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AB STRACT

The GPS ra dio occultation (RO) soundings by the FORMOSAT-3/COS MIC (Tai wan’s Formosa Sat el lite Misssion

#3/Con stel la tion Ob serv ing Sys tem for Me te o rol ogy, Ion o sphere and Cli mate) sat el lites launched in mid-April 2006 are

com pared with high-res o lu tion bal loon-borne (ra dio sonde and ozonesonde) ob ser va tions. This pa per pres ents pre lim i nary

re sults of val i da tion of the COS MIC RO mea sure ments in terms of refractivity through the tro po sphere and lower strato sphere.

With the use of COS MIC RO soundings within 2 hours and 300 km of sonde pro files, sta tis ti cal com par i sons be tween the

col lo cated refractivity pro files are per formed for some trop i cal re gions (Ma lay sia and West ern Pa cific is lands) where

mois ture-rich air is ex pected in the lower tro po sphere and for both north ern and south ern po lar ar eas with a very dry

tro po sphere. The re sults of the com par i sons show good agree ment be tween COS MIC RO and sonde refractivity pro files

through out the tro po sphere (1 - 1.5% dif fer ence at most) with a pos i tive bias gen er ally be com ing larger at pro gres sively higher

al ti tudes in the lower strato sphere (1 - 2% dif fer ence around 25 km), and a very small stan dard de vi a tion (about 0.5% or less)

for a few ki lo me ters be low the tropo pause level. A large stan dard de vi a tion of frac tional dif fer ences in the low er most

tro po sphere, which reaches up to as much as 3.5 - 5% at 3 km, is seen in the tropics while a much smaller standard deviation (1 -

2% at most) is evident throughout the polar troposphere.

Key words: GPS ra dio occultation, FORMOSAT-3/COS MIC, Refractivity, Val i da tion

Ci ta tion: Hayashi, H., J. I. Furumoto, X. Lin, T. Tsuda, Y. Shoji, Y. Aoyama, and Y. Murayama, 2009: Val i da tion of refractivity pro files re trieved from
FORMOSAT-3/COS MIC ra dio occultation soundings: Pre lim i nary re sults of sta tis ti cal com par i sons uti liz ing bal loon-borne ob ser va tions. Terr. Atmos.
Ocean. Sci., 20, 51-58, doi: 10.3319/TAO.2008.01.21.01(F3C)

1. IN TRO DUC TION

Since the 1960s the ra dio occultation (RO) method has

been used for the study of plan e tary at mo spheres (e.g.,

Fjeldbo et al. 1971). In 1995 the GPS/MET (Global Po si -

tion ing Sys tem/Me te o rol ogy) ex per i ment em ployed the RO

tech nique uti liz ing ra dio sig nals emit ted by GPS sat el lites to

in ves ti gate the earth’s at mo spheric char ac ter is tics such as

refractivity, pres sure, den sity, tem per a ture, and hu mid ity

(Ware et al. 1996). The GPS RO mea sure ment was fol lowed

by the Ger man CHAMP (Chal leng ing Minisatellite Pay load

and the Ar gen tin ean SAC-C (Sat el lite de Aplicaciones

Cientificas-C) mis sions launched in 2000. About 350 - 400

RO sound ing pro files per day were ob tained from the two

sat el lites (Hajj et al. 2004). The FORMOSAT-3/COS MIC

(Tai wan’s Formosa Sat el lite Mis sion #3/Con stel la tion Ob -

serv ing Sys tem for Me te o rol ogy, Ion o sphere and Cli mate;

here af ter COS MIC), a joint US-Tai wan pro ject, was

launched on 14 April 2006 (Rocken et al. 2000). The mis -

sion con sists of six Low Earth Or bit (LEO) sat el lites to re -

ceive GPS ra dio sig nals in both ris ing and set ting oc cul -

tations and is ex pected to pro duce ap prox i mately 2500 RO

soundings per day. In ad di tion, by em ploy ing the open loop 
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tech nique for track ing GPS RO sig nals on the re ceiv ers, the 

COS MIC mis sion is ca pa ble of pro vid ing more data in the

low er most tro po sphere where the phase locked loop of ten

fails in track ing the rapid fluc tu a tion of RO sig nals (Rocken

et al. 2000; Sokolovskiy 2001b; Sokolovskiy et al. 2006).

