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ABSTRACT
Towers distort the wind flow and thereby may produce errors in wind speed and direction
measurements obtained by anemometers mounted on them. T o study this effect, a comparison
was made of 5000 hourly wind observations obtained from each of two Aerovanes operating
simultaneously. One was mounted on a lattice-type tower and the other was mounted on a
utility pole free from the tower wind-shadow effect. Both instruments were located at the
meteorological field site of the Argonne National Laboratory. The results show that there
was a substantial reduction in the wind speed indicated by the tower-mounted anemometer
when the wind passed through the tower before being measured. For some wind directions,
the tower-mounted anemometer gave speed readings appreciably higher than those of the
reference anemometer. Wind-direction measurements were also affected. The data indicate
that for precise work the tower wind-shadow effect must be considered.

1. Introduction
Measurements by anemometers mounted on
towers are subject to errors arising from the
obstruction to wind flow by the tower. Although
this fact is commonly recognized, only rarely do
meteorological installations have quantitative
information on the magnitude of this effect. In
addition, the literature on the subject is very
sparse.
This paper describes an investigation of the
wind-shadow effect made by comparing the data
from two Aerovane anemometers—one mounted
on a boom extending from a tower of lattice construction, and the other mounted on top of a
utility pole. Both anemometers were located 18.75
ft above ground at the meteorological field site
of the Argonne National Laboratory.
2. Description of meteorology site and experimental equipment
The meteorological field site is located 746 ft
above sea level in an open meadow. A prominent
feature on the site is the meteorology tower
which is a standard fire-lookout tower used to support meteorological equipment. The base of the
tower cabin is 120 ft above ground, and a steel
1 Research carried out under auspices of the Atomic
Energy Commission.
2 Currently at the Department of Meteorology, University of Utah, Salt Lake City, Utah.

mast extends upward through its roof to 150 ft
The nearest obstruction to the meteorology
tower is the Meteorology Building located approximately 300 ft due west of it (fig. 1). This
building is 65 ft X 20 ft X 13 ft and is oriented
with its largest dimension in the east-west direction. Other structures in the area are the storage
shed which is 20 ft X 11 ft X 9.5 ft and the pump
shed which is 6 ft X 6 ft X 8 ft. The terrain is
clear of trees 1400 ft to the north, 1500 ft to the
east, 1600 ft to the south and 1200 ft to the west
of the tower.
Fig. 2 shows the anemometer which was mounted
on a utility pole 8.4 inches in diam with a
2-inch pipe attached to the pole support. The
hub of the anemometer rotor is 23.5 inches above
the pole; thus, there is no wind-shadow effect
on this instrument due to its mounting structure.
The meteorology tower (fig. 2) has a crosssection of 25 ft sq at the bottom, but it tapers to 7
ft sq at the base of the cabin. At 18.75 ft, the
cross-section is 22 ft sq. When the wind is from
the north, the distance between the Aerovane rotor
hub and the tower leg is at a minimum distance
of 9 ft, 1 inch. Thus, the tower subtends an angle
of 68 deg at the anemometer in the horizontal
plane.
T o determine the degree of obstruction by the
north-south oriented tower, measurements were
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Schematic layout of buildings in relation to anemometer pole and meteorology tower.

made of the tower components such as the beams,
catwalks, stairs, railings, conduits and conduit
boxes. These were projected on a vertical plane,
P n , passing through the vertical axis of the tower

FIG. 2.
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View of meteorology tower facing southeast
and reference anemometer pole.

