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Observations by polarization lidar were performed at Akita University in Akita City in
order to study the growth process and microphysical structure of the contrail. Four observa-
tions at higher altitude were above the Appleman (1953) threshold for contrail formation.
Ten observations at lower altitude were below the Appleman threshold and confirmed to
form at temperatures of a few degree above the threshold for contrail formation. These
results agree with a previous report (Kajikawa, 1996).

The scattering ratio values of the contrail became smaller toward the outside with the
maximum value in the center of the contrail. Therefore, the contrail is thought to mix with
the surrounding air and diffuse outward. The depolarization ratio values became nearly
zero at the center of the contrail and larger toward the outside of the contrail. Ice particles
in the center of the contrail where the concentration of ice particles is high grow slowly and
maintain the initial shape of frozen drop, whereas ice particles in the outside of the contrail
where the concentration of ice particles is low grow quickly and become aspherical. The
vertical section of the contrail showed the shape which descends from a tip to a tail. From
this fact, it is considered that ice particles of the contrail is falling, so the contrail is extended
horizontally. The width of the contrail increased linearly with wind shear. Therefore, the
width of the contrail is considered to be dependent on wind shear.
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FATHESEREZED & 9 23l EEEICHFET 5 kEE, HIROERERD 20~30% % B> T\
5, INLBKEBEHO—EE RS L TRAPICHEAT IHHABRLBDEEE T A FRR L,
R, K& 5 DFRIH 2RI L TRADIRE S EACE GREMEN 2 o0%Ric L - T,
HERD BN E R FAEEBICH L CTRELBEN 2R ->TWEZ EF 2 LT3 (Lioy,
1986). FRATHEIZ» DT, RATHREZ W L THERITEAT ) Hh EOEEHLERN G &L THRE
ENTCwizhs, IRFEEGRESBL ML, I-ER2RITTEL )0k -2k, KENED
SBEEBICHNL, rDLI)LBELEZ TWE2HERINTE TS (Sassen, 1997).

—HRIC, TATHRERBED L ) L HEAESEL R, BENICHEWER, KBRS 2EBLS <,
TRV 2 IR L B, RROICHIRZES 2 FMICEEL2 525 EEbTWw5, 2L,
ENHSRHEIEFRERT 2KEO MR, RE, BOREL & OMYEBRESENTFESEICHE
BEINDG, RATRESBZENL ) BB H2BE T 0FET 2REIE (KRR TH V2%
PIEEREBEY b OoKED SR EINDLHIC, ZORRFERETCERELLDICE> TS, %
nT, INLRITBRESEZEOABEDHE L BRT 5 HI2I12 7 OBEE, Zh+2XWRT5M
B & EREIC RIEED 2 LB H D, INLOERRIIZERFEREIBMEMEC LS
ZOHBR P RETH 23, LFHCHCARTRALDL WE, HHNEHNICAEHETH 5
BEOBEMIC & » CTIEHLMWE ST A — 2 2B 5FE08® L v, EF, 74 57— AW RITHE
ENBHAH»ITHN T E Tidv: 5% (Freudenthaler et al. 1995 ; Freudenthaler et al., 1996 ;
Sassen and Ching-yu, 1998), EBEOBABNIIE 724 % <, TN 6 DEDFEMAL BRI OV T
FRBBETETCALTVOFIRTH B,

FATHE DR ERRICIE, BEFWHE &Y EED 280 #°5 5 (Schroder et al., 2000).
BERFEIC L RATRE LT, HBROTCHASICERINIRITHRETHY), = vhb
W7ZBER T Ao AR EIB L DAV, #Moh b BAFICHEEL Twiokiiss, L i3
ZeBih S S N7KEIC L D HRILT 5, 20X ) IR ENHRTRATHRE &, #BRICH
L 72 2R BARADE DOFEDNE AT CORERERIC & )RR L TR I N2 BRRITHE?H
5. MRS L 2 TATEL, 9 L MBEOBRBESEL 7 o VO REESYH &5 B
ENHMEBDOTERY H 2 RRERMIEL T 5Lz DT, MEROEEL I ITE
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WRCOKRERT 28800508 » o HRC R T 3.
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W=k REPICRH L, TNHFRELEZZEL CENFEZRIET 5. 74 F—I3THER
FREEICHL T, BEEIRTFORABECIRDUC L D RECEBELTCLE ) NT, WEICIE
B WA, BFEIICHCRITREREZICN L TIIFEICEN TH ), Z20HM, BXDHI5E,
BT ELRBRREFEEIC L 2RFOROHEEFICHVWLN TS, $2, EF CIIMEEE
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TAF—IZKERFE2HE HICHEIN TS I —8EL7 47— (ARESHKALHE) 2/
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MRS RITREL B TE 2 A2 TITh L, RATHREI B FIcBEL A TT
45— —FRErERCRITHAL, H30HE &1 10 BHE 100 BIOFE L 2% HEEAS 5
EoEE7v 7 74 L5157,

