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Comments on "Remote sensing of urban 'heat island'
from an environmental satellite"

Richard C. Savage, Capt., U.S. Air Force, 1838
Roseglen Ave., San Pedro, Calif. 90731
Dr. Krishna Rao, in the July

CAN METEOROLOGICAL SOCIETY

1 9 7 2 BULLETIN OF THE AMERI(53, 6 4 7 - 6 4 8 ) , addressed the

feasibility of "Remote sensing of urban 'heat islands' from
an environmental satellite." Dr. Rao's final conclusion is,
"This type of remote sensing thus provides a means of monitoring the growth and development of urban and suburban
areas and their impact on the environment."
Air Weather Service of the United Sta:es Air Force has
recently released meteorological data with a capability that
may be equally useful in this regard (see cover photograph
and caption). The metropolitan centers of the eastern United
States are clearly visible in this nighttime photograph, made
near the end of March 1972. The additional environmental
feature of interest is the plume-like discharge from Mobile
Bay. Such visual data may be subject to less ambiguity of
interpretation than infrared data, in which cloud contamination and sensor radiometric accuracy are difficult problems.
"Both Sides Now", a meteorologically
significant popular song

William K. Widger \ Jr., RFD 2, Hillrise Lane,
Meredith, N.H. 03253

Many meteorologists, particularly those of the older generations, may have failed to note the highly meteorological
content of the first verse of a recently current popular song,
"Both Sides Now," by John Mitchell:
Bows and flows of angel hair
And ice cream castles in the air
And feathered canyons everywhere
I've looked at clouds that way.
But now they only block the sun
They rain and snow on everyone
So many things I would have done
But clouds got in my way.
I've looked at clouds from both sides now
From up and down and still somehow
It's cloud illusions I recall
I really don't know clouds at all.
The first four lines provide a most picturesque description of fair weather cirrus and towering cumulus; the third
line should be particularly appreciated by those who have
had the experience of flying in a light aircraft trying to
wend its way between cumulus congestus and/or cumulonimbus.
The next four lines express the frustrations that inclement
weather so often imposes on both the forecaster and the
1 Currently Visiting Professor of Natural Sciences, New
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public in general, including both occupational and recreational aspects.
The final four lines of this first verse should strike a
particularly sensitive nerve among those who have been involved in the meteorological satellite program during or
since its earlier days. Although earlier weather reconnaissance aircraft data and rocket photos had led Harry Wexler
( 1 9 5 4 , 1 9 5 7 ) to prepare a rather remarkable prediction of
how satellite cloud pictures might look, as discussed by
Widger ( 1 9 6 1 ) based primarily on the TIROS I data, most
of us who worked with the early satellite cloud pictures
would have readily confessed that we really didn't "know
clouds at all" after first having a real chance to see them
"from both sides now, from up and down." This was
doubtless equally true of those involved in weather research
aircraft programs, including the various Jet Stream projects,
the several cloud physics projects, and others. And even
now, although our knowledge is certainly far greater than
before and many of our "cloud illusions" are now well dispelled, in many ways we still "really don't know clouds
at all."
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Precalibration of V I Z - N W S Radiosonde

1

Alan K. Betts, Department of Atmospheric Science,
Colorado State University, Fort Collins, Colo. 80521

One problem in studying atmospheric structure around
convective clouds using a conventional radiosonde is that
even cumulonimbus rarely last more than a few hours. Some
increase in sampling frequency can be achieved by using
precalibrated radiosonde instruments. During last summer's
second Venezuelan International Meteorological and Hydrological experiment (VIMHEX II), soundings were launched
continuously every 7 0 - 7 5 min during periods of precipitating convection by one rawinsonde team using precalibrated instruments. The ascents reached about 130 mb in 55
min, before termination. Correspondence on the improved
humidity measurements by this radiosonde (the new VIZNational Weather Service sonde) has been published previously (Friedman, 1 9 7 2 ; Riehl and Betts, 1 9 7 2 ) .
Instruments were calibrated in batches, and then sealed in
polythene bags for storage. Some instruments were recalibrated before launch to test whether the calibration had
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1. Temperature, relative humidity, and time
difference between two comparison calibrations of
fourteen VIZ-NWS radiosondes.