Such a large in flux of con stantly as sim i lated data, dis tri -

buted glob ally and not only over a sin gle con ti nent but

also over the world’s oceans, will im prove nu mer i cal wea -

ther pre dic tion and lead to new cli mate stud ies in ar eas

where op er a tional ob ser va tions have not been avail able so

far, e.g., in the tro po sphere over the open ocean.

It is im por tant to ex am ine the qual ity of RO soundings

by com par ing in de pend ent mea sure ments. Ra dio sonde ob -

ser va tions have been pro vid ing us in for ma tion of at mo -

spheric pa ram e ters such as tem per a ture, hu mid ity, pres sure,

and winds from the sur face up to 20 - 30 km for over 50 years. 

The ra dio sonde net work has near-global cov er age and

operates by tak ing daily or twice-daily mea sure ments to

pro duce pro files of at mo spheric pa ram e ters with high ver -

tical res o lu tion (a few tens of me ters). Al though some er -

rors in tem per a ture and hu mid ity mea sure ments by ra dio -

sondes have been re ported (e.g., Luers and Eskridge 1998;

Fujiwara et al. 2003; Wang et al. 2003), they are gen er ally

con sid ered to be the most ac cu rate and of ten are used for

validation of data from dif fer ent sound ing tech niques, such 

as sat el lite-borne ob ser va tions. The GPS RO soundings also

have been com pared against ra dio sonde data. Ware et al.

(1996) com pared, for ex am ple, 11 rep re sen ta tive tem per a -

ture pro files de rived from GPS/MET (as sum ing a dry at mo -

sphere) with col lo cated ra dio sonde ob ser va tions (and global 

anal y ses) and found that they agree within 2 K from about 5 - 

7 to 40 km. Less than 1% mean er rors with 1 - 2% stan dard

de vi a tions in refractivity dif fer ences be tween GPS/ MET

and ra dio sonde in 2 to 25 km al ti tude range were re ported by

Rocken et al. (1997). Kuo et al. (2005) showed an in ter est -

ing re sult of com par i sons in refractivity be tween CHAMP

RO and ra dio sonde soundings over five geo gra phical ar eas,

each of which uses a dif fer ent type of ra dio sonde, and con -

cluded that high ac cu racy of RO soundings could dif fer en ti -

ate be tween the per for mance of var i ous types of ra dio sonde 

ap pli ca tions.

The pur pose of this pa per is to pres ent early re sults of

the val i da tion of COS MIC RO soundings in the tro po sphere

and lower strato sphere. Now, al though the num ber of sonde

ob ser va tions avail able for this study was not vo lu mi nous,

we did col lect high-res o lu tion bal loon-borne (ra dio sonde

and ozonesonde) mea sure ments to com pare with the COS -

MIC data. The ver ti cal pro files of refractivity were used for

com par i son since it is the most fun da men tal at mo spheric

prop erty re trieved from the GPS RO sig nal (Kuo et al.

2005). The data used here are briefly de scribed in sec tion 2

along with an ex pla na tion of the com par i son method. The

re sults of sta tis ti cal com par i sons will be dis cussed in sec tion

3, and fol lowed by a sum mary of this study in sec tion 4.

2. DATA AND METHOD OF COM PAR I SONS

The real-time prod ucts of the COS MIC mis sion are

avail able from the COS MIC Data Anal y sis and Ar chi val

Cen ter (CDAAC). Refractivity pro files are re trieved from

GPS RO sig nals re ceived by the COS MIC sat el lites us ing

the pro cess ing pro ce dures ex plained in de tail by Kuo et al.

