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ABSTRACT

FUNCTIONAL PRECISION OF NATIONAL WEATHER SERVICE
UPPER-AIR MEASUREMENTS USING
SPACE DATA DIVISION RADIOSONDE (MODEL 909-10-01)

Test and Evaluation Branch, National Weather Service, NOAA
Sterling, Va.

-~ The functional precision of Space Data Corporation
Model 909-10-01 (SDC) radiosonde was determined using
the National Weather Service functional analysis test
package. The comparisons were made from 45 flights of
paired radiosondes suspended from the same balloon. The
two sondes were vertically separated by about 10 meters
and, for this report, functional precision is given by
the standard deviation of the differences (0-D) between
measurements made by 2 sensors of the same type exposed
to the same environment. Results are summarized for
simultaneous measurements at one minute intervals as
well as measurements at a predefined set of pressure
levels. These tests were conducted for the acceptance
of contract production samples and results are reported
here for use by the meteorological community in
specifying the characteristics of this radiosonde which
began operational use in February of 1989.

For comparisons made at one minute intervals, the
overall functional precision for temperature was 0.3°C
and ranged from 0.2 to 0.4°C. For altitudes below the
100 mb level, the precision for pressure ranged from
1.3 to 3.0 mb and 1.3 to 1.6 mb above, with an overall
value of 2.1 mb. Relative humidity precision was 2%.

For comparisons made at predefined pressure levels, the
functional precision for height ranged from 2 meters at
850 mb to 16 meters at 100 mb and 33 meters at 20 mb.
For altitudes below 100 mb, the temperature precision
ranged from 0.2 to 1.0°C and from 0.5 to 2.0°C above.
Relative humidity precisions ranged from 1 to 4%.

Compared to the VIZA (Model 1492-510) time commutated
sonde, precisions for data sampled at the same time for
temperature and humidity were about the same and
worsened for pressure. Both tests used the same
automated data recording and reduction methods.
Differences in performance are mainly attributed to the
radiosonde design and sensor differences.
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1. BACKGROUND

Functional Testing is a procedure which determines bias and
variability between data sets of meteorological measurements made
by two separate instruments or observation systems which are
exposed to the same environment at the same time. If the data
sets are provided by identical systems, the root mean square of
the differences (RMSD) is a measure of variability and is termed
the Functional Precision. If they are provided by dissimilar
systems, the RMSD is termed Functional Comparability and the mean
of the differences is the bias. For upper-air testing, the data
can be compared not only at the same time but also at the same
pressure. The terms and testing procedures were developed by
Walt Hoehne in 1971 and functional tests on the operational NWS
radiosondes were performed in 1973 and 1979 (Hoehne, 1971, 1980).

The National Weather Service (NWS) has been flying Space Data
radiosondes since 1989. 1In 1988, the production contract for the
VIZA sonde had expired and the (NWS) awarded a contract to Space
Data Corporation (SDC) for the production of radiosondes for
synoptic soundings at 15-20 of its U.S. stations. SDC is now
Space Data Division of Orbital Sciences Corporation. At the same
time, a contract was also awarded to the VIZ Manufacturing Co.
for production of radiosondes for 60-65 U.S. stations.

The advantage of introducing another, independent source for
radiosondes is to insure an adequate supply to continue
operations if a manufacturer's production capability is lost or
diminished. Also, increased competition among vendors
theoretically improves cost, efficiency and product quality. A
major disadvantage of a multi-sonde network is that it produces
an inhomogeneous synoptic data set which, when used for model
initialization, can severely degrade analyses and forecasts.
Modeling techniques cannot totally compensate for this type of
data anomaly. Also, changes in the radiosonde sensors and their
characteristics limit the usefulness of radiosonde data for long
term climatological studies. Other disadvantages include a
significant increase in the test and evaluation requirements. It
is necessary to determine the functional precision of a
radiosonde and its comparability to any other radiosonde in
concurrent or previous use.

Early in 1988, the NWS Test and Evaluation Branch within the
Engineering Division of the Office of Systems Operations
initiated tests in support of the new radiosonde procurement.
Both replacement radiosondes were designed according to
functional specifications which gave the manufacturer maximum
flexibility towards meeting performance requirements. Formal
acceptance of the VIZB and Space Data sondes followed successful
performance testing. The VIZA sonde, introduced in 1986, was
phased out by February 1989, when all conterminous U.S. and
Alaskan stations had switched to the VI2ZB or Space Data sonde.

1



The radiosonde designed and built by Space Data has significant
electronic and physical differences from both VI2 sondes. The
major differences are in the type of temperature and pressure
sensors and the exposure of the humidity sensor. The hygristor
is the same as the VIZB, being provided by VIZ Manufacturing Co.
However, the placement of the hygristor differs, being mounted
inside a painted, "gn shaped duct for the Space Data sonde.

Functional precision testing of the VIZA and Space Data sonde,
and functional comparability testing of the VIZA to the VIZB and
Space Data sondes are described in separate test reports. a
paper summarizing all test results was presented at the Upper-Air
Measurements and Instrumentation Workshop, November 14-16, 1989,
at Wallops Island, VA and at the American Meteorological
Society's Seventh Symposium on Meteorological Observations and
Instrumentation, January 14-18, 1991, at New Orleans, LA (Ahnert,
1991). A few differences may exist between the test results
reported herein and those in the paper due to subsequent data
editing for better quality control and statistical accuracy.



2. INSTRUMENT DESCRIPTION

The Space Data (Model 909-10-01) radiosonde is an expendable
instrument package that is suspended below an ascending balloon.
The radiosonde measures the vertical profiles of pressure (P),
temperature (T), and relative humidity (U) of the atmosphere
through which it ascends. These parameters are measured by
sensors and the measurements are transmitted to the ground by
radio. The Space Data radiosonde (Figure Al) consists of
sensors, telemetry electronics, radio transmitter, and a wet-cell
battery enclosed in a styrofoam case. The radiosonde physical
dimensions are 4 X 8.5 X 10.5 inches and weighs 530 gm with
activated battery.

The Space Data radiosonde transmits meteorological data to the

- ground receiving equipment using a 1680 MHz carrier wave which
has been amplitude modulated into a pulse-train. The met data
information is contained in the pPulse repetition frequency, which
may range from 100 Hz to 1 KHz and varies with the value of the
parameter being measured. Each quarter second, the transmitted
Pulse-train is sequentially switched (time-commutated) between P,
T, U, and the internal reference. The Space Data sonde repeats
the same PTU data, which produces a cyclic pulse-train which
represents a nominal two second sampling rate of the
meteorological parameters by the radiosonde.

The pulse-train repetition frequency is controlled by sensor
resistance, which varies the output of an audio frequency
oscillator, referred to as the Met Data Oscillator (MDO). The
sensor resistance is a function of the meteorological parameter
being measured. High resistance causes the MDO to oscillate at a
low frequency and visa-versa. The pulse repetition frequencies
from pressure, temperature, and humidity sensors and internal
reference are time-commutated in the MDO circuit (Systex, 1990).

The Space Data and VIZ radiosondes encode meteorological data in
a similar manner. They modulate the frequency of an audio
frequency oscillator, referred to as the Met Data Oscillator
(MDO). The MDO frequency is controlled by the resistance of a
sensor. This resistance is related to the value of the
meteorological parameter that the sensor measures. A high
resistance causes the MDO to oscillate at a low frequency and
visa-versa. These resistance values, reported by the pressure,
temperature, and relative humidity sensors, along with an
internal reference resistance, are time commutated into the MDO
circuit. The MDO amplitude modulates a 1680 Miz radio-frequency
carrier wave that is transmitted to the ground receiving
equipment (Systex, 1990).



