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ABSTRACT

FUNCTIONAL PRECISION OF NATIONAL WEATHER SERVICE
UPPER-AIR MEASUREMENTS USING
VIZ MANUFACTURING CO. "B" RADIOSONDE (MODEL 1492-520)

Test and Evaluation Branch, National Weather Service, NOAA
¥ Sterling, Va.
The functional precision of VIZ Model 1492520 (VIZB)
radiosonde was determined using the National Weather
Service functional analysis test package. The
comparisons were made from 33 flights of paired
radiosondes suspended from the same balloon.
Functional precision is given by the root mean sgquare
of the differences 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 operational use started in 1989.

For comparisons made at one minute intervals, the
overall functional precision for temperature was 0.3°C
and ranged from 0.3°C to 0.4°C. The precision for
pressure ranged from 1.6 mb to 2.6 mb in the
troposphere below 100 mb, and 1.1 mb to 1.8 mb in the
stratosphere, with an overall value of 2.0 mb.
Relative humidity precision was less than 2 percent.

For comparisons made at predefined pressure levels, the
functional precision for height ranged from about 2
meters near 850 mb to 21 meters near 100 mb. The
precision for temperature ranged from 0.4°C to 0.6°C in
the troposphere to 0.5°C to 1.0°C in the stratosphere.
Relative humidity precisions were less than 3 percent.

Compared to the VIZA (Model 1492-510) time-commutated
sonde, precisions for data sampled at the same time for
relative humidity and dew-point were better (smaller
RMSD) remained about the same for temperature, and
became worse (larger RMSD) for pressure. Both tests
used the same automated data recording and reduction
methods. Differences are mainly attributed to the
radiosonde design modifications and sensor placenent.

vi



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. TIf 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 radiosondes
made by VIZ Manufacturing Co. (formerly Molded Insulation Co.)
since 1958. The VIZ Model 1492-510 (VIZA) was used in the NWS
synoptic upper-air network from 1986 until 1989. 1In 1988, the
VIZA production contract expired and the NWS awarded contracts to
VIZ Manufacturing Co. and the Space Data Corporation (currently
Space Data Division of Orbital Sciences Corp.). 'VIZ was to
produce the redesigned Model 1492-520 (VIZB) radiosondes for
synoptic soundings at 60-65 of the U.S. upper-air stations and
Space Data for 15-20 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 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 was phased out by February, 1989, by
which time all conterminous U.S. and Alaskan stations had
switched to either the VIZB or the Space Data sonde.

The VIZB sonde is similar to the VIZA sonde. The radiosonde
case, meteorological data oscillator (MDO), and transmitter
circuitry were redesigned and, although the pressure,
temperature, and humidity sensors remained unchanged, their
orientation, mounting and exposure changed with the new design.

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 VIZB (Model 1492-520) 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 as
it ascends. These meteorological parameters are measured by
sensors and the measurements are transmitted to the ground by
radio. The VIZB radiosonde (Figure Al) consists of sensors,
telemetry electronics, radio transmitter, and wet-cell battery
enclosed in a styrofoam case. The radiosonde physical dimensions
are 6.5 X 5 X 12 inches and weighs 640 gm with activated battery.

The VIZ 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 pulse 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. This produces a cyclic pulse-train which
represents a nominal one 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. A high resistance causes the MDO to oscillate at
a low frequency and visa-versa. The pulse repetition frequencies
from sensors for pressure, temperature, and relative humidity and
an internal reference are time-commutated in the MDO circuit.

(Systex, 1990).

The VIZB pressure sensor is the same used in the VIZA radiosonde.
It is a baroswitch which consists of an aneroid pressure cell
(evacuated diaphragm) which expands or contracts in response to
pressure changes. This expansion/contraction is mechanically
linked to a pen arm which moves (in a vertical plane) across a
set of discrete contacts. Each contact corresponds to a
particular pressure. Whenever the pPen arm moves from one contact
to another, a step change in resistance results in a
corresponding step change in telemetered pulse repetition
frequency for pressure. On the ground, the telemetered pressure
signal is converted to a pressure value by using the baroswitch's
calibration data. Each baroswitch is individually calibrated by
the manufacturer. The pressure sensor is located inside the top
part of the styrofoam case, along with the Met Data Oscillator
(MDO) board. The baroswitch is mounted in a differently than
that of the VIZA, resulting in a vertically oriented pen-arm
rather than horizontal.



The temperature sensor is the geme thermistor used in the VIZA
radiosonde. It is a rod abgut' Z inches long and a diameter of no
more than 0.05 inches, when coat:d. It is a negative resistance
therm}stor composed of a baked mixture of clay and iron filings.
It iz coated with white, lead carbonate paint in order toc reduce
the sciar radiation effects and to standardize its solar response
across production lots. At high altitudes, the white coating
does not strongly reduce the infrared influence of the
atmosphere. This can cause nighttime temperature errors in
excess of 1.5°'C when the sonde is above 10 mb (Schmidlin, Luers,
and Huffman, 1986). Each lot of thermistors is made from one
batch of the iron and clay mixture. For a given mixture, the
thermistors will follow a characteristic temperature~resistance
curve family. Each thermistor is calibrated by measuring its
resistance at two temperatures to determine the lock-in value for
its specific curve. In order to mitigate thermal influences from
the radiosonde case, the thermistor is mounted on coated wire
leads on the end of a stiff but flexible insulated wire which
extends 6.5 inches from the radiosonde and angled to a position
about 1 inch above the top of the case. This differs from the
VIZA which had the thermistor attached to a plastic frame
extending from the radiosonde.

