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Chapter 1

‡k

1.1 û˝*���

Ë7í×−µúË[Å�í&MVz, uÝ�½bíø_\ˆœ„, ×−µ2íÅ�

−ñ(B“� ù�“ï� ù�“¸�) }ÜYVAË[[|íÅš5¦, éË7[Þ\

M�ÌÙ«15�íÅ�, UË7AÑ×¶}íÞÓ·_¯Þæí=1� Í7, Ê	“

Õ·vH5(, Aé	“Þßº�§[×¾íù�“ïB×−µ, U)×−µ2ù�

“ïë�Ê¥¨‚ÈÓ‹731%, âŸVí280ppm Ó‹ƒñ‡í370ppm� ×−µ

2ù�“ïë�í,¯}Z‰Ë7ŸVíÅ�^@, =U×−Å���²¯, 	à”

–í|ŸÞGÍJ£r7=1í‰d8$�

ÑÊ¢¤−`‰dFù–íÞG·œ, 3b%ÈñÍí®Å\�u°¿ì7í−`

‰“åbt� (United Nations Framework Convention on Climate Change)

q¶−�®Å	“º�F§[íù�“ï, JÊ¢Ë7×−µ0§	“í8$� °v,

®Åí�çð6Çáu û˝ÈÑ, 	”û˝×−2ù�“ïí‰“8$� Ê¬ �

çðú×−2íù�“ï�=û˝2, FbêÛ½¸|�O×−2ù�“ïë�í‰

“,à‹³�½¸ÜY×−2íù�“ï,Dn×−2ù�“ïíë�ø}u435ppm,

â¤ªø½¸Ê¤�=2rÆO±Q×−2ù�“ïë�í½biH�

bnjr7½¸úkÜY×−2ù�“ï,¦¾í8$, BbªJN¬Ú‹©_æ

�õíù�“ï¦¾Vl�r7×−-½¸�Þù�“ïí,¦¾MFtotal:

1



Ftotal
.
=

∑
i

∑
j

kij × sij ×∆pCO2ij ×∆aij

=
∑

i

∑
j

Kij ×∆pCO2ij ×∆aij

øù�“ïÊ×−-½¸�Þíf�§�kij,ù�“ïÊ½®íÉj�sij y,ù

�“ïÊ½¸-×−5Èí}9Ï∆pCO2ijJ£©_æ�õí½[ÞÞ	∆ aij; CJ

ù�“ïÊ×−-½¸�Þí>²[bKij,ù�“ïÊ½¸-×−5Èí}9Ï

∆pCO2ijJ£©_æ�õí½[ÞÞ	∆ aij, F)ƒí,¦¾FtotalZÑr7½¸ú

kÜY×−2ù�“ï,¦¾� Ê¤l��2�ùá3b’e: øÑ½¸-×−�Þù

�“ï}9Ï∆pCO2í˛ÈDvÈ}Ó, ÇøÑ×−-½¸�Þù�“ï−ñf�§

�kD=1¡b (à½Þ,10t�òê§� ±Ç¾� ½[ÞÅ�� ½[Þ&�� �Þº

4™ë��) íÉ[ƒ�, J£¥<=1¡bí˛ÈDvÈ}Ó�

(J-ø×−-½¸�Þù�“ï¦¾�˚Ñ×−-½¸ù�“ï¦¾,

×−-½¸�Þù�“ï−ñf�§��˚Ñ×−-½¸ù�“ï−ñf�§�,

×−-½¸�Þù�“ï−ñ>²[b�˚Ñ×−-½¸ù�“ï−ñ>²[b,

½¸-×−�Þù�“ï}9Ï�˚Ñ½¸-×−ù�“ï}9Ï�)

