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FOREWORD

During the Interrational Geophysical Year (IGY), the Quartermaster
Research and Engineering Center {now the U.S. Army Natick Ladorecories)
conductied the micrometecrological programs &t Little America V n 1957
and at the Soutn Pole in 1958. Thege programs vere part of the United
States National Committee-IGY glaciology progrsm. The obsrrvations at
the South Pole, made by Dr. Paul C. Dalrymple, vere published in 1961;
their analyeis was published in 19€3. The present report analynes his
observ.:ions at Little Ameri:za V, and the dsta are appenied in the form
ot 18l es of hourly rav data and means. The analysis hes been directed
towerd determining the energy exchanges at the snov-air interface at
Little America V. The exchanges have been computed by a syatematic
aralysis of all available Little America V micrometeorological data.
Additional climatic analysie of 8 less speciemlized character i1s included
as background for the micrometeorclogical observations. 3Since the ¢ield
progras was disconticued in 1957, this stu contains the analysis of the
vhole body cf data obtained in the Quartermaster mic;ometeorological pro-
gram at Little America V.

The study of the environment in the Antarctic at Little America V
and at the South Pole has provided vitsl data fad information on two con-
trasting climates from the least-known continerv on earth. The knovwledge
geined har been added to allied studies in micrumeteorology which have
been made at various siies in the Forthern Hemisphere. Information c¢b-
tainad from such studies can be app.ied to otaer poler regions. Little
America V lies in the same latitwis as Rurthern Greenland and the aorthern
islends of the Canadian Archipeiago. Little America V was perhaps a
better place then anywhere in the Arctic to initiate such micrometecro-
logical research, as it is located or whe world's largest floasting ice
6t.21f where local terrzin feature: ar> simplified compared to arctic sites.
Hovever, the strong marine-coniinental effects complicated the snelyses
and indicated low complex nature caan be in a coastal polar environment.
These studics Lave provided such needed information on the lover layer
of the atmosphere., At the saxe itime, they have made a8 substantial addi-
tion to basic research and constitute a valuable contribution by Depart-
rent of Army scientists to the whoie scientific community.

Tre late Dr. Richard C. Hubley served as coordinator for the Little
Ameriza micrometeorciogicsl prmmgram and is responsibvle for drafting of
the original program. Dr. Denald Portman, University of Michigan, served
as copsultant ip 1958-9 end was responsible for the initial planning of
the data reduction and snalysis prograa. Messrs. Morton Rutin, William
Weyant, Kirby Hanson, end Edwin Flowers of ESSA and Dr. Herfried Hcipkes,
University of Innsbruck., Austria, all cooperated in making radiation apd
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allied climatic data avalleble for these apalyses. The za%la reduction
pProgran wvas zsponsored in part by a Xational Science Pouncaticn grant
administered by The Ohio State University Research Foundatjon. Misses
Dorothy DesRoches and Burbara Q0'Neill, Mrs. Joseph Kuandla and Mrs. HRenry
Bullard reducea over half a mile of strip chart data onto usabtle punch

cards 60 that Mr. Jsmes J. Dilion, Management Division, could pr.gram
the cards through the Data Anelysis Office.

L. %¥. TRUEBRLOGD, Ph.D.
Chief
Earth Sciences Diviajion

APPROVED:

DALE H. SIELING, Ph.D.
Scient.fic Director

w. M, MARTZ

Brigeater General, USA
Commanding

114




Syrbols

CONTENIS

List of Figures

Iist of Tebles

Abstrect
1. Introduction
2. Climatic and Microclimatic Swvmmary

2.1

2!2

2.3

2.4

General character of the area and of the climstic date
2.1.1 Tne Ross Ice Shelf
2.1.2 The "kernlose" or "coreless" winter

2.1.3 Monthly temperature ard wind speed at Little
America V, 1957

General character of m‘crocliimetic dsta

2.2.1 Tempersture differences and their relation to
wind speed and wind direction

2.2.2 Compsarison of surface inversions st South Pole
and Little America V

2.2.3 Occurrence of the minimm temperature st the 6
or 12 cm level, the "elevated minimm"

Wind and temperature (air snd snow) profile data
reducticn

Caomputation of Richardson mumbers
2.4.1 Method of computation

2.4.2 Correction of temperatures at 4 m level

iv

\O

\O

'J
Oy

$od

N




CONTENTS {Continued)

3. Analysis of Profile Structure

3.1

3.2

3.4

Grouping of profiles by stabllity, as measured by buik
Richardson number

3.1.1

3.1.2

Carputation of buik Richardson numbers

Range of grouped bhulk Richardsor muambers

Relationship of wind profile types to extermal
parameters

3.2.1

3.2.6

3.2.7

Irreguiarity of wind profiles

Classification of wind profiles into & types
Wind profiile types in relstion to wind direction
wWind profile tyres in relation to cloudiness

Wind profile types ir relaticn tc opague cioudi-
ness and wind direction

Wind profile types in relation to wind cpeed

Conclusion

Sessonel variation of stabillty anéd variation of
external parsmeters with statility

3-3.1

3.3.2
3.3.3
3.3.4
3.3.5

Cauparison ot aversge bulk stability at Little
America V and the South Pole

Monthly frequency of stcbility framw QM data
Monthly frequency of stability {rom USWB data
Seasonal chenges toward less stable conditions

Varietion of wind speed, tempermture and sky cover
witi stability

Verticel profile of Richardson number

FPege
17

o+

23

23
23
2L
24

28




3.5 Camputsticn cf wind profile curvature and zers dic-
placenent parameter

3.6 Relationsh’p ol profile cirvature (Deacor nurbers) to
bulk stehility (bwix Richardson number) ara heicht

3.7 Interdependence between Deacon nurbers and Richardson
numbers

3.7.1 Ncn-linear change of Richardson nurber with heipght

3.7.2 Thecresical relationship between wing profile
Deacon number and Richardson nurber

-3
(VS ]

Erxpiricel relationship between wind profile
Deacon nurber and Richardson number

3.7.4 Relationship between temperature profile ~urvature
and wind profile curvature

3.7.5 Possible causes of unusual structure of the nicro-
metesrological layer

Caputation of Roughness Lzangth
L.1 Computation from wind profiles
L.2 Magnitude and variatior of roughness length

Calcuietion of Surface Stress, Eddy Heat Flux, and Momentum
and Heat Transfer Coefficients

5.1 Susface stress

5.2 Eddy heat fiux

5.2 Momentum transfer and heat transfer coefficients
Heat Flux in the Snow

6.1 Texmperature cbservations and patterns‘

5.1.1 Comparison of once-a-day and continuously
recorded subsurface terperatures

vi

Prirce
e

20

v

L)
N

(W)
o

La
[AW]

L
[*

g
-




CONTENTS (Continued)

©.1.2 Comparison cf Little America V, Masudheirm and
South Pole subsurface temperature extremes

Annlysis of snow temperature variaticns

h.2.1 Celculation of amplitudes and phase angles of
the penetration of the heat wave

U.2.2 Calculstion of thermal diffusivity and the
coefficient of heat conductivity

6.2.3 Calculation of daily values of the heat flux st
2m

5.2.k Calculation of the heat fiux at the surfuce

. Measurement of Net Radiation

>. Surface Energy Budget

-
.

(o}

(¢}

~
X+

.Ou [¢¢)
= W

8.5

Definitions, and energy budget equation
Computation of terms of the energy budget equation
The seasonsl course of surface stress

Averege morthly heat budget constituents of the snow-gir
interface

Camparison of hoarfrost deposition at Little Americe V,
Maudheim and the South Pole

9. Conclusions

10. References

Appendix A: Note on the Low-Level Anomaly in Vertical Temperature

Profiles under Conditions of Outgoing Radiation, by
Dr. H. H. Lettau

Appendix B: Data Presentation

QMC Tempe.,ature Profile Data
QMC Wind Profile Data

¥ii

—
Cat




SYMBOLS

Section 2

acceleration of gravity (982.3 cm/sec?)

g =
z = height (cm)
g = potential temperature (deg)/ Kelvin
T = temperature (deg)/
V = wind speed (cm/sec)
Secticn 3
U = wind speed (USWB observations)
S = dirensional s:ability coefficient (°F/kt2)
8 = Deacon rumber
2, = aerodynamic roughness length (cm)
d = zero displacement (cm)
D = zero displacement parameter (cm) = d + z,
1, = surface stress (d&ynes/cn?)
k = Karmédn constant
a = profile contour number
Section 5
o = air demsity (g/cm3)
Q = eddy heat flux (ly/time where ly = langley = cal/ca?)
cp = specific heat of dry eir at constant pressure (cal g laeg™)

The abbreviation "deg" stands for degree rentigrade while "Deg" is
used for degrees of an arc.
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SYMROLS (continued)

Section 5 (Continucd)

1l

"

eddy diffusivity for heat (cm?/cec)

eddy diffusivity for horizcntal monentarh(cmg/scc)
KK

dimensionless momentum trensfer coeificient

dimensionless heat transfer coefficient

6

vertical heat flux in the snow at the interfece (ly/tire)
(Note: Differs from usage in Secticn 3)

frequency
amplitude of the harmonic wave of temperature (deg)%

phase lag of the harmonic wave of temperature (Deg/ or radians)
(Note: Differs frou usage in Sectic.. 4)
time
2
thermal diffusivity of the snow (c&m“/sec)
heat conductivity (ly time™1/deg w1)
(Note: Differs frcm usage in Section 5)

snow density (g/cm3)

1 =3\

heat capacity (cal deg —cm )

specific hest of ice (cal g'ldeg'l)
clux of heat (ly/time)

vertical tempersture gradient, i.e., partisl differentiation
of temperasture with respect <o depth

JThe atbreviation "deg" stands for degree centigrade while "Deg" is
used for degrees of an arc.




SYMBOLS (Continued)

Section 7

R, = net radiation at the interface (ly/time)

Section 8
E, = flux of latent nest at the interface (ly/time)
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ABSTRACT

At Little Averica V, the temperature range of eacr of the 9 coldest
months is large, as is the annual renge. Minima are c.r‘rolled by edvec=-
tion of cold air frorm the interior and maxims by sdvection »f warmer air
fram the Ross Sea area. The win-e¢r lacxs & disiin-~ temperature minirmum,
and mid-winter reversals of temperature trend occur.

Micraneteorologicel wind and temperature pro::les ir the lowest O
vl the astmosphere were recorded at Little Arerica V in 1557, and hourly
means of terpereture for about 3,000 hours and wind spee¢ Tor sbout 500
hours are published as Appendix B of this report. Procedures used tr
anaiyze the 105G micrameteorological dsta from the Sc:ith Pole Station zre
followed in this analysis 2nd results campared with the less complex vele-
tionships at the South Fole.

The curvature characueristics of wind and air terpersture profiles
(as reasured by Deaccn numbers) are analyzed in great detail, employing
Richardson mumber computation (which taxes into eccount wind shear es well
as tempersture lapse rete) to express stability ard its change with
height. The structure cf the observed profiles is difficuit to interpret
in detail. Attempts to do so, by considering such diverse factors as
wind fetch, sxy cover, edvection or katasbatic effects, were not entirely
satisfactory. Ststle conditions predominated, and cases of rmaximum stabil-
{ty were more extreme than at the South Pole. The maximuxr inversinn in
~he lowest 3 m arcounted to 18.8 C°. Varistions of wind speed and terpera-
ture with stability were similar to those &t the South Pole, but solar
radiation froz sun and sxy can contribute to instebility et Little Americe
V, while overcas: gxies indicate that instability et the South Pole can be
caused by long-wvave rediaticn from the base of stratus cloud. The seasonel
shift toward less stable conditions, as well ss the rise in temperature,
was delayed until Octobver.

Air terperature profile dats during winter frequently showed that the
minizuzn tempernture occurred at the & or 12 ecm level, producing en “ancma-
lous" profile. A study of this phenomenon, by Dr. H. H. Lettsu, is
included as Appendix A.

Values of the roughness length were small and erratic. Wind profile
structure also was distinctly iless regular than st the South Pole. 1In
spite of this, Richardson numbers changed quite systematically with height
below 4 m, suggesting s tendency for campensation. Conditions indicate
that & comron surface layer for momentum and heat trensfer, if it existed,
was often so shallow that the levels of profile observations were above i+,

Eddy heat flux was camputed for the hours of profile dsta on the bssis
of 8 similarity asgumption using both estimated surface stress (with

xiv




Kerman's constant equal tc 0,423, and Deacon-number-corrected wind
shear) and vertical differences of temperature and wind speed in the
lowest iayers. To obtain representative climatological means of eddy
heat flux, a statistical relationship was established between Quarter-
master observations (concerning profile structure versus bulk stabilivy)
and regular synoptic or standard observetions supplied by the U, S.
Weather Buresu. It is shown thst it is permissible tc employ constant
ccefficients of transfer of mamentwr 2nd heat at Little Americs V, since
variation of individual coefficients with stability was quite erratic
because of the camplicated profile structure. Aversge eddy heat fiux
varied fram zero rear neutral stability to -0.0003 ly/min al extrene
stability, snd everage surface stress fram 1.6 dynes/cr? to Z.h. Aver-
ages for 5-dsy periods show peaks of surface stress accarpanying the
passage of 1.+ pressure areas at this coestal station; in contrast with
a8 lower average and sualler range at the continental Scuth Pole Station.

