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�Ð/u��."�º�5U§Nõ�."�º�$1®Åìm©`z*ÿ�mL
[8]

§=�

âØÓ�*ÿ^�Sü�A�*ÿ�8"3ÀwÝÐ���§"�º�©EÇ!�*ÿ�4

�(�Ñ¬O\§k|uSüéÀwÝ�¦p�VfUN8I?1*ÿ"'X§�ÀwÝl

1 �¦C� 0.5 �¦�§�&ÿ8I�4�(��±O\ 2 �(�§�*ÿAGN �êþl 5

C� 100
[9]

"é*ÿ�mL�`z§I�Jcý�Ñ���1Æë6ëê§¢ÿ�{´ÃU�

å�"

l 20 V 90 c�m©§ISU©.ÅìuÐ
|^¥ºÝí��ª5O�Úý��í

1Æë6rÝ��{
[10–12]

"|^¥ºÝí��ª§±�¥�í��:êâ½ö&�X�!í

�¥(�¼��êâ���ª�Ð©Ú>.^�§�±�[��8I��NCA�Z���

S�í�ëê��m©Ù"�âí�ëêÚ1Æë6ëê�m�'X§�Ò /́1Æë6ë

êz
[11]

0§�±O�Ñ1Æë6ëê��m©Ù"|^�¥í��ªº��ý�|�:êâ§

Ù�[(JÒ´é�51Æë6ëê�ý�"

�éu¢ÿ�{§�í1Æë6�.�{3 4 ��¡��A^
[13]

µ(1) ¼���NCA

�Z�����í1Æë6rÝ� 3 ��m©Ù¶(2)¼��Ï��¥5�í1Æë6ëê§

�ÏU©À�¶(3) ¼��í1Æë6+���ëê�ý�§̀ z�."�º�U©*ÿ

�mL¶(4) ¼�1Æë6A�c���IA�§̂ u&¢1Æë6��ÏCzª³"

8c®kÃõU©��?1L�í1Æë6�.O�ïÄ§XCerro Paranal
[12]

!Roque

de los Muchachos
[14]

!San Pedro Martir
[15, 16]

!Mt Graham
[17]

!Dome C!Dome A!H4

:
[18, 19]

!Mauna Kea
[20]

�"�¢ÿêâ�é'L²§�íë6�.O��{®ä���5

Ú���°Ý§Ù�[(J�éu¢ÿ(J�IO�®�¢ÿ���IO���
[21]
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í1Æë6ëêý��¡§g%¡�Æ®²ïá
;��Mauna Kea í�ý�¥%§�

Mauna Kea U©�Jø�5 5 U�í�^�Ú�í1Æë6ëê�ý�"

�í1Æë6�.�{3{I�ÔÑ����XÚ¥���
k�A^
[22]
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1å3�íDÂL§¥¬�)*å$��I§î�f
Â¤���Uå"�d§{I��

;�¤á
�íûü9ÏXÚ (Atmosphere Decision Aid)§Jcý��í1Æë6�©ÙC

z§�Å1-1ìÀJ�Zu��mÚ´»§�ÌJp·¥8I�°OÝÚÂ¤Uå"

2 �.�{

�í1Æë6��.O�§ÄkI���Û/�í�ëê§2dí�ëêO�Ñ�í

1Æë6ëê"í�ëê�±´&�í¥�]�§��±´ê�í�ý��(J"8c^5

ý�í�ëê�í��ªÌ�kMeso-NH(Non-Hydrostatic Mesoscale Atmospheric Model§

�·å¥ºÝ�í�ª)
[23]

ÚWRF(Weather Research and Forecasting Model§UíïÄ�

ý��ª)
[24]

"MM5(Mesoscale Model 5§¥ºÝ�ª1 5 �)
[25]
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A^§�´8cMM5 ®²Ê��#§Åì�WRF �ª¤��"�!0�ÏLí�ëêO

��í1Æë6�A«Ì��{"

2.1 ²þ+�

�í1Æë6rÝ3ØÓpÝ�©Ù (C2
n +�)§3g·A1Æ!1Z�ÿþ!1Ï&!