(2004). The CDAAC data pro cess ing soft ware in cludes four 

radioholographic al go rithms, that is, back prop a ga tion

met hod (Gorbunov et al. 2000), slid ing spec tral method

(Sokolovskiy 2001a), ca non i cal trans form method (Gorbunov

2002), and full spec trum in ver sion (FSI) method (Jensen et

al. 2003) in or der to in vert RO sig nals which passed through

the moist tro po sphere where the multipath prop a ga tion is

com mon and the con ven tional (geo met ric op tics) method

does not work. The COS MIC refractivity pro files in the

lower tro po sphere are de rived by the FSI method since it is

op ti mal as to ac cu racy and com pu ta tional cost. Although the 

COS MIC data since 21 April 2006 (a week after the launch) 

are avail able from the CDAAC, we used data af ter the re -

ceiver firm ware up date on 13 July 2006 for this val i da tion

study be cause of many dif fer ent is sues with ear lier data be -

fore the day (re ported in the pro ject website, http://www

.cos mic.ucar.edu/launch/sta tus.html).

We first chose high-res o lu tion ra dio sonde mea sure -

ments over Ma lay sia for val i da tion of the COS MIC RO

soundings. The reg u lar ob ser va tions at 0000 and 1200 UTC

over the six sonde sites (see Ta ble 1) op er ated by Ma lay sian

Me te o ro log i cal De part ment were col lected. The sound ing

data were avail able at ev ery four sec onds, that is, at a few

tens of me ters in ter vals in al ti tude. Ma lay sia is an equa to rial

coun try and has a trop i cal, hu mid cli mate char ac ter ized by

the ef fect of two mon soon re gimes, that is, the south west

mon soon from May to Sep tem ber and the north east mon -

soon from No vem ber to March. Thus, the COS MIC RO

soundings near the Ma lay sian sites should be in flu enced by

a dense hu mid ity with sea sonal vari a tions in the lower tro po -

sphere. Val i da tion ex per i ments in such an area are de sir able

to see how well refractivity pro files can be re trieved from

the COS MIC RO sig nals prop a gated through the moist tro -
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po sphere since inhomogeneous dis tri bu tion of vari able hu -

mid ity is ex pected to in tro duce re trieval er rors (Kursinski et

al. 1997; Rocken et al. 2000).

An other set of high-res o lu tion ra dio sonde data came

from small is lands in the trop i cal West ern Pa cific (see

Table 2). This area is char ac ter ized by high sea sur face tem -

per a ture (a.k.a. warm pool) and there fore high con vec tive

ac tiv ity through out the year with less sea son al ity is ex pected 

un like the Ma lay sian re gion. The small is lands are sur -

rounded by the open ocean while the Ma lay sian sites are

located within the Mar i time Con ti nent. Such dif fer ences in

weather con di tions would in tro duce some what dif fer ent va -

lidations, par tic u larly in the lower tro po sphere, be tween

the two trop i cal ar eas. Op er a tional ob ser va tions (gen er ally

twice daily at 0000 and 1200UTC) at those is lands, as well

as other U.S.-op er ated sta tions, are pro cessed and ar chived

by Na tional Oce anic and At mo spheric Ad min is tra tion

(NOAA) Na tional Cli ma tic Data Cen ter (NCDC). The data

are freely avail able from the SPARC data cen ter (http://

www.sparc.sunysb.edu). The mea sure ments of at mo spheric

pa ram e ters are re corded ev ery 6 sec onds, which cor re sponds 

to about a 30-me ter al ti tude res o lu tion. For fur ther de scrip -

tions of data re fer to NCDC (1998) and Wang et al. (2005).

In ad di tion, ozonesonde data were ob tained from the

World Ozone and Ul tra vi o let Ra di a tion Data Cen ter

(WOUDC) for a cou ple of sta tions in the north ern and

southern po lar ar eas (see Ta ble 3). The ozonesonde ob ser -

va tion usu ally in cludes sound ing of at mo spheric pa ram e ters

such as tem per a ture and hu mid ity as well, though the launch

of ozonesonde is not very fre quent (usu ally once per week at

most). Ver ti cally high re solved pro files, with data at ev ery

few tens of me ters, were avail able for the po lar sta tions. One

may ex pect better agree ment be tween the COS MIC RO and

sonde refractivities com pared to the equa to rial re gions be -

cause the po lar area is gen er ally less hu mid even in the

lowermost tro po sphere.

