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\ INTRODUCTION

~JDuring the ADS meeting of March 16, 1977 it was decided to
produce a NORPAX ADS program data report for trimonthly periods

roughly corresponding to seasons.

This is the first issue of that data report, and conteins
contour maps of monthly meaned: FNWC air temperature, sea
temperature, wind speed, wind direction, surface vapor pressure,
and 700 mb heights; NORPAX calculatgd wind stress; wind stress
curl, wind shear velocity cubed (U;a ) B :én;;gi;‘heat flux,
latent heat flux; objectively analyzed TRANSPAC temperatures at
discrete depths from White and Bernstein (SIO). This report also

contains monthly drifter buoy displacement vectors from Kirwan

(TAMU) and McNally (SIO).é:Ww

Because of extensive back dating in this first report, the

time period from June, 1976 to February, 1977 will be covered.

T ———————

PROCEDURE AND ANALYSIS
1. FNWC 63 x 63 Northern Hemispheric Fields

FNWC data were taken from 63 x 63 polar gridded fields of 6-
hourly wind ppeed and direction, and 12-hourly 700 mb height, sea

surface temperature, air temperature, and vapor pressure.
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33 x 63 fields were extracted from the larger fields; geographic
coverage of a 33 x 63 field is shown in Figure 1. 10-m level

3
winds and U, were calculated from FNWC winds by an iterative

scheme using the neutral flux-profile relationships obtained by
Businger et al. (1971). Wind stress was calculated from FNWC

wind speed and direction using a bulk aerodynamic equation:

TS = pGUL il

where

T = surface stress
OW = Reynolds stress, (ma'sec-")
JD = air density
W = ¥vind speed at 10 m
C, =, 1.3 x 16’ (drag coefficient found by
Smith and Banke (1975) for

U'° = 10 m/sec).

The vertical component of wind stress curl was calculated on
the FNWC northern hemispheric grid using polar projection mapping

equations and finite difference approximations (Appendix A).

Sensible heat flux (cal/cm sec) was obtained using an

empirical bulk fqrmula (Priehe and Schmitt, 1976):
!
noé ‘Ug- (T,-Ta)
sur. = pGloQ + Cy Uy (Ts-Ta (2)

where,
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Cp = 0.24 cal/egm°C

)
Cu = 0.91 x 10

ol

sea surface temperature

1; = (0 meter) air temperature

The latent heat flux (cal/cﬂlsec) was also calculated from a

bulk formula (Friehe and Schmitt, 1976):

LHF = L-C"Um'-[qu 'Q] (3)

L = 595 cal/gm (heat of evaporation) |
Ce-1.32 x 163
Q- 0.75[EAIR (gm-m.’ ) = FNWC vapor

pressure]

CD“E vapor density near the sea surface
-7 |
= 1.667 x 10 [e17.19|('rs N 273)273%, |

Stress, stress-curl and q: fields were calculated at 00z,
06z, 12z, 18z GMT; heat fluxes were calculated for 00z and 12z
GMT every day. These calculated fields were then averaged to
obtain daily, 5-daily, and monthly means. North and east-wind
components were meaned to obtain daily, 5-daily, and monthly
vector means of wind speed and direction. Monthly means were
contoured over the region of the North Pacific from 120E to 230FE
and 20N to 60N. These contour maps are grouped by month in the

present report in Figures 2.1-2.11, 4.1-4.11, T.1=-7.11,

10.1'10.11. 13.1-'3.11. 16.1-16.11' 19.1-19.11' 22.1-220‘1' and




24.1-24.11. l

2. Objectively Analyzed Transpac XBT

XBTs have been regularly dropped from ships of opportunity
in the Pacific since 1974. Recovered temperature profile data
have been analyzed at Scripps by Bernstein and White and
temperature residuals from their 1968 to 1974 climatology
calculated. These temperature anomalies were contoured for O,
60, 120, 200, 300 and 400 meter depths, by month, in Figures
Fel=5:6, H5.1=5.6, 8.1=8:,6, tlel=-11.6;, 14.1-14:6, 17 1=-17.6,

20.1-20.6, 23.1-23.6, and 25.1-25.6. 1

3. Kirwan/McNally Buoys

Several buoys drogued at 35 meters were deployed in the

i

North Pacific ADS area from June, 1976 to the present. Because

of attrition of 0ld buoys and addition of new buoys, the number
at any time varied from 12 to,26. Satellite fixes were obtained
on each buoy several times a day; although the analyses of these
data were not complete, monthly instantaneous buoy positions were
available up to December, 1976. Monthly buoy displacement
vectors have been plaotted in Figures 6., 9., 12., 15., 18., and
21. Because the buoys were deployed in June, 1976, there are no

buoy displacement data for that month.
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FIGURE 2.1 Absolute value of mogthly mean vector wind velocities at 19. 5 meters.

Ceoatour iatervals are | m/eec.
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meters. Vanes on arrows indicate wind speed in knote. If speed is less than
2.5 knots, there is no vane; for every 5 knots above 2.5 knots, 1/2 vane is
plotted.
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FIGURE 2.3 y ll-oothly mean wind stress is the mean of 6-hourly wind stress at 10 meszrl

ealculated from FNWC wind dats. Contour intervals are 0.2 dynes/cm

CURL OF WIND STRESS (10%*-9 DYNES/CM*+3) JUN

4
NR 2
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FIGURE 2.4 The vertical component of monthly mean wind stress curl is the mean of 6-hourly
wind stress curl approximated by finite-differences from 6-hourly wind stresses at
10 meters. lsolines of sero curl are plotted heavily, and contourintervals are
4.0x10"? dynn/cm’.
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U STAR CUBED ((M/SEC)e*3) JUN 76

170 180 190 200 210 220
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FIGURE 2.5 Monthly mean wind shear stress velocity cubed, U.’ is the mean of 6-hourly wind

shear stress velocity cubed calculated from wind speed at 10 meters. Contour
intervals are 0.01 (mlooe)’.

SEA SURFACE TEMPERATURE (DEG.C) JUN 76
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FIGURE 2.6 Monthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface
temperatures. Contour intervale are | C.
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AIR TEMPERATURE (DEG. C) JUN 76
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Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.

FIGURE 2.7
Contour intervals are 2 C.
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rrouxs 2.9 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb heights.
Centour intervals are 25 meters.
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VAPOR PRESSURE (MB) JUN 76
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FIGURE 2.9 Monthly mean surfsce vepor pressure is the mean of 12-hourly FNWC vapor pressure

at 19.5 meters. Contour intervals are 1 mb.

SENSIBLE HEAT FLUX (10%¢-4 CAL/QM=*2 SEC) JUN

FIGURE 2.10 Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat flux calgulated from FNWC air and sea temperature and wind using a
bulk lomnl.‘ u.u-.’ of sero heat flux are plotted heavily, and contour intervale

are 1.0 x 10°° cal/em® sec.