�øá½¸-×−ù�“ï}9Ï∆pCO2í’e, BbuSàâ Takahashi �

(2002), FÞßír7½Þ~�Ìù�“ï}9Ï, ¤’eÑñ‡ÅÒ,ª¦)|ê

cír7~�Ì½¸-×−ù�“ï}9Ï’e�

�ùá¦¾l�½õÑ×−-½¸ù�“ï−ñf�§�D=1¡bíÉ[ƒ�,ñ

‡ÊÅÒ,|�\ùàíÉ[ƒ��ù_: Wanninkhof(1992) ;Whô−ñf�

í¦šÔ4 (Fetch Dependence of Gas Transfer) J£ê§‰æ8” (Wind

Speed Variance) FT|íùŸ (Quandratic) ê§Öá�ù�“ï−ñf�§�
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ƒ�J£ Wanninkhof D McGillis(1999) úkÊQ½[Þê§v�Þº4™}®

°−ñf�íÛï, Êò½[Þê§v−™}Ó#×−-½¸�Þ−ñf�íÛïhô

!�, FT|íúŸ (Cubic) ê§Öá�ù�“ï−ñf�§�ƒ�� Ê¥ù_|�

ùàíÉ[ƒ�2, îuJ½Þ,10t�òíê§(U10)Tw|½bí¡b, 7/Ê

¥Ý(4íƒ�2, <�íê§‰“·ø¨AéOí−ñf�§�ÏM‰“, 6âk

¥‰“,íÔ”, …û˝ø«n.°íêÒN¬Ý(4íƒ�,lù�“ï¦¾F¨

AíÏMZ‰� ÇÕ,Etcheto D Merlivat(1988) N|ÖÍ'Ö¡bî}	àf�

§�í×ü, Oê§ºu¥<VÖ‰b³|½bíø_� FJ, ÊªW×−-½¸ù�

“ï¦¾l�íû˝2, çBnjêÒí‰“8$ZB?D¦³ù�“ïí¦¾‰“�

wF	à−ñf�§�í=1¡bþ��Þº4™ (surfactants)(Frew,1990;

Asher,1997;Tsai and Liu,2003)� ±Ç (Ho �,1997;Ho �,2003) J£yš¨A

í−™ (Keeling,1993), Í7, âk=1¡b’eí¦)˚Ø, Cu−ñf�§�D

¥<=1¡bÈíÉ[�þ„êrnj, Ä¤…û˝´uJê§TÑl�×−-½¸ù

�“ï¦¾íj¶� Bkr7½¸êÒ’eí¦)�−, ñ‡�çðbªJN¬¨r

)ør7½ÞêÒ�¤Õ, rÖ×−_�6?TXr7½Þ,íêÒ}Ó8$�

û˝½¸êÒ‰“ú×−-½¸ù�“ï¦¾l�í	à, ¬ ÅÒ,íóÉû˝

�: Carr� (2002) ªœUà QSCAT�SSM/I s_.°í¨r’eVl�®~M

ír7×−-½¸ù�“ï,¦¾, FbêÛÊ×¶}í~M2, Uà SSM/I êÒ

F)ƒír7×−-½¸ù�“ï,¦¾ªUà QSCAT êÒíÖ|11%� Feely�

(2004)ªœUà ECMWF� QSCAT�SSM/IêÒl�Ø�¸�−–�íù�“ï

¦¾, êÛú_êÒ)ƒíMî�11%íÏæ� Bates(2001) Êa”×a¸ìJ®ˇ

¿Ë¡, JÛËõðíj�, Uà.°vÈÈ‚¦šíêÒ’eVl�ù�“ï¦¾,

FêÛsvÈ (©üv) ¦šl�)ƒíù�“ï¦¾œJn�Ì¦ší!‹Ö7ú
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I�Wanninkhof� (2002) Uà NCEP/NCAR reanalysis íêÒ, JÅ‚êÒ

Ds‚êÒ’eVl�r7��Ì×−-½¸ù�“ï,¦¾, FêÛJÅ‚êÒl�

)ƒíù�“ï,¦¾œs‚êÒl�í!‹Ö726%�

* Carr � (2002)�Feely � (2004)� Bates(2001)�Wanninkhof � (2002)

û_û˝í!‹, BbªJø−êÒ‰“íÏæ8$ (Wà.°é�� .°vÈ¦š)

