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ABSTRACT 

The cff'ccts of obstructions on winds measured by the 30 station FLOWS (F AA-lincoln Laboratory Operational 
Wcatbcr Studies) mcsonct and the 6 station FAA LL WAS (Low Level Wind Shear Alert System) near Memphis. 
TN in 1985 are analyud. The slowing of surface winds by anemometer site obstructions is a continuing problem 
for scientific and operational wind shear measurement systems. This paper considers an improved version of 
the technique used by Fujita and Wakimoto for compensating the obstruction effects by the use of mathematical 
models relating the unobstructed wind speed to the measured wind speed and the observed obstructions at each 
site. Over eight million wind speed measurements gathered over 197 days (IS February-31 August) were used. 
The effects of obstructions at a particular site were evidenced by a strong negative correlation between the 
observed wind speed transmission factoa and the obstruction angles as measured from panoramic photographs 
taken of the horizon around each station. The functional relationship between them was modeled as a decaying 
exponential plus a constant, and an iterative least squares regression technique was used on data from all of the 
stations at once in deriving the three parameters of the equation. It was found ~t the first 8° of obstruction 
have the greatest bloclcagc effects, and that even a 2° or 3° high isolated clump of trees can have a pronounced 
effect on the measured wind speeds from that direction. The possibility that the transmission factors are scale 
dependent and time dependent is explored. 

1. Introduction 

The slowing or obstruction of winds by local obsta
cles is a well-known problem to those wishing to make 
accurate wind speed measurements. Anemometers 
should always be located where there will be, as nearly 
as possible, an unobstructed wind flow free from tur
bulent eddies in all directions. However, practical con
straints on anemometer height and placement (es
pecially for mesoscale studies) generally result in some 
degree of obscuration. This paper considers the use of 
mathematical models that relate the obscuration ex
perienced by an individual anemometer to the local 
obstruction environment of that anemometer. 

This study was motivated by two practical applica
tions of mesoscale wind analysis. The FLOWS (Federal 
Aviation Administration (FAA)-Lincoln Laboratory 
Operational Weather Studies) Project is developing 
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methods for automatically detecting and warning 
against aviation weather hazards, such as low-altitude 
wind shear, in airp<)rt terminal areas Doppler using 
radars. These Terminal Doppler Weather Radars 
(TDWRs) will be owned and operated by the FAA 
near major U.S. airports. The FLOWS research project 
is interested in the unobstructed wind speed measure
ments for two main reasons. First, when analyzing a 
snapshot of the wind field over a mesonet for horizontal 
wind shear and/ or for comparison with Doppler radar 
data (DiStefano 1987; Clark and DiStefano 1989), use 
of the measured, uncorrected winds would reveal spu
rious patterns of divergence or vorticity that depend 
little on time but greatly on the prevailing wind direc
tion and that would, in some cases, obscure the true 
wind shear pattern. Second, when using surface wind 
measurements to estimate winds aloft that might be 
encountered by an aircraft on takeoff or landing, an 
appropriate power law can be accurately used if the 
original surface wind speed measurements are repre
sentative of the unobstructed flow. 

The second potential application for a wind correc
tion technique is in the operational Low Level Wind 
Shear Alert System (LL WAS). Currently, the FAA uses 
the LL WAS, an anemometer array situated within and 
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around an airport terminal area (Goff 1980), for real
time detection of wind shear events. Marks and Jaffe 
( 1984) investigated the LL WAS performance at New 
Orleans and found that sheltering of winds was a pri
mary cause of the large number of false wind shear 
alarms. They recommended that exposure at some of 
the LL WAS stations be "reexamined and improved 
upon." Because of the fairly precise required sensor 
configuration of the anemometers in an LL WAS sys
tem, it can occasionally be difficult or impossible to 
find sites with good exposure in all directions. The only 
method for correcting a sheltering problem is to raise 
the anemometer height, but this is impractical or im
possible in many situations, and still would not help 
in others. Even with the installation ofTDWRs at some 
airports, the LLWAS systems there will still play an 
important role in the accurate detection of wind shear 
events, and at airports without TDWRs, the LL WAS 
will remain the primary detection system. Thus, a re
liable mathematical technique for correcting LLWAS 
winds for site obstructions would be very useful. 

