improved humidity
measurements with a
redesigned radiosonde
humidity duct
Abstract

A modification to the radiosonde humidity channel to
eliminate a temperature induced bias is described. Data
are presented from flight test comparisons of radiosondes
so modified and standard unmodified radiosondes. It is
anticipated that the redesign of the current, standard
radiosondes will reflect essentially the modifications
described herein and consequently the data indicate the
type and magnitude of change in the reported humidities
which may be expected. The data are essentially in
agreement with predicted changes from a previous paper
(Morrissey and Brousaides, 1970). Further field testing
of this and other modifications is proposed to determine
residual error. Similar tests to standard instrumentation
would permit corrections to archived data.
1. Introduction

Recent examination of currently operational radiosonde
systems utilizing the carbon humidity strip (Morrissey
and Brousaides, 1970) has revealed errors in measurement which are entirely instrument generated and independent of inherent hygristor error.
These system errors are a result of temperature differentials that exist between the sensing element and the
ambient air. Such temperature differentials alter the relative humidity of the air in contact with the carbon
element resulting in a measurement error. Several
sources contributing to this temperature differential are
shown in the following equation:
AT — (Solar Effect) + (Time Lag Effect) + (Wall Effect)
-f (IR Effect) + (Conduction, Sorption, etc.)
Where:
AT = r carbon element Tfree air*
The first four terms are the most important contributors
and except when there is a positive lapse rate, they all
contribute to AT being positive. Consequently, the errors
these induce in the measured humidities are biasing
errors, and the bias is such that the measured humidities
are too low.
Evidence of these system induced errors in current
sounding systems have come from a number of independent studies. Radiosonde humidity profiles in the
870

Frederick J. Brousaides and James F. Morrissey

Direct Sensing Techniques Branch
Meteorology Laboratory
Air Force Cambridge Research Laboratories
Bedford, Mass.

Barbados Oceanographic Meteorological Experiment
(BOMEX) systematically yielded drier daytime profiles
relative to aircraft infrared measurements, molecular
sieve soundings, and dropsonde data (Holland, 1970). Indirect evidence in the form of heretofore unexplainable
diurnal humidity ambiguities have been presented
(Colton, 1970; and Teweles, 1970). Further substantiation has come from studies made during the Atlantic
Trade Wind Experiment (ATEX) (Ostapoff et al, 1970).
In their previous paper, the authors {ibid.) recommended blackening the walls of the humidity cavity to
remove a substantial portion of the solar heating error.
A number of radiosondes have been modified incorporating this and other changes and were flight tested
at Bedford, Mass., during the period between August
1970 and January 1971. Flight results indicate substantial improvement in RH recovery over standard instrumentation. Both military and National Weather
Service (NWS) radiosondes were examined.
2. Description of equipment

The modified versions of the NWS radiosondes and
the AMT-12 radiosondes were similar with respect to
channel configuration. The modified duct consisted of
the basic AMT-12 duct with the front slope extended,
the V's on the side walls at the entrance filled in,
the cover extended in the downstream direction with
a sloping surface, the interior of the duct painted black,
and the exterior cover covered with aluminized tape.
Figs. 1 and 2 show the standard version of the AMT-12
and the modified version, respectively. The modified
version is depicted with the top cover raised for illustration only; it would be in the down position in flight.
The blackening of the duct prevents reflected sunlight
from reaching the element. The extended front slope
and the downstream baffle virtually eliminate the possibility of direct solar radiation. There is also some evidence that the downstream baffle contributes to the
stability of the flow. The aluminized tape further limits
the amount of solar energy absorbed or transmitted by
the cover. It should be noted that this modified sonde
and the unmodified AMT-12 achieve a recovery of about
two-thirds of the free stream velocity whereas the
original NWS channel achieves about one-third of the
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FIG. 2. Modified humidity duct.
FIG. 1. Standard military humidity duct.
free stream velocity. This difference in the measured
velocity has been verified in tests at AFCRL and SAIL.
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3. Flight tests

Flight tests were made in the following categories:
a) Dual flights of the standard NWS sonde and the
modified AMT-12.
b) Dual flights of the modified NWS and modified
AMT-12.
c) Dual flights of the standard NWS and the modified
NWS sondes.
All dual flights were taken with both sondes deployed
from the same balloon and tracked by separate receiving
sets. The sondes were lashed together with tape, and
hence, occupied essentially the same physical environment. It is not expected that the close proximity of the
sondes would materially alter ventilation rates through
the humidity ducts.
Data were generally evaluated at 1-min intervals from
the ground to 250 mb. The data were screened only in
those instances where obvious errors could have resulted from the interruption of the meteorological data
by the sonde's pressure or frequency references.
4. Flight test results

