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"Oas wichtigste Resultat des Forschens ist ...
in der Mannigfaltigkeit die Einheit zu erkennen,
von dem Individuel1en alles zu umfassen ...
die Einzel pruefend zu sondieren#
und doch nicht ihrer Masse zu unterliegen.
Alexander von Humboldt, KOSMOS,1848
(1769 - 1859)

THE MOST SIGNIFICANT CHALLENGE OF RESEARCH IS ...
.

TO RECOGNIZE ONENESS IN MULTIPLICITY,
TO GRASP COMPREHENSIVELY ALL INDIVIDUAL CONSTITUENTS ...
AND TO ANALYZE CRITICALLY THE DETAILS,
BUT WITHOUT BEING OVERWHELMED BY THEIR QUANTITY.
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I
" In contrast to conditions in the laboratory I research in the

. out-ol-doors Is strongly affected by the variablHty of natura!
. conditions. This establishes a handicap for research in micro-
. meteorology I in addition to other, more obvious special prab-
1 lems of measurement which result from the complexity of
L instrumentation, e. g•• sensor exposure, sampling and record-

~t~"'mgtechniques, automatic data handling. Although the latter"I 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
ways to increase the efficiency of micrometeorological 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 underw
standing of the natural aerodynamic processes which occur in
the lower atmosphere. Basically, these processes are dlfw
ferenUal parts of acomplex integral phenomenonwhich we call
the general circulation of the atmosphere. We need to know
more about the dependence of these atmospheric processes on
the physical nature of the lower boundary conditions, and,
specifically, how the variable input of solar energy (which
occurs mainly at the lower boundary) is utilized by atmosw
pheric systems of different scales.

II. TYPICAL MICROMETEOROLOGICALFIELD EXPERIw
MENTS

A. Design of the Experiment and Collection of Data

2

.1

The basic processes of interest concern the exchanges of
energy, momentum, and mass away from or towards the soul
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 is normally assumed that improved understandw
ing of, these processes must be built on concepts which utilize,
the 'nne stru~ture'-'of the-:-:rt~ospheric medIum iri----:'connection
with time-integrated quantities, raUter than Ute latter alone.
However, recent theoretical developments..: Lettau (1,2) _sugw
gest that the relationship between fluctuating quantities and
the mean profile structure is more capable of rationaUzation
inan Eulerian system of measurements than has been assumed
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 dWiculties can become so great
that the major effort and time of Uteresearch worker has to be
devoted to the mastering of gadgetry and technique. Only a
small portion of the time can be devoted to the actua! experl.
ment in the field and even less, finally, to the analysiS of the
results.

Furthermore, indiscrlmiriate Indulgence in extensive field
tests results in the accumulation of overWhelming volumes of
data but little signIficant advance Inour basic understanding of
micrometeorological factors. This can be particularly true
wherl 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. Surface-Roughness Modification

A first series of controlled wind-profile experiments were
conducted by Kutzbach (18) on tile 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 between about December and April. Smooth sur-
face fetches of several kilometers are thus available. The
aerodynamic surface roughness of the ice is low, Zo '" 0.01
em, and was modified by distributing about 500 commercial
bushel baskets in preselected arrays on a hmited area. The
individual obstacles have a height, 11*, of 30 em, with dia-
meters of 42 em at the open end and 37 em at the closed end;
in lateral view, the "silhouette area," Sj equals 0.12 m2,
The baskets were used to produce roughness-fields of up to 50 III

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 areal! (5)
per i.ndlvidual obstacle, ranged from about 50 lo 0.4 m2, the
lower figure being close to the densest packing pOSSible. Each
e)•.'periment consisted of a sequence of six to ten la-min, meall
wind profiles, extending over a 2 to 3-hr period. Weather
conditions were chosen such that moderate to strong, steady
winds could be expected for several hours, and slightly diabatic
conditions were permitted.

Figure 4 illustrates the degree lo which modification of
. the wind profile was achieved during one expe'rimental period,
in the early afternoon of 24 February 1961. Note again, that
more anemometer levels were used than is customary for
conventional micrometeorological observations. Eleven ane-
mometers of the Thornthwaite-type were located between 10

,and 370 C~i
,~-'c=::=..

WINO PROFILES ~ BUSHEL BASKET EXPERIMENT
T 'I 1r'l-M""Ji RIJMS 1961 FEe~I_'ARY 24 13-55- 17'00 C T",-- -

,w -

• '0
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Figure 4. Wind profile experiment on the ice of Lake Mendota, 24 February 1961. The
contron~d parameter was the specific ",-rea per obstacle (bushel basket).
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Kutzbach's relationship may be simpliIied to

4

[61

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

Several different versions of wind pro!ile modWcation
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
228 small trees were used, mostly from leit-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 p,emonstrates convlncingly the role
of vertical motion for the momentum budget near surface-
roughness discontinuities. It is interesting to see that only a
relatively small portion of the momentum deficit over the trees
is caused by irreversible losses accompanying the increase of
boundary stress. The major loss is of a reversible nature, due
to upward displacement of mean streamlines, with horizontal
momentum being returned downwards in the lee of Uleobstacle
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
"'ofwhichwere 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 rout;:hness
fields of 21 m crosswind and 20 m downwind. The albedo

j values were 0.15 for the black and 0.65 for llie white obstacles,
while that of the aged SIlOWon the ice waS around 0.52. With
sunshine in March, the effective solar heating of the b1:lckfield
was estimated to be 0.07 ly/min •• and that of the white field
0.03 ly/min., 1.e., a differential heating rate of 0.04 1y/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-
to-80 cm layer) varied only from about -0.005 to +0.005.
Nevertheless, the momentum budget in Figure 7 appears to
demonstrate the effect of surface heating.
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Fig. 6. Airborne measurements of surface temperature in
Southern Wisconsin on September 7, 1961, in the early morn-
ing and early afternoon.

~9-5. Flight path used for bolometric surface temperature measurements in
Southern Wisconsin. The same track was used by Bauer and Dutton (1960) for
albedo studies.
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