LATITUDE (N)

LATENT HEAT FLUX (10%e-3 CAL/CMe=+2 SEC)
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FIGURE 2.1 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure and
wind using a bulk formula, hq}hu of gero heat flux are plotted heavily, and

contour intervals ave 0.3 x 10~ cal/cm” sec.
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WIND SPEED (M/SEC) Jw 76

LATITUDE (N)

2050 750 140 160 160 17IOTL‘Dé8(oE) 790 200 810 220

FIGURE 4.1 Absolute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec.
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FIGURE 4.2 Direction arrows repr ting directi of monthly mean wind vectore at 19.5
meters. Vanes on arrows indicate wind speed in knote. If speed is less than
2.5 knots, there is no vane; for every 5 knots above 2.5 knote, 1/2 vane lo
plotted.
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LATITUDE )

LATITUDE (N)

WIND STRESS (DYNES/CMe<2) Jw 76

60

160 170 180 180 200 210 220
LONGITURE (E)

FIGURE 4.3 Monthly mean wiand stress is the mean of é-hourly wind stress ot }0 metere
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm?.

CURL OF WIND STRESS (10=+-9 DYNES/CM=+3) JUL

150 160 170
LONGITUDE (E)

FIGURE 4.4 The vertical component of monthly mean wind stress curl ls the mean of 6-hourly
wind stress curl appromimated by finite-differences from é-hourly wind stresses at
10 meters. lsolines of sero curl are plotted heavily, and contour intervale are

4.0x10"7 dynes/em”.
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U STAR CUBED ((M/SEC)ee3) Juu 76
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FIGURE 4.3 Monthly mean wind shear stress velocity cubed, U#3 {g the mean of 6-hourly wind

shear streess velocity cubo‘ calculated from wind speed at 10 meters. Contour
intervals are 0.08 (m/sec)’.

SEA SURFACE TEMPERATURE (DEG.C) Ju 76
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FIGURE 4.6 Monthly mean sea surface temperature ls the mean of 12-heurly FNWC sea surface
peratures. Cont intervals are 1°C.




LATITUDE (N)

LATITUDE (N)

AIR TEMPERATURE (DEG. C) Ju 76
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FIGURE 4.7 Monthly mean air temperature s the mean of 12-hourly FNWC air temperatares.

Contour intervals are 2°C.
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FIGURE 4.8 Monthly meaa 700 mb height i¢ the mean of 12-hourly FNWC 700 mb heights.

Centoun intervals are 25 meters.
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LATITUDE (N)

VAPOR PRESSURE (MB) JuL 76
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FIGURE 4.9 Monthly mean surface vapor pressure is du mean of 12-hourly FNWC vapor
pressure at 19. 5 meters. Contour intervals are 1 mbd.

SENSIBLE HEAT FLUX (10%+-4 CAL/CMe+2 SEC) Ju 76

2P V80 140 180 160 170 180
LONGI TWDE. (E)

‘ FIGURE 4. 10 Monthly mean sensible heat flux (ocean to atmosphere) ls the mean of 12-hourly
sensible heat flux calculated from FNWC air and ses tempersture and wind uelag
a bulk formula. leolines of nr, heat flux are plotted heavily, and conteur
intervale are 1.0 = 10°% cal/em® qec.
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LATENT HEAT FLUX (10%-3 CAL/CM=+2 SEC) Juw 76

LATITUDE (N)
»
o

FIGURE 4. 11 " Monthly mean latent heat flux (ocesn to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure an
wind using a bulk formula. lsolines of lzno heat flux are plotted heavily, and

contour istervals are 0.5 x 10°3 cal/em? sec.
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LATITUDE (NORTH)

BUOY PLOT FOR JUL. , 76
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FIGURE 6.
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Monthly buoy displacement vectors. Vectors are
drawn from start point at beginning of month to
terminal point at end of month.
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WIND SPEED (M/SEC) AUG 76
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FIGURE 7.1 Absolute value of momhlybmo.n vector wind velocities at 19. 5 meters.
Contour intervals are 1 m/sec.
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FIGURE 7.2 Direction arrows representing directions of monthly mean wind vectors at 19.5
meters. Vanes on arrows indicate wind speed in knots. If speed lo lese than
2.5 knots, there ls no vane; for every 5 knots above 2.5 kanots, 1/2 vane te

plotted.
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WIND STRESS (DYNES/QMe+2) AUG 76
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FIGURE 1.8 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 meters
calculated from FNWC wind data. Coatour intervals are 0.2 dynnlcmz.
| CURL OF WIND STRESS (10**-9 DYNES/CMe=+3) AUG 76
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FIGURE 7.4 The vertical component of monthly mean wind stress curl ls the mean of é-hourly
wind etress curl approximated by finite-differences from é-hourly wind stresses at
10 meters. Isolines of sero curl are plotted heavily, and contour intervale are
4.0x10"7 dynes/cm”.




LATITUDE .tN)

LATITUWDE (N)

U STAR CUBED ((M/SEC)=*+3) AUG 76

60

S0

40|

50 \/\
A2 Q
2 ‘ %1 A A A A " M A " A " N BN s s

20 130 140 1S5S0 160 170 180 1S0 @200 @210 220
LONGITWOE (E)

FIGURE 7.5 Monthly mean wind shear stress velocity cubed, Ue3 {4 the mean of 6-hourly wind
shear stress velocity cubus calculsted rom wind speed at 10 meters. Coatour
intervals are 0.0{ (m/sec)’.

SEA SURFACE TEMPERATURE (DEG.C) AUG 76
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FIGURE 7.6 Monthly mean sea surface temperature ie the mean of 12-hourly FNWC sea surface
temperatures. Contour intervals are 1°C.
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AIR TEMPERATURE (DEG. C) AUG 76
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FIGURE 7.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2°C.

700 MB HEIGHT (M) AUG 76
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FIGURE 7.8 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb helghts.

Contour intervals are 25 meters.




VAPOR PRESSURE (MB) AUG 76
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FIGURE 7.9 " Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervale are 1 mb.

SENSIBLE HEAT FLUX (10%+-4 CAL/CMe+2 SEC) AUG

LATITUDE (N)

2P0 730 140 150 160 170 768 TS0 200 210 220

Monthly mean sensible heat flux (ocean to atmosphere) {o the mean of 12-hourly
sensible heat flux caleulated from FNWC air and sea temperature and wind using
a bilk formula. leolines of l.l" heat flux are plotted heavily, and contour
intervals are 1.0 = 10°* cal/ecm® sec.

FIGURE 7.10
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LATENT HEAT FLUX (10°<-3 CAL/CM=2 SEC) AUG 76
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LATITUBE (N)

aPEO 130 140 180 160,Lc1m7|0 IB‘OE, 180 200 210 220

FIGURE 7.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-beourly
latent heat flux calculated from FNWC sea temperature, vapor pressure au.'
wind using a bulk formula. Isolines of l{l’ﬂ heat flux are plotted heavily, and
contour intervals are 0.5 x 10-3 cal/em? sec.