The humidity sensor is the same carbon element hygristor used in
the VIZA radiosonde. 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, the carbon
hygristor, it is housed inside a "J" shaped duct within the top
half of the styrofoam radiosonde case. The surface of the duct
is coated with a black laminate intended to protect the hygristor
from heating by reflected soclar radiation. The hygristor in the
VIZB duct seems to be better insulated from solar and sonde
heating than for the VIZA sonde.



3. TEST METHODOLOGY

For this test, data from 33 dual radiosonde flights were used. Of
these, 15 were daytime and 18 were nighttime releases. The dual
flights consisted of two VIZB radiosondes suspended from one
balloon. Early in the test, a few triple releases were made,
which included a third sonde of another type. Triple flights
were discontinued after problems with radio frequency
interference and additional personnel requirements made them
impractical. All flights for this test were made at the Sterling
Research and Development Center, Sterling, VA located 20 miles
west of Washington, D.cC.

3.1 RADIOSONDE PREPARATION/RELEASE

A 600 gram or larger balloon was prepared and filled with
hydrogen gas to a nozzle lift of 2500-3000 grams. The balloon
train included 2 parachutes and terminated with a 6 foot
styrofoam spreader bar. The radiosondes were hung 3 feet below
each end of the horizontal spreader bar. The train length ranged
from 120 feet for low wind speeds to 50 feet in strong winds.

Both VIZB sondes were prepared and released according to standard
NWS operating procedures (NWS, 1981). The transmitters were
adjusted so the frequency separation was at least 10 MHz.

Initial releases required at least one person at the release site
and another person at the ground system console, located a half
mile away. Through radio contact and visual confirmation, the
release button at the console was pressed when the radiosondes
became airborne. During the initial period of this test, two ART
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 ART electronics are solid
state. Differences between the systems occasionally result in
discrepancies in signal strength and noise levels but these 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 VIZB sonde uses a 1680 MHz carrier wave to cyclically
transmit sensor data, as a pulse-train, at a nominal rate of once
per second. The cycle's (i.e., data frame) sequence corresponds
to the 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
parameters' value, determines a pulse repetition frequency
between 100 and 1 KHz. During the sub-frame transmission, the
MDO frequency 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 tl=n received and automatically tracked by
the radiotheodolite's :airabolic 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 the
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 subframe. From the sub-frame data, an average value for a
six second interval is calculated for temperature, relative
humidity, and reference frequencies. This produces a data set
with an effective 0.1 minute sampling rate. Since the frequency
of the pressure sub-frame will only change when the baroswitch
pen-arm reaches a different contact, the computer monitors the
sub-frame for these frequency shifts and determines which
pressure contact it is on. The 6 second pressure values are
interpolated between contacts. 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 determining, to the nearest 0.06 second,
when the radiosonde reached the mandatory pressure. Then,
temperature, humidity, and heights for that time were
interpolated, using the 6 second frequency data which bracketed
the mandatory level. If either of those 6 second values was
missing, then 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.



4. COMPARISONS BY TIME

The time comparisons for pressure, temperature, relative humidity
and dew-point depressions were made using the one : :nute data.
One minute heights were extracted from 6 second ca. .

heights. If that height was missing, no interpolation was
performed and the one minute height was reported as missing.
Since the radiosondes were horizontally separated, they were
essentially sampling the same environment at the same time. For
each minute of the flight, the Functional Analyses Testing
Package (FATP) computed differences of pressure, temperature,
relative humidity, dew-point depression, and height between the
two radiosondes and the difference statistics for the total
population were computed. The root mean square of the
differences (RMSD) was used to indicate the functional precision
for that parameter, as measured by the particular radiosonde.
Biases and skewness are artificial since the assignation of
primary and secondary sonde is purely arbitrary. The kurtosis
(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 tlie World Meteorological
Organization (WMO) international radiosonde intercomparisons.

4.1 PRESSURE

For the total population, 83.0% of pressure differences by time
were within +2.0 mb, 55.2% were within #1.0 mb, and 7.3% exceeded
3.4 mb (Figure 1, Table 1). The relative frequencies for the
magr.itude of pressure difference occurring within a difference
interval are given for 6 pressure layers (Table 1).

The scatter plot (Figure 2) shows a number of points from flight
#169 where primary pressures exceeded secondary pressures by 8 to
10 mb. Figure A-2 shows the pressure difference for each minute
of flight #169 and indicates that one or both radiosondes had
large pressure errors.

The overall functional precision (RMSD) for pressure by time is
2.0 mb (Table 1). For the 6 pressure layers, precisions ranged
from 1.3 mb for the layer above 20 mb to 2.3 mb for the layer
between 100 and 500 mb. For all layers, the precision is worse
(larger RMSD) than corresponding values for the VIZA sonde and is
nearly “‘ouble for the 50 to 100 mb layer (NWS, 1991). A table
and gr: 1 with precisions for 12 pressure intervals used in the
WMO inu:rcomparisons are also included (Figure 3, Table 3).



