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On the Cloud Height by Stereoscopic Observation Using Two Fish-Eye Lens

Cameras in the Summer Season at Syowa Station, Antarctica

Katsuhiro KikucHI*, Hiroshi FukuTaNni** and Kimiko KASAHARA™**

Abstract: Cloud height, direction and velocity were measured by means
of stereoscopic observation using two fish-eye lens cameras in the summer sea-
son of 1968 at Syowa Station, Antarctica. Although the method is somewhat
uncertain in regard of observational and analytical errors, we can obtain the
cloud height within a range of error of 10 percent if the location of the
clouds for observation, is carefully selected, with the exception of the
periphery and around the zenith of images of fish-eye lens photographs. The
results of the analysis were as follows: In the case of Ci, Cc and Cs of
high level clouds, the height was within a range of 5 to 8 km; in the case
of Ac cloud at the middle level the height was within a range of 2 to 3 km;
and in the Sc cloud at the low level the height was approximately 1 km.
These heights coincided in all cases with the cloud heights estimated from
the sounding curves obtained by routine radiosonde observation. On the
other hand, in comparison with the heights reported by routine naked eye
observation, they coincided with the cases of Ac and Sc clouds alone, whereas,
in the case of the high level clouds, the cloud heights were different from
each other. The reported heights of the high level cloud by naked eye
observation were in a range of 4 to Skm invariably. The calculated direction
and velocity of each cloud based on the data observed by fish-eye lens
cameras coincided closely with the direction and velocity at the same level
estimated by the radiosonde observations.

From these results the calculated cloud heights at all levels are considered
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reasonable, and it is concluded that the reported heights of the high level
cloud by naked eye observation are comparatively lower.
Cu and Cb clouds were not observed during this period.
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EORERERIC LD, TLFEMCLD), RECI TR LT ICHBRATHS
(7o & 2%, Mason, 1962; i, 1974). Fic—), BHUCIR VT, BRI & EWET
B B e R UL UdTciEh b T (4, 1970; 1974), International Cloud Atlas (W.
M.O., 1956) % &M X7 Scorer (1972) @ Clouds of the World %%, #% < DHl
EnboEEHCINZT, MBHE»HP, [EEELDLOEHDEFATWS2, BT
LEQERIH DI, ELTRBMOEDOFEDOEMEAALHIFL, ThE ClILEE
LRbha., LoL—F, BAZEM TOSIKRER BRI TIL, 062\ A 3KRHEO1RT
Blo BRIC I A2ZE0BMEXIT>TWBL, 72 Y IOHBAEXMBMO—DTHDET 1 vtV
A7y PEBAEM TS, EFEOMIIMGHEO BRBRZT-T\W5., 2D XA
EFHBACTWTIL, E0HBABNAEEE VW2 ESEE ST bR TW32, HRNO BHEE
ME BT > THRHEETNEF I T, BEOEIED R v idihichHEETH .
L7chs o T BRI T, Vv FBEBES W fThh b & &, v IFrEr »<h
5E CORMARELICD, VY TEHRLOHIELICDTEHH, & A LD BELEEER
4,000-5,000 m, EE 2,000-2,500 m, FFEET 1,600-1,500m &\~ 7c B ERIC
o TKREDEE LB, OB TEHDINEDLEHEEL, RELZLEAT DL E VL
BLLOTWBEDTHA.
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Fig. 1. Map of the area around the observation points (F and K).
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(1L 7v v X3 Fish-Eye NIKKOR, &0 7.5 mm, FXEEY 1 X 23mm
WiEm < Nikon Fiz2oiFbh, H 270, X, ¥y 8-> T2 ADKERZELE bR
EHEEL, AFO=Micty PL, ThLhOMWATYEN, REXM X5 i@kt
WEE LR (K2), 7 4 v a3FN, 740 21X R-60ZFEHLE. KEEO~V -3 v
i Fish-Eye v v X KB = 2 2% &, BTBL2ITHZ LTS ENnTEL. B
BEFCL-T, 1, 2.5, 5, 045BCE L, MR TRRT 7.