and equidistant to its north and south faces.
Measurements were made for sections of the tower
bounded by the planes marked A and A ' and also
B and B' in fig. 2. The vertical separation between planes A and A ' is 13 ft, 7 inches and between B and B', 26 ft, 10 inches. From this
figure, it may be observed that the anemometer
is approximately halfway between A and A ' and
also B and B'.
The tower components projected on plane P n
occupy an area A n . Let us designate as A t the
total area on plane P n bounded by planes A and A '
and located within the tower. The ratio of obstructed to unobstructed area, A n / A t , is a measure
of the interfernce to wind flow. This ratio is
0.21 both for the section of the tower bounded
by planes A and A ' and for the larger section
bounded by planes B and B'.
When the projection is rotated 90 deg so that
it is equidistant from the east and west faces of
the tower, the obstruction ratio between planes
A and A ' is 0.22, and between planes B and B'
it is 0.20. The obstruction ratio varies somewhat
with the separation of the horizontal planes such
as A and A'—i.e., with the size of the tower section considered and with the orientation of the
projection plane.
The Aerovane operates with a propeller-type
rotor attached to the shaft of a DC generator
whose voltage output is proportional to the magnitude of the wind speed. Tests made on the
equipment before, during and after the period of
study showed that the manufacturers' calibration
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curves remained valid. A comparison test, made
by operating the two anemometers side by side
for a period of several hours, indicated that for
speeds up to 13 mph the readings checked to
within 1 mph. Higher speeds were not recorded
during the comparison-test period.
The orientation test of the Aerovanes, routinely
made with a transit during major servicing, indicated that within the period of this study the
tpwer anemometer read within 1 deg of the true
direction and the pole anemometer within 4 deg.
3. Analysis of data
This study is based on observations beginning
at 1600GCT 27 July 1954 and ending at 0600GCT
1 March 1955, covering a period of 5199 hr.
Wind-direction data from the tower were missing
for twenty hours (from 2200GCT 10 October
1954 through 1700GCT 11 October 1954), and, in
addition, there were 135 hourly observations during which the wind direction was considered calm
since the direction trace appeared as a straight
line and the wind speed zero. Additional fortyfour hourly observations in which the direction
was extremely variable and essentially indeterminate were omitted. The study is, therefore,
based on 5000 hourly observations.
Wind direction and speed were recorded on
Esterline-Angus recorders and read to the nearest
mile per hour and to the nearest ten degrees.
Ten-minute averages of wind speed and direction beginning at five minutes before each hour
were chosen for the comparison.
These data
were entered manually on data-evaluation forms
and key punched on I B M cards for use with an
I B M 650 computer.
In preparing the data for analysis, for each
10-deg wind direction the wind speeds were divided into five-mile-per-hour groupings: 0 to 4,
5 to 9, 10 to 14 and greater than or equal to 15
mph. For each 10-deg direction and wind speed
group, the following ratio R was determined:
R = sum of wind speeds on tower -4- sum of
wind speeds on pole. These ratios, plotted on
polar-coordinate paper, are shown in fig. 3.
4. Discussion of results
An inspection of fig. 3 shows that there is a
substantial reduction in the measured wind speed
when the wind blows through the tower before
reaching the anemometer. On a percentage basis
the reduction is greatest for light winds. For
example, for a wind blowing from 20 deg the
ratio R is 0.55 for tower wind speeds of 0 to 4
mph, 0.67 for speeds of 5 to 9 mph and 0.74 for
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speeds of 10 to 14 mph. The 20-deg direction
is the direction for which the speed reduction was
largest. It is of interest to note that as the wind
blows along the sides of the tower before reaching
the anemometer there is an increase in the
measured wind speed of the tower anemometer
as compared with that of the pole anemometer.
This may be seen from the R values for the wind
direction of 320 deg. For 0 to 4 mph, the ratio
is 1.31; for 5 to 9 mph, 1.17; for 10 to 14 mph,
1.13; and for 15 mph or greater, 1.15. A similar
speeding up of the wind may be seen for the 120deg wind direction. This velocity field about the
tower, characterized by a retardation of the flow
through the tower and an acceleration along the
sides, is not surprising in view of the existing
theory and accounts of experiments of turbulent
flow about arrays of solid obstacles [2].
Another maximum occurs in the diagrams for
winds blowing from 230 deg. This may be due
to the shadow effect of the Meteorology Laboratory upon the pole anemometer. Even though
this building is about 160 ft from this anemometer,
it appears to influence the air flow sufficiently to
cause a reduction in the measured wind speed.
T o study the effect of the tower on the wind
direction, the average direction on the pole was
determined for each ten-degree direction on the
tower. The differences between the average tower
and pole directions were examined and found to
agree to within 11 deg. The tower appeared to
influence the air to flow along its sides. Air flow
from the northwest sector where the maximum
differences were measured veered about the tower
so that direction readings on the tower exceeded
those on the pole. Except for winds from the
northwest, differences in direction between the
tower and pole were within about 5 deg.
5. Conclusion
This study indicates that serious errors occurred in the tower-mounted Aerovane due to a
tower wind-shadow effect. The air flow on the
lee side of the tower may be reduced to nearly
one-half its true value for light winds and nearly
25 per cent for speeds of 10 to 14 mph. An increase in measured wind speed exceeding 30 per
cent occurred when the wind blowing toward the
anemometer made an angle of 20 to 40 deg with
respect to the sides of the tower adjacent to the
anemometer—i.e., when the light winds were from
the northwest or southeast sectors. The shadow
effect is greatest percentagewise for the lower
wind speeds. In fig. 3d, the high values are not
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Ratio of tower anemometer speeds to pole anemometer speeds as a function of wind direction
measured on tower (relative size of meteorology tower and boom indicated in northeast sector).
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significant because of the paucity of observations
in the ^ 1 5 - m p h - s p e e d g r o u p .
T h e e f f e c t o n direction appeared to be relatively
smaller with the greatest mean deviation of 11
d e g o c c u r r i n g with w i n d s m a k i n g an angle of 7 0
d e g with respect to the west side of the t o w e r ;
i.e., the w i n d w a s w e s t north-west.
T h e s e results s h o w that t o w e r - m o u n t e d a n e m o m e t e r s are subject to serious errors.
When
t o w e r s are used as platforms, the magnitude of
the errors arising f r o m the t o w e r w i n d - s h a d o w
effect should be ascertained f o r precise w o r k .
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