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Greenbelt, M 20771

ABSTRACT

The use of monthly-averaged wind vectors in numerical modeling experi-
ments causes difficulties when averaged wind speeds are required as well
as wind velocities. This occurs, for instance, in bulk-aerodynamic
formulae for sensible and latent heat transfers and in equations for
wind stress. In this note, ratios R of the monthly-averaged wind speeds
to the magnitudes of the monthly-averaged wind vectors are presented for
each month of 1974 and 1975 over a 4] x 41 grid covering the Southern
Ocean and the Antarctic continent. The ratio is found to vary from 1 to
over 1000, with an average value of 1.86. These ratios R are relevant
for converting from sensible and latent heats calculated with mean monthly
data to those calculated with 12-hourly data. The corresponding ratios a
for wind stress, along with the angle deviations invclved, are also pre-
sented for each of the 24 months over the same 41 x 41 grid. The values
for a generally exceed those for R and average 2.66 over the 2 years.
Regions in zones of variable wind directions have larger R and & ratios,
with the two-year averages over the ice-covered portions of the Southern
Ocean averaging 2.74 and 4.35 for R and a respectively. Thus adjustments
to compensate for the use of mean monthly wind velocities should be stronger
for wind stress than for turbulent heats and stronger over ice-covered
regions than over regions with more persistent wind directions, e.g.,

those in the helt of mid-latitude westerlies.
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COMPENSATION FOR USE OF MONTHLY-AVERAGED
WINDS IN NUMERICAL MODE.ING

I« INTRODUCTION

The use of mean monthly averages in various modeling stulies requires
certain adjustments, especially for vector quantities whose magnitules
are used in addition to their vector components. For instance, in the
modeling of oceans and sea ice, wind speeds are employed for calculations
of sensible and latent he't: and for determining the wind stress term in
the calculation of surface currents and ice drift. Since the average
wind speed does not, except under rare conditions, equal the speed of
the average wind vector, some care is called for in using averane vectors

for calculations dependent upon average speeds.

Ocean and sea ice modeling stulies which do not involve coupled
atmospheric calculations often employ atmospheric variables averaged over
various time periods. This is true, for instance, in the ocean stulies
of Bryan and Lewis (1979), Meehl et al. (1982), Schopf {1980), and Semtner
(1976b), and in the sea ice stuiies of Hibler (1979), Maykut and Untersteiner
(1971), Parkinson and Washington (1979), Pease (1975), Semtner (1976a),
and Washington et al. (1976). Not wntypically, Parkinson and Washington
(1979) employ climatological monthly averages for temperatures, pressures,
dew points, and the u and v components of the geostrophic wind. Tempera-
ture, pressure and dew point being scalar quantities, those are not
considered below. Instead the emphasis centers on wind velocity, a
vector whose magnitule, as well as its individual components, is employed

in the sensible heat, latent heat, and wind stress calculations.
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The magnitule of the average of any 2 vectors \71 = (a,b) and \Tz =
(c,d) is necessarily less than or equal to the average of the magnitudes,

a result immadiate from the following algebraic inequality:

7174 (avc)2 + 1/4 (b+d)2 < 1/2 [ /22402 + Jc24d2 1. (1)

Thus usage of averaged wind vectors and determination of wind speeds
from them necessarily unic.estimates (or. in the unlikely event that the
wind direction remains constant, equals) the averaged wind speeds.
Recognizing this, Parkinson and Washington (1979) inserted a factor 4 set
equal to 3.0 in the equation of wind stress [:a = a(p pavz (cosaT +
sin83)] to compensate for the use of mean monthly climatological inpuis.
This value of 3.0 was recommended by A. Semtner (personal communication)
and was not varied either spatially or through time. In this note,
12-hourly wind data for each month of 1974 and 1975 are used to calculate
appropriate adjustment factors both for the sensible and latent heat
calculations, which treat the wind velocity in a 1inear fashion, and for
the more-complicated wind stress calculations, where the wind speed and
direction are both relevant. Displaying the data on a 2-dimensional

grid for each month of the 2-year period allows both the spatial and
temporal variations to be illustrated, including interannual as well

as interseasonal contrasts.

