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Abstract. An innovative temperature sonde, equipped with 1  Introduction
an ultra thin tungsten wire (10 um in diameter), has been de-

veloped to meet the scientific requirements suitable for C”'Important roles of the stratosphere on climate have emerged
mate change research. The response time, shorter than 40 MSm recent studies. The changes in the strength of the

aghleved_ at the r?ltr':Uded(_)f 30km, eneblesftlhe terr]nperaturﬁ/inter—time stratospheric polar vortex are accompanied by
observations with the radiation correction of less than 0.5 Kthe persistent changes in the tropospheric fl@&aldwin

in the whole observation range. Test.flights during t.he de-and Dunkerton2007) through the Northern Annular Mode
velopment stage reveal significant artificial perturbations in Thompson and Wallage2009. The Southern Annular

the observed temperature profiles. They are identified a ode could bridge the stratospheric cooling due to the
the thermal contamination arising primarily from radiosondeAntarctic ozone depletionSplomon 1990 to the surface

package box with some additional effect from the launCh'cooling trend over AntarcticaThompson and Solomon

ing balloon. The modifi_catien of the sensor mount successvzooa_ The change of stratospheric water possibly affect the
fully removed the contribution from the former effect. On long-term surface warming tren@glomon et a].2010. As

the other hand, some filtering procedure need to be applieﬁ1e entry of water through the tropical tropopause is deli-

to remove the latter, although the use of a long suspensiogately determined by the coldne&séwer, 1949 Newell and

line will be effective. There remain unavoidable small fluc- Gould-Stewart198% Holton and Gettelmar2003) and the
tuations (less than 0.4 K) that are brought about by the solidneat balance including thin cirrus clouddaftmann et al.
angle modulation of the illumination against the sensor body200l. Yang et al, 2010, accurate measurements of temper-
in t.he deytlme. While conventional radiation correction May 5¢,re wind and radiatively active minor constituents such as
unintentionally have taken a part of such contaminations iNt9,,one and water vapour are crucial for monitoring the strato-

account, they may not be properly corrected in existing ra-goheric change. A qualified continuous and homogeneous

diosonde data, as the origin of errors has not been idemiﬁedobservation network of the upper atmosphere must be es-

Our tungsten sonde that scarcely relies on the ambiguous COfaplished for monitoring the climate changge{del et al.

rection procedures will be ideal for serving as a kind of an 2009. Accurate stratospheric measurements, together with

international reference. the sophisticated data assimilation technique, will also serve
to improve the extended weather forecasts.

Balloon-borne radiosondes are the only cost-efficient
means that simultaneously measure vertical profiles of tem-
perature, humidity and wind components of the upper atmo-
sphere. In spite of the recent progress in the observation tools
such as the Global Positioning System (GPS) in tempera-
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2005, radiosondes still provide crucial reference data for
weather forecasts and validation of remote sensing instru-
ments Mears and Went2005. One of the problems recog-

nized for the global radiosonde network is that there found

VAR AR AR A Ay
frequent and often undocumented changes in instrumenta

tion and observing method&éaffen 1994. The correction

of the solar heating on the sensor is of the greatest concerv_“
since it creates a spurious long-term trend in radiosonde tem-

perature record3herwood et al.2005. The assessment of Fig. 1. Microscope photograph of the temperature sensor made of a
climate change has, therefore, devoted considerable effort taungsten wire of 10 um in diameter wound up in a helical coil with
improve the quality of historical radiosonde dataig¢rs and  the diameter of 200 um and the pitch of 100 pm. Tick marks on the
Eskridge 1998 Karl et al, 2006 Solomon et al.2007). The  scale in every 100 um.