Other factors held constant (ascension rate, meteorological conditions, sonde configuration, etc.), we would
expect the magnitude of the induced temperature error
to be a function of air density and thus altitude. As the
rate of heat transfer between strip and the ambient air
decreases with altitude, this results in a concommitant
increase in the temperature differential. Consequently,
flight results have been grouped into four separate and
arbitrary strata of approximately equal thickness.
Ostapoff, Feodor, 1970: Personal communication.
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Figs. 3A through 3D, which cover four different altitude ranges, show the results of the intercomparison of
the standard NWS radiosonde versus the modified
AMT-12. They are a composite of nine flight tests. The
circles reflect conditions where the element indicated
values of less than 10% RH. The ratio of the measured
humidities (RH standard NWS/RH modified AMT-12)
is plotted against the humidity obtained with the modified AMT-12. If temperature induced errors are the
only source of error, theoretically the ratio should be
independent of the measured RH.
Table 1 (Morrissey and Brousaides, 1970) shows the
expected humidity ratios based on temperature measurements of the carbon hygristor. These estimates were
based on a limited number of flights (12) the daytime
values of which reflect conditions of clear sky. Complete characterization of these ratios is complex, as they
are influenced by the variables of cloud cover, solar
elevation angle, temperature lapse rate, and ascension
rate.
With Table 1, it is possible to estimate the degree of
improvement that is to be expected from the modified
AMT-12 and NWS sondes.
Assuming this modification eliminates both direct and
indirect solar effects and is similar in flow to the
AMT-12, then the nighttime AMT-12 flights would represent the maximum improvement possible. Consequently, the expected improvement will be the NWS
TABLE 1.

Estimated ratios of measured RH to actual RH.

Pressure (mb)

1000-701
700-501
500-351
350-250

AMT-12

National Weather Service

Day

Night

Day

Night

0.89
0.82
0.73
0.64

0.95
0.92
0.88
0.87

0.85
0.78
0.62
0.49

0.94
0.92
0.83
0.74
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FIG. 3D.
3A-3D. Comparison of humidities as measured by the
standard NWS and modified AMT-12 sondes.

day ratio divided by the AMT-12 night ratio. From
Table 1 (e.g., in the 1000-701 mb stratum) 0.85/0.95 =
0.89. These ratios are indicated in the figures by dash
lines.
In Figs. 3A through 3D, for the points above 30% RH,
we find almost all data point at a ratio less than
unity (the modified instrument indicating the higher
humidities) and for the most part the agreement to the
ratios predicted (dashed curves) is good. The data from
the first stratum (Fig. 3 A) indicate a smaller ratio than
predicted. This is not to imply that the element in the
modified sonde is colder than the free air and, consequently, is indicating too moist but is indicative of the
approximate nature of the predicted values and the
difficulty of predicting the errors in any one flight or in
any small series of flights.
A disturbing trend was noted in the above series of
tests. Below about 30% RH, the unmodified NWS sondes
indicated wetter readings (ratios > 1) than the modified
AMT-12's. Allowing for a degradation in carbon element
accuracy at low relative humidities, one would still not
expect to see the ratios biased in such a fashion. This
trend suggested that significant differences exist between
military and NWS carbon elements at low RH's. Consequently, flight tests were designed to eliminate differences in humidity ducts so that a direct comparison of
hygristors could be made. These differences, however,
may be a characteristic of the hygristor or of the
humidity computer wheel used in reducing the humidity
data.
Six dual flights of the NWS and AMT-12 sondes were
made with both sondes utilizing the same fully modified
humidity channel (Fig. 4). Note that the agreement
between the carbon elements is good at the higher relative humidities and rapidly degrades below about 30%
RH. As it was not the intent of this paper to examine
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FIG. 4. Comparison of humidities as measured by modified
AMT-12 and modified NWS sondes.
inherent accuracies, humidity lag response, etc., of the
carbon element but rather to design a suitable humidity
channel, this aspect will not be pursued here. It may
be noted that relatively little hygristor calibration data
below 20% RH can be found in the literature. This is
partly due to a reported lack of interest in this region
by the forecasting meteorologist.
The third series, in which there were eight flights,
involved the standard versus the modified NWS sonde
(Figs. 5A through 5D). Notice that in spite of the greater
scatter of points at low RH, ratios much greater than
unity are conspicuously absent. It must be kept in mind
that sensor inaccuracy may inordinately affect ratios at
very low RHs, so that occasional high ratios should not
necessarily be disturbing. Also, the method of using
ratios causes small differences in measured RHs to represent large changes in the ratio at the low RHs.
In these figures, as in Figs. 3A through 3D, it can be
seen that the sense and magnitude of the change agrees
with previous estimates. Again, it appears that the
predicted changes may be an underestimate in the
bottom strata and in this case in the second strata as
well. The mean ratios for each stratum for this series,
together with the similar data for the other two series, is
given in Table 2. The data used in this table includes
only those points where the modified sonde indicated
30% R H or greater. Using the assumption that the
daytime ratios given in Table 1 derived from temperature measurements in previous tests are representative,
it is possible to calculate the true humidity by dividing
the humidity measured with the unmodified sonde by
the appropriate ratio. A recovery factor defined as the
measurement from the modified sonde divided by this
calculated true humidity has been used to indicate the
effectiveness of the modification and is shown in Table
3. The first two columns show these results for the

FIGS.

