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The Radiosonde Intercomparison SONDEX 
Spring 198 l, Payerne 

By HANS RICHNER and PETER D. PHILLIPS 1 

1. Introduction 

The field phase of the Alpine Experiment (ALPEX), the last major project planned 
within the framework of the Global Atmospheric Research Programme (GARP) took 

place during the period 1 September 1981 to 30 September 1982. The main aims of the 
experiment were the study of airflow (on various scales) over and around a mountain 

range and a number of mountain related phenomena. The Alps were chosen for the 
experiment due to their profound effect on the weather in southern and central Europe, 
the availability of detailed meteorological records stretching back over many decades 
and the existence of a well-developed infrastructure necessary for the successful 
implementation of a large international field experiment. Also, the intense interest in the 
region for the study of mountain related atmospheric phenomena, demonstrated by the 
high density of individual research groups, was a contributory factor. The scientific 

programme which was developed for ALPEX reflects the general nature of problems 
encountered in connection with mountain ranges all over the world, together with a 
number of special topics unique to the Alps and the neighbouring Mediterranean Sea 
(ICSU/WMO, 1980a). As a result, subjects to be studied on the basis of the collected 
ALPEX data include general airflow characteristics, modelling problems, mountain 
drag, local winds such as the foehn, bora and mistral, orographic precipitation and heat 
island effects, as well as lee cyclogenesis in the Gulf of Genoa, air-sea interaction, 
storm surges and floods. 

The main goal of the field phase of ALPEX and in particular the Special Observing 
Period (SOP) was the gathering of the data necessary for such an extensive programme 
of research (WMO, 1982). The composite observing system comprised the regular 
World Weather Watch (WWW) network of surface stations, upper-air stations and 
satellites together with a special observing system consisting of ships and aircraft (both 
scientific and commercial), additional upper-air stations, and a large number of other 
special surface observing platforms. In order that the data set should have the greatest 
possible homogeneity, the reliability and accuracy of the various observation systems 
had to be checked and the instruments calibrated. In most cases, this posed no 

1 Laboratory for Atmospheric Physics, ETH-H6nggerberg, 8093 Zurich, Switzerland. 
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particular problem and the National Weather Services or the research groups involved 

carried out the necessary procedures. The upper-air sounding systems, however, 

provided a notable exception. 

A large number of radiosondes, functioning on a wide variety of principles, has been 

developed in recent years and this diversity has led inevitably to systematic 

inconsistencies in data collected from even a relatively small area such as the Alps 

(ZIMMERMANN, 1978). Each country has its favourite sonde or sondes, and in view of 

the number of countries taking active part in ALPEX, an intercomparison = 1 of sondes 

was considered vitally important. 

A radiosonde is a small package, comprising sensors for measuring atmospheric 

pressure, temperature and humidity, and a radio transmitter for the telemetry of the 

gathered data. It is carried aloft by hydrogen or helium filled balloon. During the ascent, 
which typically reaches a maximum altitude of over 30 kin, it is free to drift with the 

wind. As a result the wind profile can also be deduced if the sonde's position is 

continually redetermined during the ascent. 

Direct intercomparisons = of radiosondes have been carried out in the past 

(NYBERG, 1951; DELVER, 1956). More recently direct = comparisons = (see e,g. 
HOOPER, 1975; RIEKER, 1976; ACHESON, 1978; also HOEHNE, 1980) have been made, 

but the results rarely reach the radiosonde data user. Also, the trend in the last few 

years has been towards indirect = methods of intercomparison= (FINGER and 

MCINTURFF, 1978; SPACKMAN, 1978; MCINTURFF et al., 1979). In this report by 'inter- 

comparison' we imply the simultaneous testing of three or more sonde types. In a 

'direct' test the various sondes are launched from the same place at or about the same 
time. In Autumn 1978, a direct = radiosonde intercomparison = was held in Payerne 
(PHILLIPS et al., 1981) as part of a Swiss National ASOND project, which served as a 
preparation for the Swiss ALPEX contribution (homogeneous upper-air data from four 
stations). In that intercomparison =, the three radiosonde types currently being used in 

Switzerland, the Swiss sonde, the V1Z 1392 and the Vaisala RS18, were flown together. 

In addition to the field work, the three sondes types were subjected to a number of 

stringent laboratory tests carried out by the Swiss Meteorological Institute's 

Osservatorio Ticinese at Locarno-Monti. As a result of the intercomparison =, a number 

of modifications were made to the software associated with the various systems. 
Encouraged by the results of the ASOND project and at the instigation of the JSC 

ALPEX Working Group, SONDEX, an international radiosonde intercomparison =, 

was conceived as an ALPEX-dedicated project. 

2. The field experiment 

During the ALPEX Working Group Meeting of November 1979, it was stressed 
that data gathering systems, in particular radiosondes expected to be in operation 

i Terms labelled with = are defined in a glossary in Appendix C. 
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during ALPEX should be calibrated to a common standard before the Special 
Observing Period (SOP). In March 1980, a letter was sent to the heads of National 

Weather Services, research groups and the radiosonde manufacturers to sound out 
opinions concerning a possible international radiosonde intercomparison =. In the letter, 

the Swiss Meteorological Institute (SMI) together with the Laboratory for Atmospheric 
Physics at ETH in Zurich (LAPETH) declared its willingness to act as planner, 
organizer and host for the project and to assume responsibility for the subsequent 
analysis of the data and the publication of the results. The response to the letter was 
most encouraging. Due to its central position and its excellent facilities, the SMI 
Aerological Station in Payerne was deemed suitable for the intercomparison = 
SONDEX. In reply to the invitation which followed, it became clear that about ten 
different radiosonde types would be represented in the field experiment. In particular the 
radiosonde manufacturers showed great interest in the intercomparison = - three firms 

officially took part in the project whilst a further three were indirectly involved. Initially, 
the National Weather Services of four countries intended participating, but two were 

subsequently unable to be present. As a result, the radiosondes used by over fifty 
weather services and numerous research establishments throughout the world could be 

tested in SONDEX. 
In theory at least, the carrying out of a direct = radiosonde intercomparison = is 

relatively simple. The radiosondes to be tested are all prepared and launched 
simultaneously or in quick succession (parallel ascents=). The data recorded at the 
ground stations are then compared. In practice, however, there were a number of 

problems: 
1. The radio frequency bands reserved for the telemetry of meteorological data are 

of limited width. All radiosonde manufacturers are obliged to use these 
frequencies and this leads to mutual interference problems between certain sonde 

types. The Swiss sonde, for instance, utilizes virtually the whole 400-406 MHz 
radio band for data telemetry and especially its transponder system (see Section 
3) and hence it could not be flown together with any other sonde using this most 
popular frequency band. Since the radiosonde station Payerne continued with its 
regular programme, making 6-hourly ascents, this meant that intercomparison = 
flights with other sondes could only be made during the four 3-hour 'windows' 

when the 400-406 MHz band was free. 
2. The sondes do not necessarily fly through the same volume of air at the same 

time. Especially in the lowest layers of the atmosphere, humidity and, to a lesser 
extent, temperature vary markedly over short horizontal (isobaric) distances. 
One sonde might ascend through a region of cumulus convection whilst another 
ascends through a cloud-free region. In addition, all data are recorded as a 
function of pressure. Any inaccuracy in the pressure sensor will lead to an 
additional error when the other parameters are compared. Naturally, no direct = 
intercomparison = of pressure sensors is possible. 
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3. Two sonde types - the Vaisala RS21 and RS80 - were received and analysed 

using the same set of equipment. Hence, these two sondes could never be flown 

simultaneously. 
4. Due to administrative reasons, it was not possible for all the sounding groups to 

be present for the whole field experiment. Hence, certain other combinations 

could not be flown together. 

The second of these difficulties can be overcome by simply attaching a number of 

sondes to the same balloon (multiple ascents=). This, however, leads to other problems: 

1. The number of sondes which can be attached to a balloon depends on the 

payload capacity of the balloon. Twin balloons were used to provide extra lift but 

with only limited success. Also, there are air traffic regulations limiting the 

weight of a balloon-borne package. 

2. The sondes themselves are heat and moisture sources and care must be taken to 

ensure that the air sampled by one sonde is not contaminated by a neighbouring 

sonde. 

3. The electronics of the various sondes must be checked for the effects of radio 

frequency interference from the transmitters of the neighbouring sondes. 

4. Various ascent rates are recommended for different sondes, and hence, in 

multiple ascents = ventilation of the sensors may not be optimal. 

The greatest advantage of carrying out multiple ascents = is that the pressure sensors 

can also be compared. The meteorological parameters (pressure included) are now 

defined as a function of time after launch, rather than as a function of pressure as is 

usual. Hence, for radiosondes on the same balloon, any inconsistencies in the times 

after launch at which the sondes reach a given pressure level indicate a discrepancy in 

the pressure sensor data, the magnitude of which can be determined by resort to the 

vertical velocity of the balloon (also calculated from the time-pressure data set) and the 

hydrostatic equation. In the event, both parallel (launched with 10 minutes) and 

multiple ascents = (two to five sondes on the same balloon) were carried out. 

A total of 154 ascents was made during the 10-day period of the experiment. Figure 

1 gives an overview of the data available. The data from the Vaisala RS2I were 

received and analysed using two completely different systems and software - the 

generally available Microcora (hereafter referred to as 'Cora') and the WMO Navaid 

system (see ICSU/WMO, 1980b). Both sets of data were included in the subsequent 

analysis (see Section 4). The number of ascents made by the different sonde types 

varied greatly due on the one hand to the inclusion of virtually all the Payerne routine 

ascents, which lead to this sonde being overrepresented, and on the other hand to 
relatively short visits of certain groups. 

Because one of the main aims of the intercomparison = was to check the radiation 

corrections applied to temperature and humidity data, day-time ascents were 

supplemented by a large number of night-time ascents thus allowing the comparison ~ of 

data with and without the disturbing influence of solar radiation. 
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Overview of the avai able data. The horizontal axis shows the number of ascents made with a particular 
sonde, the vertical axis represents the height reached. The number printed in each graph is the total number 

of ascents made with that sonde. 

On completion of  each ascent, the groups were required to supply two sets of  data 

according to an agreed format: 
1. Standard level data. Temperature, humidity, geopotential, wind velocity and time 

after launch at the standard levels normally used in the upper air messages. The 

1000 mb level, which is always below the ground in Payerne, was replaced by the 

900 mb level. Also, ground data were reported. 
2. Minute data. Pressure, temperature, humidity, geopotential and wind velocity at 

minute intervals after launch. 
This report concerns itself exclusively with an analysis of  the standard level data. 

3. Participating radiosondes 

Table 1 gives an overview of the radiosondes which were included in the 

intercomparison =. 
All the sondes tested in S O N D E X  measured pressure using aneroid capsules - 

either one or two. The temperature and humidity sensors, on the other hand, varied 
widely from sonde to sonde. In the case of temperature, rather bulky mechanical 
(bimetallic) constructions, NTC resistors, as well as extremely small ceramic capacitors 
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Table 1 

List of participating sondes and their characteristics 

857 

Temper- 
Weight Frequency Band- Aneroid ature Humidity 

Sonde (g) (MHz) width sensors sensor sensor 
Tracking 
method 

No. of 
ascents 

Airsonde 130 403.5Q 10 kHz 1 Bead Bead 
thermistor thermistor* 

ASA 1000  400-406T -1  MHz 2 Bimetallic Goldbeater's 
spiral skin 

Graw 650 402Q 50 kHz 1 Bead Bead 
RSG78 thermistor thermistor* 
Sprenger 900 405Q i0 kHz 1 Bead Carbon 
E076 thermistor element 
Swiss 1000  400-406T -1  MHz 2 Bimetallic Goldbeater's 
Payerne spiral skin 
Thommen 1 5 0 0  464-474 200 kHz 1 Bimetallic Goldbeater's 
JR-3 spiral skin 
Vaisala 280 24-25.6 1.6 MHz 2 Bimetallic Hair 
RS 18 ring 
Vaisala 710 400-406 100 kHz 2 Bimetallic Humicap 
RS21 t ring 
Vaisala 210 400-406 150 kHz 1 Ceramic Humicap 
RS80 
VIZ 1392 700 1670-1690 1 kHz I Thermistor Carbon 

rod element 

Mono- 
pulse 

Switched 
lobe 
Switched 
lobe 
Phase 
meter 
Omega 

Omega 

Conical 
scan 

15 

8 

12 

8 

36 

14 

16 

11 

8 

21 

Q transmitter quartz stabilized. 
T equipped with transponder. 
* Humidity from wet bulb temperature. 
t Data evaluated using two receiving systems. 

were represented; in some cases radiation shielding was used. Humidity was measured 
with bio-organic material (goldbeater's skin, hair), carbon elements, wet bulb 
thermometers and thin film capacitors (humieap). The time constants for the sensors of 

the various sondes were not the same. However, no attempt has been made to include 
any effect of different time constants on the results in the intercomparison = as was done 
in an earlier, similar experiment (PHILLIPS et al., 1978). For obvious reasons, sondes 

functioning on mechanical principles are heavier than those using mainly electronic 
components. 