-1DÑ�+�Ñk��A^"�Ð�}Á´�â�
*ÿ(J§[ÜÑ��²þ�C2
n

+�"1971 c§Wyngaard
[26]

o(
3{Isid²��¢�§¼�
C/¡���í§Ý

(�~ê C2
T +�"

3Ø½^�e (h/L ≥ 0)§

C2
T (h) = 4.9T 2h−2/3(1 − 7h/L)−2/3 . (1)

3½^�e (h/L ≤ 0)§

C2
T (h) = 4.9T 2h−2/3(1 + 2.75h/L)2/3 . (2)

Ù¥ h �pÝ (m)§L �Monin-Obukhov �Ý§��� 10m �m§T �A�§Ý"C/¡

�Az����S§3Ø½^�e§C2
T �XpÝ h−4/3 ~�§ C2

n �dXeúªO�µ

C2
n =

(

80 × 10−6P

T 2

)2

C2
T . (3)

1974 c§Hufnagel
[27]

�Ñ
/¡±þ 3∼24 km pÝ��gd�í�C2
n ²þ+�§

C2
n(h) = 5.94 × 10−23(W/27)2h10e−h + 2.7 × 10−16e−h/1.5 , (4)

W 2 =
1

15

∫ 20

5

V 2(h) dh , (5)

Ù¥ h �pÝ (km)§V (h) �pÝ h ?�º�§W �� 18 m/s �m"

2004 c§Abahamid �<
[28]

ÏL�¥©Ù�õ�U©���Ï\È� 168 ^&�í¥

êâ§ÚO©Û
C2
n ¥��+�§[ÜÑC/¡ 1km ±S� C2

n +�§

C2
n = 1.24 × 10−12h−1.53 . (6)

þª¥ C2
n �pÝ h−1.53 ~�§�CWyngaard

[26]

� h−4/3"3gd�í¥§Abahamid
[28]

�

C2
n ²þ+��ª³ÚHufnagel úª (4) ÎÜ��éÐ§2g�y
þã²þ+�¢SA^

���5"

¥I�Æ�S 1Å¤3�íë6²þ+�ïÄ�¡k�X��ó�"ÙïÄ<
|^

&�í¥�¢ÿêâ§[ÜÑ
ISõ�«��C2
n ²þ+�"1996 c§Ç¡��<

[29]

�

â 1994 c 12 �3,��&�êâ§�Ñ
,��m�C2
n ²þ+�úª (úª 7)"1999 c§

±w��<
[30]

�â 1993 c 8 �� 9 �3&²�&�êâ§[ÜÑ&²�mC2
n ²þ+�ú
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ª (úª 8)¶�â 1993 c 11 �� 12 �3Ü��&�êâ§[ÜÑÜ��mC2
n �²þ+�

úª (úª 9)"2007 c§Ç¡��<
[31]

�â�#�&�]�§#[ÜÑ
&²�m (úª

10) �Ü��m (úª 11) � C2
n ²þ+�úª"2008c§�f�<

[32]

�â 2005 c 1 � –12

��&�êâ§#[ÜÑ
Ü��m�C2
n ²þ+� (úª 12) 9ÙoG!�²þ+�"

,��m
[29]

µ

C2
n(h) = 9.68 × 10−23h10e−1.01h + 8.1 × 10−18e−h/2.8 + 3 × 10−15e−h/0.812 . (7)

&²�m
[30]

µ

C2
n(h) = 3.0 × 10−15e−h/0.13 + 3.5 × 10−17e−h/5.8 . (8)

Ü��m
[30]

µ

C2
n(h) = 2.3 × 10−22h10e−h/0.79 + 3.9 × 10−16e−h/0.19 + 1.2 × 10−16e−h/3.3 . (9)

&²�m
[31]

µ

C2
n(h) = 2.1 × 10−15e−h/0.18 + 5.1 × 10−17e−h/7.2 . (10)

Ü��m
[31]

µ

C2
n(h) = 2.8 × 10−29h17e−h/0.7 + 2.1 × 10−15e−h/0.10 + 2.0 × 10−17e−h/4.8 . (11)

Ü��m
[32]

µ

C2
n(h) = 4.0 × 10−26h15.3e−h/0.79 + 2.0 × 10−15e−h/0.10 + 5.0 × 10−17e−h/6.15 . (12)

ã 1 o(
éuØÓ��A^�C2
n ²þ+�"3C/¡�§C2

n Ñ�XpÝ�O\×

�ü$§,�Õ�ë6rÝ��§üÌ�²w$uÙ¦��"3p�§,�ÚÜ�ÑLyÑ

�3p�ë6�§ÎÜHufnagel úª���A�¶&²�²þ+��oÑ§vkLyÑp�

ë6�"

C2
n ²þ+��N
�í1Æë63����¹e�A�©Ù"3vk¢ÿ^���¹

e§C2
n +��±��£ã��«�ë6A��O��Y"²þ+��{ØU«©ØÓ��

�//ÚØÓ�m�C2
n +�©Ù§�I�O(
),���3,ã�m�C2

n +��§²

þ+�Ò¬wyÑÙA^�Û�5"

2.2 Ôn�.