}	à×−-½¸ù�“ï¦¾l�í!‹� Ä¤, …û˝}&ÿ�r7êÒJ£Uà

.°vÈ��íêÒ, V}&êÒv˛‰“úkr7½¸ù�“ï¦¾l�!‹Ïæ

í	à, ı�N¬}&¥<êÒ’e)ƒíû˝!‹�Œknjr7×−-½¸íï�

=‰“�
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1.2 û˝ñí£�d-Z

*1.1�íû˝*���ªøêÒÑ	àl�×−-½¸ù�“ï¦¾í½b=1¡b,

7êÒ‰“	àl�ù�“ï¦¾ÏæíŸÄ�ù: øÑFUàíêÒ’e, ÇøÑ

êÒ¦šíÈ‚� Ä¤…û˝JêÒv˛‰“Ñ3W, Uàÿ�r7½¸~�ÌêÒ

l�ù�“ï¦¾, ªœêÒÈív˛Ïæúkr7l�×−-½¸ù�“ï¦¾í	

à, 1}&Ê°ø�êÒ2UàÅ‚êÒDs‚êÒl�r7×−-½¸ù�“ï¦¾

í	à�

ÊªWû˝êÒv˛‰“úkl�×−-½¸ù�“ï¦¾í	à¬˙2, Bb.

âúêÒ’eíÔ4� âêÒ’el�F)íù�“ï−ñ>²[bK� ù�“ï−

ñf�§�kJ£wóÉ=1¡bl�F}&, JZ£üËwøêÒv˛‰“í^@,

J-¯zp�d-Z:

�ùıúÿ�r7½¸êÒªW}&, 2.1£2.2�ÑêÒ’e��£cÜ, 2.3�

}&®êÒívÈ‰æÔ4, 2.4�}&®êÒí˛È‰æÔ4, 2.5�n�êÒv˛

‰“}&!‹��úı}&âr7½¸êÒ’el�F)íù�“ï−ñ>²[bK�

ù�“ï−ñf�§�kív˛Ô4, k3.1�}&ù�“ï−ñ>²[bKí=1¡

búkl�ù�“ï−ñ>²[bKí	à˙�, 3.2�ªœUà.°r7½¸~�

ÌêÒVl�ù�“ï−ñ>²[bKF¨AíÏæ, 3.3�ªœUàÅ‚êÒDs

‚êÒúkl�ù�“ï−ñf�§�kF¨AíÏæ, 3.4�n�cÜ}&!‹1n

�� �ûıôõr7½¸êÒv˛‰“úl�×−-½¸ù�“ï¦¾í	à, k4.1

�zpl�j�£½¸-×−ù�“ïí}9Ï∆pCO2’eÔ4, 4.2�}&Uà.

°r7½¸~�ÌêÒVl�×−-½¸ù�“ï¦¾F¨AíÏæ, 4.3�ªœUà

Å‚êÒDs‚êÒúkl�×−-½¸ù�“ï¦¾F¨AíÏæ� 4.4�¦Ñ‡s
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r7½¸êÒ’e5cÜD}&