For the telemetry of data the 403 MHz frequency band is most commonly used. 

However, the 25 MHz and 1680 MHz frequencies were also used, as well as a 470 
MHz channel which is not officially available. The more recently developed sondes 

mainly use quartz controlled, narrow band transmitters while older sondes are not 
frequency stabilized and sometimes cover a rather wide frequency band. Both 
amplitude and frequency modulation techniques are used, the two techniques being in 
some cases combined. 

Most sondes use audio frequency signals to modulate the transmitter, the audio 
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frequency being a function of the meteorological value measured. The various 
parameters are either time or frequency multiplexed. Some sondes use pulse position 
modulation (Swiss, ASA) while in one sonde (Vaisala RS18) the carrier frequency is 

shifted as a function of the time-multiplexed meteorological value. 
For the determination of wind, some sondes were intended to be tracked by a radar 

completely independent of the telemetry channel. Since no such radar was available at 
the site, these sondes did not give wind data. Other sondes were tracked by pointing an 
antenna system to the sonde's transmitter. To determine deviations from the proper 
antenna alignment, conical scan (VIZ 1392), lobe switching (Swiss, Thommen) or 

monopulse (ASA) techniques were used. One system (Vaisala RS18) determined the 

direction to the sonde by analysing the phase of signals received at horizontally spaced 
antennas. In yet another wind-finding technique, the radiosonde picks up VLF signals 
from Omega transmitters. There are seven such navigation transmitters more or less 
evenly distributed over the globe setting up a pulse modulated hyperbolic VLF-system. 
Their signals are relayed by the radiosonde to the ground station where they are 

analysed and the sonde's position is determined. 
Some of the receiving systems provided a graphical recording of the raw data from 

the sonde which had to be analysed manually. Others fed data directly into a computer 
which produced a complete and coded upper-air report. Between these two extremes all 

kinds of semi-automatic data evaluation could be found. 
On the following pages, brief descriptions of the participating sondes are given. 

The headings are identical to the names under which the sonde data was treated in this 
analysis (see Appendix B); the exact sonde types are added in brackets. Please note that 

the information concerning wind is only valid for the sonde-ground equipment 
combination used in the intercomparison =. Most sondes can be used with other ground 

installations where different wind-finding techniques apply. 

AIRSD (Airsonde TM) 
Manufacturer: 
Atmospheric Instrumentation Research Inc., 220 Central Ave., Boulder, CO 80301, 

U.S.A. 

Operator during SONDEX: 
Meteorologisches Institut der Universitiit, Auf dem Hiigel 20, D-5300 Bonn, Federal 

Republic of Germany 

Sensors: 
P: aneroid capsule bonded to ceramic capacity transducer 
T: epoxy coated bead thermistor 
U: psychrometric with wetted thermistor identical to the one for temperature 

Accuracy stated by manufacturer: 
P: _+3 mb from 1000 to 300 mb 
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T: 0.5~ from - 4 0  to 40~ 

I~  from - 7 0  to 50~ 

3 to 5 s time constant during ascent 

U: (accuracy for wet bulb temperature same as for dry bulb temperature, 15 s time 
constant during ascent) 

General: 

The sonde's housing is made of styrofoam and has the form of a helicoid propeller. As it 

ascents or descends, i ts  Spinning aspirates the two thermistors mounted in radiation 

shields at the tips of the propeller. The aneroid is equipped with an additional 

temperature sensor. The capsule is mounted to a sealed ceramic capacitor acting as 

transducer. An electronic multiplexer samples the sensors sequentially every 6 s. 

Physical values are represented by audio frequencies which modulate a narrow band, 

quartz controlled 403 MHz FM-transmitter. 

Wind: 

Not available. 

ASA (H6henwettersonde 74) 

Manufacturer: 

Meteolabor AG, Hofstrasse 92, CH-8620 Wetzikon, Switzerland 

Operator: 
Weather Service of the Swiss Army 

Sen sors: 

P: two aneroid capsules, one for 1000 to 100 rob, one for 100 to 5 mb 

T: silver coated bimetallic spiral, no radiation shield 

time constant is about 4 s at 1000 mb 

U: goldbeater's skin 

Accuracy stated by manufacturer: 

P: +4 mb from 1000 to 90 mb 

_+2 mb from 100 to 5 mb 
T: + I ~  from 3 0 t o - 7 0 ~  

U: _+ 10% from 10 to 100% relative humidity 

General: 
Each of the four sensors mechanically moves a pointer about a common axis. A fifth 

pointer, driven by clockwork, rotates about this axis in the plane of the circle formed by 
the other four pointers. Whenever it is aligned with one of the sensor-actuated pointers, 
a pulse is produced by capacitive coupling. This pulse manifests itself by a lowering of 

the 403 MHz transmitter signal by 1 MHz. A fixed double pointer on the circle serves 
as zero and end point for the time base which is approximately 30 s long. 

Meteorological values are computed from the time lapse between zero (double pulse) 
and the pulse caused by the appropriate pointer. Hence, one complete PTU-cycle lasts 
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approximately 30 s. The sonde's transmitter emits bursts of 50/~s. These are released 

upon receipt of signals from the ground station which are sent out at a rate of 350 Hz 
(transponder principle). By determining the time delay between the interrogating pulse 
from the ground and the sonde's response, the antenna-sonde distance can be 
computed. 

Wind: 

The sonde's position is determined using the radial distance (from the transponder 
system) and the antenna angles. Tracking is automatic using a monopulse antenna 
system. 

GR78 (Graw RSG78) 

Manufacturer: 
Dr Graw Messger/ite, Muggenhofer-Strasse 95, D-8500 Niirnberg 80, Federal Republic 

of Germany 

Operator during SONDEX: 
German Weather Service, Aerologische Forsehungs-und Erprobungsstelle M/inchen, 
August Schmauss-Strasse 1, D-8042 Oberschleissheim, Federal Republic of Germany 

Sensors: 
P: aneroid capsule 
T: NTC resistor of 0.4 mm diameter mounted in duct acting as radiation shield 
U: psychrometric with wetted NTC resistor identical to the one for temperature 

Accuracy stated by manufacturer: 

P: +1 mb from 1060 to 200mb 
+0.5 mb from 200 to 8 mb 

T: +0.2~ from 40 t o - 8 0 ~  
U: _+0.1 o C for psychrometric difference 

General: 
The aneroid capsule is attached to a capacitive transducer. Signals from the sensors are 
converted into audio frequencies which modulate a 403 MHz quartz controlled narrow 
band FM-transmitter. The two temperature sensors are switched in turn to the audio 
oscillator for about 6 s. The modulation frequency for temperature is between 600 and 

2500 Hz, for pressure it lies between 30 and 400 Hz. Pressure and temperature signals 

are transmitted simultaneously. 

Wind: 
Not available. 

SP76 (Sprenger E076 Q 400) 

Manufacturer: 
A. Sprenger KG GmbH & 
Republic of Germany 

Co., Postfach 20, D-3434 St. Andreasberg, Federal 
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Operator during SONDEX: 

Factory team of manufacturer 

Sensors: 

P: aneroid capsule 

T: bead thermistor housed in vertical duct 
U: carbon element (plastic strip with thin carbon coating) housed in vertical duct 

Accuracy stated by manufacturer: 

P: • mb from 1060 to 0 mb 

1 s time constant 

T: •176 from 50 t o - 9 0 ~  
1 s time constant 

U: •  from 0 to 100% relative humidity 

5 s time constant at 20~ 
less than 2 rain time constant in the range 40 to - 4 0 ~  

General: 
The aneroid capsule moves a pointer which switches to a different audio frequency 

about every 1.2 rob. All data are transmitted simultaneously: pressure is relayed as 

frequency modulation between 1.5 and 3 kHz, temperature as frequency modulation 

between 35 and 460 Hz and humidity as amplitude modulation between 30 and 60 Hz. 

The quartz stabilized, narrow band transmitter operates at about 403 MHz. 

Wind: 
Not available. 

SWISS ('Swiss sonde') 

Manufacturer: 

Meteolabor AG, Hofstrasse 92, CH-8620 Wetzikon, Switzerland 

Operator during SONDEX: 

Swiss Meteorological Institute, Aerological Station, CH-1530 Payerne, Switzerland 

Sensors: 
P: two aneroid capsules, one from 1000 to 100 rob, one from 100 to 5 mb 

T: silver coated bimetallic spiral, no radiation shield 

time constant is about 4 s at 1000 nab 
U: goldbeater's skin 

Accuracy stated by manufacturer: 
P: +_4 mb from 1000 to 90 mb 

+_2 mb from 100 to 5 nab 
T: +_I~ from 30 t o - 7 0 ~  

U: + 10% from 10 to 100% relative humidity 

General: 

Each of the four sensors mechanically moves a pointer about a common axis. A fifth 
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pointer, driven by an electric motor, rotates about this axis in the plane of the circle 
formed by the other four pointers. Whenever it is aligned with one of the 
sensor-actuated pointers, a pulse is produced by capacitive coupling. This pulse 

manifests itself in a lowering of the 403 MHz transmitter signal by 1 MHz. A fixed 

double pointer on the circle serves as zero and end point for the time base which is 
approximately 30 s long. Meteorological values are computed from the time lapse 

between zero (double pulse) and the pulse caused by the appropriate pointer. Hence, 
one complete PTU-cycle lasts approximately 30 s. The sonde's transmitter emits bursts 
of 50 ps. These are released upon receipt of signals from the ground station which are 
sent out at a rate of 350 Hz (transponder principle). By determining the time delay 
between the interrogating pulse from the ground and the sonde's response, the 
antenna-sonde distance can be computed. 

Wind: 

The sonde's position is determined using the radial distance (from the transponder 

system) and the antenna angles. Tracking is automatic using a four-array, switched lobe 
antenna. 

THOMM (Thommen J-R 3.2) 

Manufacturer: 
The manufacture of this sonde has been discontinued 

Operator during SONDEX: 
Artillery Weather Service of the Swiss Army 

Sensors: 

P: aneroid capsule 
T: bimetallic spiral housed in polished vertical duct serving as radiation shield 

U: goldbeater's skin 

Accuracy stated by manufacturer: 
P: +_5 mb from 1050 to 300 mb 
T: •176 
U: • 10% relative humidity 

General: 

Each of the three sensors mechanically moves a pointer about a common axis. A fourth 
pointer, driven by clockwork, rotates about this axis in the plane of the circle formed by 
the other three pointers. Whenever it is aligned with one of the sensor-actuated pointers, 
a short mechanical contact is established causing the 470 MHz transmitter to be shifted 
by about 80 kHz. A fixed double contact on the circle serves as zero and end point for 
the time base which is approximately 30 s long. Meteorological values are computed 
from the time lapse between zero (double pulse) and the pulse caused by the appropriate 
pointer. Hence, one complete PTU-cycle lasts approximately 30 s. 
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Wind: 

The sonde's position is determined by tracking the sonde with a manually controlled 
antenna. This antenna consists of four electronically switched dipole arrays (switched 
lobe principle). Deviations from proper alignment are indicated by a cross-pointer 
instrument. As third co-ordinate, the geopotential height computed from the PTU-signal 
is used. 

RS 18 (Vaisala RS 18) 

Manufacturer: 
Vaisala Oy, PL26, SF-00421 Helsinki 42, Finland 

Operator during SONDEX: 

Institute for Geography ETH, Sonneggstrasse 5, CH-8092 Zurich, Switzerland 

Sensors: 
P: two aneroid capsules, one from 1050 to 150 mb, one from 150 to 3 mb 
T: bimetallic ring housed in a polished double shielded vertical duct acting as radiation 

shield, time constant <3 s at 1000 mb 
U: single hair mounted in duct 

Accuracy stated by manufacturer: 
P: 1 mb from 1050 to 150 mb 

0.1 mb from 150to 3 mb 
T: 0.1~ 
U: 1% relative humidity 

General: 

The mechanical movement of the sensors moves one plate of a disc capacitor and in this 
way varies its capacity. These capacitors are switched in turn into the frequency 
determining circuit of a 25 MHz transmitter by a propeller turning about a vertical axis. 
In addition, two fixed value capacitors are switched in as references. The frequency of 
the transmitter, which varies between 24 and 25.6 MHz, is then a function of the 
meteorological values. 

Wind: 

The sonde's position is determined using an L-shaped antenna array. By analysing the 
phase differences of the sonde's signal picked up by different antennas, the slant angle 
between the incoming radiowave and the straight line between the two antennas can be 
computed. Using a two-dimensional array, the azimuth and elevation can be 
determined. The third co-ordinate is the geopotential height of the sonde computed from 
PTU-values. 