The annual variation of heet flux at 2 = depth wasc camputed by
Fourier analysis, using once-a-day subsurface temperature observations
by Chappell. The surface heat flux was obtained by adding the heat ex-
change hetween 2 m and the surface, carputed by leyer-by-layer integra-
tion of day-to-day temperasture changes, to the ileat fiux at 2 m. The
energy bucget at the snow-air interface is discussed. Camputations were
based on hourly values of net radiation suppiied by Hoinkes and heat
fluxes into air end snow as described above. The latent heat flux, ob-
tained as a ramainder, indicates deposition in the 5-month period in
1357 equivelent to condensation of about LC rm of water, 1.2 times as
much as that reported for Maudheim during ~crresponding nonths in 1950
and 1951. Increased deposition in the nmijder winter months may be due
to an accompanying increase in available moisture.
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LITTLE AMERICA V MICROMETEORCLOGY PROGRAM

DATA ANALYSIS

2. Introducticn

The Qusrtermaster Corps Reseasrch end Developrent Camrand (currently
the U. S. Arty Natick Leboretories*) initiatel and raintained the coilec-
tion of micrameteorclogical d:ta st Little Americe V in 1957 =s & psrt
of the U.S.N.C.-IGY (U.S. Kationsl Committee for the Internationel Geo-
physical Year) Antarctic glsciologicel progrem. The reduction of these
dste (8t the Quartermester Research and Engineering Center et Naticrz)
was supported psrtly by National Science Foundation g.ents which were
administered by the Ohio State University Research Foundation.

Data fram a similar program conducted by the Quartermaster Ccrps at
+he Scuth Pole Station in 1958 have been presented and analyzed in tech-
nicel reports ES-2, "South Pole Mizroreteorolory Prigrem, Part I: ta
Presentation,” and E3-7, "Scuth Pole Micrimeteorclosy Program, Psrt II:
Date Analysis.”

Technical Report ES-T7, and the following repcrts heve been accepted
for the first volume of Antarctic Metecroiogy, & publ.cstion of the
Arerican Geophysical Unlon for the Nationsl Acadery of Science:

A Regional Climastology of the Anterciic Platesu

A Cese Study cf Ketsbatic Fiow on the Antarctic Plateau
Surrounding the South Pole

For bibliogrephical detail see [1-4] of the list of references. In addi-
tion, the South Pole micrameteorological observations are discussed ...
relation to theoreticsl models in [5].

The objectives of the prcgrams and plan of anelysis were outlined in
the South Pole Data Analysis [2], and primarily were to determine the
interrelationships between low-level wind and temperature profiles end
the genersl meteorological and gleciclogicel conditions of the energ)
budgzt at the interface, and to analyze texpersture profile dsta to deter-
mine & climatology of the air temperature distribution in the lowest 8
meters of the atmosphere, which includes the environrmental layer for
human surface sctivities.

*Abbreviation "@¢" wiil be used since prograz wes conducted under the
Quartermaster Corps.




Study of the Little Arerica V microclimatic data (1957) has been
sponsored by the U. S. Army Notick Laborotories and the results are
being reported in this publication. A brief climatological summary
(1957 and 1958) and comparison with the results obtoined at earlier
"Little America" sites and several other stations in the coastal region
of the Antarctic continent, are included. A discussion of the "elevotcd
ninimum” found in the inversional temperature profiles is discussed in
Appendix A, and the micrometeorological data are presented in App 1dix B.

‘2. Climatic and Microclimatic Summary

2.1 General charrcter of the area and of the climatic data

2.1.1 The Ross Ice Shelf. Little America V was located at
78°12'S and 162°11'W on the Ross Ice Shelf, 4 km south of Kainan 3ay.
The shelf is [loeting except for a few such places as Roosevelt Island
(see Crary [61); it has an area of approximately 525,000 kmC (203,000 sq.
statute mi.), or about 4% of Antarctica; surface elevation ranges gener-
ally from about 25 to 110 m above sea level; ice thickness varies from
about 22 to 771 m and is quite uniformly between 350 and 450 m in the
central and western parts of the Ross Ice Shelf. At the Little America V
location, SIPRE* (currently CRREL) found an ice thickness of 257 m (se-
Crary {7, p 27}). Roosevelt Island [6], south of the station, has an ares
of 8720 xm (3365 8q. statute mi.) with maximum elevation estimatei 4o be
640 m. The ice is flowing northward at a rate estimated at 0.2 to 1.5
km/yr (6], or at Little America V about 1 m/day (8). The sun remained
below the horizon fram late April until late August and was continuously
above the horizon from late October to late February. Little Americe V
was operational during the IGY, but was closed in January 1959.

Monthly mean temperatures from February 1957 to October 1958, as re-
ported in the U. S. WeatlL2r Bureau's Local Climatological Summaries fcr
Little America V, are illustrated in Figure 1. Also shown are the 6-yocar
averoges of monthly means (1911, 1929, 1934, 1940, 1956, 1957) for various
"Little America” locations, on the Ross Ice Shelf, as camputed by H.
Wexler [9, Fig. 2, p. 579) .

2,1.2 The "kernlose" or "coreless" winter. Monthly mean tem-
peratures that show, when plotted, no central core of minimum temperatures
have been found to be charscteristic of polar latitudes. Such a 'core:ess”
winter (with mid-winter reversals of the temperature trend) is evident st
Little America V. 1In his study of observations from the French Antarctic

*SIPRE, Snow, Ice and Permafrost Research Establishment
CRREL, Cold Regions Research and Engineering Laboratory
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Figure 1. Monthly mean temperatures: Little America V, 1957 and 'S8 from
USWB Local Climatological Summaries, and avereages for 6 years
(1012, '29, '34, '40, '56, 'S5T) for various "Little America"
locations, computed by Wexler [91].

stations, Laroque [10] describes the characteristics of the polar winter
as: a large temperature range, no important month=-to-month temperature
variation, or a winter "lacking a center,” and a brief spring and autuvmn.
He shows that the same characteristics ar2 illustrated by the course of
solar radiation at high latitudes, and that the course of the monthly

minimm temperature follows the course of the solar radiation very closely,
particularly at the highest latitude, the South Pole Station. The monthly

maxima, on the other hand, show the polar characteristics of insolation

to only & slight degree. This suggests that the maximum temperatures are
controlled primarily by advection, the warm air occasionally being carried
even to the South Pole, if not at the surface, then sloft, where it later

is brought down by turbulence. Vowinckel [11] also relates the "flat
temperature minimm" in winter and the reapid temperature rise in spring
to the course of radiation.



Monthly extremes of teuperature at Little America V, from February
1957 through October 1958, are plctted in Figure 2 in order to show the
seasonal course of the maximum and minimum temperatures and the temperea-
ture range for each month. Both the South Pole [10] and Little America
V (Fig. 2) have large ranges, those of the South Pole apparently due to
latitude and those of Little America V to its location on the Ross Ses,
exposed to alternation of maritime and continental infiuences; both have
the brief spring and autumn. The maximum temperature, February 1957
through October 1958, was +2°C (35°F), recorded in Janusry 1958. The
widest range between extremes, 52 C° (94 F°), occurred in May 1957.
Winter minima were -53°C (~63°F) in May 1957 and -58°C (-73°F) in Septem-
ber 1958. It can be seen from Figure 2 that the monthly maxima as late
in the autumn as May can be very close to the sea temperature.
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Figure 2. Range of montinly temperature extremes at Little America V.
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It is estimeted vhat Laroque'’'s characteristice of the polar winter
wotld be well illustrated by temperatures sumarized for a number of
years. There is, however, considerable variation in both monthly means
and extremes from year to year, particularly in early winter. This is
most apparent when comparing the monthly means in April in Figure 1
(-33°C in 1957, -22°C in 1958), and the minima in May in Figure 2 (-53°C
in 1957, =30°C in 1958.

In Antarctica, stations at higher elevation are also, in generan., ct
higher latitude. Increases of both elevation and latitude, along with
permanent snow cover; result in decrease in the lag of the maximum. How-
ever, the month with highest mean mayimm shows no lag at Little America V,
in snite of low elevation, although the lowest mean maximum tends to
be retarded at both the South Pole and Little America V. This lag is
greater at the coastal station, Litile America V, hecause winter tempera-
ture variations are very large and advection frequently results in maxims
equal to the sea temperature in early wiater.

The annual course of temperature is described by Wexler [9]: "As
the sun sets, the temperature drops rapidly over the continent but loss
so over the surrounding oceans which are only partly ice-covered. The
increasing meridional temperature gradient brings about the releace of
baroclinic instability in the troposphere which initiates the formation
of numerous intense cyclones. These cyclones move vast quantities of
warm marine air southward, effectively 'ventilating' large portions of
Antarctica above a thin surface layer of cold air and preventing a contin-
ous decline in surface temperature. As winter proceeds, a thicker and
wider ice pack extends hundreds of miles to the north of Antarctica aond
materially lowers the temperature of the southward-moving air masces, thus
encouraging a second drop of temperature, near the surface and aloft, so
that the lowest temperatures are usually found well after the winter sol-
stice, even as late as September." It does appear, however, that the ice
pack extends many hundreds of miles off shore st Little America V by June,
possibly as far as in September. This was true in other years (see
Herdman [12]), but its location in June 1957 is not known. Nevertheleus,
the temperature in June 1957 rose to a maximum of ~L°C at Little America V.

The range of monthly mean temperature {n 1957 was 31.2 C° (56.1F°)
from -4.4°C (24.1°F) in December to -35.6°C (-32.0°F) in July. 7The monthly
mean temperatures tell rapidly through April and then rose to the anomalcus
secondary maximum in June. However, in April and June of 1958 there were
less pronounced interruptions of the seasonal cooling. While July was
the coldest month in both years, temperatures did remain low in suguset
and September, i.e., for a certain period after resppearance of the sun.
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Apparently, in the year 1357, cyclonic activity in the kusg Sea 2re:
becar e most effective in June, advecting warmn alr erd raxcing or nholding
steady the monthly reen tempercture et Litwle America V, Hallett and
McMurdo, while at 4'Urville, Mirny and Wilxes, farther west along the
coest, and Ellsworth, on the Weddell Sea, termperstures continued t» fell
in June. The coldest rmonthly mean tempereture 27 Wilkes occurred in June,
et Little America V, McMurde, Mirny and d'Urv.ile, :n July, and at Hallet:
end Elisworth in Aucust (see fronticpiece). (The course >f tempersture

in 1957 at Halley Bey end Belgrano, according +: Wexler (%, Fig. 9] , was
similar to that at nearty F lsworth (Fig. %), tut elthough observations
fram 1555 and 1950 show the "kernlose" winter iype with terperature rever-
sals, the 7inirum occurred in Septemter in 1253, in Mey in 1956, snd in
Avgust in 1957 in that erea.) Ellsworth shows, in 1%57, the lowest monthiy
nminirum (=36.9°C in August) of all the coastal statioas cited :n Figure 3.
Although tempersrure trends did not reverse in early winter at Ellsworth
(in contrest to the stations in thz2 Ross Sea area), ithe annual nean was
very closc %o that at Little America V, as might be expected frax sirmilar-
ities irv latitude, elevation, and ice shelf exposure. In 1957, d'Urville
was siightly warmer than Mirny in surmer {Cctober tnrough March) and
slightly colder in winter (April through Septecter).

The data used for the constructien of Figure 2 and for curves for
Little America V in Figure 1 are sumnarized ir Tatle 2.1.2.1.

In conclusion, the winter is "coreless” at both coastal and inland
stations of Antarctica. In addition tc one or rore reversals of the
seesonal trend of temperature, usually in early winter, there is consic-
erable month-to-month varistion. The primary control of the mininuxm
terperature is the annual course of soler radiation, while the winter
paximmz is controlied by advection. The "coreless" winter and, in parti-
cular, the reversals in the tempersture course ere least evident at those
stations most subject to katabatic winds. While "coreless” winter and
temperature reversals are evident at iniand stetions, they are more pro-
rounced at the coastal stations, particularly those on the Ross Sea. It
is estimated fram Figure Z and observatisns for 1957 and 1958 et Little
Anerica V thct, due zo the reversals in the seasonal course ol tempera-
ture, both the winter nean minimm and sbgolute rinirmxr in & particular
year mey occur in any month from April to September, aithrc ~n cccurrence
in April would be most unlikely except at the highest latitude.

It is difficult to assess the effect of the extent of the ice pack
on the seasonal course of temperatures at the coastel ststions since it
ray extend as far off shore in the Ross Sea eres in June as In Septexber;
however, the contrast in tenperatuire belween the open water and air from
interior Antarctice is undoubtediy an importent factor in the cyclon:ic
activity which advects warm air over the Antarctic continent, controlling
the time of occurrence of the annual minima and influencing the mean
sonthly temperature through the magnitude of the monthly mean maxirur.




[6] uF yduad woaJ o,

LA o't - 29 - T°0 = ¢*0 - e -
9*er- Nl - Let= 9*f - 0°6 - 9*L -
1°le- G 61- neLli- 6°he 't - 60T~ 11T~
geGe- T°ne- 6012 gete- L*le- e 1t~ 0°GT- goql-
Loet- Sont- G Ge= £ele- 6°9t.- G*e1- o gl- E£ont-
AAS 9°GE- L*9c- 6° 6~ 0°€E~ G* LI~ G 61~ 691~
n°ge- HhrEe- Lote- Loe- gret- 9 LT~ 0°LT~ £°61-
n*63- g*ct- Lge~ 0°te- 1°6e= g 1t~ 06T~ 9*qT=
9°1e- gret- 9*te- £ 61- gree- 19 - o°et- n'g -
g e~ 6163 £e11- g°n - 0°'6 - n'€ -
n'e6 - T eT- £ - o'n - s -
Ll -~ H°O = 01 + 90 -
TeSTISmY A ©otdoury  OPAWOW  339TTEH  WIIOASTIE  S9MTIA #3TTTAIN, P TaITH
371311 CARKES
gs61 L5671

INANLINOD OILOM

G0 03 DPEYw

S ————

o9q

AON

xdvw

T

qad

vap

vINV THL JO SNOILVL: TVISVOD NIAIS LV (Do) THNIVHIIWALL NVIN ATHINOK T°C°1°¢ 219uL

av




2.1.3 Monthly temperature and wind speed at Little Amer.ca V,
1957. The monthly mean wind speed varied fram 4.2 m/sec in February to
T.9 n/sec in October, w:ith a maximun gust of 33 r/sec recorded in August,
Frequency distributions of hourly temperetures and hourly wind speeds
(USWB data) for 9 ronths (February ihrough Oct~ter, 1957) ere shown in
Tatles 2.1.3.1 and 2.1.3.2.