5A-5D. Comparison of humidities as measured by
standard and modified NWS sondes.
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TABLE 2.
Level (mb)

1000-701 5
X
N
700-501 5
X
N
500-351 S
X
N
350-250 5
X
N

Sonde humidity comparison ratios.

RH NWS
R H Mod. T-12
(Figs. 3A-3D)
0.11

0.79
75
0.13
0.81
25
0.07
0.73
22
0.07
0.65
26

RH NWS
R H Mod. N W S
R H Mod. T-12 R H Mod. N W S
(Figs. 5A-5D)
(Fig. 4)

0.10 all
1.00 strata
90

0.07
0.80
65
0.13
0.66
56
0.08
0.62
18
0.07
0.56
25

S = Standard deviation.
X = Mean value.
N = Number of data points.
TABLE
Level (mb)

1000-701
700-501
500-351
350-250

3. Estimated humidity recovery factors
for modified sonde.
Recovery factor Recovery factor Recovery factor
(NWS vs
(NWS vs
(pooled data)
Mod NWS)
Mod T-12)

1.07
0.96
0.85
0.75

1.06
1.18
1.00
0.88

1.07
1.10
0.91
0.80

standard NWS sonde versus the modified AMT-12 and
the modified NWS sonde, respectively. In calculating
these recovery factors, data below 30% RH were omitted
to avoid measurement problems at low humidities. Consequently, as previous tests demonstrated the two modified sondes to be identical above 30% R H (Fig. 4), the
data from columns 1 and 2 were pooled and these results
are shown in column 3.
It should be noted that the recovery factor greater
than unity should not be looked on as indicative of
overcorrecting the problem but as indicative that the
estimates are based on statistically small samples.
Fig. 6 shows the results of a dual flight of a standard
versus modified NWS sonde during overcast conditions.
Notice that humidity recovery at the upper altitudes
is greater than that found at low altitudes. At low altitudes, the solar effect is greatly minimized by cloud
obscuration and, hence, the induced temperature error
is also minimized. Particular attention should be taken
of the relative response of the two sondes with cloud passage. The modified sonde indicates a thick deck between
720-600 mb, followed by a relatively sharp drop in
RH. The standard sonde indicates a thinner layer which
drops off more gradually. This premature and gradual
drop in the measured humidity is to be expected as the
optical thickness of that portion of the cloud above the

FIG. 6. Flight comparison through cloud cover.
sonde decreases and the solar energy impinging on the
hygristor increases. This effect has been noted on several
other flights, and it is expected that the modified sonde
will provide a much sharper definition of cloud tops
than has been available with the standard sondes.
Conclusions

The field testing of a redesigned humidity channel for
carbon humidity elements for both military and National Weather Service sondes indicates a substantial improvement in the recovery of ambient air relative
humidity can be obtained. The improvement found is in
keeping with an understanding of the nature of the
temperature errors that can be induced in the hygristor.
Though the modification essentially eliminates the
predominate factor—solar radiation—as an error inducing effect and for the NWS sonde significantly improves the ventilation rate across the element, it is
recognized that residual effects still exist. The latter
errors relate mainly to strip temperature lag and to
wall effects. Additional flight testing of the modification
is clearly indicated to define the magnitude of these
residuals. Indeed, some techniques must also be made
available to the research climatologist so that at least
gross corrections can be made to the large accumulation
of data that has been taken over the years with the
standard instrumentation. Toward this end, the authors
believe that a series of flight experiments should be
undertaken, covering the wide range of normally encountered flight conditions, in which carbon element
strip temperature as well as relative humidity is monitored. A knowledge of strip and free air temperature
will permit the correction of indicated relative humidity
under local flight conditions. The experiment should
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involve both the standard sondes used in the past as
well as any later redesign. The study will have a twofold goal of providing estimates of residual error for
modifications and guidelines for establishing "recovery
factors" for correcting old data.
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(Continued from news and notes, page 856)
Fletcher heads O f f i c e of Polar Programs