I1. WIND USAGE IN FLUX AND STRESS FORMULATIONS
Sensible and latent heats, H and LE, are typically calculated from bulk

aerodynamic formulae:

H=pa cp CH W(Tq - Tsfc) (2)
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LE = oy L C¢ W(ayom - as), (3)
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where p, 1s air density, cp 1s the specific heat of air, L is the latent
heat of vaporization (for a water surface) or of sublimation (for an ice
surface), Cy and Cg are the transfer coefficients for sensible and latent
heats respectively, W is the wind speed, Ty and Tg¢e are the air and

surface temperatures, and qiom and qg are the specific humidities at heights
of 10 m and the surface. The appropriate wind speed is the instantaneous
value. Over a time interval in which the other terms remain essentially

constant, the average sensible and latent heats will be:

H= 0y cp Oy W(Ty - Tsc) (4)
TE = o5 L Cg W(ayom - as)> (5)

so that the average wind speed is appropriate in the calculationse Thus
in a case where average wind speeds are not available but average wind
vectors are, the magnitule of the average vector should be multiplied by
a conversion factor deemed reasonable for the ratio '
R = _gm_ (6)
where W is the average wind speed and Wy '|§m| is the magnitule of the
average wind vector ;m =V (Ui, Vi) Hence, for the sensible and
latent heat calculations, witn a time period of one month the appropriate
conversion factor is simply the ratio of monthly-ave-aged wind speed W
to the speed Wy of the monthly-averaged vector. Such ratios will be
presented below over a 41 x 41 grid for each month of 1974 and 1975.
The grid is centered at the South Pole and extends northward to mid
latitudes.




In the case of wind stress, the wind enters the calculations in a
non-1inear fayhion, making the appropriate conversion somewhat more

complicated. Wind stress ;, can he calculated as
L J »
Tg = palp WV, (7)

where Cp is the appropriate drag coefficent, 7 is the wind velocity, and
W -IVI is, as before, the wind speed. Hence, for constant py and Cp,

the average stress over a given time interval will be

*» » ‘

Ta = pa Cp WV (8)
with a wind stress magnitule of
l:
Ta

T .
® pa CD,N V,- (9)
When only monthly average vectors are available and wind stress is calculated

as

Ta * a pa Cp Wn Vn (10)
with magnitude -

I;al ®ap, CD(Nm)Z. (11)
then the appropriate ratio a to convert to the proper wind stress magni-

tule is, as presented also in Semtner (1976b),

il
o WV

. 12
o2 12)

Monthly values for a are tabulated below for data from 1974 and 1975.
It is relevant, in addition, to consider the turning angle A between the 2

wind stress calculations (Ecuations 8 and 10), 1.e., between the vectors

re +

WV and Vy. Values for these angles also are tabulated for the 24 months
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of 1974 and 1975. It should be noted that the above formulations assume
surface. wind values, without incorporating additional adjustments for
conversion from surface geostrophic winds to actual surface winds. A
first-order conversior would reduce the magnitules of the geostrophic
wind by a constant factor and insert a constant turning angle. Such a
first-order adjustment would not affect the values of the ratios or angle
differences tabulated below.

To sunmarize, monthly averaged sensible and iatent heats depend on
monthly averaged wind speeds W, and monthly-averaged wind stresses depend
on monthly-averaged products of wind speed by wind velocity, n However,
often the quantities available are instead the monthly averaged vectors

Tlm and their magnitides Wp. The ratios R and a provide the adiustments

necessary when using W, in place of W and umz in place of WV

III. DATA SOURCE AND GRID

The data employed for these calculations are 12-hourly surface geo-
strophic wind vectors from the Australian Bureau of Meteorology. These
data were obtained in digitized form, on a 47 x 47 Southern Hemisphere
grid, through the courtesy of G. Walters of the Data Support Section,
National Center for Atmospheric Research, Boulder, Colorado, and were
interpolated to the 41 x 41 Parkinson and Washington (1979) grid of the
south polar region (Figure 1) and averaged over each month of 1974 and
1975, The arrays of monthly averaged u and v components determined the
monthly averaged vectors Tlm and enabled calculation of the magnitules H,,,-I\’Iml.
Additionally, for each 12-hour period the 41 x 41 array of wind speeds
was calculated, and these arrays were averaged over each month to obtain
the monthly averaged wind speeds, W. Monthly averages of both components

of WV were also calcu.lated, thereby enabling determination of ratios R
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and & and of the turning angle A between W V and Vg

IV. RESULTS .
a. Ratios R for sensible and latent heat.

Figures 2-25 oresent for each month of 1974 anﬁ 1975 the 41 x 41
array of ratios R of the average wind magnitude W to the magnitude W, of
the average wind vector. The larger this ratio R, the more significant 1s
the speec underestimation in calculatiuns which replace W by Wy, for
instance in determining sensible and latent heat fluxes. In Figures
2-25 the continental boundaries of Antarctica and the southern tip of
South America are outlined, as is the bouncary of the maximum extent of
sea ice coverage during the given month, the latter being determined
from tne Eiectrically Scanning Microwave Radiometer (ESMR) data set from
the Nimbus 5 satellite (Zwally et al., 1982).