For val i da tion pur poses, the COS MIC RO soundings

located within 300 km and 2 hours of bal loon launches at

the ra dio sonde and ozonesonde sites were used for the

compari sons. The cri te rion to find col lo cated COS MIC

soundings was de fined ar bi trarily and is sim i lar to that used

in pre vi ous stud ies (e.g., Kuo et al. 2005). A to tal of 47 matches 

were found for the Ma lay sian sta tions by the end of 2006

along with 107 matches for the West ern Pa cific is lands. For

the Ant arc tic sta tions, the ozonesonde ob ser va tions un til

Sep tem ber 2007 were avail able and we found 19 col lo cated

pro files at Neumayer and 15 at Syowa, re spec tively. Fewer

ozonesonde soundings were avail able in the north ern po lar

area and only a to tal of 11 matches were ob tained from the

three Arc tic sta tions un til the end of 2006.

For the sonde mea sure ments, refractivity was es ti mated

from tem per a ture, pres sure, and wa ter va por by the equa tion

as follow:

(1)

where N is refractivity in N-unit, T is tem per a ture in

Kelvin, P is to tal air pres sure in hPa, and e is par tial pres -

sure of wa ter va por in hPa, re spec tively. Since we used the

COS MIC refractivity data at a 100-m ver ti cal grid space,

the sonde soundings were av er aged in a 100-m grid box.

Frac tional refractivity dif fer ences are cal cu lated for

the com par i son of COS MIC RO pro file with col lo cated

sonde:

(2)

where NCOS MIC and NSonde are COS MIC-re trieved and

sonde- es ti mated refractivity, re spec tively. The mean and

stan dard de vi a tion of the frac tional dif fer ence were cal cu -

lated for each area (or sonde sta tion) and will be used for

dis cus sions on the qual ity of COS MIC RO soundings in the 

fol low ing sec tion.

3. RE SULTS

Fig ure 1 shows the mean and stan dard de vi a tion of frac -
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tional dif fer ences be tween COS MIC RO and ra dio sonde

refractivity pro files for the six observation sites in Ma lay sia.

The mean ab so lute dif fer ence pro file dem on strates a good

agree ment be tween COS MIC RO and ra dio sonde soundings

through the tro po sphere (ex cept the vi cin ity of the sur face)

with less than a 1% bias. The bias fluc tu ates around zero in the 

lower tro po sphere and is pos i tive and reaches up to 1% near

the av er age tropo pause at 16.3 km (with a stan dard de vi a tion

of 0.5 km), which was cal cu lated us ing the WMO def i ni tion

based on tem per a ture lapse rate (WMO 1957). As is clearly

shown in the lower strato sphere, the frac tional dif fer ence of

refractivity in creases at higher al ti tudes and achieves about a

2% bias (cor re spond ing to about 0.2 N) at 25 km, around the

high est al ti tude of the com par i sons due to the avail abil ity of

ra dio sonde soundings over Ma lay sia. Al though only a small

bias is ob served in the lower tro po sphere, we see a large

standard de vi a tion be low 9 km, which be comes larger in

approaching the sur face (about 3.5% at 3 km). This means

that refractivity pro files re trieved from the COS MIC RO

soundings have some times pos i tive, oth er wise neg a tive, dif -

fer ences from col lo cated sonde data in the lower tro po sphere

prob a bly be cause of highly vari able dis tri bu tion of wa ter va -

por in the South east Asian mon soon re gion. A very small

stan dard de vi a tion (less than 0.5%) in the up per tro po sphere

(10 - 15 km) is ev i dent along with low pos i tive bias (0.3 -

0.8%). The al ti tude range cor re sponds to a few ki lo me ters just 

be low the tropo pause level (16.3 ± 0.5 km) where the ef fect of 

hu mid ity is al most neg li gi ble and small-scale wave struc tures, 

if any, might not have an am pli tude large enough to cause sig -

nif i cant re trieval er ror for RO refractivity.