{# f§ L7 Fish-Eye NIKKOR B ZHEHEZTHY, 4§, ROCFROKRERF—2%E
2T, Zoinz Fish-Eye v v A% BE, F—2a2bidsrRoXKEMARZ 0 LL, TOBRA
O YEE SOHEHEY y L T5 L (K 3)~, y & 0 OBRIIKRD X5 t—RRTEDLINS.
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Fig. 2. Observational scene at point F. Left: Fish-eye lens camera, Right: Wide
lens camera.
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Table 1. Relation between zenith angle
(0) and picture plane radius (y).

y(mm) 6 (°) 40(°)
0.5 3.72 3.75
1.0 7.47 3.77
1.5 11.24 3.79
2.0 15.03 3.81
2.5 18.84 3.83
3.0 22.67 3.85
3.5 26.52 3.87
4.0 30.39 3.89
4.5 34.28 3.91
5.0 38.19 3.93
5.5 42.12 3.95
6.0 46.07 3.96
6.5 50.03 3.97
7.0 54.00 3.98
7.5 57.98 3.99
8.0 61.97 4.00
8.5 65.97 4.00
9.0 69.97 4.00
9.5 73.97 4.00
® 3 FIEM &AL OME 10.0 77.97 4.00
Fig. 3. Relation between zenith angle 10.5 81.97 4.00
and image point. 11.0 85.97 4.00
11.5 89.97 4.00
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L7ehis T, Fish-Bye U v AQMRIC, FIEDMEL LEVTH, TolcdiclErETn
WHIE A B B, Fish-Eye NIKKOR O HBIAEIC X2y & 0 0BFRE, ARHEEY A X
TERIBIVHARIND L5bDTHH, ERENDOTHIIIMN £2% TH 5.

e, BENLCBAAOE I, KIGCRINTHDLOICHEAVIAE, # AL ¥,
BRBEFCRT DR TVWHEMAAY, BRALTCES DT, FHEEOHFORETHERE
BTH -

BREBOE, 196841178 1 A HI12AK & Tfibhic.

3. HTTER XORBRE
F, K S CREBZCREINC 2K 1IHEOERIL, BEEH10em (F ¢ 3244 X)

(a) ‘ S (b)
B 5 1968411 H22A0952.541z K (a), F (b)) MATARLY v X H 2 5 THEIhIL-EEE
Fig. 5. Cloud photographs taken by fish-eye lens cameras at observation points
K(a) and F(b) at 0952.5 L.S.T. 22 November 1968.
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Fig. 6. Trigonometric relation between observation points F and K and image
point of a cloud.
X R, Kl E R DTe Db, EEBUIMICE - T 5= bEFE ot heE X hie
(K 5). Rl OBFELCE 5T WBHRM—DEORR I m & AV, o bo bi
HEDIBI D, ThEi,or o ETHE,K6D X 5CEOKFAEL, (FRIC Lo THHA
Bk BZENTESLN, WE F A DETCOKFERY x &35E, EXEHRID

x= ::g zz x1,176.4 2)
Eieh., RPHERE xR EE ERHRXEEED y#HAMD, 0 #kDHz Lty
B) R bBBZENTES,

H=xtan(90°—6) =xcot 4. 3)

@, OX»b

=_SiN¢2 1 176.4x cot 0 4
sin o

nEoh, MLONEMIEED L,

IAH( oS (2 __COS ¢o sinf | 40 _g)_s_g_ 46
" sin @2 |4¢2] sin o | 490l =056 461 140]
=cot¢zldgoz|—cotgpoldgool—si—nzz7|40| (5)
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WX FRORAE 2T, BEMISHEDOLOERSONHEE LT &hbnd
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Table 2. Relation between zenith angle (6) and "A;I‘

o 4H

6(°) —H

10 0.1017

20 0.0541

30 0.0402

40 0.0353

45 0.0348

4. B HE R

Eh e X 5w, BRPEEEBOED 11, 128 Th -1, Wb b EES A RE
L7cFEE, BWELZER G LA LB nie. —F, EF0BREIERCRELLE
S[ECEEHISE Z M4, BE, BHE BBREL VST EBENSEL S, BFifED
TR DD BT DdIT, —DODERDOWT I HFULORIEE R E T, FOBEZXENO
ULURACEXEZLDORFOEDEFE L LI-DT, ZOBRNTOEDOEE IS HHATRX
haz kicics.

