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ABSTRACT

Values of the X and Y components of average monthly surface wind stress for
coastal regions of the United States are presented on a series of charts. Sea surface
wind stress, T was computed for a formula of the form T= £ Cyq W{Wf using a value

(densnty) of (0.0022 x Latitude + 1.136) x 107 gem? |, Cy (drag coefficient)
of 0.85 x 1073 for 0 £ W (wind speed) £ 6 knots, 1.09 x 10 3 for72 W< 16
knots, 2.2 x 107 for17< W2 27 knots, and 2.43 x 107> for W= 28 knots.
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AVERAGE MONTHLY WIND STRESS ALONG
COASTAL REGIONS OF THE UNITED STATES
AND WESTERN CANADA

By

CHARLES W. MORGAN
WILLIAM H. ANTHONY

INTRODUCTION

In the course of work on modeling
the average seasonal surface current in
coastal regions of the United States a
need arose for average wind stress data.
Such data for the world’s oceans are
given by Scripps Institute of Oceanog-
graphy (1948, 1950), Hidaka (1958)
and Hellerman (1967, 1968); however
the 5° data interval used by them is
felt to be too gross for use in coastal
work where local effects on a smaller
scale are important. Using a sim-
plification of the procedure described
in Hellerman (1965) the wind stress
was computed using a resistance law

(Defant, 1961 ; p. 422):
-> = i
with stress, T being equal to air
density, P, ,times a drag coefficient,
Cq4 multiplied by the wind v%tici_g’
w

times the wind magnitude,

The value of air density used in this
study was (0.0022 x Latitude + 1.136)
x 1073 g cm™3 (Hellerman, 1965).

VALUE OF €

The value of the drag coefficient,
(g , has been the subject of many in
vestigations. Most have found that €
increased in some manner with in-
creases in the easily measured para

meter of wind speed (see, for example.,

Deacon and Webb, 1962). However in-
vestigators have also recognized that
the problem is quite complex with
Cy also depending on the relative
roughness of the water surface (Rossby
and Montgomery, 1935, referenced in
Defant, 1961; p. 421) and on the sta-
bility of the air above the sea sur-
face (see, for example, DeLeonibus,
1971). Recent work by SethuRaman
and Raynor (1975) for winds of 3-10 m
sec”'  found that C 4« increased with
increases in & roughness Reynolds
number Uy go/)} (where Uy
is surface friction velocity, 3,  is
roughness length, and 4 is kinematic
viscosity) for three distinct classes of
aerodynamic roughness: smooth, mod-
erately rough, and fully rough. They
also concluded, contrary toc many
authors, that C4 did not vary with
mean wind speed, at least in the range
3-10 m sec ™' (6-20 kn); they did
find that C;  was weakly dependent
on the atmospheric stability, in general
decreasing with increasing stability.
The question of which of the many
formulations of Cy to use in this
study was finally resolved in favor of
one used in the earlier study by
Hellerman (1967, 1968, Table 1).
Hellerman's values of C, were adopt-
ed from Deacon, Sheppard, and Webb
(1956, referenced in Hellerman 1967).
The values used are shown in Table 1.
The values for winds speeds 7-16 kn




and 17-27 kn were obtained by
averaging Hellerman'’s values for
Beaufort force 34 and 56 respec-
tively. A Cyg of 243 x 107° was
used for all winds greater than or
equal to 28 kn. Use of these values
permits comparison with Hellerman’s
work. It has the disadvantage of being
at vaniance with the recent conclu-
sions of SethuRaman and Raynor that
C 4  does not vary with mean wind
speed. However, it may be that at
wind speeds above the maximum
10 m sec™' (20 kn) studies by
SethuRaman and Raynor, there is a
dependence of the roughness length,

, and thus C 4 , on the mean
wind speed. This would explain the
findings of many investigators who
have formulated C 4 in terms of
mean wind speed.

WIND DATA

The actual computation of the
contribution to the wind stress from
direction j was calculated as:_

T g Ca), Ry Wzm

where (C 4 ), is the drag coeffi-
cient appropriate to the speed inter-
val i, f,'_.j, is the percent frequency of
the total wind distribution occurring
within speed interval i from direction
j» and W is the mean wind speed in
interval 1. The total wind stresses
were then computed as:

T, = JZ T @

& %f T 3)

Data for the wind speed distn-
bution was taken from the Table 3A
of the U.S. Naval Weather Service
Command Series of Surface Synoptic
Meterological Observations for North
American Coastal Marine Areas
(SSMO) (U.S. Naval Weather Service,
1970), for each month at each coast-
al area. The table has the wind
distributed into eight directions with
five wind speed intervals; 0-6, 7-16,
17-27, 2840, and 41 + knots. The
table lists the percentage frequency
fi. , of the eight directions N,
NE{ E, SE, S, SW, W, NW at the wind
speed interval indicated. The mean
wind speed in the interval was estimat-
ed as the average of the range of
speeds for that interval, except for the
41 + interval, for which 41 knots was
used as the mean wind speed.

PROGRAM TAUCOM

Computations for wind stress were
carried out in program TAUCOM,
(Appendix A). In the program, the
wind speed squared was designated as
follows.