The overall functional precision of the VIZB sonde for pressure
compared by time is 0.7 mb worse than the VIZA sonde used by NWS
from 1986-1989 (NWS, 1991). It is about the same as the VIZ
pressure-commutated radiosonde tested in 1980 (Hoehne, 1980) and
is equal to the functional precision required by the current
radiosonde specification.

Although the large pressure differences of flight #169 have
contributed to the degradation of the VIZB pressure precision
compared that of the VIZA sonde, another possible contribution
could be the pendular swinging of the balloon-radiosonde system
which may induce extraneous movements of the baroswitch's pen-
arm, which is vertically oriented in the VIZB sonde. Minor
differences in manufacture and calibration quality may have also
contributed to the degradation.

4.2 TEMPERATURE

For the total population, 94% 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 intervals (Table 4).

The scatter plot (Figure 5) shows increasing scatter at lower
temperatures and some anomalous points belonging to flight #15,
which was a short flight with temperature differences ranging
from 1.0°C to 2.0°C (Figure 5, Figure A-3).

The overall functional precision (RMSD) for temperature by time
is 0.31°C (Table 4).- For the 7 temperature intervals, precisions
varied slightly with temperature. It ranged from 0.25°C between
-40 and -20°C to 0.39°C between +5 and +20°C. Precision becomes
systematically better (smaller RMSD) as temperature decreases
from +20 to -40°C and then worsens (RMSD increases) for
temperatures below -40°C. The precision for the interval between
+20 and +35°C is based on a small sample size of 55 and should be
used with caution. Precisions for 12 pressure intervals used in
the WMO intercomparisons are presented in Figure 6 and Table 6.

Overall functional precision of the VIZB radiosonde for
temperature compared by time is 0.03°C better (smaller RMSD) than
reported for the VIZA sonde (NWS,1991) and is well within the
current functional precision requirement of 0.5°C.



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 transmi:iion to other users.
To determine a measure of humidity from th: 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.

4.3.1 RELATIVE HUMIDITY

For the total population, 98.2% of the Relative Humidity
differences by time were within * 5.0% RH (Table 7). The
relative frequencies for the magnitude of relative humidity
difference occurring within a difference interval are given for 9
relative humidity ranges (Table 7).

The scatter plot (Figure 8) clearly indicates increased spread at
lower humidities. The largest relative humidity difference wad

8.2% (Table 8).

The overall functional precision (RMSD) for relative humidity by
time is 1.6% RH (Figure 7, Table 7). For the 9 relative humidity
intervals, precisions ranged from 0.5% RH between 90 and 100% RH
to 3.4% RH between 20 to 30% RH. Precisions for 5 pressure
intervals used in the WMO intercomparisons are given in Figure 9
and Table 9. The data reveal a high degree of uniform degree of
uniformity in precision (1.3% to 1.8% RH) over the pressure
range. However, this does not mean that absolute accuracy of the
carbon element hygristor remains unaffected by lower pressures or
colder temperatures encountered at high altitudes.

The overall functional precision of the VIZB sonde for relative
humidity compared by time is 0.5% better (lower RMSD) than for
the VIZA sonde (NWS,1991). The current radiosonde specifications
require the functional precision for relative humidity to be less
than 5.0% RH.

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

10



4.3.2 DEW-POINT DEPRESSION

The overall functional precision (RMSD) for dew-point depression

by time is 2.4°C (Table 10). This is 1.1°C better (smaller RMSD)
- than the precision for the VIZA sonde (NWS,1991) and 1.3°C better
than the VIZ pressure commutated radiosonde (Hoehne, 1980).

Unfortunately, computed statistics in these and Hoehne's tests
are affected by the NWS practice of assigning dew point
depressions of 30°C whenever measured relative humidity is at or
below 20% RH. 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.

4.4 HEIGHT

The overall functional precision (RMSD) of height by time is 159
meters (Figure 11, Table 11). This is 56 meters worse (larger
RMSD) than the precision for the VIZA sonde (NWS,1991). Note
that height versus time data are rarely, if ever, 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 0.51 (i.e., more height scatter
at greater heights).

11



Pressure Differences by Time
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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.

8. saele # of Absolute Pressure Difference Interval RMS STD.DEV.
FROM T0 SIZE FLIGHTS 0.0-0.%5 0.6-1.0 1.1-1.8 1.62.0 2.1-2.5 2.6°3.0 > 3.1 DIFF, DIFF. DIFF.

Teew

Relative Frequency in %

850.0 THRU 1009.9 1359 33 3.0 26.4 15.1 8.2 3.1 5.0 8.2 .18 1.58 1.57
500.0 THRU 349.9 503 33 26.4 21.9 19.3 8.9 5.8 5.8 1.9 .53 2.21 2.15
100.0 THRU 499.9 1159 33 5.5 2.0 15.4 13.8 8.6 4.8 7.9 .51 2.28 2.23
50.0 THRU 99.9 380 29 %7 . 9.7 16.6 8.2 6.8 0.0 3.9 .38 1.70 1.66
20.0  THRU 49.9 358 25 3%.9 36.6 1".7 13.1 ) 0.0 3.1 .26 1.50 1,48
0.0 THRU 19.9 6 12 30.4 19.6 16.1 33.9 2.0 0.0 0.0 .50 1.26 1.16

