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ABSTRACT 

Practical problems dealin* with atmospheric turbu¬ 
lence can be simplified by relating fluctuation values to 
a Gaussian distribution. This is very useful, since it 
specifics characteristics of the eddy velocity distribu¬ 
tions. Fragmentary studies have Riven some evidence to 
support the Gaussian hypothesis, but to our knowledge this 
is the first attempt to examine the distributions of the 
fluctuation components for a large data sample (135 one- 

hour runs). 

The purpose of the study is to determine the devia¬ 
tions of the observed distribution from a normal distribu¬ 
tion and to attempt to determine if these departures can 
be related to atmospheric stability, surface roughness, 
and height above the surface. In addition, each sample 
was tested to determine the probability of its coming from 
a normal distribution. Results are in general agreement 
with previous investigations. Low frequency trends over 
hour periods tend to increase the departures from a normal 
distribution. Treating the probability distributions of 
the wind components as being normally distributed appears 
Justified over moderate ranges of stability (z/L between 

-.300 and +.300). 
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I. INTRODUCTION 

Practical problems dealing with atmospheric turbu¬ 
lence can be simplified by relating: fluctuation values to 
a Gaussian distribution. This technique has proved useful 
for specifying the characteristics of the eddy velocity 
dist;ibutions. 

Previously published studies have given some evidence 
that the fluctuations of turbulent components show a Gaus¬ 
sian distribution, but to our knowledge this is the first 
attempt to examine the distribution of the turbulent ccmno- 
nents for a large sample. In this study, we have examined 
135 runs (approximately 160 hours of data). The observed 
frequency distributions of the turbulent components of wind 
and temperature for each run were tested against the normal 
curve with the observed standard deviation. Since only a 
small percent of the distributions met the criteria for 
normal distribution under the chi-square test, the skewness 
and kurtosis of the distributions were examined. The data 
were examined by the direction from which the air comes, 
and stability. Though there is considerable scatter in 
this data there are strong indications that the distribution 
of the horizontal components of the wind are affected by 
upwind discontinuities in the surface and surface roughness 
elements. The standard deviations and the skewness of the 
distributions are examined for three typical cases with 
different fetches. These results are in reasonable agree¬ 
ment with present Internal boundary layer theories and 
qualitatively appear to conform reasonably well with wind 
tunnel observations. 

II. EXPERIMENTAL METHOD 

a. Site Description 

The data were collected at the Round Hill Field Sta¬ 
tion, South Dartmouth, Massachusetts, by Cramer, Record, and 
Tillman of the Massachusetts Institute of Technology! 
Figure 1 shows the site layout and the location of the two 
towers that were used. Tower 1 (Tl) is a ^O-meter tower 
near the beach, and Tower 2 (T2) is a 91-meter tower in the 
woods. The towers are approximately 900 meters apart. The 
site has ocean bordering the south and east, a tidal marsh 
between the towers, and a ridge to the west that Is 

•Present Affiliations: Cramer and Record, GCA Corp; Till¬ 
man, UCLA. • 



oriented north-south and reaches a height of 27 meters. 
Data were taken when the wind direction was from SSW to 
NNE, where the effects of cultural and physiographic fea­

tures combine to produce a complex flow structure.

. '■* ' -

liita

I
m mn «

MitM o* Mu«t fwri

FIGURE 1. MIT ROUND HILL FIELD SITE

Measurements for the wind components were taken with 
thermistor-anemometers and lightweight mechanical blvanes. 
Temperature measurements were made with platlnum-wlre 
resistance thermometers. Sensor outputs were filtered 
electronically to eliminate spectral-foldover In the 
sampled data and to provide the same frequency response for 
all transducers. Details of the instrumentation and data 
recording systems used are discussed by Cramer, Record, 
Tillman and Vaughn (1961). The first seven runs were mea­

sured at l-second intervals, and the remainder at 1.2-second
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intervals. At Tower 1 (Figure 1) data were taken at the 
16- and 40-meter levels. At Tower 2 (Figure 1) data were 
taken at the 15-, 46-, and 91-meter levels. Only two 
levels were taken simultaneously on one tower, so data are 
not available &4: both towers or all three heights at the 

same time. 