Joseph O. Fletcher assumed his duties as Head of the Office
of Polar Programs at the National Science Foundation on
1 September, leaving his position as Research Professor of
Oceanography and Atmospheric Sciences at the University of
Washington. The Office of Polar Programs is NSF's agency
for the extension and coordination of arctic research among
federal organizations.
Fletcher had been with the University of Washington,
Seattle, since 1970, prior to which he was a Senior Research
Scientist at the RAND Corporation, Santa Monica, Calif.,
from 1964 to 1970. He also served in the U.S. Army and
Air Force, and was expedition leader on Fletcher's Ice Island,
a drifting research station established in the Arctic Ocean.
Studying geophysics at the University of Oklahoma,
Fletcher received his B.S. in 1940, then was awarded a
Certificate in Meteorology from the Massachusetts Institute
of Technology in 1941, and an M.S. in physics from the
University of California, Los Angeles, in 1947. A specialist in
arctic and antarctic meteorology and oceanography, Fletcher
has been engaged in a long-term investigation of the qualitative and quantitative interaction of the atmosphere and
the oceans. He has also been active in the implementation
of the Arctic Ice Dynamics Joint Experiment (see page 917).
Fletcher succeeded Dr. Louis O. Quam, who had been
Acting Head of the Office of Polar Programs and who has
now returned to his duties as Chief Scientist for that office.
In addition to his duties as Head of the Polar Program,
Fletcher serves on the Committee on Weather Modification
and as Chairman of the Committee on Paleoclimatology and
Climatic Change of the AMS, and on various other panels
and boards such as the Panel on Glaciology of the National Academy of Sciences, as Chairman of the Committee
on Environmental Monitoring, Marine Sciences and Pollution
for the U. S. Coast Guard, and divers others.
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Small spacecraft mission to Venus

National Aeronautics and Space Administration is beginning
to plan for several lower-cost missions to Venus for the midand late 1970's. The Planetary Explorers, which would use
spin-stabilized, Explorer-class spacecraft, could be flown
as orbiters or probes into the Venusian atmosphere.
Although the missions are not yet authorized, NASA
called for preliminary proposals in August in order to
insure that initial engineering planning will be compatible
with scientific requirements. The probe missions will study
the nature and composition of the Venusian clouds, the
composition and structure of the atmosphere to the surface
of the planet and the general circulation of the atmosphere.
Orbiter missions will carry instrumentation to study the
detailed structure of the upper atmosphere and ionosphere
by direct measurement, the interaction of the solar wind
with the Venus ionosphere and the magnetic field in the
vicinity of the planet, the characteristics of the atmosphere
and surface of Venus on a planetary scale by use of remotesensing experiments, and gravitational field harmonics from
perturbation of the orbit.
The proposed spacecraft are estimated to weigh between
340 kg and 400 kg. Orbiting missions would carry 23 kg to
45 kg of scientific instruments. For probe missions the craft
would carry about 34 kg of instrumentation with some
11 kg on the spacecraft bus which would impact on the
planet following probe separation.
NASA is now planning to launch the first craft in
December 1976 at the earliest. Scientists are defining the
typical payload for initial mission and will recommend subsequent orbiter and probe missions for the 1978 and 1980
opportunities. Final proposals for the early missions will be
submitted on 1 November and selection of scientists to
participate is planned by 15 December.
Mission definition for the Planetary Explorers will be
handled for NASA's Office of Space Science and applications by the Goddard Space Flight Center, Greenbelt, Md.
(More news and notes on page 914)
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Preprint Volume

14th RADAR METEOROLOGY CONFERENCE
TUCSON, ARIZONA

The American Meteorological Society
held its 14th Conference on Radar
Meteorology, November 17-20, 1970
at Tucson, Arizona. A Preprint Volume
comprising over one hundred papers
(including figures and illustrations)
brings recent research in radar meteorology into focus. The papers discussed at the Conference and included in the Preprint Volume were
contributed mainly from the United
States but a number of papers were
submitted from Canada, England,
India, Japan, Norway, Switzerland and
South Africa. The following main
topics are covered in the Preprint
Volume:

HAIL . . . CLEAR AIR ECHOES . . . CLEAR AIR ECHOES: CAT . . . DOPPLER
RADAR: CONVECTIVE CLOUDS . . . DOPPLER RADAR: PRECIPITATION . . DOPPLER RADAR: SNOW AND TURBULENCE . . . REFLECTIVITY AND
POLARIZATION . . . MEASUREMENT OF RAINFALL . . . LIDAR . . .
THUNDERSTORMS . . . MESOSCALE ANALYSIS . . . HURRICANES AND
CYCLONES...DATA PROCESSING: DIGITAL DATA...DATA PROCESSING
PAGES: 465

PRICE: $20
$15 AMS members

SEND ORDERS TO:

AMERICAN METEOROLOGICAL SOCIETY
45 Seacon Street
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