‘eee

ALL 2617 3 29.0 26.2 15.8 12.0 6.2 3.6 7.3 &b 2.04 1.9

Table 1. Frequency of occurrence (%) of Absolute Pressure Difference within
selected pressure layer: and for all data. Mean, rms (functional
precision), and std. dev. of Pressure Difference for layers and
all data. Sampled at same time of flight.
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Figure 2. Scatter plot of 'primary sonde' Pressure versus 'secondary sonde’
Pressure sampled at Same time of flight. Regression line also
Plotted.
SANPLE ¥ OF MEAN STD DEV RMS SKEW. KURY, CORR, PRIN PRIM  SECOND  SECOND DIFFER  DIFFER
SIZE  FLIGHTS DIFF DIFF OLFF DIFF DIFF PLsS NIN NAX MNiN MAX MIN MAX
2817.0 33 ol 1.99 2.06‘ 1.65 9.62 1.00 10.50 1020.00 9.10  1020.00 11.10 11.10
Table 2. Pressure sampled at same time of flight. Mean, std. dev., rms,

skewness, and kurtosis of differences. 'Primary sonde' and
'secondary sonde! correlation. Minimum and maximum Pressure and
Pressure Difference in mb.
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Me an Differences Pressure By Time

Group Name : FNUIZB Solar Angle : -~-90 To 99 ‘
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Figure 3. Mean/std. deviation of Pressure Difference within selected
pressure layers. Plotted values are mean diffgrences (yb). Bar
gives +/- 1 std. deviation. Sampled at same time of flight.

.. SAMPLE s of PRIMARY SECONDARY NEAN RNS sT0

FROM 10 $12¢ FLIGHTS MEAN MEAN DIFF DIFF DIFF
*HRTew e . v

975.0 THRU 1069.9 17 13 988.56 988.39 .16 1.37 1.41
840.0 THRY 974.9 159 3 906.00 905.81 .20 1.57 1.56
589.0 THRU,  839.9 341 3 T07.88 707.40 43 2.08 2.03
415.0 THRY 588.9 303 3 499.62 498.97 .65 2.57 2.49
245.0 THRY 414.9 410 32 325.70 325.18 .54 2.52 2.47
164.0 THRY 264.9 E4 ) N 202.84 202,33 w9 2.1 2.08
119.0 THRY 163.9 202 29 140.29 139.88 &b 1.92 1.87
8.0 THRU 118.9 214 F+4 100.77 100.38 38 1.76 1.73
58.9 THRY 83.9 196 28 n.os 70.64 39 1.2 1.68
41.5 THRU $8.8 187 26 49.5 49.46 37 1.65 1.6
2.5 THRY bt.4 210 2% 32.6 32.42 RY14 1.56 1.52
18.4 THRU 4.4 92 17 20.78 20.63 .14 1.06 1.05

Table 3. Mean, rms (functional precision), and std. dev. of Pressure
Difference within selected pressure layers. Sampled at same time
of flight.
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Temperature Differences by Time
Group Name : FNVUIZB
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Figure 4. Histogram of Temperature Difference sampled at same time of
flight. Normal curve computed from sample mean and std. dev.

Absclute Temperature Difference

DEG. SAMPLE # OF MEAN RNS STD.DEV,

FROM 10 SIZE  FLIGHTS  0.0-0.5 0.6-1.0 1.9-1.5 1.6-2.0 2.1-2.5 2.6-3.0 »> = 3.1 OIFF.  DIFF.  OIfF,,
L 4 e TROEORY
Relative Frequency in %

20.0 THRU 34.9 55 15 92.7 0.0 0.0 7.3 0.0 0.0 0.0 e .52 51
5.0 THRY 19.9 206 28 9.7 1.0 1.0 3.4 0.0 0.0 0.0 .07 39 .38
-5.0  THRU 4.9 249 33 9.8 .8 .8 1.6 0.0 0.0 0.0 05 .32 T332
-20.0 THRU -5.% 272 33 9.7 1.1 1.8 “ 6.0 0.0 0.0 .04 29 .29
*40.0 THRU -20.1 296 3 97.6 2.6 0.0 0.0 2.0 0.0 0.0 -.00 25 .25
~60.0 THRU -40.1 1059 32 92.3 7.7 0.0 0.0 0.0 0.0 0.0 -, 01 3 <31
+90.0 THRU -60.1 480 26 9.4 5.6 0.0 0.0 0.0 0.0 0.0 -.04 28 .28

tTeww i 11417 * 2 4

ALL 2617 33 9.3 4.7 .3 6 0.0 0.0 0.0 .01 .31 =31

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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Temperature
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Figure 5. Scatter plot of

line also plotted.

/

RMS SKEW.
OIFF OIFF

MEAN STD DBV
OlFF DIFF

SAMPLE ¥ OF
SIZE FLIGHTS

'primary sonde!
sonde' Temperature sampled at same time of flight.

Temperature versus

OLFFER
MIN

SECOND  SECOND
NN HAX

PRIN
MIN

PRIN
MAX

KURT.
OIFF

CORR.
PLsS

'secondary
Regression

OLFFER
MAX

2617.0 3 .01 31 1]

Table 5.
skewness,
'secondary sonde!