b. Treatment of the Experimental Data 

The mean vector wind and temperature for a period of 
approximately one hour were computed from the raw wind 
speed, azimuth angle, elevation angle, and temperature ana¬ 
logs. The mean vector value was used to establish the 
coordinate system with the u-component lying in the direc¬ 
tion of the mean vector wind and the remaining components 
defined orthogonal to this direction, the w-component up¬ 
ward and the v-component to the left of u. por each compo¬ 
nent, u, V, and wft and the temperature T, a running mean« 
was computed and then subtracted from the component obser¬ 
vation corresponding with the central time of the running 
mean. The resulting difference is defined as the turbulent 
fluctuation of that component or temperature. The process 
of subtracting the running mean acts as a high pass filter 
which eliminates low frequency oscillations. 

The frequency distributions were determined by divid¬ 
ing the ranges into class intervals, usually 17, commensu¬ 
rate with the observed maximum ana minimum values as 
outlined in Hoel (1954). Histograms were prepared for each 
component and temperature of each run. The standard devia¬ 
tion, skewness and kurtosis were computed. For comparison, 
a corresponding Gaussian probability distribution was 
computed from the standard deviation using 

f (x) exp 
C * 2 X 

where x' indicates the class marks or class boundaries and 
o denotes the standa-d deviation. The ordinate of the 
observed probability distribution function at each class 
mark was estimated from the product of the observed fre¬ 
quency of the class interval and the corresponding ordinate 
of the Gaussian probability curve within the class inter¬ 
val. The areas were determined by integrating under the 

curve. 

1—A 601-p‘oint running mean was used on data for both 
towers. Also a 101-pc nt running mean was used on T1 and 

a 61-point running mean on T2. 
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A stability measure, the Monin-Obukhov (195^) z/L was 
calculated as: 

z/L - i w'TT kz 
T ,—r-T2- (u*w’2 ♦ v'w‘2) 

where w'T', irw' and v*w' are covariances, g is the gravity 
constant, T is the absolute temperature, and k is the Von 
Karman constant. 

III. DISTRIBUTION OP WIND COMPONENTS AND TEMPERATURES 

a. The Chi-Square Test 

The chi-square test was used to test the data for 
goodness of fit between the observed probability distribu¬ 
tion and the Gaussian distribution. Chi-square is defined 
as: 

X2 

where o* and e. denote the -ith pair of observed and expected 
frequencies, respectively. 

b. Results 

The results of the chi-square test for the distribu¬ 
tion of the wind components and the temperature are shown 
in Figure 2. The ordinate is the percentage of runs which 
meet the .01 probability criterion for a normal distribu¬ 
tion. At the Round Hill Site these distributions can rare¬ 
ly be considered normally distributed. With increasing 
height above the surface, there is less tendency for the 
distributions to be Gaussian. A 12.02 minute (601-point) 
running mean filter was applied to reduce the effects of 
the long period oscillations and the trend. In every case, 
use of a filter Increased the number of runs which met the 
criterion. Changes after a 2.02-minute (101-point) running 
mean on Tower 1 and a 1.22-minute (6l-polnt) running mean 
on Tower 2 were small except on Tower 1 where the percent 
of cases meeting the criteria increased for u*, v' and T' 
at the 16-meter level and for u' at the ^O-meter level. 

c. Discussion 

The results appear to contradict those of previous 
investigators and seem to invalidate the useful practice 
of treating the eddy fluctuations as being Gaussian. 
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ÏI0URE 2. PERCENT CASES MEETING CHI-SQUARE PROBABILITY OF 0.01 

However, this conclusion is not warranted without consider¬ 
ing the user's needs and the site characteristics. Exami¬ 
nation of Figure 1 shows that the only direction that is 
reasonably homogeneous Is from the north at Tower 1. Other 
directions have marked Inhomogeneiin surface character¬ 
istics. Changes in the wind directions during each run are 
frequently great enough to involve a mixture of surface 
conditions. 