RS21C and RS21N (Vaisala RS21-12CN) 

Manufacturer: 

Vaisala Oy, PL 26, SF-00421 Helsinki 42, Finland 
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Operator during SONDEX: 
Factory team of manufacturer 

Sensors: 

P: two aneroid capsules, one from 1060 to 10 mb, one from 150 to 3 mb 
T: bimetallic ring housed in polished double vertical duct acting as radiation shield 
U: humicap thin film capacitor housed in duct 

Accuracy stated by manufacturer: 

P: 1 mb standard deviation from 1060 to 10 mb 
0.2 mb standard deviation from 150 to 3 mb 

T: 0.15~ standard deviation from 55 to - 9 0 ~  
2.9 s time constant at 6 m/s and 1000 mb 

U: 2% standard deviation from 0 to 100% relative humidity 
1 s time constant at 1000 mb and 20~ 

General: 

The aneroid capsule and the temperature sensor control mechanically the capacity of 
three capacitors; the humidity sensor acts as a capacitor by itself. A rotating switch, 

driven by the unwinding suspension string, connects the different capacities as well as 
two reference capacitors to the frequency determining circuit of a 6 MHz (nominal) 
oscillator. After dividing its frequency by 128, this oscillator modulates the frequency of 
the 403 MHz transmitter. The sonde is equipped to receive one frequency of the VLF 
Omega Navaid transmitters. The output of this receiver is relayed to the ground by the 
403 MHz transmitter. 

Wind: 
The sonde's position is determined by analysis of the Omega signals. The Cora receiver 
uses a slightly different technique from the Navaid receiver; the basic principle is, 
nevertheless, that of hyperbolic navigation. For the third co-ordinate, the geopotential 
height based on the PTU-values is used. 

PAGEOPH, 

RS80 (Vaisala RS80-15N) 

Manufacturer: 
Vaisala Oy, PL 26, SF-00421 Helsinki 42, Finland 

Operator during SONDEX: 
Factory team of manufacturer 

Sensors: 
P: aneroid capsule with integrated capacity transducer 
T: capacitive bead, 2.5 mm long and 1.5 mm diameter, unshielded 
U: humicap thin film capacitor, unshielded 

Accuracy stated by manufacturer: 
P: 0.5 mb standard deviation from 1060 to 3 mb 
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T: 0.2~ standard deviation from 60 to - 9 0 ~  
solar radiation correction < 1 ~ at 60 deg elevation and 10 mb 

U: 2% standard deviation from 0 to 100% relative humidity 

General: 
The capacities of the sensors as well as two reference capacitors are electronically 
sampled in turn for about 1 s. They control the frequency of an audio oscillator which 

modulates the frequency of the 403 MHz transmitter. The sonde is equipped to receive 

one frequency of the VLF Omega Navaid transmitters. The output of this receiver is 
relayed to the ground by the 403 MHz transmitter. 

Wind: 
The sonde's position is determined by analysis of the Omega signals. The basic principle 
is that of hyperbolic navigation. For the third co-ordinate, the geopotential height 
computed from the PTU-values is used. 

V1392 (VIZ 1392 accu-lok) 

Manufacturer: 
VIZ Manufacturing Company, 335 E. Price Street, Philadelphia, PA 19144, U.S.A. 

Operator during SONDEX: 
Laboratory for Atmospheric Physics ETH, H6nggerberg, CH-8093 Zurich, 

Switzerland 

Sensors: 

P: Ni-Span-C aneroid capsule, temperature compensated 
T: rod type NTC resistor of 2 mm diameter, 5 mm long with water repellent and solar 

reflective coating, unshielded, time constant is about 3.5 s at 1000 mb 
U: carbon element (plastic strip with thin carbon coating) housed in duct 

Accuracy stated by manufacturer: 
P: within 2 mb (rms) from 1050 to 5 mb 
T: within 0.2~ (rms) from 40 to - 7 0 ~  
U: +5% from 10 to 100% relative humidity between 40 and --60~ 

General: 
The aneroid capsule actuates a switch which connects the thermistor, the carbon 

element and two reference resistors in a fixed sequence to a voltage controlled audio 
oscillator. This oscillator modulates the amplitude of a 1680 MHz transmitter with a 
frequency between 8 and 200 Hz. Pressure is determined by counting 'steps' in the 
above-mentioned sequence which is facilitated by the use of the reference values. 

Wind: 

The sonde's position is determined using a parabolic antenna with conical scan together 
with the geopotential height computed from PTU-values. 
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4.1. Introduction 

4. Data analysis 

Of the two sets of the data provided by the groups during SONDEX, only the 

standard level data have as yet been fully analysed, and only these will be considered - 
as mentioned before - in this report. Although they are not as detailed as the minute 
data, standard level data do lead to a good indication of the relative performance of the 

various sondes, whilst presenting fewer problems. Also, despite the fact that standard 
level data give only a crude representation of the actual profile, most numerical models 

rely solely on this type of data. 
The ascents were first arranged into groups according to their times of launch. 

These groups (see Appendix A) comprised from three to eight sondes and consisted of 
all sondes launched on the same balloon or within a period of about 3 hours. This limit 
of 3 hours was considered reasonable and necessary. Conditions in the atmosphere 
above 700 mb alter except under exceptional circumstances, only gradually. Below this 
level, radiative heating and cooling can of course cause substantial changes within 

shorter intervals. If, on the other hand, such a large timespan were not allowed, sondes 
which for technical reasons were not flown together could not have been directly 

compared. Care was taken that no data sets were grouped together when a drastic 
change in the weather had taken place within the timespan. As the results in Section 5.2 

will show, the assumptions made above are reasonable. 
For each parameter and level, the average and standard deviation were calculated. 

The results of this initial comparison = were then circulated to the various groups with 
the request that the raw data be checked and corrections made where necessary. Thus, 

mistakes in the data due to human error (hand digitizing of data, etc.) and transmission 
problems could be effectively eliminated. The main analysis was based on the corrected 

data set. 
The standard level data for each ascent comprised a maximum of six parameters at 

a maximum of sixteen levels. Table 2 lists these levels, the parameters and their 

abbreviations. 

Table 2 

Definition of levels and parameters 

Levels: 

Parameters: 

Ground 500 200 
900 400 150 
850 300 100 
700 250 70 

Temperature T 
Humidity U 
Geopotential H 
Wind direction D 
Wind speed F 
Time after launch t 

50 
30 
20 
l0 



Vol. 120, 1982 The Radiosonde Intercomparison SONDEX 867 

Three sounding systems, the Graw RSG78, Sprenger E076 and the Airsonde were 

not equipped for measuring wind velocity. As mentioned before, the parameter 'time 

after launch' was introduced to allow a comparison = of pressure sensors and is only of 

importance in multiple ascents = . Any difference in the time after launch for sondes on 

the same balloon to reach a given pressure level indicates a discrepancy in the pressure 
sensor or in the interpolation method used. The magnitude of the pressure discrepancy 

can be determined from the time difference, the local vertical velocity of the balloon 

(estimated from the time taken for the sonde to ascend from the previous standard level 

and the relative topography of the two levels) and the hydrostatic equation. 

For each parameter and level, the value x~ reported by sonde i is given by 

x~ = x M + Yc i + j x  i (4.1) 

where x u is the true meteorological value of the parameter at the given level, xi is the 

systematic error of sonde i, and 6x~ is a stochastic error. There is no way of determining 
or measuring x u directly. The aim of the analysis is to obtain a realistic estimate for xi. 
Even if this could be done exactly, the stochastic error would remain. The standard 

deviation of the systematic error (the variability of parameter x of the given sonde type 
i )  x tr i  is given by 

xOi  = O x {  (4.2) 

where n, the number of sondes used to determine x a i ,  should be as large as possible. 

If  we assume that the systematic error is a function of pressure and not of x M ,  we 

can eliminate x m by simply calculating the difference between the values of the 

parameters reported by two sondes i and k which have been launched at or about at the 
same time: 

x i k  : x i - -  x k = x M - -  x M + fc i - -  Yc k + J x  i - -  J x  k 

: Yci - -  Yck + 6 x i  - -  6 x k  (4.3) 

4 . 2 .  T h e  p r i m a r y  r e s u l t s  

In the first stage of the analysis, each possible combination of two sondes within 
a group (as defined for the quality control) was considered in turn and xik calculated. 

Where two sondes of the same type were included in the same group, the data from 

these sondes were compared only with data from other types of sondes and not with 

each other. The results of this initial stage were divided into two sets - day ascents and 
night ascents - as well as being retained in their original form. The remainder of the 
analysis was then carried out on these three data sets 'day' ,  'night' and 'all'. Certain 
parameters - temperature, relative humidity and their dependant parameter geopoten- 
tial - are best considered separately for day and night ascents so that the effects of solar 
radiation can be investigated. Other parameters - pressure, wind speed and wind 
direction - are not likely to be directly affected by radiation. 
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The second stage of  the analysis defines the mean difference Xik between two sondes 

i and k by: 

l 2ik = xi - Xk = ~ (fez -- iCk + 6X~-  & k )  
nik 

1 
= ni--kk Z (~ci - fCk) (4.4) 

and the standard deviations of  the mean differences 

[ i  x xaik = - (6X i -- 6Xk) 2 (4.5) 
nik--  1 

where nik is the number of  direct = comparisons = between the two sondes, xaik is related 

to xai and xo k by 

= [ ( n i k - 1 ) ( x a ~ + x a ~ ) ]  1/2 (4.6) 
xOik 2 n i k -  1 

The results at this stage can be represented in a series of  primary difference 

matrices =, one matrix for each parameter and level (see Appendix B, even pages). Each 

element of  these matrices comprises the three values fork, xaik, and nik. These matrices, 

which constitute the direct results of  the intercomparison- are skew symmetric matrices 

of  order 11. In addition to the leading diagonal which is not determined since 

n u = njj . . . . .  0 (4.7) 

a number of  other elements of  the matrix are also undetermined since a direct = 

comparison = between certain pairs of  sondes was not possible. For  the calculation of 

the standard deviation xaik, the sum of  squares (see equation 4.2) was divided by n - 1 

which leads to a more conservative estimate. The probability of  error when rejecting the 

hypothesis that there is no difference between the values reported by two different 

sondes is commonly called 'significance', a habit which will be adopted also in this 

report. Since for a given parameter at a given level only few comparisons = were 
available, small sample theory had to be applied and consequently t-tests (Student-tests) 

were used to determine the error probability or - as it is called from now on - the 

significance. 

fCik t = ( n -  1) 1/2 
xOik 

These t-scores were compared with tabulated values for given 

significance. The significance Sik, for which 

Itl/> t s 

(4.8) 

sample size and 

(4.9) 



Vol. 120, 1982 The Radiosonde Intercomparison SONDEX 

is indicated by symbols in the matrix elements, where 

$ stands for 0.1% 

�9 stands for 1% 
+ stands for 2% 
: stands for 5% 

869 

4.3. The adjustment analysis 

Since, for the reasons stated above, it was not possible to fly every combination of 

two sondes together, quite a number of dements in the primary difference matrix are 
missing. Also it is highly unlikely that - for any parameter at any height - the difference 

between sondes i and j plus the difference between sonde j and k will be equal to the 

difference between the sondes i and k. (If, therefore, differences would be represented 
geometrically, the points i , j ,  and k would form a triangle rather than a straight line. In 
the case of n sondes, the points would most likely form an ( n -  1)-dimensional 
polyhedron.) In other words, the difference matrix itself is overdetermined while at the 
same time some of the elements are not determined at all. (This is a classical problem 
commonly encountered in surveying when, for example, the height of a point is 
determined using two different reference levels.) In order to obtain a complete and 
coherent = difference matrix, the primary matrix was subjected to an adjustment 
analysis. In this analysis the differences are modified such that for any element a in the 
matrix 

with 

Then, as can be shown 

aik = sign ( j  -- i). aij + sign (k - - j ) .  ajk (4.10) 

0 < ( i , j , k ) ~ n  (4.11) 

atk= aij + ajk (4.12) 

which of course is physically plausible. (Geometrically, the (n - 1)-dimensional 
difference polyhedron has been reduced to a straight line by the adjustment process.) 

Quite often the adjustment analysis is carried out such that the sum of the squares 

of the adjustments (i.e. the 'corrections' of the individual values) is minimal. This 
procedure was also chosen here by using multiple linear regressions. 