2. The study 

As part of the FLOWS Project in 1985, Lincoln 
Laboratory operated a network of 30 automatic 

weather stations (Wolfson et al. 1986; Wolfson 1989) 
in the vicinity of the Memphis International Airport 
and also recorded data continuously from the Memphis 
Airport LLW AS system. The exposure of all 6 LL WAS 
and 30 mesonet sites was.evaluated using anemometer 
data taken over 197 days from 15 February through 
31 August. Our analysis shows unquestionably that 
substantial differences of up to 50% existed between 
the stations that were related to the degree of site ob
struction (see Fig. 1 and Table 1). While subjective 
wind field analyses, with the aid of panoramic photo
graphs and topographic maps, could have been used 
to help correct the problem for individually studied 
wind events, an accurate automated procedure was de
sired for potential utilization in an operational system. 
A time-independent technique for mathematically 
correcting the measured wind speeds as a function of 
azimuth at each site, that could be used in real time 
in a system such as the LL WAS, is derived. The tech
nique is a more generalized and improved version of 
that used by Fujita and Wakimoto (1982), referred to 
hereafter as FW. 

3. Transmission factors 
First, it is assumed that the measured wind speed, 

V, can be expressed as 

FIG. I. Mean wind speed averaged over 197 days (15 February-31 .August 1985) at 6 Memphis LLWAS stations 
(solid triangles) and 30 FLOWS automatic weather stations (solid circles). The effects of open terrain near both the 
Memphis International Airport and the small Olive Branch, MS airport (near Fl.r2 radar site) can be seen. Values at 
station No. 7 (1.8 m s- 1) and LLWAS Center Field (3.6 m s- 1

) differ by a factor of2. 



APRIL 1989 NOTES AND CORRESPONDENCE 3'45 

TABLE 1. The mean wind speed values averaged over 197 days 
( 15 February-31 August 1985), the mean obstruction angles (ti) and 
mean transmission factors (ir) averaged over 360° azimuth, and the 
total number of measurements used in computing the mean wind 
speed values are given for the FLOWS mesonet stations and the FAA 
LL WAS stations. The location of each of the stations is shown in 
Fig. I. 

Mean wind Mean Mean Number 
Station speed obstruction transmission of wind 
number (m s-1) angle (o) factor measurements 

1 3.03 2.1 0.15 253,323 
2 3.05 1.0 0.15 249,020 
3 2.96 1.4 0.73 254,083 
4 2.29 3.7 0.56 240,464 
5 2.18 4.3 0.56 238,576 
6 2.85 1.1 0.73 249,018 
7 1.83 8.7 0.47 190,602 
8 2.79 1.6 0.70 240,603 
9 2.43 3.0 0.61 224,126 

10 1.99 4.7 0.51 234,554 
11 2.31 8.9 o.so 224,298 
12 2.03 6.8 0.49 237,109 
13 2.33 3.6 O.S9 238,168 
14 2.42 2.4 0.61 223,306 
IS 2.44 6.1 0.60 249,188 
16 2.41 3.8 0.62 239,755 
17 2.48 2.3 0.65 222,126 
18 2.34 3.2 0.59 250,485 
19 2.43 2.4 0.59 240,849 
20 2.86 1.7 0.74 253,509 
21 2.96 0.9 0.73 252,343 
22 3.13 0.7 0.82 246,738 
23 3.24 2.0 0.78 240,049 
24 3.23 1.9 0.81 251,085 
25 3.23 2.0 0.82 258,999 
26 2.83 2.8 0.71 228,298 
27 2.67 1.6 0.68 226,115 
28 2.77 2.8 0.70 242,522 
29 3.01 0.8 0.74 238,826 
30 2.84 1.8 0.15 228,791 
CF 3.56 0.3 0.88 242,710 
N 2.54 0.3 0.63 233,075 
E 2.87 0.3 0.73 236,518 
SE 2.47 0.1 0.58 231,630 
s 2.35 0.4 0.62 238,991 
w 2.65 0.3 0.66 233,393 

Network 
mean 2.67 2.5 0.67 8,583,245 

V= Uit (1) 

where U is the unobstructed wind speed at anemometer 
height and it is the fraction of the unobstructed wind 
"transmitted" into the wake region behind an obstruc
tion. The spatial scale over which the unobstructed 
wind varies is assumed to be >400 km, much larger 
than that of the FLOWS network; thus the value of U 
can be considered uniform across the network. How
ever, the speed and direction of the unobstructed wind 
vary with time, as do the speed and direction of the 
measured wind. But if the ratio of the measured to the 
unobstructed wind speed, defined as the transmission 
factor it, can be related to the specific site obstructions, 

then in principle any time variations in it would be 
caused by time variations in the obstructions them
selves. 

