
-1i}f�mfu)(­
Scientific Papers 

�JN v / .:l n � 7 2 1� wuJtu � r. c1: � l¥i m ITT3 fo £ ±-ti! 0 
!f�O)���r. �t ,-c 

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

Cameras in the Summer Season at Syowa Station, Antarctica 

Katsuhiro KIKUCHI*, Hiroshi FUKUTANI** 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 5 km 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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Fig. 1. Map of the area around the observation points (F and K). 
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Fig. 2. Observational scene at point F. Left: Fish-eye lens camera, Right: Wide 

lens camera. 
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* 1 xffii-EJ (O) �®iiliP�f?i� (y) �1*11* 
Table 1. Relation between zenith angle 

( 0) and picture plane radius ( y). 

y(rnrn) 0 (0) LJO(O) 

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 

10.0 77.97 4.00 

Fig. 3. Relation between zenith angle 
and image point. 
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Fig. 4. Relation between zenitn angle 

( (}) and picture plane radius (y ). 
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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. 
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� 2 xm� Co) t \�J\ O)�f* 

Table 2. Relation between zenith angle (0) and j �; j. 

(} co) 
LlH 

----rl -

10 0 .1017 

20 0.0541 

30 0.0402 

40 0.0353 

45 0.0348 

4. M Vr *5 =* 
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� 7 vc19681:pl l}j 4 S lfffO) F ,�iJ, Gffl� L t.:;m�O) �:x'JJ-Jt� �Lt.:. @q:t A, B "c' 

��.:hk.JJ?;!U,�O)�tj[, 1¥jgg:1ffPJO)-t:".:h.f.:hO)im�� K ,�'IJ� G�- v Y �·--c·ffl0 k. 'JJ- :}t iJ: 
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@8, 9 --c:-�G. fiJ�0)1f�--c·MfiLt.:i§b&�i 5. 7-6. 0km, 6. 4-6. 6km --c· -t:".h.f;hO)� 

vc'0\,,--cH•�.:hk.i§b&�t. \,,f.:ht s %tJ�vc:t-o�i 0--C\,,f.:. 

� 7 1968i¥-11Jj 4 B16�50ih::F,�iJ�l?;i.!lllv:/ 
;<-JJ ;1, 7"(·;j:l��htdl:\i�(A, 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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� 8 K,�iJ·G 35 mm -JJ � ':7 --c:-ffl��:hk.�7 
O)t�� (A) 

Fig. 8. A photograph of the Cirrus cloud 
(A) shown in Fig. 7 taken by a 
35 mm size standard camera at 
observation point K. 

� 9 K,�iJ· G 35 mm -JJ � ':7--C:·ffi� �:ht-:� 7 
O)*�� (B) 

Fig. 9. A photograph of the Cirrus cloud 
(B) shown in Fig. 7 taken by a 
35 mm size standard camera at 
observation point K. 
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IPJ, �it t ::Rco G.::. c iJ�AJt�-c-25 .Q. tt•O)*Ei:W:, m�� A vi 5m/s, m� B v:t 10.3m/s -c-25 

0 f.::... �tl], 400 mb O)jijfj:tJ:*5E/ivcxtL --C, mij� A, B viVit: Vif.::. 0) /ivcxfJ;t,--t Q ifu t: �l!t 

O)�-C·v:ttJ:1.,,iJ,c t�;t Ghf.::..iJ�. Hw�hts:.�J.ta-sounding data cl:t®<'.--tQ c, 440mb 

O)iWoJ!tO)*ij� A 0) 5 m/s O)�lf;it&v:t, 500 mb 0) 5 m/s, 400 mb 0) 7m/s O)jj,J.t c ViHilfu 

t:-c·c5 9, its:, 390mb O)�f:,tO)m� B 0) 10.3m/s O)�ibitl!tv:t 400mb 0) 7 m/s, 350mb 
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Fig. 10. Sounding curves at 0300 L.S.T. 5 November 1968 at Syowa Station, 

Antarctica. 
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0) 1 1  m/ s 0) q=i Ft=t9 0) {i1H::· � 1-, -c :to iJ , � ,z 0) � iPJ t Vit V! R iPJ vc. -� L, -c " , t-: . {lE * 0) fiARU *a* 
vc. J: Q c, *-F!� O)�iPJ. �J!�t. --t O) �JitO)J.\,iPJ, RJ! c i H ,-���-r .:. c tJtntJ� 0 --c " ' Q  

0) "c' (1*1fft!!, 1967 ; MAGONO et al., 1967 ; YAGI et al., 1968) , .:. ;h, G 0) .:. c ��rl-t G 

c ,  ffl� A, B tl�� 0 k ��O)ffl��� i) ,  --th�;h,O)aJitO)J.\,;! c -�L,k�-�� L, 

-c " , Gt 0) --e:-� G c MMu� ht-=: .  -15, § t�Jc. J: G 5:E�fii:iJlUO)�r§b �t. 4 km bflH!:r � .nk. 

�1 1  vc. 1968 i¥- 1 1 Jj 16  B lff&O) F }�iJ� Gfi� L, k vir ga �ff 0 t-:fflfff�O),WU��L, t-: . F 

� 1 1  1968'.ff.1 1 }3 16 8 14 �257}K. F ,r!:!J.1� t:>� 
� v :/ �- 71 � '7 "'(;· ti� � .h,t-: �vfE�{f 
'? t.:mfff� 

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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I@ 12 F ,s(iJ\  G 35mm n ;1- 7 "('ffl� � hf:[zl 1 1  O)fflffl� 
Fig. 12 . A photograph of Cirro-cumulus clouds shown in Fig. 11 taken by a 

3 5 mm size standard camera at observation point F. 
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Fig. 13. Sounding curves at 0300 L.S.T. 16 November 1968 at Syowa Station, 

Antarctica. 
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Fig. 14. A photograph of A lto-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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� 1 5 F ,i�jJ> G 35 mm iJ ;1. '7 -C:'}f!'z� � .nk� 1 4 O) i*j fJ{� 
Fig. 15. A photograph of A lto-cumulus clouds shown in Fig. 14 taken by a 

35 mm size standard camera at observation point F. 
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Fig. 16. Sounding curves at 0300 L.S.T. 29 November 1968 at Syowa Station, 

A ntarctica. 
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� 3 �ffl:1: v :,;  �- 7-. 5- v *ftil!U, :J ::* ·/ :,; -r·, § tJivc J: Q �r\e!JO) i c 6b 
Table 3. Summary of cloud heights by means of stereoscopic, radiosonde and 

routine naked eye observations. 
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