The same sta tis ti cal com par i son was per formed for the

trop i cal West ern Pa cific is lands and the re sult is shown in

Fig. 2. We see very sim i lar char ac ter is tics to those found for

the Ma lay sian sta tions as men tioned above, that is, a low

bias (less than 1.5%) through out the tro po sphere with a pos i -

tive bias be com ing larger with in creas ing al ti tude in the

lower strato sphere, a very small stan dard de vi a tion (less

than 0.5%) for a few ki lo me ters be low the tropo pause level

(at 16.3 km in av er age with stan dard de vi a tion of 0.6 km),

and large vari abil ity in the lower tro po sphere. The sim i lar i -

ties should be rea son able since the two re gions are lo cated

geo graph i cally ad ja cent to each other. A neg a tive bias be low 

2 km, which reaches up to about 2% in the low est level, is

seen in both Figs. 1 and 2. This can be at trib uted to the

negative re trieval er ror in refractivity in the trop i cal lower

troposphere (e.g., Rocken et al. 1997; Ao et al. 2003;

Sokolovskiy 2003). A sharp ver ti cal gra di ent of refractivity,

or superrefraction, might of ten oc cur, which leads to the

neg a tive bias in the at mo spheric bound ary layer in trop ics. It

ap pears that, on the other hand, the stan dard de vi a tion in the

lower tro po sphere (ex clud ing near-sur face lev els) is larger

in West ern Pa cific (reach ing up to 5% around 3 km) than in

Ma lay sia (3.5% at most). This may be sug gest ing dif fer ent

weather con di tions (e.g., con vec tive ac tiv ity) be tween the

neigh bor ing ar eas, as ex pected in the pre vi ous sec tion,

which could cause more inhomogeneous wa ter va por dis tri -

bu tion around the West ern Pa cific is lands dur ing the pe riod

in ves ti gated. Note that the sta tis ti cal com par i sons for both

the two trop i cal re gions were done us ing data only for the

lat ter half of 2006. Fur ther com par i sons with more col lo -
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Fig. 1. The mean and stan dard de vi a tion of frac tional dif fer ences in

refractivity be tween COS MIC RO and ra dio sonde soundings for

Malaysian sta tions listed in Ta ble 1. The thick solid line is the mean

bias while the cross with tra verse line shows the stan dard de vi a tion at

ev ery 0.5 km al ti tude. The dashed line is the num ber of matches used

for the sta tis ti cal com par i sons at each al ti tude. The tri an gle (3) on the

right y-axis in di cates the av er age tropo pause al ti tude at 16.3 km (with

stan dard de vi a tion of 0.5 km).



cated data are nec es sary to in ves ti gate re gional and sea sonal

char ac ter is tics of the qual ity of COS MIC RO soundings.

We here dis cuss re sults of sta tis ti cal com par i sons of

COS MIC RO refractivities with ozonesonde mea sure ments

in the po lar ar eas, where smaller de vi a tions from the sonde

ob ser va tions in the lower tro po sphere are ex pected due to

much less hu mid ity com pared to the trop i cal re gions men -

tioned above. Fig ure 3 shows mean frac tional dif fer ences for 

the Ant arc tic and Arc tic re gions. Since hu mid ity data were

not avail able for the ozonesonde soundings at Syowa, re -

fractivities were cal cu lated with out par tial pres sure of wa ter

va por, that is, by ne glect ing the sec ond term in Eq. (1). Re -

sults of the sta tis ti cal com par i sons at Neumayer and Syowa,

there fore, are shown re spec tively in stead of merg ing them to 

rep re sent the Ant arc tic area. On the other hand, all frac tional 

dif fer ences at the three Arc tic sta tions were av er aged be -

cause there were only 11 matches avail able for the three sta -

tions dur ing 2006. The left panel in Fig. 3 for Neumayer

re veals ex tremely good agree ment be tween COS MIC RO

and sonde refractivities from the sur face to about 19 km

(through out tro po sphere in clud ing low er most strato sphere)