The Space Data radiosonde uses a Barometric Integrated
Temperature controlled Solid-state Sensor (BITSS) as its pressure
sensor. BITSS is an aneroid pressure capsule which uses a
silicone diaphragm with imbedded piezoresistive strain gauge.
The silicone diaphragm is mounted on a thermostatically
controlled pyrex substrate and packaged in a TO-5 transistor.
External pressure linearly deflects the diaphragm toward the
Pyrex and the amount of deflection is measured by a wheatstone
bridge using the imbedded strain gauge. A heater keeps the
pressure cell at a constant 55°C. Direct pressure measurements
are obtained for each data frame because the BITSS produces a
resistance which is a continuous function of pressure. Each
pressure cell is individually calibrated by Space Data.

The temperature sensor is a ceramic chip thermistor, which has a
negative thermal coefficient, produced by Victory Engineering
Company (VECO). VECO calibrates the thermistor and provides
three calibration coefficients to Space Data for use in an
expanded linear transform equation. It is coated at Space Data
with a water repellant silicone and with white lead carbonate
paint to minimize the effects of solar radiations. Coated
diameter is 0.095 inches. Solar and Infrared exposure of the
sensor can cause positive/negative errors (Schmidlin, et. al.
1986) . The thermistor is mounted on wire leads from a flexible
flat plastic boom extending 5 inches from the radiosonde case.

The humidity sensor is the same carbon hygristor used in the VIZA
and VIZB. It consists of a strip of plastic (2.5 X 0.7 X 0.03
inches) which has been dipped in a mixture of carbon particles
dispersed in a celluloid resin and then dried. When an electric
current is passed through the carbon-celluloid coating, it acts
as a resistor. The celluloid is sensitive to relative humidity
and expands or contracts with the amount of water vapor
available. This causes a greater average distance between carbon
particles and thus increases its resistance. As with
temperature, each sensor for a particular lot follows a
characteristic relative humidity-resistance curve family. Each
hygristor is then cycled through increasing and decreasing
humidity, and then scribed to produce the correct resistance at
the 33% lock-in value. Due to a change in the elastic properties
of the sensor materials near ~40°C, the NWS does not report
humidities for temperatures below that. Also, the transfer
equation that is used to convert resistance to humidity is
suspect at the low end and relative humidities below 20% are not
reported. To simplify humidity determinations, the transfer
equation uses the temperature sensed by the outboard thermistor
instead of the hygristor temperature. If a there is a
temperature difference between the two, the calculated RH is in
error. To reduce the temperature difference by shielding the
hygristor from solar effects and contact with hydrometers, it is
housed inside an "S" shaped duct passing from top to bottom
through the center of the styrofoam radiosonde case.
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3. TEST METHODOLOGY

Data from 45 dual radiosonde flights made between December 1988
and August 1989 were used for this test. Of these, 19 were
daytime, and 26 were nighttime releases. The initial operational
version of the Space Data radiosonde and software were used. A
dual flight consisted of two Space Data radiosondes suspended
from one balloon. All flights for this test were made at the
Sterling Research and Development Center, Sterling, VA located 20
miles west of Washington, D.C..

3.1 RADIOSONDE PREPARATION/RELEASE

A 600 gram or larger balloon was prepared and filled with
hydrogen gas to a nozzle lift of 2400~-2900 grams. The balloon
train included 2 parachutes and terminated with the two Space
Data sondes vertically separated by 30 feet. Earlier versions of
the SDD radiosonde were found to be sensitive to frequency
interference from other sondes when space horizontally. Later
testing has revealed that the frequency sensitivity problems have
been corrected. The train length ranged from 120 feet, for
release in low wind speeds, to 50 feet, for release in strong
winds.

Both Space Data radiosondes were prepared and released according
to standard NWS operating procedures (NWS, 1981). The
transmitter frequencies were adjusted so that the separation was
at least 10 MHz. All radiosondes used for these tests passed a
baseline test requiring that the sonde measured pressure be
within +5.0 mb of station pressure.

All of the flights were performed after dual remote control units
were installed at the release site. This, combined with a radio
triggered release switch, allowed for 1 person releases in low
surface winds and 2 person releases otherwise.

3.2 GROUND EQUIPMENT

The ground equipment consisted of two ART systems and
minicomputers, designated ART-1R and ART-2R. Both system
configurations were identical to operational NWS equipment. The
ART-1R uses a GMD type radiotheodolite and the ART-2R uses a WBRT
type radiotheodolite. Most of the electronics are solid state.
Differences between the systems occasionally result in
differences in signal strength and noise levels but will not
induce any biases in the pressure, temperature, and humidity
data. Since wind data characteristics are primarily a function
of the ground equipment and not the radiosonde, they were not
analyzed as a part of this test.



3.3 DATA REDUCTION

The Space Data sonde uses a 1680 MHz carrier wave to cyclically
transmit the sensor data, as a pulse-train, at a nominal rate of
once per second. The cycle's (i.e., data frame) sequence
corresponds to sensed pressure (P), temperature (T), relative
humidity (U), and high or low reference values. The pulse-train
for each parameter is transmitted for a quarter of the cycle and
is referred to as the data sub-frame for that parameter. For
each sub-frame, the sensor resistance, which corresponds to the
parameter's value, determines a pulse repetition frequency
between 100 and 1 KHz. During the sub-frame transmission, the
MDO modulates the amplitude of the carrier wave so that it is
large for a period which corresponds to the correct pulse
repetition frequency for the value of the met parameter. The
radiosonde signal is then received and automatically tracked by
the radiotheodolite's parabolic antenna. The ART receiver
amplifies the subframe signal to 0.5 volts. The pulse~-train
signal is sent to the ART Interface Board (ARTIB) located in the
minicomputer. For each sub-frame, the ARTIB measures the time of
arrival for each pulse and interrupts the minicomputer.

Using the ARTIB generated interrupts, the minicomputer software
synchronizes with the radiosonde commutation cycle, computes
average period values for reference and each data subframe, and
stores the data. After synchronization, the data is filtered,
using a histogram technique. This separates the dominant
frequency from the noise and assigns a data quality indicator for
each parameter subframe. From the sub-frame data, an average
value for a six second interval is calculated for pressure,
temperature, relative humidity, and reference frequencies. This
produces a data set with an effective 0.1 minute sampling rate.
The frequency data form the data set stored on the minicomputer

system tape.

Although the minicomputer continues on to select mandatory and
significant levels and compose messages, that information was not
used for these tests. Following each flight the 6 second
frequency data were transferred from the system tape to a second
log tape. Then the microcomputer was booted from a special
system tape and a program run to dump the data from the log tape
to a microcomputer at 2400 bps. The microcomputer then dumped
the data to a floppy disk.

The data reduction was done on the microcomputer. Surface and
radiosonde administrative data were entered. The microcomputer
processed the 6 second frequency data into meteorological units
of pressure (mb), temperature (C), relative humidity (%), and
height (m). From this 6 second met data, one minute and
mandatory level data were extracted, put into the "RAWIN.DAT"
file and written to floppy disk.



The one minute data were obtained by extracting the met data from
the 6 second data period which contained the whole minute. If )
the met data value was missing for the 6 second data, it was also
reported as missing for the one minute data (i.e., no
interpolation was performed).

The mandatory level data were obtained from the 6 second
frequency data by first interpolating, to the nearest 0.06
second, the time when the radiosonde reached the mandatory
pressure. Then interpolations were performed using the 6 second
frequency data bracketing the mandatory level. If either of the
6 second values was missing the mandatory level value was also
reported as missing.

The two floppy disks containing the RAWIN.DAT files for the two
radiosondes flown were then clearly identified and catalogued.
When time permitted, the dual flight data were loaded into the
Functional Analyses Testing Package (FATP). This software
package runs on a 80286 microcomputer and consists of off-the-
shelf database, statistics, and graphics software. These have
been integrated with customized software to perform functional
analyses of dual radiosonde data. After entering the data from
each flight, it was plotted and reviewed. All statistics, tables
and figures contained herein were produced by the FATP.

