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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
EXFFREL Lo MBI NTATRETH 5. Z U EBOSE b T2 BB Ok TFIC
WRCOKRERT 28800508 » o HRC R T 3.

FATRESCEBEZDRZEICIE, T4 —FDVE— 2>V ITHWERTH L., 745 —iFr—
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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BN A F—RA—2T4 75— L 28R LIThN T35 (Omar and Gardner, 2001).
TA T8 LKD B Z EHTE SHELRREIBEEL, RAITERELER T IR TFOKRE
S, BRESEREZTT L LI, RITRENSESCES, Bl 2E»Hiks, F/8ELL
EROBZFICLY, BUICHCWERICBT 2 BAFBRELRECHBERE, 2L OFNES 28
DEENTE, TN DEIZFRATREDOBEST REDERIC L B2 5 . AT RIIKERFEN T 4 F—
AT LI, 1996) 2 RV TEB 24TV, BHNLHFEN T 2 — 3 % Fv TIRITBREZEORG
A BT 2 HICUBEL BB TH 2HERS, BL URRBEOEFE L HHE L TWw3,
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1. BRS

BRI 2000 - F A 6 KIS T 3 [, 2001 £ E A S KIS AT T 2 B OFE 5 BAkHRKET O
KHKRFE ETIThbne, Sk H LRIBIFFICE  ORBHBIRUR ) BDT v 2 TH Y,
JoHgE & AN BHE LT ERT 5 ENAMZERIC L > TIEFEICEZ ORITEEI BRI LTS,
Fe, MEW EZOY = v PRRIZL -0, BEMEFICREE L RITHER, ERTLHE0%
FHF20F FWrLENEBET S, 20T, KEKRFELEETE, IhsDRITHEICNL T
T4 F—AEEAT) EVTRETH ), RATERENBR 4T ) BITIIFEICEL2RETH S,

2. BAs

BRI THIKHERFIIBNT, 45—, AAAZOFA—F—, = F 4 INH T T —
FHWHE, FLTEEREE T3, BRICK DVEEP SRR T 2RITHEC
DWW, ZOFRERA, HERA, A, BBLZOME, FHRETTHELL. RMTBELRES
B MERERRTE LR ZOMEROHL L 7.

TAF—IZKERFE2HE HICHEIN TS I —8EL7 47— (ARESHKALHE) 2/
Wiz, BIZPEIIRATRE £ 38 2 ZXHA L T WIEERREOBZEERIT L iked 5 2FRiH 5 H 14,
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



14 BEREE - AR R BN IEL

RECEIVING
TELESCOPE .
g, QuTRUT
AMP POWER 4 REFLECTOR
SUPPLY POLARIZING
PMT POWER 1> PLATE
SUPPLY 4:’:’ /2 PLATE

PMT POWER
SUPPLY

OLLIMATING  DICHROIC
LENS REFLECTOR

A

VARIABLE
% FIELDSTOP %' LASER
Z C

— TRIGGER SIGNAL |5 o o WER
IZED LIGHT o
ND BEAMSPLITTER TASER
INTERFERENCE CONTROLLING SIGNAL
FILTER
CONTROL / HARD DISK
RETURN SIGNAL | FRASSENT | DATASIGNALL | gpy
FLOPPY DISK
[TRANSMITTER AND RECEVER] DISPLAY
PRINTER
SIGNAL CONTROLLER

Fig. 1. Block diagram of Akita University lidar system.
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BELDEE T 74 V7 —%2BL 7218, PMT (Pipelined MultiThread execution) 2 & ") B4E
BB T 5, PMT IBIRB 74 b= 7 2B H1949S 2 L T 5. ZENdhs 5 - T
Aoy PMT THist L — Y L R LREXROBEDCERE L, o PMT TR %Z 5 EXOEENZ
BT 2, PMT BIREBRE7 L L2 s Y HEHJP-3N2-SP 2fFHL Tw53, FH74 15—
DFE B L PHEBT FNFNL8%E1.0nm THBE, T FAAtriaxa—7i3 LeCroy # 8
9381 M T, HHV—¥hEEURAERSOEEEE F 201 (chl), RAHE? 90 ER%
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%, WEPAT—F 2ERL T 5, BESEERIZ I5mIicREL 2. E50REEiI s o RU7T
) > 2D CPURRE XY av b L—FEIF, TVINA v Aa—7r2ERTIfI—7x
4 A LR ENTEB Y, CPU £Bi3 1 486 DX 2 ##0» PC-9821 Bp/U 8 W 5 L5k -» T\ 3,
ZNE) RN T A =itk ), BEV L R U RERS D% S EELEE (ch 1) RS
M5 90 BER % 2 RIS D% HEEE (ch2) DEIRLNS.
BEEBZRIMMTRESBRBE LICEREL, 74 5~ —F =& LZ=icmi) B L 2Kz,
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3. AFHNSA—9DEH

RATREREBE, =7 0/ VEORMSHEDHESE, £ L THET 2 /ICE b EHFH
R A=F LT, BELLRREAEEEX DS, Zh6DMERRET A 57— TRIZE L 2B EEL
MEZHAVWTRDLEHNTE .