Ty -l_-.' - ?—‘ ——
e, s ik ety




‘sdoap 1L X DVASNVYH.L 243 Jo suoijisod oyj jjaew sasgoad ayg ‘-A[iaeay
umeap a1e A[eWwOU®R 0J2Z JO SAUI[O81 pU® paanhydjey aJe sease Ajewoue

aane8aN -sy3dop poxiy je painojuod (D,) sdifewoure sanjeraduwraz A[yuoW ‘8 AUNDOII
(3) 30NLIONOT (3) 30LisNON
g2 L8 N08 ARl 0 013 Go2 U6l 034

Lk

1

. m &
W NOv =
. M =
z =
L
i
ug 0
g
H = 5
i > - <
i = =
ov & 3
3 m =
L
? — =
z =
[
: SHIAI N 00% SE3iIN 09
© bg2 022 0L2 002 G6L _08L 0.l 094 66!
; v L
> >
or
S =
z z

Sd3LlI 002
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BUOY PLOT FOR AUG. . 76
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FIGURE 9.
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Monthly buoy displacement vectors. Vectors are
drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 10.1

WIND DIRECTION
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LONGITUDE (E)

5 Ab-.olutc value of monthly mean vector wind velocities at 19. 5 meters.
Contour intervals are 1 m/sec.
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FIGURE 10.2

" Direction arrows representing directions of moathly mean wind vectors at 19. 8
meters. Vanes on arrows indicate wind epeed in knets. If speed lo leve than
2.5 knote, there is no vane; for every 5 knete abeve 2.5 kaote, 1/2 vane lo

plotted.
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FIGURE 10.3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 mozhu
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm®.

FIGURE 10,4 The vertical component of monthly mean wind strese curl le the mean of é-hour
tr 1 approx [ 1]

ur
10 m_r‘. Isolines of sero curl are plotted heawily, and contour intervals are

romimated by finite-differences from 6-hourly wiad stresees
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FIGURE 10.5 Monthly mean wind shear stress velocity cubed, U3 {4 the mean of 6-houtly wind
shear stress velocity cubo; calculated from wind epeed at 10 met@re. Contour
intervale are 0.0) {m/sec)’.
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FIGURE 10.6 Monthly mean ses surface temperature lo the mean of 12-hourly FNWC sea surface
temperatures.” Contour intervale are 1°C.

L R S —




LATITUDE (N)

LATITUDE (N)

AR TEMPERATURE (DEG. C) SEPF %

60

so

400
A

&

—

>
ePEO 130 140 150 180 L&lo 19(0E) 190 200 210 cel

FIGURE 10.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2°C.
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FIQURE 10.8 Monthly mean 700 mb helght le the mean of 12-hourly FNWC 700 mb heights.
Contour intervale are 25 meters.
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FICURE 10.9 Monthly mean surface vepor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb.

SENSIBLE HEAT FLUX (10e+-4 CAL/QMe+2 SEC) SEP 76
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FIGURE 10.10  Monthly mean se. 5le heat flux (ocean to atmosphere) lo the mean of 12-hourly
sensible heat flu. calculated from FNWC air and sea temperature and wiad using
& bulk formula. Isolines of ur! heat flux are plotted heavily, and constour
intervals are 1.0 x 10°* cal/em? sec
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FIGURE 10.11 Monthly mean latent heat flux {ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated {rom FNWC sea temperature, vapor pressure au '
wind using a bulk formula. Isolines of sero heat flux are plotted heavily, and
contour intervals are 0.5 x 10~3 cal/cm? sec.
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Monthly buoy displacement vectors. Vectors are
drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 13.1  Absolute value of monthly mean vector wind velocities at 19. 5 meters.

Contour intervals are 1 m/sec.
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FIGURE 13.2 Direction arrows representing directions of monthly mean wind vectore at 19. 8
meters. Vanes on arrows indicate wind speed in knots. 1If speed o lese than
2.5 knote, there s no vane; for every 5 knots above 2.5 knote, 1/2 vane le

plotted.




WIND STRESS (DYNES/CMe<2) oct 76
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FIGURE 13.3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 meters
calculated from FNWC wind data. Contour intervals are 0.2 dynulcmz.
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FIGURE 13.4 The vertical component of monthly mean wind stress curl e the
wind stress curl approximated by finite-differences from 6- t
10 mete Isolines_of sero curl are plotted heavily, and contour intervale are

rp.
4.0x xo"dm-/cm’.
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FIGURE 13.5 Monthly mean wind shesr stregs velocity cubed, U#3 {4 the mean of 6-hourly wind
shear stress v:locity cnbc% calculated from wind speed at 10 meters. Contour
intervals are 0.0./ (m/sec)”.
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FIGURE 13.6 Monthly mean ses surface temperature is the mean of 12-hourly FNWC sea surface
temperatures. Contour intervals are 1°C.
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FIGURE 13.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2°C.
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FIGURE 13.8 Moanthly mean 700 mb height s the meaa of 12-heurly FNWC 700 mbd ‘0*.
Contour intervale are 25 meters.
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FIGURE 13.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb.
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FIGURE 13,10 Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat flux calculated from FNWC air and sea temperature and wind using
& bulk formula. lsolines of '"3 heat flux are plotted heavily, and contour
intervals are 1.0 x 10°* cal/em® sec.
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FIGURE 13.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure au’
wind using a bulk formula. Isolines of sero heat flux are plotted heavily, and
contour intervals are 0.5 x 10~ cal/cm* sec.
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BUOY PLOT FOR OCT. . 76
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FIGURE 15. Monthly buoy displacement vectors. Vectors are

drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 16.1 Absolute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec.

WIND DIRECTION NOV 76
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FIGURE 16.2 Direction arrows representing directions of monthly mean wind vectore at 19.5
meteres. Vanes on arrows indicate wind speed in knote. If speed e lese than
2.5 knote, there (s no vane; for every 5 knots above 2.5 knote, 1/2 vane {e

plotted.
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FIGURE 16.5 Monthly mean wind shear stress velocity cubed, Ue? (o the mean of 6-hourly wind
shear stress velocity cubc% calculated from wind speed at 10 meters. Contour
intervals are 0.0/ (m/sec)”.
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FIGURE 16.6 Mosthly mean sea surface temperature o the mean of 12-hourly FNWC sea surface
temperatures. Contour intervale are 1°C.




AIR TEMPERATURE (DEG. C) NOV 76

SN N W -

LATITUDE (N)

2 | i
PEO 130 140 150 160 L 1710 18(0E 190 200 @210 20
ONGITUDE (E)

FIGURE 16.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2°C.
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FIGURE 16.8  Moathly mean 700 mb beight is the mean of 12-hourly FNWC 700 mb heightsi
Coatour iatervals are 25 meteres.
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FIGURE 16.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour Intervals are 1 mb.
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FIGURE 16.10  Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 13-hourly
sensible heat flux calculated from FNWC air and sea temperature and wind using
a bulk formula. leolines of ur! heat flux are pletted heavily, and conteur
intervale are 1,0 x 10" cal/em® sec.
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LATENT HEAT FLUX (10ee-3 CAL/QMe=+2 SEC) NOV
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FIGURE 16.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure au'
wind using & bulk formula. Isolines of sero heat flux are piotted heavily, and

contour intervals are 0.5 x 10~3 cal/cm? sec.
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BUOY PLOT FOR NOV. ., 76
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FIGURE 18. Monthly buoy displacement vectors. Vectors are

drawn from start point at beginning of month to
terminal point at end of month.
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Absolute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec.