For the computation of the root mean square of the differences
(RMSD), the number of samples, N, was used. For the computations
of standard deviation of the differences (0-D), N-1 was used. As
a result, for cases of small N (less than 100), some of the
computed o-D's are larger than the corresponding RMSD. For
consistency, N-1 should have been used for both. However, the
effect of such a change on the reported results would be
insignificant. If desired, they can be adjusted by multiplying
the reported RMSD by 1.0 + 0.5/N (note: this correction is valid
for N greater than or equal to 10). It can be seen that, for
N=10, the difference is 5 percent, for N=50 it is 1 percent, and
for N=100 it is 0.5 percent. For N greater than 100 the
correction is very small. When N is less than 100, due to the
limited sample size, the RMSD and o-D are only rough estimates.



4. COMPARIBON BY TIME

The time comparisons for pressure, temperature, relative humidity
and dew-point depressions were made using the one minute data.
One minute heights were extracted from heights calculated from
the 6 second data. If that height was missing, no interpolation
was performed. Since radiosondes were separated 30 feet
vertically, they were sampling slightly different conditions at
the same time. Given the nominal ascension rate of 5 meters per
second, the bottom sonde reached any height approximately 2
seconds after the top sonde. The effect on the statistics
depends on how much variation occurs in those 2 seconds (10
meters) and whether the cumulative variations are systematic or
random. The Functional Analyses Testing Package (FATP) computed
simultaneous differences between the two sondes (i.e., top minus
bottom) for pressure, temperature, relative humidity, dew-point
depression, and height for each minute of flight. The root mean
square of the differences (RMSD) was used to determine the
radiosonde's functional precision for that parameter. However,
if systematic biases (mean differences) are attributable to the
vertical separation, then the standard deviation is used. This
eliminates the effects of systematic biases on the functional
precision (Hoehne, 1980). The kurtoisis (flatness) for a normal
distribution has a value of 3.0.

Histograms, frequency tables, scatter plots and linear
regressions were also generated using the FATP software. Where
possible the measurement range was divided into intervals and the
functional precision for each interval was computed. This can
provide insight on the variability of performance over the
measurement range. For pressure, temperature, and relative
humidity, precision was also computed for intervals of pressure
corresponding to analyses done during the World Meteorological
Organization (WMO) international radiosonde intercomparisons.

4.1 PRESSURE

For the total population, 84.8% of pressure differences by time
were between *2.0 mb, 64.8% were between *1.0 mb and 02.1%
exceeded 3.0 mb (Figure 1, Table 1). The relative frequencies
for the magnitude of pressure difference occurring within a
difference interval are given for 7 pressure layers (Table 1).

The scatter plot (Figure 2) shows a number of points from flight
#383 where secondary pressures exceeded primary pressures by up
to 14.2 mb. Figure A-2 shows the pressure difference for each

minute of flight #383 and indicates that one or both radiosondes

had large pressure errors.



Because of the 30 foot vertical separation between radiosondes,
the standard deviation of the differences (o-D) is used to
indicate functional precision. However, the differences between
root mean square of the differences (RMSD) and the o-D are very
small.

The overall functional precision (o-D) for pressure by time is
2.1 mb. For the 7 pressure layers, precisions ranged from 1.3 mb
between 50 and 100 mb, to 2.4 mb between 100 and 500 mb (Table
1). A table and graph with precisions for 14 pressure intervals
used in the WMO intercomparisons are alsoc included (Figure 3,
Table 3).

The overall functional precision of the Space Data sonde for
pressure by time is 0.8 mb worse than the VIZA used by NWS from
1986-1989 (Ahnert, 1990b) and 0.2 mb worse than the VIZ Pressure
commutated radiosonde tested in 1980 (Hoehne, 1980). This
precision slightly exceeds the 12.0 mb tolerance of the current
specification, however, it would have to exceed 12.2 mb before
the o-D would be statistically significant.

The mean pressure differences (bias) of -0.9 mb from 850 to 1010
mb and -0.7 mb from 500 to 850 mb closely match the expected bias
caused by the 30 foot vertical separation. As expected, above
this level, the differences become smaller and are not
significantly different from 0. The significance criteria used
is from section 3.2 of Hoehne (1977) with the assumption that for
one minute pressure data the number of independent samples is n =

N/4.

Recent tests revealed that a gel coating used on the pressure
cell was hygroscopic. Absorption of water vapor by the gel
caused long-term calibration drifts in the baseline pressure.
During a flight, the sensor is heated to 55°C and tends to purge
the absorbed water from the gel. This process affects the sensed
pressure in the following way. The difference between the
factory calibrated pressure and that measured during the
preflight baseline procedure is used as a percentage to correct
pressures throughout the flight. As the gel is purged of water
during the flight, the pressure cell should recover to its
factory calibration and the applied baseline pressure correction
would be no longer applicable. Also, the corrections applied to
both sondes would affect the statistics by guaranteeing a
constant pressure difference percentage between the two sondes
for the whole flight. In summer 1589, Space Data began sealing
the BITSS with tape that was removed before the sonde was used.
In spring 1990, a further modification was made which bypasses
the hygroscopic problem by eliminating the gel coating as well as
taping the BITTS during shipment/storage.



4.2 TEMPERATURE

For the total population, 93% of the temperature differences by
time were +0.5°C or less (Figure 4, Table 4). The relative
frequencies for the magnitude of temperature difference occurring
within a difference interval are given for 7 temperature
intervals (Table 4).

The scatter plot (Figure 5) shows increasing scatter at lower
temperatures and some anomalous points belonging to flight #383
(Figure A-2). For flight #383, differences up to 6°C occurred
for 5 minutes.

The overall functional precision (o-D) for temperature by time is
0.33°C (Table 4). For the 7 temperature intervals, precisions
ranged from 0.23°C between -20 and -5°C, to 0.33°C between =90
and -60°C. Due to the small sample size (42), the 0.71°C
precision for warm temperatures should be used with caution.
However, because of the vertical radiosonde separation and large
lapse rates near the surface on summer days, it would be expected
to be worse for warm surface conditions than for cooler.
Precisions of temperature for 15 pressure intervals used in the
WMO intercomparisons are given in Figure 6 and Table 6.

Overall functional precision of the Space Data radiosonde for
temperature compared by time is nearly the same as the 0.34°C
found for the VIZA (Ahnert, 1990b). This is well within the

0.5°C tolerance of the current specifications.

Mean difference (Bias) for 7 ranges of temperature are given in
Table 4. They ranged from +0.09°C to -0.04°C. A small negative
bias is expected in the troposphere, where the temperature
decreases with height combines with the 10 meter vertical
separation between radiosondes. The opposite is expected in the
stratosphere, where the temperature increases with height. This
is shown in the data. The anomalous bias of +0.09 (top sonde
warmer) between 20 and 35°C is not reliable due to the small
sample size (42 cases).

The stratospheric bias reversal is evident in the data given
Tables 4 and 6, and Figure 6. For the temperature interval

from -90 to -60°C, the 0.08°C size of the positive bias (i.e, top
sonde warmer than bottom sonde) is surprising. Based on the
number of independent samples (548/4=137), it is statistically
significant.
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A possible explanation is the difference in radiative transfer
between the sonde thermistors and the balloon (Tiefenau and
Gebbeken, 1989) or temperature wakes caused by the balloon (Ney,
et. al 1961). At 20 mb, a balloon can expand to a 20 foot
diameter. For a normal release, the balloon is normally 100 feet
from the top sonde and 130 feet from the bottom sonde. For a
release in high surface winds, it would be only 50 and 80 feet
away from them. 1In the tropopause, the sounding would be between
warmer parts of the atmosphere and both solar and infrared
effects would be important. Upward and downward infrared
radiation would tend to heat the balloon relative to the ambient
air. Infrared energy could be transferred from the enlarged
balloon to the thermistors. In addition to this, the balloon
would warm air flowing around it, leaving a laminar temperature
wake which the radiosondes might encounter at different times.