2.2 General character of micrecliratic data

2.2.1 Temperature differences and the:r relation tc wind speed
and wind directicn iUSHB dats ). Temperature differences between 15 rm end
the surface (Tls - Ty}, obttained from USWR measurements by electrical re-
sistance thermometers called "thermohzs" (Leeds and Northrup Company trade
name ), were tabuleted by lLoinkes* for the sunless renths at Little Americ
V. The surface to 15 m inversion was > 2 C*, S0% of the time, > 7 C°®,

18% of the time, >11 C*, 1J% of the time, while lapse conditions (decrease
of tempersture with height) existed for 16% of the time. A frequency dis-
tribution, based on the nurber of hours of occurrence of vertical differ-
eaces by 1 C° class intervais, is shown in Figure &.

Tempersture differences between 15 o and the surface, according to
wind speed, and the {requency of wind speeds are shown for the sunless
period by the 2 curves in Figure 5. The figure illustrates the dependency
of intensity of average temperature differences on wind speed. (Tl - TO)
averages 5.6 C* witk speeds less then 2 m/sec, decreases strongly as the
speed increases fram 2 to 9 m/sec, and fluctuates around 0.5 C* with speeds
greater than 9 n/sec.

Temperature differences between 15 = and the surface, sccording to
wind direction, were aiso tatulated by Hoinkes. Figure 6, based or this
tabulation, shows the frequency of occurrence of the 16 standard wind
directions and the mean intensity of surface inversions for the dircctions
during the sunless months at Little Arerica V, The length of *:e radii
is proportional to the aversge texperature difference (T,. - T.). The
strongest inversions (longest radii) occurred with wird &irectgons froo
west through north to east, fcr which advection of relatively wamrm air
from the Ross Sea is to be expected. Winds blew froz this 180-degree
sector only 25% of the time. NWW winds, though infrequent (1.9%), were
acccmpanied by the largest average temperature difference with height
(7y- - T, =6.8C%). Air flowv was frax SE and SSE in 40% of all hours
du?ing tge sunless winter months. With winds frar these directions, the
terperature inversions between the surface and 15 m were usually very
small, averaging sbout 1 C°.

¥Chairman of Department of Meteorology and Geophysics, University of
Innsbruck, Austria.
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Figure 4. Little America V,
1957. Frequency distribu-
tion of average vertical
temperature difference be-
tween 15 m and surface,
April through August. (From
USWB data tabulated by
Hoinkes. )

Figure 5. Little America
V, 1957. Wiud speed fre-
quency (dsshed line) and
relatiop ,to average verti-
cal teuperature difference
betwzen 15 m and surface
(solid line), April through
August. (From USWB data
tabulated by Hoinkes.)
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Figure 6. Little America V, 1957. Average vertical temperature difference
between 15 m and surface (Ty5 = To), April through August, in
relation to wind direction and relative frequency of 16 standard

wind directions. (Temperature inversions from USWB date ,
tabulated by Hoinkes. )
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2.2.2.. Camparison of surface 1nversions at South Pole and
Little America V (QM data). In addition to the continuous temperature

profile observations made by the USWB with thermohms, detailed micro-
meteorologicel profile observations were obtaineé by the Quartermaster
Cammand, using fine-gauge copper-constantan thermocouples at 9 levels
between the surface and 8 m. Similar equipment was employed in 1958 at
the South Pole Station; reference is made to [1].

Surface inversions, as measured by this equipment, were generally
larger ot Little America V than at the South Pole. In the seasonal course,
the maximum 3-minute temperature difference between 8 m and the surface
(Tg - T, ) occured at Little America V approximately 6 weeks after final
sunset, and amounted to 18.8 C°; between 2 m and the surface (Tp - T,),
the maximum was 15.0 C°. Most of the extreme inversions occurred during
the period of darkness, but, occasionally, inversions of 10 C° between
the surface and 8 m were experienced when the sun was above the horizon.
The duration of individual periods with an inversion grester than 10 C°
was usually several hours, although sometimes the inversion would persist
for more than 24 hours. The vertical structure of the typical inversional
stratification within the lowest 8 m at Little America V was relatively
uniform with temperature differences of at least 1 C° existing between all
instrument levels. This was in contrast to the conditions at the South
Pole where the major contribution to the total inversion was from layers
above the one-meter level,

2.2.3 Occurrence of the minimm temperature at the 6 or 12 em
level, the 'elevated minimum” (QM daia). Also, in striking contrast to

conditions at the South Pole, the minimmm value of the vertical tempera-
ture profiles during the winter months at Little America V frequently
occurred at the 6 or 12 cm level rather than at the snow/air interface.
Statistical results from hourly temperature profile values for the two
stations are sumarized in Table 2.2.2.1. This interesting phenomenon of
an "elevated minimm" in inversional temperature profiles has been ob-
served at various micrometeorological field sites For an outline of the
previous history, and a summary of possible theoretical explanations, see
Appendix A. .

2.3 Wind and tgggerature (air and snowz grofile data reduction
(gy data). e AmerJIca V, ourly wind prol'lles (based on 5
anemometer levels) were measured on 157 days, and air temperature pro-
files (based on 9 thermocouple levels between the surface and 8 m) were
recorded for approximately 3000 hours on 150 days. Snow temperature
measurements at 4 depths, and a surface temperature value were also ob-
tained. All temperatures have been transformed from millivolt-readings
on strip charts to degrees C on punch cards. The sampling rate was 18 per
hour at each level. The data reduction was accomplished through an auto-
matic read-out system especially designed for the project by Dillon and
Arbarchuk (13]. Data reduction was reproducible to *0.1 C for 95 per cent

14
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of all cases. Tabulations of these data (105,080 IEBM cards of Little
America V profile data) were critically reviewed and edited, and summary
and mean cards were transcribed for each hour and day. Hourly averages
of wind speed at 5 heights (geametrically spaced fram 0.5 to 8.0 m) were
expressed in centimeters per second and were punched onto IEM cards

(517 cards).

2.4 Computation of Richardson numbers

2.4,1 Method of computation. Richardson-number profiles were

computed for all periods when both wind and termperature profiles were

available, providing 580 profiles.

Using wind and temperature meacure-

ments for the simultaneous observation periods at the common levels of
800, 400, 200, 100 and 50 cm, gradient Richardson numbers, Ri, at L0O,
200 and 100 cm were calculated from

RL = g4 248 /T (aV)2, (1)

employing ror the delta's values from the three over-lapping quadruple

heights (800 and 20C, 40O and 100,

where g
Az
Y]

T

height difference

200 and 50 cm),

acceleration of gr?vigy (982.3 cm/sec?)

cm

potential temperasture difference .(deg Kelvin)
layer-mean temperature (deg Kelvin) obtained by

averaging the temperatures at the 5 levels

Av

2.4.2 Correction of t

wind speed difference (cm/sec)

eratures at 4 m level. An inspection

of the thermocouple data showed that temperatures appeared consistantly

too low at the 4 m level throughout the year in spite of the various inter-
changes of leads, etc., that were made from time to time. It was concluded,
therefore, that an unknown effect produced a systematic error. In order

to obtain a correction term, the temperature and wind speed differences
between 800 and 200, and 200 and 50 cm were used to interpolate Ri at 200

cm; this result was compared with

Ri computed at 200 m, usirg the temper-

atures and wind speeds at 40O and 100 em. The difference hetween the
interpolated and computed Ri increased with stability in such a regular
fashion that the correction to the 4 m temperature at neutral stability
could be devermined, by interpolation, as +0.27°C. The adjustment by 0.27°C
of all 4 m temperature readings produced non-linear curves of Ri versus
height at greater stability, which were similar to those found at %he

South Pole.



3. Analysis of Profile Structure

3.1 Grouping of profiles by stability, as measured by bulk
Richardson number, Ri'

3.1.1 Computation of bulk Richardson numbers. Bulk Richsrdson
numbers, Ri', provide a measure of the general stability of the air layer
under consideration. Values were obtained by summing the Rl values com-
puted for 400 and 100 cm and dividing the result by the sum of the heights.
Hourly profiles were arranged in order of Ri', and collected into 1l(~run
and 30-run groups. The method is essentially the same as that used in
the "South Pole Data Analysis" except that Ri' at Little America V vas
obtained from Ri at 2 levels instead of 3 because of the systematic erro:
of temperature measurement at 40O cm. Originally, the method was irtro-
duced by H. Lettau [1k, Section T.4, p. 328] in the micrameteorologic:
analysis of the 0'Neill, Nebraska, data. In view of the existing near-
to-linear shape of individual Ri-profiles, it is found that, to a fair
approximation, Ri = z+Ri'; specifically, Ri' given in 10~3/m can conven-
iently be taken as 103 Rijog om Which sometimes has been used as a
stability parameter. _—

3.1.2 Range of grouped bulk Richardson numbers. After averaging
wind and temperature data, local Richardson numbers, Ri, were computed for
the group averages., A total of fifteen 30-run averages were selected fram
the 580 profiles available, by excluding approximately 60 which epprared
to have a low=level wind profile maximumm and others where it appeared that
spurious voltages had been generated in the thermocouple wires by high
winds,

The group values of Ri' ranged fram -26 to +728. As might be nxpected
in view of higher sun angles, the number of groups with negative Ri'
(lapse conditions) was large at Little America V, relative to the number
at the South Pole, in spite of the fact that the micrometeorological pro-
gram at the South Pole covered 10 months (from Februsry to November,
1958), while that at Little America V covered only 7 months (from April
to October, 1957). Stable conditions (Ri' positive) were in the majority,
however, and cases of maximum stability were more extreme at Little
America V than at the Pole. The intense inversions at the lower levels,
which contributed heavily to these high bulk-Richardson numbers, however,
were probst’y due to physical conditions rare or not present at the Pole,
namely ko wobpnls winds and warm air advection from open water. As at the
Pole, cases of negative Ri', indicating lapse rate conditions, occurred
most frequently during the polar day, but were occasionally observed dur-
ing the period without sun.

17



3.2 Relatiouaship of wind profile types to external paramecters

3.2.1 Irregularity of wind profiles. The variation of the
wind gradient with height in the lowest © m was distinctly less systematic
or regular at Little America V than at the South Pole [2]. Consequently,
efforts were made to relate the type of height distribution of the wind
gradient to same external parameter. Since the nature and topography of
the snow surface chowed distinct changes on the Ross Ice Shelf, it seemed
that wind blowing over different types of terrain might result in varie-
tion of wind profile type with wind direction and fetch., Using a map of
the vicinity of Little Americe V, & division into 5 sectors (see Fiz. T3
woes suggested by local particularities. Concerning descriptive classifi-
cation of profile structure, the following method was adopted.

3.2.2 Classification of wind profiles into L4 types. Wind pro-
files of the LS50 grouped cases have been classified into U types: "ex-
pected,” "inverted,"” "expected irregular,” "inverted irregular.”

In fully developed flow, not only the wind speed but the wind
speed difference, AV, between any pairs of geometrically spaced
levels should increase with height when conditions are stable (Ri’
positive); when conditione are unstable (Ri' negative), the ircrease
of wind speed with height should occur with height-decreasing aV.
Such distributions of the 3 overlapping values of AV, available
from the wind speed measurements at 5 levels, are clagsified ¢s
"expected."”

I1f the stable case shows a decrease of AV with height, or the
unstable an increase of 4V with height, the wind profile is classi-
fied as "inverted."

If the type of profile is "expected,” based on a higher ;V at
L = than at 1 m, but the magnitude of AV at 2 m is not intermcdiatc
between the two, the profile is classified as "expected irregular.”

Similarly, if the type of profile is "inverted," based on a
lower 8V at 4 m than at 1 m, but the magnitude of AV at 2 m 1s not
intermediate between the two, the profile is classified as "inverted
irregular.”

3.2.3 Wind profile types in relation to wind direction. At the
South Pole, more than $5$ of the celected profiles were of the Texpected"”
~ype, wvhile, at Little America V, it was possible to obtain only 7 such
2% run groups (i.e., 210 profiles out of L50, or less than 50%). Winds

from each of the five sectors shown in Figure 7 were tallied according to
the I profile types, and the results are summarized in Table 3.2.3.1.

