
*D AOS$ 955 SCRIPPS INSTITUTION OF OCEANOSRAP$4T LA JOLLA CALIF In I/INORPAX ADS REPORT MINBER 1.(U)
OCT 77 $ Pu_NI N0001’4 75—C—O 152UNCLA$$IFICD SIO-W—77e15 Ni.

Wit Nfl

__
3

_  - p 4



—

1.0 ~~~ ~: H~I 2.2

IIIII~loll’ .25 HIlI~
4 ;iin~

MICROCOPY RESOLUTION TEST CHART
NAtIONAL BUREAU OF STANDA R DS- i96 3-A



~~~~~ O REFERE~~~~~~E~~~~~~

• C 3  ADS R E P O R T  N U M B E R  1

~~• - ~~~~~~~~~~~~~ --~~~~~~ ~~~~~~ •~~~~-‘-•-

lusued by NORP AX DATA MANAGEMENT

• 

•

______ S. Pazan , NORPAX Data Manager IC)

1 . October , 1977 SIO Re f. No. 77-19

Un versi~y of California Scripps Institution of Oc.onogroplw

~~ 78. O 9 f l ’~ 
nn~



SECURITY  CLASSIF ICATION OF T H I S  PAGE (When Data Entered)

D~~DADT flfl ~~tIurIiT ATIf~kI D A ~~~~ 
READ INSTRUCTIONS

- ~~~
‘ ‘s” ’ ~~~~~~~~~~~~~~~~~~~~ 

‘ “ I  •~~~ ‘ BEFORE COMPLETING FORM
I. REPO)I.NUMB-~~~ 12. ~ QVT ~~~~~~~~~~~~~ ,iu. 3. RECI PIENTS C A T A L O G  NUM8ER

( ( f y / ‘- I / / .
~ 

_
l ~

-1

f,A 
~~~~ 

S~~~~xR~~
jMF

~. T

7D 

COVERED

-ç / 6. PERF Rl.u~188 • ORT NUMBER

_______________________________________________________ 77 19
7.~~A UTHO R(a) S. CONTRACT OR GRANT NUMBER(.)

~~
f
~~~~~~n a X / 

(
~ / N~~ Ø1~~ 7~~ C~ øl52 /

9. PERFORMING ORGAN IZATION NAME AND ADDRESS *0. PROGRAM ELEMENT . PROJE CT . TASK

Scripps Institution of Oceanography AREA 6 WORK UNIT_NUMB E RS
,

La Jolla , CA 92093 ( i / •

‘ I

II. CONTROLLING OFFICE NAME AND ADDRESS IL.WE1aO~~~ DATE

Office of Naval Research August 1978
Arlington , VA 22217 ~a. NUM B EROF PAGES

79 pages
14. MONITORING AGENCY NAME & AOORESS(II different from Con trolling Office) IS SECURITY CLASS. (of fJ,Ie r.port)
—

i’f I ~~

, — . 

~~ 
fT 77 

~~ 
/ Unclassified

I - 
IS..

SCHEDULE

16. DISTRIBUTION STATEMENT (of thu Report) -
Approved for public release : distribution unlimited

* 7. DISTRIBUTION STATEMENT (of th. ab.tracl entered in Block 20. II different from Report)

Is. SUPPLEMENTARY NOTES

*9. K EY WORDS (Continue on revere, aide if n.c.eaaty end Identify by block numb.r)

20. A BSTRACT ( Continu, on revere, aid. Ii nec.eaafy and identify by block number)

During the ADS meeting of March 16, 1977 it was decided to produce a NORPAX
ADS program da-a report for trimonthly periods roughly corresponding to sea-

sons.
This is the first issue of that data report, and contains contour maps of...

~ 11 7 • .7 OC::
DD ~~~ 1473 EDITION OF I NOV 65 IS OBSOLETE

S/N 0*02 LF 014•6601 ________________________________________
SE CU R I T Y AS C kIP ~~ N OF THIS PAGE (When Dale Jnt.red)

78 09 06 Ø s
—~~~~~~ ~~~~~~~~~~~~~~~~~ • 

- ‘

~
~-



(
p

NORPAX

• ADS REPORT

NUMBER ~
/ N

J x ~Th~~~~~
~~~ PA~~

3

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • .

~ 
ihiS do c~~t h~•~ ! y- i  ~; ~ T~~for public !~ :~~~~ - - - - ‘~~~ :l; 

--

J~distiibution U:-. i~rn.* d 

SPONSORING AGENCIES
OFFiCE OF NAVAL RESEARCH

NATIONAL SCIENCE FOUN~4TI ON

ISSUED BY NORPAX DATA MANAGEMENT
copyright . 1977

The REGENTS of UNIVERSITY of CALIFORNIA
510 reference no. 77—19

~~~~~~~~~~~~ .

~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~ 

. T~~



CONTENTS

INT RODUCTION

PROCEDURE ~ND ANALYSIS

1. FNWC 63x63 Northern Hemispheric Fields

2. Objectively Analyzed TRANSPAC XBT

3. Kirwan/McNally Buoys

FIQJRRS

APPENDIX A

REFERENCES

- .
~ ~~~~ 0

~~~

_____ — 
— --~~~~~~~ 

- — —

~~~~~~~~~~~~~~~~~



I N T R O D U C T I O N

Dur ing the  ADS m e e t ing of M a r c h  1 6 , 1977 it was decided to

p r o d u c e  a NOR PA X ADS p ro g ram da ta  re po r t  f o r  t r im on t h ly  per iods

roughly corresponding to seasons .

Th is is the f i rs t  issue of t h a t  da ta r ep o r t , an d con ta ins

c o n t o u r  maps  of  m o x . t h l y  m e a n e d :  FNWC a i r  t e m p e r a t u r e , sea

t e m p e r a t u r e , w i n d  speed , w i n d  d i r e c t i o n , s u r f a c e  v a p o r  p r e s s u r e ,

and 700 mb he ights; NOR PA X calculated wind stress , wi nd s t r e s s
1

cur l , wind shear velocity cubed (U
*~ 

) ,  sens ible  h e a t  f l u x ,

latent heat flux ; objectively a n a l y z e d  T R A N S P A C t e m p e r a t u r e s  a t

d iscrete depths from White and Bernstein (Sb ). This r e p o r t  a l s o

c o n t a i n s  m o n t h l y  d r i f t e r  buoy  d i s p l a c e m e n t  v e c t o r s  f r om K i r w a n

( T A M U ) and McNally (sIo).~~~
_

Because  of  e x t e n s i v e  back d a t i n g  in  t h i s  f i r s t  r e p o r t , t h e

t ime period f rom J u n e , 1976 to February , 1977 w ill be covered .

PR OC EDUR E A N D  ANALYS I S

1. FNWC 63 x 63 Northern Hem ispheric Fields

FNW C date were taken from 63 x 63 polar gridded fields of 6—

h o u r l y  wind  ~peed an d d i r ec t ion , and 1 2—ho urly 700 mb height , eea

surface temperature , a ir t e m p e r a t u r e , and vapo r pressure.
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33 x 63 fields were extracted from the larger fields; geographic

covera ge of a 33 x 63 f i e l d  is shown  in F i g u r e  1. 1 0—rn l eve l

w inds an d w e r e  c a l c u l a t e d  f r o m FNWC w i n d s  by an iterative

scheme using the neutral flux-profile relationships obtained by

Businger et el. (1971). Wind stress was calculated from FNWC

wind speed and direction using a bulk aerodynamic e q u a t i o n :

(1)

w h e r e

t surface stress

— Reynolds stress , ( m ~~sec’~~~)

/ — a i r  d e n s i t y

w i n d  speed a t  10 m

C0 .1.3 x I C 3 ( d r a g  c o e f f i c i e n t  f o u n d  by

S m i t h  and  B a nk e  ( 1 9 7 5 ) f o r

U~ = 10 i n/ e e c ) .

The vert ical component of wind stress curl was calculated on

the FNWC northern hemispher ic grid using polar projection mapping

equat ions and finite difference approximations (Appen dix A).