Despite all the interesting potential effects caused by the
vertical separation and balloon, the biases are less than the
resolution of the temperature measurement and the functional
precision values taken from the standard deviation or root mean
square of the differences are virtually identical.

4.3 HUMIDITY

Relative humidity is measured by the radiosonde hygristor in
terms of electrical resistance. It is converted to dew-point
depressions for message coding and transmission to other users.
To determine a measure of humidity from the dew-point depression,
the temperature must be known, 80, if the temperatures reported
by both sondes used in the comparisons are not the sane, the dew-
point depression differences do not give a pure measure of the
humidity statistics but rather a combined measure of temperature
and humidity statistics which are difficult to objectively
analyze.

4.3.1 RELATIVE HUMIDITY

For the total population, 98.2% of the Relative Humidity
differences by time were 5% RH or less (Table 7). Relative
frequencies of the magnitude of relative humidity differences
occurring within a difference range are given for 10 humidity
intervals (Table 7).

The scatter plot (Figure 8) shows a large amount of variance

throughout the humidity range. The largest relative humidity
difference was 40.6% RH (Table 8).
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Overall functional precision (0-D) of relative humidity by time
is 2.2% RH (Figure 7, Table 7). For the 10 relative humidity
intervals, precisions ranged from 1.50% between 70 and 80% RH to
2.72% between 10 and 20% RH. Precisions for 5 pressure intervals
used in the WMO intercomparison tests are presented in Figure 9
and Table 9.

Except for the first WMO pressure interval, the data given in
Figure and Table 9 reveal a slight trend of worsening precision
with decreasing pressure. The 2.9% RH precision for the first
pressure interval was calculated from a small sample size (55)
and should be used with caution. This interval also includes
effects caused by preflight variations in exposure or poor
initial flight ventilation.

The overall functional precision of the Space Data sonde for
relative humidity by time was 0.1% worse (larger o-D) than the
2.1% RH found for the VIZA (Ahnert, 1990b). The precision was
within the 5.0% RH tolerance for the current specification.

Except for the -0.88% RH mean difference of the 40 and 50% RH
interval, the biases were small and ranged from -0.54% to 0.34%.
Based on the number of independent samples (134), the -0.88%
value is significant (Hoehne 1980). This large negative bias may
be accounted for by the vertically separated sondes exiting cloud
layers with the top sonde reporting the lower humidities first.
The differences can be large and will be negatively biased. The
humidity v. time plot for flight #291 (Figure A-4) shows this at
minute 9, where a difference of about -15% RH is recorded. A
less possible cause is the lower sonde swinging through the vapor
wake from the top sonde's wet-cell battery. 1In contrast to mean
differences (bias), which are largest in the middle of the
measurement range, the greatest scatter (variance) occurs at low
and high humidities (Figure 8).

The standard NWS 20% humidity cutoff was not applied to these
data since it would have caused considerable problems with the
statistics. Please note, however, that the accuracy of
humidities below 20% calculated using current NWS equations is
questionable so indicated precisions at these humidities may not
reflect a trend in precision for the measurement range.

4.3.1 DEW-POINT DEPRESSION
The overall functional precision (¢-D) of dew-point depression by
time is 2.8°C (Table 10). This is 0.7°C better than the VIza

(Ahnert, 1990b) and the 0.9°C better than the VIZ pressure-
commutated radiosonde (Hoehne, 1980).
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Unfortunately, statistics computed in these and Hoehne's tests
are affected by the NWS practice of reporting a 30°C dew-point
depressions 20% RH or lower. This affects the statistics in the
following two ways. First, when both sondes are measuring 20% RH
or less, both get assigned depressions of 30°C, and a false
number of cases indicating no differences are used in the
statistics. Secondly, if one sonde measures slightly above 20% RH
and the other measure 20% RH or less, an artificially large
difference value is used in the statistics. The large
differences are visible in the histogram of dew-point depression
differences (Figure 10). These two effects tend to cancel each
other out to some extent but it is not known whether the net
effect is to increase or decrease the estimated functional
precision.

4.5 HEIGHT

The overall functional precision (0-D) for height by time is 231
meters (Figure 11, Table 11). This is 128 meters worse (larger
0-D) than the VIZA sonde (Ahnert, 1990b). This figure should be
used with caution since a larger number of high altitude flights
were included in the Space Data sample and the effect of the 10
meter vertical separation was not removed.

Note that, except for winds, data versus heights obtained at the
same time are seldom used in meteorological analyses. Height
measurements of pressure levels are discussed in section 5.3.

Comparing the magnitude of height differences with height

produced a strong correlation of 0.48 (i.e., more height scatter
at greater heights).
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Figure 1. Histogram of Pressure Difference sampled at same time of flight
Normal curve computed from sample mean and standard deviation.

o Absolute Pressure Difference Interval

.. SAMPLE ¢ MEAN RMS STD.DEV.
FROM 10 SIZE  FLIGNTS 0.0-0.5 0.6-1.0 1.1-1.5 1.6-2.0 2.1-2.% 2.6-3.0 »>s=3.1 OIFF. DIFF.  DIFF.
*eee R FERTWEeW
Relative Frequency in %.
1010.0 TRRU 1050.0 7 7 100.0 0.0 0.0 0.0 0.0 0.0 0.0
250.0 THRY 1009.9 240 48 36.7 15.8 17.1 21 e 4.2 63 -2 239 2.2t
500.0 THRU B49.9 696 ) 7.1 %.3 15.4 8.6 43 2.6 78 -8 237 2.2
100.0 TRRU 499.9 1607 " 40.2 %.4 12.3 8.3 48 1.5 8.7 31 240 238
50.0 THRY 99.9 430 % ».35 1.9 %4 6.0 67 1.2 6.3 280 LR 1,2
20.0  TIU 49.9 388 2 4.1 8.2 7.0 3.1 63 2.6 8.6 30 1.48 1.42
0.0 Ty 19.9 208 2 47.6 %.3 8.2 0.0 7.2 3.8 8.7 33 18T 1%
Ll
ALL k7] s 40.2 %.6 12.7 73 s.1 2.1 8.0 -3 216 2%
Table 1. Frequency of occurrence (%) of Absolute Pressure Difference within

selected pressure layers and for all data.
precision), and std. dev. of Pressure Difference for layers and
Sampled at same time of flight.

all data.
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Figure 2. Scatter plot of ‘primary sonde' Pressure versus '‘gsecondary sonde'
Pressure sampled at same time of flight. Regression line also
plotted.
SUPLE & OF MEAN STO DEV gMs  SXEV. ERT. CORR.  PRIN  PRIN SECOND SECOND DIFFER  OIFFER
SIZE FLIGNTS DIFF  DOIFF  DOIFF  DIFF  OIFF PLS nix WAX "IN (V] (1T MAX
3571.0 S .25 296 236 2.5 1540  1.00 770 1020.00  S5.90 1020.00 -%.20  7.20
Table 2. Pressure sampled at same time of flight. Mean, std. dev., Ims,

skewness, and kurtosis of differences. 'Primary sonde' and
'secondary sonde' correlation. Minimum and maximum Pressure and
Pressure Difference in mb.
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Figure 3. Mean/std. deviation of DPressure Difference within selected
pressure layers. Plotted values are mean differences (mb). Bar
gives +/- 1 std. deviation. Sampled at same time of flight.