The effects of a horizontal discontinuity in surface 
roughness upwind from the measuring site have been esti¬ 
mated in the work of previous investigators. Elliott 
(1958), Panofsky and Townsend (196*0, Miyake (1965), and 
Townsend (1965) have discussed in detail the effects of 
surface discontinuities on wind profiles and the build-up 
of Internal boundary layers. A wind tunnel study by Plate 
and Lin (1965) of the velocity field downstream from a two 
dimensional obstruction can also be used to anticipate 
certain features of distribution. 

Prevailing internal boundary layer hypotheses are 
based on the assumption that when a change in surface is 
encountered, the flow*very near the surface adapts quickly 
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to the new surface. These new flow characteristics are 
propagated upward by the turbulence. The factors which 
control the rate of build-up downstream are believed to be 
the relative magnitude of the roughness change and the 
stability. Miyake (1965) treated the problem as diffusion 
from a line source; in his model the rate of build-up is 
related to the standard deviation of w' downstream from the 
roughness discontinuity. All of the above Investigators 
assume that the flow above the internal boundary layer re¬ 
tains the characteristics of the previous surface. 

Using these concepts, Appleby and Pries (1966) were 
able to show a relationship between the standard deviations 
of the horizontal wind components, local wind speed, and 
stability when the upstream roughness regimes were segre¬ 
gated. 

IV. DEPARTURES OP THE FLUCTUATION VALUES 
PROM A GAUSSIAN DISTRIBUTION 

In this section we will present the measured skewness 
and kurtosls of the frequency distributions of the wind 
components and temperature, and examine the vertical struc¬ 
ture in as much detail as the observations permit for indi¬ 
vidual runs over several fetches. The results will be 
compared to those one might expect from the internal 
boundary layer hypotheses to see if these can be used to 
explain the observations. 

a. Internal Boundary Layers 

Before discussing the Round Hill observations it might 
be useful to examine wind tunnel observations, where more 
detail is available. The wind tunnel observations from the 
U.S, Army wind tunnel at Colorado State University appear 
to qualitatively show many of the features of internal 
boundary layers. Figure 3 shows the wind and stress pro¬ 
file at two locations downwind from a 20-foot section of 
2-inch flexible plastic strips. Behind these plastic 
strips the test section was covered with 0.75 inch gravel, 
so the air traveled from a very rough surface to a less 
rough surface. The first profile is at a distance of 20 
feet from the roughness discontinuity and the second is 
37.5 feet from the discontinuity. These observations show 
that for the wind tunnel neither the assumptions of Elliott 
nor those of Panofsky or Townsend are entirely correct. 
Elliott assumes the stress is constant with height and is 
discontinuous at the boundary. Panofsky and Townsend 
allowed the stress to Increase linearly with height from 
the ground to the internal boundary surface. Unfortunately, 
no observations were available below 4.75 Inches at the 
second station, so no estimate of the boundary layer growth 
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could be made. However, the constant stress region gener¬ 
ated by the plastic stripe has begun to narrow downstream. 

The interface of the internal boundary layer appears as a 
zone of increasing stress and the marked change in the wind 
profile occurs at the lower edge of the zone, while at the 
upper edge of the zone the change is barely discernible. 
Figure A is from a study by Plate and Lin (1965). This 
figure shows their interpretation of the flow behind a 
simulated hill in the wind tunnel. Although conditions 
are exaggerated, the results are in general agreement with 
the observation downwind from the change in roughness. 
Figure 5 shows the wind (closed circles) and u' variance 
(open circles) downwind from a hill. The u'2 profile 
appears consistent with their interpretation of the flow 
zones, and shows the variance to be propagated both upward 
and downward from the peak generated by the hill. These 
observations were made under a neutral thermal stratifica¬ 
tion. Observations made with the tunnel floor heated did 
not include stress or variance measurements, but some idea 
of the effects of instability can be obtained from the wind 
profiles. 
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0 UNDISTURBED BOUNDARY LAYER (OUTER LAYER) 