UA(3 knots)=23777.6
> -
cm” sec
UB(11.5 knots)=349399.2
k9 - %
cm ™ sec
UC(22 knots)=1278708.6
a -2
cm” sec
UD(34 knots)=3054105.8
em? sec ~>
UE(41 + knots)=4441134.8
em> sec ™
and the drag coefficients were designa-
ted CA through CD with values from
0.85 x 10™7  through 2.43 x 107 °.
Each direction towards which the
wind was blowing was assigned a

A
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number; N=1, NE=2, E=3, SE=4, S=5,
SW=6, W=7, NW=8. The term f;j in
equation (1) was represented by FA
(K) for the wind intervals UA through
UE. A wind stress was calculated for
each wind direction so that T (1) =
stress to the north, T(2) = stress to the
northeast and so on. The surface of the
coastal area was placed in a cartesian
coordinate system with positive Ty
representing a stress toward the east
and positive Ty  representing a stress
toward the north. Thus the wind stress
equation from any direction appears as
follows:

T(K)=CA*FA(K)*UA +
CB*FB(K)*UB +
CC*FC(K)*UC +
CD*FD(K)*UD +
CD*FE(K)*UE

The final Ty and Ty for a particular
month and coastal area was computed
as:

Ty = YU=T(1) +.707 T(2)
. 707 T(4) - T(5) - .707 T(6)
+.707 T (8)

Ty = XU =.707 T(2) + T(3)
+.707 T(4) - .707 T(6)
-T(7) - .707 T(8)

Appendix A is a copy of the TAUCOM
program.

Appendix B is a listing of TAUCOM
stress outputs.

RESULTS
Atlantic and Gulf of Mexico Coasts
Figures 1 through 12 show average

monthly wind stress as calculated by
TAUCOM. The winter months Dec-

ember, January, February , along  the
east coast of the United States show a
generally southeast stress. The
magnitude of the stress generally de-
creases southward along the coast to
the Charleston area. From Jacksonville
to the Corpus Christi area the maxi-
mum magnitude appears in late fall.
This difference is apparently due to the
position of the North Atlantic High
Pressure System. In December and
January this high generally extends
across the U.S. and mid-Atlantic area as
a fairly wide (10° ) belt. At the same
time the Icelandic Low Pressure System
lies generally over Eastern Greenland
producing a moderate pressure gradient
in the northeastern U.S. This would
account for the 1.30 dynes cm™ in
the Boston and Quonset Point area. In
the Charleston area the maximum is
0.88 dynes cm™% |, due to the lesser
pressure gradient.

The areas from Jacksonville to
Corpus Christi during January and
February are influenced by the weak
pressure gradient which occurs be-
tween the North Atlantic High Pres-
sure System and the Inter - Tropical
Convergence Zone (ITCZ). This is
evident by the change in stress di-
rection and the lower stress magni-
tudes. In March, from Boston to the
Miami area the stress magnitudes begin
to decrease appreciably due to the
weakening pressure gradient between
the Icelandic low and the North
Atlantic high. The pressure gradient in
the Gulf coastal area is generally weak.
March also generally shows the first
indication of the development of the
thermal low pressure area of the Pacific
southwest and Mexico. April shows
the first significant change in stress
direction along the east coast. This
stress has shifted generally to the east-
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northeast and decreased significantly in
magnitude. The stress along the Gulf
coast has shifted to the westnorthwest
but has not changed significantly in
magnitude. During the month of May
the stress along the east coast is more
to the northeast while along the Gulf
coast the direction remains to the west-
northwest but the gradient has increas-
ed producing an increase in the stress
values.

During the summer months (June,
July, August) the stress along the east
coast has shifted predominately to the
northeast and decreased to its
minimum  magnitude generally in
August. However, July shows an in-
crease in magnitude from June in all
areas except Boston and the Gulf coast.
The definite establishment of the
southwest U.S. thermal low is the
major factor producing the stress
direction and magnitudes from the
Miami to Corpus Christi areas.

In September the thermal low is
beginning to dissipate and the direc-
tion of the stress along the east coast
suggests a closed high pressure cell in
the mid-U.S. This situation appears to
remain through October and Novem-
ber. By November the thermal low is
completely gone.

Pacific Coasts

The west coast areas (figures 13
through 36) from Eureka southward
show the northern extent of the North
Pacific High Pressure System during the
winter months of December, January,
and February. This high pressure area
produces a definite southeasterly stress
which is also evident throughout the
entire year. The only change that

occurs in these areas is in the mag-
nitude of stress. The formation of the
thermal low of the southwest U.S. pro-
duces a strong pressure gradient over
these areas and reaches a maximum in
May and June. During the winter
months north of Eureka the areas of
Seattle through Attu are influenced
very strongly by the Aleutian Low
Pressure System while the areas of
North Bend to Astoria are a transi-
tional zone. In the Gulf of Alaska and
the Aleutian chain there are generally
two centers of low pressure within the
Aleutian Low System. This is evident
from the stress vectors in the Sitka to
Kodiak areas which show a definite
cyclonic stress. The other local low
pressure area is northwest of Unimak
Island and is illustrated by the stress
vectors in the areas around St. Paul.

During the spring months of March,
April and May a ridge of high pressure
begins to extend from the center of the
North Pacific High in a northeasterly
direction which is evident by the stress
directions from Queen Charlotte to
North Bend. At the same time the
thermal low is forming in the southwest
U.S., the magnitudes of the stress
vectors show a significant increase from
Eureka to Baja. The conditions in the
Alaskan areas remain mostly the same
as the winter conditions, except the
lows are becoming weaker.

The summer months of June, July,
and August generally produce the mini-
mum in stress values in the Alaskan
areas where the Aleutian lL.ow System
has degenerated into isolated local areas
of weak low pressure. The areas from
Seattle to San Diego are reaching a
maximum magnitude with the pressure
gradient being the greatest in the San
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Francisco vicinity.

The fall months September, October,
and November show the ridge of high
pressure has retreated, the Aleutian
Low has begun to deepen, and the
thermal low of the southwest U.S. is
weakening. The weakening of the
thermal low also lessens the pressure
gradient along the California coastal
areas. The magnitude of the stress
vectors in the areas of Seattle to San
Diego generally reach a minimum. The
magnitude of the stress vectors in the
areas from Attu to Cordova and from
Sitka to Vancouver show a marked in-
crease during these months.