with a 0.5% bias and 1% stan dard de vi a tion at most (ex cept

for slightly larger bias around 9 km). Above that al ti tude the

bias be comes pos i tive and larger with higher al ti tudes (though

it some what de creases around 25 km), which reaches to

about 1% (cor re spond ing to 0.1 N) at 23 - 24 km. A rel a -

tively smaller stan dard de vi a tion is seen around 3 - 7 km

be low the tropo pause level (at 10.6 km in av er age with stan -

dard de vi a tion of 1.6 km). As we have ex pected, stan dard

de vi a tion in the lower tro po sphere is much smaller (1% at

most even be low 5 km) than in the trop i cal re gions (as much

as 3.5 - 5% around 3 km). At Syowa the sta tis ti cal com par i -

son (mid dle panel in Fig. 3) shows the sim i lar cha rac -

teristics. The pro file of mean frac tional dif fer ence between

COS MIC and ozonsonde refractivities fluc tu ates within

±1% from 5 to about 21 km with stan dard de vi a tion of less

than 1%. In the low est 5 km pos i tive bias is ev i dent due to

dis count ing hu mid ity when cal cu lat ing the sonde refrac -

tivity as men tioned above. The con tri bu tion of hu mid ity to

refractivity in the low er most tro po sphere was ex am ined us -

ing the ozonesonde mea sure ments at Neumayer and about

0.5% (around 5 km) to 2.5% (near the sur face) of refractivity 

was ac counted for by the ef fect of hu mid ity. This im plies

that the large pos i tive bias be low 5 km at Syowa would al -

most dis ap pear if hu mid ity mea sure ments were avail able. In

the strato sphere the bias be comes pos i tive and larger above

17 km as was the case with the com par i son at Neumayer. We

see rel a tively a smaller stan dard de vi a tion be tween 6 and

8.5 km, be low the tropo pause level (at 11.4 km in av er age

with stan dard de vi a tion of 2.1 km). The re sult of a sta tis ti cal

com par i son for the three Arc tic sta tions (right panel in

Fig. 3) also looks sim i lar to that for Neumayer. The rel a -

tively smaller vari a tion be low the tropo pause level (at 9.0 km

in av er age with stan dard de vi a tion of 0.9 km) is recognized

around 4 - 8 km. The strato spheric pos i tive bias (above 18 -

20 km) be comes larger with al ti tude (about 1% at 25 km),

though the stan dard de vi a tion is sup pressed by about a fac tor 

of 2 com pared to that for the Ant arc tic sta tions. Agree ment

be tween COS MIC RO and sonde re fractivities looks good

(1% bias at most with 1 - 1.5% stan dard de vi a tion) ex cept

for slightly larger dif fer ence and vari a tion near the sur face

and around 10 km. As is well-known, the sharp ness of po lar

tropo pause de fined by tem per a ture gra di ent be comes high -

est in sum mer while low est in win ter (Zängl and Hoinka

2001). The high est sharp ness of tropo pause is seen in the

Arc tic re gion dur ing NH sum mer (Schmidt et al. 2005).