0 REGION OF HILL INFLUENCE (MIDDLE LAYER) 

0 REGION OF REESTABLISHING BOUNDARY LAYER (INNER LAYER) 

0 BLENDING REGION BETWEEN MIDDLE AND OUTER LAYER 

0 BLENDING REGION BETWEEN INNER AND MIDDLE LAYER 

0 STANDING EDDY ZONE 

(j) POTENTIAL outer flow 

Mq(») 

FIGURE 4. DEFINITION OF FLOW ZONES (PLATE AND LIN) 

Figure 6, also using data from the U.S. Army wind 
tunnel, shows a comparison of the distance required for the 
wind profile to reach readjustment for a neutral and an 
unstable case. The hatched area is the region where the 
wind velocity is less than 95 percent or more than 105 
percent of the velocity at the level upstream from the 
hill. This figure illustrates that under unstable conditions 
the added thermal energy tends to destroy any discontinui¬ 
ties at a shorter distance downstream. It is felt that the 
turbulent energy is spread through a broad area much like 
the spread of u'2 in Figure 5» except at a faster rate. 

If we modify our present concepts of internal boundary 
layers with the qualitative information from the wind 
tunnel and use our present knowledge of turbulence, ve can 
postulate certain features we might expect to find in the 
vertical structure of turbulence downwind from surface dis¬ 
continuities. For example, in a siturtion where the flow 
is from a rough to a smooth surface with nearly the same 
surface heat flux, the stress profile would be similar to 
that in Figure 5. The standard deviations of the turbulent 
components should show similarly shaped profiles and there 
would be a transport of turbulence downwind in the region 
of increasing stress. During unstable conditions, the 
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addition of thermal energy would probably mask these fea¬ 
tures, as the effect of the discontinuity would be spread 
over a thick layer. 

FIG. 5 VILOCITV DISTRIBUTION FOR 2"i 10'HILL . BIO WIND TUNNEL uo-ÎOip» 

(PLATE AND LIN) 

As stability increases, the growth of the new internal 
boundary layer should be slower, since the turbulent inten¬ 
sity decreases, and the blending zone should be better 
defined. At extreme stability, the zone may not extend to 
great heights, since the turbulent intensities are very 
low and the flow tends to become disassociated from the 
surface (Panofsky, Blackadar and McVehil, I960). Since the 
turbulence is also affected by wind speed and stability, 
the growth of the internal boundary, as well as the width 
of the zone between the two regions, would be affected by 
the wind speed and the thermal response of the upwind sur¬ 
faces. In the region of the interface between internal 
boundary layers, measurements of the probability distribu¬ 
tion show some skewness, since the vertical distribution 
of the standard deviations depends on the upwind roughness 
and thermal characteristics. If these features are obser¬ 
ved in the atmosphere downwind from surface discontinuities, 
it will help confirm*certain aspects of internal boundary 
layer theories and provide a means of estimating the verti¬ 
cal structure of turbulence over non-ideal sites. 

Figures 7 and 8 were prepared to characterize the sur¬ 
face conditions for particular runs at Round Hill. These 
are panoramic views taken from the top of Tower 1, at 
approximately 40 meters above the ground, and from Tower 2 
at approximately 25 meters above the ground. Below the 
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pictures are the directions of each run. Two standard 
deviations of the azimuth angle of the wind during the run 
are shown by the horizontal arrows.

