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Unmanned Observation in Antarctica (II) 
-Outline and Result Obtained in the 20th and 21st 

Japanese Antarctic Research Expeditions-

Tetsuo OHATA':' and Yutaka KATSUTA** 

Abstract: As part of the PO LEX-South program of the 20th to 22nd Japanese 
Antarctic Research Expedition (JARE) (1979-1981), unmanned meteorological 
observation was made on the Antarctic Ice Sheet. As JARE has been conducting 
unmanned observation since JARE-18, improvement of renewal of the parts of 
the system was made taking into account the previous works. As for electric 
source, wind generator of 12V200W was adopted and was set one or four in 
parallel. Insulation box was mainly made by styroform, and was strengthened 
by the use of FRP. Charge controller was made in order to prevent overcharge 
and control the heaters. Meteorological observation system was composed of 
sensors for wind speed and direction, air temperature, snow temperature, solar 
radiation and air pressure, and recording part using cassette tape recorder. This 
unmanned meteorological system was built at YlOO and H180. However, due 
mainly to troubles in the electric source part, this system did not function well 
continuously. There is still some room for improvement. The data taken seem 
to be helpful in understanding the areal meteorological phenomena. 
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Fig. 1. Location of the unmanned observatory. 
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Fig. 2. Schematic diagram of the unmanned observatory. 
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Fig. 4. Block diagram of the digital data-recorder. 

� 2  -1:: Y -tJ- - OJtiffi c f±� 
Table 2. Specifications of sensors. 

(Htso, 19sOff. l l J3  4 s mt±:) 

0-355° ± 50 
x 7 o � ::,,� - -- --- -- - - ---- - --�· 

1.al. lPJ )igl. � H 2-60 m/s I ±0. 5 m/s tJr:'3 ( lO m/s tXf) 
i ± 5% tJr:'3 (10 m/s t.J.J:) 

�mt . �mit I', 7.l(rfii:i:\mtitit + 99"C,...., -99°C ! ±O. toe (O"C,-.,-5ooc) 
' ±0. 5°C (+70°C,....,-70°C) 

I EE H i 7J(ifti:i:\�EHt 680-1030 mb j ± l mb (20°C ± l0°C) 
I mtl!t�li( + o. 06 mb/8C 

B M §t \ -t- i" A B Af§t 0-2 cal/cm2 • min 0-lO mVDC 

2. 5. 1¥�E!ffi 

6 m  

1. 7 m, 1 .  5 m 
-0. 2 m  
- 1 . 5 m 

1 5. 5 m 

1Wti."c-�Aiffl.1J!IJ '-3:' fi ij t-: 2>MU:t , Jitt L t ,  § �ffi�ir• G W!il!IJ�� t.t c· '-3:'f*lfi L tJ:: vt;tui t.i:: G 
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YlOO ( -;,,  7... 'T .1,. 1 )  -e vx, mrJlU�� i-o J: trtUfJEIJ�ffi c L --C ,  18, 19Yx�iJ;1*ffi 0 ;h t-: 1b 0) 
l: fql  t.mii 7° v /, 7·��1*'-3:'JtJ1v , , :E"=f O) �J§�1JQ -*. fiffl Lt..: . .,,� 'Y T 9 - ii,  :/i 7'3e�O) 
;:_ C iJ, G ID[iJ!U��� C v:t 531J r:::. filt'.ifl-t 0 ;:_ C C L. /�  'Y T l) - ffl O) f*fffil;rti '-3:'�fF Lt..:. ;:_ O) f* 
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Fig. 5. Sectional structure of the heat insulation booth and box (for Y JOO). 
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°
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":> k.. ® 6 vc.7.r--t .:: t < ,  �1A�2¥ 0. 031 kcal /m • h • °C, J!J� 0. 1  m Cl.)je� ;t.. 7 µ - ;v -e.:t 

:h-ttdff§i*Jtmffi 1 . 5 m2
, 0. 5 m2 Cl.)f*•tif-i-f't � .  i:f:t rc 1::. - f7 - �A:h, A.1Jffl:1Jvc·-::>'l., ,"( 

� 7 K7.r--t"�$Cl.)·��M� L�. �-�Cl.)-�, �-��Cl.)�-UrE$�Cl.)M*�� 3 K7.r

�- � k.. A1Jffl:1J t �-�Cl.)-���� 8 K� Lk.. 