na. SAMPLE  # OF PRIMARY  SECOMDARY NEAN S sTD
FRON 10 SIZE  FLIGHTS HEAN MEAN DIFF OIFF OIFF
Ao a4 ] e
9TS.0 TRRU  1049.9 55 35 991.99 992.43 kb 1.43 1.38
80.0 TRRU  97%.9 215 & 902,32 903.36 1,04 2.6 2.43
S89.0  TRRAU  £39.9 46 “% 705.91 706,66 .75 2.39 2.27
415.0  TERU  583.9 421 “ 497.78 496,26 -.48 2.36 R
245.0  TRRU  414.9 610 “ 323.09 323.69 - .60 3.06 3.00
164.0  THRU  244.9 % 42 202.06 202.19 -.13 1.96 1.96
119.0 TRRU  163.9 o7 36 140,72 140,74 -.02 1.3 1.34
8.0 THU  118.9 20 3% 100.99 100.77 2 1.26 1.2
8.9 THU 83,9 216 ] 7.0t 7.7 .30 1.31 1.28
41.8 ™Y 58.8 182 2 49.90 £9.61 .29 1.40 1.38
2.5 THRY 4.4 20 % 32.36 32.09 .26 1.43 1.43
16.4 ™Y %.4 140 2 20.34 19.88 46 1.54 1.48
1.9 THRY 16,3 93 19 14.16 13.78 .38 1.67 1.63
8.4 THRY  11.8 “ 12 10,38 10.36 .02 1.39 1.40

Table 3. Mean, mms (functional precision), and std. dev. of Pressure

Difference within selected pressure layers.
of flight.
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Figure 4.

DEG.
FROM 10

Histogram of Temperature Difference sampled at same time of
flight. Normal curve computed from sample mean and std. dev.

swpe # o Absolute Temperature Difference Interval .., %S STD.OEV.
SI2E  FLIGHTS 0.0-0.5 0.6-1.0 1.1-1.5  1.6-2.0 2.1-2.5 2.6-3.0 »s= 3.1 DIFF.  DIFF.  DIFF.

iy w

Relative Frequency in %.

200  THRU 34.9 &2 13 .3 %3 0.0 0.0 0.0 0.0 2.4 X .n N
5.0  THRU 19.9 =6 5 93.8 5.9 “ 0.0 0.0 0.0 0.0  -.01 .30 .30
5.0 THRU 4.9 322 3 9.7 4.0 3 0.0 0.0 0.0 0.0 -0 S 5
20.0 THRY -5.1 426 & 9.9 3.1 0.0 0.0 0.0 0.0 8.0 .04 2 .3
-40.0 Turyu -20.1 552 “ 0.7 43 “* 60 0.0 2 & -3 40 .40
+60.0 THRU -40.1 1425 4 0.8 8.6 X . 0.0 0.0 0.0 .01 3 3
«90.0 THRU +60.1 548 3¢ $0.0 9.1 7 4 0.0 0.0 0.0 .08 36 .33

s

AL N 45 2.6 6.8 “ .1 0.0 .0 . .0 33 .5
Table 4. Frequency of occurrence (%) of Absolute Temperature Difference

within selected temperature intervals and for all data. Mean, rms
(functional precision), and std. dev. of Temperature Difference
for intervals and all data. Sampled at same time of flight.
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Figure 5. Scatter plot of ‘'primary sonde' Temperature versus ‘'secondary
sonde' Temperature sampled at same time of flight. Regression
line also plotted.
SAPLE ¥ of NEAW STD DEV RMS  SKEW. KRT. CORR.  PRIN  PRIN SECOND SECOMD DIFFER  DIFFER
SIZE FLIGNTS  DIFF  OIFF  DOIFF  OIFF  DIFF PR Y] X Hin nax nn MAx
3571.0 4 .0 33 33 285 3445 1,00 -T1.10  28.60 -TI.20 28.80 -1.20 4.8
Table 5. Temperature sampled at same time of flight. Mean, std. dev., rms,

skewness, and kurtosis of differences. 'Primary sonde' and
'secondary sonde'! correlation. Mininum and maximum Temperature
and Temperature Difference in degrees C.
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Figure 6. Mean/std. deviation of Temperature Difference within selected
pressure layers. Plotted values are wean differences (deg. ).
Bar gives +/- 1 std. deviation. Sampled at same time of flight.
" SNPLE & OF PRINARY  SECONDARY AN s s
FROM 0 SIZE  FLIGHTS neAx NEAX DIFF DIFF oIfF
rewteew e
975.0 TR 1069.9 S5 35 12.36 2.7 09 40 .60
80.0 TR 974.9 215 &5 8.5 8.7 +.02 26 .26
S89.0 TMU  &39.9 49 &% .73 -n -.02 25 5
415.0 TMRU  588.9 621 “ ~15.50 “15.44 -.06 2% o2
2450  TRRU 44,9 610 & +37.07 -37.06 .02 39 39
166.0 TRU  244.9 3% &2 -54.80 -54.81 .01 27 27
119.0  TERU 1639 =7 36 +60.07 -60.13 .07 .53 32
8.0 ™Y 18,9 20 % -62.44 6251 .07 34 33
8.9 LT TR X 216 » -60.83 -60.91 .07 K7 73
41.8 MU ss.8 e 2 56.90 +§7.00 .10 34 .32
2.5 ™Y 414 20 2% 52,96 -53.00 0% 37 36
16.4 TRU  26.4 1%0 2 ~47.14 ~47.13 -.01 37 .37
1.9 T™HRU  16.3 o 19 -42.21 ~%2.17 -.04 .36 .36
8.4 ™U 1.8 “ 12 -38.53 -38.31 -2 &2 .36
0.0 THRU 8.3 5 4 +37.66 3.3 % ) 45 .36
Table 6. Mean, rms (functional precision), and std. dev. of Temperature

Difference within selected
!

nf flicht.

pressure layers. Sampled at same time
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Relative Humidity Differences by Timne
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Figure 7. Histogram of Relative Humidity Difference sampled at same time of
flight. Normal curve computed from sample mean and std. dev.
PERC suett # o Absolute R. H. Difference Interval - RS STDLDEV.
FRON 10 SIZE  FLIGNTS  0.0-2.5 2.6-5.0 5.1-7.5 7.6-10.0 10,1-12,5 12.6-15,0 > = 15.1  OIFF.  DIFF.  OIFF.
e RETTRTEY SENTRESY
Relative Frequency in %
90.0 Thmy 100.0 28 2 90.8 7.5 .9 “ - 0.0 0.0 34 LT 168
80.0  TNRU 89.9 %3 ] $0.9 4.9 1.4 2.1 7 0.0 0.0 -.10  2.06  2.06
70.0 THRU 79.9 148 n 90.5 9.5 0.0 0.0 0.0 0.0 0.0 -8 1.5  1.50
60.0  THRU 69.9 121 14 2.3 9.1 0.0 8 0.0 .8 0.0  -.51 2,15 2.09
50.0 TMU 59.9 » % 7.3 .6 1.1 0.0 0.0 0.0 0.0 -5 2.9 2.05
40.0  TIRY 49.9 132 2 8.1 1.2 K 0.0 0.0 0.0 00 -8 202 1.8
30.0 THRU 39.9 168 : ] 93.5 6.0 0.0 “* 0.0 0.0 0.0 -.21 1% 1,53
2.0 TR 29.9 27 % e 18.3 2.7 0.0 8 4 0.0 32 246 2.4
10.0  THRU 19.9 308 -] 95.4 3.0 7 .7 0.0 0.0 3 -2 an wm
00.0 THRY 09.9 14 1 0.0  100.0 0.0 0.0 0.0 0.0 0.0
ooy
AL 1598 4 87.7 10.5 K .5 3 .3 A -6 216 2.5
Table 7. Frequency of occurrence (%) of Absolute Relative Humidity

Difference within selected relative humidity intervals and for all

data.