A NEUTRAL

10 15 20 25 50 35 40 45 50 55 60 65 70 75

X/h

B unstable

wiimmm
10 15 20 25X/h

35 40 45 50 55 60 65

FIGURE 6. WIND TUNNEL WIND PROFILE READJUSTMENT

The data were stratified into zones that have different 
characteristics as shown on the pictures. Skewness and 
kurtosis of each run were then plotted against stability. 
Since the standard deviations of the azimuth angles vary 
from 5° to 20°, some runs overlap into other zones which 
Increases the scatter in the data. Annex A contains tabu­

lations of the basic data in the fonn of standard deviations 
of the wind components and temperatures, the skewness and 
kurtosis of their frequency distributions, and the stabil­

ity parameter (z/L) for the available levels by run number.

b. Departures of Frequency Distributions from the Normal 
Curve

Computa*ions of the skewness and kurtosis were made 
to measure the departure of the actual distributions from 
the normal.



pictures are the directions of each run. Two standard 
deviations of the azimuth angle of the wind during the run 
are shown by the horizontal arrows. 

The data were stratified into zones that have different 
characteristics as shown on the pictures. Skewness and 
kurtosis of each run were then plotted against stability. 
Since the standard deviations of the azimuth angles vary 
from 5° to 20°, some runs overlap into other zones which 
increases the scatter in the data. Annex A contains tabu¬ 
lations of the basic data in the form of standard deviations 
of the wind components and temperatures, the skewness and 
kurtosis of their frequency distributions, and the stabil¬ 
ity parameter (z/L) for the available levels by run number. 

b. Departures of Frequency Distributions from the Normal 
Curve 

Computations of the skewness and kurtosis were made 
to measure the departure of the actual distributions from 
the normal. 
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The skewness, which shows the departure of a frequency 

distribution from symmetry, was computed usinp;: 

SK « lx* 3 

No 3 

where x'3 is the third moment and o is the standard devia¬ 

tion. 

The kurtosis, which shows the distortion of a curve 

from the normal curve, was computed using: 

KT 

where x"4 is the fourth moment. The plots of skewness and 
kurtosis versus stability (z/L) are shown in Figures 9 to 20. 
The symbols are: triangle for Zone A, circle for Zone B, 
square for Zone C, + for winter cases, S for sea trajectories 

and T for transition of stability. 
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Data were collected at Tower 1 fron November I960 to 
November 1962. Wind directions were from 195 to 015 decrees. 
The main features of the surfaces affectinp; the flow are the 
grass and small cedars in the vicinity of the tower, the sea 
and tidal marsh, and finally the wooded areas to the west and 
north of the tower. (Figure 1) 

The data from Tower 2 were collected during a short 
period in 1963 («Tune 1^ to July 5). Wind directions were 
from 200 to 320 degrees. The main surface features are the 
2-3 meter brush area surrounding the tower, the woods to the 
south, the farmed area and the ridge to the west, and the 
grass pasture and woods to the northwest. 

Both tower areas have other complications such as the 
1 meter .lip at the edge of the marsh at Tower 1 and the root 
cellar surrounded by brush Just slightly south of west at 
Tower 2. 

Table 1 shows the range of values by level. Runs with 
wind speeds of less than ^ meters per second at the 16-meter 
level are not included in the plotted data, since at low wind 
speed sampling problems appear to make data very erratic. 

The data from Tower 1 show some stability effects, but 
the w* distribution is the most consistent. Elliott's 
equation predicts internal boundary layer slopes of approxi¬ 
mately 1:10 under neutral conditions. From this, one should 
expect an internal boundary layer varying about the 20-meter 
level caused by the change in roughness due to the tidal 
marsh, and another internal boundary layer in the vicinity 
of 40 meters in the Zone B caused by the change from the 
tidal marsh to the field in the woods. This change is com¬ 
plicated by the band of trees separating the two areas. Only 
the u' distributions appear to show the positive skewness one 
would expect from an internal boundary layer caused by the 
flow passing from a rough to smooth surface. The moderately 
stable and near neutral runs show a marked skewness in dis¬ 
tribution. This is not so evident in data from Zone B at 
40 meters. The very unstable runs in all zones are negatively 
skewed and the negative skewness increases with height. 