jfvfE�U,EitCJ.)H• {Q =K·A (01 - 02) • t ,  K :  �1tvit$. (kcal /m2 • h •
°
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Insulation Box A 
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Materials : Styroform 

Thickness : 100 mm 
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1s1 6 ��fflf*mtmq)•m 
Fig. 6. Sectional structure of the heat insulation boxes (for experiment). 
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Fig. 7. Thermal test of the heat insulation boxes in the low-temperature 

room. 
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Fig. 8. The relation between temperature difference in equilibrium and 
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� 3  �� ffl f*iKHi Q) f* llla!J'HE mu 1£*5 * 

Table 3. Thermal characteristics of the heat insulation box for experiment. f*lll[ffj A (f@:�iiiffi 0. 122 m2) 

A )] i ;f. � fAa I ffl � llla i llla.11£ ill 
(W) I (°C) (°C) I (°C) 

8. 1 
10. 0 
15. 0 
21 . 6  

i -25. 0 i - 12. 0 
I - 19. 0 -6. 5 
: 

i 
-25. 0 

I 
-9. 6 J - 18. 0 -2. 6 \ 

1 -25. o I - 18. 0 j 

-2. 0 ! +5. 0 
1 -25. 0 I + 7 . 0  I . - 19. o + 13. o I 

13 . 0 12. 5 
15. 4 15. 4 
23. 0 23. 0 
32. 0 32. 0 

I AA:Jtv!t)¥ (kcal/ 
m2 •h• °C) 

I 
0. 359 0. 373 

I 
0. 374 

I 0. 374 
0. 376 0. 376 

I 
0. 389 0. 389 

f*lll[ffj B (f@:�iiiffi 0. 024 m2) 

A 1J 7i-� llla ffl � fAa I llla I!( ill I I 
I 

(W) (°C) (°C) I (°C) 

3. 6 1 -25. 0 1 - 12. 2 i 12. 8 - 18. 0 -s. 2 ! 12. 8 
+ 3. o I 6. 4 1 -

2
5
. 0  

I 
28. 0  - 19. 0 +s. o I 27. 0  

8. 0 I -25. 0 I + 9. 5  I 34. 5 
I - 18. o + 16. 5 I 34. 5 

10. 0 1 -25. 0 + 17. 5 42. 5 I - 19. o +23. 0 42. 0 

j AAJtmt:$ 
1 (kcal/ 
I m2 •h •°C) 

I 
0. 486 0. 486 
0. 395 0. 410 
0. 401 0. 401 
0 . 401 

I 0. 4 1 1  
f � 1�1�1�1 0. 374 f � 1�1�1�1 0. 417 

i i  u�u 

L . . .. . . . . . . ___ _ _ _ - ll  . .. . "'ode . . . . . 
L 1 

1Wo ==--= -='_J (mm) /_� �� ____J - - - - - - - - - - - - - -- -- - - - - - - -- - - - --: 

I 1 i  
: I 

FRP 

r�� Veneer 2.5t 

l::,,,,,,,,,,,,,,:,:,:,;,;,_ Styrofoam 38t 
IO --

L 1,,,,,,,,,,,,,,
,,,,,,,,,,,,-

Aluminum Foft 

Heat Insulation Box for ntrument 

0 0  �u 
' ; �: 

_ _  ; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ; _ _ _  r I 
�--------,--.J __J 
I-------- ,�=--==---___I_J 

� : 
: ' 

. . � - - - - - - - - - - - - - - - - - - - - -·- - -

Handle 

__ ! - - - - - - - - - - - - _ _ _ _ _ _ __  \,. _ _  I 1----:� ==-1 I 

Heat Insulation Box for Battery 

Isl 9 H180fflf*lll[f!1iQ)-� 
Fig. 9. Sectional structure of the heat insulation boxes (for H 180). 
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Table 4. Progress of the unmanned observatory operation in Antarctica. 
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� 10 Y 1 OOl!Ul!U,� C7) 71-W 
Fig. 10. Photograph of YJOO unmanned observatory. 

� 11 H 180ftllfflU,� C7) 7}� 
Fig. 11. Photograph of H 180 unmanned observatory. 
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Date 

1980 
Nov. 16 

17 

18 

19 

20 

i 

21 

ma Hl80 '1:� GtLtd&illU*-s* 
Appendix. Result of observation at H180. 