Humidity Difference for layers and all data.
of flight.
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Figure 8. Scatter plot of ‘'primary sonde' Relative Humidity versus

'secondary sonde! Relative Humidity sampled at same time of
flight. Regression line also plotted.

SAMPLE ¥ OF MEAN STD DEV RHS SKEW. KURT. CORR, PRIk PRIN  SECOND SECOMD DIFFER DIFFER

SIZE FLIGHTYS DIFF DIFF OIFF DIFF DIFF Pes MIN MAX MIN HAX MIN HAX

1598.0 & -6 215 216 421 8738 100 8.80 96.90 1130 98.30 -13.90 40.60
Table 8. Relative Humidity sampled at same time of flight. Mean, std.

dev., rms, skewness, and kurtosis of differences. 'Primary sonde'’
and 'secondary sonde' correlation. Minimum and maximum Relative
Humidity Difference in percent.
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Mean Differences Relative Hunidity By Time
Group Name : SDCFP Solar Angle ! -9 To 90
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Figure 9. Mean/std. deviation of Relative Humidity Difference within
selected pressure layers. Plotted values are mean differences
(3R.H.). Bar gives +/- 1 std. deviation. Sampled at same time of

flight.
.. SANPLE # OF PRINARY SECOMDARY MEAN Rius $10

RO 0 SIZE.  FLIGHTS e AN DIFF OIFF O1FF
TRy »oee

S0 TRU 1069.9 ] ] 67.90 67.62 .2 .% 2.95
808 TRRU 9769 218 s n.mn n.m -.08 1.57 1.57
9.6 TRRU S99 9 “ 3.9 58,12 -6 1.76 1.75
4150 TRRU  S88.9 420 “ 47.42 47.43 -.02 1.8 1.8
5.0 TRRU  414.9 363 It 41.08 41,49 - 2.17 2.13

Table 9. Mean, rms (functional precision), and std. dev. of Relative
Humidity Difference within selected pressure layers. Sampled at
same time of flight.
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Dew Point Differences by Time
Grouy Nawme ! SDCFP
Solar Angle : -9 To 90
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Figure 10. Histogram of Dew-Point Depression Difference sampled at same time
of flight. Noraml curve computed from sample mean and std. dev.

.WLE ¢ of MEAN STD DEV RMS  SKEW. KmT. CORR. mix PRIN  SECOND SECOND DIFFER  DIFFER
SIZE  FLIGNTS DIFF DIFF DIFF DIFF DIFF PLs nin X (1] AX L1 MAX

1596.0 &5 .20 .m .80 2.6 .M -6 20 30.00 30 30.00 -24.30 1.9

Table 10. Dew-Point Depression sampled at same time of flight. Mean, std.
dev., rms (functional precision), skewness, and kurtosis of
differences. 'Primary sonde' and 'secondary sonde' correlation.
Minimum and maximum Dew-Point Depression and Dew-Point Depression
Difference in degrees C.
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Height by Tine
Grouy Nawme : SDCFP Solar Angle : -9@ To 90
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Figure 11. Scatter plot of ‘primary sonde' Height versus 'secondary sonde'
Height sampled at same time of flight. Regression line also
plotted.
SAPLE # Of MEAN  $TD DBV RMS  SKEW. KURT. CORR.  PRIN  PRIN SECONO SECOND DIFFER  OIFFER
$IZE FLIGNTS OIFF  OIFF  OIFF  DIFF  DIFF PLS nin ax NN MAX MIN MAX
3571.0 45 -1h.66 23136 I8 493  72.25  1.00 103,80 33444.8 103.30 351113 -3738.4 1682.10
Table 11. Height sampled at same time of flight. Mean, std. dev., rms,

skewness, and kurtosis of differences. 'Primary sonde' and
‘secondary sonde' correlation. Minimum and maximum Height
Difference in meters.
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5. COMPARISON BY PRESSURE

Comparisons by pressure are more useful to the operational
meteorologist since they represent the functional precision of
radiosonde data at a specific pressure. The derived statistics
can be directly applied to constant-pressure analysis and
forecast model initialization. For dual flights, two radiosondes
can report different pressures at the same time if their pressure
sensors have different response characteristics. 1In this case,
the comparisons of temperature, relative humidity, or dew point
depression made at the same reported pressure will be taken at
slightly different times and produce different statistics. For
example, at the surface, a 1 mb pressure difference results in
an approximate 2 second time difference. However, at 10 mb, this
results in an approximate 1 minute time difference. This time
difference contributes to the overall measurement differences
and, consequently, tend toward worse precisions (i.e., larger o-
D's).

However, height precisions by pressure are significantly better
than precisions by time. This is because height is not directly
measured by the radiosonde but is derived using the hypsometric
equation and, therefore, is a function of its measured pressure
and mean virtual temperature. Comparing height calculations from
measurements made by two sondes at the same time, the height
discrepancies are caused by the differences in measured pressures
and mean virtual temperatures. However, if height calculations
using measurements made at the same measured pressure are
compared, no difference in the measured pressures occur and only
the difference in mean virtual temperatures remains. Since the
mean virtual temperature calculation is insensitive to small time
differences when the sonde measures a common pressure, the
discrepancies in height are significantly less than those
compared at the same time and, consequently, the functional
precision is better (smaller o-D).

5.1 TEMPERATURE

For the total population, 83.9% of the temperature differences by
pressure were within 10.5°C (Figure 12, Table 12). As was done
for data at the same time, relative frequencies for the magnitude
of temperature difference occurring within a difference interval
are given for 7 temperature intervals (Table 12). Note that the
sample sizes are much smaller than for the comparisons by

pressure.

The scatter plot for temperature by pressure (Figure 13) shows a
few more outliers than that by time (Figure 5). Most occur at
temperatures below -40°C, as would be expected given the time
effects on comparisons by pressure as discussed in section 5.
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The overall functional precision (o-D) for temperature by
pressure is 0.68°C (Table 12). For the 7 temperature
intervals, precisions ranged from 0.29°C between -20 and -5°C to
a value of 0.84°C between -60 and -40°C. For the interval 20 to
35°C, the sample size is small and the precision should be used
with caution. Precisions and other statistics for various
pressure levels were computed (Table 18a). Sample sizes were
small and the statistics should be used with caution.

5.2 HUMIDITY

Relative humidity is measured by the radiosonde hygristor in
terms of electrical resistance. It is converted to dew-point
depressions for message coding and transmission to other users.
To determine a measure of humidity from the dew-point depression,
the temperature must be known, so, if the temperatures reported
by both sondes used in the comparisons are not the same, the dew-
point depression differences do not give a pure measure of the
humidity statistics but rather a combined measure of temperature
and humidity statistics which are difficult to objectively
analyze.

5.2.1 RELATIVE HUMIDITY

For the total population, 96.4% of the relative humidity
differences by pressure were within *5.0% RH (Figure 14, Table
14).

Except for fewer points, the scatter plot (Figure 15) does not
look much different from that for relative humidity sampled by
time (Figure 8). As stated earlier, accuracies of relative
humidities below 20 percent calculated using current NWS
equations is questionable so the precision at these values may
not reflect optimal performance.

The overall functional precision (0-D) for relative humidity
differences by pressure is 2.2% (Table 14). Precision and other
statistics for various pressure levels were computed (Table 18b).
Sample sizes were small and the statistics should be used with

caution.

S.2.2 DEW-POINT DEPRESSION
Overall functional precision (0-D) for dew-point depression by

pressure is 3.4°C (Table 16). Refer to section 4.4 for comments
on the validity of these precision numbers.
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5.3 HEIGHT

The scatter plot of heights compared by pressure (Figure 17)
contains no outlier points, indicating good precision throughout
the range. This precision is important to meteorological
operations since numerical models are highly sensitive to
inconsistencies and errors in pressure-level height calculations
based on radiosonde observations. The scatter of heights by
pressure can be compared with the scatter of heights by time
(Figure 11), which show significantly more scatter.