Äuë6Û/þ!��Ó5nØ§Tatarski
[33]

í�Ñ
�íò�Ç(�~êÚí�^�

9ë6	ºÝ�m L0 �'X§

C2
n = a2L

4/3
0 M 2 , (13)
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ã 1 ØÓ��� C
2

n
²þ+�

M =
δN

δh
= −79 × 10−6P

T 2

δθ

δh
. (14)

Ù¥§a �~ê§N ��íò�Ç§P �íØ (hPa)§T �§Ý (K)§h �pÝ (m)§θ � 

§(K)"

ÄuØÓ�ë6	ºÝL0 �+��L�ª§Ôn�.�y©�±eü«/ª"

(1) AFGL �.

AFGL(Air Force Geophysics Laboratory§��/¥Ôn¢�¿)§´{I��/¥

Ôn¢�¿JÑ�ë6+��.§�´3{IÔÑ����XÚ¥¦^��."1993

c§Dewan
[34]

�â²6�¥�»��,§[ÜÑ
ë6	ºÝ L0 Úº�}� S �m�'

X§�ù�'XØ�)é6��.Ü"

L
4/3
0 (h) = 0.14/3 × 10Y . (15)

3é6�¥§

Y = 1.64 + 42.0S ; (16)

3²6�¥§

Y = 0.506 + 50.0S ; (17)
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S L«º�}�§

S =
√

(dVx/dz)2 + (dVy/dz)2 . (18)

2004c§Jackson
[35]

�â{I��3 1998cÚ 1999c�&�í¥êâ§U?
Dewan

úª§ò L0 L«�º�}�Ú§ÝFÝ�¼ê"Jackson©Û'�
 Dewan ��5'XÚ

Xe�õ�ª[Ü(J§L² 4 gõ�ª[Ü�(J�Ð"

3é6�.Ü (1.572∼ 5.472 km)§

Y = 2.976 7 + 27.980 4(dV/dZ) + 2.901 2(dT/dZ) + 1.184 3(dT/dZ)2+

0.174 1(dT/dZ)3 + 0.008 6(dT/dZ)4 ;
(19)

3é6�¥§

Y = 0.715 2 + 30.602 4(dV/dZ) + 0.000 3(dT/dZ)− 0.005 7(dT/dZ)2−
0.001 6(dT/dZ)3 + 0.000 1(dT/dZ)4 ;

(20)

3é6�º¥§

Y = 0.771 6 − 0.010 4(dT/dZ) + 0.005 6(dT/dZ)2−
0.000 13(dT/dZ)3 + 0.000 05(dT/dZ)4 ;

(21)

3²6�¥§

Y = 0.676 3 + 8.156 9(dV/dZ)− 0.536(dT/dZ) + +0.008 4(dT/dZ)2−
0.000 7(dT/dZ)3 + 0.000 2(dT/dZ)4 .

(22)

(2) C–V �.

C–V �.�k´d Coulman Ú Vernin
[36]

JÑ�"1988 c§Coulman Ú Vernin ©Û


 SCIDAR ¢ÿ� C2
n +�ÚÃ�>&�¤¢ÿ�í�êâ§Äuúª (13) í�Ñ
3

2∼17 kmpÝ��� L0 ²þ+�§

L0(h) =
4

1 + [(h − 8500)/2500]2
. (23)

Óc§Beland Ú Brown
[37]

©Û&�í¥�êâ§?�Úí�Ñ
 17 km ±þ� L0

+�§

L0(h) = 3.07 × 10−1 − 3.24 × 10−2(h/1000 − 17) + 1.67 × 10−3(h/1000 − 17)2+

4.76 × 10−4(h/1000 − 17)3 .
(24)

2004 c§Abahamid
[28]

�â�õ&�í¥�]�§�Ñ
L0 3 1 km ±S�>.�L

�ª§

L0(h) = 3.21h−0.11 . (25)
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I��Ñ�´§C–V �.� L0 +�´Äuõ���¢ÿêâo(�²��."�éu

Ñ\¢�í�ëê�AFGL �.§C–V �.3O� C2
n +��"yéuØÓ�í^��«

©Uå"

2.3 ©Û�.

