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NAVARIN BASIN MESOMETEOROLOGY

SUMVARY OF OBJECTI VES AND CONCLUSI ONS.

The objectives of the Navarin Basin program were:

1. Conparison of receat neteorological data from the Bering Sea with
historical data and determnation of its inpact on Navarin Basin

transport.

2. Coordination of data analysis with Jan Leendertse and David Liu

(Rand Corp. ) to provide input to their pollutant transport nodel.

3 To provide data summaries and presentations at three neetings:
(a) Beaufort-Navarin Transport Coordination Meting, “(Seattle;
June 10, 1982; (b) Navarin Basin Cceanography and Pol | utant
Transport Meeting (Santa Monica, September 21, 1982); (c) Navarin
Synthesi s Meeting (Anchorage; Cctober 25, 1982).

4, To determ ne the relationship of data from neteorol ogical
stations (with long historical records) near the Navarin Basin to
Navarin Basin stations for the purpose of extrapolation and

characteri zation.

5. To attenpt to discern a relationship between data from stations

in the Navarin Basin and data from Nome (used in the Rand Mbdel).

6. To develop a synthetic time series of winds in designated nonths

for the Navarin Basin to apply to oil spill rmodels.

Results of this study have shown that the surface winds fields at St.
Matt hew |sland and the Navarin Basin (cross correlation ..75) are

correl ated.



Thi s mesocale correlation inplies that expensive and vul nerabl e buoy
systems on the sea surface may not be necessary for neteorol ogi cal data
collection. Instead, a |and-based systemon St. Mtthew Island can give
adequate  coverage. However, there is a poor correlation (cross
correlation ..25) between Navarin Basin w nds and Nome wi nds. This was
expected since there is a separation distance of over 700 km between the

basin center and None.

The above mentioned Santa Monica meeting with the Rand representatives
changed the thrust of this particular project. Synthetic time series
(Markov nodel s) of winds were already developed at Rand for particul ar
| ocations in the Bering Sea and key coastal areas. In addition, the
Bering Sea area was subjected to 35“nodel” cycl ones per month as
di scerned fromtheir historical data banks. The local synthetic w nds
and the “nodel” cyclones were used as input to the Rand oil spill nodel
and sinul ated weather conditions based on historical data evolved. This
study has neverthel ess provided an al gorithm (Markov type) for the
Navarin Basin w nds as previously developed for the Beaufort (Kozo,

1981) .

The recent data from Navarin Basin and other Bering Sea sites (see Kozo,
1982) conpares with historical data (Brewer et al., 1977 and Overland,
1981). This fact was presented at both the Santa Mnica and the
Anchorage meetings (see above) during Navarin Basin discussions. In
addition, Overland (personal communication) felt that geostrophic W nds
cal culated from historical pressure data could be used to reconstruct

wi nd characteristics in the Navarin Basin.



| NTRODUCTI ON
General Nature of the Study

In July, 1981, Exxon depl oyed a number of automated satellite
conmuni cation weather stations in the Bering Sea as part of a
floating buoy and island based network. Weather data fromthese
stations were considered nonproprietary and made available to the
public through the NOAA Data Buoy O fice in Bay St. Louis,
M ssissippi. The data consisted of atmospheric pressure, air

tenperature, and surface w nd velocity.

The surface pressures were used to calculate geostrophic wi nds
for conparison to actual neasured surface winds. The surface
wi nd data at various sites was subjected to cross correlation
analysis to determne if historical data fromlong existing sites
(land stations) could be used to evaluate and extrapol ate
conditions in the Navarin Basin. Mnthly data summaries were
made conbining historical data (from Wrld War II) and recent
data. Also a general method for generating artifical tine series

of winds is presented.

Rel evance to Problenms of Petrol eum Devel opnent

Wnds are inportant driving nmechanisms for summer surface
currents in the Bering Sea, therefore> any attenpt to predict
resultant current trajectories nust include an estimation of the

surface wind field. Ol spills from whatever cause wll be



strongly influenced by the wind regime. Ceanup and containment
operations in areas of whale mgration and rich fishing grounds
can be aided by real time predictions or "nowcasting” of surface

wind conditions via satellite.