Fig. 107wy ZRICRT L1, T4 5322 EH L E5AEE» BRI N TS, &
ZAEEIL, HIETH BV —FRIER L —VREH> S HEI NV Y% ERicmiT QRS
T HRERFR, BELLE ST 22E TR, BRI NLEELEZRIE L TERESICERT
LIETHRIEIR, B5RIEBEELLDEE2T IRl FUINERT LT VIV ura—T%p
LEEHIN TS, L—YRERIT Continuum LM NE 2 FSFREREEEMNE NdYAG v —
FEASHE Surelite 1-10 ¢, RIFEEIZ 532 mmEE 2 EHE), BHTALF—160m], #ENELH
BHEmAI0Hz DHRE B L T b, BERFRTIEV—VRIEE, SBFH IV —FEE 2
EREDAEIRL, RLEZ 1 HAICHIZ TE—a)E20 4 0.27mrad IT T LZ2ICMSHT 5. F
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Fig. 1. Block diagram of Akita University lidar system.
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V—PREIEN TR TV, KASGTFIRE - TLEELSI DY, T T ey kA
Fiok v —WRoEBFEREICE L Cldid { Brdlz BT 5.4, BTRYENETEHET
BRI ZNE ) HERCVLT—BITGITON TV 3, KR TCRARATEREDOHEELLZ KD
DEICHRI (1996) HHWLHEELZ SR 2. BHBEUETHEMEUNIC/ Sy 27772 F
LT R NEFURRNDAILL DBFEL AL 55403, AILMREOERIRC BIT 5 %5EEL
BEEENTESHITBLHMBNOE TCREL TWEZ AW, BiLLE2E2RsTE 3y 7
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RIS EAIRTFOIBREESZRL, BE T A 7K B RS m0%HEHELRE Au
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FRFEBESEICREZE) ST, BUFEENEIZ 0127 5.

74 F—REE HPICBRI NARITEREICH L TiThie s, B6NRAREUSTHEIC
BERLZ7A 75— LR LERWTICH L 2RERD /A XHEENTwD, I, 745—%D
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P(2)=Poa Q(§ oin(r)dr + N )22 (3)

2T, P(IEEEzICBT 2By 600 2B HEEUSTIRE, PidHS L E5RE,
a3 T4 =D AT LEH, QERANEBE, o 3BT ORI HEMER, 0 3ERFFL
Xy 77Ty FIT Y NDBFEEMERE, w(r)idBRTFORESM, NIZE[RGF ey
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TRENE, ZZTXRKRBLEECKTFTIETHDL LTS,

HEZICBIT M bR L BFHEESC EROKBRIC L2 /4 Xk, 74 5~85
—BIRREEINBE /A XPHFEINTNDETEE, 74 5—-FRABGRL@ORLY, UT
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Fig. 2. Vertical distributions of the lidar backscatter signals includ-
ing noises. Red circle, blue circle, green circle and three solid
lines represent ch 1, ch 2, ch 1+ch 2 and each value of the sums of
sun light noise and system noise in ch1, ch2 and ch1+ch?2,
respectively. .
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Fig. 3. Vertical distributions of lidar backscatter signals excluding
noises. Solid curves show the approximate curves of each lidar
backscatter signal. Two approximate curves of red circle and
green circle are superposed.
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Fig. 5. Contrail formation as a function of pressure, tempera-
ture and relative humidity of the environment. Two long
solid lines were theoretically derived by Appleman. Others
short lines are empirically derived condition of contrail
observed in Akita.
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Fig. 6. Temporal change of vertical distributions of scattering ratio and depolariza-
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required since contrail was formed.