FIGURE 19.1

WIND DIRECTION
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FIGURE 19.2 Direction arrows representing directions of monthly mean wind vectors at 19.5

meters. Vanes on arrows indicate wind speed in knots. If speed is less than
2.5 knots, there is no vane; for every 5 knots above 2.5 knots, 1/2 vane is
plotted.
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WIND STRESS (DYNES/CMe=2) DEC 76
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FIGURE 19.3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 me&erl
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm"”.

CURL OF WIND STRESS (10e*-9 DYNES/CMs=+3) DEC 76
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FIGURE 19. 4 The vertical component of monthly mean wind stress curl i1s the mean of ¢-hourly
wind stress curl approximated by finite-differences from t-hourly wind stresses at
10 meur_s. Isolines f‘ zero curl are plotted heavily, and contour intervals are
4.0x 10 " dynes/em™.
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FIGURE 19.5 Monthly mean wind shear stress velocity cubed, U‘3 is the mean of 6-hourly wind

shear stress velocity cube% calculated from wind speed at 10 meters. Contour
intervale are 0.0 (m/sec) .

SEA SURFACE TEMPERATURE (DEG.C) DEC 76

FIGURE 19.6 Monthly mean sea surface temperature ig the mean of i2-hourly FNWC gea surface
temperatures. Contour intervals are 19C,
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FIGURE 19.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2°C.
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FIGURE 19.8 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb heights.
Contour intervals are 25 meters.
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FIGURE 19.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor pressure
at 19.5 meters. Contour intervals are 1 mb,

SENSIBLE HEAT FLUX (10°+-4 CAL/CMe*2 SEC) DEC 76

FIGURE 19.10 Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat flux calculated from FNWC air and sea temperature and wind using a
bulk lormnlu‘ hollnq’ of gero heat flux are plotted heavily, and contour intervals

are 1,0 x 10" cal/em” sec.
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FIGURE 19.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure and
wind using a bulk formula. ho}ine- of yero heat flux are plotted heavily, and
contour intervals are 0.5 x 10~ cal/cm” sec.
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BUOY PLOT FOR DEC. , 76
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FIGURE 21. Monthly buoy displacement vectors. Vectors are

drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 22.1 Abgoiute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec.
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FIGURE 22.2 Direction arrows representing directions of monthly mean wind vectors at 19.5
meters. Vanes on arrows indicate wind speed in knots. If speed is less than
2.5 knots, there is no vane; for every 5 knots above 2.5 knets, 1/2 vane is

plotted.
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FIGURE 22,3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 mp&eu
ed from FNWC wind data. Contour intervals are 0.2 dynes/cm

FIGURE 22.4 The vertical component of meoathly mean wind stress curl ls the mean of é-hourly
wind streess curl approximated by finite-differences from 6-hourly winé stresses at

10 mﬂar‘. llolhnfl sero curl are plotted heavily, and contour intervals are
4.0x10"7 dynes/cm”.
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FIGURE 22.5 Monthly mean wind shear stress velocity cubed, U*" is the mean of 6-hourly wind
shear stress velocity cube% calculated from wind speed at 10 meters. Contour
intervals are 0.0/ (m/sec)”.

SEA SURFACE TEMPERATURE (DEG.C) JAN 77

—— — \\\\”

BP0 180 140 180 sLangOée 790 200 210  2e0
)

FIGURE 22.6 Monthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface
temperatures. Contour intervals are | C.
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FIGURE 22.7 Monthly mean air tempcorlture is the mean of 12-hourly FNWC air temperatures.

Contour intervals are 2 C.
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FIGURE 22.8 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb helighte.
Contour intervale are 25 meters.
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FIGURE 22.9 Monthly mean surface vapor pressure is the mean of I2-hourly FNWC vapor pressure
at 19.5 meters. Contour intervals are | mb.
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FIGURE 22.10 Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat {lux calculated from FNWC air and sea temperature and wind vsing a
bulk formull‘ Isolines of zero heat flux are plotted heavily, and contour intervals
are .0 x10"" cal/cm? sec.
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LATENT HEAT FLUX (1Qe®*-3 CAL/QMe«2 SEC) JAN 77
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FIGURE 22.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor prossure ad
wind using a bulk formula. la_u,}lm-- of yero heat flux are plotted heavily, and
contour intervals are 0.5 x 107~ cal/cm” sec.
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FIGURE 24.1 Absolute value of monthly mean vector wind velocities at 19. 5 meters.
Contour intervals are 1 m/sec.

WIND DIRECTION FEB L

FIGURE 24.2 Direction arrows representing directions of monthly m: an wind vec-ors at 1'.§
metcrn. Vrnes on arrows indicate wind speed in knots. If speed (s less then
2.5 knote, there s no vane; for every 5 knots above 2. knots, 1/2 --ane lo

plotted.




LATITUDE (N)

LATITUDE (N)

WIND STRESS (DYNES/CMe+2) FEB 7]

60 S e

N

T60 170 180 190 200 210 220
LONGITUDE (E)

' AN ;;_F.:./L -

FIGURE 24.3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 mr}en
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm
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FIGURE 24.4 The vertical component of monthly mean wind stress curl is the mean of 6-hourly
wind etress curl approximated by finite-differences from 6-hourly wind stresses at
10 meters. leolines f‘ zero curl are plotted heavily, and contour intervals are
4.0x 109 dynes/cm°.
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FIGURE 24.5 Monthly mean wind shear stress velocity cubed, U‘3 is the mean of 6-hourly wind
shear stress velocity cube% calculated from wind speed at 10 meters. Contour
intervals are 0.0f (m/sec) .
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FIGURE 24.6 Monthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface
teamperatures. Contour imtervals are 1°C.
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FIGURE 24.7 Monthly mean air temperaturc is the mean of 12-hourly FNWC air temperat ires.
Contour intervals are 2°C.
700 MB HEIGHT (M) FER 17
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130 140 150 160 170 180 190 200 210 220
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FIGURE 24.8 Montinly mean 700 mb height is the mean of 1Z2-hourly FNWC 700 mb heights.

Contour intervals are 25 meters.
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FIGURE 24.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor pressure
at 19.5 meters. Contour intervals are 1 mb.

SENSIBLE HEAT FLUX (10s+-4 CAL/CMe*+2 SEC) FEB

170 180 190
LONGITUDE (E)

FIGURE 24,10 Monthly inean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat flux calculated from FNWC air and sea temperature and wind using &
bulk lormule‘ holln? of zero heat flux are plotted heavily, and contour intervals
are LOx 10 ~ cal/cm” sec.
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LATENT HEAT FLUX (10=+-3 CAL/CM=+2 SEC) FEB
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FIGURE 24.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure and
wind using a buik formyla, Xso}ine- of yero heat flux are plotted heavily, and
contour intervals are 3,5 x 10"~ cal/cm’ s c.
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APPENDIX A

The vertical component of wind stress curl,

el T =k OCTus _ 9Tep

A
ol r \ wpae 3% /) (1)

was calculated on the FNWC polar grid using the chain rule and

differentiating the polar projection mapping equations,

‘ . W
5-33\431.1-0?'('71—21"‘})'54(9*80) (2a)

where
?b, = north-south component of wind stress

= east-west component of wind stress

= longitude
= earth radius

'tud

? = latitude
e

r

C'

= horizontal axis of rectilinear

grid on a polar projection
in Figure 1

7 = vertical axis of grid in Figure 1.