CURRENT STATE OF KNOW.EDGE

The Bering Sea (excluding the Alaska Coastline) has had two
year-round weather reporting sites (NWS), one on St. Lawence |sland
and one on St. Paul I sl and (Pribilof | sl ands). These are
separated by 660 km and surface wind conditions are not expected to
be similar {Kozo, 1981). The July, 1981 establishnent of an EXXON
sponsored weather net (pressure, tenperature and wind velocity) that
covered the Navarin Basin, St. Mitthew Hall area, the Aleutian Basin,
St. George Basin and Norton Basin provided a method of determ ning
reliable geostrophic winds and ground truthing themwith surface w nd
data.  Kozo (1979) illustrated the increased detail in the pressure
field (Beaufort Sea Coast) when data from of fshore buoys and/or
additional tenporary land pressure neasuring sites were added to the
NWS data set. It must be nentioned, however, that estimation of
surface winds nmeasured at |and stations through use of cal cul ated
geostrophic winds is conplicated by the existence of |ocal summer sea

breeze circulations (Kozo, 1982b) and | ocal orographic effects.

STUDY AREA

Exxon sponsored satellite transmtting neteorological stations were
deployed in July, 1981 at six locations, (A B, C,D,E and Fin
Fig. 1):

(a) Navarin Marex (buoy)--60.3°N 177.0°W.



(B) St. Matthew Island--60.3°N 172.3°.

(C) St. Lawence Marex (buoy) 62.0°N 168.0°W.
(D) St. Paul Island 57.2°N 170.3°W.

(E) St. Lawence Island 63.3°N 170.3°VW.

(F) Bristol Basin Marex (buoy) 57.7°N 160.0°%.

This network of stations allows for conbinations of pressure
triangles such as AED and ECD, which can be used to conpute
geostrophic w nds. These conputed winds theoretically exist for
locations inside the triangle boundaries, but give the best
approxi mati on near the geometric center. Triangle AED (Fig. 1) has a
solution center near St. Matthew Island which has an autonated
station that provides sinultaneous surface wind data 4.5 neters above
the ground. A and C are surface pressure and wind neasuring at-sea
buoys , but exist at the corners of their respective pressure

triangles.

SOURCES, METHODS AND RATI ONALE OF DATA COLLECTI ONS

The purpose was to | ook at characteristics of wind data in the
Navarin Basin using information from the new Exxon array. The basic
data collection period was from 1 August 1981 through 31 March 1982.
The Bristol Basin buoy failed on 12 Cctober 1981. The Navarin Basin
buoy failed on 14 CQctober 1981. The St. Lawence Basin buoy was
retrieved on 26 Cctober 1981 to prevent ice damage. The land station
on St. Mtthew Island began to degrade in February 1982. To conplete
a year cycle (August to August) data (St. Matthew Island) from the

early 1940's was used for April through July.



VI

Because of these problems with the new data, a conparison of Navarin
Basin buoy data (while the buoy was operational) and St. Matthew
Island data was made. St. Matthew Island is the closest |and point
to the Navarin Basin proper, has a historical data base {limted),
and simultaneous wind data conpares well with that of the Navarin
Basi n {Kozo, 1982). The data was collected by satellite transmtting
automated [ eteorological stations. The wind speed, wind direction,
and tenperature data were transmtted through the GOES (United
States) system white the ARGOS (France) was used for pressure and
position information. These stations were installed in the |ocations
(Fig. 1) by Brown and Caldwell (Costa Mesa, CA). The data has been
made available to the public since 1 Cctober 1981 through the
National Data Buoy Ofice in Bay St. Louis, Mssissippi. (phone:
[601] 688-2834) with a three-nonth time |ag between data arrival and

data rel ease.

DI SCUSSI ON OF RESULTS
A Relationship of New Data to Hi storical Data

Fig. 2is a map of the eastern Bering Sea with the Navarin Basin
(dashed line) and the Navarin Marex buoy (dot) shown (Overland,
1981) . The Bering has been divided into five marine areas, AE
(Brewer et al., 1977), and nost of the Navarin Basin is outside
both area A and B. However, the seasonal mgration of the ice
pack (Overland, 1981) brings nost of the basin under a cold
arctic and continental influence from January through My. This
i nfl uence makes the Navarin Basin simlar to area A for these

nmonth. Fig. 3 (Overland, 1981) shows wind roses for area A in



the nonths of February (w nter exanple) and August (summer
exanpl e) adapted from Brewer et al. (1977). A high percentage of
north and northeast winds are seen for February with speeds
greater than 17 kn (dividing by two is a rough conversion of
knots to neters per second). The wind speeds in August (summer)
for area A are lower than in winter, and wnds show little

evidence for preferred direction.