HELL R IZ—M8Tic, RS FOBRIEEWRE B IS T SR IRWE D% BELRE A & 22
R FORFHERE B PRI TRE NS,

_BtB B
R= 5 =1+ B (1

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
7oy FLT7a Yy Vo EREOMCNT 5, RTPRWE, 2555F, v 7777 F
T NETHORFEERBEOMNLE LT3, DF DEELLIR KRS TRy 77T
Fo7aVv i b FHEETBREL 1 & LB FRIWED L DB EEUESRENED
BThdh, BB CRTRWE» S FLEL ZiTE, 20EETORELLNHEIT 1
Th.

RIS EAIRTFOIBREESZRL, BE T A 7K B RS m0%HEHELRE Au
& A EEICREE L 2B EEWRE Bud b RD LB,

_Bu
4= Bui @

KEEND & T TZITZ L 2 ORI FITH RO 2 SR & EA TS, B CEHELRTF
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
YOYFEZR TS /4 XL BRFBEESTHREICZTIN TS, & - T, BELLRRLENE
DIEHELEE KD B HICIE, INHD /4 XDOHEBER) B LEFH S, UT, J45—ick
NF/BOLNTHRFBEABTHENEL L RKBHED /A XRTFA T—26REIND /A X2BREL
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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
7777y FITaYNOBEETH L, KADEBREIT T 4 7R & BEWUR L D ToXkn
WEOMEETRTLNOTH ), K2 OEESLBNA T CHEREEING,

KNI & 2 74 Xig, KGO EREDLED L FTREHAL, Z0OXIBILENTTA
F—ICAHTBESZET B L, RBNICL 574 XSnfHig,

S(z)=XQ(Soln(r)dr+dzN)/22 (4)

TRENE, ZZTXRKRBLEECKTFTIETHDL LTS,

HEZICBIT M bR L BFHEESC EROKBRIC L2 /4 Xk, 74 5~85
—BIRREEINBE /A XPHFEINTNDETEE, 74 5—-FRABGRL@ORLY, UT
DEYICEERZ LN,

P(z)= P QZ{S on(7)dr + GzN—i-T‘Z{G)‘(S on(r)dr+ agN)}/zz+P1
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v
A
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—Po‘ff—deN=32
tEEMZ B L, T4 5—FEAE,
P(2)=Poa QX B+ B+ 51+ 52) [&°+ P (5)

E% B, ZIT, BISRLEEL ) fLRERTFORFTEERE, B IIBESFTF LY 7T T
FZT7aVVoRGHESRETH S, EVFEL ZTWRICEE 2 2817 5 2> 5L 245
HEUSE 2 P(2), Kightickd /4 X%S (@ v5E, LKLY

P,(Z) =bFa QZ(ﬂZ'f— Sz) /2.'2-}' P
S'(2)=XQ(c.N)/z*

E b,
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NonT, S(z), SRIEHE LY, »O2O00HEIFFLWHEICK S, ZoEoBEMMEE S ET
%k, BELEIG,
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—7, BNRBEEAY, BH T A 57— EE LIRS AES DT £ —5 %|, HEHTREEE
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_ (P(z)—P)2" [Poo @ —(Bo +51.+521)
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1. 947 =07, HEV =L R FMIREL 2% REUS 55 (ch 1) L #E
FENARIE L 72 5 EELIREE (ch2), 2 L CZNL DA L% 2 KEHE (ch1+ch2) &
EIconT5 M(5mBBFHE LS, ZnLIEZNENP(2), P(z)Th D,

2. HHALZT7A 7/ —CTREENKkn IOV THORFEEEFTHMENEEZ THII NS5, &
BCIZEE 20 km BLECIRIST L 72T 4 5 —EE2EhEL Twiv, &> T, BE 20 km »
b 30 km THTHEUEBIHE & L TR LNMEIR, ERIKBRICLE /4 X574 57—
LEEEND /A XD EBLDTHBEHZ LNENT, HE20km 5 30 km O
T 5Nz chl, ch2, (chl+ch2) DEZFEHT 2 &, F0bidE N ZN(S+Pu),
(Si+P1), (S+P)E% 5. Fig 21320 1 HSEMESRENEES OB ZR L7123
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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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ICETRHICUELKERBEZWET B L, w=wa(1—£0/100) X% 5, kT, BERFT A
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T3k, dwid,
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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-

tion ratio regarding contrail a.

required since contrail was formed.

Numerals at lower right corners show the time
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