development of a reliable temperature sensor that is almost

free from radiation correction is highly antici ler e
etegl ZOOlQad ation correction is highly anticipateinnle expressed by the sum of two terms; the diffusion heat trans-
T . fer coefficientHy associated with the molecular diffusion and
It is still a challenge to create a reliable temperature sen- . .
. . . e convection heat transfer coefficigifg due to the atmo-
sor for radiosondes that should cover wide dynamic ranges o?h : . . )
o spheric motion.H. is further expressed by a function of the
temperature (50 te-90°C) and pressure (1000 to 5 hPa) un- Reynolds numbey (R in the form
der insolation. Actually there remain significant differences y
between temperatures simultaneously measured by radioson-

k
des from different manufacturers due probably to inaccurater}-lC 4 x f (Re). (3)

radiation correctionNash et al.2006). In the present study, Here, k is the thermal conductivity and is the diameter of
anew temperature sonde intended to serve as an internationgle sensor wireReis defined byoaw /s, wherea is the char-
reference is developed (Seg}. The profiles observed dur-  ;teristic length of the sensor assumed to be the sapeaias
ing the initial development stage are found to be full of heat; the wind speed, andandy. are the density and the coeffi-
pulses, which suggests that such perturbations, part of whicRien of viscosity, respectively, of the atmosphere. Accurate

may have already shown up in the current radiosonde datagensors could be designed, therefore, by choosing materials
have not been dealt with seriously since they are not fullyith |arge values of4 and reducing the total radiative flux

resolved in the observed record (Segjt. Sources of such 5 joule heating applied to the sensor as well as reducing
contamination are identified by series of test flights. High-
resolution contamination-free temperature profiles are finally e new sensor we have developed relies on the tempera-
obtained by changing the design of the sensor mount. There dependency of the electric resistance of a tungsten wire
conclusions together with some remarks are placed in &ect. applied once for rocket sondeblyson 1968. The wire,
aluminum coated to improve reflectivity (Fid), is so thin
(10 um in diameter with the total length of 44 cm) that the
relaxation time, almost constant with respect to the atmo-
spheric pressure as can be seen from the green symbols in
Fig. 2, is 46 ms under 300K and 1 atm (1013.25 hPa) at rest.
Substitution of this value, together with physical parameters,

1 S L A\ 2R into Eq. @) would lead to the diffusion heat transfer coeffi-
Ts—Ta = = {a x e (Z —0 T ) + T} +Tp, (1)  cientHy=1.36x10?WK1m~2 sinceH; =0 at rest.

Numerical values of the heat transfer coefficidifit=

Hy+ H. are experimentally derived by applying the wind
flow of up to 5.5ms?! with an increment by 0.5nTd
to the sensor (the red symbols in Fig). Assum-

2 Development of tungsten radiosonde

The deviation of the observed temperatufg,from the at-
mospheric temperatur@,, will be expressed by

where H, the heat transfer coefficient, is inversely propor-
tional to the response timen the form

mC ing the temperature dependency in the fokm= 0.024
TA @ (7/27315°93WK~Tm1, which is derived from the nu-
merical data tabulated by National Physical Laboratory

Here, A, R, m and C are the surface area, electric resis- (Kaye and Laby2008, H for the tungsten sensor has re-
tance, mass and specific heat, respectively,caatde are duced to the form

the short- and long-wave emissivity, respectively, of the sen-

sor,S andL are the total incoming short- and long-wave flux, g — f <0.052 + 0.168Re0‘564>. (4)
respectively, across the surface of the sensis,the Stefan- d

Boltzmann constantMcMillin et al., 1992, I is the electric  The response time will be about 40 ms at 10 hPa (near 30 km)
current applied to the sensor, affiglis the mean biasH is level (Tablel) under the typical ascending rate of 5nts

H =
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Table 1. Typical values of the time constant (relaxation timens) of the sensor, systematic errors (K) arising from solar short-wave (SW)

and terrestrial long-wave (LW) radiations, and measurement-current induced Joule heating for the virtual sounding in a midlatitude model
atmosphere specified in the upper rows. D and U stand for the radiatiorr@vimdownward and upward, respectively. 5 miss assumed

for the ascending velocity of radiosonde. Those values in the second row in SW and Joule are the specifications after an upgrade of May 2010