Numerals at lower right corners show the time



FRATHEDRIE T 4 7 —BH 25
BT 2HELEER T, FAEBHEZRBILTRLTE Y, BRADOTESHPESN T B,
FRENTNORNDATICERITHESREL Tr L DRBREEZRL T3, 745 —i2&,
ZOFRATHEICN L CLEKEL CO6ET—F 2RUET 52 LA TEZ. ZNLDRED 32 WET &
SIMHEN 7 4 F—HETRRATRERIRI S L h o 72,

Fig. 7 & Fig. 813, #BICRATERE DR AA~DKFHERE, #HEicsEL &), Fig. 6 TR
L7z 8GELLE, RCHNENSEREZHBATZLNTH S, FELLEBAENEIIENRESIC L -
TCTBREDTV—Ar—NTRRENTV S, [, RITBERRDE, LENEBBL T35,

Fig. 72 R 5% &, FTRATEEIIHOEIT EBELLDEDIKE , SMUNT CIZ E £ DEL /)
El Lo T3 I eohbyr s, ZOBIRITREIFBAENEZREEL VAV, WEKL L2755
NEH o TWBEZEEFKRL TS, $/2, BELLOEEREL RS &, ATHREZBR T IRT
BRDOAED» LETN, 2F ) RITBEDETHEICOWTRIH» LBFNET L L LBE8 L
TWEDHRTENS, ZNEIRITREZ BT 5K T L RN TFOETEENE > HEL S
YNTHBH, REFRETTBICONT, MIFHIFAET 5 RATHRED LTI KT H AN

Scattering Ratio
Aug. 16, 2001 Akita

3 5 @
& &
2 3
11F -
~
g
oad
i
B
(]
*10- -
[ 3919 - 4087s |
g 2 P 2 5 2 s, e

_2 —
Horizontal Distance (km)

Fig. 7. Vertical section of the contrail in scattering ratio as
shown in Fig. 6.



26 BEREE - FAH %W EL
BHAVPNEVEENEBET 58, RO FEARTFIEELZENOHMIPLET L EFLE
NIRRT 5T b, ZOFITRENEEREIZI.59km THY, L—74 ¥V TikE
LHAEENMEKREL, RV HBDIEELIZIT—ERL T3, 21U, ZORTEEOTHTDH
DBEICKkMUT CIIERL - RRIEY »TEBY, BTLCERKNFrERTLEATHS
EEZLND, ZNE ), RITEERIHBREL, RTFOKRESICLII2ETHRENENEST—
2 & D EXFEMIESN58E, 7L CTHABORRDENBEICIE> CTEDORIRD LN TS
Z bbb,

RIBEER Fig. SIcRLN S &) i2, RITBEDF.LIBCIZIT O ICEWEZ - TED, 7
iz & EDAE { %> T b, Gayet et al. (1996) % Jensen et al. (1998), Schroder et al. (2000)
&b, RITHMEZBRT 2KRFREEROKBEERZECHREL2DNTHY), BELTH
LREEDER L TR WRITEREIR RIS LRBOKEFIC L VERIN T E b > T
W5, Lo THAUINARITERERZ, HOERTRIKRTFOEREIE AT S 172K TFD
BEDEL, BRI 2R > T Y, RAEUENENEIZIZIZ0ICEERZFED, £hic

Depolarization Ratio
Aug. 16, 2001 Akita

15:50.04
15:49:33
15:48:5{
15:48:19

Height (km)

-
[ =]
i

3919 - 4087s |

9_2 2 B 2 5 _:]

Horizontal Distance (km)

Fig. 8. Vertical section of the contrail in depolarization ratio as
shown in Fig. 6.



RITREN R 7 1 7—8H 27
L, RAFREONMI TIKETFD
BB AR B, KR T E 0K 2 ' : -
EEx SR AL, BEICHRET
3. FHUC & KB FORIEHT S
LIEFRA L BAL L 222, RN
EOMEREL hole B2 b1
3. F1KRIFEET L 2h b RE
+ 3%, RITREO TG CIRLMN
EOEIEL T-sTnbbDLHEL
LN,

2000-2001 Akita

Contrail Width (km)

?