Finite difference expressions for equation (1) were:

* The factors in this equation, 33 and 31.205, are specific to FNWC's
63 x 63 grid.
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a | - 3 -~ o g ™
a;:’rg _-i('cguo,;,,“; Cw;-.,i)'# +1 (t"“‘h,)*' 'c“‘"i")% (3b)

where

i = 0,...62; discrete values of 5

.
n

0,¢e¢32; discrete values of 1 .

When equations (3a) and (3b) were substituted into equations

(2a) and (2b), a finite difference expression for the vertical

component of wind stress curl was obtained:
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\\\ INTRODUCTION
)

During the ADS meeting of March 16, 1977 it was decided to
produce a NORPAX ADS program data report for trimonthly periods

roughly corresponding to seasons.

This is the first issue of that data report, and contains
contour maps of monthly meaned: FNWC air temperature, sea
temperature, wind speed, wind direction, surface vapor pressure,
and 700 mb heights; NORPAX calculatg§ wind s?reas} wind stress
curl, wind shear velocity cubed (u;’ g sénslii;>heat flux,
latent heat flux; objectively analyzed TRANSPAC temperatures at
discrete depths from White and Bernstein (SIO). This report also

contains monthly drifter buoy displacement vectors from Kirwan

(TAMU) and McNally (SIO).éT%w

Because of extensive back dating in this first report, the

time period from June, 1976 to February, 1977 will be covered.

PROCEDURE AND ANALYSIS
1. FNWC 63 x 63 Northern Hemispheric Fields

FNWC data were taken from 63 x 63 polar gridded fields of 6-
hourly wind speed and direction, and 12-hourly 700 mb height, sea

surface temperature, air temperature, and vapor pressure.




33 x 63 fields were extracted from the larger fields; geographic
coverage of a 33 x 63 field is shown in Figure 1. 10-m level

3
winds and U, were calculated from FNWC winds by an iterative

scheme using the neutral flux-profile relationships obtained by
Businger et al. (1971). Wind stress was calculated from FNWC

wind speed and direction using a bulk aerodynamic equation:

T= -/piZES =./9C¥}J:; (1)
where

T = surface stress
UW = Reynolds stress, (mtaeglJ
/D = gair density
U = wind speed at 10 m
Cp =,1+3 % 15’ (drag coefficient found by
Smith and Banke (1975) for

Ub = 10 m/sec).

The vertical component of wind stress curl was calculated on
the FNWC northern hemispheric grid using polar projection mapping

equations and finite difference approximations (Appendix A).

Sensible heat flux (cal/cm sec) was obtained using an

empirical bulk formula (Friehe and Schmitt, 1976):

SHF. = fC'[O&“'O.‘ + Q’%'(Ts"r@)] (2)

where,

e




Cp = 0.24 cal/gm°C

=7

Cu = 0.91 x 10

1; sea surface temperature

TA = (0O meter) air temperature

The latent heat flux (cal/cdlsec) was also calculated from a

bulk formula (Friehe and Schmitt, 1976):

LHF = L-C‘~U.o~-[qu"Q] (3)

L = 595 cal/gm (heat of evaporation) :

Ce=-1.32 x 103

Q - o.75E:AIR (gmem> ) = FNWC vapor

pressure] *

Q“" vapor density near the sea surface i
=7
= 1.667 x 10 [317.191 (rs + 273)'2731-}.

Stress, stress-curl and qz fields were calculated at 00z,
06z, 12z, 18z GMT; heat fluxes were calculated for 00z and 12z
GMT every day. These calculated fields were then averaged to
obtain daily, 5-daily, and monthly means. North and east-wind
components were meaned to obtain daily, 5-daily, and monthly

vector means of wind speed and direction. Monthly means were

contoured over the region of the North Pacific from 120E to 230F
and 20N to 60N. These contour maps are grouped by month in the

present report in Figures 2.1-2.11, 4.1-4.11, T.1-7.11,
10.1-10.11, 13,1-13.11, 16.1-16.11, 19.1-19.11, 22.1-22.11, and

3

2
g 4
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24.1-24.11.

2. Objectively Analyzed Transpac XBT

XBTs have been regularly dropped from ships of opportunity
in the Pacific since 1974. Recovered temperature profile data
have been analyzed at Scripps by Bernstein and White and
temperature residuals from their 1968 to 1974 climatology
calculated. These temperature anomalies were contoured for O,
60, 120, 200, 300 and 400 meter depths, by month, in Figures
Fel=Falb, H5e¢1-5:6, B.1=8.6, 11il=11.6, 14.1-14.6, 1 T.1-17.6,

2001‘20.6' 2301-2306, ﬂnd 25.1-25.6.

Be Kirwan/McNally Buoys

Several buoys drogued at 35 meters were deployed in the
North Pacific ADS area from June, 1976 to the present. Because
of attrition of o0ld buoys and addition of new buoys, the number
at any time varied from 12 to,26. Satellite fixes were obtained
on each buoy several times a day; although the analyses of these
data were not complete, monthly instantaneous buoy positions were
available up to December, 1976. Monthly buoy displacement
vectors have been plaotted in Figures 6., 9., 12., 15., 18., and

21. Because the buoys were deployed in June, 1976, there are no

buoy displacement data for that month.
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FIGURE 2.1 Absolute value of mogthly mean tor wind velocities at 19.5
Ceatour intervals ere | m/eec.
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FIGURE 2.2 Direction arrows representing directions of monthly mean wind vectors at 19.5
meters. Vanes on arrows indicate wind speed in knots. If speed is less than
2.5 knots, there (s no vane; for every 5 knots above 2.5 knots, 1/2 vane is
plotted.
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FIGURE 2.9 ll:mﬂily mean wind stress is the mean of 6-hourly wind stress at 10 megers

2050 180 140 T80 160

" ealculated from FNWC wind data. Contou. intervals are 0.2 dynes/cm

CURL OF WIND STRESS (10%*-9 DYNES/CMe*+3) JUN

4
(

‘\\ n"\ ‘ 170 180
LONGITUDE (E)

FIGURE 2.4 The vertical component of monthly mean wind etress curl is the mean of 6-hourly

wind stress curl approximated by finite-differences from 6-hourly wind stresses at

10 meters. Isolines of sero curl are plotted heavily, and contourintervale are
4.0x10"? dynol/cm’.
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U STAR CUBED ((M/SEC)e*3) JUN 76
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Monthly mean wind sheer stress velocity cubed, VJ‘3 is the mean of 6-hourly wind
shear stress velocity cubed calculated from wind speed at 10 meters. Contour
intervals are 0.01 (m/sec)’.