20 V 90 c�m©§{IZd�Æ�é{I!�|!Ü�ßÚ$Üx¸S� 8 �U©

��§¦^&�í¥?1
1Æë6+��ÿþ§È\
 145 ^¢ÿêâ"2006-2007 cÏ

m§TrinquetÚ Vernin
[38, 39]

ÏLéù
¢ÿêâ�[�©Ûuy§ §FÝ!º�}�Ú§

Ý(�~ê3ÚOþÑ¥yéê��©Ù§¿�Ù�p�m�3�½��'5"ÏLéêâ

�ÚO©Û§�ÑXe©Û�.µ

C2
T = 〈C2

T 〉m
χ

〈χ〉m
(

S

〈S〉m
)1/2 , (26)

χ =
dθ

dz
. (27)

Ù¥ χL« §FÝ§S �º�}� (Óúª 18)§k)Ò 〈 〉m L«Ó�pÝþ¤k¢ÿ
êâ�ÚO¥�"TrinquetÚ Vernin �ïÄL²§©Û�.!²þ+�!C–V�.!AFGL

�.3�¢ÿêâ�é'¥§©Û�.��C¢ÿêâ§Ïd�ä�¢^5"

2.4 ê��.

dþj©Û§Tatarski
[33]

�Ñ
�í§Ý(�~ê�L�ª§

C2
T = 1.6ǫθǫ

−
1
3 , (28)

ǫθ �§Ý�ÉÚå�©f*ÑÇ§ǫ�ëÄUÑÑÇ"

1989 c Bougeault
[40]

JÑ^ê��{5ëêzë6§ǫθ L«�µ

ǫθ = −2w′θ′
δθ

δz
, (29)

Ù¥ w
′

�R�º��6Äþ§θ
′

� §6Äþ"w′θ′

�±L«�µ

w′θ′ = −0.16L
√

eφ3
δθ

δz
. (30)

Ù¥ φ3 ´_=�ë6ÊKAê§e�ëÄU§L´ Bougeault-Lacarrere ·Ü�Ý"

ëÄUÑÑ ǫ �±L«�µ

ǫ = 0.7
e3/2

L
. (31)

L �±L«�µ

L =

√

2e
g
θ

δθ
δz

. (32)
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òúª (29) Ú (31) �\ (28)§úª (30) �\úª (29) ¥§��

C2
T = 0.59L4/3

(

δθ

δz

)2

φ3 . (33)

3½�^�e§φ3 � 0.78"(Üúª (3) Ú (32)§Masciadri
[41]

�ª��

C2
n = 3.35 × 10−6P 0.856θ−10/3

(

δθ

δz

)4/3

e2/3 . (34)

Ù¥§P �íØ (Pa)§T �§Ý (K)§θ � § (K)§e �ëÄU (m2/s2)"

Masciadri ��X�ó�¦�ê��.����2��A^"Cherubini �<
[20, 42]

3

Mauna Kea �ý�XÚ�¦^
ù��."T�.I�Ñ\�ÛÜí�ëê�Ør!§ÝÚ

ëÄU"

3 ïÄyG

ISþmÐ�í1Æë6�.ïÄ�ü Ì�k§{I�Zd�ÆFIZEAU ¢�¿
[43]

!

¿�|� ForOT(3D Optical Turbulence Forecasts above Astronomical Sites)
[44]

!{Ig%

¡�Æ�Mauna Kea í�¥%
[45]

!{I������XÚ��í9ÏûüÜ�"3�í1

Æ+�!U©À�¬Æþkéõ�'��w§X 2007 cg%¡¬Æ
[46]

!2008 c�¿�|¬

Æ
[47]

!2010c��|¬Æ
[48]

"2008c 9�§dMasciadri��|�
IS¬Æ
[47]

/Optical

Turbulence-Astronomy meets Meteorology0§��ISþT+��í�Æ[ÚU©Æ[§�

Ó?ØÚo(�í1Æë6�.�?Ð"2011cÑ��/Seeing Clearly0
[13]

;Í¥§A�

U©��í1Æ+��+�<ÔuLnã§Ù¥k 1/3 ��Ì´30��í1Æë6�.