Altitude km 0 5 10 15 20 25 30

Model atmosphere

Pressure hPa 1013.3 5405 2645 1211 55.3 255 12.0
Temperature °C 150 -175 -499 -565 -56.5 —-51.6 —46.6

Re 3.39 2.24 140 0.676 0.309 0.137 0.0618
SW/D Wm 2 1350 1350 1350 1350 1350 1350 1350
SW/U wm2 405 405 405 405 405 405 405
LW/D wm—2 166 49 23 21 22 21 34
LWi/u wm—2 318 275 272 259 241 230 222

Response time and systematic errors

T ms 6.4 8.8 12.6 18.1 24.9 324 39.9
SW K { 0.122 0.167 0.237 0.336 0.460 0.595 0.726
0.072 0.099 0.140 0.199 0.272 0.351 0.429
LW K —0.005 -0.003 0.000 0.001 0.001-0.002 —0.004
Joule K { 0.026 0.036 0.051 0.072 0.099 0.128 0.156
0.007 0.009 0.013 0.018 0.025 0.032 0.039

Pressure [hPa] which is counted to digital values by a signal conditioner.
Logll o 10 The errors (1 standard deviation) associated with the fre-
: : quency conversion are less than 0.05K, while those in the
signal conditioner correspond to 0.04 K. Our signal condi-
tioner has a repeatability of 0.02 K}, is thus expected to
be less than 0.07 K if we assume the errors listed above are
. mutually independent and that the law of propagation of er-
10 e rors (e.g.,Abernethy and Benedici989 is applicable. T,
B, S S is also subject to systematic drift associated with the temper-
ature change of the thermally protected circuit board in the
radiosonde. The estimated drift is 0.07 K in the operational
N ) ) range from—30°C to +50°C. All these considered, the max-
esponse Time vs Wind Speed ) . ) )
Response Time vs Pressure imum value of7}, estimated in the laboratory will not exceed
0 1 2 3 4 5 6 0.14 K. Since there is no traceable standard for measuring
Wind Speed [m/s] temperature in the UTLS, however, the absolute accuracy in
filed observations is not rigorously quantifiable.

Fig. 2. Laboratory measurements of the response tiratthe tung- The advantages of using fast-responding sensors are not
sten sensor. Those shown in green describe the variabilitiea®8  astricted to the possible detectability of the atmospheric fine
function of atmospheric pressure atrest (upper scale), while those iy, ot;re: we could minimize inaccurate radiation correction
red illustrate the decrease inwith respect to wind speed at 300 K N . . .
as well sincels— Ty is proportional to the response times
and 1 atm (lower scale).
can be seen from Egsl)(and @). The new tungsten sensor
has a daytime radiation correction as small as 0.7K (0.5K
o _ after an upgrade by improving the surface reflectivity and re-
This is at least one order of magnitude faster than operaducing the applied current in May 2010) at the altitude of
tionally used temperature sensoféofld Meteorological Or- 30 km. Those specifications are experimentally confirmed in
ganization 2008. a chamber equipped with the solar simulator. The overall
The sensor bia$j, is estimated from the following labo- values remain essentially unchanged in the real atmosphere,
ratory experiments. The electric resistance of the tungstemlthough they are subject to change depending on the solar
sensor is converted to the frequency of an alternative currenzenith angle and the scattering from clouds. The tungsten

[msec]

(63.2%)