It is quite easy to imagine the character and pattern 
of the obstruction wake flow varying with the magni
tude of the wind for solid obstructions, and for natural 
obstructions such as trees, the permeability of the ob
structions themselves can introduce an additional wind 
speed dependence. Changes in the stability of the at
mospheric boundary layer could lead to a diurnal time 
dependence and because the obstructions themselves 
change over time ( e.g~, as trees lose their leaves), an 
additional seasonal time dependence could also be 
present. In Eq. (1), however, it is implicitly assumed 
that the measured wind speed is linearly proportional 
to the unobstructed wind speed, and that the propor
tionality is constant with time. This is an imperfect 
assumption that represents only a first approximation 
to the true relationship. Neglecting any variations. as a 
function oftime or wind speed, Eq. (1) becomes 

V(s , d) = U(d)it(s, d) (2) 

where s is the particular weather station site and d is 
the measured wind direction. With estimates of it(s, 
d), Eq. (2) can be used to find the unobstructed wind 
speed, i.e., the desired corrected wind speed, at any 
time given the measured wind speed and direction. 

The unobstructed wind speed can be estimated as a 
function of azimuth, as was done by FW, by assuming 
it is equal to the highest mean wind speed measured 
by any of the stations (mesonet and LLWAS) in a 
given direction over a long-term average. In this case, 
the average over all 197 days of data was used. The 
five stations nearest to the center of the airport ac
counted for most of these measurements; in all they 
accounted for 337 out of 360 elements, or 94%, of the 
estimated unobstructed wind array. Panoramic pho
tographs (Fig. 2) reveal that at each of these stations, 
in the directions where the measured winds were the , 
highest, the airfl9w was essentially unobstructed. 

Variations are present in azimuth in the unob
structed wind speed; U(d), when the components are 
selected every 1 ° in azimuth from different stations as 
they were here. Following FW, a weighting function 
was used to smooth azimuthal variations: 

G= 1 +cos(nX) -180° <nX<+l80°. (3) 

A 30° half amplitude width was found to eliminate 
small scale variations while not oversmoothing the 
data. The unobstructed wind speed U(d) used for the 
calculation of the transmission factors was thus defined 
as 

U30 = "l;VG (30°)/"l;G (30°) (4) 

where Vis the highest time averaged wind speed of all 
the stations in a given direction and G ( 30°) is the 
weighting function in Eq. ( 3) applied with a 30° width. 
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FIG. 2. Panoramic photographs taken at station Nos. 22, 23, 24, 25, and LL WAS Center Field. 
The azimuths from which maximum wind speeds were used in the unobstructed wind array, 
U(d), are marked above each photograph. 

The time averaged wind speed as a function of wind 
direction for each station, V ( s, d), was also smoothed 
in azimuth and, after experimenting with weighting 
functions of varying widths up to 30°, a 16° wide func
tion was selected. Therefore, 

V.6 = ~VG (16°)/~G (16°). (5) 

The transmission factors at each station are defined as: 

'llf16(s, d) = V.6(s , d)/ U3o(d). (6) 

The transmission, '\If 16, is essentially a measured quan
tity; time series of surface wind measurements from a 
network of anemometers are all that are needed for its 
calculation at a particular site. 

4. Scale-dependent transmission factors 

It is clear from Table I and Fig. 1 that some corre
lation exists between the visible obstructions above the 
horizon at a particular site and the mean wind speed 
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FlG. 3. Panoramic photograph, plot of smoothed obstruction angles, 1116, and plot of smoothed transmission factors, 
'1116 , for FLOWS station No. 23, located on the west runway at the Memphis International Airport. The correlation 
between the obstruction angles and the transmission factors is - 0.91. 

measured there. Obstructions on this local, visible scale 
( 40 m-4 km, microscale) might well account for most 
of the observed wind speed transmission at a station. 
The effects of the visible, microscale obstructions on 
measured wind speeds are estimated by first determin
ing the empirical relationship between them, and then 
determining how much of the measured transmission 
at each station can be predicted based on this relation
ship. 