(Ù{Ü©0��íë6nØ!1Æë6ÿþÚg·A1ÆEâ)"

ISmÐL�í1Æë6�.ïÄ�ü Ì�k§þ°U©�!S 1Å¤!U9nó

�ÆÚI[U©�§k���
�ã5�ïÄ¤J"þ°U©�û7û
[49]

ÚU9nó�

Æ�oVU�<
[50]

k�|^&�í�]�O��í�Z�Ý"S 1Å¤N|²ÚÇ¡

�
[51]

æ^MM5 í��ªÚ AFGL �.§ý�
Ü�!¥�VÚÀì�C2
n +�§Ùý�

(JÎÜ C2
n +����A�"Äu�í1Æë6�.�{3U©À�Ú��A�z (site

characterization)�¡��5§I[U©�À�|u 2010cXÃmÐ�í1Æë6�.�

ïÄ
[52]

"

3.1 ISïÄ?Ð

3.1.1 �Ð�}Á

1986c§Coulman�<
[53]

}Á¦^í�êâO�ÀwÝ§3�AAT(Anglo-Australian

Telescope) ¢ÿ����íÀwÝé'¥uy§3ÀwÝ�u 2′′ �§üöÎÜ�éÐ¶�À

wÝ�� 5′′ �§vk�'5")ö1�gJÑ|^ê��.5ý��íÀwÝ§=¦´°Ý

Øp�ý�§éu`zSü"�º�*ÿ�´�~k�Ï�"
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1995 c§Bougeault �<
[10]

1�gæ^¥ºÝê�í�ý��ªPERIDOT§d{I

&�X��JøÐ©êâ§��{Iü���Lannemezan �Mont Lachens ��íÀwÝ"

æ^üi@§1��Y²©EÇ� 10 km§�[�� 1 000 km×1 000 km§1��Y²©E

Ç� 3 km§�[��� 300 km×300 km¶R���z�pÝ 500 m"ÀwÝO�(JÚ¢ÿ

êâ'�w«
�½��'5§�´Euy�¢ÿêâk���É"

Masciadri
[11]

3�YïÄ¥©ÛÙ�Ï§@� PERIDOT í�ý��ªæ^·åÆ²ï

b�§3�ºÝ�R�º�^�e¬�)é�Ø�"3²"/«�±b��í��Y²6Ä

(·åÆ²ïb�)§�`ûU©��Ï~´ìº//§Y²í6ÏLì·¬�)ÛÜ�6Ä

Cz"U©���pÝ��Ñ3 2 000 m∼4 000 m �m§3ìº«�u)�ºÅ§3ålì

º 5∼15 km �p�u)åÅ§1Æë6=dd�ºÅ!åÅ!:6½öº}��)"

ÏdL�ï·åÆb�§31Æë6ýÿ�.¥¦^���·åÆ�§"

3.1.2 {IZd�Æ

1999 c§Masciadri Ú Vernin
[11, 12]

3�í1Æë6ê��.ïÄ�¡��
â»5�

?Ð"æ^¥ºÝ�·åÆ�í�ªMeso-NH é Cerro Paranal ��?1ê�O�§��


��±��Ør!§Ý!º�Ú�í1Æë6rÝ�+�§ÏLÈ©��
�íÀwÝ!�

í�Z�m!�'�!ðcÇÚë6	ºÝ"�.«�� 60 km×60 km§Y²©EÇ 500 m§

R�©EÇ3C/¡� 50 m!�p�ÅÚO\� 600 m"Ð©êâdî³¥ÏUíý�¥%

©Û]�Ú&�X�êâJø"�[(J� 1993c 14 d � SCIDAR ¢ÿêâ?1é'§Ð

«Ñï1Æë6�m©Ù��15"

ã 2 �Ñ
�.O��¢ÿC2
n +��é'

[12]

"�±wÑ§üö+�ª³�~��§3

C/¡1Æë6Ñ�~r§�XpÝO\�×�~�"3 10∼11 km é6�ºÑLyÑë6

�"ã 3 ´�.O�� Cerro Paranal ë6¹Ä C2
n +�3ÀÜ��¿¡ã"ã¥�>´�

|Ü>��²�°W�§C2
n Czr�¶Paranal u���é'�p� �§C/¡ë6r

Ý�é�f§p���é'�½"