Response Time
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sensor thus developed is mounted on a radiosonde enabling 2 payeime (p) Nighttime
the data transmission at a rate of 6 Hz after the output is e st
lowpass-filtered at 3 Hz. The resultant vertical resolution is 30 — 30000 — ,
2 m for the typical soundings. 20000 | = |1 3 = |
500 = 3‘-"2'9500 735 B
25000 | j E
3 Observed temperature profiles E zo000 o000 =5 i
::; 20000 § 1
A series of field observations are conducted at Moriya, ¢ _ | zes00 2e500 :7’7 11
Japan (35.93N, 140.00 E) and Biak, Indonesia (1.5, & ~. ;j
136.06 E) trying to examine the performance of the tungsten 10000 | 28 ooy o
sonde by simultaneously launching conventional radioson- \\\
des. Two examples, one during the day and the other dur-  *°°°f T zungsten \ ]
ing the night, are shown in Fi@. Good agreement between RN N
the profiles from the tungsten sonde (red) and the conven- "0 0 a0 20 0 20 -0 0 40 20 o

Temperature [°C] Temperature [°C]

tionally used Meisei RS06G (blue) and Vaisala RS80 (green)

radiosondes is confirmed in the troposphere below 5 km duri:ig_ 3. Examples of the daytime (left) and nighttime (right) temper-

ing the day (left) and below 15km during the night (fight). e pc) profiles at Biak, Indonesia (1.1, 136.06 E) observed
However, there appear a number of spikes in those from thgjmyitaneously by tungsten sonde (red), Meisei RS06G (blue) and
tungsten sondes in the directions positive during the day an@jsala RS80 (green) radiosondes on 9 (left) and 10 (right) Jan-
negative at night superposed on the relatively smooth curvesary 2010. For visual clarity, those from RS06G and RS80 sondes
observed by conventional radiosondes. The magnitude of thare drawn in dashed and dotted lines, respectively. Inset shows the
spikes is generally larger during the day and grows with re-details of the pulses in fine scale. 1200-gr balloon and 30-m sus-
spect to altitude reaching as large as several Kelvins in thdension line are used for both flights.
middle stratosphere around 30 km.
Those smooth profiles from the conventional radiosondes
are not the raw data but are the processed product. They a@dtitude. On the other hand, solar heating exceeds adiabatic
suitable for operational use on the one hand but insufficien€ooling during the day, which makes the balloon warmer than
for research purpose on the other as the details of processirifje environment. These effects will bring about the warm
are not well-documented. Actually, similar heat pulses, with (cold) bias of the ascending profiles during the day (night).
the amplitude much smaller than that by tungsten sondesf\nother mechanism the balloon could induce errors in ra-
have been detected by conventional radiosondes that havdosonde temperature measurements is the possible deficit
relatively short response timdlésh et al.2006. They have  in the ventilation velocity when the sensor encounters the
been removed by numerical filters for operational purposeballoon wake uers and Eskridgel998. They argued that
based on the interpretation that they are somehow caused t;pe reduced ventilation for the temperature sensor makes the
the balloon wakeWorld Meteorological Organizatio2008 cooling against solar heating less efficient, which leads to the
even though there is no direct observational evidence. In th@ositive bias in the daytime temperature measurements.
case of daytime RS06G observations, the filter has been de- Possible influence from the balloon’s air stream on the
signed to trace the lower temperature envelope. temperature sensor is analyzed by identifying its position rel-
In the present study, the sources of such perturbations arative to the balloon wake by 4-D GPS coordinates of both the
identified as the heat flow from the sonde package and th&alloon neck and the tungsten sonde. Fighi(geft) shows
overhead balloon by taking the advantages of fast-responsée detailed structure of the temperature profiles observed by
high-resolution tungsten sondes together with the aid of GPStungsten sondes. Owing to the sampling frequency of 6 Hz,
the fine structure of each heat pulse is clearly resolved in the
3.1 Sources of contamination profile. The right hand panel of Figt illustrates the pro-
jection of the ascending trajectories of the balloon (red) and
The possibility that the balloon could produce perturbationsthe tungsten sonde (color-coded by temperature) on a merid-
in observed temperature may be pointed out first by com4onal plane that is approximately parallel to the pendulum
parisons of the temperature profiles taken during the ascennotion on that occasion. The abscissa indicates the hor-
against those during the successive descéiatfdnau and izontal distance of the balloon and the sonde, interpolated
Gebbeken1989. During the night, the balloon, expand- to constitute 6 Hz data from 1 Hz GPS coordinates, relative
ing with its internal pressure in quasi-equilibrium with the to the position of the sonde on its passage at the height of
environment, is subject to adiabatic cooling that makes it31 500 m. Note that the short term change in the horizontal
much colder than the surrounding atmosphere especially ifposition could be accurately traced by successive GPS sig-
the stratosphere where temperature increases with respect tal, although the overall uncertainty is approximately several
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Fig. 4. Detailed temperature profiles from tungsten sonde (left) and
the meridional projection of the trajectories for balloon (red) and
sonde (color-coded by the temperature) estimated by GPS (right)