Tenperature sampled at same time of flight.
and kurtosis of differences.
correlation.

9.53 1.00 -71.50 31.20 -71.20 31.40 -1.00

and Temperature Difference in degrees C.

16

2.00

Mean, std. dev., rms,
'Primary sonde'
Minimum and maximum Temperature

and



Me an Diffexvrences Temperature By Time
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Figure 6. Mean/std. deviation of Temperature Difference within selected
pressure layers. Plotted values are mean differences (deg. C).
Bar gives +/- 1 std. deviation. Sampled at same time of flight.

N8, SANPLE # OF PRIMARY SECONDARY MEAN RNS s
FROM T0 SI2E FLIGNTS T MEAN MEAN OIFF DIFF DIFF
reseRY yonw . reNeeY hadd 2 1] sREReYY e
975.0 THRY 1069.9 17 13 1.18 12.14 04 A7 A7
840.0 THRU 974.9 159 33 13.99 13.90 .09 w1 40
589.0 THRU 839.9 341 33 2.49 2.42 07 .35 .35
415.0 TRRU 588.9 305 33 -13.50 <13.53 04 .29 29
245.0 THRU 414.9 . 410 32 -35.80 -35.79 -.0 25 25
164.0 THRU 244.9 281 3 +55.58 *55.56 -.02 .29 .29
119.0 THRY 163.9 202 29 ~60.62 -60.62 -0 .28 .28
8.0 THRU 118.9 2% 29 -61.98 “61.96 -.02 30 .30
58.9 THRY a3.9 196 8 -60.68 -60.67 -.00 4] 31
41.5 THRU 58.8 167 26 -57.98 *57.96 -.02 31 31
2.5 THRU 41.4 210 2% -54.22 ~54.19 -.03 31 31
16.4 THRU 26.4 92 7 -50.15 -50.10 =05 a5 35

Table 6. Mean, rms (functional Precision), and std. dev. of Temperature
Difference within selected pressure layers. Sampled at same time
of flight. :
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. Relative Humidity Pifferences by Time
. Group Nam: : FNVUIZB
Solar Angle ~90 To 9@
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Figure 7. Higtogram of Relative Humidity Difference sampled at same time of
flight. Normal curve computed from sample mean and std. dev.

seRC SLE § of Absolute R. H. Difference Interval A RNS STO.DEV.
FROM 10 SIZE  FLIGHTS 0.0-2.5 2.6-5.0 S5.1-7.5 7.6-10.0 10,1-12.5 12.6-15.0 > = 18,1 DIFF. DIFE, DIFF.

VT FTRW SSRRRW

Relative Frequency in %

90.0 THRU 100.0 127 16 100.0 0.0 0.0 0.0 0.0 0.0 0.0 «.05 .50 .50
80.0 THRU 89.9 97 21 97.9 2.1 0.0 0.0 0.0 0.0 0.0 -.19 .99 .98
70.0  THRU 79.9 80 21 95.0 5.0 0.0 0.0 0.0 0.0 0.0 -.12 1.1 .11
60.0 THRU 69.9 127 29 .2’ .8 0.0 0.0 0.0 0.0 0.0 -3 1.1 1.10
50.0 THRU 59.9 108 29 98.1 1.9 0.0 0.0 0.0 0.0 0.0 -.27 .95 92
0.0 THRU 49.9 % 26 93.2 6.3 0.0 0.0 0.0 0.0 0.0 .27 1.30 1.28
30.0  THRU 39.9 87 % 86.2 10.3 2.3 1.1 0.0 0.0 0.0 -.06 2.01 2.02
20,0 THRU 29.9 97 2 56.7 28.9 12.4 24 0.0 9.0 0.0 -.21 3.36 3.37
10,0  THRU 19.9 144 3 90.6 8.3 1.1 0.0 8.0 0.0 0.0 -.32 1.49 1.46

oww Laddad g tad

ALL 1078 33 91.3 6.9 1.6 .3 0.0 0.0 0.0 -.20 1.58 1.56

Table 7. 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 time
of flight. 8



Relative Humidity by Time
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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 OtV /NS SKEW. KURT, CORR. PRIN PRIM  SECOND SECONO DIFFER  DIFFER
SIZE FLIGHTS DIFF OIFF DIFF OIFF OIFF L 1 NN RAX nN MAX MIN MAX
1078.0 33 -.20 1.56 1.58 .17 7.58 1.00 8.30 97.10 6.70 96.90 «6.70 8.20

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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Me an Differences Relative Humidi ty By T ime
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Figure 9. Mean/std. deviation of Relative Humidity Differem_:e within
selected pressure layers. Plotted values are mean differences
(¥R.H.). Bar gives +/- 1 std. deviation. Sampled at same time of

flight.
us. T OSABLE  # OF  PRIMARY  SECORDARY MEAN ANS sTD

FROM 0 SIZE  rLIGHTS HEAN neAN DIFF orFr DiFE
Thweew R 4
97S.0  THRU  1069.9 17 13 60.06 59.93 4 1.78
80.0  THRU  974.9 159 3 61.56 61.86 -.30 1.29
S89.0  THRU  839.9 341 33 57.56 $7.76 -.20 1.40 1.38
415.0  THRU  Sa8.9 304 33 .57 .72 .15 1.83 .
245.0 THRU  414.9 7 3 37.20 37.44 -2 1.63 1.61

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 |
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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.