2006—2007 c§Trinquet Ú Vernin
[38, 39]

?�ÚJÑ
©Û�."2009c§Trinquet Ú

Vernin
[54]

|^©Û�.�é\B|�?1
�Ï�����í1Æë6 24 h ý�§ý��

mm�� 1 h"±WRF�ªý�í�ëê§Ð©êâdGFS(Global Forecast System)Jø§

Y²©EÇ� 1 km§R���� 30©�"ã 4�ÑÙý��\B|�La Palmaë6 C2
n +

��Cz�¹§ã 5´3 2009c 5—6�mWRF O��ÀwÝÚ¢ÿÀwÝ�é'
[54, 55]

"

3.1.3 ¿�| ForOT

ForOT(3D Optical Turbulence Forecast above Astronomical Sites) u 2005 c 2 �3¿

�|¤á§ù´dçw · Øp#Ñ<
ø]Ï�IS�8§KI<´Masciadri"

2001 c§Masciadri
[41]

JÑ
|^¢ÿêâé�í1Æë6�.?1U?��{§Ø2

¦^Ú��í�ª�ëÄU�µ�§��±#�é¢ÿC2
n +�[Ü��µ�+�"#O

�L²§ëÄU�µ�+�U
²w/Uõ�.°Ý"ã 6 w«
�µ�U�c��.(J

�é'§�±wÑU���\�C¢ÿ+�"
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ã 2 �.O�Ú&�í¥¢ÿ� C
2

n
+�é'§

[�´�.O�(J§o��L&�í¥¢

ÿêâ
[12]

ã 3 ��| Cerro Paranal þ�ÀÜ� C
2

n
+�¿

¡ã§�Þ¤�� �� Paranal ��
[11]

ã 4 ý��\B|�� C
2

n
+�Cz§�m�Ý� 1 ��

[54]

2002 c§Masciadri
[56]

3�é$Üx� San Pedro Martir ���.ïÄ¥uy§1Æë

6�3Y²��´��É5�"3ØÓ� ���1Æë6�È©�§X�í�Z�Ý!�

'��´Ø���"|^ DIMM!SCIDAR �?11Æë6¢ÿ�§Ï~I�?1Uº��

�"�T©�ïÄL²§��ØÓ� �1Æë6A�´ØÓ�§��?1Uº���N´

E¤ÚOØ�"

2004 c§Masciadri
[57]

?Ø
¥ºÝ�í�.�ÚO��5"é'�. C2
n +�ÚØÓ

�{¢ÿ� C2
n +�§uy�.O�(J�éu¢ÿC2

n +�� �§¿Ø'�«¢ÿ�{

(SCIDAR Ú&�í¥) �m� ��§�=Ù�.°Ý¿Ø'¢ÿêâ�°Ý�
[58]

"dd

��
����(Øµ�í1Æë6�.�{3Û/�O�§A´�«�OC2
n +���

&�{"

2006 c§Masciadri
[16]

æ^�.�{��
 San Pedro Martir U©� C2
n +��G!C
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ã 5 WRF O�Ú¢ÿ�ÀwÝé'§mþã�\B|� La Plama ÀwÝ©Ù�Äx�ã
[55]

ã 6 U�ëÄU�µ�� C
2

n
+��[(JÚU��c���é'§o�´ SCIDAR ¢ÿêâ§J�´

U�c�(J§[¢�´U���(J
[11]
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z"(Jw«§ØÓG!�C2
n +�ké��ØÓ"g¢Gp�ë6��¸��$§�pÝ'

ÁSGp"ÝºU©�Õ�ë6¹ÄA�éuõ�Ýg·A1ÆXÚ�Oäk�¿Â"�

éØÓG!�p�ë6¸�Cz���ÝC/º� �§ò¬¼�����'�Ú�Ð��

��J"

H4�U©*ÿ^�´Cc���ïÄ9:"2009c§Lascaux
[18]

æ^�.�{ïÄ


H4 Dome C ï1Æë6��U5"�[���L¡�þÝ§gd�íÀwÝÚL¡�À

wÝéÐ/ÎÜ
¢ÿêâ"2011c§Lascaux
[19]