As can be seen from Figures 2-25, the ratio R exhibits, over the
southern hemisphere for this 2-year period, significant spatial variations
and lesser temporal variations. Of particular relevance, R tends to be
noticeably iarger over sea-ice regions than over continental and open-ocean
regions. Hence Tables 1 and 2, which sunmarize the data from Figures
2-25, present spatially-averaged valuas of R for each of four geophysical
subsets as well as for the full 41 x 41 grid. The four subsets are as
follows: (1) the continent of Antarctica, covering a constant 328 grid
squares; (2) the southern tip of South America, covering 6 grid squares;
(3) the egion covering all grid squares with a sea ice coverage sometime
during the given month; {.e., the region determined from the ESMR data
set and outlined in Figures 2-25; and (4) the region of ice-free ocean.

Fur each month the ice-laden yrid squares have a higher average value

of R than either the open ocean or the Antarctic or South American grid
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squares. This results basically from the broad features of atmospheric
circulation rather than from the presence of the fce. Many of the ocean
grid squares without an ice cover are in the region of persistent westerly
winds, whereas the grid squires with ice are in the 60-78°S latitude

belt in which migrating storms dominate the wind field.

The ratio tends to be abcut 50% larger over the ice-covered regions
than over the grid as a whole. Hence, due to the geographic placement
of sea ice in a zone of highly-variable winds, sea-ice calculations warrant
2 higher value of R than calculations for some of the other regions of
the world ocean.

Interannually, over the ice-laden crid squares the average ratio R 1s
greater in 1975 than in 1974 for April, Septomder, November, and December
and greater in 1974 than in 1975 for each of the remaining seven months
having ESMR ice data in poth years. Thu year-to-year differsnces exceed
the seasonal ones; and hence, in modeling experiments inserting wind ratios
appropriate for the entire ice-covered region it is not useful to vary
the ratio through the year unless interannual differences are accounted
for also. The yearly ave-ages would sugest a factor R of 2.5-3.0 for
adjusting from average wind vector magnitudes to average wind speeds
over ice-laden grid squares and a factor of 1.8 - 1.9 over the full 41 x 41
grid (extending from 40°S to 90°S).

b. Ratios a and turning angles A for wind stress.

Full 41 x 41 arrays of the ratio a (Equation 12) are presente¢ in
Figures 26-49 for each month of 1974 and 1975; and .orresponding arrays
of the turning angle from the wind stress as calculated from i2-hourly
data to the wind stress as calculated from monthly averages (positive

clockwise) are presented in Figures 50-73. As in Fiyures 2-25, the

9
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continental and sea ice boundaries have been outlined on these additional
48 figures. Also, Tables 3 and 4 sunmarize the data for a (Figures
26-49) in the same manner that Tables 1 and 2 summarize the data for R
(Figures 2-25); and Tables 5 and 6 present an alternate summary for the
turning angle A, which assumes negative as well as positive values.

Like the ratio R, the ratio a shows significant spatial and tempsral
variations. with average V&lues over the sea ice region generally exceeaing
average values over other regions. This, as before, is due to the variable
wind directions in the sea ice latitules. Since high values of a signify
significant underestimation of the wind stress when monthly average wind
vectors are used without the a correction, the higher values in the sea
ice region indicate that it is even more important to insert a correction
term in this region than in the others. The monthly values of a range
from 2.7 to 6.3 over the ice and from 2.0 to 4.3 over the entire 41 x 41
grid. Over the two years, the values average 4.3 over the ice and 2.7
over the full grid. These values exceed the corresponding values for the
ratio R by about 50%.

The turning angle A between the wind stress vector calculated from 12-
hourly winds and the wind stress vector calculated from monthly average winds
does not present as major a problem as the contrast--reflected in the a
ratio--between the two wind-stress magnitules. The turning angles (Figures
50-73) generally have absolute values inder 5°. Tables 5 and 6 present the
averages of these angles over the 41 r 41 grid and the averages of their
absolute values. In addition, Tables 5 and 6 include the percentages
of grid squares with turning amyles falling in each of 6 binning ranges.
These percentages are presented both for the full grid and, in parentheses,

for the ice-laden portion of the grid. In 1975, at least 80% of the

10
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grid squares had tu-ning angles within the range 0° + 5° in every month
except July, -Qhen the percentage was 67%. In 1974, five months had less
than 80% of the grid squares within the 0° + 5° range, but still there
was no month with fewer than 67% in this range. Over sea ice-laden
regions the average turning angles tended to exceed those over the grid
as a whole, though still most of the turning angles fell within the 0° +
10° range. Of the 24 months, five had more than 20% of the grid squares
outside of the 0° + 10° range.
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Ratio R over the south polar grid for March 1975.