Table 1 (H.0. Pub. #9, 1966) shows wi nd speed categories and sea
state codes as defined by the Wrld Meteorol ogical Organization.
These are helpful in relating the ternms storm gale, and breeze
to actual recorded wind speeds and wave heights. Table 2 shows
the National Cimatic Center breakdown of 16 wind directions
which is used in the bivariate distribution data below Fig. 4
is a mp of St. Mtthew Island which is the closest data
collection site to the Navarin Basin. Brewer et al. (1977) did
not include the island in his historical data presentation which
I's puzzling, since it was occupied during Wrld War 11 from 1942
to 1945 by the U.S. nilitary. Meteorology data was collected at
site 0, which though subject to orographic (mountain elevations
in feet) and thermal effects (sea breeze), has winter and summer
characteristics simlar to marine area A (see above, Overland,
1981) . The Exxon weather station site inplanted in July 1981 is
shemm as N in Fig. 4. This site was chosen to mnimze

orographic effects, but it could not avoid sea breeze effects.



As nentioned above, transmtted data quality began to degrade by
February 1982. The station was refurbished by sunmmer 1982, but
the newer data fromthe summer of 1982 is not included in this
study due to a three-nonth lag in processing at the National Data
Buoy Office. Again the new Exxon data was similar in character
to the nmarine area A data and also simlar to the Wrld War 1II
data. Therefore, the bivariate distribution data presented below
has the data fromsites Oand N (Fig. 4) conbined except for the
months of April through July where Exxon data was not obtained in

1982.

Bivariate Distribution Data

Figs. 5-16 show the eastern Bering Sea in the twelve cal endar
nonths respectively. They show the outline of the Navarin Basin
region (thin black line), the ice edge (thick black line) and the
most dom nant w nd directions (the thinner the arrow head the
less the directional variation) at St. Matthew Island (B). The
ice edge positions represent the nost southern |atitudes reached
for 15 day neans (Potocsky, 1975). Tables 3-14 are bivariate
distributions of all available St. Matthew Island wi nd speed and
wind direction data for the twelve calendar nonths with the total
observations included (three hourly data). The se tables
alternate with the Fig. 5-16 for conparison purposes. Again it
must be nentioned that limted data collection in the Navarin
Basin proper has shown a correlation to St. Matthew Island data
which is of necessity the main data source for characterizing the

Navarin Basin area. Figs. 5-9 show that the ice edge can cover



at least 50% of the Navarin from January through May. The wind
data in this period as sunmarized in Tables 3-7 is very simlar
to the wind rose data nentioned above for February (Overland,
1981). Figs. 10-14 show from June through Cctober, the ice edge
Is no longer a major influence in the Navarin Basin. The wind
data for these nmonths (Tables 8-12) show a drop in overall wind
speed and | ack of dom nant (high percentage) preferred w nd
directions. The nonths of Novenber and Decenber (Figs. 15 and 16
and Tables 13 and 14 have characteristics simlar to the winter

months reflecting a continental influence [Overland, 1981}).

Monthly Data Summaries

The characteristics of the nonthly wind data (for all available
years) acquired from St. Mtthews Island have been summarized in
Fig. 17. Vs = the average wind speed, Vm = maxi num wi nd speed
and STEADY = the wind steadiness. The steadiness of the wind

(Halpern, 1979) is the ratio of the magnitude of the nean wind

vector (u? + \'72)% to the mean magnitude, (u?+v2)*® expressed in
percent. Trade winds for exanple (tropics), among the O ost
constant of winds, can have a steadiness greater than 90%. As
expected from the above discussion, the months of ice growh and
i ce cover dom nance show the greater wind speeds with most

st eadi ness. The monthly tenperature data (for all available
years) from St. Matthew Island is summarized in Fig. 18. T =
average tenperature and T_= |owest tenperature. The data again

show expected patterns.
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Correlation versus Distance of Station Separation

Fig. 19 shows a plot of zero-lag cross correlation coefficients
for wind data fromcollection sites in the Bering Sea as a
function of separation distance fromthe Navarin Basin center.
The points are correlation averages of the u and v conponents of
the wind for the nonths of August and Septenber, 1981 for data
locations listed in order of increasing distance fromthe Navarin
Basi n. These are St. Matthew Island, St. Lawence Island and
Norme, with their distances shown along the absicissa in Fig. 19

respectively.