The areas from St. Lawrence to Bar-
row are not discussed due to the limit-
ed amount of monthly coverage.

Evaluation of Results

In interpreting and using this atlas,
note should be taken of the source of
the wind data. The Naval Weather
Service SSMO s were compiled from
punched cards of weather observations
taken aboard ships of varying registry
while in passage within the various
areas shown in figures 37 through 39.
Possible bias in this data could come
from the tendency of ships to follow
certain routes, or remain close to the
coast, in some areas, thus making the
data more representative of the specific
route than of the area. An additional
bias toward good weather samples
would be introduced by the tendency
of ships to avoid bad weather when
possible. A final factor affecting the
results is the number of samples in the
month. An indication of the size of the
samples is given in Table 2 which gives
the number of observations reported in
January and in July for the various
areas.
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LR ¢ 8

TEIEES

WIND SPEED
INTERVAL (KTS)

0-6
7-16
17-27
28-40

41+

BEAUFORT
FORCE

0-2
34
56
78

9+

TABLE 1
WIND SPEED INTERVALS
DRAG AVERAGE
COEFFICIENT  SPEED (Kp )

0.85 x 103 3
1.09 x 103 11.5
2.2x 1073 22
243 x 103 34
243x103 41

28

AVERAGE
SPEEDYCM2SEC"?)

0.24 x 10°
3.49 x 10°
12.79 x 10°
30.54 x 10°

44.41 x 10°




Boston
Quonset Point
New York
Atlantic City
Norfolk

Cape Hatteras
Charleston
Jacksonville
Miami

Key West

Fort Myers
Apalachicola
Pensacola

New Orleans
Galveston
Corpus Christi
Baja

San Diego, 200SW
San Diego
Santa Rosa
Point Mugu
San Francisco
Point Arena

Janua

2558
3374
1183
4417
9784
8209
9208
7139
9282
6067

722

579
4801
6512
3886
1068
3272

508
6736
3520
3104
3047
1054

TABLE 2

NUMBER OF OBSERVATIONS

July

2732
3621
1308
4553
9424
8392
9439
7680

10007

6709
804
689

5757

7253

4479

1109

3336
517

5945

3235

3726

3446

1930

Eureka

North Bend
Newport
Astoria
Seattle
Vancecuver
Queen Charlotte
Sitka

Cordova
Seward

Kodiak

Unimak

Dutch Harbor
Adak

Attu

Bristol BRay
St. Paul

St. Paul, 180W
Nunivak

St. Matthew
St. Lawrence
Cape Lisburne
Barrow

29

January July
499 769
469 527
614 533
696 686

1501 2083
1035 1916
426 816
631 1044
674 785
485 799
454 1005
1112 2505
2300 3572
1317 3006
840 2757
371 2912
551 2508
265 1048
62 739
221 240

No Data 1563

No Data 121}

No Data 2600
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APPENDIX A

MaGF
PR AN NHEE B A T

Le)

PRNGRAM TAIICOM

THIS NIMFHSIONG THF  FREQUFNCY OF FACH wIND SPEFN AND TuE EJGMT
TAlLi STRFSSFS

DIMENSINN FA{R) (FR(RA)FCIRIFN(A)FFiRA), T(AY NIR(N)

WEAL LAY

WRITE (A]leh)

FORMAT (I])

[COUNT=()

RFEAD(RGeS) LAT

FOAMAT (Féa 1)

JCOUNT=N

JFLAT,FQ,a9, ) GO TO 11

N0 20 [=xleP

nrAntao.!OO)FAg!,.Fn(li.rtcll.rn(l\.rrlli. imn
FORMAT(S§(F143e1X)eSARRS)

CONT INUE

THESF ARE THE AVERAGE WIND SPFENS FOOM TARALF 12 OF TYHE SO (JA(Y XVR),
U3(11,5 KTS)e UCI22 XTS)s UN(I4 KTS)e AND UFthle xTS) THFSE SPFENS ARF [N
CM? 7/ SFC2

HAR2Y?TT7,.6

UR*349399,>

UC2127R70R/,6

IN=30S610S5,8

HEshbb) ]34, A

WHNE (10,0022 LATe]l 17618 ,0N]

CA=z0,000RS

C9x9,00109

CC=z0.00220

CD=0.,0024)

QA=RHNECA

NAzRHNSCH

AC=HNeCC

QD=RHNeCD

NN 103 X=] .8

TI(N) 1S THE STRESE FOR ANY NIRFETION ¥  WNERE ¥ 1€ THF FIGNT CARDINAL
DIRECTYIONS NUWMRERFD 1 THR!) A
TI)2(NASIFA(KIOUR) )¢ (NB(FR(C)SUN) ) ¢ (ACH(FC(XIYOUC) j »
FIONB(FNIXIGUDI Yo INNBIFE(X)SE)Y)

Y IS THE UM AF ALL STRESSFS IN THF v NIRFATINN

POSITIVF NIMAFRS ARF EAUAL TO TRUF NNATH ANN NFGATIVF NIMAEIC ARE N THE
SOUTHERLY NIRFFTINN

YUSTI1) ¢ TNT2T (2)1=,7072T (&4)=T(5)=,7T0T78T (Ve ,TATET(R)

XU 18 THE SUM AFSTRFSSES IN THF EAST OR WESY NIRECTION

Xm , IAT@T(2)eT(3) e, 70707 (4)=,TNYST (A)=T(T)=, 70787 (R)

XS=xl)

YS=Yi)