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

empir ical bulk fQrmula (Friehe and Schmitt , 1976):

* f
Crp[o.2b *sd ’4 CM I4s (1’$1~)J (2)

— where ,

2
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• Cp 0.24 cal/g m C

CM = 0.91 x 1O~

T5 sea s u r f a c e  t e m p e r a t u r e

TA = 10 m e t e r )  a i r  t e m p e r a t u r e

The lat ent heat flux (cal/cèsec) was also calculated from a

bulk formula (Friehe and Schmitt , 1976):

1.~ ~~~~ LQ~A —q] ( 3 )

L = 595 cal/gm (heat of evaporation)

CE - 1.32 x id 3

Q = O.75
[~

A IR ~~~~~~~ ) = FNWC vapor

pressure]

Q - v a p o r  d e n s i t y  n e a r  the  sea surface

1.667 x 1O*7

[e
17 .191 (TS + 273)~273

}

St r e s s , s t r e s s — c u r l  and ti~ f i e l d s  we -r e c a l c u l a t e d  a t  OOz ,

06z , 12z , 1 8z ONT; heat fluxes were celcu ]ited for OOz and I2z

ONT every day. These calculated fields were the n averaged to

obtain daily, 5—d a ily , and monthly means. N o r t h  and east—win d

com ponents were meaned to obtain daily, 5— daily, and mo n t h l y

vector mean s of wind speed arid direction. Monthly means were

contoured over the region of the North Pacific from I20~ to 230?

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 , 7 .1—7 .11 ,

10.1—10.1 1 , 13 .1— 13. 11 , 16.1— 16.11 , 19 .1—19. 1 1 , 22.1— 22.11 , and

3

— 

- 

- __
I— - -~~ 

— ‘~
__
:i[ ~~~~~~~~~



24.1—24. 11.

2. Ob jectively Analyzed Transpac XBT

XBTs have been regularly dropped from s h i ps  o f  o p p o r t u n i ty

in the Pacific since 1974. Recovered temperature p r o f i l e  d a t a

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 0,

60, 120 , 200 , 300 and 400 meter depths , by month , in Figures

3. 1—3 .6 , 5.1—5.6 , 8.1 —8.6, 11 • 1— 1 1 . 6 , 14. 1— 14.6 , 1 7.1— 1 7.6,

2 0 . 1 - 2 0 . 6 , 2 3 . 1 - 23 . 6 , and 2 5 . 1 - 25 . 6 .

3. K irwan/McNally Buoys

Several buoys drogued at 35 m eters were deployed in the

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

of attrition of old 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

d a ta  w e r e  n o t  co m p l e t e , monthly instantaneous buoy positions were

ava ila b le u p to  Dece m ber , 1976. Monthly buoy displacement

vect ors have been plott ed in Figures 6., 9., 12. , 15. , 18., and

21. Because the buoys were deployed in June , 1976 , t h e r e  are no

buoy displacement data for tha t month.
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- ____ 
______

so

‘
a~~40

30) ,

r~~. .
21~eO 1 0 140 150 160 170 180 180 

• 
200 210 220

LONGITWE (El

FI GURE 2.S 
• 

Monthly mean wind stress I. the mean of 6-hour l y wind stre ss at 10 meprs
salcu~at.d from FNWC wind data. Contour intervals a re  0. Z dynes /cm
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• FIGURE 2 .4  The vertical component of monthl y mean wind stress cur l is the mess of 6-hourly
wind stress curl apprcnimat .d by finite-difference. from 4-hour ly wind .tr.sss. at
10 m.te rp . h olm es of ner o curl are plotted heavily, and contouri nter,als are
4 .On 10 ’ dyn .s/cm 3.



Ii STAR CUBED ((WSEC)”3) JUN 76
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FIGURE 2.5 Monthly me.n wind shear stress vslocity cubed, Ue 3 is th. mean of 6-hourly wind
shear stre ss velocity cubed calculated from wind speed at 10 meters.  Contour
inter vals are 0 .0 1 (mls.c)3.
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FIGURE 2 . 6  Monthly mean esa surface tempera tu re is the mean of il -hourly FNWC sea surface
tempe r ature s. Contour interval, are 5 °C.
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AIR TEM’ERATURE ( DEG . C) JUN 76
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FIG UR E 2 . ?  Monthly mess air temp er ature is the mean of 12-hour ly SrNWC air temp eratures.
Cont our intervals are 2°C.
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VAPOR PRESSURE (~~~) JUN 76
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FIG URE 2 .9  Month ly mean surface vapor pressure is the mean of 12-hourl y FNWC vapor pre ssur e
at 19.5 meters. Contour inte rval s a,. 1 mb.
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FIGURE 2.10 Monthly mean esasibi. beat flu* (ocean to atmosphere) is the mean of I2-hoerly
sensibl, heat Son calselated front ruwc air sad sea temp er ature &nd wind usih a
~~~ IeronsIs~ h.eMa~~ of sero heat fins are plotted heavily, and contour intervals
are 1.0 a II cal/cm sec.
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LATENT HEAT FLUX (I0”-3 CAL/CM. .2 SEC~ JUN 76
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FIGURE 2. U Monthly mess latent heat flax (ocean to atmosphere) ii the mean of 12-hour ly
latent heat fins calculated from FNWC sea temp erature , vap or pressure end
wind u.in( a bulk fof~~~1a. IsaIises of ~ero heat fins are plotted heavily. sad
coatesr lntervsle a,e O.5x10 cal/cm sec.
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FIGURE 4 I Absolute value of monthly mean vector wind veloc ities at 59. 5 meters.
Contour intervals are 1 rn/S eC.
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WIND STRESS (DYI€S/CM••2) JU.. 76
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FIGURE 4.3 Monthly mesa wind stress is the mean ad 6-hour ly wind stress at 6
calculated £rtm J WWC wind dat a. Contour inte rval. are 0.2 dyne. /cm2.
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FIGURE 4 4  Th. vertical composes5 of monthly mean wind stress curl Is the moss ci a-hourly
wind stress cut l a~~,onimated by tiat te.dUieresses train 6-hssrly wind streae.s at
10 meter;. bolinea of sero curl are plotted heavily, and contest interva ls a,.
4.0z10 dyosslem3 .
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FIGURE 4.6 Monthly mean wind sheer stress velocity cubed , U~
3 is the mean of 6-ho.rly wiad

shear stress veloc ity cubei~ calculated from wind speed at 10 meters. Contour
intervals are 0.0* (m/esc)
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FIGURE 4.6 Monthly mesa sea surface temp erature Is the mean ci lZ.heurly J’NWC sea ssrf*ce
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F IG URE 4.1 Month ly mean air temperature is the mean of 12-hourl y FNWC air tem~~~~~~r .s.
Cont our intervals are VC.
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FIGUR E 4.$ Monthly mean 700 ink height I. the mean of 12-hour ly FNWC 700 mb heights .
C~~~s~~ interval. are 25 meters.
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TI~ URL 4 . 5  Mont hly mean surface vap or pressure is the mean of I2~hour Iy FNWC vapor
pesseure at l~ .3  meters. Contour Intsrvel. are 1 mb
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l*tent heat finn calculated (rain FNWC sea temperature. vapor pr.ssure an
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FIGURE 6. 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 Absolute value of monthly mean vector wind velocitie , at 19. 5 meters.
Contour interval, are 1 rn / eec.
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FIG URE 7 ,5  Monthly mean wind stre ss is th. mean of 6-hourly wind stre sa at 10 meters
calculated fro m J’MWC wind data. Contour intervals are 0 .2  dyeeelcm2.

CURL OF WIND STRESS (IO’•-9 DYNES/CM~’3) AUG 76
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FIG URE 7.4 Th. vertical compoaent of monthly nsa. wind stress cur l I. the e san .1 6-hourly
wind aCc ess cur l appr ima*ed by iiatt s-dlllsrsncee from 6-hour ly wind strv se.e at
10 m.t.~ p IsoUnes ci ears ear l are platted heavily. sad centaur Ialsronls are
4.On 10’~~ dyau s/cm1.
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FIGURE 7. 5 Monthly mean wind shear stress velocity cubed . U*3 is the mean of ~~hourly wind
shear stress velocity cube4 cslcu1~tsd rom wind speed at tO meters. Centaur
intervals are O , O f ( ~~/es~ )~ .
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FIGURE 7.6 Monthly mean sea surfa ce temp erature is the mean of lZ.honrly FNWC sea surface
tsrnpsl aturee. Contour interval s are l’C.
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FIGURE 7 .7 Monthly mean air tempe r ature is the mean of 12-ho url y FNWC air t emperatures.
Contour interval , are S C .
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FIGURE 7.1 Monthly mean 700 mh beight Is the mean of 12-hourly FNWC 700 mb helgtts.
Contour interval, are 25 meters.
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FIG URE 7.9  Monthly mesa surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19. 3 meter ,. Contour Intervals are 1 sub.
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FIGURE 7. 10 Monthly mean seneihle best flou scean to atMosphe re ) Is the mean sf 13-hourl y
saseible sat flea calculated from FNWC air and sos temperature sad wind using
a b-sib formula. leeUaes .1 aeri~ heat flea are platted heavily. and contour
IMsr,alm are 1.0 n II ”~ cal/cm s.c .
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FIG URE 7.11 Moathly mean latent heat fl (Ocean to atmoephere) is the mesa of Il-heur ly
latent boat flea caleulatad from FNWC sea temp.raturs. vapor pressure as.
wind using a bulk formula. h olmes of apro heat flea ars plotted heavily . ~nd
contour intsrvale are 0. 3 z lO~~ cal/cm’ sec.
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FIGURE 9. Monthly buoy displacement vectors.  Vectors are
drawn from start point at beg inning of month to
terminal point at end of month.
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FIGURE 10. 1 Absolute value of monthly mean Yector wind velocities at 19. 5 mete rs.
Contour interv als are 1 rn/sec.

WI ND D I RECT I ON SEP 76

BC

— 
-

~~~

—5

J—a

—-a i /
/ I .-.