âkl�ù�“ï¦¾íÏæ3buâkêÒ‰“¨Aí, Ä¤…û˝í�ø¥Zu

}&®r7½¸êÒíÔ4� …ıílk2.1�øêÒT–Ií��£}é, QOÊ

2.2�cÜ®êÒ’e, 2.3�‚àr7~�Ìê§œ0ò�ƒb� ê§Úlò�ƒb

}&®êÒívÈ‰æÔ4, 2.4�‚àê§˛È}Ó� ê§ÏM˛È}Ó� ê§�¾

(àÓÇ (contour scatter diagram) V}&®êÒ5Èí˛È‰æÔ4, 2.5�n

�}&í!‹�

2.1 Û�r7½¸êÒ5é�

ÛÊ, b×¦½ÞêÒ’eÉÛN¬æÒæ˜, Zª¦)ƒ�Ö�½ÞêÒ’e, ¨�

¨r� y}&_�� ½Þª7� FÁ�� ÊË�VÖí’eí8”-, Uà¥<’ev

ÿÛbÔ�·<’eí£ü4D’eúkû˝3æí_à4�

Ék’e£ü4íb°: âk?DH[öõêÒíÉ�ÛËõ¿íêÒ, ‚àwF

j�¿¾)ƒíêÒ, ¹UvêÒíl�j��%¬�£, w’e·}DöõêÒ�

FÏ�, 7Ì"úí£ü4�

Ék’e_à4íb°: …û˝FUàíêÒ’e.âur7½[Þò˛10t�

íêÒ, êÒ’evÈ†.â¨Ö2000�í’e� °vêÒ|ß?DÅ—¦šívÈ

��BsBß, ˛È��BüBß, à¤n?£ül�|r7×−-½¸íù�“ï¦
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¾�ku…û˝Z*VÖ’e2²Ïÿ_¯¯¥<‘KíêÒªWÌ�íÔ4}&�

YÎêÒßÞj�íÏæ, …û˝2FUàíêÒ’eªJ¦ÑAúé:

�øé¨r[¿�’e (Remotely Sensed): ¤é�u|?D0§¦)½Þê

Ò’eíø�, Oâk−ï¨rF«¿í½[Þ–��Ì, FJÛbúÙíìWNŸ

n?êr×¦F�½[Þ–�í’e� ¤é�’eíišD’eTÜíj�� Ù−Õ

”� J£¨r…™Ô4, Wà«¿ŸÜ� «¿¸ˇ� ìWÊ*−,í ì4�, �½

bíóÉ4� Ê…û˝u}& JPL Physical Oceanography Distributed Active

Archive Center(PO.DAAC) |ßí QuikSCAT Level 3(5(�˚ QSCAT-

PO.DAAC)� Remote Sensing System(RSS) t−|ßí QuikSCAT(5(�˚

QSCAT-RSS) D Remote Sensing System(RSS) t−|ßí SSM/I(5(�˚

SSM/I-RSS) ú�¨r�êÒ�

�ùéy}&�’e (Reanalysis): ¤é’e[‚à˛¿)í½¸ÓÜ’e, W

à: ½Þ−9� ½Þ±Ç �ª7¿)í½[Þê§� ¨r¿)í½[Þê§�, 0py

}&_�2, ½hßÞír7êÒ’e� ¤é�’eíišD@D0p’eí£ü4

J£_�}&íj¶�½bíóÉ4� Ê…û˝u}&1ÅÅð=1ãÑ2- (Na-

tional Centers for Environmental Prediction;NCEP, 5‡vœZ±˚Ñ Na-

tional Meteorolotical Center;NMC) ¸1ÅÅð×−�çû˝2- (National

Center for Atmospheric Research;NCAR) u°|ßí NCEP/NCAR Re-

analysis y}&’e (5(�˚ NRA) Dr¹2‚Ù−ãÑ2- (European Cen-

tre for Medium Range Weather Forecasts;ECMWF) |ßíy}&’e (5(

�˚ ECMWF) s�y}&�êÒ�

�úé¯A�’e (Blended): ¤é’e[‚à˛TÜêAí¨r[>«¿’e

y‹,Ôyj�^5Ì¨r«¿í’e˛ÿõ, FßÞír7êÒ’e� ¤é�’e

8



íišD^5’e˛ÿõíj��½bíóÉ4� Ê…û˝u}& Colorado Research

Associates(CRA)|ßí QSCAT/NCEP blended(5(�˚ QSCAT/NCEP)