IF(YULT,.0,) YisevU

IF(X,LT.0,) XliimaXt)

DICTALS VAL

OIOVC=ATAN(DTIEVT) ®57,2905A

SPOHVYT=SARTY ( (X11882) 4 (YUS®DY )

TF(XS,GF N, s ANN,YS 1 To0e) GO TH O)

[IF(XSLTeN,eANN,YC,t To0e) AN TN 92

IF (XS, LTe0,eAMN,YC ,GELOe) AN TN 97

DIRVF=NIAVYr

60 TN 1000

N1aVF=1A0,=DIQVF

A0 TH 1006 , : —

HIAVE=NIRVCe 180, RRMCHDING PAGE BLANK- 0T

| ———
Al

n




GO YN 1000
Q1 DIRVFE=IR),=-NTIVC
1050 CONYINUF
WRITF(ALleT) LATRHO
7 FORMAT (1M PLATITUHDF®eIXgFo,] e 10Xe2RHN =8,F11,9)
WRITF(A]14R) NA
2 FNOMAT(1k %0A =%,F11.9)
WRITF (A]49) NR
Q FORMAT(IN *NR =®,F1],.9)
WRITF (Ale?21) NC
21 FODMAT (1M *QC =*,F11.9)
WARITE (A1e22) NN
2?2 FORMAT (1K ®QD z®,F11.9)
WRITF(K]le24)
24 FORMAT (IH (33X *FRENUENCY PFRCFNT®)
WRITF (Al «?26)
Dk FNAQMAT(IH 12X o8F AR AN BFRS A #FCE QY oBFN®TAHFF® 1 0XeaTAUS,
114X ®MONTHS)
nn q-’?l '8].“
 WOITE(A14101) ToFA(T) oFBIIVeFC(TI)oFNITIFFITIeT(I)WIN
101 FNRMAT(IH ¢SXeT]l oSXe S(FS,3e5K)eF12,Re1NY ML)
541 CONTIMNE
. WOTTF(A]eSN2)XS,YSsSPDVT,NIRVF
592 FOPMAT(1M/e/e5Xe]2HY COORDTINAT e 1XoF 1N, S¢RYe124Y COORNINATEWF]10,5.
1SY 41 IHTNT GTRFGS [SF1S5.Re1Xe KHIN THE o 1 XeF & N1 X QHNTREFT IOY
1e/7) n
ICOUNT = JCOUNT )
IF (JCOUNT ,FNG3) GN TO 23
GO TO 29
271 WRITFE(ARL2T)
57 FOARMAT (IKH]) :
> JCOVNT=TICNINT Y
IF(ICNIINT (FNG12Y 60 TO 1
IF (ICOUNT FNLY GN TO 2
GO TH 10
11 STOP
END
FIMNTS
A Je LN
99,
(f

A2

]




APPENDIX B
AVERAGE MONTHLY WIND STRESS VALUES
DYNES /CM2
BOSTON STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X X DEGREES TRUE
January 1.13 -0.52 1.25 115
February 1.19 -0.52 1.30 114
March 0.97 -0.38 1.04 19
April 0.23 0.18 0.29 CS2
May 0.17 Q.55 0.39 025
June 0.20 0.38 0.43 028
July 0.17 0.36 0.40 026
August 0.13 027 0.30 026
September 0.16 0.11 0.15 056
October 0.39 -0.06 0.40 099
November 0.68 -0.18 0.70 105
December 1.16 -0.40 1.23 109
QUONSET PQINT
January 1.20 -0.50 1.30 113
February 1.28 -0.46 1.36 110
March 0.78 -0.43 0.90 119
April 0.32 -0.08 0.33 105
May 0.13 0.10 0.16 053
June 0.15 0.19 0.24 039
July 0.12 0.23 0.26 028
August 0.07 0.10 0.12 037
September 0.02 -0.28 0.28 176
October 0.29 -0.42 Q. 51 145
November 0.77 -0.26 0.81 109
December 1.17 -0.53 1.29 114
NEW _YORK
January 0.83 -0.34 0.89 112
February 1.07 -0.52 1.19 116
March 0.47 -0.34 0.58 126
April 0.31 0.05 0:.32 082
May -0.06 0.21 0.22 345
June 0.01 0.18 0.18 004
July 0.08 0.27 0.28 018
August 0.01 0.07 0.07 010
September -0.03 -0.16 Q.17 192
October 0.16 -0.32 0.35 153
November 0.69 -0.06 0.70 095
December 1.11 -0.28 1.15 104
B1
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ATLANTIC CITY  STRESS COMPONENTS TOTAL STRESS

AVERAGE MONTHLY WIND STRESS VALUES

APPENDIX B CONT'd

DYNES/CM2

STRESS DIRECTION

X Y DEGREES TRUE

January 1.04 -0.59 1.20 120
February 1.02 -0.48 E.13 115
March 0.63 -0.46 0.78 126
April 0.30 -0.03 0.30 096
May 0.01 0.10 0.10 006
June 0.02 0.15 0i.15 009
July 0.10 0.27 0.29 020
August -0.01 0.08 0.08 007
September -0.03 -0.26 0l27 186
October 0.19 -0.52 0.56 160
November 0.78 -0.29 0.83 111
December 1.10 -0.41 1.17 110
NORFOLK

January 0.87 -0.58 1.04 124
February 0.72 ~-0.44 0.84 122
March 0.61 -0.27 0.67 114
April 0.29 0.05 0.29 081
May 0.06 0.05 0.08 048
June -0.09 0.07 0.12 308
July 0.06 0.25 01.:26 013
August -0.02 0.10 0.10 348
September -0.18 -0.39 0.43 205
October 0.07 -0.64 0.64 174
November 0.56 -0.37 0.67 124
December 0.76 -0.42 0.87 119
CAPE HATTERAS