71219684117 4 HTH%D F G b/ LIHRED £ KEE® /RL7. MF A, BT
%éhkﬁﬂﬁ@ﬁ%,@ﬁﬁﬂ®%h%h®%§%Kﬁﬁ6%EVvff%otgﬁﬁi
X8, 9CTHB. RIMDOHETENLIEE L S.7-6.0km, 6.4-6. 6km T FhiLhDE
DT EE AL, WFRD S BUAICREE 5Tk,

7 19684111 4 A16B5S0 i F anb AR v v
AHh A7 THREINIBEA,B)

Fig. 7. A photograph of Cirrus clouds (A and
B) taken by a fish-eye lens camera at
observation point F at 1650 L.S.T. 4
November 1968.
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Fig. 8. A photograph of the Cirrus cloud Fig. 9. A photograph of the Cirrus cloud
(A) shown in Fig. 7 taken by a (B) shown in Fig. 7 taken by a
35 mm size standard camera at 35 mm size standard camera at
observation point K. observation point K.

—F = OB EFEZNC F S TV sounding data 13, 118 5 HO2EF30yD & Dicicbhy, D
EERPHIOZTR L. KROBEOHA I, BEOBER LMo LT ieEHERE
EENGIEET D b T B0 (FRE i, 1967 ; Yacr, 1969), & o f Tl 400 mb, #
6,400 m f}3Tic 2 7s WBRE R REBYRD BRI, T, BEDOH -7 bbb Thieditd s
BErBED ORI, e, chF—HOFARYIL S-10 plEciThbhico T, ThithoZE
l, BEHDRDDZ EDVFEETHS. it BHOKTE, HEA X Sm/s, HE B3 10.3m/s TH
~fc. %47, 400mb DFEELLERFCAL T, MEA, BILIZIFZ 0BT 2R Uik
DETIX RV EDE 2 Bhieds, (I EHE% sounding data & H#x3% &, 440mb
DEEDHEE A © Sm/s DBEHEEL, 500mb o 5m/s, 400mb » Tm/s © FE & 1213/
UThb, £, 390mb OEEDHEE B D 10.3m/s DBE)FEEL 400 mb @ 7 m/s, 350 mb
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Fig. 10. Sounding curves at 0300 L.S.T. 5 November 1968 at Syowa Station,
Antarctica.

D11 m/s DFEOEERLTE Y, &4OEMS FFRMC—FH LT, EROBAKSR
wrp L, HEOER, BERIZOFBEORM, BELEW—HETRTI bhroT5
D¢ (¥, 1967 ; Macono ef al., 1967 ; Yacr et al., 1968), Zh bz L%EETS
&, BEA, BRRESILEBECHBETHY, ThThOBEORE & —HLIEBZRL
TWBLDTHS EFEmEIN. —f, BRI ERBEMOEST4km LHEIhie,
M1l 1968 £ 11 16 AF# D F S IR L e virga Z - eiBBEDHI%RL%. F

B 11 196811716 A 14852540 F ik bk
RuvvZXh 27 THRE Shic Bzt
> HBEE

Fig. 11. A photograph of Cirro-cumulus

cloud with virga taken by a fish-
eye lens camera at observation
point F at 1425 L.S.T. 16 Nov-
ember 1968. ‘
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Fig. 12. A photograph of Cirro-cumulus clouds shown in Fig.11 taken by a
35 mm size standard camera at observation point F.

HOMEREN A (RAPTOREHFD) RS LEDOHMZOT TS “XZ hoI\” HRoE
EUF AN GEEY vATHRHEENR 12 TH B, AEIRLHEORHYDOESILT. 2-
7.6 km T, (IFEREZEC—HL CTH b, virga DEMOFBE I S.Skm Tho7. L
ML, virga IKo TR FOMBEOMME X Db, BOWAOBERL T, Fhig P =
EEIL A C & e\, Sounding data 2» 5 6-7km DETROKFE, |EV7 -k Z &AL
I\ Z &y B (MacoNo er al., 1967a, b; Yacr et al., 1968 ; Harimava, 1968 ; Yaci, 1969),
virga dERNTH S 2 ENMEIN B, KI2IKRbN 5 L5 zofiffiEdo L5 T
H5. Fiz, Yact (1969) IZFHIALEN TN S EIE, TOREBOFI 5T %
L, BIRBESCRIBED, ToT ¢ LoBREETHDH, EOFHIZILE TR,

Z & A ERBRRIBEERIGEVW R TH S 2 L RIBFEL W52, ZOFITRERDOBE?, &
Bho D LEBARERIGEVWBIEH -7, —F, FTEINLER, ZE#HiX 80°, 5.5
m/s ThH Y, EMIRIIRINBED, 350mb T 63°, Sm/s & & DHIIC DT b (I —
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Fig. 13. Sounding curves at 0300 L.S.T. 16 November 1968 at Syowa Station,
Antarctica.

