve this, a better understanding is
needed of what determines the salinity changes in the strait region.
3) In terms of fluxes, our results suggest that A3 may indeed act as a good estimator for volume,
heat and freshwater fluxes. The integrity of the volume estimation is founded on the goodness of
the velocity correlations, and requires only a reliable calibration. A consideration of heat and
freshwater fluxes shows that their variability is driven primarily by variation in the volume
transport, thus although the temperature and salinity relationships are not ideal, this produces
only a second order error in the flux estimates. Fluxes at A3 thus appear to correlate well with
those estimated from A1 and A2 data, although relationships vary by ~ 5% and thus this must be
counted as an uncertainty when comparing interannual variability from A3 data only. Again,
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although correlations are good, a reliable calibration is necessary. Also, one must recall that all
these estimates are based on near-bottom data and stratification likely plays an important role in
the strait.
4) It is also clear from the preceding analysis that although the eastern channel variability is
somewhat understood, in particular, the role of the seasonally present, warm, fresh Alaskan
Coastal Current, more work is required in the western channel to understand the sources of
variability.
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