January 1.06 -0.57 1.21 118
February 0.95 -0.31 1.00 108
March 0.80 -0.19 0.82 103
April 0.56 0.11 .57 079
May 0.06 0.08 0.10 037
June 0.01 0.16 0.16 005
July 0.23 0.43 0.49 028
August 0.03 0.21 0.21 008
September -0.28 -0.47 0.55 210
October -0.22 -0.76 0.79 197
November 0.49 -0.52 Ui 137
December 0.77 -0.39 0.86 117
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APPENDIX B CONT'd
AVERAGE MONTHLY WIND STRESS VALUES
DYNES/CM?2
CHARLESTON STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
January 0.81 -0.33 0.88 112
February 0.70 -0.16 0.72 103
March 0.61 ~-0.06 0.62 095
] April 0.33 0.19 0.38 060
E May -0.05 0.07 0.09 327
June -0.03 (a7 0.18 349
July 0.17 0.47 0.50 020
August -0.03 0.16 0.16 348
September -0.47 -0.46 0.66 226
October -0.31 -0.94 0.99 199
November 0.24 -0.45 0.51 152
December 0.55 -0.34 0.64 122
& JACKSONVILLE
E January 0.57 -0.42 0.70 126
February 0.56 -0.16 0.58 106
‘ March 0.43 -0.14 0.46 107
{ April 0.11 -0.01 011 094
K May -0.13 -0.02 0.13 262
1 June -0.12 0.09 0.15 308
July 0.05 0.27 0. 27 010
August ~-0.05 -0.003 0.05 266
September -0.54 -0.39 0.67 234
October -0.47 -0.91 1.03 207
November ~-0.01 -0.66 0.66 180
December 0.31 -0.45 0.54 145
MIAMI
i o e
B January 0.10 -0.31 0.32 162
g February 0.13 -0.11 017 130
¢ March 0.01 -0.08 0.08 169
5 April -0.2 -0.07 0.26 255
1 May -0.29 -0.04 0.29 261
S June -0.18 0.14 0.23 . 308
‘ July -0.16 0.18 0.25 318
August -0.10 0.02 0l 282
September -0.36 -0.13 0.38 250
October -0.47 -0.60 0.76 218
i November -0.28 -0.56 0.63 206
; December -0.07 -0.44 0.45 189
7




APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES/CM?2
KEY WEST STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
e X )G DEGREES TRUE
January -0.50 -0.42 0.65 230
February -0.37 -0.25 0.44 235
March -0.48 -0.20 052 248
1 April -0.66 -0.17 0.68 256
May -0.52 -0.08 0,53 261
June -0.43 0.08 0.44 281
July -0.42 0.04 0.42 276
August =035 0.02 0.35 273
September -0.45 0.02 0.45 273
October -0.52 -0.38 0.65 234
November -0.61 -0.57 0.83 227
December -0.64° = -0.54 0.83 230
FORT MYERS
January -0.13 -0.41 0.43 198
February -0.24 -0.24 0.34 224
March -0.11 -0.20 0.23 209
4 April -0.43  -0.09 0.44 258
' May -0.30 -0.04 0.31 262
June -0.26 0.05 - 0.26 281
July -0.21 0.07 0.22 288
August -0.17 0.05 0.18 285
September -0.33 0.07 0.34 282
October -0.50 -0.43 0.66 229
November -0.35 -0.63 01,72 209
December -0.35 -0.44 0.56 219
K APALACHICOLA
‘q January 0.21 -0.43 0.47 154
i February 0.00 -0.30 0.30 180
v March 0.06 -0.14 0.16 157
‘. April -0.16 -0.11 0.19 236
% May -0.22 -0.03 0.22 263
: June «0.13 0.06 0.14 293
2 July -0.05 0.11 0.12 337
August -0.16 0,08 0.18 299
September -0.60 0.02 0.60 272
October -0.,39 -0.50 0.63 218
W November -0.15 -0.39 0.42 201
December -0.26 -0.44 0.51 210