taken from the daytime sounding at Biak, Indonesia on 9 Jan-Fig. 5. Configuration of the dual launch of tungsten sondes for ex-
uary 2010. The illustration on the right hand panel is the symbolicamining the radiosonde package box contamination.

view of the flight configuration; the circle with the diameter of about

10m at the altitude of 31575 m is the balloon, while the small cir-

cle at 31 550 m is the radiosonde swinging under the balloon. Large B iya

heat pulses correspond to the sonde’s turn associated with the swing ~ ** S sesazm o 38
motion along the ascent. The sensor output has been low-pass fil-; f 2 zz
tered with the cut off at 3Hz before the data transmission to the & = 2 20 e
ground station at 6 Hz. The resultant vertical resolution is about ¢ - . £ s /;"’f‘:’//: i
2m. 1200-gr balloon and 30-m suspension line are used. e = | 2me B 20 b e
g = g
[ Y 2
to 10 m depending on several conditions such as the num- P - "0 ors track
ber of available positioning satellites (e.§lisra and Enge Peo s w0 as " a0os o 5 1015 20 25 30 35 40 45

Temperature [°C] Zonal Distance [m]

2007). On the other hand, as the GPS altitudes are not ac-
C_u_rate enough to measure differential height, the vertical po'Fig. 6. Left: Temperature variations simultaneously measured
sition of the balloon is assumed to be 25m above the sondgy "5 paired tungsten sondes attached to a plate with the sensor
referring to the length of the suspension line. What we canarms directed to the opposite side (see By. The ordinate is

see from here is that the major heat pulses are not aligned ithe time (min) after launch around 11:00a.m. on 9 April 2010 at
a cylindrical path along which the balloon has swept prior to Moriya, Japan (35.93N, 140.00 E), covering the altitude range
the sonde; rather they are found mostly near the turning poinfrom 28.1 to 28.5km. Right: Horizontal projection of the sonde
of the swing. As the balloon’s diameter at these altitudes istrajectories covering the altitude range specified by A, B and C in
about 10 m, those pulses are apparently out of the reach frorfiie left panel. 1200-gr balloon with the suspension line of 30 m is
the balloon wake while the balloon at that moment is rising US€d-

almost straight in the atmosphere.

3.2 Influence from radiosonde package box swing motion is aerodynamically constrained in a manner in
which one of the two sondes alternately follows the other
Possible source of contamination, apart from the balloon(switchback motion) due to the plate. The observed temper-
wake, is the influence from the radiosonde package box. Asture records are shown in the left panel of EigGroups of
the sonde ascent is accompanied by swing motions fyig. pulses appear alternately in the two records with the time in-
air parcels thermally perturbed by the sonde package boxerval of about 12 s, which roughly corresponds to the period
may reach temperature sensor mounted on an arm stickingf the pendulum motion. The horizontal projection of the
out from the sonde box. If this is the case, the contamina-sonde trajectories are shown in the right panel of BigiVe
tion will depend on the alignment of the sticking arm and the can see the alternate appearances of the temperature pulses
swing motion. Such a possibility is examined by launchingin the left panel are synchronized with the swing direction
a pair of tungsten sondes each of which is fixed on the opposeen in the right panel. Although the differential position of
site end of a plate with the sensor arms directed to the outethe two sondes cannot be resolved by current GPS system,
side (Fig.5). Under this configuration, the spin motion of we can interpret that those temperatures observed by the fol-
individual sonde will disappear and one can expect that thdower are contaminated by the sonde box swinging ahead,