-~ ~~~~ .-a -5 ~
s ‘

~~~

• -
~~~ 

,~- -‘a
—a ~~~ J-. 

_...• %.~~ ~~~~S -e 
~~~~~~~~~~~~ 

‘

~~~~ V~~ \ _a a /u,,
a-, ~~~ ~~~~ ‘ ~~~~ .m ~~a_,•• 

.~~ 7, lh~
hl

—5
_ _ _

/ a-, 
, I -a-u•~~~_~

• 
~~, ,, J~~~~~~0~~~~•~~

s ./.— ..— S.-.. ~~ ~ ~~~~~ , ~~
u- u- 

~~ 
0~~~

4~/ I  

_

S.—
._. a-, u- u-

5— a-
’

S.- ~~~~
5-. r~~av~ ~~~ 

~~~~~ ~~~~~~
_ _  

5-.
5-• ~~-

a-.. ____

120 1 ~O S.1~40 o5-
~~~~~~~

’
~~~~6o L11O ~~ 

-ou~ u-c-

LONGFTW( (C)

FIG URE 10.2 DIrection arrows represent ing direct ions .1 me~~~)y mean wind vectors at 19. 1
meters. Vases on arr ows Indient e wind speed in heats. U speed I, 1... than
2 .3  knots, ther, is no vanes far ovsry I knete abe,. 2.1 ~~~~s ill vans is
plotted . 

ii - . 
— 

- -4



WIND STRESS (DThES/Ol••2) SEP 76

~~~~~~~

~~
40

~~~~~Q IJJ/
’
~
.

:°
~~~~~~~~ ~~~~~~~~~~~~~~~4320 130 140 150 150 ‘1 70 ióo 190 200 2

UNGITWE (C)

FIGURE IL l  Momthly mans wind stress is the mean of i-hourly wind stress at 10 mature
calculated from FNW C wind data. Contour intervals ar e 0.2 dyn .e/cm2.
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FIG URE 10. 4 The ,ertic&1 compvass* oimc kly mean wind stress cur l is the mean .1 ~-haur 1y
wind etra sa curl .ppr~~lmsted by llnite.ditf.ren.ee Learn ~.heur1y wind stresses at
10 meters. holmes of nero curl are platted h e I~ r , and enstuar inte rval. are
4.Oz 10” dyaes/cm3. -
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FIGU RE 10. 5 $outh ly mean wind shear stress velocity cubed, U°3 is the mean ad 6-h.or by wind
•hear stress ve locity cubs~ ca lculated Iron. wind speed it 10 m teVo, CNII ~~
teisp,..Is Or s LS$ $rn/s•e)’.
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FI GURE 10.6 Mostkly mean sea surface temperature I. the mean of 12-hourly P’NWC sea surface
temperatures. Ccatoaz Intervals are l’C.
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FIGURE 10. 7 Monthl y mean air tempe r ature is the mean of 12-hourl y FNWC air temper atures.
Cont our inter vals are 2 C .
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FIGURE 10. 2 Monthly mean 700 mb height 1. the mesa of 12-hourly P NWC 700 mb heights .
Contour iatarval. are 29 n~et ere .
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FIGURE 10. 9 Month ly mesa surface vapor press ure is the mesa of 12-hourl y FNWC vapor
pressure at 19. 5 meters. Contour interval s are 1 mb
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FIG UR E 10. 10 - Monthly mean Se 311 heat flse (ocean to atmoe phers) is the mean of 12-hourly
sensibl, heat flu~ alcul.ted from FNWC air and sea tsenpc r stur e and wind using
a bulk formula. 1.olI.~p of aer ~ heat fins arc platted heavily, sad ce.tma-
Inte rval, arc 1.0 x 10 cal/cm’ see.
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FIG U*Z 10.11 Monthly mean latent heat flux (ocean to atmosp here) Is the mean of 12-hourly
latent heat flux calcu lated from FNWC sea temperature, vapor pressure an
wind using a bulk formula. lsolisaea of aero heat flux are plotted heavil y, and
contour intervals are 0.5 a 10~~ cid!cm2 sec.
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FIGURE 12. Monthly buoy displacement vectors .  Vectors  are
drawn f rom start point at beg inning of month to
terminal  point at end of month.
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FIGURE 13. 1 Absolute value of monthly mean vector wind veloc itIes at 19. 5 meters.
Cont our intervals are 1 m/ p cc . -
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FIGURE 13.3 Mont hly mean wInd str esa is the mean of 6-hour ly wind stress at 10 meters
calculated from FNWC wind data. Contour interval, are 0.2 dynss/cm2 .
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FIGURE 13.4 The vert ical component of monthly mean wind stress curl is the mean of d.heur)y

wind stress curl appronimated by finite-dtlierence s from 4-hourly wInd stresses at
10 meter,. Isaitnes of ssyo curl are plotted heavily. and contour intervals arc
4.0*10.’ dyne./cm3. 
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FIG URE 13,5 M~nth1y mean wind sheer stress velocity cubed , U~3 is the mean of 6-hourl y w ind
shea r etcess r~locIty cubei~ calculated from wind speed at 10 meters. Costour
inte rvals are 0. 0.( (rn /sac) -

SEA SUI~~ACE TEPVFERATURE (DEG . C) OCT 76
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FIGURE 13.6 Monthly mean sea sur face temp erature is the mean of 18-hourl y FNWC se. surface
temperature.. Ceotou , interval s are I.C.
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FIGURE 13.7 Monthl y mean air temperature is the mean of 12.bour ly FNWC air temp er a tu res.
Conto ur interv als are VC.
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FIG U RE 13.1 - 
Mo~~~ly mean 700 mb keiglo is the mean of 12-hourly INWC 700 wb be~~~~.
Coat.., intervals arc 23 meters.
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UGURE 13 .9 Monthly mean surface vapor pressur e is the mean of 12-hourly FNWC vapor
pressure at 19. 5 meter s. Contour intervals are 1 mb.
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FI GURE 13 . 10 Monthl y mean s.neibl, heat flux (ocean to atmo sphers) is the mean of 12-hour ly
asneib l. heat flux calculated frnm J’NWC sir and se, tempe r ature and wind acing
a bulk fo r mula. Isolias s nt ssr~ heat flim are plotted heavIly , and contour
intervals are 1.0 a l0~~ cal/cm’ sec.
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LATENT HEAT FLUX (10” — 3 CAL/CM’ • 2 SEC) OCT 76

So 
_____ 

____ ______

6

So

~~~40

30

(~c
130 

- 
140 

• 
I SO 

- 
160 170 180 190 200 

- 
210 

• 
220

LCNGITL.CC IC)

F IG URE 13 . 1 1  Monthly mean Intent heat fl~~ (ocean to atmosp here) is the mean of lZ .hour ly
latent heat flux calculated from FNWC sea temp eratur e , vapor pressure au
wind using a bulk formul a. Ia olines of nero heat flux a re plotted heavil y, and
contour interval. are 0.5 a l0’~ cal/cm2 sac.
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FIGURE 15. Monthly bi~oy displacement vectors. Vectors ar e
drawn from start point at beg inning 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 Interv als are 1 rn/sec.
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F IG URE 16.3  Monthl y mean wind stres s is th e mean of 6-hourly wind stress at 10 meters
calculated from FNWC wind data . Contour interv als are 0 .2  dynsa/cm2 .
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FIGURE 16.4 The vertical component of monthly mean wind stress curl is the mean ci 4-hourly
wind stress curl apprc.imnted by finit .-diftersacee from 4-k.ur *y wind stresse s at
10 meter s. I.olina~~ei esro cur l are plotted heavily, ~~~ e~~~.u.r intervals are
4 .O a l 0 7 d y r a e l cm

~~:T no

~~~TT~~~ ~~~~~~~~~ 
—— — - 

- —~~



U STAR CL6ED ((WS EC) • ‘3) NOV 76

::
I ~ I~Lt~ ~~~~~~~~~~~

_ _ _ _ _ _

2feo 130 140 150 160 170 180 190 200 2 10 0
LONGITUDE CE )

F IGURE 16.5 Monthly mean wind shear stress velocity cubed . U°3 is ths mean of 4-hourly wind
shear stress velocity cube4 calculated fr om wind speed at 10 mete rs. Contour
intervals are 0 . 01  (mlsec)’ .
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FIGURE £4. o $.nthly mean sea e *es temperat ur e is the mean of 12-hourly FNWC sea surface
Ssmpera ter es. Ce eui Intervals are 1 C .