Air Air Wind Hour pressure temper- speed 
(LT) (mb) ature 

(m/s) (OC) 

15  816. 4 - 14. 9 I 3. 1 

18  815 . 4 - 17 . 0 1 2. 8 

2 1  815. 0 -23 . 0  6. 0 

24 816. 5 -23 . 8 1 1 . 4  

03 816. 5 -23 . 4 12. 2 

06 816. 0 -21 . 6 13 . 1 

09 815. 8 - 18 . 3 1 1 .  9 

12 815 . 3 - 16. 0 12. 4 

15 815 . 1 - 15. 4 12. 2 

1 8  814. 7 - 17 . 5 
! 

10. 3 

21 815 . 0 -22. 3 10. 6 

24 814. 9 -24. 9 10. 7 

03 815. 4 -26. 7 10. 9 

06 816 . 3 -25. 1 
I 

10. 5 
I 21 820. 6 -25. 3 5 . 6 

24 820 . 7 -28 . 5 7 . 5 

12 823 . 5 - 15. 7 10. 3 

15 823 . 3 - 14. 6 10. 1 

18  822. 7 - 15. 9 9 . 9 

21  822. 7 - 18 . 7 12. 9 

24 822. 9 - 19. 5 13 . 9 

03 822. 9 - 18. 9 15 . 2 

06 822. 3 - 18 . 0 16. 5 

09 822. 5 - 16. 5 17 . 0 

12 823. 4 - 14. 4 16. 0 

15  823 . 9 - 12. 8 14. 3 

1 8  824. 4 -13 . 8 12. 3 

21  825 . 8 - 17 . 0  12. 3 

24 826. 4 - 19. 8 13 . 4 

03 827 . 0  -21 . 8 10. 9 

06 826. 3 - 19. 4 12. 5 

Wind 
direction 

(36) 

I 06 
I 

10 I 
l 10 

09 
09 

10 

09 

09 
08 

08 
08 

09 
08 

08 

I 10 

09 
08 

07 
I 08 
I 08 

08 

08 
08 

I 08 
08 

08 

08 

08 

09 

I 
08 

09 
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Appendix (continued). 

Air Air I Wind J Wind 
Date Hour pressure temper- i speed : direction (LT) 

(rnb) 
ature I (rn/s) I (36) (OC) 

1980 I 
Nov. 21 09 826. 1 - 15. 3 1 1 .  6 09 

12 825 . 9 - 12. 0 1 3 . 1 09 
15 825. 5 - 1 1 . 0  12. 0 08 
18 825. 0 - 1 1 . 4  7 . 6 I 08 
2 1  824. 5 - 16. 0 1 1 .  2 10 

24 822. 9 - 19. 5 1 3. 5 10  
22 03 821 . 3 -20. 9 14. 4 10 

12 820. 6 - 14. 7 10. 2 07 
15 820. 9 - 13 . 2 9. 9 06 

18 820. 7 - 13 . 5 3 . 8 07 
21  821 . 2  - 15. 6 5 . 7 08 
24 821 .  8 - 17 . 9 7 . 7 10 

23 03 822. 8 -21 . 5 4. 0 10 
06 822. 8 - 18 . 5 9 . 3 10  
09 822. 4 - 14. 4 8 . 2 10 

1 2  822. 0 - 10. 7 8 . 0 08 
15 821 .  3 -9. 4 7. 1 08 
18 820. 7 - 1 1 . 5 4. 5 09 
2 1  820 . 2 - 16. 0 4. 9 06 
24 819. 6 - 19. 3 8 . 2 09 

24 03 818 . 7 -20. 7 8 . 9 09 
06 817. 0 - 18. 8 9 . 9 10 
09 8 14. 9 - 15 . 9 14. 0 10 
12 814. 2 - 14. 9 14. 7 10 
15 8 14. 4 - 13 . 1 12. 7 08 
18 815. 6 - 13 .  7 10. 7 08 
21  817. 8 - 16. 9 9 . 3 09 
24 819. 3 - 18 . 5 10 . 6 10  

25 03 819. 8 -20. 3 10. 6 10 
06 819. 5 - 18 . 2 1 1 . 4  10 
09 819. 1 - 13 . 8 1 1 .  5 09 
12  818 . 7 - 10. 2 9. 2 09 
15 818. 9 -9. 8 7 . 1 08 
18 818 . 5 - 10 . 0 4. 7 10  