3. MITHEDEE > 7— 0Bk
Fig. 9 3 BEHEMBTIC L), FATH
E0lE, BLURMTEEIFEL T
WREBEILBITAL T2 Ko dE
DEETH - 72 5Blic DT, RIT
BEDEXE L T—EBEERL
2HDTHE, TNENDEH1D
DIATHELBFHRL T3, F/2,
EHRIZ 5 DRI B EIFER T
HY, HEBIREUZ 0.925 TH - 7z,
FOPIDTATEE TR L Sz, RATHERIER T 2RTFOERTHEENZE LTItk > TK
FHEICE Z BT E N, RATERENEITHIAICODWTHIED bR HNBE L U2 1ED
HMLTWw3, Fig. 9% R2&, P7—2REVEIERITREDEIKREL L->TE), ZhbHD
BIR A WIAEIC LTV 5, Harimaya (1968) I35 ZENE AL T — @M, BRAESIC L -
TEH LI, TREH LTIl T b Z 2R 72, Be » B8R L 2 RATRENTRIR, Fig.
9 TRT LI T— L HBIBIRICH B L O BRDFIEHIN, ZHZLIEDFED, FHa
B L - RITBEDRIIMORRERCRITRER £ 5 OKBRRE LN L, P T—HZF0k
EXPRETLIEEL /T A—F THBIEEZEH®RL TS,

Y =0.4063 X
R =0.925

-—
1 T T T T 1 L L] ¥ T 1] T 1 ) 1 T T ) T

2 4 6
Wind Shear (ms‘1km'1)

2
|

Aug. 14, 2001 11:58:02-11:58:34
Aug. 15, 2001 9:39:11-9:40:15

Aug. 16, 2001 15:48:19-15:51:07
Aug. 16, 2001 15:52:09—15:53:53
Aug. 16, 2001 17:39:50-17:42:56

xXpbroe

Fig. 9. Relationship between contrail width and shear.

4, FRITBWELHAFHIND A— 5 DOBR

Fig. 10 i3 RATHE D EEL & REAEEDOBIR 2R L T T, EHEIC BT 2 8ELL LR
HBENMELETRL TH 5. Fig. 10 £ 12 &, BELLIWEKRT 2129t TRILFEE O ME TR
TREMAIEN TS, FICRTEL LY iZ, TATREDEELILOMEIZ PO TRE <HMUTA
v, Lo T, BELHATKRE WTRATREN B TR FORKBEIEC, KETFOREIE



28 BERGE - AH S #N IEL

20002001 Akita

- i
»
.A
o~ L [ ] -
-3 n
e [ |
o | » ]
© v
m | |
- | ] -
I -
5 . A
= S
-.(;0150- .’ .-l.A e [ ] o -
o .
o = . .
© i o-.-l:'.‘l‘ Lo . i
o R .
Q. o 'S
] 5 “ “a .
(] AA i a,a? 4 .o
a A ® A a ’
R ° e  A® o -
a : A P
A 4 : A o of
L 1
4 AA:‘ 2 A A .A‘eAA
ol— }’ Soanp, o oty s R fipgan |

Scattering Ratio

Jul. 6, 2000 13:45:28-13:46:31

Aug. 14, 2001 11:58:02-11:58:34
Aug. 16, 2001 15:49:33-15:51:07
Aug. 16, 2001 15:52:09-15:53:53
Oct. 20, 2001 16:05:58—16:06:29

* > > o n

Fig. 10. Relationship between scattering ratio and depolarization
ratio.

WERIRIERRIE L 0 %ISR WEEZRL, FOHIAMA CTlIoRRLFOBBREAME S, KEFOREK
DENBIREEEERRE L HEETRL TWE EFZ LN 5, BELLIRRTHEEEICEIT 2
TR ENEIL E DOTFATHREICB L TH/ASLEEZRY, AT 18.9% ThHh-72. DN
ELEOEA R E WRATHRED OEBIC BV TS, KRLTOBEY B &, TATHER AR OHRE
KO TH BIRBITE KR TFOEECHFEL T B EHEZ LIS,

Zn L, RATHEOFOLI CREGELII A E LE%, RILFEERZ NS 2ELZFD. TN
XL, FRATREOIMUTIIEGELLR /NS 2%, NI RE 2EE2FDO. BELAKRIT
DRESRBPREIARF L METH B2 L 2FET 5 &, RATHREO PO EHRKES, L 212
EREL Tl WhS 2R T8 % AL, TATRENSMUB A OKER LMY AL TR
& CRELZZKRFAHFEL TV B, IHEIERIC L) Z0BBEIRZ/NE (L > T EENHZ



FRATEREDRE 7 4 77— 58] 29
Lb,

V. & %=

HIE T, 747 =2 &) KD LBELL SRAEFEEEOED> &, FATHELERT 2 FOK
SRS EHBETHEEDENL LTI D RATHEFRET 28 2E8L, RITREOEI Y
T—EEBRICH D2 L ERL 2, 2 THDHTRITEBEOHRBRICOWT, EEICEZ
N1B5 EBESNLBR LIS 2 TREETY 5.