In order to avoid the problem of defining weighting factors, the multiple regression 
was applied to the raw data rather than to the data contained in the primary difference 
matrix. Using the BMDP Statistical Software Package of the University of California 
(DIXON, 1981), the model 

x =  Z mi xi (4.13) 
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(where s represent the adjusted values) was fitted using all available difference data x in 

the form of an equation 

Xtk = m i x  ~ + m k X  k = X~ --  X k (4.14) 

The factors m, therefore, assume only the values --1, +1, or zero; in addition, in any 
equation predicting the difference xik  there is always exactly one m which equals + 1 and 
one m which equals - 1; the remaining m's are zero. The x~k are the dependent variables, 

the m s the independent variables and the x I the coefficients sought. 
It must be noted that for physical reasons the model, i.e. the regression equation 

(4.13), must not contain a constant. In other words, the intercept of the regression line 

must be zero. 
Since no constants are present on the right-hand side of the equation system (4" 14), 

the resulting covariance matrix will be singular and cannot, therefore, be inverted to 

yield the parameters of the regression coefficients. If, however, m s is set equal to zero - 
where j can be chosen arbitrarily - in all the equations (4.14), this will not happen. The 
resulting regression coefficients then represent the difference of a particular sonde with 

respect to sondej as can readily be seen when looking at a particular equation (4.13) 

s  = m i 2 ~  + m j s  = l x  i + O.~j = .~i (4.15) 

The program used also furnishes the 2-tail error probability for rejecting the 

hypothesis that the coefficient J?~k is different from zero. The respective calculation is 
based on the t-test. By alternately setting m 1, rn 2 . . . . .  ml0 to zero, all the mutual 
differences as well as their standard errors and significances can be obtained. The 

fact that differences should be coherent = allows a quick but powerful test for the 

reliability of the calculations. 
It should be remembered that the RS21 ascents were evaluated using two ground 

systems - the generally available Cora hard and software and the Navaid system 
developed specially for GARP. The RS21 Navaid data were, at this stage, omitted from 
the analysis in favour of the RS21 Cora data. The inclusion of both sets of data would 
have led to a bias towards the RS21 sonde. Ideally, there would have been forty-five 
combinations of two sondes, but in the event, a maximum of thirty-seven combinations 

were registered. At higher levels (above 30 mb) and also for wind data, the number of 

combinations falls markedly below this. 
For reasons just mentioned, the data of the RS21 sondes as received by the Navaid 

set has been added to the adjusted mean difference matrix = after the analysis. Based on 
the difference between RS21 Cora and RS21 Navaid, the differences with respect to 
other sondes were calculated. For the standard errors the estimate for the RS21 
Cora was also taken for the RS21 Navaid; the same is true for the significance. This 
procedure is, of course, formally not absolutely correct. The primary difference 
matrices =, however, show that the standard deviations of the Cora and Navaid data 
with respect to any other sonde are nearly always about the same; this again is reflected 
in the significance. The two elements of the adjusted mean difference matrix = giving the 
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difference between the Cora and Navaid analysis (difference, standard error and 

significance), were carried over from the primary difference matrix = which, in this case, 

is statistically correct. 

The results of the adjustment analysis, the adjusted mean difference, its standard 

error and its significance are put together in the adjusted mean difference matrix = 
which is - in contrast to the primary difference matrix = - complete and coherent = 

according to equation (4.12). The sample size or number of ascents of particular 
combinations n has lost its physical meaning in the process of the analysis and is no 
longer included (see Appendix B, odd pages). 

The data contained in the adjusted mean difference matrices = represents the very 

basic results of the intercomparison =. No subjectivity was involved in the evaluation, no 

data has been modified and all statistical calculations were carried out in accordance 

with generally approved statistical theory for small samples and of the least squares 

scheme. Therefore, any modification of upper-air data should eventually be based on the 

core data contained in the adjusted mean difference matrices = . Here, of course, the 
assumption is made that during the intercomparison = the sounding systems performed 

'typically', that there were no operator errors and that the software used does not 
significantly differ from that used at other sites. It is probably impossible to prove or. 
disprove that this assumption is justified. In any case, without this assumption no 
intercomparison = could be carried out. 

Since the number of comparisons = at a given level was small, it cannot be expected 

that the mean differences will differ from zero at a high level of significance. 

Nevertheless, the results do indicate that differences are systematic: Over a given 

pressure range, i.e. over a certain number of levels, the differences have equal sign and 

magnitude. As a consequence, data from different levels were combined to form one set 

which then was treated in the same way as the data at the individual levels. Due to the 

larger size of  the statistical sample, the significance of the resulting mean difference 
became greater. The sets consisted of the combinations according to Table 3. 

Appendix B contains the complete set of results in matrix form. The set is divided 
into two subsets - the results for individual levels and the results for groups of levels as 
defined in Table 3. The results for each subset are listed in the order: pressure (all), 

Table 3 

Grouping of standard level data for common data 
sets 

Parameter Level range 

Pressure, temperature and wind 

Geopotential (relative error) 
Humidity 

900 to 150 mb 
100 to 20 mb 
900 to 20 mb 
900 to 700 mb 
500 to 300 mb 



872 Hans Riehner and Peter D. Phillips PAGEOPH, 

temperature (day), temperature (night), relative humidity (day), relative humidity 

(night), geopotential (day), geopotential (night), wind speed (all) and wind direction 

(all). In every case, the primary difference matrix = is printed on the left-hand page (even 

page numbers), the corresponding adjusted mean difference matrix = on the right-hand 
page (odd page numbers). The elements of the matrices comprise four (in the case of 

adjusted mean difference matrices = three) items of information - the average difference 

between the sondes named at the head of the column and the beginning of the row, the 
standard deviation (or standard error) of this difference, the number of direct = com- 

parisons = used in determining these values (primary difference matrices = only) and the 

significance of the result coded according to the list of symbols at the end of Section 4.2. 

4.4. Graphic representation of results 

Despite the rigour of the data in these matrices, it is rather difficult to visualize the 
results properly. Since graphs are more easy to interpret than numbers, an attempt has 
been made to represent the adjusted mean differences graphically. In order to do this, 

bench mark values must be defined to which the deviations can be referenced. Actually 

one could define a specific sonde as reference and plot the differences of the others with 

respect to this reference. This, however, would result in the unwanted implication that 

the values reported from a certain sonde are the meteorologically correct ones. In fact, 

it is impossible to find any meteorologically correct value, but it is possible to define a 

value which is realistic. Such values were computed and used in the graphical represen- 

tation as reference for the adjusted mean differences. 

As always, temperature, relative humidity and geopotential have been considered 
independently for day and night ascents, whilst for pressure and wind velocity, all 

available data have been analysed together. In order to reduce the influence of 'wild' 
data on the reference value, a three-stage analysis was developed. For each sonde type 
and parameter, the average root mean square of differences from the common mean for 

the range 900 to 100 mb (where data was available) were calculated. The five (in the 
case of wind, three) sondes with the lowest average root mean square differences were 

then used to calculate a new mean at each level. But even these 'good'  sondes are 
not necessarily completely free of extreme data. Hence in the second stage of the 
analysis the standard deviation of the data from the five (or three) sondes forming the 

new common mean was calculated. Those sondes showing differences from the new 
common mean greater than 1.5 times the standard deviation of the 'good'  sondes were 
eliminated at the level and a new common mean was generated on the basis of the 
remaining 'good'  sondes. This common mean now represents the most likely centre for 

the distribution of data for the parameter at the given level. 
Up until this point, the results have been obtained purely by analysis at a given level, 

each level being considered in isolation from the other levels. In order to supply a degree 

of vertical continuity to the results, the data were further subjected, in the third stage of 
the analysis, to cubic spline smoothing. The stiffness of the smoothing was determined 
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for each parameter separately (although not for day and night analyses of the same 

parameter) so as to give nearly straight lines for the majority of sonde types. In these 
cases, the cubic spline 'curves' approximate to linear regressions. The smoothed 
difference always lies well within the standard deviation associated with the unsmoothed 
difference at that level. 

With the reproduction of those graphs no implication is made that the vertical axis 
really represents zero deviation from the true meteorological value. Certainly it is highly 
probable that values closer to zero i n  the graph are also closer to the true 
meteorological value. However, it was neither the aim of the intercomparison = nor was 
the experiment designed to find the 'best' sonde, i.e. the sonde which reports data 
differing the least from the true values. The intention was to provide differences between 

the sounding systems in use whereby the data user could choose any sounding system 
as reference. For this reason, the graphs should be regarded only as more easily 

conceivable representation of the results contained in the adjusted mean difference 
matrices = . 

5. Resuhs 

The findings presented here are only of limited practical value for some sonde types 
(the Graw RSG78, the Vaisala RS80 and to some extent the Airsonde), since 
modifications have been made to the sonde or the software since the experiment took 

place. Nevertheless, it has been decided that the results for these sondes should also be 
included in this report since they represent a substantial part of the intercomparison = 
and have led to the development of improved hard and software. This decision, 

however, brings with it the danger that radiosonde data users could apply corrections 

based on obsolete values. Therefore, before applying corrections based on this report to 
Airsonde, Graw RSG78 and Vaisala RS80 sondes, the data user is strongly advised to 
consult the manufacturer about the current state of the sonde and the software package. 

Figures 2a-i depict the differences of the six investigated parameters - pressure, 
temperature, relative humidity, geopotential, wind direction and speed - from an 
arbitrarily defined common mean as a function of the logarithm of pressure (see Section 
4.4). As always, temperature, relative humidity and geopotential have been considered 
independently for day and night ascents, whilst in the case of pressure and wind, all 

available data have been taken together. For reasons of clarity, each Figure is split into 

halves, the sondes being distributed alphanumerically between the halves. The 
scales used in the halves are identical. Again, it should be stressed that these results 
cannot be taken as absolute: they represent solely the differences of the sondes from 
some reasonably correct but nevertheless arbitrary common mean, and the 
meteorological value of any parameter at any level remains unknown. In the legend 
beneath each Figure, the five (or, in the case of wind speed and direction, three) sonde 
types with the least average root mean square differences are indicated by a t. 
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In the discussion of the results which follows, a 'significant' difference between 
sondes implies that the difference is significant at a level of 1% or less (see Section 4.1). 

5.1. Pressure 

Differences in pressure data between various sonde types were derived from the 
time after launched (to the nearest 0.01 min, which corresponds to _+0.15 mb near the 
ground, less at higher levels) at which sondes on the same balloon (multiple ascents = ) 
reached the given pressure level. Any difference in time of arrival at a given pressure 
implies a difference in pressure measurement, the magnitude of which can be deduced 
by resort to the time difference, the vertical velocity of the balloon and the hydrostatic 
equation. The number of comparisons = possible is limited by the number of multiple 
ascents = made - data from parallel ascents = cannot, of course, be used. The accuracy 
of pressure differences deduced in this way depends further upon the synchronization of 

the clocks at launch and the accuracy of the clocks during the ascent, and the vertical 

velocity of the balloon must be estimated. Whilst clock synchronization and vertical 
velocity determination caused little problem, the accuracy of the clock during ascent 
was a source of difficulty in the case of the ASA, Swiss and Thommen sondes. These 

sondes use precision clockwork (in the case of the Swiss sonde, electrically driven) to 
sample PTU-data. Although the period for a full cycle is nominally 30 s (see Section 3), 
slight variations from sonde to sonde and during the ascent can and do occur without 
influencing the PTU data in any way. For technical reasons, this 30 s cycle had to be 
used as time base for these sondes and this has led to errors in determining the time 
after launch. Hence, a comparison of these pressure data with those of other sondes was 
severely limited. In addition, the Swiss sonde could be flown only with sondes 
transmitting in a band other than the 400-406 MHz band (see Section 3), thus 

restricting the number of sonde types with which this sonde's pressure data could be 

directly compared. 

The differences from the common mean for most sonde types are in general less 
than _+ 1.5 mb (Fig. 2a). Notable exceptions are the Airsonde (which is specified only 
for ascents up to 300 mb), the Vaisala RSl8 and the ASA sondes. In the case of the 
Airsonde, the difference increases up to 300 mb (and beyond), the pressure which it 
records at any time being lower than the common mean. The differences become only 
significant =, however, at the 400 mb and 300 mb levels, and then only with respect to 
the Graw RSG78, Vaisala RS21 and RS80 and VIZ 1392 sondes. 

In the case of the Vaisala RS18, a non-linearity in the receiving equipment was 
suspected, but this proved to be in order. The differences between the Vaisala RS18 and 
the majority of other sondes are significant = only at the 850, 500 and 400 mb levels. 
The differences between the Vaisala RS18 and the RS21 sondes, on the other hand, are 
significant = at virtually every level up to 100 mb. 