E. Applicability of Data to the Navarian

The at-sea data buoy in the central Navarin did not |ast beyond
m d- Cct ober (see above). The necessity for switching to St.
Matthew data is now apparent. Also the applicability of surface
wind data from None to the Navarin Basin appears nonexistent. In
the Septenber, 1982 Santa Monica nmeeting Overland stressed the
applicability of historic geostrophic wind data from weat her maps
to the Navarin Basin. Kozo (1982a) has also shown that cal cul ated
geostrophic Wi nds from pressure triangles such as AED (Fig. 1)
can be very well correlated to surface wind data from stations
contained within the triangle boundaries. The absence of
coastline induced thermal contrasts and orographic effects in the
central Bering Sea nake geostrophic approximations a possibility
for deriving an historical data base and an attractive

alternative to a large data gathering effort.
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Synthetic Tinme Series

Synthetic time series based on Markov nodels for data |ocations
chosen to provide input to the Rand oil spill trajectory nodel
have been devel oped at Rand using the nost recent data available,
therefore, an extensive discussion in this report is not
necessary. However, Kozo (1982) discussed a technique based on
the follow ng equation (Chow, 1964):

- A
%= £ Xpap + (1-1) x +8 (1-r®) %,

where Xy 18 the present val ue, is the imediately

Ke-1
preceding value, r is the |ag-one autocorrelation coefficient, x
and S, are the mean and standard deviation respectively of the
historical data and et is a nornmally distributed random conponent
with a zero mean and a standard deviation of one. This equation
w |l generate Xt's for speed and direction that are normally
distributed and preserve the nmean, variance and first order
correlation coefficient of the historical data (Fiering and
Jackson, 1971). For exanple, the Navarin Basin buoy data (from A
Fig. 1) in the nmonth of August (1981) has a nean wind direction
of 145.71°, a standard deviation of 114.9°, and a | ag-one
autocorrelation coefficient of .45, These can be inserted into
the above equation to generate synthetic wind directions.
Simlarly, synthetic wind speeds for August can be generated
through use of an average wind speed of 5.7 in*-1, and Sx =2.4

ins-l and a |ag-one autocorrelation coefficient of ,55.
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VIT. CONCLUSI ONS

Navarin Basin neteorol ogical data has been shown to be correlated to
St. Matthew Island data when sinmultaneous data existed. St. Matthew
Island is the closest point to the Navarin Basin where historical and
recent data can be conbined to provide a representative data base. The
weat her data conpiled in Brewer et al. (1977) for marine area Ais very

representative of the St. Mtthew Island data.

VIII. NEEDS FOR FURTHER STUDY
The sea breeze effects on St. Matthew Island and the w nter orographic
effects should be studied and isolated to determne their probable

effects on the existing data base.

The historical weather map data for the Bering Sea should be exam ned
to determne nonthly wind speed and direction characteristics for the

Navarian Basin and to increase the data base tinme span.
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Figure 6. The nost domi nant’ Wi r_ld direction (arrow,St. Matthew Island B) and ice edge position
(thick black line) in relation to the Navarin Basin region for February.
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DIRECTION

SPEED (/)

reb. (Total ohs. 571)