TABLE

Time
Difference
(days)

Temperature
Difference
(°C)

Relative humidity
Difference

1
1
1
1
2
2
3
6
7
7
7
8
10
14

+0.1
-0.3
+0.8
-0.1
-0.3
+0.2
+0.4
-0.2
-0.3
+0.2
-0.1
-0.3
+0.2
+0.4

-2
0
-2
+2
-1
0
-2
+3
+8
-1
-1
0
+3
-1
±3

Probable error ±0.4

(%)

ometer are presented in this paper. These tests were conducted at the NASA/Langley Research Center (LRC), Va.,
and at the White Sands Missile Range (WSMR), N. Mex. In
the tests at LRC the speed range covered was approximately
20 m sec to 125 m sec and the WSMR tests ranged from
about 20 to 35 m sec . A good comparison was obtained
between the maxometer measured speed and the tunnel
speed determined from another source. The RMS error
was approximately 2.0 m sec .
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-1
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1. Introduction

drifted with time. The results of these tests, shown in
Table 1, indicate no significant change of calibration in a
week. The temperature calibration comparison is limited by
the accuracy to which the GMD-1 chart recorder can be
read. The chart recorder can be read to ±0.1 divisions
corresponding to ±0.25C. The table shows the temperature
difference corresponding to the two calibrations. A positive
value denotes that the same chart value corresponds to a
higher temperature on the second calibration. Only one
value is larger than the probable error in the difference
(±0.4C). The humidity calibration accuracy is limited by
the measurement of temperature and wet-bulb temperature
within the calibration box. An 0.2C error in both temperature measurements can lead to a 2% error in relative humidity. The table shows the difference in relative humidity
corresponding to the two calibrations. A positive value denotes that the same chart value corresponds to a higher
relative humidity on the second calibration. Again only one
value is larger than the probable error (±3%). The range of
calibration temperatures was 27-33C and of relative humidity 51-71%.
During VIMHEX II, sondes were not used more than six
days after precalibration, although the table indicates longer
storage times may be practicable.
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The maxometer—a peak wind speed sensor

Dennis W. Camp, Robert E. Turner, and John W.
Kaufman, National Aeronautics and Space Administration, Marshall Space Flight Center, Ala. 35812
Abstract

The maxometer is an instrument capable of measuring extremely high wind speeds (approximately 125 m sec ) and
retaining a record of the peak wind speed over any given
time period. The results of wind tunnel testing of the max-1

Recurring situations arise in which the maximum flow
velocities, such as the flow from the exhausts of space
vehicle engines, cannot be measured because conventional
flow gauges and/or anemometers are not built to withstand
these severe conditions. Various situations have also arisen
in which peak wind measurements would have been a
valuable asset to various studies concerned with such phenomena as hurricanes, thunderstorms, tornadoes, frontal
and squall line activity, induced flow near jet and propeller
driven aircraft, etc. Conventional anemometers are usually
destroyed when they are used in attempts to measure the
aforementioned wind and flow conditions. Prior to the development of the maxometer (peak wind speed/flow anemometer), attempts to obtain values of the wind speed
and/or flow conditions were primarily theoretical, i.e., by
use of potential flow theory. Thus it might be said that the
maxometer meets a need of the atmospheric scientist and
meteorologist in investigations of extreme wind and/or
flow conditions.
Two models of the maxometer were built: Model E—for
use in ambient atmospheric environment, and Model S—
severe environment model. Fig. 1 shows three views of
the Model S maxometer assembled and disassembled in the
upper section and a schematic in the lower section. The
Model S maxometer was designed to be capable of measuring the high gaseous flow speeds in the vicinity of space
vehicle exhaust either during static tests or during the
launch of the vehicle. Such peak flow speeds are extremely
valuable in the study of engine noise acoustics studies, induced flow about space vehicles during launch, the dispersion
of particulates in engine exhaust clouds, wind loading on
adjacent vehicle launch structures, etc. Subsequently, Model
S had to be built to withstand high temperatures (approximately 2000F for a least 10 sec) high noise levels, and
excessive shock associated with the launch of space vehicles. This model was designed to be used to measure
flow from fixed predetermined direction.
The Model E maxometer was built to measure peak
wind speeds associated with severe storm conditions and
other weather anomalies. This model must only withstand normal atmospheric temperatures and unlike the
Model S, the Model E was designed to align the sensing
element into the wind regardless of wind direction. The
sensing element of both models is a four inch diameter
pressure plate. Pressure from the flow (wind) acting on the
plate will cause a compression of two linear springs. When
the springs have been compressed a clutch system will lock
the spring system at its most compressed point. The
maxometer's spring system will remain compressed until
a stronger flow is encountered or until manually released.
The most serious hazard to an instrument like the
maxometer is not high winds but the flying debris caused by
the high winds. However, it is believed that a screen or
other protecting device would interfere with the kind flow
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150 m sec . A discussion on this tunnel is given by Schaefer
(1965). From the WSMR wind tunnel speed values obtained ranged from approximately 20 to 35 m sec . This
tunnel facility has been discussed by Glass and Martin (1963).
Fig. 2 is a graph of the results of the wind tunnel tests
from both the LRC and WSMR wind tunnels. This figure
illustrates the exceptionally good agreement between conventional and maxometer flow values obtained for the range
of 20 to 120 m sec . The agreement is within a ± 4 m sec
envelope for the entire range. More will be presented later
on the agreement or error of the maxometer.
It should be noted that the range of the maxometer
can be changed by merely changing the spring system.
There is probably no need or desire to obtain measurements
to a lower speed value since this can be readily accomplished
by conventional instrumentation. However, it is anticipated
that a spring system might be desirable for obtaining
measurements to a higher speed and no doubt will be
realized in the near future.
-1