The skewness of the v' distributions does not show this 
feature. However, the unstable side shows a tendency for the 
data taken in Zone B to be widely scattered. Since on the 
edges of this zone the changes in roughness are at an angle 
with the wind flow, the angle of the roughness discontinui¬ 
ties may affect the v' component. During stable conditions 
most of the observations of skewness are concentrated near 
zero. 
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TABLE 1 

RANGE OF THE SKEWNESS AND 
KURTOSIS OF THE DISTRIBUTION 

SKEWNESS u* V w* T' 

Tower 1 

16 

40 

■MJ.5 to-0,3 

+0.5 to-0.5 

+0.6 to-0.4 

+0.6 to-0.3 

+0.5 to-0.4 

+0.5 to-0.1 

+0.6 to-0.5 

+0.9 to-0.4 

Tower 2 

15 

46 

91 

+0.6 to-0.3 

+0.3 to-0.7 

+0.1 to-0.7 

+0.2 to-0.2 

+0.4 to-0.4 

+0.4 to-0.4 

+0.3 to-0.3 

+0.7 to-0.1 

+0.9 to-0.4 

+0.9 to-0.2 

+0.9 to-0.7 

+1.0 to-0.9 

KURTOSIS 

Tower 1 

16 

40 

+0.4 to-0.6 

+1.0 to-0.8 

+1.0 to-0.4 

+0.6 to-0.4 

+1.5 to-0.4 

+0.9 to-0.5 

+0.6 to-1.3 

+0.3 to-1.2 

Tower 2 

15 

46 

91 

+0,3 to-0.6 

+1.2 to-0.6 

+0.8 to-0.8 

+0.5 to-0.6 

+0.8 to-1.0 

+0.6 to-0.4 

+0.7 to-0.2 

+1.2 to-0.4 

+1.4 to 0.0 

+0.3 to-1.2 

+0.9 to-1.3 

+1.2 to-1.2 
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The skewness of the w* component becomes more positive 
with increasing Instability and tends to increase with 
height. Contrary to Gurvich's (I960) findings, there appears 
to be some stability dependence and the range is somewhat 
larger, 

The T' distributions show a great scatter, but are 
predominantly positively skewed. 

The range of the kurtosis of the distributions shows no 
evident effect of internal boundary layers, and only the 
kurtosis of w' seems stability dependent. The u' and T' 
distributions tend to be flattened and v* is grouped around 
a zero kurtosis. 

The skewness of the u’ distribution on Tower 2 also 
shows the effects of internal boundary layers. The 15-meter 
Zone C runs, during near neutral conditions, tend to show 
marked positive skewness when the grass fetch between the 
brush and woods is quite short (less than 100 meters). Zone 
B runs tend to be negatively skewed. The exceptions are 
runs with the wind flow over the root cellar and a few runs 
in Zone C. This is consistent with a change from a smooth 
to rough surface at some distance from the tower. Only in 
Zone C, when the orientation of the roughness change is at a 
marked angle to the wind flow, and two runs in which the flow 
is over the patch of brush in the middle of the field in 
Zone B, does the skewness of v' depart greatly from zero. 

The stability and height dependence of the w' distribu¬ 
tion is even more pronounced in the Tower 2 data. 

The skewness of the T' distributions appears to show a 
stability dependence at 91-meters that is not evident in the 
lower levels. Both Tower 1 data and that from the 15- and 
46-meter levels at Tower 2 are mostly positively skewed 
regardless of stability. 

A 601-point (12.02 minute) running mean filter removes 
the trends in the data and reduces the effect of oscillations 
with periods greater than 12 minutes. The filtered data 
shows less scatter when plotted against stability. The 
skewness of u' distribution is reduced, but retains much the 
same shape on the stability diagram. The apparent stability 
dependence is more clear-cut. Filtering the T' distribution 
reduces the scatter only slightly, but gravely Increases the 
stability dependence on the unstable side. The distribution 
of T' frequently has a bimodal peak which is removed by the 
filter. 