0-212:414-6 |6-8 |73-10 [10-12 J12-14 § 4-16 ] 6-18 |18-20 |go-22 '22-25 qn-zs"m;zn_;'zn;m_ |1£11A1.__1L.‘~
326-348.5 504 17 |4 |5 1 2 1 35 | ey
303.5-326.0 als 515 |2 20 | 35
281.0-303.5 al 1 2 11 1 9 | 1.5
258.5- 281 5 | 4 6 |2 1] 1.9
236.0-258.5 2l 20t ]2 10 | 1.8
2213-56286.D 5 | 2 | 2|1 | » | | s
1900235 1 o, | 6 ] 12 | 2.1
168.5-191.0 | 1 312 1 1 gl t.A
146..0- 168. 5 414 s 1o | ¢ “4 2 32 ] 56
123.5-146 sl lal- | ) 2 5 5 35 | o1
1020023183.94 . |, | <], |, |24
78.5-101.0 alol ol 2] 1 1 351 61
56.0-78.5 s ol ] ) 1 3 4 3 23| 4.9
133.5-56.0 3] 4 41 3 5 12 |* 10 3 1 5 s | o4
111.0-33.5 2l 7107 |27 | 25 2a | 20 24 3 6 1 160 | 2-§
a1 | 2|10 ] 7] B3] 7] 21 16 o 7 5 3 4 0 1 101 | 37-%

= GALE CLASS .20.0,

Table 4. Rivariate distributions of all

available St.
data (three hourly) for the month of February.

Matt hew Isl and wi nd speed and direction
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Figure 7. The_szt domi nant wi nd direction (arrow,St. Matthew Island B) and ice edge position
(thick black line) in relation to the Navarin Basin region for March.
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DIRECTION

SPEED (M/S)

Maxch (Total ohs. 640)

o2 ]2 Jaslos (ool iotz Tiz1a L« 16 [1o18 w2 bo-22 po- 24 bazs ze-ze vo-an ora |x |
326-348.5 2 |a |23 b7 |18 |14 13 2 113 |17.4
303.5 -326.0 sl 1517 |4 2 1 26 |a.0
281.0 -303.5 113 4|2 3 2 15 2.3
258.5- 281  E 5 | s 1 13 2.0
236.0-258. 5 2110 | 8 |6 | 2 1 1 1 31 | 4.8
213.5-236.0 5110 3 ]e 7 | 1 1 34 5.2
191.0 -213.5 1 L4 ]2 2 10 1.5
168.5 -191.0 111 sl |5 1 2 1 18 | 2.8
146.0- 168. 5 713 |94 ]2 5 2 3 35 5.4
123.5 -146.0 2 s ls |1 3 3 2 20 | 3.1
101.0 -123.5 113 512 6 17 2.6
78.5-101.0 1141 9]4 1 | 3 1 25 3.9
%6.0-78.5 3] 1 3l 4] 4 6 6 2 30 | 4.6
'33.5-56.0 Al a1 s . o \ | 43 | 6. 4
11.0-33.5 3] 7 |15k |ove |02 19 9 7 4 1 123 | 19. 4
48.6-11 0 sl a2 fjw jnn | s 2 b 87 |13 4
= GALE CLASS = 7
Table 5. Bivariate distributions of all

avail able St.

data (three hourly) for the nonth of March.

Matthew |sland wi nd speed and direction
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Figure 8. The nost doninant wind direction (arrow, St. Matthew Island B) and ice edge position

(thick black line) in relation to the Navarin Basin for April
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DIRECTION

SPEED {M/$)
April (Total ohs. 465)

0-2 | 2-4 [a-6.6-8 [8-10 10-12 L12-14 N1a-16 L1618 _

326-348.5 2w [s |7 | | 2 1 8.6
303.5 -326.0 Yy s a2
281.0- 3035 O SR S N 28 ]e.0
258.5- 281 sl | |s 30 |65
236.0-258.5 w lsls | 2 |42
213.5-236.0 3] 1 3 11 1 9 1.9
191, 0-213.5 " Ol B 4 |30
18.5-190.0 |4 1s | .12 |- wu | 30
146.0-168.5 416 7 1 -1 19 4.1
123.5-146.0 317 o |2 2 2 36 | 7.7
101.0-123.5 s lals ] 2 1 3 15 | 3 2]
78.5-101.0 2 1|1 3 7| 15
56.0-78.5 sl als | 9 3 a6 | 9.9
33.5-56.0 2|8 Jwelao] 7] 2 3 2 3 1 54 |11 6
11.0-335 af 4 V1o fie for |10 s § 3 83 |17.8
Ra4B.5:10.0 6] 6] 5|8 f s | 3 317