Figure 16.
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Ratio R over the south polar grid for April 1975.

Figure 17.
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Ratio R over the south polar grid for May 1975.

Figure 18.
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Figure 19.
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Ratio R over the south polar grid for July 1975.

Figure 20.
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Figure 29. Ratio a over the south polar grid for April) 1974.
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Ratio a over the south polar grid for May 1974.
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Ratio a over the south polar grid for September 1974.

Figure 34.
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Ratio a over the south polar grid for November 1974.

Figure 36.
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Ratio a over the south polar grid for January 1975.

Figure 38.
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Ratio o over the south polar grid for February 1975.

Figure 39.
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Ratio a over the south polar grid for March 1975.

Figure 40.
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Ratio a over the south polar grid for April 1975.
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Figure 47. Ratio a over the south polar grid for October 1975.
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Turning angle A over the south polar grid for January 1974.

Figure 50.
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Turning angle A over the south polar grid for February 1974.

Figure 51.
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Figure 53. Turning angle A over the south polar grid for April 1974.
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Figure 59. Turning angle A over the south polar grid for October 1974.
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Turning angle A over the south polar grid for November 1974.

Figure 60.



‘197e

otcCeraen

T ——p

aOoacaaasNNeO NN PO o owme . -

[ EE R E NN NNN] .7....77...“---~ Y )
=00 P

777777??. -Nﬂﬂ«ﬂ--‘.‘77770-------_~~'.
QOO wmmuwmeo NN

10000000

-
7-«0”0Qﬂl?7~N07700-~N~N¢---000

«tooceoe ?oun-?-czz?ngzo?7?7o-nm«-ooo-nc

[}
-;...OT.; -‘?z’HH&AQH“-ﬂ—????.“ﬂﬂd..‘-NQ

-8
?
L )
1~
3
4
3
3
3

S} .-??NF--NQQQ-.OGHQ

Ll DO ] ]
(AN NN

'Ll ey 1LY
(XN N ]

L L L L LT
-

ﬂﬂ.‘ﬁz"ﬂﬂﬂ.' NN=Q0 000 mmwunN
b LI N )

neenen [ a0, Bod eoaOoan@auNNNN= PN CONOMN =
b/ IR " =

nednn ?7?7 ---.7?7°~'..."”~

NANMNG 7770 ---.«n?-cﬂvﬂﬂﬂﬂcc
"

ooy @ g = ~~-0-7ﬂ~ﬂﬂﬂﬂ-dﬂﬂﬂh'.ﬂ QO NNO=

s . - )

-y 0o eMN N—-O?’?7BN7T°O°-UOOD?

ageneendem meguMBehne¢=000000=2N" s
- 1) o ?

- L L LT L ¢-°-~0F30ﬂ---.°C°°- RN
- ttr0 L

o0 e~ o rOTNESO=NMIANNNS =0 000N
- 1o UL L

e ] N==0rneNO===0COR OO NN ONONNOL 00
oM =N AANNCANec 0008 oii==~Monneengonoa
I = (N} -

- [ 1) COCCMNNNSOOO mwww NN@ON=- (4.1 1.9 ]
" - [] -

[, orig : - -~ ~

..'02_ n DONMNN~O 000w = N.-?:‘?. NMe e

[ ]
-9 N O N 0 M CANS=QOO==NNN L1 Ldel 1 ONMO~
(] - (] - ) ¢
)

]
o= :2: s eeeom -777°-~N~~ »::%27??
)0
CaotINAO OMANEMMNHO =N =GO wuNANMNECr OO NENN=D =N
prpie= - 1 cmm| il [N}
aONBN OO ONNNMN caaCIONNNOO =M ~»
(] - ?Ol 119 [}
NeNFRINANORANNOCONMNe e ey N
[N toey ) 1109 "

. ]
=0n o«n-c*-.nn» NANO ¢ HONOVO~nn
[] 1000 0emgt 0 oo K]0

1]