APPENDIX B CONT'd
AVERAGE MONTHLY WIND STRESS VALUES
DYNES/CM2
PENSACOLA STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
January 0.00 -0.42 0.42 180
February -0.08 -0.22 0.24 199
» March -0.21 -0.15 0.26 235
April -0.27 0.05 0.28 281
May -0.30 0.03 0.30 276
June -0.19 0.16 0.25 312
July -0.02 0.12 0.12 350
August -0.11 0.09 0.14 312
September -0.58 ~-0.05 0.59 265
October -0.55 -0.46 0.72 230
November -0.22 ~0.49 0.53 204
December -0.16 ~-0.35 0.38 204
NEW ORLEANS
January -0.06 -0.45 0.45 188
February -0.20 ~0.28 0.35 216
March -0.27 -0.22 0.35 230
April -0.39 0.07 0.39 281
May -0.39 0.09 0.40 283
June ~-0.24 0.20 0.31 310
July ~-0.09 0.14 0.16 326
August -0.14 0.08 0.16 300
September -0.61 -0.10 0.62 261
October -0.46 -0.49 0.67 224
November -0.36 -0.49 0.61 216
December -0.25 -0.38 0.45 213
GALVESTON
January -0.16 -0.45 0.48 200
February -0.27 -0.20 0.34 233
March -0.26 -0.21 0.33 230
April -0.37 0.04 0.38 275
May -0.42 0.% 0.46 295
June -0.30 0.27 0.41 312
July -0.13 0.25 0.28 332
August -0.14 0.13 ey Sl
September -0.55 -0.12 0.56 257
October -0.37 -0.38 0.53 224
November -0.33 -0.37 0.50 222
December -0.24 -0.40 0.47 211
BS
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APPENDIX B CONT'd
AVERAGE MONTHLY WIND STRESS VALUES
DYNES/CM?
CORPUS CRISTI STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
1 January -0.32 -0.66 0.73 206
February -0.24 -0.32 0.40 216
March -0.38 -0.27 0.47 235
April -0.65 0.13 0.66 281
May -0.65 0.26 0.70 292
i : June -0.54 0.46 0.71 310
July -0.32 0.42 0.53 323
August -0.29 0.18 0.34 302
September -0.47 -0.12 0.48 256
: October -0.41 -0.43 0.59 224
. November -0.43 -0.31 0.53 234
December -0.14 -0.53 0.54 195
BAJA
‘
H January 0.37 -0.45 0.58 140
. February 0.55 -0.57 0.79 136
March 0.74 -0.71 1.03 134
April 0.76 -0.67 1.01 132
May 0.85 -0.76 1.14 132
June 0.73 -0.66 0.99 132
July 0.54 -0.49 0.73 132
August 0.45 -0.40 0.60 132
September 0.55 -0.54 0.77 134
October 0.52 -0.48 0.71 133
$ November 0.45 -0.47 0.65 136
% December 0.40 -0.48 0.63 140
§ SAN DIEGO _200SW
"
‘ January 0.16 -0.66 0.68 167
February 0.45 -0.59 0.74 143
March 0.48 -0.74 0.89 147
April 0.69 -0.93 1.16 144
May 0.68 -1.13 1.32 149
June 0.49 -0.98 1.10 154
o July 0.28 -0.83 0.88 161
& August 0.18 -0.53 0.56 162
el September 0.28 -0.74 0.79 159
¥ October 0.34 -0.76 0.83 156
* November 0.26 -0.46 0.53 150
F December 0.39 -0.63 0.70 154
;
L]
e
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APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES/CM2
SAN DIEGO STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X 'S DEGREES TRUE
3
1 January 0.28 -0.15 0.32 118
February 0.49 -0.25 0.55 117
’ March 0.64 -0.26 0.69 112
April 0.64 -0.21 0.68 108
May 0.67 -0.23 0. 71 109
June 0.58 -0.22 0.62 111
July 0.49 -0.20 0.53 132
August 0.43 =0.15 0.46 109
September 0.54 -0.27 0.60 117
October 0.40 -0.21 0.46 118
November 0.37 -0.20 0.42 118
i December 0.33 -0.19 0.38 120
SANTA ROSA
January 0.49 -0.61 0.79 141
f February 0.69 -0.91 115 143
| March 0.98 -1.11 1.48 139
April 118 -1.22 1.70 136
May 1.18 -1.35 1.80 139
June 1.12 -1.29 1. 70 139
July 0.88 -1.06 1538 140
August 0.82 -1.00 1. 29 141
September 0.80 -1.02 1.30 142
Ocboter 0.70 -1.06 1.7 147
November 055 -0.69 0.89 142
; December 0.51 -0.81 0.95 148
1 POINT MUGU
& January 0.30 -0.21 0.37 125
E February 0.43 -0.31 0.53 126
3 March 0.77 -0.40 0.87 117
& April 0.81 -0.49 0.94 121
. May 0.95 -0.60 1.13 122
3 June 1.01 -0.68 1.22 124
3 July 0.83 -0.59 1.02 125
’" August 0.78 =033 0.94 124
P September 0.61 -0.31 0.69 117
% October 0.50 -0.40 0.64 129
kS November 0.42 -0.36 0.55 131
¥ December 0.33 -0.24 0.41 127
,.
H
%
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APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES/CM2
SAN FRANCISCO STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
S X Y DEGREES TRUE
January 0.32 -0.22 0.39 124
February 0.53 -0.54 0.76 135
[ March 0.90 -0.78 1.18 131
April 105 -1.17 1.62 136
May 1:45 ~1.44 2.05 135
Tune 1.42 -1.55 2,10 137
July 1.07 -1.17 1.59 137
Angust 1.04 -1.12 1.53 33
September 0.84 -1.00 1.30 140
October 0.66 -0.94 L 1S 145
November 0.46 -0.40 0.61 131
! DBecember 0.33 -0.37 0.50 138
POLNT ARENA
January 0.24 -0.08 0.26 108
i { February 0.44 -0,.38 0.58 131
X March 0.61 -0.48 0.77 128
April 0.95 -0.99 1.38 136
May 1.48 -1.61 2.18 137
June 1.54 -1.89 2.44 141
July 1.40 -1.60 213 139
August 1.23 -1.39 1.85 138
September 0.71 ~-1.06 127 146
October 0.61 -0.84 1.04 144
November 0.19 -0.14 0.23 125
s December 0.26 -0.31 0.40 140
3 RUREKA
§ January 0.25 0.06 0.26 076
£ February 0.28 -0.10 0.30 109
3 March 0.50 0.00 0.50 090
¢ April 0.45 -1.18 1.26 159
£ May 0.69 -1.55 1.70 156
June 0.82 -1.99 2415 158
July (6 7/ -2.02 2.14 160
August 0.58 =L.76 1.86 162
September 0.48 -1.49 1.57 162
October 0.30 -0.75 0.81 158
November 0.04 0.02 0.05 061
December e ZL -0.05 0.21 103
B8
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APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES/CM2
NORTH BEND STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
1 January 0.35 0.98 1.04 020
February 0.38 0.67 0.77 030
March 0.44 0.48 0.65 042
April 0.31 -0.41 0.51 143
May 0.35 -1.12 1.18 163
June 0.43 -1.48 1.54 164
July 0.48 -1.77 1.84 165
August 0.26 -1.16 1.19 167
September 0.14 -0.88 0.89 171
October 0.09 -0.20 0.22 156
E: November 0.14 0.68 0.69 012
l g December 0.39 1.03 1.10 021
t
;5 NEWPORT
| January 0.33 1.32 1.17 017
E’ February 0.48 0.76 0.90 032
: March 0.54 0.90 1.05 031
b . April 0.26 -0.07 0.27 106
B May 0.25 -0.56 0.61 156
k. June 0.31 -0.59 0.67 153
E July .34 -0.88 0.94 159
| August 0.16 -0.58 0.60 165
: September 0.21 -0.39 0.45 152
2 October 0.24 0.41 0.48 030
[ 4 November 0.06 1.09 1.09 003
& December 0.29 1.59 1.62 010
L+ 3
7 ASTORIA
% January 0.13 1.01 1.01 008
- February 0.35 0.49 0.60 035
¢ March 0.27 0.50 0.57 028
5 April 0.37 0.24 0.44 057
May 0.46 -0.28 0.54 122
e June 0.49 -0.32 0.59 123
. July 0.46 -0.46 0.65 135
! August 0.42 -0.31 0.52 127
September 0.24 -0.18 0.30 127
October 0.15 0.46 0.48 018
November 0.11 0.94 0.94 007
December 0.16 1.26 1.27 007