= GALE CLASS = .1a

Table 6. Bivariate distribution of all available St. Mtthew Island wind speed and direction
data (three hourly) for the month of April.
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ots Top of the World Map, Nallonal
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Figure 9. The nost domi nant wind direction (arrow,St. Matthew Island B) and ice edge position
(thick black line) in relation to the Navarin Basin region for May.
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DIRECTION

SPEED (M/S)

May (Total ohs. 445)

- M 1 1
_Mo-2]lz-a lla-6 Js-8 Jle-20] 1012 12-14 fra-16 T16-18 1020 120-22 32-24 ba-pg ' 2628 2-30 [TOTAL %
326- 348. 5 2 1t s |9 |2 38 8.5
303.5 -326.0 4 o 5 |2 21 4.7
381.0 -303.5 2 3 2 3 10 2.2
2-58.5- 281 1 |4 5 | 11 |25
236.0-258.5 5 15 c 1 19 4.3
213.5-236.0 3 | 2 |2 27 |61
191.0 -213.5 P BT e s P 32 7.2
168.5 -191.0 713 5 12 4 | 22 4.9
146.0- 168.5 6l 7 > | 1 19 4.3
123.5 -146.0 21 Lslo 1 2 | 49
101.0 -123.5 1 AR 6 1.3
78.5 -101.0 5| 3 5| o 2 1 ? 27 6.1
56.0 -18.5 11 4 al o e 4 37 8,3
33.5-56.0 3111 Jie] 6 4 1 1 48 | 10,4
11.0-33.5 3l Larlis | 26 19 2 119 | 26.7
lp348.5-11.0 3110 915 1 28 6.
= GALE CLASS - is
Table 7. Bivariate distributions of all available St.

Matt hew |sland w nd speed and direction
data (three hourly) for the nonth of May.
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Figure 10. The nost dominant wind direction (arrow, St. Matthew Island B) and ice edge position
(thick black line) in relation to the Navarin Basin region for June.
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SPEED (1/S)

June (Total obs. 445)

0-2 12-4 14-6 |6-8 |8-10 |10-12 |12-14 | 4-16 i16-18 18-20 20-22 D224 94-26 |26-28 28-30 anAL_ :;::3

326- 348. 5 6 | s |1 19 |43
303.5 -326.0 o b 13 1s |2 29 |6.5
281.0-303. 5 2 |5 Ji0 5 |6 4 2 1 53 [11.9
258.5- 281 715 lus I3 39 8.8
236.0-258.5 12 o 111 11 34 | 1.6
213.5-236.0 9 [23 10 |2 44 199
191.0-213.5 2l | 20 | .45

z | 168.5-191.0 sl 3111 20 | 4.5
§1|46. 0-168.5 s 17 |2 13 |29
31123. 5-146.0 10 |14 3 27 6. 1
101.0 -123.5 3 3.7
78.5-101. 0 3 <
56.0-78,5 a1 7 |_Ls
33.5-56.0 sl 3]lsls1] s 6 31 |_7.0
11.0-33.5 sl Ll | 6 9 2 1 69 | 15.9
ha8.5:11,0 7] 2 )wole] 4 o A

= GALE CLASS-.
Table 8. Bivariate distributions of all available St. Mitthew Island wind speed and direction

data (three hourly) for the month of June.
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Figure 12. The nmost dominant wind directions (arrow) near St. Matthew | sl and which are

representative of the Navarin Basin region for August.
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DIR ICTION

SPEED (H/S)

August (Total ohs. 1201)

02|24 [4-6 [6-8 1610 [ 10-12 [12-18 Lus-16 Lae-18 [18-20 [p0-20 [po-os ‘pa-z6 '26-28 bs-30. froma |3 i
326-348. 5 4 Jio fo0 b |1 2 |43
303.5- 3260 f11 fo4 Ju6 4 | 3 1 1 60 | 5.0
281.0-303.5 ] 5020 fu3 Ju | 4 51| a2
258. 5- 281 1 e |2 f15 |1 1 |50
236. 0-258.5 9 117 125 |10 |2 2 1 75 6.2
L2135 -236.0 wlawglalo | 2 81 | 6.7
191.0-213.5 stz lwols | 2 2 45 3.7
168.5- 191.0 19 J30 14 J7 |1 1 2 74| e
146.0- 168.5 12 |26 17 111 7 .3 1 77 6.4
123.5-146.0 2 12 11z la |10 8 3 96 8.0
101.0-123.5 416 Juz Ja Juo 2 3 50 | 4.2
78.5-101.0 6 |17 Joo |4 |10 7 1 77 | 6.
56.0-78.5 3 o Ji6 |37 |13 7 66 5.5
33.5 -56.0 alss |17 ]s | o 3 1 79 | 6.4
11.0-33.5 6 139 |30 fosa |20 | 8 6 | 2 135 |11.2
348, 5211 0 7 |21 |38 |23 3 13 2 112 9.3