The bulge in the ASA data around 150 mb is due to the poor fit of the calibration 
data for the first aeroid capsule at the end of its range (100 mb). Above this level, the 



o~ ~z 

2~ 

~> 
.~" ~'~ 

mzc~ 

~ ~ 

P~ 

-'-" y 

~y 

r- 
:D 

ro 

oo D 

STANDARD LEVEL PRESSURE [HB] {LgG 58ALs 

k --t -f-~ -k- --I--- + --+-~ t I 
' I 

i 

~t O7 

O7 

STANDARD LEVEL PRESSURE [HB] (LOG SCALE] 

c~ o 12D o o 

I I - 1 1 I ---I-~ t t I 

C~t21 
OtD t23 

1 
t..n 

g ggg ?-8 8 ~ 

'HdO~tDVd sd!iI!qd "(I aO~Od pu~ a0uqo!~ I suv H 9L8 



Vol. 120, 1982 The Radiosonde Intercomparison SONDEX 877  

Lf) 

t o 
b~ 

�9 I - I I I I ~ I I I i i I u~ 

l o o -o o o o o o  o - o  o 8  -~  
i.o 

Q 

7 
6O 

T 

r176 
d 

i 

I ~ I I I I - I I I I 

C ] ] ~ 3 S  009) [ O N ]  3YDSS]W8 13A39 OWWONWIS 

bO 
c~ 

o 

t~ 

I--- 

IM 

COCO 

2~ 

I ~ 
~2 

~oc 

co~J 

% 
~) oc ~o 

t ~ ~ o_ 

t o 
z ~  

X X X X X v -,~ v v c~ ~ 

CD 

[39U3S 9~91 [SN] 3WFISS3Wd 93A?q OWUONW2s 

'a 

e q  

t ~  
r  



30
 

cI
Z 

c3
 
5O
 

(.
o 

CO
 " 

t 
70
 

IK
 

~ 
1D

O
 

c[
2 

o3
 

CO
 

15
0 

ec
 

&
_ 
20
0 

LL
I 

,,
>,
 

_J
 
30
0 

n
'
-
 

cn
 
qO
0 

i-
- 
50
0 

I 

85
0 

-
-

~
-

4
.

~
~

 
90

0 -2
5

.0
-2

0
.0

-1
5

.0
-.

!0
.0

 
-S

.O
 

0
.0

 
5

.0
 

1
0

.0
 

1
5

.0
 

2
0

.0
 

2
5

.0
 

BE
Lo
 H
UM
ID
IT
Y [
0/
02
 

20
 

30
 

.__
J 

5
o

 

~
 

~ 
7o

 

O
3 

Z
 

10
0 

t 

if2
 

~_
j 

15
0 

.~
 
20
0 

I 
I 

> 
25

0 

r~
 
30
0 

o:
: 

qO
0 so
o I
 

70
0 

�8
9 

85
0 
~
 

-4
--
 

_
_
~
 

BO
O -2

5.
0-
20
,0
 -
15
,0
 -
I0
,0
 -

5
.0

 
0.
0 

5
.0

 
I0

.0
 

1
5

.0
 2

0
.0

 
2

5
.0

 

B
E

L
, 

H
U

M
ID

IT
Y

 [
0

1
0

] 

P
 

R
IR

SO
N
D
E 

A
S
A
 

G
B
R

W
 

S
P

B
E

N
G

E
B

 
8S

G
 7

8
 

E
O

?6
 

<
~
 

X-
-,
X 

(B
--
E)
 

S
N

j S
S 

TH
OM
ME
N 

VA
] S
AL
A 

PB
YE
RN
E 

BS
I8
 

F
ig

ur
e 

2d
 

A
s 

F
ig

. 
2a

 b
ut

 f
or

 r
el

at
iv

e 
hu

m
id

it
y 

(d
ay

 a
sc

en
ts

).
 

~
 

i 
X

--
-X

 
<~

---
~,

 
V

A
IS

A
L

B
 

V
R

IS
A

L
B

 
V

A
IS

R
L
B

 
V

IZ
 

1
3
9
2
 

R
S
21

C
O

B
A
 

R
S

21
N

A
V

B
ID

 
R

S
80

 

>
 

�9
 



20
 

30
 

EI
_ 

50
 

0
3
 

C
O
 ~ 

f 
J
 

7
O
 

c
o
 

Z
 

i0
0 

L
~
 

u3
 
IS
O 

L
d
 

EL
_ 

_
J
 

2
0
0
 

L
~
 

L
~
 
25
0 

30
0 

rr
- 

(3
2 

C
3
 

~_
 
40
D 

5O
O

 

8
5
0
 

9
0
0
 -
2
5
,
0
-
2
0
,
0
 
-
1
5
,
0
 
-
]
0
,
0
 

-
5
=
0
 

D
:
O
 

5
,
0
 

1
0
,
0
 

I
5
~
 

2
0
,
0
 

2
5
~
 

B
EL

~ 
H

U
M

JD
IT

Y
 [

0
/0

] 

20
 

fl
--

 
..

..
 

50
 

o
u
 

7
O
 

c
~
 

z 
i0
o 

< 

~ 
15

0 
cr

l 

20
0 

uj
 

25
0 

~
-
 

~
0
0
 

co
 
50
0 

+ 

7
0
0
 

8
5
0
 

90
0 -2

5
~

 
-2

0
,0

 
-1

5
,0

 
-J

.O
.O

 
-5

,0
 

D
.O

 
5
,
0
 

i
0
,
0
 

1
5
,
0
 

2
0
,
0
 

2
5
,
0
 

B
E

L
. 

H
U

M
IO

IT
~ 

[0
10

3 

.<
 

.o_
 

o oo
 

,-.
] B"
 

8 0 0 7,
 

X 

A
 I B

SO
N
D
E 

AS
R
 

G
R

R
N

 
BS

G
 '
78

 
4-

 
"~

 

S
P

R
E

N
O

E
B

 
S

N
IS

S
 

T
H

B
M

M
E

N
 

V
R

JS
R

L~
 

E
03

6 
P

R
Y

E
R

N
E

 
R

S
18

 

Fi
gu

re
 2

e 
A

s 
Fi

g.
 2

a 
bu

t f
or

 r
el

at
iv

e 
hu

m
id

it
y 

(n
ig

ht
 a

sc
en

ts
). 

V
R

IS
R

L
R

 
V

R
IS

R
L

R
 

V
R

IS
R

L
R

 
V

IZ
 

1
3
~
2
 

B
S
21

C
O

B
R

 
I~

S
21

N
R

V
R

 ID
 

R
S
80

 

O
0
 

--
.4
 

k
O
 



8 8 0  Hans Richner and Peter D. Phillips PAGEOPH, 

o ~ o ~ ~ ~9 o ~ ~ o ~ ~ ~9 ~ ~o~ 

C3]W3~ 807] F@H] ~UNSS~Wd ]3A~7 OWWON~I~ 

C37W3S 9B7) [BN] 3YnS~3Yd 73A37 OWWONU• 

t O O  
t ~- t ~ O 3  

O 

t ~ 
9 

c )  

c2 

t ~  
c~ 

9 

o 

i 

9 

7 

b~  

b4  

; >  

a s  

(12 (I2 
. . J  Q:: 

0 " ) u  

% 
F-- 

0_ 

t ' q  

O 

r 

e~ 



Vol, 120, 1982 The Radiosonde Intercomparison SONDEX 881 

Z 

E~ 

I I I I I I I I I I I 

[39W3~ 0891 [BN] ~WFISS3WJ 93A39 OWWONW• 

v v 

l 

LDCD 
~ C~ r  t '~  : :~  LO r ~ 000"~  

13963S 9891 [SN] 3Wf]SS3W3 93A3fl OWWONWIS 

O 

9 

o 

9 

o 

c 3  

i 

Q 

i 

9 

I 

9 

? 

oq 

N 

~2 

._1 ( i~ 

~ z  
> ~  

. _ l o E  

t o t _ ~  

~ §  

~ §  
a _  

a :  

o= 

2 



882 Hans Richner and Peter D. Phillips PAGEOPH, 

to 

co 
s 

C~ 

t~ 

P ~ ~ ~ ~ o ~ ~o 
~ ~ ~ to ~ to 

[ ]qUOS 9~-~] [ gN ]  ]~nSS]Wd 7 ] A ] - ]  ONUCNUJ_S 

q LO 

9 

LO +~ 

i o 
LO 

N 

to~ 

P 

t ~ 
t.o 

c:] t o  

t ~  

________--~ ~ I ~ 

7 

I ~ 
L ~ to 

[JgUOS 907] [g61] ]~nSS]~J 9JAIl ~U~NUIS 

to~ eq 



Vol. 120, 1982 The Radiosonde Intercomparison SONDEX 883 

0 
g 

(39W3S 980) [SN] 3WnSS3Wd 03A39 OWWONWiS 

.r 
r 

(D 

O 

(D 

d 

o 

o 

d 
i 

9 

I 

o 

I 

tOED 
00~ 

Q 

d 

o 

~ (~ rw b3 ~ LO r ~ 0O~ 

{]TdOS 9B]) E gN] ]WJ]Sg]Wd 7]A37 O[dUONWlg 

~o 
coco 

I ~> tO(~ 
~ Z  

~ cI~ cI2 
z _ 1 1 ~  

% 

% 

Q_ 

~8 

(i 

.o 

r~ 

rq 



884 Hans Richner and Peter D. Phillips PAGEOPH, 

second pressure capsule provides pressure data and is clearly more consistent with the 

other sonde types. The difference from other sonde types is never significant = , even at 

the 150 mb level. A similar discontinuity was discovered in data from the Swiss sonde 

(basically very similar to the ASA sonde) during the ASOND-78 intercomparison = (see 

PHILLIPS et al., 1981). Subsequent modifications to the software have solved this 

problem for the Swiss sonde as can be seen from the appropriate pressure difference 

curve. 

The two analyses of the Vaisala RS21 data show an almost constant (but not 

identical) positive difference from the common mean. The difference of this sonde from 
the Vaisala RS80 and VIZ 1392 is significant = around the 100 mb level - otherwise, the 
differences are not significant =. The differences between the Sprenger E076 on the one 

hand and the Graw RSG78, the Vaisala RSI8,  Vaisala RS80 and the VIZ 1392 sondes 
on the other are significant = at the 20 mb level, indicating a possible calibration error. 

5.2. Temperature 

Figure 2b shows the temperature differences for the various sondes for day ascents. 

The divergence of the temperature data with increasing height is particularly 

noteworthy, with the Vaisala RS21 and RS80 and the Sprenger E076 sondes showing 

above average, the Swiss sonde indicating below average temperatures. It should at this 
point be stressed that Sprenger make no radiation correction to their data since, 

according to the manufacturers, too few ascents have as yet been made to allow a 

meaningful statistical analysis of the data. The VIZ 1392 data, on the other hand, have 

been corrected in accordance with the procedure outlined by RICHNER and PHILLIPS 
(1981), although the manufacturer does not specifically recommend such a correction. 

In general, differences between sondes are significant = wherever the absolute 

difference is larger than about I~  It seems that the apparent underestimation of 
temperature by the Airsonde may be due to the fact that it is calibrated for a lower 

ascent velocity. 
The differences of the sondes from the common mean for night ascents (Fig. 2c) are 

about a factor four less than for day ascents. The Airsonde is a notable exception 

showing very similar characteristics for both data subsets. Up to and including the 850 
mb level, the Swiss sonde is the only one showing significant = differences from virtually 

all the other sondes. At 500 mb, the ASA and Thommen sondes show significant = 
differences from nearly all the other sondes (but not from each other), and above this 
level it is predominantly the Thomen and Airsonde which differ significantly = from the 

other sondes. The reason for the significant = difference between the Swiss and other 
sondes in the lowest regions of the atmosphere can easily be explained: the Swiss sonde 
was always launched 3 hours after the other sondes and hence the greater part of the 
difference is due to nocturnal radiative cooling of the lowest layers of the atmosphere, 

i.e. the difference is meteorological rather than systematic (see Section 4.1). This 
phenomenon is not observed in the case of the day ascents because the effects of the 
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diurnal temperature variation cancel on average. The differences between the RS21 
Cora and RS21 Navaid, whilst never being significant =, are nevertheless surprisingly 
large considering that they represent two analyses of identical signals from the same 
sonde. 

5.3. Relative humidity 

Relative humidity data are often considered to be the least reliable radiosonde data 
(see, for instance, BROtJSAIDES, 1973, or MCKAv, 1978) and this intereomparison = 

endorses that view. Figures 2d and 2e show the results of the intercomparison = for day 
and night ascents respectively. Among the ten radiosonde systems represented in this 

intercomparison =, four different types of humidity sensors are employed. The ASA, 
Swiss, Thommen and Vaisala RS18 sondes all have bio-organic sensors; the first three 
use goldbeater's skin and the RS18 hair. Only the most optimistic radiosonde user 
can expect to get accurate relative humidity data from these sensors above the 
tropopause and the Swiss practice of discounting relative humidity data above 200 mb 
seems appropriate. The Airsonde and the Graw RSG78 sonde both use a second bead 
thermistor together with a water reservoir to measure wet bulb temperature. In these 
sondes, difficulties are to be expected during freezing of the wet bulb (release of latent 
heat). Difficulties also arise due to the strong pressure dependence of the psyehrometric 
equation (at 300 mb and - 4 0 ~  a 0.5~ wet bulb depression corresponds to a 63% 
relative humidity). The Vaisala RS21 and RS80 sondes both use humieap sensors which 
should not suffer from the deficiencies of the previously mentioned sensors. Finally, the 
VIZ 1392 sonde makes use of a carbon element; this sensor is also incorporated in the 
Sprenger E076. 