The local obstructions at each site were characterized 
by the elevation angles above the horizon of visible 
objects in a panoramic ( 360°) photograph taken near 
anemometer level. The obstruction angles were man
ually estimated to the nearest degree for each azimuth. 
These values were also smoothed in azimuth with a 
16° weighting function: 

O(s, d) = "I.8G (16°)/"I.G (16°). (7) 

The panoramic photograph, and the corresponding 
smoothed obstruction angle curve and transmission 
factor curve are shown for station No. 23 in Fig. 3. 
The mean obstruction angle and mean transmission 
factor for each site are given in Table 1. 

The values of 816 and it 16 for each station, for every 
degree of azimuth, are plotted against each other in 
Fig. 4. Since many measurements exist at low obstruc-

tion angles, the mean value of the transmission factors 
for every 0.1 ° in elevation angle was computed and 
the results plotted in Fig. 5. The variance of the points 
increases with increasing elevation angle because fewer 
of these higher angles were observed. The best expo
nential curve, fit using all of the data points (not just 
the mean at every 0.1 °) was: 

it = 0.42 + 0.3se-0·
188 (8) 

where 8 is in degrees. This curve, also plotted in Fig. 
5, represents the best fit estimate of the functional re
lationship between '11 and 8 for the FLOWS network. 

Notice that when 8 = 0°, '11 does not equal 1 but is 
offset at 0.77. Yet, in an otherwise uniform environ
ment, the transmission factor should increase to 1 an 
infinite distance downwind of the obstruction where 
the visible obstruction angle (actually the tangent of 
the angle 1

) approaches 0°. 

' Most studies have shown that the transmission factor decreases 
exponentially as the ratio of obstruction height to the downwind 
distance (tanll) increases. The use of II as an approximation to tanll 
is valid for these purposes up to angles of 25° where the error is 
roughly 6%. The largest observed obstruction angle in the FLOWS 
network was 24 °. 
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FIG . 4 . Plot of smoothed transmission factors (i'16) vs smoothed 

obstruction angle~ (816, in degrees), for all stations for all azimuths. 

Following FW, it is assumed that 

'I' = 'I' t' 'If; (9) 

where 'I' e accounts for mesoscale obstruction ( 4 km-
400 km) effects and 'I',, for microscale obstruction ef
fects. It is assumed that 'I';= 1 when 8 = 0°; 'l'e then 
is equal to the remaining value of 'it when 8 = 0°, that 
is: 

'I' = 0.77'1';. (10) 

With the co:qibination of Eqs. ( 8) and ( 10), the rela
tionship between the visible microscale obstruction5 
and wind s~ed transmissions is found to be: 

'I';= 0.545 + 0.455e-o·188• (11) 

Notice that, no matter how larg~ the obstruction arig.e 
8, 'I'; is never less than 0.545 and 'I' never less than 
0.420, representing correction factors (the reciprocals) 
of 1.83 and 2.38, respectively, to the measured wind 
speeds. A similar equation derived ·by FW had no ad
ditive term but had an exponential decay constant of 
-0.0948, roughly half of that observed here (Fig. 5, 
curve B); at 8 = 25° the total microscale transmission 
would be only 0.09, implying a correction factor of 
over 10 to the measured wind speed. The data collected 
in the FLOWS experiment reveal that as the obstruc
tion angles increase above -10°, there is little further 
change in observed transmission. 

It is perhaps useful to reconcile the approach used 
by FW with that used here. Fujita and Wakimoto ~ 
sumed that 

(12) 

and 

(13) 

varies in azimuth at each site); V; ·was first derived by 
finding the value of k which caused the correlation 
between 8 and 

(14) 

to approach zero. But this is just the equation for 'I' el 
The exponential constant, k, is just the value that ex
plains all of the variation of 'I' with 8, and allows C in 
Eq. (13) to be fully independent of 8, that is, to be a 
constant. Furthermore, successively testing values of k 
that minimize the correlation at each site between 8 
and 'l'e as given in Eq. (14) or, equivalently, that max
imize the negative correlation between 'I' and 8, simply 
amounts to finding approximate solutions that mini
mize the error in a regression problem that, in this 
case, can be solved exactly. Taking the logarithm of 
Eq. (13), 

ln'I' = lnC - k8 (15) 
or 

Y=A +BX (16) 