KOTE: Details of methods of analysis are idented in this report.
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Table 3.2.3.1 RELATIVE DISTRIFUTION {percent >¢ tire) GF FIVE SECTORS
OF WIND DIRECTION, AND FREQUENCY (%) OF WIND PROFILE
TYPES FOR EACH WIND DIRECTION 3ECTOR

Freguency of tume) of .ndicated profile type
] J

Wind Directian Sector for each wind cdirection sect r
Expectea Inverted

Limits  Frequency(%) Expected Irreguiar Inverted Irrepulsar
SE-3SE HY SR Lz =7 10 15
3-WSW 32.7 67 11 1l 11
W-NIw 3.3 [y LA 7 T
N-NE 7.8 20 59 G 17
ENE-ESE 3.7 59 2 8 23
"Calz''# .l 50 2o 27 o

Minds t00 week to activate the Aercvene

An additional type cf wind profile structure was defined as
"katabatic” and included cases which showed either & wind speed raxi-
ma below the 8 m level or 3 pronounced lowering >f the rete of wind
increase with height under stable condit:ons. Such cases hsd been

xcluded Irorm the grouping of profiies into 30-run groups and are
not shown in Tatle 3.2.3.1; 60 profiles of this type were availeble.
In 9 csses, winds were 1uc weax to activate the Aerovane while 35
cases showed light winds between SSE and ENE. Six ceses snowed
stionger winds fror. NNW and spperently were profiles that were not
N1y developed,

SE-SSE. The results shown in Teble 3.2.3,1 are nst easy *
A possible explanation ol the high frequency of the SE-SSE sector of wind
directicn iz that the air tends to fiow through the slightly lower region
in the azinuth between Byrd Statiorn and the South Pole, Wind direction
svatistics for both stations (By—d and the Pole) indicate a tendency of
air to dre:n into this lower area. Also, on the Ross Ice Shelf, some gouth
winds nay be diverted ty Roosevelt Islarnd, which lies due scuth of Little
Americs V, but at a distance of more than L0 =, with the highest eleva-
ticn, ohO =, at about 10C «m from the station.

S=-WSW. The sertor franm S to WSW includes the region where the Ross

Ice Shelf stretches out for an average distence cf approximately 500
miles with an average slope of 1 in 13,000 near Little Americe V. The
most significant interruption to this slope is Roo-evelt Island. Some
details of the topogrephy neer the staticn sre shown ty Crary [7, Fig. 1
end 2, pp. 5 and Tl. Beyond the relc*ively abrupt rise froam the ice
she.f to the Platesi (Fig. 7), there .s & gradual slope upward of about

ir 500 to the highest ;and of the Plateau (elevation more than 4000 m).
Windn which approach the Little America V station across the gently




sloping, quite uniform Rass Ice Stelf show the "evpected” profile tvpe
with relatively highest frequency, namely 6TF of the time ?see Tables
3.2.3.1 and 3.2.3.2), in spite of the fact that the carm was located in
thls wind sector in relation to the micrometeorological wind mast.,

Table 3.2.3.2 COMPARISON OF RELATIVE FREQUENCY (per cent) OF WIND PROFILE
TYPES AT SOUTH POLE (all directions) AND LITTLE AMERICA V

(s-wsw)
Expected Inverted
Expected Ircegulsr Inverted Irregular
South Pole, all directione 76 1% 4 L
Little America V, S-WSW 67 1 11 1

This table shows that, et Little America V, tre relative distribution of
the profile tyves with winds fram the S-WSW sector is closest to that
found at the Scuth e, where the sliope is gentie and quite uniform.
There is indicaiion irom records for other years (see Vowinckel (113j) that
winds from this sector are normaily more prevalent than they were in 1957.

W-ERW In the sector fram W to NW, wind fiows upsiope, and the fetch
{s across rough terrain close to the staticn, inciuding a2 26 m deep de-
pression caelled Crevasse Valley, and over a suvrface saaetimes camposed of
ice and scmetimes of water. These fetch conditions may explain the result,
shown in Table 3.2.3.1 that "expected irregular” profiles are most fre-

quent.

R-NE In the N-NE secto., the surface is also rough and winds come
from the sea. The lcocation of Littie America V reletive to normal stomr
tracks is such taat most of the migrating disturbances are accampanied bty
strong N-RE winds at the station. Table 3.2.3.1 shows for this sector
the lowest frequency of "expected” profiles. Within this sector, RNE was
+he most frequent direction (see Pig. O) and was also th. azimuth of the
strongest winds.

SE-SSE It is more difficult to account for the large number 57
"invertel’ end "irregular” profiles fram the direction of mauximum frequency,
SE-SSE. [/ :.srently, the type of wind profile does not relste to wind direc-

ion alone.

ENE-ESE Figure 6 shows that winds from ENE-ESE are rether infrequent
(16.7F of all days), in comparison with winds from SE-SSE (38.5% of all
days) but the katebatic type occurs with both fetches. The more southerly
the wind in these 2 sectors, the longer the fetch across the ice shelf.




3.2.4 Wina profile types in relation to cloudiness. Cloudi-
ness was cons.dered as a possible factor which could lLe related to the
type of wind prefile. The meen opague clouainess averages 0.43 for hours
of all profiles, ".33 for hours wiih "expected' profiles and (.53 for
hours with "inverted" and “:irregular” proriles. This ra: indicate thot
the latter types occur with greater than average cioudiress. However, a2
frequency count shows that with C.6 to 1.0 cloud:iners, 55% of the pro-
files are of the "expected” type, and with C.l t> 7.5 croudiness, L2% are
of the "expected” type. Thus, the relationship s not statistically sig-
nificant.

3.2.5 Wind profile types in relation tc opugue cloudiness and
wind directicn. An atterpt to relete opanue cloudiness, wind direction,
and type »f wind profiie indicates the fol.iowing:

1) With feiches fram the S-WSW cectior and clear sxies, pro-
“ " ) 2
files of the 'expected <type predminate;

(2) with ‘e

s frow the SE-S3E sector, profiles cf the "ex-
pected”’ type sre rost ly

accarpanied by ciear s<ies;

[
2 0
=
5
ct

+
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(3) with overcast sxies, any wind profiile “ype rma, occur with
nearly equal frequency;

(k) winds from the azimuths rost iikely to show xetatatic in-
fluence are usually accompanied by overcast sxies while profiles of the
"inverted" iype have various sky conditions, but not clear skies.

Iten (L) is the most surprising, since overcast sxies are normelly
not expected with katebatic winds.

3.2.0 Wind profile types in relation to wind speed. A tebuls-
tion of <ype of wind profile as a function of wind speed &% the 3 m level
(see Table 2.2.5.1), illustrates that when Vg exceeds a value of about
6 m/sec the profiles of the "expected" type are definitely s rarity.

Table 2.2.6.1 LITTLE AMERICA V, NUMEER OF HOURS WITH INDICATED TYPE OF
WIND PROFILE, IN RELATION TC WIND SPEED (=/sec) AT 8 M LEVEL

Muzbter of hours at indicated wind speed, Vg (a/sec)

Tvpe of Profile 1-3 ) 1-5 29
"Expected" L3 11& L2 8
All other types 16 78 72 Ls

ny
Ny




Although we are obviously considering two closely related measuremcrtis,
wind speed et 8 m, and the wind gradient below tlu t level, it is sone-
what surprising that the degree of regularity decreases vith increasisg
wird sneed. The observed reiationship may provide some insight regardéine
the physicel mechanism involved, inesmuch as it can be interpreted tc
indicate the role of advection prccesses due to horizontal non-uniforei:v
of surface conditions.

3.2.7 Conclusion., Neither the fetch or the wind nor the sky
conditions afford a satisfactory correlation with type o wind profile at
Little Americe V. Nor do advection, katabatic effects, nor a comdbination
of the u.wo provide an explsnation of the observed wind proiiles. Soame of
the re.stionships studied in the following secticns have been tested using

only the "expected” type of wind profile as well as all profiles.

3.3 Seasopal variction of stsbility ernd varistion of external
pargreters with stability

3.3.1 Carparison of sverage bulx ctebility at Litile America V
end the South Pole. T one wants to carmpute rmonthiy seans of tulk-
Richardson number, Ri', from heurs when profiles were recorded et Little
America V, tne occasional extremely large Ri' raises the everage so marred.l:
thet it may became unrep.reucutavive. In i..e attexpt to cbtein a comperison
with South Pole conditions (see Table 3.3.1 in the “South Fecle Data
Apalysis” [2]) all profiles resulting in Ri' larger than 1(CC units were
cmitted in the computation of monthly means. At Little America V, Ri'
nevertheless averages consistently higher than &t the South Pole.

In a chart of monthly-mean R1' for the South Pole Station, aero-
logical data on the total height of the surface inversion and the
total temperature difference had been included. However, due to a
more complex structure of the lapse rete over the Ross Ice Shelf, iv
is noi possible to obtain a total thickness of the inversion layer
for that area with sufficient reliebility and accurscy fram the
serological soundings avallable. The main reason is that frequentily
seversl inversions occur in the lowest 1000 m,

3.3.2 Monthiy frequency of stability from QM dets. It spveared
that a frequency count of stability occurrence by months, as messured by
Ri' for the profile periods, might be more significant then the aversge
monthly Ri'; results for 5 months are summarized in Table 3.3.2.1.

3.3.3 Monthly frequency of stacility fram USWB date. In view
of the fact thst hours of micrometeorological profile data are rather
uneverly distributed over the monihs (see Table 3.3.2.1), the regulaer
hourly observations by USWB personnel at Little Americe V for April through
October 1957 were used to round off the QM climatic statistics of stability.
A dimensional stability coefficient, 8, was camputed for every hour of the
month, which has the same definition as that used for the South Pole

23




Station, namely

For convenience the USWB data were used in units in which they vere
recorded: Temperature, T, is in °F, and wind speed, U, in knots; instru-
nent levels as indicated by the subscripts are height in meters. Thus,
S, is expressed in °F/kt2.

Table 3.3.2.1 LITTLE AMERICA V, MAY -~ SEPTEMBER, 1957. NUMBER OF CASES
'WITH INDICATED BULK STAEILITY, Ri' (10-3/m)

Number of cases

May June July Aug Sep May -~ Sep
Ri' <O 7 0 16 35 33 90
O<Ri'< 19 26 9 Ly L7 24 153
R1' >19 B SR & S (S - S 206
Total 66 22 130 7 iik Lu9

An empirical relastionship between Ri' and S had been derived ror
grouped hours of simultaneous measurements by QM and USWB at the South
Pole, and is illustrated by the solid line in Figure 8. Grouped data for
Little America V are plotted on the same graph. While the scatter is
considerable at Little Americe V, due to the climatic complexities, the -
general relationship is similar to thet at the South Pole. The frequency
dirtribution of class intervels of 8 is shown in Teble 3.3.3.1 by months.

3.3.4 Seasonal changes toward less stable conditions. At
Little America, as at the South Pole, the stability coefficient, S, wac
‘most frequently in the interval fram O to 0.0l (®F/kt2). A shift towa:l
less stable intervals is evident in warmer months, particularly in those
cold months which were, in 1957, warmer then normal, such as June (see
Fig. 1). The shift with season toward less stable intervals does not
appear in September, i.e., following immediately the returm of the sun,
but is delayed until October, as is the seasonal rise in temperature.

3.3.5 Variation of wind speed, temperature and sky cover with
stability. Figure 9 illustrates the vsriation with bulk stability, Ri',
of wind speed, temperature and sky cover at Little America V. These
elements are taken, for the hours of detailed profile data, from the 2 m
wind speed, the mean temperature of the 8 m mast-layer and from the USWB
visual observations of sky conditions.
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Table 3.3.3.1 FREQUENCY DISTRIBUTION OF HOURLY VALUES OF THE DIMENSIONAL
STABILITY COEFFICIENT, S (computed from USWB data), BY
MONTHS AT LITTLE AMERICA V, 1957

Number of hours

S Apr May Jun Jul Aug Sep Oct Apr - Oct
“Flku
- = to =.01 1 7 7 6 6 1T 15 59
-.0 " 0 35 134 158 82 104 96 188 797

o" .ol 82 380 399 MLk W6 369 393 2183

Q" .0 25 L3 38 58 46 66 29 305
00" .03 6 22 16 21 20 L1 18 1Lk
03" .o 12 16 6 25 11 13 15 98
Lo " .05 5 T 9 10 8 17 12 68
05" .06 8 1 7 10 10 11 6 6k
06" .07 4 9 5 L 3 6 6 37
o1 .08 1 1 5 6 3 3 6 25
08" .09 3 3 b 7 b 5 5 31
.09 " .10 0 5 1 6 3 2 3 20
0" 1 1 5 I 5 N 1 3 23
A1 " .12 1 6 2 2 5 o} 0 16
A2 " e 17 k3 22 6 39 ko 22 a7
Total 200 693 682 T20 T2 689 720 LL1T7

The wind and temperature dependencies on bulk stability (Ri') are
similar to those for the South Pole, with highest speed and highest
temperature for groups near neutral stability. However, sky cover with
the unstable cases at Little America V averages 7/10. At the South Pole
the rare unstable cases are consistently accompanied hy overcast skies.
This result is highly interesting. It can mean that at the South Pole
the cause of occasionally occurring lapse conditions is long-wave radia-
tion from the lower surface of a "warm" stratus cloud (i.e., warmer than
the snow-surface), while at Little America V short-wave radiation from
sun and sky can be at least a contributing factor. In view of the high
albedo of the anterctic snow cover, this result appears to be understand-
able, and consistent with conditions of external nature.

Wind speed averasges are lower for profiles of the "expected" type
than for all hours of profile datas (Fig. 9). This is consistent with the
evidence digcussed in Section 3.2 that wind speed averages tend to be
higher for the "irregular” types. Figure 9 also shows lower temperatures
at extreme stability for the "expected" than for all cases. There is
little charge in wind speed, temperature or cloudiness at bulk stabilities
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The extremely stable cases classed as "katabutic" are not in-
cluded in Figure 9, since they were amitted in the grouping of pro-
files. However, those "irregular” and "inverted" cases that are
included are responsible for higher temperatures when all cases are
used than when only "expected” profiles are used.