I
- 

-. a5~~
_
~~~~~

•__ —
--



A 19 TE)VFERAT1FE (DEG - C) NOV 76

130 140 150 160 170 180 190 200 210 2~~0LONG I TUDE CE )

F IG URE 16.7 Mont hly mean air t.mparstura is the mean of 12~ hour1y FNWC air tempa r stur. a.
Contour intcrval are 2 C .

700 ~6 i~t I GHT . (M) NOV 76

60 
______ 

_____ _____ , , , ______

:~ / ~!!./f 0 1 o 1 p u p  i~~
p 1~ o ióo i~~o e p eio i~oLONGI TUDE IE )

FIGURE 14.0 Month ly mean ill height is the mesa .1 lI-hourly IItWC 700 mb h o 1 1
Ce~~~ur Interval. ar e 21 meters.
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F IG URE 16. 9 Monthly mess surface vapor pressur e is the mean of 12-hourly FN WC vapor
pre ssure at 19. 5 meters. Conto ur i~tervaZs ar e 1 mb
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FIG URE 16. 10 Monthly mesa sensible heat fl~~ (oc ean to atmosphere) is the mean at Il-hourly
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FIGURE 16.11 Monthly mean latent b.at nor (ocean to atmosphe re) is the mess of 12-hourly
latent heat fir calcuitted from FNWC ice tempe ratur e , vap or pressure an -

wind using a bulk form ula . h olm es of nero heat flux a re p lotted heavil y, and
contour intervals are 0.5 x l0~~ cal/cm 2 sec.
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BUOY PLOT F0F~ NOV - . 76
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FIGURE 18. Monthly buoy displacement vectors. Vectors are
drawn from start po int at beginning of month to
term inal point at end of month.

_ _ _ _ _ _ _ _ ______________________ _ _ _ _ _ _ _ _ _

_ _ _

_______- 

- - - ~~~~~ - ~~~~~~~~~~~~~~~~ - - - - -~~~~~~



W I NO SFEED (WSEC) DEC 76

Sc ____ ____ _____

j

J
/

*J

0 ~0

so 
6 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0

~~~4D

30 •

— J% I — • ~~.. . n2
~~o 130 140 150 1CO 170 180 

- 
190 200 210 220

LONGITUDE CE)

FIGURE 19. 1 Absolute value of monthly mean vect or wind velocit .es  at 19.5 meters .
Contour intervals ar e 1 rn / se c .
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W I N D  STRESS (DYNES/CM’•2) DEC 76

60

2 130 140 iSO 160 170 180 190 200 210
LONGITUDE CE)

FIGURE 19. 3 Monthly mess wind str es, is the mean of 6-hourl y wind stress at 10 rn e)er s
calculated from FNWC wind data. Contour intervals are 0 . 2  dynes/crn -
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FIGUR E 19. 4 The vertic al component of monthl y mi-an wind st ress  con is the mean of f t -hourly
wind stress cur l approx imated by ( i n , t e - d i f ( e r e n c r e  (r~.m - - hour l y wind s t resses  at
10 meter s. h olm es Ze ro curl ar e p lott. d h e av i l y ,  and conto ur  t n t ,  r v a l s  ar e
4 .O x I O  dyne./cm
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FIGURE 19. 5 Monthly mean wind shear stress velocity cubed , U~
3 is the mean of 6-hour ly  wind

shear stress velocity cubed3 calculated (corn wind speed at 10 meters .  Contoor
intervals are 0. 01 (m/sec) -
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FIGURE 19.6 Monthl y mean sea surface temperature 4 phe mean of 12-hourl y FNWC see surface
temp era ture.. Contour interva ls ars ~~C.
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FIGU RE 19. 7 Monthly mean air temperatur e is the mean of l2.ho u r l y FNWC air temperatures.
Cont our intervals are 2°C.
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FIGURE 19. 1 Monthly mean 700 mb height Is the mean of 12-hourly FNWC 700 mb heights.
Contour intervals are 25 mete rs.
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FIGURE 19.9 Monthl y mean surface vapor pressure is the mean of 12-hourl y FNWC vapo r p r e s s u r e
at 19. 5 meters. Contour intervals are 1 mb
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F IGURE 19.10 Monthly mean senstb ls heat (li&x (ocean to atmo spher e) is th . mess of li-hourly
sensib le heat flux calculated from FNWC air and sea temperature and wind netag a
bulk for mu1a~ Isoltns1 of sero heat flux are platted he avil y, and contou r interv als
are l O x l0 cal/cm sec.
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FIGURE 19. 11 Monthly mean latent heat flux (ocean to atmosphere)  is the mean of l2 .hourly
latent heat flux c*lculated from FNWC sea temperature . vapo r pressur e .and
wind using a bulk formula. 1so~ines of a2ero heat flux are p lotted heavi ly, and
contour intervals are 0.5 x l0 cal /cm eec.
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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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F~~ URE 2 2 .1  Absolute value of month ly mean vector wind velocities at 19.5 meters .
Contour intervals are I rn/sec.
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FIGURE 22 .3  Monthl y mean wind stress is the mean of 6-hourl y wind stress at 10 meters
calcul a ted from FNWC wind data .  Contour in te rva l s  ar e 0 .2  dyne./cr n
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F I G U R E  2 2 . 5  Month l y mean wind s he ar  sI r e s ,  v e l o c i t y  cu b e d , U*
3 Ii the  m e a n  of I -  hourly wind

shear s t res s  velocity cubed~ ca lcu la ted  from ~rind speed at 10 meters  Contoi. r
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FI GURE 22 . 6  Mi.nth ly mean sea surface te mp eratu r ’~ is the mean of l2~ hourI y FN W C sea surface
temperature.. Contour interval s are 1°C. 
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FIGURE 2Z . ’l Monthl y mean a i r  temp~ ra tu r e  is the mean of 12-hourl y FNWC a i r  t empera tures .
Contour intervals are 2 C.
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FIGURE 22.6 Monthly mean 700 mb height la the mean of 12-hourly FNWC 700 mb height s.
Contou r intervals are 25 ro sters.
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FIGURE 22 .9  Monthl y mean surface vapor prrs.~ir. is t b -  i-i-,.-sn i t  t.’ - ho ur l y N W C  
~~ p, r p r . - r s i i r~

at 19 . 5  meters.  Contour i n te rva l ,  ar e  I of .
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FIGURE 22. 10 Monthl y mean sens ib le  heat f lux (ocean to a tm osph ere)  -s the  mean of 12-hourl y
sensible  heat flux calcula ted f rom FNWC air  and sea t ..mp er at u rr and wind sing a
bulk for mul a

4 
Ie o l ine s  of cern  heat flux ar e plotted hea vil y ,  and contour In t e rva l s

are 1 . 0,  10 ca l / c m 2 sec.

- — -----— - - -- - -— w -~
- - ~~~~~~~~~~ — ,.-~~~~
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FIGURE 22. 11 Monthly mean latent heat flux (ocean to atmosp he re l  i~~ the i -~- an of 2 -hou:  l v
lat .nt heat flux calculated from FNWC sea t -  mp era t u re .  vapor pr s , u r e
wind using a bulk formula. I sc t l i n ea  of r.~er o heat flux  arc  pk .t te d hesv ( y,  m d
contour int er vals are  0 . 5 x  10 c a l / c m  ccc .
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APPENDIX A

• The vertical component of wind stress curl ,

• 
~~~ (at ~~ - _ _ _

r 
~~~y 

( 1)

was calculate d on the F N W C  p o l a r  g r i d  u s i ng  the chain rule a nd

d i f f e r e n t i a t i ng  t }~e p o l a r  p r o j e c t i o n  m a p p i n g  e q u a t i o n s ,

~~, 
~ 33 f 3 ~.toc (-~- +3)s t4t (e4~o) ( 2 a )

r~~ 3~~+3~~o5 ~~~~~~~~~~~~ *(2 ~.)

where

= north—south component of wind stress

east—west component of wind stress

= l a t i tud e

6 = longitud e

r = ea r t h  rad ius

= h o r i z o n t a l  a x i s  of  r e c t i l i ne a r

g r i d  on a p o l a r  p r oj e c t i o n

in  F i g u r e  1

— v e r t i c a l  a x i s  of  g r id  in  F igu r e  1.