S ONOPIMeoNIN=>NE ol ey O ON == -or @@

[ ] e [N L ] (Rl NN NN
SNASO P NORBONN e - rOOONEMMNaBNNNNNNNN
‘" [ ] (] [N RN )
MANNOaANP =P = b daial DX 1 T2 1° 1 2 T 4 NAAMNE® Ny
- = 1 U -t o« [ NN NN
NANANNNEG CON =L - ONONCeTIINSOaaNIMeeeNe
- e U U] (AN NN NN
MAAN=NO MO =« O L2 ] a1 1 1 DD 2 L lglal d T X 23
Ldaded 0'.77!000 [ I I B A N
LLLTL LYY T Y IR Y LT Py T L L LY
PO IV e 0000 00080000000
O0.0’ONH““FO&“ONOﬂﬁ""---——--Q..C--Nﬂﬂ..
] (O B B R R R B AN AN BN U BN N
PO O MG E PN NN QE M e meer00000000NEI~eNn
[ N ] LR ORI R B R I ] ."7-
~.-—“ﬂ~---°--.°--~~".ﬂ““---QOQQQQQQQ-ﬂh-;
¢ st Tad st ot Iy~
ceeOnveenmnw 0O NANN—rcc000es--08=nnrdd
(] (N 2 I BN I B RO [N B B B I ) . 00 0>n
oMmNONeeANNeNn N-.~ﬂ~~—---OOOO---.OGQH“
(I B B B I ] U NI A | [ o
nNeetm=Meonee"Nn nue-u-g-—-——g--~~~-°‘--n&
[N NN NN] C et 00t “7

[ 1] NoQIAA YR ENN—OPOrR PN IMNNCQACr N eMNA=
CEANANMAMAMANNNANNTN NN oo oo ww o

.78

t 2 3 4 S 6 2 0 010100 1203100816817 18 19 20 20 22 23 24 23 20 27 20 29 3¢ 31 32 33 3438 36 37 30 39 e &1

Turning angle A over the south polar grid for Decesber 1974.

Figure 61.