= GALE CLASS - =

Table 10. Bivariate distributions of all

avai l able St.

Matthew |sland w nd speed and

direction data (three hourly) for the nmonth of August.
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Figure 13. The nost dominant wind directions (arrow) near St. Mtthew Island which are
representative of the Navarin Basin region for Septenber.
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DIRECT <N

SPEED (14/5)
September (Total ons. 951)

0-2 | 2-4 J4-6 [6-8 5-10 [10-12 [12-14 Y1a-16 |16-18 Tis-20 [po-22 Rz-24 ba-26 '26-28 28-30 Tora |s
326-348.5 4 123 iz ko | 2 87 9.1
303.5-326.0 6 |25 |16 ha | 1 6 68 | 7.2
281.0-303.5 10 Joa Jo7 ha |12 86 9.0
[258. 5 281 g 116 Jua Jo | 3 p__1 5.4
236. 0-258. 5 12 |23 |25 hs | 4 3 3 85 | 8.9
213.5-236. 0 ol bz Lo 14 5 56 | 5.9
191.0-213.5 9y | e 1z |2 1 52 | 5.5
168.5- 191.0 abes lalals 1 29 |30
146.0 -168.5 N It ETH T T B 1 2 | 44
r123.5 -146.0 9 |12 715 2 1 37 3.9
101.0-123.5 s e Lol 1 2 | 24
78.5-101.0 2 115 iz 14 2¢ 2 42 4.4
56.0-78.5 719 Jw | a] s 3 3 5 1 a5 | 4.1
33.5-56. 0 111 izl ae] g 1 1 41 | 4.3
11.0-33.5 6 112 13520 |1e 5 1 1 96 | 10.1
a4, 5-11.0 7122 23126 | 21 7 5 1 l 112 | 11.9
= GALE CLASS = .«
Tabl e 11.

Bivariate distributions of all available St. Mitthew Island wind speed and
direction data (three hourly) for the nmonth of Septemnber.
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Figure 14. The nost dominant wind directions (arrow) near St. Mtthew Island which are
representative of the Navarin Basin region for October.
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DIRECTION

SPEED (H/s)

October (Total ohs. 462)

lo-212-4 146688100 10-' 12 | 12-14 1a-16 Jn6-18 [18-20 0-22 'D2-24 ba-p '26-28 Ze-30 Gorar Nz |
326- 348. 5 1 15 21 19 10 2 1 2 0 1. 72 phs5.5
303.5-326.0 1§s 719 2 1 1 1 1 26 5.6
281.0 -303.5 4 | 4 7 |4 2 1 1 2 1 1 27 5.8
258. 5-281 s |6 s 16 35
236.0-258.5 14 |2 o |a 5 2 2 1 35 |76
213.5-236.0 S 1 8 17
191.0-213.5 e 1] ]2 2 1 1 13 |2s
168.5-191.0
146.0- 168.5 1l 121 3 3 1 13 2.8
123.5- 146.0 sl s s | 1 16 3.5
101.0-123.5 214 9 15 7 4 4 35 7.6
78.5-101.0 3|2 2 13 4 5 4 2 25 | 5.4
56.0-78.5 s1s5 |iwol2 a 1 1 1 28 6.1
133.5-56.0 > ls Iale ] a 1 N 2 | 4.9
11.0-33.5 5 Ji2 Jis 4 |11 4 1 1, 69 | 14.4
318,5:11,0 afre  sjiz) 7 s 1.6 1 216 | | L I

= GALE CLASS =+

Tabl e 12. Bivariate distributions of all

avail able St.
direction data (three hourly) for

Matthew Island wind speed and
the nonth of October.
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Figure 15. The npst dom nant wind direction (arrow, St. Matthew Island B) and ice edge position
(thick black line) in relation to the Navarin Basin region for Novenber.