D NASA SeaFlux|ßíQuikSCAT Ocean Winds (5(�˚QSCAT-SF)D

Center for Ocean-Atmospheric Prediction Studies(COAPS) |ßí COAPS

QuikSCAT Global Daily Pseudo-Stress(5(�˚ QSCAT-COAPS) ú�¯

A�êÒ�

[2.1� [2.2D[2.3�ÔªW…û˝vF|ŒíêÒ!…’e, ¨�’e±˚�

VÄ� ˛ÈDvÈ��� J£’eíæ˜--P0�

9
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2.2 êÒ’eí�ÜDcÜ

…�Q/ÅHû˝2FUàíÿ�êÒ’eJ£wF�|ŒO1„}&íêÒ, ÅH

qñ¨�êÒíê�L�D’eßÞj��

2.2.1 QSCAT-PO.DAAC ¨r[>«¿’e

QSCAT-PO.DAAC¨r[>«¿’e1 uâ SeaWinds on QuikSCAT �ç	

TÈÑUà Level 3xXTÜ QuikSCAT Level 2B ’e(, F×)í%²� ï²

êÒ’e� ¤’e©12üvø°, ’e‚Èák1999�7~, ˛Èj&�Ñ%ï�®

0.25◦�Ì�’ezp~c¡5d. [31]�

Seawindsà¦i23uâ1ÅN˛�Ø˛,� (National Aeronautics and Space

Administration; NASA) í1ÅØ˛,��¦Rªõð� (Jet Propulsion Lab-

oratory;JPL) ùÑ¿¾½[ÞêÒ7`¨í� w¿¾ŸÜ[â¨r5à¦i²½Þ

ê¦ä013.4GHz �šš¨ 4, y‚à½ÞF¥¦í�š#�VR¿½Þ,íêÒ#

�J£ê²� ç½Þ–(B×F¥¦í�š#�ÿB#H[½Þ,íêÒB#; ¥5,

½ÞB�ÓF¥¦�šmUÿBÿH[½Þ,íêÒBÿ�âk Seawinds à¦i˘

k3�� (active) �š«¿, u_¯ÊLSÙ−8”-Uà, / QSCAT FUàí

Ku š¨ímU6.q§ƒ±Çß×, Ä¤)ƒí½ÞêÒ’e·óçÄü, ÏÏÊ1

m s−1q, ¥<ÔõU)Seawinds à¦i (QSCAT) êÒ\twÑ|7í½ÞêÒ

’e�

…û˝2Uàíu QSCAT-PO.DAACaj2000�12üvø°íêÒ’e, Ÿ

áæ�õ’e¨�ê§� ÐË�

1PO.DAAC æÜ http://podaac.jpl.nasa.gov/
2QuikBird ¨r{-í Seawinds à¦i¢˚ Seawinds/QSCAT C QuikSCATC QSCAT�
3Seawinds/QSCAT ¿)íêÒ¦�¢˚Ñ QSCAT êÒ�
413.4GHz˘k12-18GHz í Ku š¨

13



2.2.2 QSCAT-RSS ¨r[>«¿’e

QSCAT-RSS¨r[>«¿’e5uâ Remote Sensing Systemt−,UàWentz

� (2001) Fê�í Ku-2001¨rêÒ’eÆ�_�, TÜ QuikBird ¨r{-5

NASA í Seawinds à¦iF¿)½Þ�š�šF)ƒêÒ’e�¤’e©12üv

ø°, ’e‚Èák1999�7~, ˛Èj&�Ñ%ï®0.25◦�Ì�’ezp~c¡5

d. [9]�

…û˝2Uàíu QSCAT-RSS aj2000�~�ÌêÒ’e, Ÿáæ�õ’e

¨�ê§� ÐË� Ê®æ�õíêÒ§�Ñç~F�êÒ’e�ÌM; Ê¹¡”–Ë

¡, Jç~½Þ!|íŸb×kÝ!|íŸb, †võ\ìÑÌ’eõ�

2.2.3 SSM/I-RSS ¨r[>«¿’e

SSM/I-RSS¨r[>«¿’e6uâ Remote Sensing System t−, UàWentz

� (1997) Fê�í¨rêÒ’eÆ�_�, TÜ1ÅÅÊ−ï¨rl• (Defense

Meteorological Satellite Program; DMSP) ¨r{-í SSM/I �š5¦i (5

(�˚ SSM/I) F¿)½Þ[¦í�šF)ƒêÒ’e�¤¨r’e©12üvø°,

’e‚Èák1987�7~, ˛Èj&�Ñ%ï�®0.25◦�Ì�’ezp~c¡5d.