SAMPLE # OF MEAN STD DEV RMS SKEW. KURT. CORR. MRIN PRIN  SECOND SECOND DIFFER  DIFFER
SIZE FLIGHTS OIFF OIFF DIFF DIFF OIFF PLsS MIN HAX MIN MAX NIN RAX
1078.0 33 a7 2.44 2.44 1.04 3.2 .58 .50 30.00 .50 30.00 -17.80 16.50

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 Time
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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.
SANPLE # OF MEAN STD DBV NS SKEW. n.nr.' CORR., PRIM PRIN SECOND  SECOND OIFFER DIFFER
SIZE FLIGHTS DIFF OIFF DIFF DIFF OlIFF PLs MiN MAX HIN MAX MIN MAX
2617.0 33 -27.16  158.55  160.86  -3.03 26,47 1,00 91.20 30546.1  91.50 31447.1 -1580.3 828.90
Table 11. Height sampled at same time of flight. Mean, std. dev., rms,

skewness, and kurtosis of differences.
'secondary sonde' correlation.
Difference in meters.

'Primary sonde!

and

Minimum and maximum Height



S. 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 levels. 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 baroswitches have different response characteristics. By
comparing the temperature, relative humidity, or dew point
depression at the same pressure, values at slightly different
times will be used and different statistics will be produced.
For example, a 1 mb pressure difference near the surface will
result in an approximate 2 second time difference, but at 10 mb
an approximate 1 minute time difference results. This tinme
difference contributes to the overall measurement differences
and, consequently, tend toward worse precisions (larger RMSD) for
temperature and relative humidity.

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 pressure are compared, no
difference in 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 sondes measure a common pressure, the discrepancies in
heights compared by pressure are significantly less than those
compared by time and, consequently, the functional precision is
better (smaller RMSD). :

S.1 TEMPERATURE

For the total population, 94.6% of the temperature differences by
pressure were within *1.0°C, 99.6% were within *2.5°C, and only
0.2% exceeded #3.0°C (Figure 12, Table 12). As was done for
temperatures compared by time, relative frequencies for the
magnitude of temperature difference occurring within a difference
interval are given for 7 temperature intervals (Table 12)

The scatter plot (Figure 13) shows a small increase in scatter at
colder temperatures. This would be expected since the time
differences between points compared by pressure tend to be larger
at higher altitudes.
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The overall functional precision (RMSD) of temperature by
pressure is 0.54°C (Table 12). For the 7 temperature intervals,
precisions (RMSD) ranged from 0.33°C between 5 and 20°C to
0.77°C between -90 and -60°C. For all temperature intervals,
sample sizes are small (15 to 33) and the statistics should be
used with caution.

Precisions and other statistics for various pressure levels were
computed (Table 18a).

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 transmiszion 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, 93.6% of the relative humidity
differences by pressure were within +5% RH (Figure 14, Table 14).

The scatter plot (Figure 15) is similar to that for data compared
at the same time (Figure 8). As stated earlier, accuracies of
relative humidities below 20% RH calculated using current NWS
equations is questionable so the precision at these values may
not reflect optimal performance.

Overall functional precision (RMSD) for relative- humidity by

pressure is 2.3% RH (Table 14). Precision and other statistics
- for various pressure levels were computed (Table 18b).

5.2.2 DEW~POINT DEPRESSION
Overall functional precision (RMSD) for dew-point depression by

pressure is 2.66°C (Table 16). Refer to section 4.3.2 for
comments on the validity of these precision numbers.
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5.3 HEIGHT

The scatter plot contains no outlier points indicating a high
degree of precision throughout the range of heights (Figure 17).
- The scatter plot of heights by time (Figure 11) shows
significantly more scatter. Good height precision is important
to meteorological operations since numerical models are highly
sensitive to inconsistencies in radiosonde calculations of
pressure-level heights that are used to initialize them.

The overall functional precision (RMSD) for the height by
pressure is 15.3 meters (Table 17). Precision and other
statistics for various pressure levels were computed (Table 18c).
These statistics are based on small sample sizes and should be
used with caution. However, each sample is totally independent
since each comes from a different flight. Below 900 mb, the
precision of the pressure heights is better than 1 meter. Above
the 900 mb level, the height precisions of pressure levels reach
10 meters near 300 mb, 20 meters near 100 mb, 25 meters near 40
mb, and 30 meters near 20 mb.

Comparing the magnitude of height difference with height produced

a strong correlation of 0.58 (i.e., more height scatter at
greater heights).
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Te+perature Differences by Pressure '
Group Name : FNUIZB ;
Solar Angle : -90 To 90 :
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Figure 12. Histogram of Teperature Difference sampled at same pressure.
Noral curve computed from sample mean and standard deviation.