FIGURE 2.5

SEA SURFACE TEMPERATURE (DEG.C) JUN 76
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Monthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface

FIGURE 2.6
temperatures. Contour intervale are 1 C.
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FIGURE 2.7 Monthly mean .l} tempcorlture is the mean of 12-hourly FNWC air temperatures.

Contour intervals are 2 C.
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FIOURS 2.0 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb heights.
Centour intervals are 25 meters.
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FIGURE 2.9 Monthly mean surface vepor pressure is the mean of 12-hourly FNWC vapor pressure
at 19. 5 meters. Contour intervals are 1 mb.

SENSIBLE HEAT FLUX (10%e-4 CAL/QMe-+2 SEC) JUN 8

FIGURE 2.10 Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible hest flux caleulated from FNWC air and sea temperature and wind using a
bulk lorm-le‘ llolh? of sero heat flux are plotted heavily, and contour intervals
are 1.Ox 10" cal/em” gec.
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LATENT HEAT FLUX (10e*-3 CAL/CM=+2 SEC) JUN

LATITUDE (N)

A a /
170 180 200 210 220

LONGITWDE (€E)

190

FIGURE 2.1 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure and
wind using a bulk forsula, qu}lnu of gero heat flux are plotted heavily, and
contour iatervals are 0.8 x 10"~ cal/cm” sec.
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LATITWDE (N)

LATITUDE (N)

WIND SPEED (M/SEC) Juw 76
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Abgolute value of monthly mean vector wind velocities at 19. 5 meters.
Contour intervals are 1 m/sec.

FIGURE 4.1
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Direction arrows representing directions of monthly mean wind vectors at 19.5
meters. Vanes on arrows indicate wind speed in knote. If speed io less than
2.5 knots, there s no vane; for every 5 knots above 2.5 knote, 1/2 vane o
plotted.
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LATITUDE W)

LATITUDE (N)

WIND STRESS (DYNES/CMe<2) Juw 76

210 220

FIGURE 4.3 Monthly mean wind stress is the mean of 6-hourly wind stress ot 30 meters
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm?.

CURL OF WIND STRESS (10*+-9 DYNES/CM#*+3) JuL

160 170 180
LONGITWDE (E)

FIGURE 4.4 The vertical component of monthly mean wind streess curl le the mean of é-hourly
wind stress curl appromimated by finite-differences from 6-hourly wind stresses at
10 meterp. lIsolines of sero curl are plotted heavily, and contour intervals are

4.0x10"7 dynes/em”.
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FIGURE 4.3 Monthly mean wind shear stress velocity cubed, U3 {s the mean of 6-hourly wiad

shear strese velocity cub01 calculated from wind speed at 10 meters. Contour
intervals are 0.08 (m/sec)’.

SEA SURFACE TEMPERATURE (DEG.C) Juw 78
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FIGURE 4.6 Monthly mean sea surface temperature is the mean of 12-heurly FNWC ses surface
peratures. Cont intervals are 1°C.
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FIGURE 4.7 Monthly mean air tompcritun {s the mean of 12-hourly FNWC air temperatures.

Contour intervals are 2°C.
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FIGURE 4.8 Monthly meaa 700 mb height ie the mean of 12-hourly FNWC 700 mb heights.

Ceontoun intervals are 25 meters.
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VAPOR PRESSURE (MB) Ju 76
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FIGURE 4.9 Monthly mean surface vapor pressure ie ﬁlu mean of 12-hourly FNWC vapor
pressure at 19. 5 meters. Contour intervals are 1 mb.

SENSIBLE HEAT FLUX (10%+-4 CAL/CM=+2 SEC)

JUL
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‘' FIGURE 4. 19 Monthly mean sensible heat flux (ocean to atmosphere) ls the mean of 12-hourly
sensible heat flux calculated from FNWC air and ses temperature and wind ueing
a bulk formula. leolines of ur, heat flux are plotted heavily, and conteur
intervals are 1.0 = 104 cal/em? sec.
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FIGURE 4.11
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Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure an
wind using a bulk formula. Isolines of sero beat flux are plotted heavily, and
contour iatervals are 0.5 x 10~3 cal/em? sec.
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Monthly buoy displacement vectors. Vectors are
drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 7.1
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Contour intervals are 1 m/sec.
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Absolute value of monthly'monn vector wind velocities at 19. 5 meters.
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Direction arrows representing directions of monthly mean wind vectors at 19.5
meters. Vanes on arrows indicate wind speed in knote. If speed (o less than
2.5 knots, there is no vane; for every 5 knote above 2.5 knots, 1/2 vane te




WIND STRESS (DYNES/QMe+2) AUG 76
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FIGURE 1.8 Monthly mean wind strees s the mean of 6-hourly wind stress at 10 meters
calculated from FNWC wind data. Coatour intervals are 0.2 dynol/cmz.

CURL OF WIND STRESS (10**-9 DYNES/CM=+3) AUG 76
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FIGURE 7. 4 The vertical component of monthly mesn wind stress curl is the mean of é-hourly
wind etrees curl approximated by finite-differences from é-hourly wind stresses at
10 meters. lsolines of sero curl are plotted heavily, and contour intervals are
4.0x10"7 dynes/em”.
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FIGURE 7.5 Monthly mean wind shear stress velocity cubed, U#*3 (¢ the mean of 6-hourly wind
shear strees velocity cubos calculsted ‘rom wind gpeed at 10 meters. Coatour
intervale are 0.0{ (m/sec)’.
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FIGURE 7.6 Monthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface
temperatures. Contour intervale are 1°C.
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AIR TEMPERATURE (DEG. C) AUG 76
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FIGURE 7.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.

Contour intervals are 2°C.
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FIGURE 7.8 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb heights.
Contour intervals are 25 meters.
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FIGURE 7.9 " Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor

pressuze at 19.5 meters. Contour intervals are ! mb.

SENSIBLE HEAT FLUX (10%*-4 CAL/Que*2 SEC) AUG
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FIGURE 7.10 Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat flux caleulated from FNWC air and sea temperature and wind using
s bulk formula. lsolines of serg heat flux are plotted heavily, and contour
intervale are 1.9 x 10°¢ cal/em® sec.
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LATENT HEAT FLUX (10e<-3 CAL/CMe+2 SEC) AUG 76
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FIGURE 7.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-bourly
latent heat flux calculated from FNWC sea temperature, vapor pressure a.'
wind using a bulk formula, Isolines of I{IO heat flux are plotted heavily, and
contour intervale are 0.5 x 10°3 cal/em® sec.
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FIGURE 9. Monthly buoy displacement vectors. Vectors are
drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 10.1 Ab-loluh value of monthly mean vector wind velocities at 19. 5 meters.
Contour intervals are 1 m/sec.
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FIGURE 10.2 " Direction arrows representing directions of moathly mean wiad vectors at 19. 8
meters. Vanes on arrows indicate wind speed ia knete. If speed s lese than
2.5 knote, there is no vane; for every 5 knets abeve 2.9 kaots, 1/2 vane lo

plotted.
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WIND STRESS (DYNES/QMe<2) SEF 6
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FIGURE 10.3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 mzhu
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm®.