2 1  818 . 2 - 1 1 . 9  9. 2 10  
24 819. 2 - 15. 7 10. 5 09 

26 03 819. 5 - 16 . 5 9. 8 10  
06 8 18. 8 - 17 . 0 8 . 9 I 10 

09 8 17 . 3 - 12. 3 8. 7 I 
10 I 

12 814. 9 -9. 0 1 .  2 I 1 2  

I 15  813 . 2 - 8. 7  6. 5 11 
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Appendix (continued). 

Air I Air Wind Wind Date Hour pressure I temper- speed direction (LT) (mb) I ature (m/s) (36) 
(OC) 

1980 
I Nov. 26 18  8 1 1 .  7 -9. 4  5 . 0 12 

21 810. 8 

I 

- 14. 4 7 . 3 11 
24 812. 0 - 16 . 7 10. 7 10 

27 03 812. 5 - 18 . 9 12. 9 09 

06 8 14. 0 - 18. 0 1 1 .  8 09 

09 816 . 9 - 14. 9 12. 2 09 

12 818 . 2 1 - 11 . 5 9 . 8 07 

15  819. 4 i - 10. 1 1 1 .  0 08 

18 i 820. 1 - 10. 8 7 . 9 08 

21  
I 

821 . 2 - 15 . 4  7 . 8 11 I 
24 821 .  9 - 18. 1 10. 9 10 

28 03 822. 4 
I 

- 18 .  7 1 1 . 2  10 l 

06 822. 5 - 17 . 5 1 1 . 4  10 
09 822. 6 - 13 . 9 10. 0 10  

12 822. 0 - 1 1 . 3 10. 0 09 

15  821 . 1 - 10. 5 6. 9 10 
1 8  819. 5 - 12. 2 3 . 8 12 

21 817 . 6 - 19. 4 4. 4 1 3  

24 8 15. 6 -24. 7 4. 6 12 I 

29 03 813 .  8 -25. 6 5 . 1 12 

06 8 1 1 .  7 -21 . 9 6. 3 11 
09 810. 5 - 17 . 4  7 . 9 09 

12 810. 2 - 14. 0 8 . 4 07 

15  809. 3 - 12. 6 7 . 0 05 

18 808. 7 - 14. 0 5 . 3 06 

21  808. 1 - 18 . 7 8 . 4 08 

24 808. 8 -21 . 6 9 . 4 09 

30 03 808. 9 -22. 0 9 . 4 09 

06 809. 2 -20. 3 10. 7 09 

09 809. 5 - 16. 3 1 1 .  9 09 

12 809. 9 - 13 . 9 9 . 9 08 

15  810. 4 - 13 . 0 9 . 0 08 

18  ! 8 10. 5 - 13 . 1 7. 7 08 

21 8 1 1 . 0  - 17 . 9  6 .  7 11 
24 8 1 1 .  7 -21 .  7 8. 0 11 

Dec. 1 03 812. 4 -22. 5 8 . 8 10 

06 i 813 .  3 - 18 . 9 8. 1 09 

09 8 14. 7 i - 14. 6 9. 5 09 

12 8 16. 5 - 1 1 .  3 8 . 6 07 

15  8 17 . 7 - 10. 8 7 . 5 07 

18 8 18. 2 - 1 1 . 9  I 5. 2 08 
! 
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Date 

Appendix (continued). 

A· - -Air - W� -d-- --- Wind Hour ir temper- m 
(LT) pressure , ature speed direction 

_ _ __ _ ___ _ ____ ______ __ __ (�b2_ · _ ___ (oC)_ ___ , (m/s) (36) 
1980 

Dec . 1 

2 

3 

4 

5 

6 

21 
24 
03 
06 
09 
12  
1 5  
1 8  
2 1  
24 
03 
06 
09 
12 
15 
18  
21 
24 

03 
06 

09 
12  

15  
18  

2 1  
24 

03 
06 
09 
12 
15  
18  
21  
24 
03 
06 
09 
12 
15 
18 
21 

818 . 8 
819 . 9 
821. 2 
821 . 9  
822. 1 
821 . 5 
821 . 2 
821. 2 
821. 2 
821 . 4  
821 . 4  
820. 8 
820. 9 
820. 8 
820. 7 
820. 2 
820 . 4 
821 . 1 
821 . 4  
821 . 8 
822. 5 
823 . 2 
823 . 2 
822. 9 
822 . 8 
822. 4 