éH4� Dome C§Dome A ÚH4:�


�[§w«�.�{�±«©H4SºØÓ���1Æë6A�"�.�{3±þù
�

��A^Ú�y§w«
�.�{r��·^5���5"

3.1.4 {Ig%¡�ÆMauna Kea í�¥%

1999c§Cherubini�<
[20, 42]

ÏLg%¡�Æ�Mauna Keaí�¥%�g%¡Mauna

Kea U©�Jø~5í�ëêý�"g 2006 c§Jø�X�1Æë6ëêý�"Ð©¦^

��í�ª�MM5§2008 c=�WRF �ª"ù´ISþ1��~5$1��í1Æë

6ý�XÚ§�8�´���"Cherubini �<æ^��í1Æë6�.±9�O�{�

Masciadri �{��"

ã 7 ´�í�ªMM5 �[«����§æ^ 4 �i@§�	�©EÇ 27 km§�S�

g´ 9 km!3 km Ú 1 km"�	�d GFS JøÐ©êâ§Ù�.O�(J�g��S��

>.ÚÐ©^�§Q�y
$��ÝÚÐ©^�°Ý§q¦�S�«��±v
�©EÇ"

ã 7 Mauna Kea 1Æë6ý�XÚ�í�ª MM5 ���§æ^ 4 �i@§d	�S�©EÇ©O�

27 km!9 km!3 km Ú 1 km§R���k 50 �
[20]
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3.1.5 {IÔÑ����XÚ

ÔÑ����XÚ
[22]

æ^Å1-1ìÂ¤'����"�íë6��3î�f
-

1ì�Â¤Uå§ÏdI�Jcý��í1Æë6rÝ�©Ù§�-1ì�u�é��Ð�

u��mÚ´»"{I���ADA(Atmosphere Decision Aid) Ü�KIù�ó�"ADAæ

^MM5 �ªÚAFGL �.§Ì�ý���Ä/þ�é6�þÜÚ²6�eÜ�1Æë6r

Ý���©Ù"

3.2 ISïÄ?Ð

1989 c§û7û
[49]

¦^9uí�Õ 1984—1985 üc�p�í�êâ§æ^Hufnagel

ë6�.O�©Û
ëìÕ C2
n +�9�í�Z�Ý!�Z�mÚ�'�§��ëìÕ�í

�Z�Ý�Cz�� 5.6∼11.0 cm§�'��Cz�� 1.3′′ ∼ 12.9′′
§�Z�m�Cz��´

1.0∼39.7 ms"

2002—2003c§oVU�<
[50]

3©©�dÄnØ�ªµee,¦^ 10 �d3��/«

í�Õ�&�]�§�Ñ
ØÓpÝFried ~ê r0(�í�Z�Ý)�c²þ�"��q¦^

�I 81 �í�Õ 10 c�&�]�§O�
�ÿÕ°opÝþ� r0 ���m©Ù�G!C

z
[59, 60]

§¼�
�I��� r0 ��©Ù�ÚO(J"du~5í�&�¤&ÿ°Ýk�§

�U¦K,
�í�(�°[(�"�éäNU©�Õ§KO�(Jk
�¹C/¡�§k


Ø�¹C/¡�"C/¡�ë6�UÓ���í� 90% ±þ
[28]

§ØÓ°opÝ��Õ¬

�3��� �"

S 1Å¤3�í1Æë6�.O��¡®k�Ï�ïÄÈ\§Q3ISõ�/«?1

L C2
n +��¢/*ÿ"Äuù
¢ÿêâ§k�[ÜÑ
Ü�!,�!&²!Àì!¥�V

�/� C2
n ²þ+�úª

[29–32]

"2007 c§Ç¡��<
[31]

JÑ|^¥ºÝí��ªý�1Æ

ë6"2008 c§N|²!Ç¡��<
[51, 61]

æ^ AFGL 1Æë6�.ÚMM5 í��ª§¼

�
Ü�!¥�VÚÀìn/��í1Æë6+�¶Ù�.O�(JÎÜ1Æë6+���

�A�§�"y�¢ÿêâ�é'�y"

2010 c§I[U©�À�|m©í?�í1Æë6�.�¡�ïÄó�
[52]

§®k�é

,�Õ!p{�ÕÚÜõ�CpÿÀÕ�?1
1Æë6A���.ïÄ§¿XÃmÐ�I

����í1Æë6A�ÚO©Ûó�"|^À�|�`³§3þã�ÕÓÚ¢��íë6

�¢/&ÿ§�é�.O�(J��'��y"ã 8 �Ñ�.O����,�Õ 2011 c 9

� 26 F��� C2
n +�"ã 9 ´�éCpÕO����C2

n +�Ú SCIDAR ¢ÿ C2
n +�

�é'¶Ùª³'���§�é6�±þ�p�Ü©k²w l"¦+p�ë6 �3êþ

?þK�Ø�§�EI��âp�Û/A��?�Ú��.U?"