Unflltered and filtered data are tabulated in Annex A, 
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V. SUMMARY AND CONCLUSIONS 

The chi-square test shows that the frequency distribu¬ 
tions of the turbulent components of wind and temperature 
over the Pound Hill Field Site can rarely be considered 
Gaussian. Although these results appear contradictory to 
the usual assumption and to the results of other investiga¬ 
tors, when one considers the characteristics of the site, 
the results are not surprising. The departure of the dis¬ 
tributions of the wind components in terms of skewness and 
kurtosis are not usually extreme (rarely more than ‘0.6 for 
skewness and *1.0 for the kurtosis), so the advisability of 
using the Gaussian assumption must depend on the requirements 
of the problem being treated. 

The skewness of the observed distributions was related 
to the vertical variation of the standard deviation of the 
wind components, which is caused by variations in the upwind 
surface characteristics. No quantitative values were deter¬ 
mined, but in a qualitative sense the agreement appears quite 
good. The variation of wind speed with height can frequently 
be quite large. Any measuring system based on sensing T' 
at a single level should not be used in areas with inhomo¬ 
geneous terrain. 

From these data, it is obvious that equilibrium condi¬ 
tions rarely exist at the levels where the turbulence was 
measured. Quantities derived from the data under this 
assumption are probably not valid. However, in practical 
problems where conditions are far from ideal, these data 
should be valuable research material. An unanswered question 
is what role the zero-plane displacement associated with the 
roughness change plays in turbulent structure. In each of 
the major roughness changes at Round Hill, a zero-plane dis¬ 
placement is involved, e.g., the meter high lip between the 
marsh and grass cover; the 2-meter rise of the beach near 
the shore; and 6-10 meter high trees to much lower vegetation. 
It may be the large vertical variation in the u' is in part 
due to turbulent layers generated by pressure fluctuation at 
the zero-plane displacement points. Another question is that 
of the distance downwind that the flow is affected by these 
discontinuities. Certainly it must be related to the magni¬ 
tude of the change. Horn and Trawle (196¾) have published 
data that indicates fairly large obstacles (mountain peaks) 
affect the standard deviation of the u' at the surface 12 
kilometers downwind. 

In spite of the questions, we believe the material pre¬ 
sented shows the internal boundary layer theories are useful 
concepts and lead to a much better understanding of the 
vertical structure of turbulence over non-homogeneous 
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terrain. The wind tunnel data and atmoapherlc data appear 
to show elmllar features. Complementing the wind tunnel 
studies with a similar set of field measurements downwind 
from roughness discontinuities and obstacles may assist In 
developing empirical scaling techniques for studying the 
effects of terrain on turbulent structure. 

Certainly the current logarithmic spacing of anemometers 
and other sensors Is not adequate to determine the structure 
In the vicinity of Internal boundary layers. 

The authors want to thank William D. Ohmstede for his 
constructive criticisms and Charles E. Dennison for his 
valuable support with the details. 
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ANNEX A - DATA TABULATIONS 

Standard deviations, skewness, Kurtosis, and the 
stability parameter are listed according to run. Tower 1 is 

listed first. 

The computations are also shown after a 601-polnt running 
mean and a 101-point running mean were taken on Tower 1, and 
after a 601-point running mean and a 6l-point running mean on 

Tower 2. 

The abbreviations are defined as follows: 

SDU - Standard deviation of u' (ou). 

SDV - Standard deviation of v' (ov). 

SDW - Standard deviation of w' (ow). 

SDT - Standard deviation of t' (ot). 

z/L - Monin and Obukhov stability parameter. 

SKU - Skewness coefficient of the u* velocity 

component. 

KTU - Kurtosis coefficient of the u* velocity 

component. 

SKV - Skewness coefficient of the v' velocity 

component. 

KTV - Kurtosis coefficient of the v* velocity 

component. 

SKW - Skewness coefficient of the w' velocity 

component. 

KTW - Kurtosis coefficient of the w* velocity 

component. 

SKT - Skewness coefficient of the T* velocity 

component. 

KTT - Kurtosis coefficient of the T1 velocity 

component. 
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