-1

-1
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3. Error discussion

FIG. 1. Model S maxometer assembled, disassembled,
and shown in a schematic.
to the extent that the measured value would not be representative of the extreme condition. Therefore, no protecting devices are presently being considered for the
maxometer. If such devices were to become necessary, their
development and installation would be followed by a thorough wind tunnel test program to recalibrate the maxometer.
2. Maxometer testing

The maxometer has been tested in wind tunnels, on the
launch pad during Apollo 15 and 16 launches, and also
in the natural environment. Natural environment tests were
conducted on the Model E maxometer at the Hurricane Research Center, Miami, Fla., at the NWS station in Bootheville, La.; and at the Naval Air Station in Corpus Christi,
Texas. These environment tests were inconclusive since the
wind speeds encountered in most cases were below the
threshold value of approximately 15 m sec . The values
obtained during the Apollo 15 and 16 launches were somewhat more satisfactory. The Apollo 15 values are discussed by Camp (1971); however, no write-up has been
accomplished to date on the Apollo 16 values. In both
Apollo tests, three maxometers were used; one at the top
and two midway up the launch umbilical tower (LUT) facing
the Apollo/Saturn vehicle. The peak value obtained for
both the Apollo 15 and 16 launches was from northeast
side of the LUT at the midway level. For Apollo 15 the value
was found to be approximately 100 m sec and for Apollo
16 a value of approximately 55 m sec was obtained. The
exposure of the other maxometer at the mid level was very
poor for both the Apollo launches, thus the value was very
low and was not considered to be representative. In both
launches the maxometer at the top of the LUT was broken.
It is believed a large horizontal component of flow caused
the top instrument to be damaged. It is hoped that this will
be ascertained for sure in the Apollo 17 launch.
The Langley high-speed 7 X 10 ft tunnel was used to
obtain speed values for the range of approximately 20 to

A force acting on the sensing element (disc) of the maxometer will cause the disc to be displaced toward the fixed
maxometer body by a displacement D from a known reference point. The displacement measured is then used to
determine the speed of the flow which caused the displacement. The system consists of two springs, one is for low
range wind speed and the other is for high range. When
the spring for the low speed range has been compressed
63.5 mm a heavier (stronger) spring is encountered. Thus,
it is necessary that the appropriate equation be used to
compute the wind speed. If D 63.5 mm, the speed u is
determined from Johnson and Krause (1971)
u = 23.20 [(1+ 0.0363Zfy*]*
(1)
and if D ^ 63.5 mm u is determined by
u = 23.20 [(D - 60.20)A]i
(2)
where
A = (T + 459.67)/P
(3)
L

h
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FIG. 2. Maxometer wind speed versus wind tunnel speed.
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and T is ambient temperature in deg F at the maxometer
location and P is ambient pressure in mb. The data presented in Fig. 2 were computed by use of these equations.
The rms error of the maxometer data used in Fig. 2 was
determined by use of
RMSE = [s(u - u f / N f
(4)
where u is the speed value for the maxometer, u is the
speed from a conventional instrument, and N is the number
of data prints used. In determining the rmse a total of 123
data points were used and a value of ± 2.0 m sec was
obtained.
The average absolute error (<e) was determined by
e = (2|u-u |2V),
(5)
and was found to be 1.6 m sec . The range of data from
the conventional instruments used in determining rmse and
e was approximately 18.5 to 130.3 m sec . From Fig. 2 it
can be seen that the error is approximately constant over the
range measured. While this error is obviously not desirable
for the low end of the speed range, it is not an objectionable trait for the upper end of the speed range.
It is realized that in a true error analysis of the maxometer,. one might discuss such things as friction, flow, spring
constants, etc., but the errors due to individual sources have
not as yet been determined. There is also a possibility that
some sources of error will be changed in such a manner as
to reduce the error. After the maxometer has been used
for a reasonable length of time a more comprehensive error
analysis will be performed.
c
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4. Future plans

Future plans of the maxometer are twofold. First is the
mapping of the induced flow about large space vehicles during their launch by use of the Model S maxometers. It is also
possible that this model will be used to obtain measurements
during status testing of space vehicles. Secondly, the Model
E maxometer will be installed in various locations along the
southern and eastern coast of the U.S. in the hope of obtaining winds associated with a hurricane. It is also possible
that attempts will be made to obtain wind speed data from
other natural environment conditions such as tornadoes, dust
devils, squall line activity, etc.
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