where A = lnC and B = -k are constants. With this 
linear relationship, the method ofleast squares provides 
a simple formula for the "best" estimates of A and B. 
The correlation is a measure of the relationship between 
two variables and so is Bin Eq. (16). In FW, the value 
of k that minimized the correlation between '1' e and 8 
was found for each station and these values of k were 
averaged together, each weighted with the correlation· 
between it and 8 at that site, to derive a value of k for 
the network. This is equivalent to finding the best fit 
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points. The other curve (curve B) is the exponential fit used by Fujita 
and Wakimoto (1982): if= exp( - 0.09488) . 
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line (Y =A +BX) at each station, and then finding 
the mean value of the slopes, B, for the network by 
weighting each value of B with itself, multiplied by the 
ratio of the variance in X ( 0) to the variance in Y ( ln v) 
at that station. Perhaps a better approach would have 
been to find the "network" k directly by using the data 
from all of the stations at once in solving the regression 
problem. 

This latter approach was used here, except the curve 
being fit was of the form 

v =A+ ce-k6. (17) 

An iterative procedure was used to find the values of 
A, C, and k which minimized the sum of the squares 
of the errors between the observed values of v at all 
of the stations and those estimated with Eq. ( l 7). 

Once the microscale transmission factors, v;, have 
been calculated from the obstruction angles at each 
station according to Eq. (l l), the mesoscale transmis
sion factors, V e, can be calculated from Eq. ( 9) . The 
Ve are independent of 0, and have a mean of0.77, but 
they are still functions of azimuth, or wind direction 
( d), at each weather station site. Apart from any effects 
of the visible obstructions at these sites, which were 
removed in the microscale transmission factors, clearly 
significant effects of what is assumed to be the larger 
scale "obstruction horizon" are evident in the data. 

The"largest contribution to Ve is probably from features 
just beyond those visible, such as topographical vari
ations on the 2-20 km scale, and from features such 
as the city of Memphis (20-40 km scale). 

Figure 6 shows the difference between V e at 360° 
and the mean value of v eat all azimuths for the entire 
network, illustrating the net mesoscale effects of a wind 
blowing from the north toward the south over the city 
of Memphis. Notice that upwind of the airport the 
winds are slowed by roughly 8% and that, aside from 
the area downwind of the airport, no part of the net
work is showing transmissions above normal. Plots of 
these values for other azimuths (Wolfson et al. 1986) 
show such a striking consistency from one station to 
the next, and in the pattern set up over the network as 
the wind blows from a given direction, that it discour
ages any conclusion that these numbers are simply 
randomly distributed. However, until time dependence 
(both diurnal and seasonal) and wind speed depen
dence are introduced into Eq. (1), which relates the 
measured wind speed to the unobstructed wind speed, 
the true nature of this "residual" Win not be known. 

S. Time-dependent transmission factors 

The possibility-that the observed transmission factors 
are time dependent (time scales of one month or more) 

FIG . 6. Contour plot showing ~'It• (% ), the difference between 'It. at a given azimuth and the mean value of 'It, at 
all azimuths, for the FLOWS mesonet and the Memphis LL WAS. Here the given azimuth is 360°, revealing the net 
mesoscale effects of a wind blowing from the north toward the south. 
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at a given site nas aJSO been explored. Smee the obSefVed ]ABLE 3. COrreiation bCtWeen monffily (15 Feb=31 Mar was 
obstructions, namely, trees and vegetation for the considered one month) and total ( 1 S Feb-31 Aug 1985) transmission 

FLOWS Project in Memphis, change in size, density, factors. 

and character with the changing seasons, it is plausible Time period 
that the transmission factors might also change. Trans-
mission factors for two seasons, spring and summer, Station Feb-Mar April May June July Aug 

were calculated in exactly the same way that the time-
1 0.79 0.87 0.93 0.95 0.92 0.75 independent transmission factors were calculated here. 
2 0.57 0.89 0.82 0.85 0 .74 0.84 

Spring was defined as February through April and 3 0.54 0.27 0.62 0.35 - 0.13 - 0.19 
summer as May through August, after testing each with 4 0.93 0.96 0.90 0.93 0.93 0.92 
and without the month of May. The correlation coef- 5 0.86 0.94 0.86 0.92 0.92 0.90 

ficient is used to characterize the difference between 6 0.50 0.72 0.45 0.80 0.59 0.74 

the spring, summer, and total transmission factors. 7 0.86 0.87 0.86 0.89 0.90 0.78 
8 0.84 0.87 0.67 0.78 0.70 0.73 