It is likely thet some of the profiles of the "inverted" type
are in reality of the "katabatic” type with a wind maximum at feirly
low levels but not below the 8-meter level. The issue is somewhnt
confused by the fact that, near neutral ctaebility, precise wind pro-
file type classification is impeded by the limits of accura:y of the
temperature measurements used in determining Ri'. For example, a
slight errcr in a temperature observation may result in a negative
Ri' when actuclly conditions were such that Ri' should be pnsitive;
an observed increase of wind speed gradient ( AV) with height at
negative Ri' was taken as an indicator that this profile must be
classified as the "inverted" type. While, for consistency, the
separation had to be based on a computed value of Ri' = O, there are
many cases near Ri' = O that could fall to the positive or negative
side of Ri' with a relatively small change in only one leve. of tem-
perature observations. Since the over-all temperature gradient is
small with winds fram the SE-SSE sector (Fig. 6), the resulting near-
neutral stability may account for mony of the "inverted" and "irregu-
lar" cases of profile structure that occur with winds fram this
sector (see Table 3.2.3.1).

3.4 Vertical profile of Richardson number

The dependency of Richardson number, Ri, on the height for fifteen
30-run groups, is shown in Figure 10. This plot embraces all L deszriptive
types of wind profiles, and includes the correction to the L m tcmperatures
discussed in Section 2.L,2, A systematic change of Ri with height in the
lowest b m is evident, and for all groups, Ri can be assumed to go to zero
if one approaches the surface. The over-all height gradient of Ri corres-
ponds rather closely to the group values of ?i'. However, a comparison
of Figure 10 with the corresponding graph for the South Pole dat: [2,

Fig. 5] suggests that the Little America V results show more of n systemat-
ic curvature in the vertical profiles of Ri for all stabilities.

In Sections 2.2 and 3.2 1t was mentioned that at Little America V the
vertical grudients of individual micrometeorological elements, including
both temperature and wind speed, are of a more camplicated structure than
at the South Pole. 8Since the Ri-number computation involves a combination
of temperature and wind gradients it is, in fact, surprising to no*e the
degree of regularity evidenced in Figure 10, More organization in the
Ri-profile, than in the individual profiles of its constituents, could
indicate an interesting tendency for campensation, and 1llustrate the
physical significance of the Ri-number. Since the height-gradient of Ri
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can be expressed by the Deacon numbers of the wind und temperature pro-,
files, more detnil will be presented after discussion of these numbers
(cee Section 3.7).

3.5 Camputation of wind profile curveture ond zero displacement
Rprameter

The Deacon number of the wind profile, 8., 18 a numerical measure
of profile curvature. For its definition, re¥erence is made to H. Lettau
(i, Section 7.5, p. 340J, B, was camputed for the 30-run groups
of Littlc America V profiles using overlepping differences in the follow=-
ing equation

By = ( Blog &z - Alog aV)/ &log(z + D) (2)
where D = zero displacement parameter = z, + d
with 2 = roughness length
8 = zero displacement
Az = height difference
4V = wind speed difference corresponding to A=z.

The zerc displacement, d, corrects for irregularities of the terrain in
the direction from which the wind is blowing, and 8lso movements o° snow
at the site surrounding the mic.cometeorological mast installation, which
produced uncertainty concerning the actual elevation of the anemometer
array above the average or serodynamically effective ground surfece. At
the site, the arms of the anemometer most were adjusted periodically
when snow accumldation raised the height of the underlying surface.

In an adiabatic surfece layer the Deacon number B8, equals unity,
and the zero displacement, d, can te determined with the aid of a least-
square fit to the logarithmic wind law; reference is made to Robinson [15]
who describes & program for asutomatic camputation of the set of three
persmeters which are D, z,, and the shearing velocity +ffo/p Where z,
is th® surface stress. This method cennot be applied for diabatic condi-
tions, since it is known that the logarithmic law holds true only in
adisbatic surface layers.

A revised scheme for the computation of the zero displacement in
disbatic surface layers was developed in the "South Pole Data Analysis"
[2]. The same approach is used here.

The Deacon numbers for the group analysis were computed using
adjacent as well as overlapping height intervals, and essuming a
gequence of tentative D values (i.e., first D = 0, then D = =5, =10,
-15 cm, then D = 5, 10, 15 cum, etc.). For each group, resulting

8y~values (at nominal heights of 100, 141, 200, 283, 400 cm) were
plotted agsinst height in linear coordinates.
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A basic model assumpticn is that the Descon number gces to
unity if 2z approaches zerc, for eny diabatic stste. The D value
which setisfied this mecdel requirement andé produced the iesst
change of curvature with height in the conputed 3 -profile was
selected. In the process of determining this D value for indivie
dunl profiles, the systematic chenge of the ﬁv-proflle structure
with bulk stability was also considerad.

As 8 result of the trial-and-errcr method, it was found thet, indeed,
in the lowest 1 to 2 r layer &t Little Americz V the sbsolute velue
|1- 8|, could pe made in many cases to be proporticnal to the distance
from the sctusl surfece. This method of D determinetion did not work es
well, however, witl. the camplicated wind profiles at Littie Americs V as
with the more clear-cut South Pole data. In general, it was necesssry
to apply larger negative D values (as large 2s 25 cm) at Little America V
then at the South Pole. This was in line with visual estimates at the
two sites and observetions thet smell to microescale surface features
shoved greater amplitudes and more diversity of siructure st Little
America V than on the cenirasl Antarctic Pleteau.

3.6 Relationship of profile curveturz (Deecon nurbers}) tc bulk
stability {bulk Richardson number) and height

The dependency of 8,-profile structure cn bulk Richsrdson number, Ri',
is shown in Figure 11. In a neutrel case {(Ri' = O}, 3,, shouid equal urity
in the lowest atmosphere, provided that the wind prof ie is exectly loger-
ithmic, and the proper zero displscement is known. For a giver bulk sta-
bility, the Deecon number departs {ram unity more at Little America V than
£t the South Pole. The departure is nevertheless smsll {see Fig. 11)
and, as at the South Pole, for surface cooling (inversicn conditions) R,
tends to be smaller than unity end decreases generally with heighi. At
Little Arerica V, an S-shaped 8, -proufile is ~btsined for “apse conditions
(surface heeting)}, protably due to relatively strong wind speed increase
close to the surface.

As stability increases,.f, decreases with height mcre and mcre
rapidly as long as Ri' is not extremely large. As at the South Pole, when
Ri' becares grester than approximately (.05/m, the decrease of 8, is strong
only in the lowest part of the 4 m layer under investigation. However,
at Little Americe V the decreasse is generalliy weaxer and does not exceed
2 minimm velue of 6_= 0.675 =t about 1.5 m, while at the South Pole, the
corresponding minimum was 0.25. Above asbout 1.5 m the 8,-profiles at
Little America V show much more irregularity than at ths South Pole. A
aystematic increase is lacking; tae curves tend to show only a lesser de-
crease with height than at lower stability. The most steble 30-run group
did not show any zreat decreese in 8, with height, even in the lowest
layers uvsed, or when broken down into 3 separste 1O-run groups. It is
possible that a pronounced minimum in 8 occurred at a lower level than
is measured here; ihe lowest reliatle 8y -value could be coamputed only at
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about 1.5 m. A somewhot uncertain estimate for the L m level supports
*his conjecture. This ray indicate an extremely .haliuw curface layer.

The change of potential temperature gradient with height at Little
America V wms so irregular that it was not rossitlie t. establish any sig-
ni:ficant relntion between the curvature of the terper: ture profile, £y ,
2nd bulx stability, Ri', i.e,, between Deacon mcsier, ¢4 of the tempera-
ture prorile and buls« Richardson nurber, Ri'.

3.7 Interdependence between Deacon nurbers und Nicherdson nurbers

3.7.1 RNon-iinear change of Richfrdson number with height. It
wvos mentioned in Sectior 3.L thet the vercical prcJiles »f the Richardson
nurber {sce Fig. 1C) g1e relatively good evidence of cystematic changes
witk bulkestability of the group means. In fact, ile siructure of the
curves in Figure 10 suggests that Ri could be proportional to zPB, with a
velue of the exponent m which seems to be larger ther unity, but not larger
thsn 2. is regwar pattern in Ri versus height snpears interesting, in
view of the rather errstic tehavior of the individuel relstionships (such
as f.. versus height, »r 2, versus Ri, or 8g vercus Ri, etc.).

If Riv zF, it follows directly from the defining equation (1),
upon logarithmic differentiation of Ri with respect to height, that
en exect equation is

3 log R1/2 log(z+D) =28 , = 85 = & (&)

For a constent velue of r it must be concluded fram eguation (&) thet
oniy for the special case of m = 1 is it mathematically possible that
B3 approaches unity if &, goes to unity.

while the micrameteorclogical conditions at the South Pole corresponded
rather closely to the case of m = 1 (as evidenced ty the near-to-linear
structure of the Ri versus z curves of Fig. 5 in [2]), conditions at
Little America V are definitely of a diiferent nature, in that m>1, or,
specifically, m appears to be close to 2.

3.7.2 Theoretical relationship between wind profile Deacon num-
ber and Richardson number. The relationship between wind profile Deacon
numter, 3, and Richardson number is jllustrated fo>r Liitie America V in
Figure 12. 1In camparison with corresponding results reported in (2] for
the South Pole, there is definitely more scattering of points at Little
Americe V.

It was found in the a2nalysis of the South Pole data [ 2] that the de~
pendency of 8, on Ri was reasonably well approximated (at least for small
Ri) by a theoretical relationship suggested by various authorities, ia-
cluding Panofsiy et &l [16]; this relationship has been derived strictly
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for surface-layer conditions, and is
By - (1 - 18 R1)/(1 - 13.5 R1) (s)

Certain systematic deviatione from the theoretical curve, ot
R: 2 C.OL, epproximate’y, can readily be explained by the fact that
for strong stability some cf the upper enemometer levels used for
the 3 -romputation must have been ectually outside the surface
leye«r. That is, increasing Ri', for a given cr constant horizontel
pressure gradient, is invariably accompanied by & decrease of both
surfece stress (1,) and low-level wind speed V(z); thus, the geo-
strophic departure of the surface wind must increase and, as @
direct conseguence of the equation of iotion, the absolute value of
31/ 3z increeses. The end result is that - 1,/(31/32), vhich ce-
termmines the thickness of the surface layer, must decrease consider-
ably with ircreasing stability. For conditions of strong stability,
the surface igyer rmay thus be reduced to less than 2, or even 1
nmeter. For a detoiled cdiscussion of this, and the corresponding be-
bavior of 8, above the surface layer of a barotropic and asdiabatic
boundary layer, reference is made to Lettau {17].

The theoretical reiaticnship {Eq. S5) is indicated for Ri >0, in the
plot of £, versus Ri, Figure 12, as a dashed curve. Obviously, the lack
of egreement {with actusl 8,) evidences the limitations of existing
theories of diebatic profile atructure.

3.7.3 HEmpirica: ryelationship between wind profile Deacon mum-
ber and Richardson maxber. Entered 8lso on Figure 12 15 a sirictly em-
pirical relaticnship, derived by “curve-fitting," of the form

gy = L1+ 1% R1)Y/(1 + b2 Kij, ©)

which produces some desree of approximation to the icwer limit of the
widely scattered observetional R -points, for Ri >0. In view of ejus-
tion {4) and the m-vsiue of appro%imately 2, it would follow from either
equation (5) or (5) thrt 8, rust be negative for even the smallest devi-
ation of 8, from wmity, for 8y <l. This seems to be related to the
anomaly of the lowe-icvel temperazture profile, es represented by the fre-
quently observed "elevated minimum" discussed in Section 2.2.3. Advec-
tion, lack of fully developed temperature profiles, or the tendency to
zatabatic motion, can be responsibie, to some degree, for the exceptionzl
structure in curvature ccnditions at Little America V.

3.7.4 Relationship between temperature profile curvature end
wind profile curvasture, It must be concluded thet temperature p:ofile
curvature, 3g, at Little America V is distinctly different from wind
profile curvature, 2,. Tris 1s important for heat flux camputations
using similarity principles. The inequality, 8, # 8, will mean not only
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that the coefficients of momentum and heat diffusivity (?Mhand KH) are
different, but that the ratio Ky must be & function of height for
surface layer conditions. Furthermore, existing theoretica. models of
diabatic surface layer structure have been derived almost exclusively

by using the assurption that B8, = By. The above-discussed wide discrep-
ancies between 8, and 3, rust leaed to the conclusion that a common sur-
face layer for momentun and heat transfer did not exist at Little America
V or was so shallow that in nearly all cases the levels &t which nricro-
meteorological data are sveilable were sbove the surface leyer.

3.7.5 Possible causes of unusual structure of the micro-mete-
orological layer. One may think of several physi-~al causes for the
unusual structure of <he uicrometeorological leyer at Little America V.
The first possible cause which comes to mind is the lacx of fully devel-
oped profiles. This would irmply as the principal -ausative factor a
rar‘ed discontinuity of surface conditions st a line which must be inter-
sected by the upwind fetch so that a process of advection begins there.
Only if the site were camp_etely encircled by such a marked discontinuity
of surface conditions (sych as, for example, at the center of a round
flat island in the ocean) would a pronounced correlation of advection
effects with the azimuth of the sir mction be expected. At Little America
V, even though there exists a strong discontinuity in the environment of
the station (namely, the btoundary between ice and water) it is a more or
less strajght line, and, in most months of the year, is quite far away.
Moreover, the observed unusual features of micrameteorologicel profi’-
structure are not at all convincingly related to air flow from the 1ater,
so that advection can be ruled out.