b
4
2]
¢
-,
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APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES/CM2
SEATTLE STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
January -0.18 0.61 0.64 344
February 0.21 0.41 0.47 027
! March 0.09 0.34 0.36 014
April 0.26 0.09 0.27 072
May 0.27 -0.02 0.27 094
June 0.50 -0.14 052 105
July 0.61 -0.19 0.64 107
August 0.40 ~0.23 0.46 120
September 0.25 -0.08 0.26 108
October 0.07 0.33 0.33 012
November ~0.08 0.41 0.42 350
December ~0.22 0.67 0.70 342
4 VANCOUVER
f January ~0.17 1.02 1.03 351
‘ February 0.05 0.73 0.73 004
g March 0.31 0.63 .71 026
' April 0.56 0.41 0.70 054
May 0.36 0.10 0.37 074
June 0.46 0.07 0.46 082
July 0.59 =12 0.60 102
August 0.46 -0.06 0.46 097
September 0.28 0.16 0.32 061
October 0.08 0.86 0.87 005
November 0.02 1.24 1.24 001
December -0.04 1.26 1.26 358
‘ QUEEN CHARLOTTE
‘ January -0.50 0.37 0.62 307
t February -0.27 0.57 0.63 335
k: March -0.43 0.26 0.50 301
3 April -0.01 0.40 0.40 359
; May -0.08 0.16 0.18 333
L& June 0.08 0.16 0.18 027
| July 0.28 0.05 0.28 081
|3 August 022 ~0.01 0.22 092
[i September -0.28 0.36 0.45 322
October -0.65 0.97 Lel7 326
November -0.53 3 (9 1:23 335
December -1.03 0.87 L3 310

BiO




SITKA

January
February
March
April
May

June
July
August
September
October
November
December

CORDOVA

January
February
March
April
May

June
July
August
September
October
November
December

SEWARD

January
February
March
April
May
June
July
August
September
October
November
December

AVERAGE MONTHLY WIND STRESS VALUES

APPENDIX B CONT'd

DYNES /CM2
STRESS COMPONENTS  TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
-0.99 -0.12 1.00 263
-0.75 0.42 0.86 299
-0.79 0.24 0.83 287
-0.41 0.31 0.52 307
-0.37 0.22 0.43 300
-0.06 0.20 0.21 342
-0.01 0.14 0.14 358
-0.06 0.30 0.30 349
-0.48 0.55 0.73 319
-0.83 0.91 1.23 318
-0.98 0.81 1.27 310
-0.80 0.16 0.82 281
=1.11 0.17 1.13 279
-0.93 0.30 0.97 288
~0.50 0.19 0.53 291
“0.37 0.21 0.42 299
-0.54 0.32 0.63 301
-0.34 0.16 0.37 296
-0.15 0.32 0.35 335
-0.01 0.27 0.27 358
-0.74 0.49 0.89 303
-0.87 0.69 1.11 309
=120 0.75 1.42 302
-0.92 0.33 0.98 290
-0.46 -0.41 0.62 228
-0.19 0.20 0.28 317
-0.06 0.05 0.08 053
0.10 0.02 0.11 078
-0.17 0.01 0.17 273
-0.29 0.15 0.33 297
-0.09 0.05 0.10 300
0.02 0.24 0.24 004
«0.33 0.32 0.46 314
0.33 0.14 0.36 067
-0.09 -0.17 0.19 209
-0.04 -0.44 0.44 185
Bl1l




APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES/CM?2
KOD IAK STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
January ~-0,12 -0.21 0.24 210
February 1:10 -0.54 1.23 116
March 0.35 -0.25 0.43 126
April 0.57 -0.19 0.60 109
May -0.02 0.04 0.04 331
June -0.35 0.11 0.37 288
July 0.12 0. 12 0.17 044
August 0.01 0.28 0.28 003
September -0.11 0.01 0.11 274
October 0.48 -0.32 0.58 124
November 0.09 -0.59 0.60 5 |
December 15 105, -0.59 1.25 118
UNIMAK
January 0.14 -0.43 0.45 162
February 0.26 0.07 0.27 076
March 0.82 -0.29 0.87 110
April 0.81 @.22 0.84 075
May 0.26 0,11 0.28 066
June 0.02 -0.06 0.06 161
July 0.50 0.20 0.54 068
August 0.83 0.50 0.97 059
September 0.60 0.18 0.63 073
October 1.28 =0.15 129 097
November 1.30 0.05 1.30 088
December 0.80 -0.71 .07 132
DUTCH HARBOR
January -0.01 0.03 0.03 344
February -0.07 0.56 0.56 353
March 0.27 0.14 0.30 063
April 0.65 0.59 0.88 048
May 0.47 0.08 0.47 080
June 0.00 0.14 0.14 002
July 0.42 0.47 0.63 042
August 0.67 0.55 0.87 051
September 0.62 -0.03 0.62 093
October 1.37 -0.14 1.38 096
November 12D 0.30 1.28 077
December 0.07 -0.03 0.08 114
B12
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Ty g a—