DEG. saele ¢ of  Absolute Temperature Difference MEAN RNS STD.0EV.
FROM T0 SIZE  FLIGHTS 0.0-0.5 0.4-1.0 1.1-1.5 1.6-2.0 2.1-2.5 2.6°3.0 » = 3,1 DIFF. OIFF. OIFF.

trvese swes

Relative Frequency in %

20.0 THRU 34.9 7 15 92.6 0.0 3.7 3.7 0.0 0.0 0.0 -.03 &7 7
5.0 THRU 19.9 58 a7 91.4 6.9 0.0 1.7 0.0 0.0 0.0 -.01 33 33
+5.0 THRU 4.9 58 33 93.1 3.4 1.7 1.7 0.0 0.0 0.0 .03 .38 38
+20.0 THRY -5.1 65 33 92.3 &.6 3.1 0.0 0.0 0.0 0.0 «.00 .34 i O
+40.0 THRU -20.1 & 32 86.4 9.1 4.5 0.0 0.0 0.9 0.0 *.09 435 ol
~60.0 THRU -40,1 27 32 75.8 18.9 3.1 1.3 ) “ 0.0 <04 .56 .56
<90.0 THRU -60.1 101 25 7.3 18.8 5.9 1.0 2.0 0.0 1.0 06 a7 ”

vree

ALL 580 33 81.7 12.9 3.3 1.2 .5 .2 2 -.01 .54 .54

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 and all data. Sampled at same pressure.
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Figure 13.

SAMPLE

Scatter plot of 'primary sonde' Temperature versus 'secondary
sonde' Temperature sampled at same pressure. Regression line
also plotted._

# OF MEAN STD DEV s SKEW KURT. CORR. PRIM PRIM  SECOND SECOND DIFFER  DIFFER

SIZE FLIGNTS DIFF DIFF DIFF DIFF DIFF PLS NIN MAX NN MAX MIN MAX

TeTERY  ewwweny »

580.00

Table 13.

33 -.01 .54 .56 1.30 15.74 1.00 -70.20 33.80 -70.60 34.90 -2.50 4.60

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 Humdity Differences by Pressure
Croup Name : FNUIZB
Solar Angle : =90 To 90
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-20.017.519.812,.510.9-7,5-5,0-2,59.90 2.5 5.9 7.5 19.912.515.047.52¢8.0
R. H. Difference in %.
Figure 14. Histogram of Relative Humidity Difference sampled at Zame
pressure. Normal curve computed from sample mean and std. dev.
PERC SAMPLE # OF Absolute R. H. Difference Interval - RMS $TD.DEV.
FROM 10 SIZE  FLIGHTS 0.0-2.5 2.6°5.0 S5.1-7.5 7.6-10.0 10.1-12.5 12.6-15.0 > = 15.0 OIFF. DIFF, DIFF.

RN GARE CRTREW

Relative Frecuency in 3%

90.0 THRU 100.0 40 15 100.0 0.0 0.0 0.0 0.0 0.0 0.0 =.04 .61 .61
80.0 THRU 89.9 20 12 95.0 0.0 0.0 5.0 0.0 0.0 0.0 .52 2.18 2.17
70.0 THRU 79.9 21 1% 90.5 0.0 9.5 0.0 0.0 0.0 0.0 .07 2.28 2.34
60.0 THRY &9.9 23. 13 100.0 0.0 0.0 0.0 0.0 0.0 0.0 «.01 .93 .95
50.0 THRU 9.9 29 17 89.7 6.9 0.0 . 0.0 .34 0.0 0.0 .12 2.59 2.63
0.0 THRU 49.9 2 15 ns 9.1 13.6 0.0 0.0 0.0 0.0 .14 2.63 2.69
30.0 THRU 39.9 Fr] 1% m”s3 13.6 9.1 9.0 0.0 0.0 0.0 .18 2.65 2.70
20.0  THRU 29.9 18 9 4.4 38.9 114 0.0 5.6 0.0 g.0 -.22 4,43 4.56
10.0  THRU 19.9 $5 18 87.3 5.5 7.3 0.0 0.0 0.0 0.0 -.62 2.15 2.08

"oRe

ALL 252 33 86.9 6.7 5.2 4 .8 0.0 0.0 -.06 2.32 2.32

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. 28



Relative Humidity by Pressure

Group Name : FNUIZB Solar Angle : -90 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.
SAMPLE # OF MEAN STD pEV RMS SKEW, KURT, CORR., MIin PRIN  SECOND  SECOND DIFFER  DIFFER
SIZE  FLIGHTS DIFF OIFF DIFF OIFF o1FE PLsS L] MAX MiN MAX MIN MAX
252.00 33 .06 231 232 .12 9.2 1.00 8.90  96.50 7.70  96.50 -12.50  10.90
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

, Group Name : FNUIZB
; Solar fingle : -9@ To 90
i 108 —
99
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£
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N30 -
¢ 3
¥ 3
28 =
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~20.017,.515.912.510.9-7.5-5.9-2.5 0.9 2.5 5.9 7.5 10.912.515.017.529.9
Dew-Point Depression Difference in C.
! .
Figure 16. Histogram of Dew-Point Depression Difference sampled at same
pressure. Normal curve computed from sample mean and std. dev.
SAMPLE # OF MEAN STD DBV RNS SKEW. KURT, CORR. PRIM PRIN  SECOND SECOND DOIFFER DIFFER
SIZE FLIGHTS OIFF OIFF DIFF OIFF DIFF PLS NIN MAX NIN NAX MIN MAX
252.00 33 .20 2.65 2.66 1.62 23.72, 97 .60 30.00 .60 30.00 -14.10 15.50