821 . 8  
820 . 6 
819. 8 
819. 5 

819. 1 
8 17 . 8 
8 16. 9 
8 16. 6 
816. 2 
816. 1 
9 16. 6 
817 . 1 
8 17 . 0 
816. 3 
816. 1 

- 16. 5 
-18. 3 
- 18 . 3 

- 17 . 6 
- 14. 6 
- 12. 0 
-11. 3 
-11 . 8 
- 16. 6 
-21 . 0  
-22. 1 
- 19 . 8 
- 16. 1 
- 1 1 . 4  

-8. 0 
-4. 6 

- 15 . 0 
-23. 8 
-24. 9 
-22. 0 
- 16. 6  
- 12. 4 

-11. 3 
- 12. 5 

-17. 9 
-24. 0 

- 25. 4 
- 21 . 9 
- 17 . 2 
-14. 3 
- 13 . 6 
- 15. 0 
- 19. 9 
-24. 9 
-23 . 5 
-21 . 0 
- 16. 6  
- 13 . 9 
- 13 . 2 
-14. 4 
- 15. 8 

5. 8 
8 . 2 
9. 3 
9 . 0 
9 . 6 

10. 3 
9. 4 
5. 2 
5 . 9 
6 . 1 
7 . 2 
6. 8 
5. 3 
3 . 9 

1 . 4  
0. 0 
1 . 4  
3 . 9  

4. 7 
5. 2 

4. 5 
3 . 8 
2 . 9 
1 .  6 
3 . 1  
3 . 8 

4. 3 
4. 3 
5. 2 
6 . 3 

6. 5 
6 . 0 
4. 1 
5. 7 
8 . 9 
9 . 0 
9. 2 
9 . 5 

10. 2 
10. 4 
9 . 7 

1 1  
09 
09 
10  
09 
09 
08 
08 
09 
10 

10 
10 
10 
07 

10 
1 3  
17  
1 1  

10 
09 

08 
04 
26 
06 
09 
1 1 

10 

1 1  
08 
06 

05 
06 
09 
09 
09 
09 
08 
07 

07 
07 
08 
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Date Hour 
(LT) 

1980 
Dec. 6 24 

7 03 

06 

09 

12 

15 
18 
21 

24 

8 03 

06 

09 
12 

15 
18 

21 

24 

9 03 

06 

09 
12 

15  
18 
21 

24 

10 03 

06 

09 

12 

15 

18 

21 

24 

1 1  03 

06 

09 

12  
15  
18 
21 

24 

::k:tJBfr� • li,,83 • 

Appendix (continued). 

I Air I pressure I 
(mb) 

I I 

i-
I 816. 3 I 

816. 6 

817 . 0 

817 . 8 

818. 6 

819. 2 

819. 3 

819. 1 

818 . 8 

817 . 9 

816. 8 

815. 9 
815. 4 

814. 9 

814. 3 

814. 3 

814. 8 

815. 4 

816. 3 

818. 3 

819. 7 

820. 9 
821 . 6  

822. 2 

822. 7 

823. 3 

823. 8 

824. 6 

824. 7 

824. 7 

824. 1 

823. 3 

823. 2 

823. 0 

822. 9 

823. 1 

823. 0 

822. 5 

821 . 4  

820. 3 

820. 0 

Air 
temper-

ature 
(OC) 