CURL OF WIND STRESS (10**-9 DYNES/CMee3) SEP 76
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FIGURE 10. 4 The vertical component of monthly mean wind strese curl le the mean of é-hourly
wind stress curl approximated by finite-ditferences from 6-hourly wiad stresees at
10 m?. luluu,ul sero curl are plotted heavily, and contour intervals are

4.0x10°7 dynes/em’.
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FIGURE 10.5 Monthly mean wind shear stress velocity cubed, U*3 {4 the mean of 6-houtly wind
ghear stress velocity cube# calculated from wind speed at 10 meters. Contour
intervale are 0.0) (m/vec)’.
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FIGURE 10.6 Monthly mean ses surface temperature lo the mean of 12-hourly FNWC sea surface
temperatures.’ Contour latervale are 1°C.
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FIGURE 10.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2°C.
700 MB HEIGHT (M) SEP 76
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Monthly mean 700 mb helight io the mean of 12-hourly FNWC 700 mb heighte.
Contour intervale are 25 meters.
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FIGURE 10.9 Monthly mean surface vepor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb.

SENSIBLE HEAT FLUX {10%*-4 CAL/QMe<2 SEC) SEP
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FIGURE 10.10  Monthly mean se.. >le heat flux (ocean to atmosphere) Lo the mean of 12-hourly
sensible heat flu. calculated from FNWC air and sea temperature and wiad using
s bulk formula, Ilsolines of ur‘ heat flux are plotted heavily, and contour
intervals are 1,0 x 10°% cal/em? sec.
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FIGURE 10.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure au '
wind using a bulk formula. Isolines of sero heat flux are plotted heavily, and
contour intervals are 0.5 x 1077 cal/cm® sec.
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FIGURE 12. Monthly buoy displacement vectors. Vectors are
drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 13.1  Absolute value of monthly mean vector wind velocities at 19. 5 meters.
Contour intervals are 1 m/¢ec. *
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of monthly mean wind vectors at 19.5

FIGURE 13.2 Direction arrows repr

ng dir

meters. Vanes on arrows indicate wind speed in knots. If speed io lese than
2.9 knots, there is no vane; for every 5 knots above 2.5 knots, 1/2 vane \s

plotted.
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FIGURE 13.3
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Monthly mean wind stress is the mean of 6-hourly wind stress at 10 meters
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm®.
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FIGURE 13.5 Monthly mean wind shecr stress velocity cubed, U#3 {4 the mean of 6-hourly wind
shear stress v:locity cubod’ calculated from wind speed at 10 meters. Contour
intervale are 0.0./ (m/sec)”.
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FIGURE 13.6 Monthly mean sea surface temperature le the mean of 12-hourly FNWC sea surface
temperatures. Contour intervals are 1°C.
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FIGURE 13.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2°C.
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FIGURE 13.8 ~ Monthly mean 700 mb height is the mean of 12-heurly FNWC 700 b heights.
Contour intervale are 25 meters.
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FIGURE 13.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb.

SENSIBLE HEAT FLUX (10%+-4 CAL/QM=+2 SEC) oCT
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FIGURE 13,10  Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat flux calculated from FNWC air and sea temperature and wind using
a bulk formula. lsolines of nr! heat flux are plotted heavily, and contour
intervales are 1.0 x 10°® cal/cm® sec.
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FIGURE 13.11  Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure au’
wind using a bulk formula. Isolines of sero heat flux are plotted heavily, and
contour intervals are 0.5 x 10-3 cal/cm? sec.

X
O

76




*sdoap L4 X DVASNVYUL 3y3 jo suoijisod ayj JIew s3ss0xd 3ayJ, ‘A[raeay
umeap dre A[ewou® 0J3Z JO SIUI[OS] PUB poanydjey a1e sease Ljewoue

sAanedsaN -syidap paxy je painojuod (D,) s3lfewoue aanjeraduray Ajyuo P1 AYNOIA
(3) 30NLIONOT (3)
c@m omr
&
—
=
5
m
z
SH3LIN 021
oLe 002 061l
-
=
-~
ey
=
m
z
&
Il.
ors
S
m

iN

L)

SH3LIN 002

30NL 11V

iN)

|

V1

30ndii

i

(N

[V

i 30NL

N

'
1

St

st Vicke




BUOY PLOT FOROCT. . 76
so+ + + + 4+ 4+

ek
S 4o+ t\f\gﬁ+ +
l/'
a : S
)
7 N
: Y
3 %+ + M 4=+ o+
o+ + + + + +
190 180 200 205 210 215
LONGITUDE (EAST)
FIGURE 15. Monthly buoy displacement vectors. Vectors are

drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 16.1 Absolute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec.

WIND DIRECTION NOV 76

FIGURE 16.2 Direction arrows representing directions of monthly mean wind vectors at 19.5
metere. Vanes on arrows indicate wind speed in knote. If speed o less than
2.5 kanote, there {s no vane; for every 5 knote above 2.5 knote, 1/2 vane le

plotted.
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calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm?.
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FIGURE 16. 4 The vertical component of monthly mean wind stress curl
e~

wr

wind stress curl approximated by finite-differences from 6é-

10 motn‘ Isolines of sero curl are plotted heavily, and contour intervale are
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=x1 .‘ylulem’.
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FIGURE 16.5 Monthly mean wind shear stress velocity cubed, U*3 {4 the mean of 6-bhourly wind 1
shear ostress velocity eubo% calculated from wind speed at 10 meters. Contour
intervals are 0.0/ (m/sec)”.
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FIGURE 16.6 Mosthly mean sea surfice temperature lo the mean of 12-hourly FNWC sea surface
temperatures. Comtour intervals are 1°C.
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FIGURE 16.7 Monthly mean sir temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervale are 2°C,
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FIGURE 16.8  Moathly mean 700 mb height is the mean of 12-hourly FNWC 700 mb helghtal
Coatour intervals are 25 meters.
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FIGURE 16.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb. ‘
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SENSIBLE HEAT FLUX (10%+-4 CAL/QM==2 SEC) NOV 76 ‘
60,

FIGURE 16.10
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Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 13-hourly
sensible heat flux calculated from FNWC air and ses temparature and wind using
a bulk formula. lsolines of '"S heat flux are pletted heavily, and conteur
intervale are 1.0 x 10" cal/ecm® sec.
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FIGURE 16.11  Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure au'
wind using & bulk formula. Isolines of sero heat flux are piotted heavily, and

contour intervals are 0.5 x 103 cal/cm? sec.
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FIGURE 18.
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Monthly buoy displacement vectors. Vectors are
drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 19.1

WIND DIRECTION
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Absolute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec.
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FIGURE 19.2

Direction arrows representing directions of monthly mean wind vectors at 19.5
meters. Vanes on arrows indicate wind speed in knots. If speed is less than
2.5 knots, there is no vane; for every 5 knots above 2.5 knots, 1/2 vane is
plotted.
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FIGURE 19.3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 me&eu
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm”.