*GL61 Kaenuep 40; prab ae(od YINOS Y 43A0 ¥ albue Guium] 29 noL4

10 00 6C € 20 9C 8C %€ CE FC IC OC 62 N2 2T 92 G2 %2 CT 23 1Z 02 61 ©1 41 90 8% o2 €1 20 10 @4 ¢ ©® 2 9
€ 6 €6 ¢+ s v ¢ m, € 1 0 1-1-90 0 1~ 1~ (~C~ 6= 9= 0= 2= (=0 O U~ C- 2~ Q= 6~ €~ QI-TN-0- ¢~
¢ &6 90 9 » 2 T T 1 0 1- 1. 1= B~ 2= €~ 0= 6= 8= 0« J= 2= = 2= §= Z= %= 9= G= V= G- 9= G- b=
g 9 M ¢ € e 2 T 2 T o - ﬁu - €~ T~ €~ - o~ €~ 2- 2~ 2- £~ €~ €~ T~ 0~ 2~ €~ 2~ 4~ 2= (- |~
¢ ¢ v ¢t 2 T 3 2 1V 0 1= - 1=-23-2-C-€C- €~ 1= 1« 2~ e 9= 9= €= 2= (C=- 2~ 2~ 04=-1 § ¥ O
1 1+ ¢ 3 2 2 2 £ 2 1 1 0 o0 % I= 8= l= 0= 8= 0 0 (=o€ 0cG- ¥=(-C~2- 4-0 T € € ¢
=0 1 1 8 & 2 € € 2 8 1V 2 € % 0 te1=1-0 8 1 f= 3= 9= G- o= mo €= 1= 90 1 € € & ¢
1-® 0 © ® 0 1 € ¢ ¢ ¢ € » ¢ = 3= 3= - |- 9 o 2 f-€C~-€C=-2-2-0-1 2 £ % o
e =0 O 1= 8=08= ) & & 9 o o = 6-1L= - =L8- 1= 3-08-0 & & € v 5 © »
e 1= @ = 8= 2«2« 1 9 2TV 2= 9= ¢~ 9 & ~21l-11=9= 9- L= I 3 T T TV 2 2 ¢ » s ¢ ¢
e 2= e e 2=« £« 2« ¢ QI o~ =21-4-F1- - ~9-]0- % 1=-C 9 & " v ¢ £
e~ 2= 2= T~ 3= 2~ 1~ 1t 3~ - - ¢ V]CE-¢-2-90 & © o [ » s ¢ 1 o
= €= €= 0= 9= S 2- ¢ v - %= 1-9 9 ¢ ¢ 9] ¢ T 0 t-% 9 s * 2 1 I1-2-
=€~ %= 9~ 2=-4~- Q9 S V ]O -2-0 € 8 ¢ ¢ oo ¢ * 2 0 0 1 m 1 0 1- -
2= 6~ %= §- 4~ 9~ 6 S € iI-0 2 € 2 ¢ 2 = (-0 2 1 0 0 o
- €C- €=~ %=~ % 9 § ¢ € ¢ ¥ 1 1 Vv oy o - €~ =2-1 € =3 v v ¢ €
e 2~ 3= 2= %= ¢ ¢ € ¢ € 1 3 1 o 0 o I= 1= 2= 2=-13=-0 o I 0v 2 & o
= = (= 2= m» *® & ¢ £ 2 V 0 0 o O ~. ® = 1= 4= 2=-3=-"¢=)Z- 0 2-|%1 129 2
e 1= = Z- 2t- €C € ¢ ¢ 2 2 0 t=-t=-1=-(-0¢ 0 0 ¢ t- T-8= 1~ o-(F2-09 2V 0 (-
le J= 0 €= €1=2 T 2 € & € € © 1=-1=-8=-1-0 ¢ ¢ ¢ | S - ¢= §-2 I~ S§-
=0 0 9- €12 1 T %3 2 €C ¢ 1-1-0 0 @ 9 0 ¢ 0O o 0 o - 11 RC-%- 1= €=
-9 ¢ O0V-¢-¢- T ¥V 1 2T € Mo o 1 ¢ 1 t v v 13 | T ] I &- K2-v1-9- 2~
o t § 9~ Si-2 T 1 1 1 o0 o I 2 € € ¢ ¢ ¢ 2 & € o 912 9-RT-gI-G- 2-
1 2 2 © o= 1 1 1 0 0 0 0 @ 1 2 % & o o o * § o g 6- Bl-vi-g- o~
I 2 3 € o€~ 8§ 1 0 0 © ¢ I-1-1-0 €C € € o o S S 9 -jor-fgt-20-¢~ g~
¢ 3 8 T S -2 1 3 & 0 0 1=-1=§=131-0 1t t 2 € +» $ 8 € 2- Ri-0- §- ¢~
@ 0 0 1t £ .0 v § I & 1 0 0 U-1-2-1=-1-0 0 ©® © Y ~$-] 6~ 2~ I~
g 0 O 0 ¢ 2 2 9 1 9 0 0 0 - 1= 8- = 1~ @9 ‘'« §= 1§ € €& 2 S-] = 2+ |=-
T 8§ 6 0 0 -9 ¢ O ¢ 0 06 9 6 ¢ ¢ 0 - 1- 1 2 % o € ¢€-S =1s- v=- ¢~
2 T ¢t 2 1t 0o ~2 ¢ ® ¢ 1 I ' o 6 - 1~ -2 8§ 9 & 2 T- §-|S- S~ o~
€ FfF 2 C € 2 2~t~-9 2 2t @ o €= 3 0 91 11t P- Z2-Kk- V= O~
€ o o m $ S & 9-9 (] - €= %= 1-|6 €2 01 2- - l= 3= €~
v ¢ g S 9 o I-¢ ] o €- g~ 2~ 9 0-9 €~ 1= 1=~ 2-
€ & § &€ € 42 2 v -0 4 4 T= 6~ 10=42 0P IT-0=-]) €~ V= = 2~
€ ¢ ¢ € ¢ & 2 ¢ 2 9 6 O & eN 88 40 S S1 01 S~ ¢%-0 C~- &~ = &= 0= 1= = (=
T Z Z E € 9 % v § 8 00 20 FPIGLIZTZ~H= ¢ 22 49 90 9T Q2-IC-LC~0C-2l~F~ T~ ¥~ P= 9= G~ €= (= 0
@ 0 0 1 1 2 2 T EC ¢ T 9- 2-29-09-02-02-91-21=0~ 6= $1-12~02-0F~0= L= 2~ T~ 8= C= %- 2-0 | 2
= = 3-0 0 @ 8 0 0 I~ €- 0~ 27=-12-08-C1=11-0~ 9= ¢= B= L= (1=0f=@~ 4~ $= 2= %o C-C~ 2~ §=0 § €
€= €= 2= 2= (= Ip 1= 2= 2= €= 0~ 9= 6= 1)-}1-8= 8= $= G 0= 0= G fo i = $= G=C= (= §- }= 0 O 2 2 C
f= €=~ €= 2= B~ Jo 2= €~ 2~ 8~ P~ 2= C= 9~ (= 9= G 0= %= V= Q- G= 9= $= G= @« G~ 9= C-2- 0 © | 2 2 ¢
€= €~ €~ 8= Z= (= - G- 8= Z= §~ u I €= 8= 8= §= 0= 0= = G- G= 9= §=§= 8= 0= 0= 0= 2~ -0 | & 2T ¢
B> = = B> = j=o §= 2= 1= 0 ¢ 0 TCo€o ¥~ %e 9o 0= % Q= §= = C= %= 0= V= Q= E= =0 § 9 § &

..

seos AUYNYEF

e

O=Ne
(N}

10
ONOON??ﬁ----Q
[ ]

COANO=NANONMAAN-

e
[}

79

NMmen
[ ]
CMN=OOPr VN EN V=000 RN ONN-

ABNNNNAND =0
L J
NNNANANs oo smscone

NeeemnO
CRNEN=O
GO ONCO-0800070
AR OCNT =0 =N
OrhdeNNNosuaMnge



$€ o €€ ?2C.