F i n i t e  d i f f e r e n c e  e x p r e s s i o n s  f o r  e q u a t i o n  ( 1 )  w e r e:

* The factors in this equation , 33 and 31.205, are specific to FNWC ’s
63 x 63 grid.

— - -

~ 
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• 
-
~4, ~~~~~~~~~~~~~~~~~~~~~~~ 4±(th1

~~ia4 i -t13~~~~_)~~~ 
( 3 a )

~~~~~~~~ 
~~ ±(t1~~~~. ~~~~~~~~~~~~~~~~~ (3b)

where

i = O ,...62; discrete values of~~

j = O ,...32; discrete values of f

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

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

c o m p o n e n t  o f  w i n d  s t r e s s  c u r l  w a s  o b t a i n e d :

I— ~ll- _ •_ ~~ - — - .~~~~~~ - - . ~~--~--- — —4
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I N T R O D U C T I O N

Dur ing the ADS meeting of March 16 , 1977 it was decided to

produce a NOR PAX ADS program data report for trimonthly periods

roughly correspond ing to seasons.

Th is is the firs t issue of that data report , an d c o n t a ins

contour maps of monthly meaned: FNWC air temperature , sea

t e m p e r a t u r e , wind speed , w ind di rect ion , s u r f a c e  v a p o r  p res su r e ,

and 700 mb he ights; NOR PA X calculated wind stress , wind s t r e s s
r~’ . ~ - (

cu r l , wind shear velocity cubed (11
* 

) ,  sen sible heat flux ,

latent heat flux ; ob jectively analyzed TRANSPA C temperatures at

d iscrete depths from White and Bernstein (Sb ). This report also

conta ins monthly drifter buoy displacement vectors from Kirwan

(TAMU ) and McNally ( s io) .~~_.~. -

Because of extens ive back dating in this first report , t h e

t ime period f rom June , 1976 to Fe bruary , 1977 will be covered .

PROC EDUR E AND ANALYSIS

1. FNWC 63 x 63 Northern Hem ispheric Fields

FNW C data were taken from 63 x 63 polar gridded fields of 6-

hourly wind speed and direction , and 1 2—hourly 700 mb height , sea

surface temperatu re , a ir t e m p e r a t u re , and vapo r pressure.

1

______ _________________________ — _______________________________________



33 x 63 fields were extracted from the larger fields; geographic

coverage of a 33 x 63 field is shown in Figure 1. 1 0—rn level

w inds and we re c a l c u l a t ed f r o m  FNWC w in d s by an i t e r a t ive

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:

(1)

w h e r e

t surface stress

R e y n o l d s s t r ess , ( m Lsed~~~)

/ — a ir de n si ty

— w ind speed a t  10 m

Cp 1.3 x ~~~ (drag coefficient found by

Smith and Banke (1975 ) for

U~ 
= 10 rn/eec).

The vert ical component of wind stress curl was calculated on

the FNWC northern hemisphe ric grid using polar projection mapping

equat ions and finite difference approximations (Appendix A).

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

empir ical bulk fQrmula (Priehe and Schmitt , 1976):

as.,. f Cp[O.2. mld ’4 ~~~~~~~~ ( 2 )

where ,

2

— ________-“

~~~~ 
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- 

~~~~~~~~~~~~



Cp 0.2 4 cal/gm C

-7
0.91 x 10

= sea surface temperature

T,,, = GO meter) air temperature

The l a t e n t heat  f l u x  (c a l/ c n~~sec) was also calculated from a

bu lk  fo rm u la ( Fr iehe an d Sch mi t t , 1976 ):

• L Cg U1. •- [Q~ 1~ —q] (3 )

L 595 cal/gm (heat of evapo ration)

C~ = 1 . 3 2  x 1O~

Q = O.75~~~A I R  ( g~~•~~3 ) = FNW C vapor

~ressure]

Q - vapo r density near the sea surface

1.6 67 X lo
*7

{e
17. 191 (TS + 273~’273~~.

Stress , stress—curl an d fields were calculated at OOz ,

06z ,  12z , 18z GMT; heat fluxes were cal culrited for OOz end 12z

ONT every day. Th ese calculated fields were the n averaged to

o b t a in da il y ,  ‘ — da ily, an d monthly means. North and east-wind

components were seamed to obtain daily, 5—daily, an d m o n t h l y

vector means of wind speed and direction. Monthly means were

contoured over the region of the North Pacific from 1 20E to 230F

an d 20ff to 60ff. These contour maps are grouped by month in the

present report in Figures 2.1— 2 .11 , 4.1— 4.11 , 7.1—7 .11 ,

10.1—10.1 1 , 13. 1— 1 3 .11 , 16.1— 16.11 , 1 9 .1—19 .11 , 22.1— 22.11 , end

3
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24.1—24. 11.

2. Objectively Analyzed Transpac XBT

XBTs have been regularly dropped from ships of opportun ity

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 0,

60 , 120 , 200, 300 and 400 meter depths , by month , in Figures

3. 1—3 .6 , 5.1—5 • 6, 8.1—8.6 , 1 1 • 1— 1 1 . 6 , 14.1— 14.6 , 1 7.1— 1 7.6,

20.1—20.6 , 23.1— 23 .6 , and 25 .1—25.6.

3. Kirwan/McNa ll y Buoys

Several buoys drogued at 35 meter s were deployed in the

North Pac if ic ADS a rea fro m June, 1976 to the present. Because

of attrition of old buoys and add ition of new buoys , the number

at any time varied from 12 to 26. Satellite fixes were obtained

on each buoy seve ral t imes  a d ay ;  a l t h o ug h t h e a na ly se s of t h ese

d a ta  w e r e  n o t  com p l e te , m onthly inst an tan eo u s buoy pos i t ions we re

ava il able  u p  to  Dece m ber , 1976. Monthly buoy displacement

vectors have been plott ed in Figures 6., 9., 12. , 15. , 1 8., and

21. Because the buoys were deployed in June , 1976 , t h e r e  a re no

buoy d isplacement data for tha t month.

4
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w ind styles curl approaim at.d by f inits -d iffer.nce. from i—hour ly wind •trssss. at
10 metsr s. 1.olin.. of ..ro curl nra plotted heavil y. end contourintsrvals are
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FlOURS 2. 5 Month ly m.sn wind shear stress v. loc ity cub ed, I. His mean of 6-hourl y wind
shear str .ss velocity cubed calculated from wind speed at 10 mete rs. Contour
interval, are 0.0 1 (ml.ec)3.
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FIGURE 2 .6 Monthly mean s.a surface temperatar. is His mean of 12-hourly FNWC era surface
tem peratuz ee. Contour tntsrval. are 1°C.
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FlOURE 2.7 Monthly mean air tempe rature is the mean of 12-hourly FNW C air tempe rature..

Contour intervals are 2 C.
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Y~~ RU LI Monthly mean 700 mb h.ight i. th. mean at 12-hourly FNWC 700 mb heights.
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FlOURE 2.9 Monthl y mean sur fac e vapo r pressur e is the mean of 12-hourl y FNWC vapor pressure
at 19. 5 meter.. Contiur ints r.sls are I mb.
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FlOURS 2. II Mont hly mean saneibl. heat Son (ocs .n to atmoe phere) I. the mean of li-hourly
eeaetbf. heat lIon ca2rulatsd front FNWC air sad eea temperat ure and wind sala a
bu~ I.rntu *.~ MeSt.y of aero heat lion ars plotted heavily, and contour tatsrvnl s
are l.0 a 10 cal /cm sec.
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FIGURE 2. U Monthly mean latent heat LIon (ocean to atmosp here) ii the mean of 12-hour ly
latent heat lion calculated from FNWC sea tempe rature, vapor pressure and
wind u.iag a bulk fo rmula. Iso1Ln ,p of ~s ro heat lion are plotted heavily. m l
contour iM.rva la a,e G . 5 x l 0  cal/cm sec .
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FIGURE 4. 1 Absolute value of month ly mean vector wind ve loc ittee at 19. 5 meters.
Contour intervals are 1 rn/Sec.

WIND D I F?ECT I ON JI..L 76

-C

/ 

e~, \
‘
~~~~~~~~~

,
.•
,,,_

__. —C

-
~ .. 