The second possible cause could be katabetic profile structure, or
the combination of katebatic effects for fetches fra: one secter, with
advection effects fram another. It is physically absolutely unlikely,
however, that these two entirely different causes could produce similar
effects on the micrameteorologicael profile ctiucture. Moreover, there
is a rather wide sector st Little America V for which nei-her of the two
could be held responsitle; with winds ov* of this sector the profiles
show a tendency to the same behavior as with fetches from the distant
water, or fror the also distant slopes towards higher grounds.

The ruiing out of advective and katabatic effects forces us to think
of a third caucsative factor, which must also be related tc local geomor-
phology but for which there is the requirement that it be tasically the
sape for gll azimuths fram the station. This appeei's to exclude practi-
cally every feature other than the ic2 shelf itself. 1In view of the
thermal properties of ice flceting on water it could bve suspected that
sare particularities of the surface heat budget may represent the cause
for which we search. Normally, a strong intensity of sensible heat tirans~
fer between ground and air produces order in the temperasture profiles.
The lack of order could imply that this heat transfer is unusually small.
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This could mean that ne®. rediation is elmost completely balanced by
sub-surface hest flux snd latent heat transfer. Such & tentative hy-
pothesis can be tested only by local heat budget investigations. T1.1e
question still remains why the sensible heat transfer can be smsll in
an air layer which is Jer from being isotherral. Moreover, it will be
shown in Section 8 tha: the intensity cf eddy heat flux is only between
1/2 to 1/3 that of net radiation, which is not a spectacular ratic.

4, Computaticn of Roughness Length

4.1 Computation from wind profiles

The conventionsl method of roughness length, z,, determination is
based on the logarithmic wind profile which will exist only in an adia-
batic surface layer (see Lettau [1k, p. 333]). In view of the extreme
rareness of these neutral conditions st Little America V, as well as at
the South Pole, a new method of prcfile snalysis was introduced which
permits camputation of roughness length, z,, frac diabatic profiles (see
Section 3.5). The assumption is made that ( 8, - 1) varies in direct
proportion to height, at least in the lowest layer. Then using the
equation defining B8, (Eq. 3) it follows upon integration that

log zg = log(z+D) - 0.43u3(a"Le(l" sv) (1 - By) - 0.25(1 - 8,)%...)  (7)

where common logarithms are used and the profile contour number,a , is
defined as Alog V/ Alog(z + D). Since D was obtained independently (see
Section 3.5), equation {7) can be solved for any level viere a end 8, are
known.

The mean z, was obtained fram all data levels, or, in the more stable
ceses, from at least the 3 lowest levels. Results are ploited egainst
oulk stability, Ri' in Figure 13.

k.2 Magnitude and variation of roughness length

Even when only "expected" profiles were used, roughness length com-
puted according to the procedure used in the "South Pole Data Analysis"
[2) was errstic, and, in generasl, tco smell, based upon comparative visual
observation of the terrain at the 2 stations. The neutrel stability z,
value near 0.03 cm appeered reasonable, but was based on only one 10-run
group. For profiles with bulk stability Ri' betweem 6 end T 10~3/m, rough-
ness length averaged near 0.0l cm but grew with stability. It tended to
increase more rapidly towards extreme stability. This increase may be due
to the fact that at Little America V the values of 1 - 8, did not vary in

direct proportion to height.
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5. Calculation of Surface Stress, Eddy Heet Fiux, and Momentum and Heat
Transfer Chrefficients

5.1 Surface stresc

In order to obtain the surface stress, it was necessary to calculate
the friction velocity, \/n37o, fram the wind profiles. The grouped date
were used, and a formula was employed which is valid for the same assump-
tions which underiie eguation (7), namely 38,/37 = coustant, and

ev’o -]
vl velBvr1) . _._YA.___SV
Yoo - U.b3L3 ke V Aloglz + D (])

vhere common logarithrs and a value of the Karman constant k = C, 428 are
used.

Surface stress, 7,, was deternined by averaging velues of 'VGEJS_
for the lower levels where the profile curvature folicwed as closely &s
possible the requirement that (1 -~ B) is directly proportional to height.
Air density, ¢, was computed from the USWB station data, using their
3-hourly observations of temperature, pressure and pressure tendency. For
these lower levels, stress, 1, is considered independent of height. A
convenient drag coefficient (as defined by the dimensionless ratio
('V1;7 ] Vu) also was calculated fram the frictca velocity obtained fraom
the grouped wind profiles.

Ranges of the surface stress, t,, with stability, end values of the
drag coefficient ac Little Anerica V sand thz South Pole are shown in
Table 5.1.1; variation of t,, with stability, at Little America V, is illus-
trated in Figure 13.

Taebie 5.1.1 RANGES OF SURFACE STHESS, t,, WITH BULK STABILITY, Ri', AND
VALUES OF THE DRAG COEFFICIENT, -\F ;707 Vi, LITTLE AMERICA V
AND THE SOUTH POLE

No. of Rang:
Type of 30=-run Range of f,
Stetion Profile  Groups of Ri' (Dynes/c2) Vrofo/Vi
Little America V all 12 728 to C C.4 to 1.6 .037
Little America V "expected" 7 131 to -13% 0.2 to 1.2% . 040
South Pole all 20 89 to 10 €.l to .8 . Cu2

*A 10-run group at Ri' = -1 shows T, = 2.0 (Fig. 13); also surface stress
is relatively higher at all stabilities for "inverted" profiles.




The veriation of surface stress with stability shows cune degree
of parellelity with the variatior of wind speed with stebility chown in
Figure 9a (Section 3.3.5). 1In comparison with the relrtionship between
R’ and 71,, and between Ri' and wind speed at the & n level, ut the
South Pole, the Little America V data indicate again that & certain sta-
tility occurs at Little America V with higher wind cpeed than at the
South Pole, at least for 30 <« R1' < 100, in units ~f 10°3/r.. The seca-
sonal variation of surface stress will te campared with thot of the
terrs in the energy budget equation in Section &.

The drag coefficient is relstively independent of bulx sta“ility
in the renge fram Ri' -~ C to T23.

5.2 Eddy heat fiux

Eddy heat flux, Q,, was camputed using a similarity relation based
on vertical differences of wind speed and potential terp:-ature from all
S heights, or in cases of extreme stability the lowest L or 3 hei.ghts,

- A A}
W = -Cp Y ‘o—f%- = by T ’o—:%; (97

where Q, = eddy heat flux (1y/min) .
cp - specific heat of air (c21 g~tdeg=!)

v = Ky
KQ

Km

)

eddy diffusivity for heat
eddy diffusivity for horizontal momentur

o

AV and 46 have the same meaning as explained in Sectizn 2.4 in connec-
tion with Equation (1}. If the eddy diffusivities for heat and horizon-
ta. momenium are the same, vy=l. The sign-convention is chosen so that
Leat flowing in the Girection of increasing z-values (upwards) corresponds
to positive Q, while the heat flux accompanying inversional temperature
gradients is in the downward direction and, therefore, a negative Qo'

Ranges of eddy heat flux, Q,, with stability (assuming vy =1) are
shown, for Little America V end the South Pole, in Tabie 5.2.%; variation
of Qo, with stebility, at Little America V, is illustrated in Figure 13.
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Teble 5.2.1 RANGES QF EDDY HEAT FLUX, Q,, WITH BULK STABILITY, Ri',
LITTLE AMERICA V AND THE SCUTH PCLE

No. of
Type of 30-mun Rarige n.age of
Station Profile Groups of Ri' Slﬂmin!
Little America V all 12 728 to O -l.3033 to epprox.
Little America V  "expected" 7 191 to -13 ~C.C374 to  S.CL3C
Scuth Pole all 20 68#%to -18 -C,239%to  +0.005C

#no comsistent veriation above Ri' = 410

5.3 Momentum transfer and heat tren.rer coefficients

A relationship cau be obtained, by the procedure used in the 'South
Pole Dets Analysis" [2], betweer the stability coefficient, S, derived
fram USWB date (see Section 3.3.3 and equation (2)), and momentum transfer
end heat transfer coefficients, for the hours when temperatures at  levels
and %ind speed at 1 level are available from both Q4 and USWB observations.,
The drmg coefficient ( f1,/0 /V)), as was discussed in Section >.1,

varies little with change in bulk stability or wind speed.

A mcmentum transfer coefficient is defined sas

T
wB:
6 (Uy0)*

A

and a heat transfer coefficient is cdefined as

, -2 .
¢ = (31)
B o o (T, - T.5)

where T, and Q, sre computed frcm the grouped prefilss obiained from QM
obgservations and the wind speed, U, and temperstures, T, at the helghts
in meters shown in the subscripts, are obtained from sycchronous USWB
observations, These coeffic!ents were cumputed for twelve 30-run groups
for ell typee of wind profiles, with the 3 unstable 30~-run groups amitted
because of the large variation inrv, at tre 5 levels. The coefficients
were computed also for seven 30-run groupe of "expected” profiles, includ-
ing 1 unstable group. When the results are plotted versus the stability
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coeificient, 5, the ccatter of points is large rciat.ve L. thut =1 the
Scuth Pole, even when oniy "expected" pruriles acsc usec. It wao dec.ded,
therefore, 10 use constant vaiue~ of the two coell.~lenls, equecl 1o tne
erithrevic nverare-
\
8, L. .0 |- )
= 0 kno?
.
b) ®un - C.Ou cm \2
k eec knot/
These coefficients and eguations (1) end (331) will te used in

Secticn 3 to oblair \’3..1.85 cf the eddy heat flux ier= .n the energy tudret
equation and velues of the surface stress for corprrirun with the terrs

r

he energy tudget eque;-w.

o« Heel Flux in the Snx

v.) Tesp.vature observttions and patterrs

G.1.1 Corperison of once—a-da_}_ ard continuous .Lv-eﬁomed subsur-
ace terperatures. "‘*1e vertical heat flux in the snow, S, is an irper-
;.ant ~onstituent of the he:t budget at the snow-air Interface. Discuseion

this hea”t flux at Little Anmerica V is inciuded In 2 resort by Crary (7,
pp. L5-58]. Observations were tsxen once 8 day at & depths by Chappeil#*
¥ost 2F threse terperstures wvere reasured with a "thermohz string.” 1In
addéition., che USWB recorded therrcohm rmeasureszents coatinuously at 2 sub-
surface levels, the surface, anéd 3 heights on the.r 33-foot micrometeoro-
.Log* cal zast adjacent to the 3u-foot Aerovane mast, 1K 1o 35C feet NNE

ol the caxp.

Figure 14 is a piot of the ronthly mean temperaiures at the various
subsurface levels fra- Chappell's once-a-day ocbservations; he reduced
=0st 0f the readings 1o constant levels and Dr. Crary extended this re-
guction. The surface tecperatures show the abnormei warmih of the mcnia
of Jure, and below~nor=al temperature of April, in 1657, conditions illus-
trated previously bty Figures 1 to 3, in Secticn 2.l.

Monthly mean tenperatures from the U. S. Weather Bureau's continuously
recording thermohzs at 2 = above the surface, the surface, and i end 2 =
depth were corpared with those from Chsppell's once-a-day cobservatioas.

With the exception of a colder Septem’ber rean at the surfsce, 2nd a warmer
October mean et 1 n depth computed from the contimiously recorded terper-
atures, sgreement is close.

*Richara Chappell, Eagie Scoui, Boy Scouts of Aperica, sponsored ty
Hatioral Acederyy of Sciences.




6.1.2 Comparison of Little America V, Maudheim and South Pole
subsurface temperature . xtrenes. The once-a-c 1y observations, as Summar-
ized by Crary LT7] are plotited in the form of & tautochrone in Figure 15.
It is interesting to compare this tautochrone with those for Msudheim and
the South Pole Station [2, Figs. 21 and 22, pp. 55 and 56]. The minimum
temperature at about 1 m depth deviates from the average by approximately
8 C° for all three stations. The maximum at about 1 m depth deviates
from the average by approximately 16 C* at the South Pole Station (which
15 the coldest, highest latitude location), by 12 C° at Little America V
(78°10'S) and by only 8 C° at Maudheim (71°03'S). The minimum tempera-
ture just below the snow surface occurs in August at all 3 stations: In
late August at the South Pole, where sunrise is after mid-September; near
1 August at Maudheim, even though sunrise is 27 July; and late in Auvgust
at Little America V, where sunrice is 25 August. H. Wexler [ G} refers to
a delnyed air temperature minimm at the coastal stations and attributes
the lag to extension of the ice pack tu hundreds of miles from the coast
in late winter, which cools air masses moving to the Antarctic continent
from the north. This late minimum would be reflected in temperatures
Just below the surface, causing the minimum to occur later in relation

t~> sun~ige than et the South Pole.

6.2 Analysis of snow temperature variations

[(Note: For the sake of consistency with previous work in the liter-
ature in the fields of surface layer turbulence as well as subsurface
heat diffusion, it is unavoidable that certein mathematical symbols (such
as & , A , etc.) must be used with a different meaning in this section
than in Sections 4 end 5. See list of symbols end units in front pages
of this report (after the Table of Contents). Natural logarithms are
used and abbreviated by "1n."] :

6.2.1 Calculation of amplitudes and Ehase angles of the pene-
tration of the neat wave. 1nhe once-a- subsurface temperntures, sum-
marized by months by Crary (7, p. 49], and plotted in Figure 14 of this
report, were analysed by him. An independent re-snalysis of the same
data used, in simpler form, the method used in the study of the South
Pole observations.