CONT a0 nmwauMm

NoaQOQwmuddeMm

t
=0N-°Q°°°O°-~ﬂ

PMeocsaaceNNN ¢

NOOO-NHRNN-QOGO-HUUOQNCﬂGCOQQOOOOOn-----ﬂ

QnaQuNMEeMNe w000 NeNENNMND =000 =QONN==NN

HeauQuNINANNca@OaMN@e ¢N=O
N0 OuafadOd

?????T‘NNNG—OOOONHQN-Q

b A e

*GL61 A4enaqa4 404 prab aejod ynos ayl 430 y 3 bue Bujuan]

1€ OE 62 02 42 92 B2 +8 & 28 12 o2

t 4 ] 0 = 9= 9= 0= = %= (= §=
2 1 1.0 ¥~ 9= 4= ¥=- €=~ 2~ 1~ |-
2 0 0 0 1- €~ €~ %~ €~ 2~ i~ §-
| o e = 2=~ e = 9= €= €= 2= 2~
0 - 2~ 2+ 2~ €t~ C~ €~ €~ £~ €~ €~
0 3- €~ €~ €~ £~ €~ €~ €~ nl - 9=
0 €= ¥~ §= G~ §-' ¥~ - G- 9- §-
0 €~ 9- 9- 8- 6~ 6 -.lﬂ-lu¢0-|.l
1 -G 1-21-9~
4 st 9 6-

B B 4 -
-1 ¢ v S v o
1-1 ¢ 2 2 2
[ o 1 2 T 1 1 0
] 2 . | |} o 0 + I IR R
] 1-0 © 0 0 0 ¢
1 i~i-1-8t1-0 0 0 0 O
0 1=2=-2-1-1-0 0 @& O
0 = T=-€¢-€C- -0 0 0 1
0 1= i 9= Q= 2-1-0 0 1
] 0 I-2-¢2-2-0 ¢ 0 1
0 ¢ 1 € 1 i~ 1«-1=0 ©
° 1 € S € le 2= t= 1=
0 2 € ¢ 2 0 1- 1- 1=
] 2 € € o 0 -0 O
] v € 2 t- - 3= 1= 0
| L 2 2 t=- 2~ t= 1= 0
€ 2 1 = 2= 1= 1~ 0
v 2 = 2- 1= 1-0
) 1= o 2
£ 0
ot e = t{-0 - J fFs 8.
v- 11 €=-¢€- =1 S © 2
9= L~ %= ¢ Yt @ 21-¢1-CS~-G 4 OF
S~ 9= 9= C- % 2L €T &~ 61-927-0E~1§
Vo £ G=C=0 2 T € & ¢ o012
- 9= 9= €~ 1-0 1 & S & 11 4
Vo Qe €= 2~ 1~ 1=-0 2 S 2 0V 9
€~ 2~ 1= 1=-0 0 ¥ 2 & 9 2 9
2-1-0 0 0 0 1 T € v ¢ ¢
o t & 38 ¢ ¥ 3 Vv 2 2 2z

==000000dM

FO000000Q0000

@ MNN
1

MANQONAN

-
'

"
]

*€9 danby 4

6 8 ¢ 9 S v ¢

é- N-lN-lH-lN-!QQ s-

- 6~ 6~ 01-01-9g- 9~
- 9= 9~ (i~ (- 9~ 9~
Nl - - ﬂ-. ml m' ﬂl
{t- 2~ - €~ £~ €~ 4-
0 ' 1= 1= §= - 2~
o - 0 0 0o t o
t o ¢+ ¢ 1 2 1
1 0 1 | I | 1 ]
it 6 0 Vv ¥ & %
1 ¢ 0 0 o ] ]
1 0 0 0 0 ©
1 0 06 o0 0 ©
t 0 0 -0 V %
t 0 0 0 0o t
e i1 0 ] |
€ 1 %+ 0o 0 O 1
€ 2 ¢+ 0 0 0 O
-2 ¢ 0 0 0 ©
t £ 2 U 0 O O
6 g-S T 2 1 1
€- 02-% 2 9 0
m 91=-22~0= 2~ 1~ I~
C1-92-11-§~ €~ 2~
G~ 91-6= 9= [~ T~
€- $- - 2-
28 V 0 O ]
: v € 2 2
v o £ @
C M s € T 1
[] [ 1] " ¢ T ]
€t o1 § 8 9 € 2
e 4 N € & 2
vy S € 2 1 1
2 ¢ € 2 1 0 o
1 ¢ 2 i 0 O |
1 2 1 3 1 0 O
o 1 &t &t & O0 O
{t- -0 0 1 ©0 O
2- t=- -0 | 1
= = = t=r ¥ 2