4 (å�

�í1Æë6�.ïÄéuU©À�!"�º*ÿ`z!g·A1ÆÚ1Æó§A^�

Ñäk�¿Â"XJæ^�.O��{U
éÑ1Æë6^��Ð�«�§ò�ÌÝü$
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ã 8 2011 c 9 � 26 F��,�Õ 14 ���

C
2

n
+�Cz

ã 9 2011 c 11 � 3 F��CpÕ�. C
2

n
+

�Ú SCIDAR ¢ÿêâ�é'

U©À��	t�ó�rÝ�¤^§���å"�éU©�ÛÜ«��1Æë6ý�§�

±`z"�º�*ÿ�m§��/Ä1>��$1��Z�mI�Jø��"ÏL�.O�

¼�p�ë6¹Ä�ÚOA�§ò�õ�Ýg·A1ÆXÚ�OJø'��I"

�í1Æë6�.O�¼�1Æë6ëê§®3ÃõU©�Ú�í1ÆDÑó§+��

�
A^§�y²´�«�1�!®äk��°Ý��{"ë6�.�{UÓ����ÕN

CA�Z���S� C2
n +�!�í�Z�Ý!�Z�m!ÀwÝ!�'�Úë6	ºÝ�§

��±ý��5�ã�m�1Æë6ëê"

8cISþ®kA�ïÄìè;�l¯�í1Æë6�.�ïÄ¶IS��'ïÄó�

�k�ÏÈ\¿��
�ã5�¤J§��"y�¢ÿ�'��yÚ�\XÚ5�ïÄ"�

íë6¹Ä9ÙG!CzATäkér�/�5§ISþ��¤Ù�Ü°WÚ°�.U©�

�1Æë6�.§�U¿Ø·u¥ISº��§AO´ÜÜp�/«"Ïd§uÐ·Üu¥

I�º��íë6¹Ä/��.§Eòk�mÐ±YÚ�\[��ïÄó�"
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A Review of Atmospheric Optical Turbulence Modeling

Research

WANG Hong-shuai1,2, YAO Yong-qiang1, LIU Li-yong1

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2.

Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Atmospheric optical turbulence modeling and forecast for astronomy is a rela-

tively recent discipline, but has played important role in site survey for astronomical obser-

vatories and optimization of large telescope observing scheduling, and in the applications of

adaptive optics technique and atmospheric optical transportation. The numerical approach,

by use of meteorological parameters and according to parameterization of optical turbu-

lence, can provide all the optical turbulence parameters, such as C2
n profile, coherent length,

coherent time, seeing, isoplanatic angle, and, outer scale of turbulence.

This paper reviews the development and recent progress in atmospheric optical tur-

bulence modeling and forecast. The main methods and models to calculate optical turbu-

lence state by meteorological parameters are summarized, including average profile, physical

model(AFGL and C-V), analytical model, and numerical model. The main teams of inter-

national institutes in this field, including ForOT in Italy, MKWC at Hawaii University, ABL

of American Air Force and Fizeau Lab at Nice University, and their contributions to the

research are introduced. The ability of the modeling optical turbulence above Cerro Paranal,

Roque de los Muchachos, San Pedro Martir, Mt Graham, Dome C, Dome A, South Pole, and

Mauna Kea have been confirmed using the measurements of the optical turbulence vertical

distribution. The related works by Chinese institutes, including Shanghai Astronomical Ob-

servatory, Tianjin Institute of Technology, Anhui Institute of Optics and Fine Mechanics and

National Astronomical Observatory, are also briefly reviewed. Further systematic approach

with on-site turbulence measurements is emphasized, in order to obtain practicable optical

turbulence models fit to the geographies over China.

Key words: atmospheric optics; optical turbulence profile; seeing forecast; atmospheric

model