www.atmos-meas-tech.net/3/1673/2010/ Atmos. Meas. Tech., 3, 16832010
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(a) Daytime (b) Nighttime
TA-1200 + 30m TA-1200 + 30m
May 21, 2010 08LT May 21, 2010 20LT
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T
32500
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10000 =301

5000 [

Tungsten Tungsten

-60 -40 -20 0 20 -60 -40 -20 0 20
Temperature [°C] Temperature [°C]

Fig. 8. The same as Fi@ but for those taken by the tungsten sondes
after configuration change (see text for details). Observations are
made at Moriya on 21 May 2010. The swing angle of the radiosonde
with the suspension line of 30 m in this case reachés dhich is
larger than the solar zenith angle of about &5 the daytime flight

in (a).

Balloon

Fig. 7. Tungsten radiosonde with the modified sensor mount (far
right) as compared to the conventional Meisei RS06G radiosonde
(near left).

while those on the front are free from perturbations. These

evidences support the idea that the temperature perturbations

are due to the thermal interference from the radiosonde pack-

age box. These lessons led us to the configuration change of 15m
the original tungsten sonde by mounting the sensor perpen-

dicular to the elongated arm so that the air flow thermally

perturbed by sonde box will not reach it (Fig).

@ Thermistor

C] Data Transmitter

9y
e G D VA

3.3 Influence from launching balloon
Fig. 9. The configuration of balloon’s in-flight skin temperature

The above modification successfully removed the perturbaebservation. Three independent thermistors are installed to measure
tions originated from the sonde box. However, there still re-the temperatures both the inside and the outside (15m below) the
main small pulses positive (negative) during the day (night)balloon in addition to the skin. The data of two thermistors in the
with the magnitude of about 0.5 K as can be seen from&ig. balloon have been taken out to the outside through the valve.
Since the magnitude of radiation correction for our tung-
sten sonde is about 0.7 K (0.5 K after upgrade) at the altitude
of 30 km, the ventilation deficitluers and Eskridgel 998 independent thermistors are used to measure the tempera-
would not be the major process that has created above pertutures both the inside and the outside (15 m below) the balloon
bations. Instead they are interpreted as the thermal influencia addition to the skin (Fig9). During the night with the
from the launching balloon transported along the wake. tropopause crossing at around 9 PM (GMT +9) (right-hand

Balloon’s in-flight skin temperature has been directly mea-panel of Fig.10), the observed inside temperature (blue)
sured by placing thermistors in the balloon, one duringis generally lower than the outside (red) and the difference
the day and the other in the night. In each flight, three(purple) reaches about 15K just before the balloon burst
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(a) Daytime Balloon
June 10, 2009 11LT

(b) Nighttime Balloon
June 10, 2009 20LT
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0

-80 -60 -40 -20 0
Temperature [°C]

20 -80 -60 -40 -20 0 20
Temperature [°C]

Fig. 10. Vertical profiles of the balloon’s inside (green), outside (red) and the surface (blue) tempéet&junbtained by thermistors during

the daytime (left) and nighttime (right) soundings at Moriya, Japan on 10 June 2009. Those in purple and light blue are the temperatures of

balloon’s inside and surface, respectively, relative to the outside. 1200-gr balloon was used for both flights.