RATREDHIEIRITREL BRI ARTOBTEEDEVE S T—LiICLVRDLNE LT
by, RATERESNREL Tr L8 ¢ 2B L ZRORITBRENBX(HIZARTEZ LN 5.

X(t)=S:/fZ(t’)dt’ )

ZZTZ()E, FATHEHLFEL T b OREERMH t 2B T 2BENEE ZRY. IMRTFIRET
BEZETHEIZLLLWLINE L, KETEETEEw THBET2:35L, ORI,
X(t)=S:/fwt’dt’
iur]
—L w2 (10)
2
Ek Y, FRATREOBX IS 77—k L RITEESREL T2 5 DB ¢ D ZRIZHHITEZ
EHOREANSG, Fig 9 TRITBRENEI WL T—IKEL LBICONKRELT>TWEI L%
RL72%Y, BYURERL D KECIBOEEZRLZINLSH ), FRATEE»TEL Th b DB
LRATHEDROKE X 2RO L ERTHLERRBL T3,

EBORITHER, RITBELBRTAINTOET &L 7T—I2 & 1 EH5| T I N 58BED
Mz, KEx eVERDMEIVTvs 5, Harimaya (1968) i3, ZZE 4B T 2K FOETHEEDHE
ECT—DEVYLEENREE) LR TIBEZHEL 22, ZORRBRIZEST—
iz, BEERT 2RTOER, KETFORY ORIE, BHEMESPETLIELZRL TS,
% 72, Freudenthaler et al. (1995) 7T 725 4 F—&HI3, RATEEHS B ECEB2EN L
BHOREL, ZOEIRMWIKE o TAKHRTFRET TR %, FRATEEL IR b6 RKE
TORET, L TRITBELG FRFEITHBEIL TV EARETIRL TWa,

Ik I, FATREORRERICIE, EXPBRTIMTOET LS T—Io & N Ep5| &ML
ENBBENMIZ, RATREZEZHBRT 2RTFORK, HROZR : DREAIC & 28, $hE
HEADERDTHN, % L TRABEOKRKOHEMNEEIC & 2 KB TFORRRERFOREL BT
W3 EEZ LN, RITRERBRLHRAIESNECLVLEE, bLIRERIREI-TH
D, F’ATBRENRRICHET M2 2 ERZ ZNTNHHCHAET 2HICL ), RITBZORE
BRIZDOWTOEYRIZ LV EREL LD E LB EEZ LB,



30 BEREE - AFHM %R EU
V. ¥ & &

FRATHE ORISR, B & UHYEEE OB L Hiv e L T, 2000 F2 5 2001 4123 - CHH
BHEFOKBERETRET 4 S — B 51T 72, B8R L -RTEERKBHES 2 Bthmc
FATT MEBIC L D FEL, 0%, EROWEEIC L VKAXY ERICBEL TEL2L0TH
5. 74 F—BRIIE 5 BOHMICE > TITW, BESLOEZIHAEL T b - 2RED 18HID
FATHEIC DWW T, BELL L RAEFBEEORFN T 2 —F 2 EH L 72,

Bex BRI L 22 RATHEEDW, 200047 A6 H & 200148 A 15 HIZEWEE TBRI L7z 44
DFATHEZEIC DV Tid Appleman (1953)ic & 2 RATHEDFEEFM LM L T2y, RWEE
TR L2 10 Bl DWW THE, RRDIBEDRESRG LD DBEERWHAICB Y THIRITHR
EHFEL, ZOBEIIHEN (1996) DR & —F L T2, Appleman (1953) i & 5 FRATHE
DFEEFHEL VEARBTHRITEEIFET 2ROV, EEOMEBT L PV IZBITS
BATRRLL 72 ) OHEBEROBIC, MEBIKNT 2EEICEWT, RBEFOEENIT oY
NWHBHEL TV LEHIFEL T LD LI NS,