HLTWie. —77, BRRIZEREAX 4-Skm LHEIh TV,

R 1968FE11 A29H OEHEOFEK 14 R Lk, Fh, FELLEEL vATH-
FEEANISTHD. ML Lb»d X551, ZEORAGENIEDT v v —7inDT, HIEKZ
BHTORESTH %, FEHREIZ 2.3-2.5km, sounding 7»5i% 2.4-2.7km, BT
2.5km LWTFhb izt A LRLEERRLL. —F, ER, EHI 250°, 2.5m/s s L

® 14 1968411729 H 106 50202 F &b 6 &
RUyvXH 253 TREINCEER
Fig. 14. A photograph of Alto-cumulus
clouds taken by a fish-eye lens
camera at observation point F at
1050 L.S.T. 29 November 1968.
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B 15 F isn35mm # 2 5 THRESLEN 14 0&KEE
Fig. 15. A photograph of Alto-cumulus clouds shown in Fig. 14 taken by a
35 mm size standard camera at observation point F.

{mb)
300 (km)

03LMT 29 NOV. 1968 .
<l
400 f—m—o f— < —
46
500 7 1
-
s 4
O oo — ¢
by L
s
-3
700 \ imis
RH iE
800 — S~
—~
900 b —— —( < 0
1600 L L L 0‘
L -5? -4’0 =30 -20 -10 0(°C)
0 50 1007 AIR TEMPR
R.H. EMR
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Fig. 16. Sounding curves at 0300 L.S.T. 29 November 1968 at Syowa Station,
Antarctica.

T, 700 mb D FEHIZ 230°, 1 m/s L RE/MERED BRI, Ei, FFHEINCEE
DRttt VS RLERBI H Y, BED ToFBI#HEOLR (X 16), ZoilBHE
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Table 3. Summary of cloud heights by means of stereoscopic, radiosonde and
routine naked eye observations.

x gmmE‘%ﬁ‘ﬁ@V/XXTviﬁM\ AT VAR B #
I TE G&m) EE (m/s) = mkm) EE (m/s)| S (km)
Ha | 6] s57~60 s |
: 7 | 6.4~6.6 10 6.5~6.9 7~11 4
F(co 2 | 111 n 7.2~7.3 10 6.9~7.3 T~ 8 4~4.5
15 5.6~5.8 5.7~5.9 1l1~14 |
IL21) 16 | 4l7~48 8 4.2~47 | 6~11 | 453
| 1 i
| oK E 13 | 8.8~8.9 1 8.9~9.0 _
(Ce) IL16 1 14 1 72736 46 7.0~7.2 5 4~3
1.2 | 1] 5.4~57 8~11 | 5.3~5.7 6~10 | 4.5
' 114 | 8| 7.4~7.38 7.5~7.9 4
#H (é’gs) EZ | 115 | 9| 5563 10 5.4~6.0 6 - 4~4.5
12.5 | 20 7.3~7.5 6.8~7.1 12~14 = 5
12.11 | 21 | 5.0~5.1 5.3~5.7 3~4 5
3 | 2.1~2.3
1.3 4 | 21~22 2.1~2.3 3 2.3
5 3 2.9~32 |
m(*t)i 1.7 10 | 2.0~2.1 2.1~2.3 7 2~2.5
11.22 | 17 | 3.0~3.2 2.6~3.7 3
19 | 2.3~2.5 3 1~2
29| 13 3323 2.4~2.7 2.5
B o= | 12| 2] 0.7~09 13 0.8~1.0 7~9 | 1.3~1.4
(Sc) 119 | 12 | 0.7~0.9 7 0.7~D.8 8 1.0

50k 5 LRI LR 2IAOEIconT, 52 v v PRl & BRI & 5 ik i
LIcHENEKIICE LDTHB.