CURL OF WIND STRESS (10e*-9 DYNES/CM®+3) DEC 76

~—

FIGURE 19. 4 The vertical component of monthly mean wind stress curl i1s the mean of 6-hourly
wind stress curl approximated by finite-differences from t-hourly wind stresses at
10 metel:v Isolines fr zero curl are plotted heavily, and contour intervals are
4.0x 10 " dynes/cm™,
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FIGURE 19.5 Monthly mean wind shear stress velocity cubed, U‘3 is the mean of 6-hourly wind

shear stress velocity cub¢$ calculated from wind speed at 10 meters. Contour
intervals are 0.01 (m/sec)”.

SEA SURFACE TEMPERATURE (DEG.C) DEC 76

FIGURE 19. 6 Monthly mean sea surface temperature lg the mean of 12-hourly FNWC sea surface
temperatures. Contour intervals are 1°C,
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FIGURE 19.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2°C.
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FIGURE 19.8 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb heights.
Contour intervals are 25 meters.
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FIGURE 19.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor pressure
at 19.5 meters. Contour intervals are 1 mb,

SENSIBLE HEAT FLUX (10%<-4 CAL/CMe*+2 SEC) DEC
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FIGURE 19.10 Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat flux calculated from FNWC air and sea temperature and wind using a
bulk lormul“ loolln? of eero heat flux are plotted heavily, and contour intervals
are 1.0 x 107" cal/em” sec.
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FIGURE 19. 11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure and
wind using a bulk formula. Ilogine. of yero heat flux are plotted heavily, and
contour intervals are 0.5 x 107~ cal/cm"” sec.
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FIGURE 21. Monthly buoy displacement vectors. Vectors are

drawn from start point at beginning of month to
terminal point at end of month.
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FIGURE 22.1 Absoiute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are | m/sec.
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FIGURE 22.2
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Direction arrows representing directions of monthly mean wind vectors at 19.5
meters. Vanes on arrows indicate wind speed in knote. If speed is less than
2.5 knote, there is no vane; for every 5 knots above 2.5 knets, 1/2 vane is
plotted.
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3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 ma&er-
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RE 22.4 The vertical component of monthly mean wind strese curl s the mean of é~hourly

wind strese curl approximated by finite-differences from 6-hourly wind stresses st
10 muors. lsolines f‘ sero curl are plotted heavily, and contour intervals are
4.0x10"7 dynes/cm”.
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FIGURE 22.5
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3
Monthly mean wind shear stress velocity cubed, U*" is the mean of 6-hourly wind
shear stress velocity cube% calculated from wind speed at 10 meters. Contour
intervals are 0.0/ (m/sec)”.
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FIGURE 22.6
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Munthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface
temperatures. Contour intervales are | C.




AIR TEMPERATURE (DEG. C) JAN 77
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FIGURE 22.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperatures.
Contour intervals are 2 C.
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FIGURE 22.8 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb heighte.
Contour intervale are 25 meters.
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FIGURE 22.9

SENSIBLE HEAT FLUX (10%+-4 CAL/QMe+2 SEC)

S o

740 150 160 170 180 1380 200 €10 220
LONGITUDE (E)
Monthly mean surface vapor pressure is the mean of 2-hourly FNWC vapor pressure
at 19.5 meters. Contour intervals are | mb.
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FIGURE 22.10
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Monthly mean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly

sensible heat flux calculated from FNWC air and sea temperaturce and wind using a
bulk formula, Isolines of zero heat flux are plotted heavily, and contour intervals
are 1.0 x 10”

cal/cm® sec.
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Monthly mean latent heat flux (0cean to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure ad

wind using a bulk formula. lsuiim-n of yero heat flux are plotted heavily, and
contour intervals are 0.5 x 10~ cal/cm” sec.
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FIGURE 24.1 Absciute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec.

WIND DIRECTION FEB

FIGURE 24.2 Direction arrows representing directions of monthly m: an wind vec'ore at 1. §
metcrn. Vrnes on arrows indicate wind speed in knots. If speed is leos then
2.5 knots, there i no vane; for every 5 knots above 2. knots, 1/2 --ane lo

plotted.
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FIGURE 24.3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 meyn
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm
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FIGURE 24.4 The vertical component of monthly mean wind stress curl is the mean of 6-hourly
wind etress curl approximated by finite-differences from 6-hourly wind stresses at
10 meters. leolines f‘ zero curl are plotted heavily, and contour intervals are
4.0x10"? dynes/cm”.
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FIGURE 24.5 Monthly mean wind shear stress velocity cubed, U‘3 is the mean of 6-hourly wind
shear stress velocity cube$ calculated from wind speed at 10 meters. Contour

intervals are 0.0( (m/sec)”.

SEA SURFACE TEMPERATURE (DEG.C) FEB 17

LATITUDE (N)

B Pee 180 140 TS0 160 170 T80 180 =200 210 220
LONG!TUDE (E)

FIGURE 24.6 Monthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface
tamperatures. Contour imtervals are 1°C.
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FIGURE 24.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperat ires.
Contour intervals are 2°C.
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FIGURE 24.8 Montily mean 700 mb height is the mean of 12-hourly FNWC 700 mb heights.
Contour intervals are 25 meters.




LATITUDE (N)

LATITUDE (N)

VAPOR PRESSURE (M) Fels 11

FIGURE 24.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor pressure
at 19.5 meters. Contour intervals are 1 mb.
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FIGURE 24.10 Monthly inean sensible heat flux (ocean to atmosphere) is the mean of 12-hourly
sensible heat flux calculated from FNWC air and sea temperature and wind using a

bulk formula llolln? of zero heat flux are plotted heavily, and contour intervals
are .0 x 10~ cal/em” sec.
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FIGURE 24.11 Monthly mean latent heat flux (ocean to atmosphere) is the mean of 12-hourly

latent heat flux calculated from FNWC sea temperature, vapor pressure and

wind using a buik formula, Xsoimeu of Bero heat flux are plotted heavily, and
contour intervals are 0.5 x 107" cal/cm’ src.
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APPENDIX A

The vertical component of wind stress curl,

oT
A TRy s - 9Tew
¢l uop3e 3¢ /) (1)

was calculated on the FNWC polar grid using the chain rule and

differentiating the polar projection mapping equations,
)

% : 33\43|.ws’-('7'£—:-$)-s&(9+30) .
n= 3% +31w05" (ﬁ&?f@(@%o}, *(21)

where

1b‘ = north-south component of wind stress
1;u°= east-west component of wind stress
? = latitude

€5 = longitude

© = earth radius

<S

= horizontal axis of rectilinear

grid on a polar projection
in Figure 1

1 = vertical axis of grid in Figure 1.

Finite difference expressions for equation (1) were:

* The factors in this equation, 33 and 31.205, are specific to FNWC's
63 x 63 grid.
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3%5 i Ji(t»s;,,'j--cm;,..)% +'%'.(t“-'..54o'-cwsi,j-:)§$ o

9 = - 9 L -
'a% o '%_(T'“’,;ﬂ”; ch-a,")'s% i (t""c'.‘)'ﬂ .cwg'.o)% (31)

where

[N
]

0,...62; discrete values of §

(SN
|

0yeee32; discrete values of 1 .

When equations (3a) and (3b) were substituted into equations

(2a) and (2b), a finite difference expression for the vertical

component of wind stress curl was obtained:
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