6t



DIRECTION

SPEED (M/S)

Novenber (Total ohs. 712)

0-2 |2-4 |4-6.16-8]8-10 | 10-'12 | 12-14 H14-16 | 16-18 ' 18-20 “20-22 ‘22-24 24-26 lz&-za Izﬂ;an_"mmu __z__,th
82'6-348.5 10 17 Js ho Jio ] 3 a8 |67
303.5- 326.0 16 I3 10 2 3 54 7.6
281.0 -303.5 > l7 lalo 19 | 2.7
258.5- 281 s |6 | 1 13 1.8
236.0-258.5 6 5 12 2 15 2.1
213.5-236.0 1 3 7 1.0
191.0-213.5 3 1|1 5 7
168.5-191.0 2 | 3|4 6 20 | 2.8
146.0 -168.5 3 4 |3 B 1 24 1
123.5 -146.0 ] il A 5 1 . 1A 2.0
101.0-123.5 2 3] 3 7 7 6 4 2 1 38 4
78.5-101.0 362 |13 7 4 6 4 45 | 6.3
56.0-78.5 2 |l efo] s ] 18 | 12 6 6 4 1 1 85 |11 9
33.5 -56.0 2 af12 |12 4 |« 4 17 11 4 | 1 76 |10. 7
11.0-335 2|1 6 |23]19 |24 12 5 4 1 96 | 13.5

R318.5-11.0 9 B11 24 §26 K42 25 7 2 156 | 21.9
= GALE CLASS =
Tabl e 13.

Bivariate distributions of all available St. Matthew Island W nd speed and
direction data (three hourly) for the nonth of Novenber.
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Figure 16. The nost dominant wind direction (arrow, St. Matt hew | sl and B)
(thick black Lline) in relation t0 the Navarin Basin region for

Souscess Top of the World tMap, HNatlons!
Geographic Socisty, 1985, The 25-fatlom and
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and ice edge position
Decenber .
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DIRECTION

SPEED (M/S)

Decenber (Total 724)
0-2 | 2-4 |4-6 |6-8|8-10]}10-12 |12-14 § 4-16 [16-18 ]18-20 “20-22 22-24 “24-26 "26-20 28-30 frota | %

26-348.5 716 16 Is 1 23 3.2
1035 -326.0 s 1le |4 1 laa
'81.0-303.5 3 12 72 |3 2 2 19 2.6
'58.5- 281 1] [a]s |s 2 6 2 30 |44
136.0-258.5 312 2 13 2 4 16
213.5-236.0 1]7 2 |2 2 1 1 1 17 | 2.3
191.0-213.5 3 e s |7 9 8 2 40

168.5 -191.0 2 |1 2 13 4 7 2 0 1 22 3.0
146.0- 168.5 2 |6 |0 |8 .3 27 3.7
123.5 -146.0 1 ]2 11 |6 1 6 2 2 22 3.0
101.0-123. 5 1 3 1s 3 9 5 5 7 5 37. | 5.1
78.5-101.0 1|3 | )7 4 5 6 5 4 3 3 3 57 7.9
56.0-78.5 6 |6 |21 ]2 ] 6 2 3 4 8 2 4 64 8.8
33.5-56.0 3 |13 |1s |24 |24 12 9 5 9 117 ]16. 2
11.0-33.5 12 |28 |28 |15 27 7 11 3, 1 1 136 | 18. 8
348,5-11.0 8 fs [19 Jav |14 9 B 82 |u.3

= GALE CLASS . v
Tabl e 14. Bivariate distributions of all available St.

Matthew |sland wind speed and
direction data (three hourly) for the nonth of Decenber.
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Figure 17. Monthly wind data from St. Matthew Island. V = average
wind speed, v, = maxinum wind speed (ms~') and STEADY"=

wind steadiness (%.
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Figure 19. Zero-lag cross correlation coefficients for wind data

fromcollection sites in the Bering Sea as a function
of separation distance from the Navarin Basin center.
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