FATHEOBELILIZ HOGENIT SR E , SMNIEELINE S - TB Y, RITHELTRH
DRF[EEAL THRIRT > TV REIIREN, Fi2, RITREONERIC BIT 5 8ELLo
SEARIITRATREDNEITH AN DWW THI AL b B FNEEEL TIF L2565 »n T ), RMTEE
RHRT OHRTFIET LA LRITERELIET T3 Z EAURENT, —F, BBEEENEI
HUWEE T 0 BICiEW R & > TB Y, HMNTIEZDMEIIRE (T »> T, ZIIEKELOED
<, KRLTFOBREDGE O HUB T, FATREZEBRT 2K FORELIEC, KEFHIR
FTREREROFEREKE L IZIZRILERE 2 H-> T 50T L, BELLoEDNE {, KEFD
BOREMEA MU TIIAKNF O REICER L, IERBIC LR/ THE LFEZ LN, TATHRED
TRIZERN S T— T EOBEID ), RO THEREWVIZIERITHREDRIIKRES L -TSB
N, MORRERSRATHRESRE L T b ORBRMEN T A= L B LT, BRDLT—
HIRERET LEEL T A—FTH B EIREINT,

Pl FATRENRESM, WWERE, BPHRHEC DWW TRANLY, ZhLICiBEL R
REZIBEb-TEY, #£O00YERABRIRITREORRBRLZ RO TNEZ LRI NT.

HE KHEAR¥ETOT A 7—BRIC BT, RHERFERFER TERIREG RS O TR b
SABMFEIC L) F L2, ZZICERLUESEBEL LTS, ZOMEN—IRE, BAFMRRE
SREM BRI & » TITh L,

X B

Appleman, H., 1953. The formation of exhaust condensation trails by jet aircraft, Bull. Amer. Meteor. Soc.,
34, 14-20.



FRATHRENRE 7 1 78l 31

Busen, R., U. Schumann, 1995. Visible contrail formation from fuels with different sulfur contents, Geophys.
Res. Lett., 22, 1357—1360.

Freudenthaler, V., H. Jager and F. Homburg, 1995. Contrail observation by ground-based scanning lidar:
cross-sectional growth, Geophys. Res. Lett., 22, 3501 —3504.

Freudenthaler, V., F. Homburg and H. Jager, 1996. Optical parameters of contrails from lidar measure-
ments: Linear depolarization, Geophys. Res. Lett., 23, 3715—3718.

Gayet, J. -F., G. Febvre, G. Brogniez, H. Chepfer, W. Renger and P. Wendling, 1996. Microphysical and
optical properties of cirrus and contrails: Cloud field study on 13 October 1989, J. Atmos. Sci., 53, 126—
138.

Harimaya, T, 1968. On the shape of cirrus uncinus clouds: A numerical computation—Studies of cirrus
clouds: Part Ill, J. Meteor. Soc. Japan, 46, 272—279.

BEFEE - SHAR— - KREY - REBHE, 1991. 2. 1 BB 7 1 58BN, KRKBOHTE— D, 3744

Jensen, E. J.,, O. B. Toon, R. F. Pueschel, J. Goodman, G. W. Sachse, B. E. Anderson, K. R. Chan, D.
Baumgardner and R. C. Miake-Lye, 1998. Ice crystal nucleation and growth in contrails forming at
low ambient temperatures, Geophys. Res. Lett., 25, 13711374,

BIIESL, 1996, Bt BRI BT 2 AR T oV B LU EBENEHEBICET 2%, BRHKY T8 4
ERERBHEBRRESE, T4pp.

Knollenberg, R. G., 1972. Measurements of the growth of the ice budget in a persisting contrail, J. Atmos.
Sci., 29, 1367—1374.

Liou, K. N, 1986. Influence of cirrus clouds on weather and climate processes: A global perspective, Mon.
Wea. Rev., 114, 1167—1199.

Omar, A. H. and C. S. Gardner, 2001. Observations by the Lidar In-Space Technology Experiment (LITE)
of high-altitude cirrus clouds over the equator in regions exhibiting extremely cold temperatures, J.
Geophys. Res., 106, 1227—1236.

Pilié, R. J. and J. E. Jiusto, 1958. A laboratory study of contrails, J. Meteor., 15, 149—154.

Sassen, K., 1997. Contrail-Cirrus and their potential for regional climate change, Bull. Amer. Meteor. Soc.,
78, 1885—1903.

Sassen, K. and H. Ching-yu, 1998. Contrail properties derived from high-resolution polarization lidar studies
SUCCESS, Geophy. Res. Lett., 25, 1165—1168.

Schroder, F., B. Karcher, C. Duroure, J.Strom, A. Petzold, J. -F. Gayet, B. Strauss, P. Wendling and S.
Borrmann, 2000. On the transition of contrails into cirrus clouds, J. Afmos. Sci., 57, 464—480.