-

~~ -~ ~~ 
-
~~ ~~ ~~ /

-,

— .‘~~~~~~a ~~ e

/ ‘

1~ 
‘~~~~ 

~~~~ 
—.I~ I\

7

* 

~~~ ~~~~~~~~~~~~

I ~J ~~~~~~~~~~~~~~~~~~~~~~~
\\ ~~~~ ~_~~~4_ I ~~~~~~~~~~~~~~~~~~~~~~~ e”

,, f
~ 

~~~ ••-. .-
~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~.•
~ ‘-~~

-
~
...: --

~~~ ~~~~~~~~~~ _ _ _

.
~~ 

‘~~ eC~140 I~O I

FIGURE 4.2 Direction arrows represe nting directions of monthly mean wind vector s at 19. 5
meters. V anes on arrows indicate w ind speed in knot. . U speed is less than
2.5 knots. ths re is no vans; for every 5 knots above 2.1 knots I/i vane ii
plotted .

-t
IT - ~~~~~~~~~~~~~~~~



WI NO STRESS (DYFhES/CM,.2) J(J_ 76

GO ____ 
____ ______

0
I 

~~°

. 
•~~~~~~~~~~~~~

&
/.\ . A .  i~~~ _I £ £ £

130 140 150 160 170 180 190 
• 
200 210 220 

£

L~~G1T1.~~ CE)

FlOURE 4.3 Montb.l p- mesa wind stress is the mean at 6-hourly wind stress at 1 ~~~~~Iscalculated lime JNWC wind data. Contour tnt.rvala are 0.2 dyne. /cm2.
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FIGURE 4 . 4  rh. vertical component at monthly mesa wind stress curl is the mean SI 6-hourly
wind stres , curl appronmmated by finit e.dill e,.nsei (rein 6-heuily wind stresses at
10 mete rs . Z.olinee of asro curl are plotted heavily, and contour intervals are
4. On II” èpll es/em 3.
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FIGURE 4.5 Monthly mean wind shear .tre.s velocity cubed, U°3 is th . msan of 6-hourly wind
shear stress velocity cubei1 calculated from wind speed at 10 mete rs. Contour
interval. are O. OS (m/s ec) *
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FlOURS 4. 6 Month ly mean sea surface t .mpsrat ure is the mean .1 12-hourly I’ItWC see su rfac .
temperatures. Contour interval. era IC .
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FIGURE 4. 7 Monthly mean air temp erature is the mean of 12-hourly FNWC air tem s.~~~r.s.
Conto ur interval s are Z .C.
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FIGURE 4.I Monthl y mean 700 nib height is the mean of li-hourly FNWC 700 mb height. .
C o o n  nt.,esl. are 21 meters.
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FIGURE 4.9 Monthly mean surface vapor pressure is the mean of 12-hourl y FNWC vapor
pes.sere at l~ .5 metsrs. Contour intervals are 1 nib .
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FIGURE 4. 1S Monthly mean sensib le beat lion (seem 5. atmosphere) I. the mesa .1 ii.he.rly
ssns tbl. heat (Ion calculated fro m FNWC air and sea temp erature and wind ueisg
a bulk formula. soUse, of sort heat lion are plotted hoavtl5 r . and
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FIGURE 4. 11 
- 

Monthly mean latent heat non (ocean to atmoeph.rs) is the mean of 12-hourl y
latent heat fluz calculated from FNWC sea temperatur e , vapor pressure an
wind using a bulk formula. Isolines of af ro beat Slur are plotted heavil y, and
contour interval. are 0.5 n LO~~ c4/cm eec.
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FIGURE 6. Monthly buoy displacement vectors .  Vectors are
drawn from start  point at beg inning of month to
terminal  point at end of month.
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FIGURE 7. 1 Absolute value of monthly mean vector wind velocities at 19. 5 meters.
Contour intsr,ale are 1 rn/sec .
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FIGURE 7.5 Monthly mesa wind .tr.ss is the mean of 6-hourly wind st ress at 10 meters
calculated from FNWC wind data. Contour interval, are 0.2 dyns./cm2.
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FIGURE 7.4 Tb. ve rt ical component .1 monthly mean wind Stress curl I. the mes, of 6.hserly
,tjsd st ross cur l appr imst.d by SI*ite-dWeremo. from 6-heurly wind st resses *1
10 rneter ~. looUn.. of s.ro earl at. plotted heavily, and ceatour inser,tls a,.
4. On 10~~ dyaes/csu 3.
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FIGURE 7. 5 Month ly mean wind shear stress velocity cubed. is th . mean of 6-hourl y w iad
shear stress velocity cube4 calculated :rom wind speed at 10 met s rs . C~~~our
inte rvals are 0.04 (rn /eec)’ .
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FIGURE 7.6 Monthly mean s.a sur face tem perature is lb. mean of 12-hourly FNWC sea su,lscs
temperature.. Ccotour intervals are I’C.
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FIGURE 7.7 Monthly mean air ternperaturs i. the mean of 12-hourl y FNWC air temp eratures.
Contour tnte rvale are 2 C .
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FEURZ 7.. Month ly m.an 700 m b  height i• the mean of 12-hourly I’NWC 700 mb harights.
Contour Interval. are 25 mater..
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FIGURE 7.9 Monthly mean surface vapor pressure is lbs mean of l2~bourly FNWC vapor
pressure at 19.5 meters. Contour Intorvale are 1 mb.
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FIGURE 7. 10 Monthly mean sen.ibls biaS fl nt (Ocean to atmosp here) is the mean sf 12-hourl y
.eaelbls m.at ibm calculated from FNVC air and sea temperatur e sad wind using
a b-tlk formola. m i m i c  .1 sor e heat flint are plotted heavily. sad coatoue
intervaia are 1.0 a l0~~ cal/cm~ s.c .
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FIG UR E 7.11 Monthl y moan latent heat fur (Ocean to atmosphere ) I. the mesa of 12-hour ly
latent heat flint calculated from FNWC s.a temp.ratuze. vapor press ure am ..
wind using a bulk formula. Isolines of apr. best flux are plotted heavily, and
contour intervals are 0.5 a IO~~ cal /cm’ sec .
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FIGURE 9. Monthly buoy displacement vectors.  Vectors are
drawn f r o m  start point at beginning of month to
terminal point at end of month.
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FIGURE 10. 1 Absolute value of monthly mean vector wind velocities at 19. 5 meters.
Contour intervals are I rn/sec.
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TIGURE 10.3 Monthly mesa wind stress is 1k. mien of S-hourly wind stress at 10 meters

calcuisted from F*WC wind dats . Co our Intervals are 0.2 dynes /cm2.
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FIGURE 10.4 The ,.rttcal cornpc.enl of monthly mean wind tree, earl is tho mesa of S.beurly
wind stress cur l sg,rurm nsded by fl nite.dWeroa~~e from S-hour ly wind stresses at
10 ms srp. koitnoip
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FIGURE 10. 5 Monthly mean wind shear stress velocity cubed. US3 is the moan of 6-h000Ip wts d
.hear stress velocity cube( calculated train wind ipeed it 10 mofo pD, C~~SIUI~

Ste 0 0 $  (rn/soc) 4 .
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FIGURE 10. 6 Monthly mean sea .srtace temperature is the mean of lZ.hourly FNWC sea surface
temperatures. Centour Inte rvals are l C .
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FIGURE 10. 7 Monthly mean air temp er ature is the mean of 12-hourl y FNWC air temperatures.
Contour interva ls sr i 2 C .
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FIGURE L O S  Monthl y moan 700 mb height is the mean of 12-hour ly TNWC 700 mb hetgho s.
Contour Interval. an 25 n~ete rs.
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FIGURE 10.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vspon
pressure at 19. 5 meters. Contour intervals are 1 rnb.

SENSIBLE HEAT FLUX (I0• • -4 CAL/GA• .2 SEC) SEP 76

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2f~~~~~~~~~
.