Table 16. Dew-Point Depression sampled at same pressure. Mean, std. dev.,
rms, 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 Pressure
; Group Name : FNUIZB Solar Angle : -98 To 90
i
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Figure 17. Scatter plot of 'pPrimary sonde' Height versus 'secondary sonde'
Height sampled at same pressure. Regression line alsoc plotted.
SAMPLE # OF MEAN STD DEV RMS SKEV. KURT, CORR. PRIN PRIM  SECOND  SECOND OIFFER  DIFFER
SI2E  FLIGHTS DIFF DIFF DIFF OIFF 1844 L B3 MIN RAX NN HAX HIN MAX
580.00 33 -2.19 15.09 15,25 .23 .31 1.0 91.20 30679.8  91.50 30648.5 -43.90  58.40
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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Pressure Sample
(mb)

1000
900
850
700
600
500
400
300
250
200
150
100

80
60
50
40

20

Table 18 a.

VIZB Temperature Sensor Functional Precision Statistics

Size
23
28
32
33
33
33
32
32
31
30
29
29
28
26
25
24

11

at Various Pressure Levels

Temperature Difference:

[RMS

.40
.40
.35
.36
.38
.41
.42
.44
.50
.63
.52

.55

.91
.52

.71

Kurt
4.81
11.41
12.71
13.92
7.91

6.39

Absolute Max]

32

Temperature
Range:
34.9 to 0.7
25.2 to =~3.4
20.5 to -1.6
11.0 to -14.0
2.9 to -21.6
-5.1 to =-32.7
-15.3 to -43.6
~30.3 to -48.7
-40.1 to -56.1
-48.6 to -66.4
-49.2 to -69.3
-51.7 to -70;2
-53.8 to =70.6
-55.1 to -68.2
-53.7 to -63.9
-51.3 to ~62.6
-44.4 to -57.7



Table 18 b.

VIZB Relative Humidity Sensor Functional Precision Statistics
at Various Pressure Levels

Pressure Sample Humidity Difference: Humidity
(mb) Size [RMS Kurt Absolute Max] Range:

1000 23 3.43 5.02 10.9 96.5 to 16.3
900 28 1.86 4.17 5.4 96.1 to 15.5
850 32 1.15 2.36 2.4 96.5 to 13.5
700 33 2.72 13.57 12.5 95.7 to 13.5
660 33 2.38 5.70 7.0 94.9 to 13.0
500 33 2.53 4.54 7.3 93.9 to 7.7
400 32 2.66 3.69 7.1 85.7 to 12.1
300 31 2.23 4.66 6.5 61.8 to 12.3
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Table 18 c.

VIZB Height Calculation Functional Precision Statistics

at Various Pressure Levels

Pressure Sample Height Difference:

(mb)
1000
900
850
700
600
500
400
300
250
200
150
100
80
60
50
40

20

Size
23
28
32
33
33
33
32
32
31
30
29
29
28
26
25
24

11

[RMS

6.84

6.12

9.54
12.36
15.77
18.01
21.28
22.84
24.17
23.06
25.35

29.57

Kurt Absolute Max]

2.39

14.90

- 19.66

20.12
17.35
16.18

2.65

2.92

34

0.8

5.0

9.5
17.7
25.8
33.0
14.2
25.4
35.2
49.5
55.8
63.9
59.9
53.7
51.9
51.3

54.7

Height
Range:

240
1091
1588
3222
4478
5929
7641
9740

11010
12467
14270
16723
18103
19890
21048
22484

26998

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

to

91
931
1410
2920
4075
5389
6923
8855
10082
11561
13462
16087
17503
19304
20449
21845'

26251



6. SUMMARY/CONCLUSIONS

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

The functional precision of VIZ Model 1492-520 (VIZB) radiosonde
was determined using the National Weather Service functional
analysis test package. The comparisons were made from 33 flights
of paired radiosondes suspended from the same balloon. 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 for use by
the meteorological community ‘in specifying the characteristics of
this radiosonde, which operational use started in 1989.

For comparisons made at one minute intervals, the overall
functional precision for temperature was 0.3°C and ranged from
0.3°C to 0.4°C. The precision for pressure ranged from 1.6 mb
to 2.6 mb in the troposphere below 100 mb, and 1.1 mb to 1.8 mb
in the stratosphere, with an overall value of 2.0 mb. Relative
humidity precision was less than 2 percent.

For comparisons made at the predefined pressure levels, the
functional precision for height ranged from about 2 meters near
850 mb to 21 meters near 100 mb. The functional precision for
temperature ranged from 0.4°'C to 0.6°C in the troposphere to

- 0.5°C to 1.0°C in the stratosphere. Relative humidity precisions
were less than 3 percent.

Compared to the VIZA (Model 1492-510) time-commutated sonde,
Precisions for data sampled at the same time for relative
humidity and dew-point were better (smaller RMSD) remained about
the same for temperature, and became worse (larger RMSD) for
pressure. Both tests used the same automated data recording and
reduction methods. Differences are mainly attributed to the
radiosonde design modifications and sensor placement.

The utility of the functional analysis test package (FATP), a new

micro-computer based integrated system for graphical and
statistical analyses of dual radiosonde data, was demonstrated.
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APPENDIX

Referenced Flight Plots
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Illustrations of the VIZ Manufacturing Co.

"B" Radiosonde (Model 1492-520).

Figure Al.
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