Ahr AL, T h WAL LT RR DV A] L ARG

Extracts of a preserttation at the CSIRC Smposium, Canberra, Aug.30 - Sep.2, 1966
REPRINTED FROM

THE COLLECTION AND
- PROCESSING OF FIELD DATA

A CSIRO Symposium
Edited by E. F. BRADLEY |
and O. T, DENMEAD

Division of Plaoe Indusery . :
" Commoowealth Scientific aod i
Joduseeial Research Organisation

Bassd on a Symporive beld in Conberve, Ausiralia,™ =
Auguir 30 = September 2, 1966 - _ L

*

INTERSCIENCE PUBLISHERS
a Division of John Wiley & Sons, New Yotk * London * Sydney

| -;...,,»ri“m@mm l,le,l...I}}'isey&s‘.nu, Ine. ‘ PROBIEMS OF
P ' MICROMETEOROLOGICAL
MEASUREMENTS

(On Degree of Control in

Out-of-Doors Experiments)

H. H. LETTAU
University of Wisconsin, Madison, Wisconsin, U.S.A.
CONTENTS = = = _

LoIntroductlon + .0 uyttiinnnnnininnnnnnnnnnnnn. 4
IO. Typteal Micrometeorological Field Experiments . ... ... 4

A. Deslgn of the Experiment and Collectionof Data , . .,... 4 ——
B. Cholce of Site and Timing . , .. ..0..... Perasiaaaa 6
C. Smaell-Bcale Studies of Local Phenomena . . ... ... vies 6
D. Studies of the Momentum Field .., ............ . B
1. The Wind Veloclty Profile +....,..0v0'voen..... 8
2. The Roughness Parameter .. ... . 11
E. Extenslve Micrometeorological Studies , . .., . veeaeas 13
o1, Suggested Controlled Micrometeorological Experiments. ., 15
A, Introductory Remarks ............... sratsaasas 15
B. 3Basic Types of Experiments with Active Control ,..... 16
| 1. Modification of Aerodynamic Factors at the Interface . « 16
' 2, Heat Budget EXperiments . . v b b vssnwrnnn,... 17

3. Artificlal Cycling of Natural Radiation Fluxes ..., . ... 18

4, Application of Power from Technical Sources , . . . . ve 20

IV. Resulis of Specific Experiments . ................. 21
A. General Remarks ..,.. heae s
B. Burface Roughness Modticadlion « v v u e s venosn, .. 22
C. Artificial Cycles of RadIation , ... veeeveess. . cise 27
References . v, vvviuvnnn. e r s et et e s »s 39




"Das wichtigste Resultat des Forschens ist...

in der Mannigfaltigkeit die Einheit zu erkennen,
von dem Individuellen alles zu umfassen...

die Einzel pruefend zu sondieren,

und doch nicht ihrer Masse zu unterliegen.

Alexandey von Humboldt, X0OSMOS, 1848
(1768 - 1859)

THE MOST SIGNIFICANT CHALLENGE OF RESEARCH 1I8...

TO RECOGNIZE ONENESS IN MULTIPLICITY,

TO GRASP COMPREHEMSIVELY ALL INDIVIDUAL CONSTITUENTS...

AND TO ANALYZE CRITICALLY THE DETAILS,

BUT WITHCUT BEING OVERWHELMED BY THEIR QUANTITY.
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.- INTRODUCTION i —-

In contrast to conditions in the laboratory, research in the
out-of-doors iz strongly affected by the variability of natural
conditions. This establishesa handicap for research inmicro-
meteorology, in addition to other, more cbvious epecial prob-
lems of measurement which result from the complexity of
mstrumentatmn e. g., sensor exposure, gampling and record-

*mg techniques, automatic data handling. Although the latter

problems are certainly highly important, they represent a
more technical challenge, and will be properly dealt with by
other authorities. Instead, we will discuss here possibilities
‘and approaches which promise to help overcome the lack of
control, Thus, the main purpose of my presentation is to show
wayg to increase the efficiency of micrometeorclogical field
work more by strategic than by tactical means. Thoughts of
this nature are important because experimental studies are
still necessary to improve our general knowledge and under-
standing of the natural aerodynamic processes which occur in
the lower atmosphere. Basically, these processes are dif-
ferential paris of acomplex integral phenomenon which we call
the general circulation of the atmosphere, We need to know
more about the dependence of these atmospheric processes on
j the physical nature of the lower boundary conditlons, and,
! specifically, how the variable input of solar energy (which
occurs mainly at the lower boundary} is utilized by atmos-
pheric systems of different scales.

-'h

.I. TYPICAL MICROMETEOROLOGICAL FIELD EXPERI-
MENTS

A. Design of the Experiment and Collection of Data

The basic processes of interest concern the exchanges of
“energy, momentum, and mass away from or towards the soil/
air {or water/air, or snow/air) interface. In biological prob-
"lems, we are interested in the same transfers towards and
away from the skin, or the outer surface of organic units or
complexes. It i5 normally assumed that improved understand-l

) the ﬂne structure of the atmospheric medium in’ connection T
with time-integrated gquantities, rather than the latter alone.
However, recent theoretical developments - Lettau{l, 2} - sug-

r gest that the relationship between fluctuating quantities and
! the mean profile structure is more capable of rationalization
{ inan Eulerian system of measurements tha.n has beenassumed
; previously,