The overall functional precision (o-D) for the height by pressure
is 16.3 meters (Table 17). Precision and other statistics for
selected pressure levels are given (Table 18c). Theses
statistics are based on small sample sizes and should be used

- with caution. Below 900 mb, the precision of the pressure
heights is within 1 meter, above 900 mb the precision gradually
increases reaching 10 meters near 300 mb, 20 meters near 60 mb,
24 meters near 40 mb, and 30 meters near 30 mb. :

Comparing absolute height difference with height produced a

strong correlation of 0.54 (i.e., more height scatter at
increasing heights).
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Temperature Differences by Pressure
Group Name : SDCFP
Solar Angle : -98 To 9@
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Figure 12. Histogram of Teperature Difference sampled at same pressure.
Noral curve computed from sample mean and standard deviation.

saeie ¢ ¢ Absolute Temperature Difference Interval

DEG. RMS STD.DEV,
FROM 1o SIZE FLIGNTE 0.0-0.5 0.6-1.0 1.0-L5  1.6-2.0 2.1-2.5 2.6-3.0 > 3.9 DIFF.  DIFF.  pifr.
sree TREUTRNR SRwTERRY
Relative Frequency in %
0.0 THRY 34.9 2 13 76.2 19.0 0.0 2.0 0.0 0.0 .8 .28 .58 9%
5.0 THRU 19.9 7 3.1 ‘b 1.1 0.0 0.0 0.0 1.1 M 59 .58
5.0 THRU 4.9 3 ¥ e 6.5 0.0 0.0 0.0 1.1 0.0 -0 39 .39
-20.0 THRY -5.9 » “ 9.7 1.4 .8 0.0 0.0 0.0 0.0 .02 .28 .29
40,0 THRU -20.1 119 & 8.4 10.1 3.4 8 .8 .8 1.7 .05 .78 R
-60.0 THRU ~40.1 291 “ 7.0 2.7 3.8 2.7 7 3 a7 .06 .8 8
*90.0 T -60.1 101 % 82 1.9 3.0 2.0 0.0 0.0 1.0 .05 .57 .57
reee e oee - L
AL ] 48 8.9 10.1 24, 13 - “ 1.6 .05 .68 .68

Table 12. Frequency of occurrence (%) of Absolute Temperature Difference
within selected temperature intervals and for all data. Mean,
rms (functional precision), and std. dev. of Temperature

Difference for layers amz'.l8 all data. Sampled at same pressure.




Tenperatunre -t by Pressure
Grouy Name : SDCFP Solar Angle : -9 To 90
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Figure 13. Scatter plot of 'primary sonde! Temperature versus ‘'secondary
sonde' Temperature sampled at same pressure. Regression line
also plotted.
SANPLE & OF NEAX STD DEV [ SKEV. KBRT. CORR. ”min PRIN SECOND SECOND DIFFER DIFFER
SIZE FLIGNTS OIFF OIFF DIFF DIFF OIFF PLs nin WA NIN MAX L H ] MAX
£53.00 45 .05 .68 48 134 2113 1,00 <70.20 2860 -70.10 28.80 -3.00  5.20
Table 13. Temperature sampled at same pressure. Mean, std. dev., rms,

skewness, and kurtosis of differences. 'Primary sonde' and
‘secondary sonde' correlation. Minimum and maximum Temperature
and Temperature Difference in degrees C.
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Relative Hundity Differences by Pressure
Group Name : $DCFP
Solar Angle : -9 To 90

100

1

(1]

.-~

4

O Ry -y

12}

19

Latesdenraalnasentrstng INENNENNEENENSYRUREBEEN! Ledda ka1

) LA RN S N AN R NN TV T T T T [T T Y T T I e

S0, 10. 513, 002,5-40,0-7.5 -5.8 2.5 0,0 2.5 S5.8 1.5 10,0 12,5 15.0127,520.¢

R. H. Difference in %.

Figure 14. Histogram of Relative Humidity Difference sampled at same
pressure. Normal curve computed from sample mean and std. dev.

Absolute R. H. Difference Interval

PERC SANPLE # OfF HEAN RMS STD.DEV.
FRON YO SIZE FLIGHTS  0.0-2.5  2.6-5.0 5.1-7.5 7.6-10.0 10,1-12.5 12.6-15.0 > = 15.0 DIFF.  DIFF.  OIFE,

*ree 2

Relative Frequency in %

90.0  THRU 100.0 7 z» 8.7 10.4 0.0 2.6 1.3 0.0 0.0 65 2.4k 237
8.0 T 89.9 38 14 8.2 10.5 2.6 2.6 0.0 0.0 0.0 32 2.2 2.2
70.0  THRU 79.9 R 21 9.9 3.1 0.0 0.0 0.0 0.0 0.0 .66 132 1.8
60.0  THRU 69.9 ] 18 90.9 6.1 3.0 0.0 0.0 0.0 .0 -.15 165  1.67
50.0 THRU 59.9 28 20 n.é 17.9 7.1 3.6 0.0 0.0 0.0 4 2.8 2w
40.0  TRRU 49.9 & 2 75.0 2.5 4.5 0.0 0.0 0.0 0.0 121  2.47 2.1
30.0  TMRU 39.9 47 % 5.4 8.5 2.1 0.0 0.0 0.0 0.0 40 1.4 L7
20.0 Ty 29.9 [ 2% 8.8 13.6 3.0 1.8 0.0 0.0 0.0 42 2.2 2.2
10.0 TRy 19.9 ] 2 9.4 4.2 0.0 0.0 1.4 0.0 0.0 -37 1.8 188
00.0  ThRy 09.9 4 1 0.0  100.0 0.0 0.0 0.0 0.0 0.0

oee

ALL 44t 'Y 8.3 1.1 2.0 1.1 5 0.0 0.0  -.03 2.6  2.17

Table 14. Frequency of occurrence (%) of Absolute Relative Humidity
Difference within selected relative humidity intervals and for
all data. Mean, rms (functional precision), and std. dev. of
Relative Humidity Difference for layers and all data. Sampled at
same pressure.




Relative Humnidity by Pressure
Group Nawme : SDCFP Solar Angle : -9 To 90
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Figure 15. Scatter plot of ‘'primary sonde' Relative Humidity versus
'secondary sonde' Relative Humidity sampled at same pressure.
Regression line also plotted.

SAWPLE ¥ OF MEAK $TD DEV RHS SKEW. QRT, CORR. PRIM PRIN  SECOND SECOND DIFFER  DIFFER
$I12E  FLIGHTS DIFF DIFF OIFF DIFF DIFF PLsS NIN MAX NIK HAX NIN RAX
441,00 45 -.03 2.16 2.16 Ry, ] 9.53 1.00 .00 98.20 1.30 98.20 -12.30 1.10

Table 15. Relative Humidity sampled at same pressure. Mean, std. dev.,
rms, skewness, and kurtosis of differences. 'Primary sonde' and
‘secondary sonde' correlation. Minimum and maximum Relative
Humidity and Relative Humidity Difference in percent.
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Dew Point Differences by Pressure
Groupy Nawme ! SDCFP
Solar Angle : -98 To 90
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Figure 16.

SAPLE 5 OF
SIZE FLIGNTS

Histogram of Dew-Point Depression Difference sampled at same
pressure. Normal curve computed from sample mean and std. dev.

MEAN  5TD DRV s SKEW., KT, CORR. min PRIN  SECOND SECOMD DIFFER DIFFER
DIFF [2{]) DIFF OIFF OIfFF PLS nin RAX nin MAX nix MAX

441,00 45

Table 16.