CORNBHEMBLETOF VT HOHREINSIZEFHILEE, FRBE, TRELMbLT
I —=H LBz edibhnbd, d-Ed7 04 Vv ThbOEER, HEEOEEMNIO
REBY TOEOFEL LI b THBEI D, KERENLVOIXYRES 2B, L

, EREOHEFE LAV VTORED LUHIEERLTWSDT, % sk Z#itEd g
ViRTH . —, BRI IZHEREOEKTIFBEE, TRECHAL L@t i L—K
LCWwah, EBECHLCIWTROZCRLTH, 4-5km L LTWAHdKREEY
HEUTWABZ Edbns,

XU RI X 51, BEEOERZHMZICLIcDEh, P Wb LEBEEET HH
E, HAEEIREL R -7, WEEER PRECETS X0 mBRILEX/RIR BN
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Chigedy, MEPOERORESL EAREED, EOREDOS ONHKSZME L LTS,

5. # Z

N RE L e RIEORBORMFRARE COMFE, HEE, BEE &lE BRIOH
JER IRy v X Hh 2 TR o0 2 SEI S S ETRDIEA, ThbDEDKEEIEL T
i, YA VYT EORET —IEOMITIRRS bivkesy, URFoFERENL 1 A 1 [8 03 kK
THHORKRKL T, EOBBNII0NEH HI8KF ORI &SRRy 72 £ H 5 DT, MZeHE
W EBEBDIRVIR D, oS E LRI E S RS D D, £ & CRIAR S XU #
il DFEZE T D WTHE B L THL.

ETZOMOBY, MHITOWT, BENETDEEZLRBFERICOVWTARS E, F
LTRD IS ez &nELZbIA.

1) » 2 IDBKVPRLEILTID.

2) 74 A s EOERIZEM TR, FHERKS L EORESCETHRIIC X 5
Th & EL.

3) Bk, %7 glaciation 24: UC W5 X 5 EQEAY, ERMEEE RAATE0

£ 4 ARLREBABEL 2 DK

Table 4. Relation between estimated maximum errors and A;;I—
A o A (O o ‘ _4_]'{ [
CRENIC ©o(°) 0(°) | H (km) 7 (%)
1 145 2~3 71 5.4 34
2 16 8 68 0.9 19
5 12 140 7~8 3 30
6 48 6 53 6 16
7 120 12 36 6.5 10
8 85 9 46 7.4 12
10 54 30 43 2 10
11 9] 4 67 7.2 23
12 146 8 80 0.8 25
13 92 4~5 60 8.8 20
15 149 7 40 5.8 16
16 41 4 68 4.8 25
17 55 20 41 3.2 10
18 108 14 60 2.6 7
19 151 6 65 2.4 20
20 60 5 53 7.3 18
20 % 10 53 5 12
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4) FHfifoFi L hEE

5) yODOFALVEE

6) HEMKE EORILEE~— 7 T5RORDENYIT L HEE

7) BEROBALE LEOMBERR EHDEDHEIT o MNEHRPELIRS. Fi,
EHF AT D HHEF)

8) % oft

BB B R H L CE BB 53 T R R Shic [ 2 OEICOLTat
BLICHERD, RIWWRERTWS, ZCTHEADBEDKRAREY L, EMrbOTHh:
0.5°, J#hDMEE (46) : 1°, y DA & hFEZE 1 0.5°, HALDOFHA L DEBEE (4pd), (492) :
0.5°L L. X4»bIIBICKSHELZRUICERIES 1 Dr — 213, FEFICHE L BOR
BEET, RZEMHAREE, TOLKEHRELSZBEHLILD - LbBNEEOEVHDTH
otz Ffe, BHERESDOr— 2L, BEETH KA KERE WD, 0ok EW(F
ORI b EEEE LKL, HBROEF ORGELEARAE TH -l d L
Zzbhb, BENMOLMBICEIE S, WIThLEEOHEMOEINEL, 3iF
ZUREEELDBRS.