The Vaisala RS21 sonde seems to give lower than average relative humidities, the 
difference being typically in the range 10-15% for day ascents throughout the whole 
troposphere and lower stratosphere. The differences from most of the other sondes are 
also significant = . For night ascents, the deviation is even greater, the differences being 
once again significant = at all levels. Above 100 mb, the Vaisala RS21 as well as the 
Vaisala RSS0 (both equipped with the humicap) are comparable only with the Vaisala 
RSI8 and ASA sondes with their bio-organic sensors. It is to be expected that the two 
humicap sondes give more accurate data at those levels despite the graphical represen- 

tation. The Vaisala RS80 sonde gives for both day and night ascents relative humidities 
which are closer to the common mean even in the troposphere than those of the Vaisala 
RS21. The Swiss sonde seems to overestimate the relative humidity and the differences 
from most other sondes become significant = at and above 300 mb. The Thommen and 
ASA sondes, whilst employing a mechanism for relative humidity measurement similar 
to that of the Swiss sonde, seem to fare somewhat better. A similar discrepancy in the 
Swiss sonde data was also noted in the ASOND-78 lntercomparison = (PHILLIPS et al., 
1981). The VIZ 1392 shows only small deviations from the common mean in both day 
and night ascents and differences from other sondes are seldom significant = . The 
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Sprenger E076 sonde, which, as mentioned before, uses the same carbon element as the 
VIZ 1392 sonde (see BROUSAmES, 1973), gives data which are significantly = different 
from the majority of other sondes near the tropopause where it shows very good agree- 

ment with the Vaisala RS21 both for day and night ascents. The two sondes equipped 
with wet bulb thermometers, the Airsonde and Graw RSG78 sonde, record humidity up 
to 500 and 400 mb respectively. The team operating the Airsonde developed a new 
evaluation procedure as a result of the preliminary results of SONDEX (see SCHALLER 
and KALTHOFF, 1982) and hence the differences of this sonde from the others are no 
longer significant =. The Graw RSG78 sonde gives significantly = different values for 
relative humidity at the 500 and 400 mb levels for day ascents. The fact that the 
differences are positive and increase with height tends to indicate that the wet bulb 
depression is underestimated which in turn suggests insufficient ventilation of the wet 

bulb temperature sensor. 

5.4. Geopotential height 

Figures 2f and 2g show the differences in geopotential for the various sondes for 
day and night ascents respectively. Geopotential is a derived parameter calculated by 

numerical integration of the geopotential equation using profiles of virtual temperature 
(a function of temperature and, to a lesser extent, relative humidity) and pressure. So 
any discrepancy in geopotential could be due to discrepancies in any or all of the three 

basic meteorological parameters, or to inadequacies or inaccuracies in the integration 

software. 
In the case of night ascents, the geopotentials as calculated from the various sonde 

data differ very little. The difference between the Thommen data and data from the 
majority of other sondes is significant = up to and including the 700 mb level. At higher 
levels, only the Airsonde shows any significant = difference from the other sondes. The 
maximum deviation from the common mean is shown by the Vaisala RS 18 sonde at the 
30 mb level; this sonde also displays the greatest negative deviation of any sonde above 

250 rob. This conflicts somewhat with the geopotential given by the ASA sonde which, 
despite larger negative night temperature differences, is more consistent with other 
sondes than is the Vaisala RS18 sonde. This seems to indicate procedural 
inconsistencies between the Vaisala RS18 and the ASA evaluation methods which, 

incidentally, were both manual during SONDEX. 
The day ascents cannot be dismissed so lightly. The Thommen sonde again shows 

significant = differences from virtually all other sondes up to and including the 400 mb 
level. The ASA, Graw RSG78, Sprenger E076 and Swiss geopotentials are not 

significantly = different from each other up to and including the 30 mb level. The 
Airsonde shows significant = differences from the other sondes above the 500 mb levels. 
The remaining sondes diverge markedly and virtually linearly with increasing height 
which, to a large extent, reflects the differences in temperature already discussed in 
Section 5.2. Despite similar differences from the common mean shown by the day 
temperature data for the Vaisala RS18 and VIZ 1392 sondes, the geopotential 
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differences diverge more than is to be expected. Noteworthy are also the two 

evaluations of the Vaisala RS21 data. Whilst the Navaid is consistently warmer by 
about 0.15 o C, the Cora regularly records greater geopotentials although the opposite is 
to be expected. Near the ground (i.e. up to 700 mb) the differences between the two 
analyses are in fact significant = . 

5.5. Wind 

Although the determination of the wind profile using radiosondes is an integral part 
of radiosounding, a comparison = of wind data does not wholly belong to a radiosonde 
intercomparison = since wind finding is much more dependant on the locating of the 

radiosonde with ground equipment than on the radiosonde itself (see VOCKEROTI-I, 
1975). There are, however, two exceptions to this general rule. Firstly, the Vaisala RS21 
and RS80 both use the Omega navigation system for determining the position of the 
sonde. This undoubtedly has advantages when no rigid base is available for mounting a 
direction-finding antenna - on a ship for instance - and also at low elevation angles. 

The Omega signals are received by the sonde itself and relayed to the ground for 
analysis. Secondly, the ASA and Swiss sondes are equipped with a transponder which 
allows the radial distance of the sonde to be determined. This is also of importance at 
low elevation angles (RIEKER, 1978). Finally, it should be noted that the Airsonde, the 
Graw RSG78 and Sprenger E076 sondes did not deliver any wind data. 

Figures 2h and 2i show the differences in wind speed and direction respectively for 
the various sonde systems. Although large differences between the various sondes were 
observed, these differences were virtually never significant = . Since differences in wind 
direction were expected to be small, wind speed and wind direction were handled as two 
completely independent parameters in this intercomparison =. Although the Vaisala 
RS 18 showed only small differences in wind direction from the common mean up to 70 
mb, the differences in wind speed were the greatest of any sonde. The VIZ 1392, on the 
other hand shows completely the opposite - small differences in wind speed but large 
differences in direction. As far as wind speed is concerned, there seems little to choose 

between the Omega and transponder equipped sondes on the one hand, and the other 
sondes: Wind speed differences from the common mean are in all cases less than about 

1 m/s. In the case of wind direction, it could be argued that the choice of the Vaisala 
RS 18 sonde as one of the reference sondes used in calculating a common mean is 

unfortunate. If this sonde were to be omitted, the positive to negative (with increasing 
height) trend of the ASA, Swiss, Vaisala RS80 and VIZ 1392 sondes would be much 
reduced. This would, however, result in large positive differences above 200 mb for the 
Vaisala RS21 Cora and Navaid analyses. 

5.6. Performance of individual sonde types 

On the following pages, the results for each of the participating sondes are 
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summarized. The headings are identical to the names under which the sonde data was 
treated in the analysis; the exact sonde types are added in brackets. Please note that the 
information concerning wind is only valid for the sonde-ground equipment combination 
used during the comparison = . Also, the performance of the Omega system depends to 
some extent on the time of day and the position of the sonde relative to the Omega 
transmitters. Most sondes can be used with other ground installations where other 
wind-finding techniques apply. 

AIRSD (Airsonde TM) 
P: 
This sonde tends to underestimate the pressure above 700 mb. The error increases with 
height and reaches about - 5  mb at 300 mb (i.e. when the pressure is 300 mb, the sonde 
records 295 mb). 

T: 
Temperature is underestimated above 700 mb with a maximum difference at 300 mb of 
- 1 . 2 ~  (day) and - 1 . 0 ~  (night). In both cases, temperature is slightly overestimated 

(by <0.5~ near the ground. 

U: 
The sonde delivers usable humidity data up to 500 mb only. Differences decrease from 

+5% near the ground (day and night)to - 2 %  (day) and - 1 0 %  (night) at 500 mb. Data 
during the freezing of the wet bulb sensor are, or course, unreliable. The evaluation 
procedure for the humidity data has been extensively reworked by the operators team 
and, hence, are considerably different from data obtained using standard Airsonde 
software. 

Geopotential: 
The negative differences observed with the sonde reflect very clearly the negative 
temperature differences found for both day and night ascents: - 5 0  gpm (day), and - 3 0  

gpm (night) at 300 mb. 

Wind: 
No data available. 

General: 
This sonde is only specified to 300 mb and its performance up to this level only has been 
discussed. It should be noted that the manufacturers recommend a lower ascent rate 
than that used during SONDEX. This may to some extent be responsible for the large 
differences in the temperature and humidity data. 

Important Note: 
New evaluation procedures have been developed based on the results of this 
intercomparison=. These might replace the software recommended at the time the field 
experiment was carried out. Therefore, before applying corrections based on the results 
presented here, users should check whether their software was effective in Spring 1981. 
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ASA (H/Shenwettersonde 74) 

P: 
The first aneroid (range 1000 mb to 100 mb) seems to overestimate the pressure 
towards the end of its range by up to +6 mb (registering 156 mb at the 150 mb level). 

The second aneroid, on the other hand, shows much smaller differences. 

T: 

Temperature is underestimated during the day by around -1 .2 ~  near the ground, 
whilst it is overestimated at higher levels by up to +2~ At night, the sonde 
underestimates the temperature by -0 .6  o C throughout. 

U: 

For day ascents, the relative humidity is overestimated above 500 mb, reaching a 
maximum of +5% at 20 mb. For night ascents, the results are erratic. 

Geopotentiah 

For day ascents, geopotential deviations are near to zero below 100 mb whereupon they 
gradually increase to around +30 gpm at 20 rob. For night ascents, differences from the 
common mean are within about + 10 gpm throughout. 

Wind: 

While wind speed agrees very well with the common mean, the wind direction shows 
increasingly negative differences with height, although it compares well with the Swiss, 
VIZ 1392 and VaJsala RS80 sondes. 

General: 

This sonde is nearly identical with the Swiss sonde. Hence, any difference between these 
two must be attributed to the calibration and evaluation procedures which do differ. It is 
believed - and this study supports this view - that the software used for the Swiss sonde 
is generally superior to that of the ASA sonde. At present, a new software is being 
developed for the ASA sonde. 

GR78 (Graw RSG78) 

P: 

This sonde records pressure data very close to the common mean throughout. 

T: 

Temperature errors are similar for both day and night ascents: +0.5~ near the 
ground, changing to about - 0 . 2 ~  at 20 mb. 

U: 
The sonde increasingly overestimates the relative humidity with height and reaches 
+20% (day) and + 10% (night) at 20 mb. During freezing of the wet bulb sensor the 
data is unreliable. The positive differences may be due to the release of latent heat on 
freezing or insufficient ventilation of the sensor. 
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Geopotential: 
The sonde shows larger differences from the common mean at night (maximum about 
+ 12 gpm) than for day ascents (about +5 gpm throughout). 

Wind: 
No data available. 

General: 
This sonde is not yet on the market: The instruments used during SONDEX were 
pre-production sondes. Since SONDEX took place, it has been decided that the wet 

bulb thermometer should be replaced by a carbon element for measuring humidity. 

SP76 (Sprenger E076 Q 400) 

P: 
This sonde underestimates pressure near the ground by about - 1  mb (giving 899 mb at 
the 900 mb level), but overestimates by about + 1.5 mb at higher levels (giving 21.5 mb 

at 20 rob). 

T: 
For day ascents, temperature is overestimated throughout virtually the whole range, 
reaching a maximum of around +2~ at 20 mb. For night ascents, temperature is 

overestimated but this time by +0.4~ throughout. 

U: 
This sonde shows similar characteristics for both day and night ascents, the greatest 
differences being in the upper troposphere where they amount to -10% (day) and 

-20% (night). 

Geopotential: 
For day ascents, the differences from the common mean vary from --10 gpm at 900 mb 
to +50 gpm at 20 mb. For night ascents, differences are about 30% of the day-time 

differences. 

Wind: 
No wind data available. 

General: 
It is to be expected that other members of the E076 series will perform similarly. 

SWISS ('Swiss sonde') 

P: 
The sonde records pressure data very close to the common mean throughout, the 
difference decreasing from +0.6 mb (recording 900.6 mb instead of 900 mb) near the 
ground to about +0.4 mb (20.4 mb instead of 20 mb). The sonde does not appear to 
suffer from the difficulties which its twin, the ASA sonde, experiences before pressure 

sensors are switched at around 100 mb. 
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T: 

The sonde overestimates temperature by about +0.5~ near the ground, but 
underestimates it by about - I ~  at 20 mb for day ascents. During night ascents, 
the difference is always less than 0.3~ - negative near the ground, positive at higher 
levels. 

U: 
The sonde increasingly overestimates relative humidity with height, the difference 
reaching +20% (day) and +25% (night) at 200 mb. This compares very unfavourably 
with the similar ASA sonde. 