Table 2 shows that while the correlations between each 9 0.71 0.85 0.88 0.65 0.88 0.81 
of the stations' seasonal transmission factors and the 10 0.87 0.80 0.84 0.83 0.80 . 0.74 

total were quite high, with mean vall,les for spring and 11 0.77 0.59 0.91 0.91 0.88 0.85 

summer of0.86 and 0.90, respectively, the correlation 12 0.64 0.41 0.80 0.77 0.71 0.88 • 
13 0.61 0.72 0.82 0.80 0.78 0.75 
14 0.7.6 0.84 0.77 0.89 0.80 0.72 
15 0.74 . 0.82 0.82 0.87 0.85 0.71 

TABLE 2. The correlation between the observed transmission factors 
16 0.59 0.83 0.87 0.75 0.77 0.83 
17 0.90 0.88 0.87 0.79 0.75 0.75 

for Spring (15 February-30 April 1985) and Total (15 February-JI 18 0.86 0.84 0.87 0.85 0.83 0.89 
August 1985), Summer (I May-31 August 1985) and Total, and 19 0.90 0.84 0.80 0.74 0.70 0.84 
Spring and Summer are given for each of the mesonet and LLW AS 20 0.51 0.66 0 .78 0.78 0.52 0.71 
stations. 21 0.84 0.90 0.80 0.74 0.62 0.68 

Correlations between transmission factors 
22 0.31 0.78 0.78 0.89 0.65 0.72 
23 0.88 0.92 0.97 0.95 0.92 0.91 

Spring Summer Spring and 24 0.91 0.87 0.93 0.95 0.94 0.96 

Station and total and total summer 25 0.87 0.93 0.94 0.97 0.94 0.96 
26 0.74 0.73 0.70 0.77 0.54 0.50 

I 0.88 0.96 0.78 27 0.15 0.81 0.87 0.88 0.81 0.82 
2 0.87 0.94 0.72 28 0.63 0.42 0.59 0.40 0.13 0.15 
3 0.64 0.79 0.22 29 0.70 0.28 0.63 0.54 0.00 0.25 
4 0.98 0.97 0.92 30 0.76 0.64 0.68 0.68 0.68 0.75 
s 0.95 0.98 0.90 CF 0.26 0.72 0.64 0.60 0.64 0.76 
6 0.76 0.88 0.43 N 0.74 0.88 0.79 0.86 0.76 0.93 
7 0.94 0.92 0.85 E 0 .68 0.84 0.75 0.88 0.72 0.89 
8 0.92 0.92 0.74 SE 0.77 0.74 0.86 0.86 0.77 0.85 
9 0.84 0.94 0.68 s 0.90 0.51 0.76 0.74 0.31 0.79 

10 0.97 0.87 0.80 w 0.79 0.78 0.90 0.84 0.79 0.89 
11 0.82 0.93 0.63 

0.73 0.76 0.80 0.80 0.70 0.74 12 0.76 0.93 0.64 Mean 

13 0.78 0.93 0.61 
14 0.93 0.91 0.77 
IS 0.92 0.90 0.73 
16 0.84 0.93 0.65 between spring and summer transmission factors 
17 0.96 0.94 0.86 themselves were considerably lower in every· case 
18 0.94 0.94 0.82 (mean value 0:65). However, the correlation between 
19 0.93 0.91 0.77 
20 0.82 0.92 0.61 them is far too high to consider them independent (ex-
21 0.90 0.90 0.71 cept perhaps at station No. 28). Thus, while a very 
22 0.87 0.94 0.69 slight bit of accuracy might be gained by using seasonal 
23 0.95 0.98 0.91 transmission factors, this procedure is definitely not 
24 0.92 0.97 0.85 
25 0.94 0.98 0.89 necessary. 
26 0.85 0.80 0.43 Certainly if one chooses not to add the complication 
27 0.86 0.92 0.62 of seasonal transmission factors, then one would surely 
28 0.64 0.57 - 0.03 not want to consider an even finer time scale such as 
29 0.71 0.74 0.31 monthly. But the correlations between the monthly 
30 0.88 0.84 0.55 
CF 0.58 0.84 0.19 and the total transmission factors can help answer the 
N 0.90 0.90 0.70 practical question of how much data should be used 
E 0.81 0.93 0.61 to estimate accurately the total transmission factors. 
SE 0.92 0.92 0.78 From Table 2 it can be seen that 2.5-4.0 months is s 0.86 0.87 0.56 probably enough, but is one month enough? Table 3 w 0.83 0.93 0.64 