6. 8 H h K

EFORBBAEBMENAB L LZOEZORE S SOBBEEYRBY v A0 25 26%
Foic 2 ERIOTE» bRD I, BECSVMBEIIRWThW, ARV v AL 5HE
BEADHLRIANED 7y — AL, 103BEORETEGVEREDL Z Libhsfc. £
DRER EEEIL 5-8 km, FEZ1X 2-3 km, FTEZEX | km fifOoFmETHEAL TS &
Db ote., TREOHEIhEEER, o4V vIhbifihsgELZVwThoE
KDOWTh, BIFEYTH-ed, BHREHIE DT, $EE, TEEZX I —HKLT
Wiedd, EEERBELTIBERTHREINS 4-5km X DixEL, 5-8km & HEL T
Whe, Z2RIBEAL TR, ZOoBEORME ZIFFETTH Y, ZHERHEIhLBEORE L
BE—BELTWB 7 — A0 Shote, THEERFOVWHLYZRERCTKEET HHE, HIlER
Z OERIAEF R I i o e,

COBRALIIING, 1968FE2 A1 ENL7 4 2Dl B12H 6 A CEH 1 BIEF,
EhH (EYERREEL LCHER) EE» ARV v X 2 SICXBEHAL, HRILBO
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ENRHLICRICHEFRY LCEEEALXZARTYH, BEBOEILKLDLHRD bivich 1.
Fho, BERBEL CIKE o L@ HNEL 1 B LG I ich 7.

BEZDERBLFTLT, MEAMOES L ELch 722y, BEATEERR (BIRIKREE) o
"X, EfHE, KKIBEZBARD 7 r 75 a0 EHEI L BENIIATEETD - 1.

4 3

COBAETTHICHIc» Tk, BToO IUKEXR BUEEBTIRER), FHR—
(BKSTHBEERE) RSERYUK B0 KL S SHIE B, i, MRDEEFHEUOH
MY R (BE L BRGERE R 3 ) kS itod, ERIEO SH % Bk. &
CREDHELERTHIOTH 5.

(ZOBANIIEFEZDON, FHHEEALHE 9 RARFEMSRBRAKA L LT, B T
DBEAHF I INIEDTHSD., T d 1970 i #& 5 T ieds, T 5t Lo
E, FREFOEROWTHHARELHEL LW ERB WL RS2, ZoBDTF—%2—0
BRI eI BHE L HE INICDT, THhETDT - Z2-—DATHERTAHAZLILLICHD
ThH5b.)

X B

HariMAYA, T. (1968): On the shape of Cirrus uncinus clouds: a numerical computation—
Studies of Cirrus clouds: Part III—. J. Meteor. Soc. Japan, 46, 272-279.

FHBEEL (1970) : FBRRIA RIS 30) % EHE « KRBESKBENHRSE. KK, 17, 193-202.

FuBEaL (1974) @ FBREFIELHIC 31T 5 EYIMFAFE. KK, 21, 496-506.

%ﬁﬁlg’i‘ 'Sgﬁgﬁesgfﬁié{a o AKESE (1967) : =ARERIC X 5 BEOBRL LAY B2,

Magono, C., KikucHi, K. and Kajikawa, M. (1967a): Distribution of low-level cloud rows
and three dimensional analysis of Cirrus clouds—Clouds over the Pacific Ocean: Part
II—. J. Meteor. Soc. Japan, 45, 467-477.

MacoNo, C., KikucHi, K. and Kasar, T. (1967b): Cloud distribution across a cold front
over the middle northern Pacific Ocean—Clouds over the Pacific Ocean: Part III—.
J. Meteor. Soc. Japan, 45, 478-489.

MasoN, B.J. (1962): Clouds, Rain and Rainmaking. Cambridge Univ. Press, 145 p.

ScORER, R. (1972): Clouds of the World. David & Charles, 176 p.

FEER (1974) : Fiiix G oM. FaEHiR, 156.

W. M. O. (1956): International Cloud Atlas, Vol.Il. 224 plates.

Yaci, T. (1969): On the relation between the shape of Cirrus clouds and the static stability
of the cloud level—Studies of Cirrus clouds: Part IV—. J. Meteor. Soc. Japan, 47,
59-64.

YaGI, T., HArRiMAYA, T. and MacoNo, C. (1968): On the shape and movement of Cirrus

uncinus clouds by the trigonometric method utilizing stereophotographs—Studies of
Cirrus clouds: Part II—. J. Meteor. Soc. Japan, 46, 266-271.

(1976 -8 7 17 H3zH)