Geopotential: 
Up to 150 mb, the sonde shows a practically constant deviation of + 10 gpm for day 
ascents. Above this, the geopotential difference becomes increasingly negative (-45 
gpm at 20 mb) reflecting the negative differences in temperature in the stratosphere. For 
night ascents deviations are about a third of the day-time values throughout. 

Wind: 

Wind speed differences from the common mean are typically less than +0.5 m/s. The 
wind direction agrees well with the ASA sonde (also equipped with a transponder), the 
Vaisala RS80 (Omega) and the VIZ 1392. 

General: 
This sonde is nearly identical with the ASA sonde. Thus any difference in performance 
between the two sondes must be attributed to calibration and evaluation procedures 
which are, in fact, different. 

THOMM (Thommen J-R 3.2) 

P: 

The sonde seems to overestimate pressure near the ground by +1.5 mb (recording 
901.5 mb instead of 900 mb), but the error decreases to zero by the 300 mb level. 

T: 
Temperature is underestimated by more than -1  o C near the ground, but this difference 
disappears by 400 mb during the day. During the night, the sonde exhibits inexplicably 
large deviations. 

U: 
The sonde records relative humidity slightly too high for both day (4%) and night (2%). 
In both cases, there is little variation with height. 

Geopotential: 
The sonde yields too high values for geopotential (+40 gpm at 900 mb decreasing to 
+20 gpm at 300 mb) for day ascents which is not to be expected from the temperature 
data. This disagreement is accentuated for the night ascents. 
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Wind: 
Speed is overestimated by + 1.5 m/s near the ground and underestimated by about - 1  
m/s at 300 mb. The wind direction agrees well with the VIZ 1392 and Vaisala RS80 

data. 

General: 
This sonde is specified only up to 300 mb and its performance up to this level only has 
been discussed. This sonde is no longer on the market. 

RSI8 (Vaisala RS18) 

P: 
This sonde exhibits large negative differences of up to -5 .5  mb (recording 494.5 mb 

instead of 500 mb). This is not due to non-linearity of the receiving equipment as was at 
one time suspected, and hence may be a result of poor calibration. 

T: 
This sonde shows a constant negative difference of around -0 .5  ~ for day ascents and 

-0 .1  o C for night ascents. 

U: 
The RS 18 relative humidity data varies very little from the common mean throughout 
for day ascents. For night ascents, the difference is positive and increases from +3% 
near the ground to + 10% at 30 mb. 

Geopotential: 
The geopotential differences increase from 0 gpm near the ground to - 1 0 0  gpm at 20 
mb for day ascents. This is larger than to be expected purely from the temperature 
anomalies. Night differences are also greater than expected, reaching about - 4 0  gpm at 
30 mb. The geopotential data for this sonde were obtained by graphical methods which 
may be less accurate than numerical integration. 

Wind: 
The sonde shows the largest deviations of any sonde in wind speed. This is at least 
partly due to the graphical method employed for determining the wind. The good result 
for wind direction should be treated with suspicion since the Vaisala RS80, the Swiss 
and the ASA sondes which have more accurate wind finding systems all show similar 
deviations from the Vaisala RS 18 data. 

General: 
Production of this sonde will cease within the next few years. 

RS21C and RS21N (Vaisala RS21-12CN) 

P: 
Both analyses of this sonde seem to overestimate the pressure by between + 1.5 and +2 
mb, the difference increasing with height (recording 22mb at 20 mb). The Navaid over- 



Vol. 120, 1982 The Radiosonde Intercomparison SONDEX 893 

estimation is consistently greater than that of the Cora analysis, although this gradually 

decreases with height. 

T: 
The overestimation of temperature by this sonde increases from around +0.8~ near 
the ground to more than +3~ at 20 mb for day ascents. For night ascents, the positive 
difference is nearly a constant +0.6 ~ throughout. The difference between Navaid and 
Cora analyses is particularly large for night ascents, being around 0.3~ near the 
ground. The Navaid analysis always yields higher temperatures 

U: 
Both analyses of the Vaisala RS21 data indicate that the sonde severely underestimates 
the relative humidity in the troposphere by -10  to -15% for day ascents and -20% for 
night ascents. Lack of reliable data from other sondes means that in the stratosphere no 
judgement can be made on the performance of the humicap sensor. 

Geopotential" 
Both analyses overestimate the geopotential by up to +150 gpm at 20 mb for day 
ascents. For night ascents, geopotential differences are less than 20 gpm throughout. It 
should be noted that whereas the Navaid analysis results in higher temperatures than 
the Cora analysis, the Navaid geopotential differences are less than those for Cora. For 
night ascents, the difference between the two sets of data are surprisingly large. 

Wind: 
The Cora and Navaid analyses of the same (Omega) data show large deviations from 
one another. Although wind speed differences from the common mean are relatively 
small (<0.5 m/s for the Cora analysis) wind directions differ considerably from the 
transponder sondes as well as from the Vaisala RS80 (Omega) and the VIZ 1392. 

General: 
It is to be expected that the other members of the RS21 series (RS21-12C, RS21-13C) 
will perform similarly. 

RS80 (Vaisala RS80-15N) 

P: 
This sonde underestimates the pressure by between --0.3 mb (indicating 899.7 mb at 
900 mb) and -0.8 mb (19.2 mb at 20 mb). 

T: 
For day ascents, the temperature data differs only slightly from the common mean near 
the ground but deviations of +3~ are in evidence at 20 mb. The difference at night is 
also positive and increases with height, attaining a maximum at 20 mb of about 
+0.3~ 

U: 
Unlike the Vaisala RS21, the RS80 (which uses the same humicap sensor)seems to 
yield humidity data much more consistent with the other sondes in the troposphere 
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especially for day ascents. For night ascents, on the other hand, the RS80 overestimates 
relative humidity by up to + 10% (at 300 mb). 

Geopotential: 
For day ascents, the sonde shows large positive differences of up to about +90 gpm at 
20 mb as expected from the temperature measurements. For night ascents, differences 
are less than + 10 gpm throughout. 

Wind: 
Wind speed is underestimated by up to - 1  m/s in the lower atmosphere although at 
higher levels the speed is more consistent with that from other sondes. There seem to be 

large deviations from the common mean wind direction, but the sonde agrees well with 
the ASA, Swiss and VIZ 1392 sondes. 

General: 
It is to be expected that the other sondes of this family (RS80-15, RS80-16) will show a 

similar performance. 

Important Note: 
At the time of SONDEX, this sonde was not yet on the market. The manufacturers 
have since modified the software package for this sonde at least partially as a 
consequence of the results found in this intercomparison = (ANTIKAINEN and HVVONEN, 
1983). Therefore, users are strongly advised to consult the manufacturers before 
applying corrections based on results presented here. 

V1392 (VIZ 1392 accu-lok) 

P: 
This sonde overestimates pressure at lower levels by + 1.3 mb at 900 mb (recording 
901.3 mb) and underestimates pressure by -0 .3  mb at 20 mb (recording 19.7 mb). 

T: 
For day ascents, temperature is underestimated by a constant 0.5~ The analysis of 
night-time ascents shows positive differences of between +0.4~ near the ground and 
+0.2~ at 20 rob. 

U: 
The sonde shows good agreement with the common mean up to 100 mb for day 

ascents, the maximum difference being about +3% at 100 mb. For night ascents, the 
difference of - 9 %  near the ground declines to practically zero at 100 mb. 

Geopotential: 
For day ascents, the geopotential differences from the common mean are negative and 
increase up to - 5 0  gpm at 20 mb. For night ascents, the differences are slightly positive 
reaching about + 15 gpm at 20 mb. 

Wind: 
The differences in wind speed from the common mean are negligible. In wind direction, 
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the VIZ 1392 shows good agreement with the Vaisala RS80 (Omega) as well as with 
the Swiss and ASA (both transponder) sondes above about 500 mb. 

General: 
It is to be expected that other VIZ sondes with similar sensors (1393, 1395 etc.) will 
show a similar performance. The software used for the evaluation of temperature data 
did make corrections for radiation effects (RICHNER and PHILLIPS, 1981). Also, the 
results for humidity are valid only for the new type humidity sensor (yellow label, 
distributed since Summer 1980). 

5.7. Recommended correction values 

For the users of radiosonde data who would like to standardize upper-air data to a 
specific type of sonde, the rather complicated adjusted mean difference matrices = are 
not very practical. Also, deviations between two different sondes should be smoothed as 
a function of pressure, as was done for the graphical representations. 

In this Section, recommended smoothed correction data are listed for the sonde 
types in wide use. This data was obtained by applying cubical spline smoothing to the 
appropriate data in the adjusted mean difference matrices = (see Section 4.3). 

For data between the standard pressure levels indicated, i.e. for significant = levels, 
linear interpolation should provide adequate correction values. It should be noted that 
in some cases it might be advisable to recompute the geopotential height from the 
standardized data rather than use the corrections given. 

It should be pointed out again that the values reproduced here are only correct if the 
raw data of the particular sondes is analysed using software packages which do not 
significantly differ from those used in the intercomparison. 
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6. Conclusions and recommendations 

SONDEX proved to be a very worthwhile and necessary experiment. Although 

sophisticated systems are now available for making upper-air soundings, and much time 
and energy is spent on developing these systems, there are still great inconsistencies 

between the data from the various radiosondes. 

Most sondes deliver acceptable pressure data. The calibration procedure of the 

Vaisala RS18 radiosonde should be checked. Modifications to the ASA sonde 

calibration and software, similar to those already carried out for the Swiss sonde, could 

possibly remove the large error at the end of the first aneroid capsule's range.The two 

low level sondes - Airsonde and Thommen - should also have their pressure calibration 
procedures checked. 

It seems that all the sondes are equipped with sensors capable of measuring 

temperature accurately as is clearly shown by the generally good results for night-time 
ascents. The definition and application of solar radiation corrections remains the major 

problem associated with temperature measurement. This is especially true for the 
Vaisala RS21 and RS80 sondes. 

The definition of generally applicable radiation corrections must come from 

carefully executed laboratory experiments on the one hand, and from radiosonde 

intercomparisons = both direct = (as in field experiments such as SONDEX) and 

indirect = (as in the statistical analyses of SPACKMANN, 1978 and MClNTtmFF et al., 

1979) on the other. 
The only method available for conclusively checking the validity of radiation 

corrections, however, remains the direct = intercomparison =. 
The collecting of accurate humidity data is the second major problem faced by the 

radiosonde manufacturers. The use of wet bulb sensors to derive relative humidity is 

extremely restricted and thwart with difficulties. In the time which has elapsed since 
SONDEX, this method of humidity measurement in the Graw RSG78 sonde has been 

abandoned in favour of a carbon element. It seems that the use of bio-organic sensors 

should be restricted to below the 300 mb level and on no account should stratospheric 

humidity data be looked on as reliable. The humicap and carbon element seem to offer 

the best chances for obtaining accurate humidity data with cheap sensors. The vast 

difference between the Vaisala RS21 and RS80 sondes, both of which employ the 
humicap sensor, shows that a great deal of work needs to be done on determining 
transfer equations etc. before the humicap realizes its full potential. 