Let n = frequency of the annual cycle = 2 /365 =
0.0172 rad/day = 1.99 x 107 rad/sec. The first harmonic of
the annual variation of temperature is described by:
T =Ty +A cos(nt - a ) (12)

which yields for the vertical gradient of temperature,
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T T * A'cos(nt - a ) =« Ac 'sin(nt -a ),

—~~
™

(a)

N

where subseript r. deriotes the annual mean

A - amplitude (deg)
a - phase angle
t = tite

and the prime indica-es differentistion witih rerpest tc depth., The
use o° the cosire function (rather thar the sine function) torether
with the minus sign 5° the phese lag in equation (i2) is Sor conven-
ience. This o -value corresponds t0 the tire 27 oo urrence of zhe
extrese phase, @ zZer> date plus a /n. This is the tire of ninimam
value, since g1} ‘esperatures ere negetive sné rourier anelysis is
done withou: cerry._ng the minus sign of terperciures,

Resuits of <he new anelysis and Crary's crizirsel snmalysis are shown
-n Tetle o0.2.1.

Teble 5.2.1 AMPLITUDES AND PHASE ANGLES CF THE PENETRATION OF THE HEAT
WAVE AT THe VARIQUS LEVELS AT LITILE AMERICA V, AS OBIAINED

BY 2 ANALYSES

Depth  Amplitude ln A date of Phase Angle (a )
z A Mex. Days (Deg)  (Rediens)

= deg T, Temp.

Crary RKew Crary Rew Crary Criry Hew Crsry New
Sfe ik,9 1k.0 2.74 2.64 8 Jan 123t 0.0C C.is
2.5 12.2 1i.L 2.5k 2.43 15 Jan 1C 387°52" C.iT  C.13
1.C 9.2 B.5 2.22 2.1k 28 Jan S95%59T  C.3W .36k
2.0 5.8 5.5 1.7% .71 2C Peb 3 123°4k1' C.7h C.GB
L,2 2.7 2.7 1.0 2.99 28 Mar 73 1o8°L1l' 1.35 1.593
8.0 256 0.6 -0.51 -0.55 3C May ike 233* o 2.Lks 1.8C3

Ln A is plotted versus a in Figure 15. Fcr the classicel case
- .
of a hcmogeneous conductor, 4 a = -d{inA), whereupon

t ' ] - .
T =T.' - A a' Y2 cos(nt -as5) (14)
vhere 7' is the verticel tezpertiure gradient.
6.2.2 Celcuiation of thermml diffusivity and the coefficient
af heat conductivity. The penetrstion of the annual cycle of temperature

was exanined Tor homogeneity of heat conduction, in order to detersine
thermal diffusivity, K, which can te calcuisted {rox

&




K . ol
?(a" ) (1%)

. Ln A and a (radians) are plotted against deplh in Figure 17 for both
analyses, and linear relationships appear to cxist, at least below 1 meter.
This is a necessary and sufficient condition for homogeneity of heat con-
duction at and below this level.

From Figure 17

31inA x 1022 _ . '
"5 )on " Soo o = 038/ (at)y,

resulting when a' 15 substituted in equation (1%), in Kop = 0.0068 em®/sec,
which may be compared with 0.0068 st Maudheim and 0.0047 at the South

Pole [2], It is assumed that this value of K applies also to levels below
2 m, )

The coefficient of heat conductivity of the medium, ), can be calcu-
lated fram ) = KC, where the heat capacity C « ocj. With a snow density,
o , of 0.L0 g/cm3 at 2m, and c; = 0.453 cal/g deg (using the average
1 m, April-October, snow temperature of -28.4°) it follows thst
C = 0,181 cal/cm3deg. Then

A =~ 0,00123 ly/sec _ 1.063 ly/day

deg/cm deg/m
8 value intermediate between that at the South Pole and that at Maudheim.
6.2.3 Calculation of daily values of the heat flux at 2 m. It
must be borne in mind that the thermal diffusion model used rests on the
assumption of genuine heat conduction. That is to say, that et any time in

the considered layer the flux of heat (F; ly/time) should be directly pro-
portional to the vertical temperature gradient (T'):

F=- AT (16)

Substituting in equation (12) for A and a from table 6.2.1.1,
using for A the average of the values ovbtained by Crary end the re-anslysis

Ty, = =23.3 + 5.65 cos(nt - 20 Feb.)
and in equation (14)

Tyy' = =0.15 = 3.07 cos(nt - 6 Jan), deg/m
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Figure 16. Snov Temperature - Amplitule versus Phase Angle

Using a s convention that heat flowing in the direction of in-
creasing depth (i.e., downward, awvay fram the surface) is denoted by a
positive value, while negative denctes upward heat flux (towards the
sur®ace), the daily values of heat flux at 2 m can be obtained as

Sop = = AT' = 1.063 [0.15 + 3.07 cos(nt - 6 Jan)]
Neglecting the very smslil anmual mesn heat flux term
S, = 3.26 cos(nt - 6 Jan), ly/day

Daily values of S, were calculated for the period 25 April through
20 October, 1957.
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Figure 17. Snowv Temperature - Amplitude and Phase Angle versus Depth

6.2.4 Calculation of the heat flux at the surface.
means of temperatures showva in |, Appendix, Table
grate the heat flux between 2 meters and the surface. Temperatures at
5 levels vere employed: the actual surface, the zero level (vhich had
initially been the surface level but became gradually the season's snov
accumulation), and the 3 levels at 55, 78, and 150 em below the zerc level.
For each of these 5 levels, temperature change from 2 days before to 2
days after each date was obtained. This was calculated for the upper 3
layers (between surface and the nominal 78 cm level) by averaging the
k-day differences at the top and bottom of each sub-layer. The tempera-
ture change at 150 cm depth wvas assumed as represeatative for the layer
from 78 to 200 cm. Differences are smell, in any case, at this depth.

Running
vere used to inte-

The heat flux contribution of each layer was obtained by multiplying
the temperature difference aversged over the L-day period ( A T/4) by the
thickness of the layer ( Az) and by the heat capacity C, where C
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15 obtained by using the sverage velue of C.453 ~u)/z de- C.r ¢ und
estimating o fror [ 7, Fic. 13, pe 39) for each iayer. Add.t .on 2f the
heat Tlux contributions Tor the 4 layers rielded da.ly values of the ncat
flux difference between & = and the surface, and suttra~tion -.{ th.c
auantity {rom the heat fle at 2 == (ﬁorputed ns des~r:ted bvel re) re-
sulted in daily velues oi the heat flux et the surlece, S,, snoothed _ver

a 5-day period, correspand;ng t0 a >-day runniny neen.

T. Measurement of Net Radiation

Ret rsdiation values, R,, for Little Americe V were cuppu:
Professor Holnxes, Un:versity of Imnmsbruck; they were directly au‘rec
by & net rediometer ranufactured by Schuize, both thercopiles of which
vere recorded seperstely. Details of his instrumentetii 'n are described
in 081 and in the references contained therein., Cal.bration teris after
the instrumert was returned fram the Antarctic revealed that the nolyethy-
iene usel trensmitted less long-wave radistion then enticipated [13
nece=51tating edjustrent ¢f about 5% ir the tenta:.ve varues guore
(187.

ed :

1,
d in

Net radiation wns also measured by the U. 5. Weather Bureau using,
€s at ine Son.h Pole Station [ 2], a pel exchange rad.cmeter memufectured
by Buvc'cian ani Whitley. The Schulze instrument erploys & radiastion dore
that dces not requ1“e ventilation, while the Beckxran and Whitley ins-r.-
mer s exmploy = heat {lo< plate which xist be aspirctedi. Hourly va.ues
efter 1 July 1957 hed teen camputed by the U. S. Weather Bureau and rere
available on microfilm. Additional values for April through June 1957 were
cagputed, and the daily to%als for April through Getoter 1657 campared with
Dr. Hoinkes' revised values. Comparison shows egreerent within “he iizit
imposed by diferences in instrumentation and some possible differences
in exposure.

The daily values of net radiation, revised by Dr. Hoinkes, have been
erployed to canpute the daily heat budgets between 25 April and 2C October,
since this is the period for which observations nezessary for corpuring
eddy heat flux and the subsurlace heat flux were evailable.

-~

0. Surface Enerzy Budget

8.1 Definitions, and energy budget equation

The equation of the energy budget at the snow-air interface will
be cons dered in the form

Ry =Q * 5, + E, (i7)

where R, = radiation baiance or net radiation at the interface

\n
Q




= eddy neet fiux at the interface {def:nec .n Sert.-n §)
Sy - snow heat flux at the interfece {defineu .n Jesticn v)
= Jlatent hest flux et the interface

M1 four terms ere expressed in ly/ tine, where i1y = l-.n ley ‘al/’cme,
cnd cal = granm calorie, or srall calorie. Convenient wiits are cither
1y/day or ly/hour. The cign-convention for the threc fluxes (QO. S5»

and E;) 15 so thz! transport awmy frum the interface hoc the positive
sipn. Net radiation is defincd as pusitive when rorc rediation enersy :ic
Teceived than emitted from the Interface. Thus, 2 pacitive Ry indi-ates
an er.?rgy source at the interface (usually requ.r.n; he p"efer-ce e
colar radiation); a negat.ve R, indicates an ererry s.n« at the interfece
eg..d will require, for belance, negative fluxes directed towardsc the sur-
face,

3.2 Camputation of terms of tne enerpy bud-et 2-uzi:ion

Using the constent cceflicient of heat trancTer =ni e~uz*ion (.Ll)
fraom Section 5.3, hourly valives and 5-day runnine r<srn- o7 edqy hest I[lvy,
Qo vere corput ed and listed by the Detz Analysis Gfri~e. Somoothed da‘.Ly
values of the heat flux at the surface, Sc, correspondi.ng o a S5-day Tumn-
ning meain, were obtalned by procedures described in Se~tion w.2. The pro-
cedure for obzaining daily values of net radistion, Ro, has beern descrited
in Section 7. Five-day running mears, corresponcing 12 those ol J, a2nd
Sgs were obtained by the Iata Analysis Office. Thece nmeans of &, S5, and
Ry for 5-day periods were used to obtain a 15-d&ay =ean for late April,
30-day means for May through September, and a 2J5-uz2y rean {cr the first
part of Cctober.

When R,, Q,, and 5  are known, the latent heat Ilux is cttainec
with the aid of equation (17) es the remainder which ::ares %he budget
corplete. For surface telperature helow freezing, e negative EO wilil
irdicate deposition (i.e., the vapor phase trensfor.s directly to solid
ice, for exarple, as hoarfrost), and a positive E, sn"umat;on (i.e.,
the ice evaporetes, without intermediate liquid phase) This ncmencla-
ture concerning phase changes of H20 was suggested ty MacDonald [2C, psge
2453,

3.3 The seascnal course of surface stress

The seasonal course cf surface stress is of interest {sr cacparison
with changes in the terms of the energy budget equatiocn. Using the con-
stant coeflicient of mozentun transfer and equation (1C) from Section 5.3,
hourly velues and 5-day running means of surlace stress, 14s Were computed
and listed by the Date Analysis Office. The 5-day reans are plnttied in
Figure 18, and were combined to obtain means for longer periods corres-
ponding to those calculated for the terms of the energy budget ecustion
(see Section £.2)., These means are shown by the heavy line in Figure 13,
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and the periods of time correspond closel) to monthly pericds for Mey
through September. Aversges are higher then at the Scuth Pole Station
{2, Fig. 32], as m.ght Le expected from the higher wind speeds at Little
America V. The high peaks, shown in the 5-da;’ .,‘eans and occurring at
nly slightly irregular intervals, accompam’ the passage of low pressure
areas at this coestal station. (In contrast, the continental climate at
th2 .ljouth Pole Station producec a smaller range of 'o‘) The longer

r :riod averages cbscure this short-period veriability of surface stress
ar® produce 8 graph no more irreguler than that for the South rule.

-~

Lo cerage monthly <eat budget constituvents at the snow-air inter-

~ w ¢ of the U constituents of the energy belance, discussed in
».2%.. Ivetion, are plotted in Figure 19, aud ere listed in Table

.. 5 hv?
3

Ta> i L . ZNERGY FLUXES AT LITTLE AMERICA V, 1957. Average ronthiy

7 wE 0. 2% cunstituents (1;!"day) et the snow-gir interface: Net rsdia-

tim (3, derived *res ¥ .12’ messurements, eddy hest flux (Q,) derived
from S8 and NLABS :»%., and srow heat flux (S,) derived frum Chappell's
dats as published by {rary [7], latent heet flux, 2, = R, - Q, - &, =

remainder tem.

Month R, W So )
April {beginning 23rd) -25 -9 -5 -11
May -39 =16 -0 -17
June -32 =12 + -22
July -35 17 -1k -4
August -3k =15  +3 -22
September -33 -15 -3 =15
October (ending 19th) =10 -9 + 7T -8

Table 8.4.1 may be compared with Tebles 8.1.1 and ¢.3.1 in [2] whicn
show the same quantities for Meudheixz end the South Pole. Note, however,
that the observations are for different years, and even the 30-day ever~
ages do not correspond exactly with calendar ronths.