The de tailed in ves ti ga tion by Zängl and Hoinka (2001) re -

vealed that its an nual cy cle and re gional dif fer ences are pri -

mar ily de ter mined by the mean static sta bil ity of the lower

tro po sphere. Such a sharp tropo pause as so ci ated with sud -

den refractivity change may cause some re trieval er ror in a

COS MIC pro file. For the Arc tic stations the COS MIC-col -

lo cated sonde pro files in July to Au gust 2006 re ally have

sharp tem per a ture tropo pauses around 10 km (at 10.1 km in

av er age, as in di cated by as ter isk on the right y-axis of Fig. 3)

and large frac tional dif fer ences be tween COS MIC and sonde
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Fig. 2. The mean and stan dard de vi a tion of frac tional dif fer ences in

refractivity be tween COS MIC RO and ra dio sonde soundings for

Western Pa cific is lands listed in Ta ble 2. The lines and marks are

same as in Fig. 1. The av er age tropo pause al ti tude is 16.3 km (with

stan dard de vi a tion of 0.6 km).



refractivities are ob served there as well (not shown). The rel a -

tively larger bias and stan dard de vi a tion near 10 km in the sta -

tis ti cal com par i son, there fore, could be at trib uted to the sum -

mer po lar tropo pause with sharp tem per a ture change. A sim i -

lar state ment ap plies to the slightly larger bias and stan dard

de vi a tion seen around 9 km in the statistical com par i son at

Neumayer (left panel in Fig. 3). Note that there are no col lo -

cated sonde pro files with sharp tem per a ture tropo pause in the

sum mer (De cem ber to Feb ru ary) at Syowa. It should be men -

tioned that a syn op tic-scale up per tro po spheric an ti cy clone

(typ i cally ac com pa nied with a thin, sta ble layer above) is also

able to en hance the sharp ness of tropo pause (Wirth 2000;

Zängl and Hoinka 2001).

4. SUM MARY

In this study COS MIC RO soundings were com pared

with high-res o lu tion bal loon-borne (ra dio sonde and ozone -

sonde) ob ser va tions in terms of refractivity in trop i cal and

po lar re gions. From the sta tis ti cal com par i sons (i.e., mean

and stan dard de vi a tion of frac tional dif fer ences be tween

COS MIC RO and sonde refractivities) for Ma lay sia, West -

ern Pa cific is lands, and the po lar ar eas, we found some

common fea tures: 1) good agree ment be tween COS MIC

RO and sonde pro files through out the tro po sphere (1 - 1.5%

dif fer ence at most); 2) a pos i tive bias which grows with al ti -

tude (1 - 2% dif fer ence around 25 km) in the strato sphere;

and 3) very small stan dard de vi a tions (about 0.5% or less)

for a few ki lo me ters be low the tropo pause level. The stan -

dard de vi a tion in the lower tro po sphere was much smaller in

the po lar ar eas with dry air (1 - 2% at most) than in the

tropics with mois ture-rich air (reach ing up to 3.5 - 5%).

This paper has re ported pre lim i nary re sults of val i da tion of

COS MIC RO refractivity pro files. The com par i sons with

high-res o lu tion sonde ob ser va tions were re stricted in time

(for the lat ter half of 2006, along with some 2007 data used
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Fig. 3. The mean and stan dard de vi a tion of frac tional dif fer ences in refractivity be tween COS MIC RO and ra dio sonde soundings for po lar ar eas listed

in Ta ble 3. Ozonesonde data are used in stead of ra dio sonde. For Neumayer (left), for Syowa (mid dle), and for the Arc tic sta tions (right). The lines and

marks are same as in Fig. 1. The av er age tropo pause al ti tudes are 10.6 km (Neumayer), 11.4 km (Syowa), and 9.0 km (Arc tic sta tions), re spec tively.

The as ter isks (E) on the right y-axis for Neumayer (at 9.2 km) and for the Arc tic sta tions (at 10.1 km) in di cate the mean tropo pause al ti tudes with sharp

tem per a ture change in the sum mer (De cem ber 2006 to Feb ru ary 2007 for Neumayer while July to Au gust 2006 for the Arc tic sta tions). Note that there

were no col lo cated sonde pro files with sharp sum mer tropo pause at Showa.



for the Ant arc tic area) and geo graph ical lo ca tions. Fi nally,

with the ad vent of more and more COS MIC RO data and in -

de pend ent ob ser va tions, more and var i ous in ves ti ga tions on

the qual ity of COS MIC RO soundings will be con ducted.
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