lists the correlation between each month's transmission 
Mean 0.86 0.90 0.65 factors and the total 6.5 month transmission factors; 
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thedataf1 
with those for March to make one .. month." In general, 
the transmis&on factors were quite similar from month 
to month, suggesting that one month's data would al
low an accurate estimate of the time-independent 
transmission factors. Sensor problems could negate this 
conclusion; see, for example, data for station No. 3 in 

. July and August (Table 3 ). 
The correlation data presented here suggest that wind 

data from a single month can be used to estimate ac
curately the constant transmission factors as a function 
of azimuth at each site, although the more data used 
the better. Different transmission factors for each 
month or each season are unnecessary given the ac
curacy of the current model. Diurnal time dependence ' 
of the transmission factors was not considered here; 
the average wind speed also varies diurnally so these 
two effects must be considered simultaneously. 

6. Velocity.4fependent transmission factors 

Another possibility not explored in this study is that 
the wind correction factors are a nonlinear function of 
the measured wind speed. This is quite probable con
sidering the complexity of wake flow dynamics. Intu
itively, it must be wrong to correct measured wind 
speeds of 25-30 m s - • by the same factor (in some 
cases more than a factor of 2) used to correct wind 
speeds of 5-10 m s - •, no matter what the obstruction. 
The factors derived here are actually most appropriate 
for speeds near the observed mean of 2.67 m s- 1• Ap
plication of the calculated wind speed correction factors 
to a few selected microburst events did reveal a persis
tent overestimation of the.unobstructed Oow. Finding 
empirically the transmission factors (wind speed cor
rection factors) as a function of wind direction, ob
served obstruction angle, and measured wind speed 
will be an important extension for future work and a 
necessary prerequisite for use of this correction scheme 
in practical applications. 

7. Summary 

It appears that the effects of obstructions of different 
scales on winds at a particular site can be quantified. 
A strong, negative correlation was found between the 
observed transmission factors and the measured ob
struction angles. The functional relationship between 
them was modeled as a decaying exponential plus a 
constant, and a least squares regression technique was 
used to find the best fit estimates to the parameters of 
this equation. It was found that the first 8° of obstruc
tion have the greatest blockage effects; the contributions 
of higher obstructions become proportionally less great. 
Even a 2° or 3° high isolated clump of trees can have 
a measurable, pronounced effect on the measured wind 
speeds from that direction. The ratio of the observed 
transmission, '11, to the calculated microscale trans
mission, 'it;, was taken to represent the transmission 

mesoscale. It was found that contributions from 2-40 
km spatial scales were represented and discernible, with 
the smaller scales having the greatest impact on the 
measured winds. It was also found that the transmission 
factors were quite similar from month to month, sug
gesting that one month's data (from sensors with high 
data quality) would allow an accurate estimate of the 
time-independent transmission factors. 

In recommending a wind correction procedure, one 
must consider the final use of the data. The variations 
in the wind speed measurements across the weather 
station network are quite real; they are partly due to 
surface irregularities and obstructions and partly due 
to actual patterns of divergence and vorticity in the 
unobstructed flow. (Of course, part of the variation 
could always be due to individual sensor characteris
tics.) Any time one wishes to analyze the unobstructed 
flow, as is the case in operational wind shear detection 
with the FAA LLWAS and when the measurements 
are to be compared with Doppler radar data such as 
in research analyses with mesonet data or in the op
erational context with a TDWR and an LL WAS net
work, wind corrections should be applied. However, 
the simple model used here for the transmission factors 
is inadequate. Application of the derived correction 
factors to winds with mean speeds greater than ap
proximately 5 m s- 1 will give unrealistically high cor
rected wind speeds. Before an adequate operational 
correction scheme that can be used to correct winds 

· in real time can be recommended, future work that 
i~cludes modeling the transmission factors as functions 
of the measured wind speed, the time of day, and per
haps the season of the year must be performed. 
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