A software intercomparison = seems necessary, especially since systems giving 
similar pressure, temperature and humidity profiles are inconsistent with respect to 

geopotential height. 
Wind data are in general acceptable, at least below the tropopause. Some 

inconsistencies between data from different sondes come undoubtedly from the various 
smoothing procedures employed, together with differences in interpolation methods (see 
VOCKEROTH, 1975). A software intercomparison = could also lead to the laying down of 

guidelines for wind evaluation. 
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Sondes are continually being improved or replaced - two sondes, the Vaisala RS80 
and the Graw RSG78 made their debut in Payerne. As pointed out in Section 5, caution 
should be exercised when corrections based on this report are applied to these new 
sondes; they might well have been improved since the experiment took place. Because 
of this continuous process, radiosonde intercomparisons = along the lines of SONDEX 
should become a regular feature of the international activities encouraged by the WMO. 
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Appendix A: List of analysed SONDEX radiosonde ascents 

Last available level (rob) 

groupings 

Ascent Date Time P T U wind 

B807 20.04.81 10:45 70 30 30 - -  
A907 20.04.81 11:45 10 10 200 10 
B007 20.04.81 15 : 40 10 10 10 - -  
H007 20.04.81 15:40 10 10 30 20 
K007 20.04.81 15:40 10 10 10 30 

A008 20.04.81 17 : 45 20 20 200 20 
C008 20.04.81 17 : 45 700 20 100 50 

B009 21.04.81 08:45 10 10 10 - -  
D009 21.04.81 08:45 10 10 10 30 
L009 21.04.81 08:45 850 850 850 - -  

CO 10 21.04.81 10 : 50 200 200 200 200 
M010 21.04.81 10:50 150 150 150 250 
A910 21.04.81 11:45 20 20 200 20 

H011 21.04.81 14:45 20 20 20 - -  
K011 21.04.81 14:45 20 20 100 - -  
L011 21.04.81 14:45 100 100 500 - -  
M011 21.04.81 14:45 150 150 150 150 

C012 21.04.81 19:45 10 10 100 20 
M012 21.04.81 19:45 250 250 250 250 
D013 21.04.81 20:45 10 10 10 50 
I013 21.04.81 20:45 10 10 400 20 
L013 21.04.81 20 : 45 700 700 700 - -  

M916 22.04.81 08 : 00 200 200 200 250 
H016 22.04.81 08:45 20 20 200 30 
K016 22.04.81 08 : 45 20 20 200 20 

D017 22.04.81 10:00 10 10 10 - -  
M017 22.04.81 10:00 250 250 250 250 
A917 22.04.81 11:45 10 10 200 20 

C018 22.04.81 14:45 10 10 100 20 
D018 22.04.81 14:45 10 10 10 - -  
L018 22.04.81 14 "45 200 200 500 - -  
M818 22.04.81 16 : 30 500 500 500 500 
A918 22.04.81 17:45 10 10 200 10 

C020 22.04.81 20 : 45 100 100 100 100 
H020 22.04.81 20 : 45 100 100 250 250 
K020 22.04.81 20 : 45 100 100 100 100 
M020 22.04.81 20 : 45 700 700 700 - -  
A920 22.04.81 23 : 45 10 10 200 10 
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Last available level (mb) 
Ascent Date Time P T U wind 

B021 23.04,81 03 : 15 10 10 10 - -  
A921 23.04.81 05:45 20 20 200 20 

C022 23.04,81 08:45 10 10 100 20 
1022 23.04,81 08 : 45 10 10 10 20 
M022 23.04.81 08:45 200 200 200 700 

A822 23.04,81 11:45 10 10 200 10 
M922 23.04,81 12 : 00 200 200 200 700 

H023 23.04.81 14:45 20 20 200 50 
K023 23.04.81 14 : 45 20 20 200 20 
M023 23.04.81 14:45 250 250 250 700 

A024 23.04.81 17 : 40 250 250 250 250 
C024 23.04.81 17:40 250 250 250 250 
D024 23.04.81 17:40 250 250 250 250 
M924 23.04.81 19 : 15 200 200 200 300 

D025 23.04.81 20 : 45 50 50 50 - -  
L025 23.04.81 20:45 150 150 500 - -  
M025 23.04.81 20:45 250 250 250 250 
A925 23.04.81 23:45 10 10 200 10 

C026 24.04,81 02:45 10 10 100 20 
F026 24.04.81 02:45 - -  10 400 - -  
A926 24.04.81 05:45 10 10 200 30 

B027 24.04.81 09:05 10 10 10 10 
M027 24.04.81 09 : 05 200 200 200 200 
A827 24.04.81 11:45 10 10 200 10 
M927 24.04.81 12 : 05 200 200 200 200 

C028 24.04.81 14 : 30 10 10 100 20 
H028 24.04.81 14:30 10 I0 10 20 
K028 24.04.81 14 �9 30 10 10 150 200 
D029 24.04.81 14:35 10 10 10 - -  
F029 24.04.81 14 : 35 10 t0 400 - -  
L829 24.04.81 16:25 200 200 500 - -  
A929 24.04.81 17 "45 10 10 200 10 

D030 24.04.81 20:45 20 20 20 20 
17030 24.04.81 20 : 45 10 10 400 - -  

I030 24.04.81 20:45 10 10 100 70 
A930 24.04.81 23 : 45 20 20 200 20 

H031 25.04.81 02:45 10 10 10 10 
K031 25.04.81 02 : 45 10 10 30 20 
L031 25.04.81 02 : 45 100 100 500 - -  
A931 25.04.81 05:45 10 10 200 70 

D032 25,04.81 08 : 45 20 20 20 - -  
I032 25.04.81 08:45 10 10 10 50 
L032 25.04.81 08 : 45 70 70 500 - -  
A932 25.04.81 11:45 10 10 200 20 
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Last available level (mb) 
Ascent Date Time P T U wind 

B033 25.04.81 14:45 10 10 10 10 
D033 25.04.81 14:45 10 10 I0 - -  
A933 25.04.81 17:45 20 20 200 20 

B734 25.04.81 20:45 10 10 10 10 
A834 25.04.81 23 : 45 30 30 200 30 
B034 26.04.81 03 : 00 200 10 10 10 
C034 26.04.81 03:00 - -  20 100 20 
A934 26.04.81 05:45 10 10 200 10 

F035 26.04.81 08:45 10 10 400  - -  
G035 26.04.81 08:45 20 20 20 - -  
A935 26.04.81 11 : 45 70 70 200 70 

F036 26.04.81 14:45 20 20 400 - -  
G036 26.04.81 14:45 20 20 20 - -  
A936 26.04.81 17:45 10 10 200 10 

C037 26.04.81 20:45 10 10 100 30 
F037 26.04.81 20 : 45 20 20 400 - -  
G037 26.04.81 20:45 10 10 10 - -  
A937 26.04.81 23:45 10 10 200 10 

C038 27.04.81 03:00 10 10 100 20 
A938 27.04.81 05:45 10 10 200 10 

C039 27.04.81 08:45 10 10 100 - -  
F039 27.04.81 08 : 45 10 10 400 - -  
G039 27.04.81 08 : 45 20 20 20 - -  
H039 27.04.81 08:45 10 10 250 20 
K039 27.04.81 08:45 10 10 250 30 
L839 27.04.81 10 : 25 I00 100 500 - -  
A939 27.04.81 11 : 45 20 20 200 30 

C040 27.04.81 14 : 35 20 20 100 30 
D040 27.04.81 14 : 35 20 20 20 - -  
F041 27.04.81 14:35 10 10 400 - -  
1041 27.04.81 14:35 10 10 150 10 
L041 27.04.81 14 : 35 700 700 700 - -  
A941 27.04.81 17:45 10 10 200 100 

A842 27.04.81 23:45 10 10 200 10 
D042 28.04.81 01 "45 30 30 30 30 
G042 28.04.81 01:45 10 10 10 - -  
A942 28.04.81 05 ." 45 10 10 200 10 

C043 28.04.81 08:40 20 20 100 20 
F043 28.04.81 08:40 10 10 400 - -  
1043 28.04.81 08:40 20 20 150 20 
L043 28.04.81 08 : 40 250 250 700 - -  
C044 28.04.81 08 : 45 300 20 100 - -  
G044 28.04.81 08:45 10 10 10 - -  

A944 28.04.81 11:45 10 10 200 10 
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Last available level (rob) 
Ascent Date Time P T U wind 

D045 28.04.81 14:45 10 10 10 - -  
F045 28.04.81 14:45 10 10 400 - -  
H045 28.04.81 14:45 10 10 10 10 
K045 28.04.81 14:45 10 10 100 10 
A945 28.04.81 17 : 45 30 30 200 30 

C046 28.04.81 20 : 30 10 10 100 20 
D046 28.04.81 20 : 30 30 30 30 - -  
G046 28.04.81 20 : 30 - -  10 10 - -  
F047 28.04.81 20 : 35 10 10 400 - -  
H047 28.04.81 20 : 35 10 10 10 10 
K047 28.04.81 20:35 10 10 200 10 
L047 28.04.81 20 : 35 150 150 500 - -  
A947 28.04.81 23 : 50 10 10 200 10 

G048 29.04.81 02 : 45 10 10 250 - -  
I048 29.04.81 02 : 45 50 50 50 70 
A948 29.04.81 05 : 45 70 70 200 400 

F049 29.04.81 08:45 10 10 400 - -  
H049 29.04.81 08:45 10 10 10 10 
K049 29.04.81 08:45 10 10 70 20 
L049 29.04.81 08:45 70 70 500 - -  
A949 29.04.81 11:45 10 10 200 20 

C050 29.04.81 14 : 35 20 20 100 20 
D050 29.04.81 14:35 10 10 10 - -  
1050 29.04.81 14:35 10 10 10 70 
L050 29.04.81 14 : 35 70 70 500 - -  
C051 29.04.81 14:40 10 10 100 - -  
A951 29.04.81 17:45 10 10 200 10 

C052 29.04.81 20 : 35 10 10 100 20 
L052 29.04.81 20:35 250 250 500 - -  

A053 29.04.81 23:45 I0 10 200 10 
C053 29.04.81 23:45 10 10 100 10 
D053 29.04.81 23:45 10 10 10 - -  

Sondes: 
A Swiss 
B ASA 
C VIZ 1392 
D Vaisala RS18 
F Graw RSG78 
G Sprenger E076 
H Vaisala RS21 (CORA) 
I Vaisala RS80 
K Vaisala RS21 (NAVAID) 
L AIRSONDE 
M Thommen 

Note: 'Sondes' H and K represent two different analyses of identical data from the same sonde. 
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Appendix B. Primary and adjusted mean differences 

This Appendix contains the complete set of  results in matrix form. The set is divided 

into two subsets - the results for individual levels and the results for groups of  levels as 

defined in Table 3. In every case, the primary difference matrix = (see Section 4.2) is 

printed on the left-hand page (even page numbers), the corresponding adjusted mean 

difference matrix = (see Section 4.3) on the right-hand side (odd page numbers). The 
elements of  the primary difference matrices comprise four items of  information - the 

primary difference between the sonde named at the head of  the column and the sonde 

named at the beginning of  the row (~ tk), the standard deviation of  this difference (xaik), 
the number of  direct = intercomparisons = used in determining the values (nik) and the 

significance (sik, where $ indicates 0.1%, * 1%, + 2% and : 5%, this item being 

omitted if the result is not significant at the 5% level), arranged according to the format 

fr ik S ik 

x a  ik n ik 

The elements in the adjusted mean difference matrix comprise three items of  

information - the adjusted mean difference (Xik), the standard error (x#ik) and the 

significance (Sik) thus: 

x~tk ~ 

C O N T E N T S  

Results for individual levels . . . . . . . . . . . . .  914 

Pressure (all) . . . . . . . . . . . . . . . . .  914 

Temperature (day) . . . . . . . . . . . . . . .  942 
Temperature (night) . . . . . . . . . . . . . . .  970 

Relative humidity (day) . . . . . . . . . . . . .  998 
Relative humidity (night) . . . . . . . . . . . . .  1026 
Geopotential height (day) . . . . . . . . . . . . .  1054 

Geopotential height (night) . . . . . . . . . . . .  1082 

Wind speed (all) . . . . . . . . . . . . . . . .  1110 
Wind direction (all) . . . . . . . . . . . . . . .  1138 

Results for combined levels . . . . . . . . . . . . . .  1166 

Pressure (all) . . . . . . . . . . . . . . . . .  1166 

Temperature (day) . . . . . . . . . . . . . . .  1170 
Temperature (night) . . . . . . . . . . . . . . .  1174 
Relative humidity (day) . . . . . . . . . . . . .  1178 
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Relative humidity (night) . . . . . . . . . . . . .  1182 

Geopotential height (day) (relative error) . . . . . . . .  1186 
Geopotential height (night) (relative error) . . . . . . .  1188 
Wind speed (all) . . . . . . . . . . . . . . . .  1190 
Wind direction (all) . . . . . . . . . . . . . . .  1194 
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Appendix C. Glossary of terms 

This glossary defines terms as they are used in this report. 

adjusted mean difference matrix: 

A matrix, the elements of which have been made coherent = by resort to a least 
squares adjustment analysis. The elements in fact contain three items of information 
- the adjusted difference between two sonde types, the standard error and the 

significance of the difference, whereby these last two items are also computed in the 

least squares adjustment procedure. 

coherent: 
Differences within a matrix are coherent if the differences between sondes A and B 

are equal to the sum of the differences between sondes A and C and sondes C and 

B. 

comparison: 
The mutual testing of two radiosonde types in order to find their systematic 

differences. 

direct (as in 'direct intercomparison ='): 
The mutual testing of radiosonde types by flying them on the same balloon or 

launching them in quick succession. 

indirect (as in 'indirect comparison ='): 

The mutual testing of a number of radiosonde types using data collected over a 

period of time at various locations. 

intercomparison: 
The mutual testing of three or more radiosonde types in order to find their 

systematic differences. 

multiple ascent: 
A method of direct = comparison = in which the sondes are flown on the same 

balloon. 

parallel ascents: 
A method of direct = comparison = in which the sondes are flown on different 

balloons launched simultaneously or in quick succession. 

primary difference matrix: 
A matrix, the elements of which have been determined by direct = comparisons = of 
radiosonde type pairs. The elements are in general not coherent = . Each element 
comprises four items of information - the primary difference between two sonde 

types, the associated standard deviation and significance, and the number of direct = 
comparisons = of the sonde type pair used. 

significant (as used in Sections 5 and 6 only): 
A result is significant if its statistical significance is 1% or less. 