near 32km. Balloon’s skin temperature (green) is slightly solar radiation on the sensor will lead to the temperature re-
lower than the outside, showing partly smoothed profile asduction by 0.4 K with the response time of 40 ms at this alti-
compared to the outside variabilities. The systematic detude (Tablel). The contaminations originated from the heat
parture from the outside air temperature (light blue) startsflow and the shade effect due to the overhead balloon could
from 23 km and grows up to reach 10K at the ceiling level. be removed by some filtering procedure, because they ap-
In case of the daytime observations around noon (left-hancgear specifically as steep pulses (Ry. Alternatively, the
panel of Fig.10), adiabatic cooling prevails the solar heat- influence from the balloon could be greatly reduced by us-
ing in the lower troposphere so that both the internal (blue)ing longer suspension line such as 120 m (Hig). In this

and the skin (green) temperatures are kept below the outsidease, the heat flow along the balloon wake is almost negli-
temperature (red) except for a couple of kilometers just aftergible and the solar eclipse due to the balloon is hardly ob-
the launch, during which inside the balloon is warmer thanserved. Even under such conditions, however, there remain
the environment due to the warm inflation gas. However,small perturbations with the magnitude-00.4 K due proba-

the temperature difference reverses above the upper tropdsly to the variation of insolation associated with the solid an-
sphere. Although the internal temperature stays within 10 Kgle change of the solar illumination against the sensor body.
from the outside (purple), the skin temperature is found to ex-Accurate and contamination-free temperature profiles will be
ceed by 20K as compared to the environment (light blue) inobtained from the nighttime soundings of the tungsten sonde
the stratosphere. The temperature of the balloon’s top mustade with long suspension lines. Our fast-response high-
have been much higher than those shown in this figure, asesolution tungsten sondes might be applicable to collect de-
the thermistor sits in the less illuminated lower part of the scending data that are free from balloon wake.

balloon. Such a large perturbation in the balloon’s skin tem-

perature would be enough to create appreciable heat flow.

What were beyond our expectations is an intermittent neg4 Concluding remarks
ative pulses revealed in the daytime profile shown in Big.
These are probably caused by the solar eclipse due to thA novel temperature sensor made of an ultra thin tungsten
overhead balloon, since they do not show up in the flightswire has been developed. It is mounted on a radiosonde en-
in which the solar zenith angle is larger than the swing an-abling the data transmission at a rate of 6 Hz. Due to the short
gle of sonde’s pendulum motion. Note that the shut off of response time of about 40 ms at around 30 km, the radiation

www.atmos-meas-tech.net/3/1673/2010/ Atmos. Meas. Tech., 3, 16832010
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(a) Daytime The evidences suggest that historical radiosonde tempera-
TA-1200 + 120m . .
Jun 19, 2010 13LT ture record could be contaminated by thermal perturbations

. of the sounding system, although their magnitude might not
be solarge. Itis hard to quantify them on each sounding basis
as the errors depend on the configuration of flight module as
. well as the radiosonde make. It should be worth mentioning
that appreciable temperature errors could be hidden even in
the conventional low-sensitivity sensor data when the obser-
vations are made by those sondes attached to special sensors
such as ozone sonde equipped in a large styrofoam box.

Our tungsten sonde has an advantage in that the origin of
i individual perturbations, such as the heat pulse and the so-
lar eclipse due to the overhead balloon, could be separately
-35 identified. It may not be recommended for universal use, but
is ideal for research purposes such as detecting atmospheric
. fine structures that may be left unresolved by existing ra-
diosondes. It could also serve as an international reference
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o LTungsten 7 ! since it does not rely much on the ambiguous correction pro-
60 -40 20 ° 20 cedures. It has participated in the international intercompar-
femperature [°C] ison of radiosondes organized by WMO and the results will

be published elsewhere. A detailed description on how the
r?ontamination appears in the operational sonde data is under
preparation.

Fig. 11. The same as Fi@ (left) but for those taken from the sound-
ing on 19 June 2010 made by using the suspension line of 120 m. |
this case, the use of a long suspension line reduces the swing ang

to about 10, while the solar zenith angle is about®42
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