-.18 3.40 3.40 -7 20.01 94 30 30.00 30 30,00 -17.30 17.30

Dew-Point Depression sampled at same pressure. Mean, std. dev.,
rms, skewness, and kurtosis of differences. 'Primary sonde' and
'gecondary sonde' correlation. Minimum and maximum Dew-Point
Depression and Dew-Point Depression Difference in degrees C.
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Height - by Pressure
Grouy Nawme : SDCFP Solar Angle : -9 To %20
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Figure 17. Scatter plot of 'primary sonde' Height versus 'secondary sonde'
Height sampled at same pressure. Regression line also plotted.

SAMPLE # OF MEAN STD DEV RNS SKEV. KT, CORR. PRIN PRIN SECOND SECOND DIFFER  DIFFER
SIZE FLIGHTS DIFF DIFF DIFF DIFF DIFF PLs NN WAX L3 NAX (1] MAX
833.00 45 1.90 16.16 16.27 1.76 12.42 1.00 90.50 33489.7 90.50 X3508.0 -63.50 103.40

Table 17. Height sampled at same pressure. Mean, std. dev., rms, skewness,
and kurtosis of differences. ‘Primary sonde' and ‘'secondary
sonde' correlation. Minimum and maximum Height and Height
Difference in meters.
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Table 18 a.

SDC Temperature Sensor Functional Precision Statistics
at Various Pressure Levels

Pressure Sample Temperature Difference: Temperature
(mb) ~Size [Mean o-D Kurt Abs Max] Range:
1000 37 .11 .97 16.34 4.7 27.9 to -8.5
900 45 .03 .29 11.86 1.4 21.5 to ~15.2
850 44 .01 .25 3.30 o7 18.2 to -19.3
700 44 .04 .26 3.64 .7 8.2 to -21.0
600 44 .02 .22 6.96 .8 2.2 to -25.7
500 43 -.03 .34 8.30 1.3 -6.0 to -30.6
400 44 -.03 .32 4.39 1.0 ~-16.5 to =-42.3
300 44 -.03 .36 6.71 1.3 -31.0 to -51.4
250 43 -.03 .63 14.36 3.1 <-40.7 to -57.7
200 40 .01 .40 4.54 1.2 -45.2 to -63.5
150 36 .13 .44 7.86 1.9 -48.6 to -68.1
100 34 -.03 .48 3.49 1.3 -56.0 to -70.1
80 31 .08 .45 4.11 1.3 -56.3 to -68.5
60 29 .13 .79 6.62 2.9 -52.9 to -70.2
50 25 .20 .58 5.62 1.7 -50.0 to -66.5
40 24 .11 .73 5.79 2.1 -47.5 to -68.7
20 19 .57 1.09 3.97 3.5 -39.9 to -56.2
15 17 .61 1.99 4.02 5.2 -36.7 to -48.9
10 5 -.16 .71 1.99 1.2 =-32.5 to -40.6
9 5 -.54 .73 2.05 1.8 =31.7 to -39.8
8 4 -.65 .91 2.27 2.2 '-30.5 to -38.9
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Table 18 b.

SDC Relative Humidity Sensor Functional Precision Statistics
at Various Pressure Levels

Pressure Sample Humidity Difference: Humidity

(mb) Size {Mean o-D Kurt Abs Max] Range:

1000 37 .71 3.55 4.44 11.1 98.0 to 30.4
900 45 -.05 1.35 4.53 4.4 98.1 to 16.9
850 44 .02 1.32 6.62 4.7 98.2 to 15.3
700 44 -.04 1.84 10.11 8.1 87.2 to 13.8
600 44 .39 2.15 5.89 7.7 96.0 to 11.3
500 43 -.14 1.45 4.79 4.3 94.9 to 11.3
400 41 -.25 2.51 14.13 12.3 88.3 to 13.1
300 44 .25 1.76 6.08 6.0 74.8 to 14.0
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Table 18 c.

SDC Height Calculation Functional Precision Statistics
at Various Pressure lLevels

Pressure Sample Height Difference: Height
(mb) Size [Mean o-D Kurt Abs Max] Range:

1000 37 .05 .37 23.44 1.7 278 to 91
900 45 .43 1.44 18.36 8.1 1144 to 928
850 44 .48 1.69 11.12 8.1 1637 to 1374
700 44 .62 2.78 5.97 10.2 3267 to 2861
600 44 .64 3.74 5.95 14.1 4525 to 4019
500 43 .57 5.15 5.95 18.9 5971 to 5345
400 44 «44 7.23 6.56 24.4 7683 to 6895
300 44 .35 10.43 8.18 41.4 9767 to 8818
250 43 .30 11.90 7.66 45.4 11018 to 10007
200 40 .73 14.49 7.40 54.7 12476 to 11441
150 36 2.10 16.72 6.81 60.0 14259 to 13286
100 34 1.22 16.47 5.95 57.2 16729 to 15830

80 31 .56 18.27 5.71 61.4 18111 to 17197
60 29 3.60 19.48 5.14 65.1 19947 to 18933
50 25 5.86 20.86 4.75 66.8 21117 to 20032
40 24 5.69 24.01 3.78 69.4 22578 to 21384
20 19 9.76 33.37 2.65 76.3 27233 to 25672
15 17 14.64 41.22 2.75 103.4 29199 to 27612
10 5 ~10.04 16.78 1.87 37.7 31923 to 31403
9 5 .10‘ 14.09 l1.32 17.7 32658 to 32104
8 4 -7.38 39.96 1.98 63.5 "33507 to 32950
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6. SUMMARY/CONCLUSIONS

The following summary and conclusions were drawn from this set of
functional precision tests:

The functional precision of Space Data Corporation Model 909-10-01 (SDC)
radiosonde was determined using the National Weather Service functional
analysis test package. The comparisons were made from 45 flights of paired
radiosondes suspended from the same balloon. The two sondes were vertically
separated by about 10 meters and, for this report, functional precision is
given by the standard deviation of the differences (¢0-D) between
measurements made by 2 sensors of the same type exposed to the same
environment. Results are summarized for simultaneous measurements at one
minute intervals as well as measurements at a predefined set of pressure
levels. These tests were conducted for the acceptance of contract
production samples and results are reported here for use by the
meteorological community in specifying the characteristics of this
radiosonde which began operational use in February of 1989.

For comparisons made at one minute intervals, the overall functional
precision for temperature was 0.3°C and ranged from 0.2 to 0.4°C. For
altitudes below the 100 mb level, the precision for pressure ranged from
1.3 to 3.0 mb and 1.3 to 1.6 mb above, with an overall value of 2.1 mb.
Relative humidity precision was 2%.

For comparisons made at predefined pressure levels, the functional
precision for height ranged from 2 meters at 850 mb to 16 meters at 100 mb
and 33 meters at 20 mb. For altitudes below 100 mb, the temperature
precision ranged from 0.2 to 1.0°C and from 0.5 to 2.0°C above. Relative
humidity precisions ranged from 1 to 4%.

Compared to the VIZA (Model 1492-510) time commutated sonde, precisions for
data sampled at the same time for dew-point depression improved, for
temperature and humidity were about the same and worsened for pressure.
Both tests used the same automated data recording and reduction methods.
Differences in performance are mainly attributed to the radiosonde design
and sensor differences.

For these tests, the impact of the 30 foot vertical separation on the
reported functional precisions is probably insignificant, except in the
case of temperature precision near the surface when large lapse rates
occur, the case of temperature precision for the =71 to -60°C interval
where balloon effects might have been a factor, and the case of relative
humidity precision for the 40 to 50% RH interval where some flights
experienced large differences as sondes exited clouds.

Vertical separation of the radiosondes complicates the analyses of data
from dual flights and should be avoided in the future unless absolutely

necessary.

Using the standard deviation minimizes biases due to the vertical
separation, but non-systematic effects cannot be eliminated.
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The utility of a new micro-computer based integrated system for graphical
and statistical analyses of dual radiosonde data was demonstrated.
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