8.5 Comparison ol hoarfrost deposition at Little America V, Maudhein
and the South Pole

On the average, deposition (megative values of E,) occurred through-
out the 6-month period at Little Americs V; actuslly, hovever, longer
periods of hoarfrost depoeition vere interrupted quite frequently by short
periods o sublimetion. Table 8.3.2 in {2 alsc indicated that depositica
was to be expected at Little America V. and in only slightiy less quantity
than indicsted here, although in larger amount than at Maudheir, the other

(]
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coastal station. The approximately 6-month mean of deposition can be
converted to a mass flux density, or column of liquid water, per time,
considering the latent heat of the vapor-to-ice phase equal to 667 cel/g.
Thus 15 ly/day, which equals 2700 ly/180 days, corresponds to a water
equivalent of 4.0 g/em@ or 40 mm of water for the approximately 6-month
period, which is 1.2 times as much as the 34 mm of water at Maudheim dur-
ing a period of corresponding duretion. The annual water equivalent of
the deposition at Maudheim was estimated to be 27 mm and orly the 3 core-
months of the Antarciic summer showed positive E,.

Hoarfrost was observed frequently on the anemometers at Little
America V in quantities within the lim‘ts of error of the deposition
obtained as a remainder in equation (17), but its feathery quality and
the measured depth of deposition suggest the error tn be on the side of
less deposition than computed.

At the South Pole, without advection of additional moisture and with
very cold winter temperatures, deposition was light and increased siightly
with colder tewperature, even with the cases of celm winds omitted. At
Little America V, on the other hand, deposition was gr-.at in the wam
month of June, and in genereal, wa:; not consistently .elated to temperature.
It is likely that advection of moisture was a prim cy cause of increased
deposition at Little America V. Northeasterly wi ds were frequent in June
and winds from the direction of the sea were norrally of higher velocity.
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9. Conclusions

At Little Acerice V the winter is "c.reless" {with mid-winter rever-
sals of the temperature trend) and the mouthly terpersture range is large.
The minima appear to be controlled by the annual course 2f net radistion
in the interisr of tne continent and occasional cold air advecticn, and
tne raxima by cyclonic activity which advects warmer air in the Ross Ses
area. The temperature aversges for individual nonths vary considersbly
from year to yeer, and the snnual minirur mey occur In any winter month.
In 1957 steble conditions predomineted in the air layer of micrometeoro-
logical profile meesurements and cases of rmaximum stability were more
extreme then at the South Pole. The minimm: termpersture during winter
frequently was recorded at the 5 or 12 ¢r level, thus producing an
"anoralous” profile structure.

The variation of the wind gradient with height from the surface o
8 m is distinctly less regu ar at Little America V <nan =2t the South Pcle
Station. Neither the fetch cf the winZ nor the sky conditions afford e
satisfactory correlation with type of wind profile. Xor do advection,
katabatic effects, nir a cormbinetion of the two provide 2n explanation
of the observed wind snd temperature profiles.

The shift toward less stable conditions, slong with the seasonsl
rise in temperature,wes delsyed until October. Highest wind speed znd
highest temperature, as at the South Pole, occurred near neutral stabil-
ity, but unstsble conditions were esccompanied by less cloudiness.

The Richardson number changes more systematicelly with height in the
lowest 4L m than might be inferred from the compliceted structure of the
wind snd temperature profiles, which suggests an interesting tendency for
compenseiion. The systema.ic incresse of wind profile curvature with
height, evident at the South Pole, is lacXing above 1.5 r, which may indi-
cate an extremely shallow surface layer st greet statility. Concditions
at Little America V deronstrate the limitations of existing theories of
diebatic profile structure.

Varistion of surface stress shows same degree of perellelity with
the variation of wind speed. High peaks of surface stress, shown in the
5-day averages, accampeny the psssage of cyclonic depressions in the Ross
Sea area. Drag coefficient, using KArmén's constant as 0.428, averaged
C.037 as compared with 0,042 at the South Pole.

The energy budget st the snow-air interface was considerea with net
rediation equal to the sum of the eddy heet flux, the hest flux in the
snow, and the latent heet flux. The compliceted profile structure lej
to errstic variation of the coefficients of momentur and heat with
stability; therefore, constant coefficients were used to relate the
stability-grouped QM observations to the USWB standard observations esnd
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obtain means of eddy heat flux for use in the energy equation. Once-g-
day subsurfece tempersture observatione by Cheppeil yieided reietively
small mean values of the heat flux in the snow. The latent heat flux,
when treeted a8s & remainder indicates deposition in the O-ronth period

in 1957, equivslent to sbout 40 mx of weter, 1.2 times ss much as that
a% Maudheim during corresponding periods in 155C and 1J%: Increased

PR

deposition in the milder winter nonths may be due tc an accoopsnying
increase in svailsble mcisture.
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APPENDIX A

NOTE ON THE LOW-LEVEL ANOMALY IN VERTICAL '[TMP:RATURE PROFILES

UNDER CONDITIONS OF OUTGOING RADIATION
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NOUTE ON THE IOW-LEVEL ANONM/LY IN VERTICAL TEMIERATURE PROFILIS UNDER
CONDITIGNS OF QUTGOING RADIATICHN

by

H. H. Lettsu
University of Wisconsin

It hes long been wnown in microxmeteorology that, occasionally, dur-
ing calm clear nights, the vertical profile of average air temperature
can exhidbit en ancmalous structure in thet the minimur temperature des
n>t occur at the earth/air interface but at some vertical distance al=ft,
usuelly from 8 f=w millimeters to decimeters above the surisce, producine
e "supersdisbatic” lapse rete of temperature of the order ¢ 1°C/iC cr
ir the lovest iayer of the ncctwmel inversion. This ancwaly appears o
have been first describted by Indien meteorologists who otserved ii, dur-
Ly micronetesrological soudies, on fields snd bare ground rnear Poons,
Indias; reference can be —ede to L. A. Raxmdas and S. Stmensthan (1932),
K. R. Remansthan and L. A. Randas (1335), and L. 4. R=das {1345}, More
than two decsdes leter K. Raschke (1957) undertoox s series of very inter
esting field experirzents alsc at Poona, to cla~ify the physical and
meteorclogical conditions under which the ancmaly develops. Until that
time it was not clear whether or not the phencrenon was of triviel nature;
reference can be made to e discussion during the "International Symposium
or Atzmospheric T.uirtulence;"” see H. H. Levtau (1$52), Sec. T7.2.4. Raschke
demonstrated convincingly thet more or less trivial causes, such as instru-~
mental errors, or radistionel ccoling of the air layer near the tops of
low vegetation, or smsll-scele mdvection of air which had been cooled at
relstively high restes over neighboring surfaces, or air drainage along
sioping terrein can be ruied out. Thet is, the phenorenosn is readily ob-
served over bare level ground, even on top of a fiat mese near Poorna. It
is predictatle because it depends on intensity of overail sir cotiom.
Once establizhed, it proved to be remarkably persistent or stable, in that
it reproduced itseif within a short time after having bSeen thoroughly dis-
turbed, or elirinated, by artificiel stirring of the air by waving of a
lerge sheet of plywood.

Otservational work in other climatic regions ty H. Brewand and H.
¥onnke (1952), J. Lake {1356), R. Fleagle (1956), H. Wiilisk and H. Moldau
(1950}, and othc ~s leaves no reason for doubt that the pheromenon is real
and cannot be explained by instrumental errcrs (i.e.. direct effects of
rediation combined with lack of ventilsticn of +he tewpersture seusors),
or by unique ané extreordinery locel conditions st Poona, Indis.




A variety of suthors have attempted %0 arrive et e physical under-
etanding of the phenomenon and its causes. Almost exclusively, the tnesry
vas based on the properties of long-wave radiation fluxes in the lower
atrosphere, and their divergence (or convergence) along the vertical, due
to water vapor and tempersture gredients. Subsequent vertical patterns
of cooling (or heatiggg retes are assumed to traneform an initielly mono-
torically decreasing terpersture profile into one which shows 2 minimum
vslue 8loft, or even esn S-shape, or inverted S-shape. However, certsin
discrepancies betwzen the resuits of different theoretical modeis of
radietion-fiux divergence appear to exist; reference cen be made to work
by F. Moeller (1955) and (1960), K. Reschke (1957), G. N. Geevskaya,

K. Y. Kondretjev, ewd . E. Yakushevskaya (1962}, end others. An attempt
to explein the possitic generation of S-shaped terppereture profiles,
independent of radistion divergence, by means of differential reduction
of eddy diffusivity in e growing inversion (due to the verticsl profile
o7 the Richerdson mumber, and subsequent local divergences of the eddy
hest flux) was outlined bty H. Lettau (1952), and lster taken up by P. K.
Devis (1957). 1In still asnother approach, Seemann end Loew (19LL) sug-
gested that heat of condensation released by dew formation could eccount
for a relative warzing o© the ground end thus expiain the temperature
rinimm aloft. This exrisnation can be rejected at once for physical
reasons; moreover, ®. K. Davis (1957) could show that the micrometeoro-
logical ancmely cen appear before any dew deposition is evident.

Experimentally, an interesting relutionship was disccvered by
R. Luetzke {196(G}. The work of this author ~as deliberately devoted to a
statistical enelysis of the wind-dependency of the low-level snomaly of
the nocturnel tempereture profile, and the seasonel variation of its fre-
guency of occur—ence, during a full year cf a special cbservationsl pro-
grsm st two micrometeorologicel sites in the North-central plains of
Germsny. R. luetzke provides an interesting illustretion bty mearns of a
phctograephi~ picture of 8 small tamato plant, after e lete-spring night
with such & lemperature anamaly, with leaves unharmed near the ground
and frozen st upper parts, even though the exposure of all leaves to out-
going redistion wes about the same. He concludes that s profile type
with minirnm tedpersture near the 23-cm level is most likely tc occur
vhen the over-sll air motion is wes¥, and the heat flux from the subscil
is relatively large. i.e., relatively close to the surface value of net
radiation, He quotes as supporting evidence the fact that during clear
nights with snow-cover on his site the minimum temperature alwaye oc-
curred at the surface, even under conditions of camplet~ calm, while in
otherwise similar nights without snow-cover the minimum occurred some
distance sbove the surface; this he attributes to the hest-insulating
effect of the snow, vwaich is known to be 8 poor conductor and to reduce
significantly heat flux froam delow. Over bere ground Luetzke observed
a8 slight tendency for better development of the anowaly in the first
part of the night, i.2., vhen the heat flux fram the subsurface is rela-
tively lexre,
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Disregarding heat »f condensation (or dew deposit) the heat budget
equaticn of the earth/air interface is

o - S, * %

where R = net rediation, and $ and Q are the fluxes of heat by conduc-
tion (or convection) in the suosurface mediwr and in the ais, respec-
tively. The subscript "zero" refers to surfece velues of the zuantities.
At nighttime R, is negstive, snd, not only the sum, S, + Q,, but both
terms individuelly will be negetive. Then the difference tetween &
poorly &nd an efficiently conducting sub-surface medium is that the ratic
SO/QO will be reletively smsll for the former, and relatively lerge for
the letter. Luetzke's conclusion can be re-formlated by saying that the
prerequisi* for anomalous temperature profile siructure is a negative

Qo value c. an intensity which is reletively small in camparison tc that
of net radietion, or in campsrison to the values of both S, and Ry. How-
ever, no heat budget estimates were provided by Luetzke (1900C).

In this connection the measirements of nicrareteoroclogical tempera-
ture prcfiles during the antarcti: winternight at the Scuth Pole, in 195¢,
and at Little America V, in 1957, ere interesti‘'r. It wass found that at
Little America V the minimum tempersture quite frequently occurred &t the
% oz level, while at the South Pole the minimen terpere-ure occurred
nearly always at height zero, for -therwise similer meteorological condi-
tions of low wind speed and strong outgoing redistion. Sirmilar equiprent
was used at both locations, which nekes it safe to ssy that instrumental
errors cannot explain this anomaly.

The most striking difference between the two anturciic sites is in
the physical structure of the snov. The thermal perameters (such as volu-
retric heat cepacity, and heat conductivity) appeer to be significantly
lower on the centrsl entarctic plateau than at stations nesr the ccest.

A camparison of average heat-budget constituents at the anterctic snow
su¢Sace was given by P. Dalrymple, H. Lettsu, ard S. Wollaston (1963).
Frcm Teble 8.3.1 of their report end Table 8.3.1 of this report it follows,
for example, thst in 1956 at the South Pole during the montk of July
(vhich shows negative aversges of S, and Q,), the ratio S5,/Q, is

3/50 = 2.08, while, in 1957 at Little America V during July, it is

1L/17 = .82, i.e., 1k tirmes larger. Evidently, together with the above
statement concerning freguency of ocrurrence, this supports Luetzke's cone
ciusion on the importance of sub-surfice heat flux for the development

of enomslous terpersture profiles.

Furthermore, it appears sefe to say that the two sets of micrameteo-
rological data fram the antarctic region provide an argicment against an
explanation of the elevated minirur as being ceusea by divergence of
radiation fluxes. In view of the very low tempersture snd extremely low
atrospheric moisture 5f the air in the antarctic winter night, any
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divergence of long-wave radiztion fluxes thut ra) p.ss:iliy exist rust
be, by severel orders ¢f magnitude, smaller than, for exavwple, in the
air at Poona, in the subtropical region. Tn spite of this, the anoraly
of the nocturnal tempersture profile wae of similar megnitude st Little
America and Poona.
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APPENDIX B

DATA PRESENTATION
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MC TEMPERATURE PROFILE DATA

Key for Temperature Profile Tables

Symbdol #o. of Observations/Hour
+ 13 to iS
= 10 to 12
- Tte G
# Lto €
» Accompanying Wird Profile

No symbol 1s used for hours with 15 or
more observations; hours with less tuwn
L observations are not shown.
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