14 11o 1&o~~~~~ o 1 1 o 1 o~~~e~~~~~e4o
0

e&o(
LONGITWE CE )

FIGURE 10. 10 Mosthly mean .s. ti, boat flu (ocean to atmosphere) is the mean of il-hourly
eensibl. heat 5u. ~a2culated from FWWC air sad eon t.mpsrasuro and wind seing
a bulk formula. h olm es of ner t bent fl u an, plotted hoaeily. and ceoteur
interval. sos 1.01 IO sal/cm’ so..
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FIGURE 10.11 - Monthly mien Latsnt heat flux (ocean to atmosphere) is the mean of 12-hourly
latent beat flux calcu late d from FNWC sea tempe ratur e , vapor pressure aa~
wind using a bulk formuli . holm es of a.ro heat flux are plotted heavily, and
contour intervals are 0.5 x ~~~ cul!crn2 eec.
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FIGURE 12. Monthly buoy disp lacement vectors .  Vectors are
drawn from start  point at beginning of month to
terminal po int at end of month.
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FIGURE 13. 1 Absol ute value of monthly mean vector wind velocit ies at 19. 5 meters.
Contour interval, are I rn /Sec . -
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FIGURE 13.3 MOnthly mean wtad stres s Is the mean of 6-hourly wind stre s s at 10 m.ters
calculated from FNWC wind data. Contour inter-nih are 0.2 dyne./cm2.
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FIGURE 13.4 The ,,ntical component of monthly mean wind st ress curl Is the moon of 6.hourly
wind .tres . curl .ppruimnt.d by Iinit..dlllerences from 6-hourly wind stressos at
10 meters. 1.oli n.s of 50(0 curl are plotted heavily. and contour intervals are
4 .0x10 ’ dyn.s /cm3.
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FIGURE 13.5 M~nthiy mean wind she er stress velocIty cub.d. U03 is th. mean of 6-hourly wind

shear sn.~sss v3locity cubs( calculated f rom wind speed at 10 meters. Contour
Intervals are 0.04 (rn/eec) ’ .
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FIGURE 13.6 Monthly mien sea surface temperature Is the miss of 12-hourl y FNWC sea su rface
temper atures. Contour intervals are 1C.
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FIGURI 13.7 Monthl y mean air t impsrature Is the moan of l2.hourl y FNWC air temperatures.
Contour Intervsla are 2 C .
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FIGURE 13.1 - 
Monthly mean 700 .th height is the mean of Il-hourly FI WC 700 mb h o .
Contour Interval, are 85 meters.
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flOURE 13.9 Monthly mean surfaci vapor pressure is the mean of 12-hour ly FNWC vapor
pressure at 19.5 meters. Contour Intervals are 1 mb.
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FIGURE 13.10 Monthly mean sensible hint flon (ocean to ntmosph ere) I. the mean of 13 -hour ly
sensIbl , heat Son ealcu int i.d fro m FNWC air and sea temp erature sad wind usIng
a bulk formu la. Isoline s of aer~ heat Son an. plotted heavily. and contour
Lnt .rvals are 1.0 a 10~~ cal /cm’ sec .
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FIGURE ~3. ~ Month ly mean latent bent Son (ocean to atmosphere) is the mean of 12-hour ly
latent heat fluz calculated from FNVC sea temperature , vapor pressure au -

wInd using a bulk formula. holm es of se ro heat Sun are plotted heavily, and
contour Intsrval. are 0.5 a l0~~ cal/cm2 sec.
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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. I Absolute value of monthly mean vector wind velocities at 19.5 motors.
Contour intervals are 1 rn/sec.
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FIGURE 16.3 Monthly moan w Ind strsss Is the mian of 6-hourly wInd st ress at 10 motors
calculated from FNWC wind data. Contour Intervals are 0.2 dpe.s/cmZ .
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FIGURE 16.4 Tb. vort lcal com ponent of monthly mean wind stress cur t I. tho moon .1 6.heurl~
win d str ese curl appronimatid by IIMte-dWersaces fr om 6-hourly wind st r.s00 5 at
10 meters. holtno s of sero curl are plotted heavily , -

~~~ contour Interval. are
4. 01 l 0’  dyaee/cm3 .
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FIGURE 16.5 Monthl y moan wind shear stress veloc Ity cubed. Ui3 is the mona of 6-hourly wind
shear stress velocity cubed

3 
calculated from wind speed at 10 miters. Contour

interv als are 0.0,  (rn/eec)
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FIGURE 16. 7 Monthly mean air t.mporature is the mean of l2~hour1y FNWC air t.mpsrntur,a.
Contour intervals are ~~~
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FIGURE 16.5 M..thl y mean 755 holgat is the mean of l*.hourly I’lIWC 700 mb h e i L  
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C. eu, Intorval. urn 33 miSers.
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FIGURE 16. ~ Monthly moan surfaco vapor proseure is the mean of 12-hourly FNWC vapor
prossure at 19.5 meters. Contour Intervals are 1 mb
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FIGURE 16. 10 Monthly moan senet bl. hint flon (oc ean to atmos pher.) is the moss of 13-hourl y
so nslbl. heat fltm calculat ed from FNWC air and sea temperatu r e and wind using
a bulk formal.. loolinul of ser ~ heat fur a~s plotted heavily, and coeteur
interval. an l O x  ~~~ cal/cm sic .
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LATENT HEAT FLUX (30.’ -3 CAL/054’ ‘2 SEC) NOV 76
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FIGURE 16.11 Monthly mean latent heat floe (ocean to atmosphere ) is the mean of 12-hourly
latent heat flux calculated from FNWC son tomperatur e . vapor pressure nz~
wind using a bulk formula. loo lines of sero heat flux are plotted heavil y , and
contour Intervals are 0.5 a l0~~ cal /cm2 sic.
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FIGURE 18. Monthly buoy disp lacement vectors. Vectors are
drawn from start point at beg inning of month to
te rminal point at end of month.
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FIGURE 19. 1 Absolute value of monthly mean vector w ind velocit ies at 19. 5 meters
Contour intervals are 1 rn/s .c.
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2. S knots, there Is no vane; for every S knots above 1. 5  knots , 1/2 vane is

plntted.

-. -1~~~. 
-

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~
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FIGURE 19. 3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 me~ers
calculated from FNW C wind data. Contour intervals are 0.2 dynes /cm
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EIGURJ( 19. 4 The vertical comp onent of monthl y mean wind s t r ess  s- o r)  is the mean of (s.hourly
wi nd stres , curl approximated by fI n ,t e .d ifI er i ’ n i .-. f r’ m ~-- hourl y wind s t resses  at
10 mster ~ . leo lines ze ro curl are plott . ’d heavily, and contour intervals are
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FIGURE 19. 5 Monthly mean wind shear stress ve locity cubed . US 3 is the mean of 6-hourly wind
shear stress velocity cubet~ calculated from wind speed at 10 meter .. Cont our
intervals are 0. 01 (rn /eec)
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FIGURE 19. 6 Monthly mean sea surfac. temperature 15 lb. mean of 12-hourly FNWC cia surfan.
temp eraturos. Conto ur intervals are 1°C.
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FIGURE 19. 7 Monthly mean air temp erature is the mean of 12~ houriy FNWC air temperatures.
Contour intervals are 2°C.

700 P8 HEIGHT (M) DEC 76

60 
. 

______ —

1~’

/

-

_

0 i.4~
”
~ 140 i&0 1~~0 170 180 190 26 210 

•

LONG I 11DE (El

FIGURE 19. 1 Monthly mean 700 mb height la the mean of 1.2-hou rly FNWC 700 mb heights.
Contour intervals are 25 meters.
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FIGURE 19. 9 Month ly mean surface vapor pressure is the mean of il-hourly F NWC vapor pressure
at 19. 5 meter.. Contour intervals are 1 mb.
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FIGURE 19.10 Monthly mean sens ibl , heat fiu~ (ocean to atmosp here) is th. mean if I2.hourly
sensible host flux calculated from P PIWC air and sea temperature sad wind usia5 a
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FIGURE 19. 11 Monthl y mean latent heat flux (ocean to atmosphere) is the mean of 12-hou rly
latent boat flux calculated from FNWC sea temperature . va por p ress ure . and
w ind using a bulk formula. Isoj ine. of s~ero heat flux are plotted heavil y, and
co ntour intervals are 0.5 x 10 i cal /cm sec.
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FIGURE 21. Monthly buoy displacement vectors. Vectors are
drawn from start point at beg inning of month to
terminal point at end of month.
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FIGURE 22. 1 Absolut e value of monthl y mean vector wind velocities at 19. 5 meters.
Contour intervals Irs 1 in/sec.
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FIGURE 22.2 Direction arrow, represent ing directions of monthly mean wind vectors at 19. 5
meter.. Vanes on .rrows indicate wind speed In knots. If sp eed is less than
2.5 knots , there is no vane; (or every S knots above 2 . 5  knets. 1/2 vane is
plotted.
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FIGURE 22.3 Monthl y mean wind s t ress  is the mean of 6-hourl y wind stress at 10 m.~er.
calculated from FNWC wind data. Contour Intervals are 0.2 dynes /cm
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FIGURE 22.4 The vertical compone nt of ~~~~hly mean wt.d stress c~r* ii ~e ousa ef 4-bonn y
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F1GUR~ 22 .5 Monthly mean wind shear s t r es i  veloci ty rubrrl , U*
3 is the mean ci 1,-hourly w ind

ihear s t re s s  velocity cube43 
ca lcul at ed f ro m wind sp eed at 10 m e t e rs .  Cont os ~r

interval s are 0.0 ? (m/sec)
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FIGURE 22.6 Ms. nth ly mean lea surface temperatur.- ii t he mean of I2.hourly FNWC sea sur fa ce
I ’ temperatures. Contour intervals are I C.
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FIGURE 2 2 . 7  Monthly mean air iemp.~rature is the mean of lZ -ho url y FNWC air t mp e rat ures .
Contour intervals are 2 C.
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FIGURE 22.8 Monthly mean 700 mb hsi~ht is th e mean of 12-hourly FNWC 700 mb heIghts.
Contour intervals are 25 meters.
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FIGURE 22.9 Monthly mean sur fa ce vapor preseur r  is iF-  mei.i ‘i 12- hourl y FNW C yap r ps - - ,e, , r .-
at 1 9 5  meter.. Contour i n te rva l s  Sr . - i ml , .
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FIGURE 22.10 Monthly mean sensible heat flux (ocean to a tm isph e re )  is the roren of 12-hour ly
sensib le heat flux calculated from FNWC air and sea t ..m perst ur r and wind us ing a
bulk (ormula ~ h olm es of zero  heit flux are plotted heav ily , and contour mn ierv als
are l . O x  10~ ca l/cm 2 sec .
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FIGURE 22. 11 Monthly mean latent heat f l ux  (ocean to atmosp her e )  is the i c  an of 2-how ly
latent heat flux calculated from FNWC sea t mpe rzture , vapor pr - sa ure * id
wind using a bulk formula. 1.~~inos of ,.2ero heat flux ~rr pl rt te d I~c a v , l y , m d

contour intervals are 0 . 5 X  10 cal /cm Sec.
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FIGURE 24.1 Absolut e value of monthly mean vector wind velocities at 19. 5 meters.
Contour intorval. are I rn/sic.
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FIGURE 24. 3 Monthl y mean w ind s t ress  is the mean of 6.hourly wind s t ress  at 10 ire~er.
calcu lated from FNWC wind data. Contour interva ls are 0.2 dy n,-.. (cm
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FIGURE 24.4 The vertical compon.nt of monthly mean wind stress curl I. th . mean of 6-hourly
wind stress curl appro x imated by finite-differences from 6-hourl y wind st~es aes at
10 meters. 1.oltnss j sf zero eur l are plotted heavil y, and conto ur intervals are
4.0  x l0~~ dy*ee /cm
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FIGURE 24. 5 Monthly mean wind s hear s t r e s s  velocity cubed UI3 is the mean of b-hour’ y wind
shear stres s velocity cubem~ calculated from wind speed at 10 meters Cc nto ir
interv als are 0. 01 (m/sec )  -
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FIGURE 24.6 Monthly mean soa su efac. temperature is the mean of 12-hourly FNWC sea surface
temp eratures. Contour intervals are 1°C.
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FIGURE 24.7 Monthly mean sir temperatu re is the mean of 12-hourly F NWC air ten prrst ir is .
Contour intervals are 2 °C.
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FIGURE 24.8 Monthly mean 700 mb height Is the mean of 12-hourly FNWC 700 mb hei$hts .
Cont our Interva ls are 25 meters.
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FIGURE 24. 9 Monthly mean sur face vapo r pressure is t he mean u I  l.f~ hour1y } NW C  vapor prrreuru.
at 19.5 meters. Contour intervals are 1 mh.
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FIGURE 24. 10 Monthly nean sensible heat flux (ocean to atmosphere) Is the mean of 12-hourly
linsible heat flux calculated from -FNWC air &nd sea tempera tu re and wind uoiap a
bulk formula ; Iso lin? of zero heat flux are plotted heavil y. and contour interval.
a~e 1.0. 10 cal/cm see.
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FIGURE 24. 1! Monthl y mean latent heat flux (oce an to atmosphere) is the mean of 12-hourly
latent heat flux calculated from FNWC ce s temperature , vapor pressure and
wind using a bu i. f~ rrn., a. Ieo~ine. 01 z~e rn heat flux are plotted heavily, and
contour intervals are 0. ’, x 10 cal/m a s - - c .

C

- - - -  
-



-, -
~ ~~~~~ r ‘ . 