New lines of attack will, in general require the develop-
ment of radically new types of instrumentation. The danger
here is that the measuring difficulties can become B0 great
that the major effort and time of the research worker has to be
devoted to the mastering of gadgetry and technique. Only 2
small portion of the time can be devoted to the actual experi-.
ment in the field and even less, finally, to the analysis of the
results,

Furthermore, indiseriminate indulgence in extensive field
teste resulte in the accumulation of overwhelming volumes of
data but little significant advance inour basic understanding of
micrometeorological factors. This can be particularly true
wher insufficient information on the ambient conditions and
the basic processes of energy and momentum exchange at the
surface is collected with the special data, ~———  ~— ————
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B. Suriace-Roughness Modification

. A first seriesof controlled wind-profile experiments were
conducted by Kutzhach {18) on the ice of Lake Mendota, near
the campus of the University of Wisconsin, at Madison. This
lake has a surface area of about 40 km2, and is closed solidly
every winter bebween about December and April. Smooth sur-

- face fetches of several kilometers are thus available, The
aerodynamic surface roughness of the ice is low, zg = 0.01
em, and was modified by distributing about 500 commercial
hushel baskets in preselected arrays on a limited arep. The
individual obstactes have a height, #*, of 30 cm, with dia-~
meters of 42 cm at the open end and 37 cm at the closed end;
in lateral view, the 'asilhouette area," s, equals 0,12 m2,
The baskets wereused taproduce roughness-fields of up to 50m
upwind extent, measured from a micrometeorological wind
mast. Control of area-density of obstacles was one of the

' major features of the experiments. The "specific area" (9)

l per individual obstacle, ranged from about 50 to 0. 4 m2, the
lower figure being close to the densest packing possible. Each
experinient consisted of a sequence of six to ten 10-min, mean

| : wind profiles, extending over a 2 to 3-hr period. Weather ) i
eonditions were chosen such that moderate to strong, steady
winds could be expected for several hours, and slightly diabatic
conditions were permitted, .

_ Ficure 4 illustrates the degree lo which modification of i
.the wind profile was achieved during one experimental period,
in the early afterncon of 24 February 1961, Note again, that

‘ more anemometer levels were used than is customary for
conventiona! micrometecroiogical chservations, Eleven ane-
mometers of the Thornthwaite-type were located between 10

I ~dnd 370 cm,s *
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Figure 4. Wind profile experiment on the ice of Lake Mendota, 24 February 1961, The
coniroiled parametor was the specilic area per obstacle {bushel baskei).
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_ Kutzbach's relationship may be simplified to
yield
z, = 0.5 h* s/S (6]

Clearly, aerodynamic roughness is a function of obstacle
density as well as obstacle height. The earlier expressions
(exclusively between zq and k*) of Kung and others seem to be
valid only for optimum area-density of obstacle distributions
as studied by Kutzbach,

Several different versions of wind profile modification
experiments were carried out in other winters on the ice of
Lake Mendota, A brief discussion follows of two experiments
reported by Stearns and Lettau (21). In the first, an array of
298 small trees were used, mostly from left-overs at a com-
mercial Christmas-tree lot. Each tree was trimmed to an
overall height of 175 cm, with an average crown diameter of
about 80 em, and distributed over a circular area, the trees
being frozen into the ice. With the aid of moving masts and
control masts, changes of vertical profile structure along the
downwind fetch were measured with such detail that mass and
momentum budgets could be analyzed. Figure 5 illustrates
the result. The experiment demonstrates convincingly the role
of vertical motion for the momentum budget near surface-
roughness discontinuities. It is interesting to see that only a
relatively small portionof the momentum deficitover the trees
is caused by irreversibie losses accompanying the increase of
boundary stress, The major loss ig of a reversible nature, due
to upward displacement of mean streamlines, with horizontal
momentum being returned downwards in the lee of theobstacle
field.

The second experiment reported by Stearns and Lettau (21)
aimed at simultaneous control of surface roughness and Richard-

' son number. 420 of Kutzbach's bushel baskets were used, 210

of which were painted white and theother 210 black. A specific
area of 2 m2 per obstacle was selected for an experiment in
which black and white bushel baskets formed adjacent roughness
_. fields of 21 m crosswind and 20 m downwind. The albedo
values were 0.15 for the black and 0.65 for the white obstacles,
' while that of the aged snow on the ice was around 0.52. With
sunshine in March, the eiffective solar heating of the black field
was estimated to be 0.07 ly/min,, and that of the white field
0.03 ly/min. , i.e., a differential heating rate of 0.04 ly/min.
Figure 6 illustrates wind profile observations and the re-
sult of analysis to compute mean vertical velocity from mass
continuity, One sees that velocity defects and updrafts are
more pronounced for the black than for the white field. Ob-
| servations of temperature distributions suggested that the
" Richardson numbers between black and white fields {in the 40-
t0-80 cm layer) varied only from about -(.005 to +0.003,
Nevertheless, the momentum budget in Figure 7 appears to
demonstrate the effect of surface heating. L
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Figure 5. Roughness modificationexperiment on lake ice using an artifical stand [from x= 0 to 20 m} of
conifer trees. -Facetiously,referred to as X-mas tree or, “Arctic Timberline Replica” experiment
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Fipure 6. Ro‘ughnfzss modification .expe_z_riment on lake-ice, with partial control of Richardson numhers,
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compuied mean vertical moiion,
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TEMP DEPARTURES FROM AVERAGES
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AIRBORNE MEASUREMENTS OF SURFACE TEMPERATURE
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