QomeMee
LI 2 I I

N QOO LNEeMNAN=COONGNeMN~

LI rr ey

ohOmecloncduanileaesn0anelangNM

S X-EY-I-I-T-L Py B Py

N0 =000 an=
= euQOO0=0000



1076

MARCH

.ﬂ“hﬂ‘“‘QTO’Q‘~N~¢--7????

T-’.ﬂﬁ‘.“e?--O-NNN-—-O
: ]

= Akt il R TR, Y TS T
Lo ey’ e Sac et N T TR R e e i

.
AR °-Nﬂ0““.ﬂ-7?77
OHOOGQQN-O7TTQOQQ--QQT

QG-NNﬂHHQ‘OGN-Q
(]

?OﬂﬂHO‘ﬂﬂ-—-e-ﬂﬂﬂﬂﬂﬂ-ﬁec-—oeond-NN-.-7777
(]

?7--“”0&0”“0‘”0”0”““”--‘000777‘4-¢o77??77

?TOOG“HBOON-NO‘NQQOOb‘.ﬂﬁﬁ:??T-NNGO??ﬁNQO

-

t
NN=Q=NIMe e P INC =N=0
to v e

-

'

-t ot @8 w0 =t G = @ SOD
(AN RN RN

waNNNNNNOG N~
tsr et .
=NONAMI MM = e NG 3 X LI -
(NN NN N ]

°°°°°°T:' Y Y L.

LT L-Y-1 DwaaQOur)
-

°-----°~A [-2-1-1-2°1

00w ma=NO @ODumaNNPMN =OO=NMMee NQ e wan
KRR RN )
(]
QO = w o NN NODa =t NAIAN YO alNNNM - LY -T L L
RS [EEREK [0

.Q°°°°T‘ A - QO = =
CI-X-1-2- 0 X-1 - 1o e N oo ot ot o O a0
(]
Q’-OQ--“ - o’ ot o o
" ] []

OOT-ONN-N n -Z-1-2-1-1-J

e ammum NG~ @ 0O0Qw=00O
[ | -TI "
wammyM ) @ o= CO0mamamald
[ ] l-l [N N ]
a--ﬁn“-Qﬂh-hh N mQueNN=O
[ ] " 161008
ANNe2O O N~ ¢ BlafaaaeNNNN=D
th [ Lty 0
NN N w=PYPON -t NN o
1tV |- (IR I I I |
MANeecaNQ e -amogm AN
lltllloTTT.' [ N
MR o o = o =NNIMA
[ [N |
]
CeMMe 0 OOJ MINOGOQQO =i e
RN EE X TR [ ]
[}
CMAN=QNSO NQOQ@==00 == e
[ R R A [ tav el
CMNQuO=MN PN NN wmramna®Oa=tnNM
[N [N 1 [N
?TT-n-o-eounu'nowoocnnu-«u-0077777ooo-7~7
] [}
?77-~~-o-~u~nﬂnnoccncnu---ooeoooaoooo--«n
[N
??T-«u---MNNNNNNNNNNHN-¢0077°Q°°°°°-77??7
]
PN roaaNNNVNNN S w ettt wdC0 00w QemanNNMMM
[N ] [} 10ty
7?70°-u—ﬂ~-¢—v°°°-n—-OOOOQOQO—--OQ-??"?’0
} ) '
noo—oo-«n--— ] -ooooo------oc---.-unnno'o
) [N A EEEEREE
QOreoneclacmmeanm (I - - - T Y Y- oL L. T,)
(R} [ CRCRC N O I I ] tera e
L Il-vL e swmmwoonneedO0 Qo aNNNN
il D R R I R I [
*OPOP ONEGMIN=CP B INEANORBRINIMAN=CRARYREMN-
CENAMMAMAMAMANNNNNANNN N oo

“« 5 &6 7

3

8 9 10 11 12 13 14 1S5S 16 57 48 19 20 21 22 23 24 28 26 27 28 29 30 31 J2 I3 34 33 36 37 28 39 40 o)

Turning angle A over the south polar grid for March 1975.

Figure 64.
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Figure 66.
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Turning angle A over the south polar grid for July 1975.

Figure 68.
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Figure 73.
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