~~~~~~~~~~

~~~~~~~~~ L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~. ~~~~~~~ 
‘ C’, —p. 

~—
c---

~~
—1 i i • I • p. ‘U 

~.: ~ ~~~~
‘ .

~~~~~~~~~ f ~._jw I I . I • ~ ~;•. 
: • j  • • , mu

jJ~~~~~~~~~~~~~~~~~~~
L Y(

~~~~~~~~~

r ‘\;~ :~ ~~~~~~~~~~~~~~ ~ ~:\ 
1

~ ~ ~~~~~~~ 

‘V 

/~~~
\ ~ 

0’

~ 
~~4~~1:d .

w~ ~ ~~ 
.1 

~~~~~~~~ ~~ ~~~ 

c
\

~~~~) 
— ~~ !~e ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~

(N) ]Oflh I lV’l N) J~11JJ1V1 (N) JG1II I’fl ~~ :~
5 - 0
— -V 0.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘
~~~~~~~~~~: 

~~~~~~~~~

e

~~~~~~~~~~~~~~~~~~~~~~
;: 111

~~~~~~~~~~~~~~~~~ F7ffI~#J~~=~ ~~~~~~~~~~~~~~~~~~~~~~
_____ 

Ia

/ C’ 4~~~~~
• . • 

. U
a, m ’~ C’ ‘ 

- “ I ’~~~~, 0 •
-‘ • 

. C’ — 0.
• - c  - (U 

•
—‘. • .S - ’ ’ ( U  j~ .’ CU LLJ

•_ _  .-
• .‘.~~~~~~ 

_ _  
-.

F _______ 

- 
0 F . • * ‘ I—

_ _  
~~~~~~

0 a - .-- 
~~~~~~~~~~~

.
_ 

__ ~~~-, - - 
_ _ _C’ . 0~~~~~ O 0~~~~

-~~~~~~ 
. . ID

- i-. . 
- 0~

•
• 

• _______ 5’— ~~~

- -‘.4 __________________

- - 0 0
N ‘ N. N’

_______ a- 
- - - — Ui

_ _  
S •~~~~~~~. 

_ _* c , -.~~ - -‘
~~~~ • — 

____ C’

- k .~~~- -~~~~~~ 4 - . ID ____ _ _
ID

a .. — 
“ a ’ , -*~

p• ’ • 
‘ 

~ ‘ ‘~‘
— - -- - ,~c’ 

• 
• ‘  a’~’ ci a ’ _________ ‘ 0

0 0 Ct. 0 C1 Cl 0 c~~LI) Pd) LI) ,al LI~ P4)
IN) JOfli I IV’l (N JCriJ I IV1 C N) •.3Q1.I. i .LV1

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _  -_~~~~

_ _ _ _  - . . - ---~~~~-~~--. - —~~~~~ -~~~ p



A P P E N D I X  A

• The vertical component of wind stress curl ,

A ~~ _ _ _  _ _ _• .c, -
~ 

— 

~~~~ ~~ ( 1 )

w a s  c a l c u l a t e d  on t h e  FNW C p o l a r  gr i d  u s i ng  t h e  chain rule and

differentiating the polar projection mappin g equations ,

e~ ( 2 a )

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ (2~~)

where

= north—south c o m p o n e n t  of  wind s t r ee s

e a s t — w e s t  c o m p o n e n t  of wind s t r e s s

= l a t i t u d e

6 = longitud e

r = e a r t h  rad ius

= h o r iz o n ta l ax i s  of r e c t i l i n e a r

grid on a polar projection

i n  Figu r e  1

vertical axis of grid in Figure 1.

Finite difference expressions for equation (1) were:

* The factors in this equation, 33 and 33.205, are specific to FNWC ’s
63 x 63 grid.
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(35)

• 
____  = 

~ ± ~~~~~~ ~~~~~~~~ (3  b)

where

i = O , ...62; discrete values of~~

j = O , .. .32 ;  discrete values of 7

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

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

component of wind stress curl was obtained : 

— 

— -  —• i~~T~~~ i- — -~~~ a— -- 
— —  

-~~



R E F ER F N C E S

Businger , J. A. , J• C. Wyngaard , Y. Izumi and F. F. Bradley

1971: Flux—p rofile relation s~lips in the ntmo sp heric

surface layer. J. Atm os. Sci. , 28, 181— 189 .

Friehe , C. and K. Schmitt 1976: Parameterization of air—sea

interface fluxes of sensible heat and moisture by the

bulk aerodynamic formulas. J. Phys . Ocean. , 6: 801—809.

Smith , S. D. and E. Banke 1975: Variation of the sea surface

d rag coefficient with wind speed . Quart. J. Roy. Meteor.

Soc.  1 0 1 :  6 6 5 — 6 7 3 .

___________ - -  ___