ADAK

January
February
March
April
May

June
July
August
September
October
November
December

ATTU

January
February
March
April
May

June
July
August
September
October
November
December

BRISTOL BAY

January
February
March
April
May

June
July
August
September
October
November
December

AVERAGE MONTHLY WIND STRESS VALUES
DYNES /(M2

STRESS COMPONENTS

APPENDIX B CONT'd

TOTAL STRESS

STRESS DIRECTION

X ¥ DEGREES TRUE
-0.48 -0.08 0.49 261
-0.16 0.42 0.45 339

0.06 0.16 0.17 022
0.57 0.55 0.79 046
0.48 0.07 0.49 082
-0.04 0.14 0.14 345
0.26 0.54 0.60 025
0.35 0.53 0.64 034
0.52 9.13 0.53 076
1.15 0.02 1.15 089
1.08 032 1% 074
0.15 0.23 0.28 032
~0.72 -0.57 0.92 232
~0.69 -0.50 0.85 234
~0.48 -0.56 0.73 220
0.54 (01657 0.76 046
0.13 0.13 0.19 046
0.09 ~0.01 0.09 096
0.13 0.39 0.41 018
0.33 0.41 0.52 039
0.35 ~0.16 0.38 115
0.67 0.31 0.74 065
0.67 0.72 0.99 043
-0.04 0.29 0.30 352
0.02 0.40 0.40 003
=0 -1.24 1.25 186
-0.08 =0.33 0.34 193
0.44 0.02 0.44 087
0.08 0.09 0.12 043
0.12 0.01 0.12 084
0.22 0.26 0.34 040
0.3 0.53 0.62 032
0.12 -0.12 0.17 135
0.86 -0.63 1.07 126
0.60 -0.14 0.62 103
=0.19 0.13 0.23 306
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APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES /CM?
ST. PAUL STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
' January -1.39 0.05 1.39 272
February -0.99 0.06 0.99 274
March -0.35 ~0.63 0.73 209
April 0.25 0.19 0.31 053
May 0.21 0.03 s 2] 081
June -0.02 -0.31 0.31 185
July 0.18 0.31 0.36 031
August 0.16 0.43 0.46 021
September 0.30 -0.16 0.34 118
October 1.04 -0.22 1.06 102
) November -0.03 -0.68 0.69 183
December 0.05 -0.28 0.29 170
ST. PAUL 180 WEST
January -0.77 -1.84 2.00 203
February -0.99 -2.02 2.24 206
March -1.50 -1.67 2.25 222
April 0.83 0.88 1.21 043
May 0.11 -0.29 0.31 159
June 0.04 0.05 0.06 040
July 0.02 0.11 0.11 009
August -0.60 0.57 0.83 313
September 0.10 0.74 0.75 008
October 0.4c -0.55 0.69 142
Nuvember -0.95 -0.64 1.15 236
g December 0.05 -0.69 0.70 176
- NUNIVAK
- January -1.28 -0.09 1.28 266
x February -0.50 -1.81 1.88 195
March -0.81 1.42 1.63 230
April -0.07 0.51 0.51 352
May -1.30 0.51 1.39 291
June -0.03 -0.45 0.45 184
- July 0.15 0.20 Q25 037
’ August 0.19 0.34 0.39 030
September -0.2¢ 0.68 0.71 343
L October 0.51 -0.57 0.77 138
b November
F December
;

| Bl4




APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES/CM2
ST. MATTHEW STRESS COMPONENTS TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
January ~1.12 -1.43 1.82 218
February =170 -0.96 1.95 241
March L.30 0.02 1.30 089
April -1.06 -1.07 1.51 225
May -0.82 -1.02 .31 219
June 0.10 -0.07 0.12 126
July =005 0.35 0.35 352
August -0.06 0.35 0.36 350
September -0.49 0.46 0.67 313
October
November
December
ST. LAWRENCE
January
February =075 -2.19 2.32 199
March -0.19 0.14 0.23 306
April 0.21 -0.51 055 158
May -0.14 -0.45 0.47 197
June -0.37 -0.36 0.5k 226
July -0.01 0.36 0.36 359
August 0.01 -0.12 12 177
September -0.05 ~0.34 0.34 189
October
November
December
CAPE LISBURNE
January
February
March
April
May -0.78 -1.39 1.39 209
June 0.02 0.24 0.24 004
July -0.03 0.69 0.69 358
August 0.12 0.03 D13 075
September -0.33 -0.32 0.46 226
October
November
December
B15




BARROW

January
February
» March
April
May
June
July
August
September
October
November
December

e
5

e,

APPENDIX B CONT'd

AVERAGE MONTHLY WIND STRESS VALUES

DYNES/CM2
STRESS COMPONENTS  TOTAL STRESS STRESS DIRECTION
X Y DEGREES TRUE
0.17 0.10 0.20 060
-0.29 -0.18 0.34 239
-0.53 -0.35 0.63 237
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