- 16. 6 

- 16. 9 

- 16. 4 

- 14. 5 

- 12. 7 

- 12. 8 

- 14. 0 

- 18 . 7 

- 19. 5 

-21 . 5  

-20. 3 

- 16. 1 
- 13 . 2 

- 10. 7 

- 12. 1 

- 13 . 8 

- 16. 5 

- 18 . 1 

- 17. 4 

- 15. 3 

- 1 1 . 9  

- 10. 9 

- 1 1 . 8 

- 15. 4 

- 18. 1 

-20. 7 

- 17. 6 

- 14. 5 

- 12. 4 

- 1 1 .  7 

-9. 2 

- 19. 2 

-24. 8 

-25. 4 
-22. 3 

- 16. 9 

- 14. 0 

- 12. 3 

- 13. 8 

-21 . 5 

-22. 1 

Ollffiftfl 

Wind Wind 
speed direction 
(m/s) (36) 
--�- �- - ---

10. 8 08 
10. 1 08 
9. 8 08 

10. 6 07 
1 1 . 2  05 
8. 8 05 
6. 7 05 
5. 3 07 
6. 8 09 
6. 6 09 
6. 4 09 
6. 3 08 
5. 3 06 
3 . 1 08 
1 .  7 28 
1 . 4  07 
2. 5 06 
3 . 9 06 
6. 0 08 
6. 2 07 

5. 8 04 
3 . 9 28 

2. 9 28 
2. 2 04 
3 . 7 08 
5. 2 09 
5. 9 08 
6. 4 08 
6. 4 05 
4. 8 04 
1 . 2  04 
3 . 8 1 1  
5. 2 1 3  
5 . 8 1 1  
6. 1 10 
6 . 8 08 
5. 4 08 
3 . 1 08 
2. 8 12 
4. 3 1 3  
5 . 7 10 
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Date 

1980 
Dec. 12  

1 3  

14  

15  

16  

Hour 
(LT) 

03 

06 

09 

12 

1 5  

1 8  

2 1  

24 

03 

06 

09 

21 

24 

03 

06 

09 

12  

15 

18 

2 1  

24 

03 

06 

09 

12  

1 5  

1 8  

2 1  

24 

03 
06 

09 

12  

1 5  
- ------ - -------·-

�;@Hc .}; lt Q �A.fmilW ( II ) 

Appendix (continued).  
---- - -- - - - -- - ---· -- - -

Air Air 
pressure temper-

(mb) 

820. 1 

8 19 . 5 

8 18 . 9 

8 17 . 7 

8 16 . 9 

8 1 5 . 8 

8 15 . 2 

8 15 . 2 

8 15 .  1 

8 15 . 2 

8 15 . 6 

8 16. 4 

8 17 . 0 

8 17 . 6 

8 17 . 8 

8 17 . 6 

8 17 . 3 

8 16. 7 

8 15 . 3 

8 13 . 9 

8 1 3 .  1 

8 1 3 . 0 

8 12. 5 

8 12 . 1 

8 12. 6 

8 1 3 . 5 

8 14. 2 

8 1 5 . 5 

8 17 . 0 

8 18 .  1 

8 18 . 8 

8 19. 0 

8 19. 5 

820. 2 

- - -

ature 
(OC) 

- 22. 9 

- 21 . 6  

- 18 . 0 

- 14. 3 

- 1 3 . 1 

- 1 3 . 3 

-20. 0 

-22. 7 

- 1 3. 8  

- 22 . 4 

- 18 . 2 

- 19 . 1 

- 22 . 5 

- 22 . 1 

- 18 . 8 

- 12 . 9  

- 10. 4 

-9. 4 

-6 . 9 

- 1 6. 6  

-20. 2 

- 19 . 3 

- 17 . 0 

- 15 . 6 

- 12. 8 

- 1 1 .  3 

- 1 1 . 6  

- 15 . 0 

- 18 . 9 

- 17 . 0  

- 15 .  7 

- 1 3 . 1 

- 10. 9 
- 10. 2 

Wind 
speed 
(m/s) 

6. 8 

7 . 1 

7 . 5 

6 . 3 

5 . 0 

2 . 6 

5. 7 

7 . 9 

9 . 6 

9. 8 

8 . 7 

4. 6 

6. 7 

6. 4 

6. 7 

8. 7 

8 . 8 

7 . 8 

1 .  2 

4. 6 

6. 4 

7 . 9 

10. 7 

10. 4 

1 1 .  5 
10. 7 

7 . 1 

6 . 9 

6 . 9 

1 1 .  9 

1 I .  0 

1 1 .  5 
12. 9 

10 . 6 
- - - - ---- - --- - -- - �------- --� -�--- -

1 39 

Wind 
direction 

(36) 

09 

09 

09 

07 

06 

07 

09 

09 

09 

09 

09 

10 
09 

09 

09 

08 

07 

05 
12  

1 1  
10 

09 
10 

09 

07 

07 

07 

08 

10 

09 

09 

09 

07 

07 