[8]�

ƒñ‡Ñ¢1ÅÅÊ−ï¨rl•uê¦7ý_-� SSM/I 5¦ií¨r7, Û

ÊEÊÏWL�í� F13�F14�F15úå¨r� SSM/I,�19.3�22.2�37.0�85.5GHz

í>¿Â, w3bñíÑ¿¾h¿½¸ÕG� ½Þê§� |ÈºQ8$£×−�ÞÕ

G, ¤Õ SSM/I 6TXr7í±Ç¾� ®�Ö¾¸ËÞê§í’e� SSM/I¿¾Ÿ

5QSCAT-RSS æÜ http://www.remss.com
6SSM/I-RSS æÜ http://www.remss.com
7ý_DMSP ¨r)UÑ F08� F10�F11�F13�F14�F15
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ÜÑQYË7[Þê|í�š5¦, y‚à�š5¦#�¢D½[ÞÅ�� ½ÞÄÉ

�� ×−Å�� ×−ì�íóÉ4, ×)ƒrÖ×−£½Þíh¿’e� ÇÕ, ÄÑË

7[Þ}ê|í�š5¦ñq§ƒ®−ß×, FJÊ®−Ö¾œòC�±Ç–�, }

�œ×íÏÏæÊ� Ä¤ SSM/I 5¦iF¿)í½[Þê§ÏÏÊÊ1-3 m s−15

È, ¤ÏÏ¸ˇœQSCAT í¿¾ÏÏV)×�

…û˝2Uàíu SSM/I F15 aj2000�~�ÌêÒ’e, Ÿáæ�õ’e¨

�ê§� ½|� ÐË� wêÒ§�Ñç~F�ê§’e�ÌM; Ê¹¡”–Ë¡, Jç

~½Þ!|íŸb×kÝ!|íŸb, †võ\ìÑ!|–�

2.2.4 NRAy}&’e

NRAy}&’e8uâ1ÅÅð=1ãÑ2- (National Centers for Environ-

mental Prediction; NCEP,5‡Ñ National Meteorolotical Center; NMC)¸

1ÅÅð×−�çû˝2- (National Center for Atmospheric Research; NCAR)

u°|ßíy}&’e�¤’e©6üvø°, ’e‚Èák1949�1~, êÒ˛Èj

&�Ñ%�1.875◦, ï��1.915◦�Ì�’ezp~c¡5d. [22]�

NRAíê�ñíuÑ7bnj−`‰díÛï�…Uà|lªíìv_ÒÍ$ (the

frozen state of art analysis system) -−`’e_ÒÍ$ (Climate Data Assim-

ilation System; CDAS)(5(�˚ CDAS), øVAÐË� FÁ� ª7� «˛i� ¨

r�−ï’e0p CDAS, é CDAS _Ò¬ íÙ−Ûï� NRAò˛10t�êÒ

Ê_�2\¦éÑ B é�’e, ¥[ýò˛10t�êÒí£ü4}§ƒ�p’e£

_ÒÍ$	à�

…û˝2Uàíu NRA aj2000�6üvø°í%²� ï²êÒ’e, âkŸ

áíêÒ’eÑr7êÒ, Ä¤ÊUà’e‡˛lºQÐË� ½|æ�õ, JTÑ½Þ

8NRA êÒ’eæÜ http://www.cdc.noaa.gov/
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DÝ½ÞêÒ5–��

2.2.5 ECMWFy}&’e

ECMWFy}&’e9uâr¹2‚Ù−ãÑ2- (European Centre for Medium

Range Weather Forecasts; ECMWF) |ßíy}&’e� ¥³FSàí’eÑ

r¹2‚Ù−ãÑ2-40�y}&’e (ECMWF 40 Years Re-Analysis;ERA-

40), ¤’e©6üvø°, ’e‚Èák1957�9~, �¢k2002�8~, êÒ˛È

j&�Ñ%ï®2.5◦�Ì�’ezp~c¡5d. [1]�

ECMWFíê�ñíuÑ7?y�d•Ë¾àÙÍ?Ä� Ë7=1£%Ð¯/ê

�� Ê’eTÜ,,ECMWF øÛË (In-Situ) D[>«¿ (Remotely-Sensed) J

�G’e°“Í$ (Variational Data Assimilation System) ¯A, �p|hÇ

êí×−-ÐË-½¸r7}&_� (the atmosphere and land and ocean-wave

global analyses), ªWy}&_ÒT“� °v ECMWF 6ú_Ò(�|íy}&

’eTð„, Jü\�|’eí¹”�

…û˝2Uàíu ECMWF aj2000�6üvø°í%²� ï²êÒ’e, â

kŸáíêÒ’eÑr7êÒ, Ä¤ÊUà’e‡˛lºQÐË� ½|æ�õ, JTÑ

½ÞDÝ½ÞêÒ5–��

2.2.6 QSCAT/NCEP¯A’e

QSCAT/NCEP¯A’e10uâÊ Colorado Research Associates(CRA) L<

í Jan Morzel D Ralph Milliff F|ß�¤’e©6üvø°, ’e‚Èák1999

�7~, êÒ˛Èj&�Ñ%ï®0.5◦�Ì�’ezp~c¡5d. [30]�

MorzelD Milliff TÜr7–�’eíj�Ñ, lø6üv2 QSCAT £·�–

9ECMWF ’eæÜ http://data.ecmwf.int/data/
10QSCAT/NCEP ¯A’eæÜ http://dss.ucar.edu/datasets/ds744.4/
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� (swath region) F)ƒíêÒ0p, QOÊ QSCAT £·�–�5Èí˛ÿ–,

†Uà Chin � (1998) ê�íj�, øQšb (low-wavenumber)NCEP êÒD

òšb (high-wavenumber )QSCAT~�ÌêÒV¯AßÞhíêÒ, â¤ÞAê

cír7–�êÒ�

…û˝2Uàíu QSCAT/NCEP aj2000�6üvø°í%²Dï²êÒ’

e, âkŸáíêÒ’eÑr7êÒ, Ä¤ÊUà’e‡˛lºQÐËæ�õ, JTÑ

ÐËD½ÞêÒ5–��

2.2.7 QSCAT-SF¯A’e

QSCAT-SF11uâÊ NASA SeaFlux L<í Wenqing Tang D W.Timothy

Liu u°ê�í¯A�êÒ’e� ¤’e©12üvø°, ’e‚Èák1999�7~,

êÒ˛Èj&�Ñ%ï®0.5◦�Ì�’ezp~c¡5d. [41]�

TangD Liu UàFbÊaj1996�ê�íà¦iêÒîhqÏ¶ (Objective

Interpolation Method of Scatterometer Wind) ßÞr7–�êÒ’e�ílø

ø° ECMWF ò˛10t�êÒ0p, J¤TÑêÒqÏí–áM, QOJ QSCAT

¿¾íêÒTÑqÏ¶]c¬˙í¡b,ªW]cT“,ç]cÈê§‡(ÏMükF

ìí™ÄÏÏMv, Zø5�|�

…û˝2Uàíu QSCAT-SF aj2000�12üvø°íêÒ’e; ÊŸáê

Ò’e2˛¨�ÐËæ�õ’e, FJ.ÛTLS‡TÜ�TZªè¦êÒ’e�

2.2.8 QSCAT-COAPS¯A’e

QSCAT-COAPS12uâÊ COAPS L<í Bourassa �Au°ê�í¯A�êÒ

’e� ¤’e©6üvø°, ’e‚Èák1999�7~, êÒ˛Èj&�Ñ%ï®1◦�
11QSCAT-SF¯A’eæÜ http://airsea-www.jpl.nasa.gov/seaflux/
12QSCAT-COAPS¯A’eæÜ http://www.coaps.fsu.edu/
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Ì�’ezp~c¡5d. [27]�

Bourassa�Aílø¨rDÛË¿¾íê§‚à bulk aerodynamic approach

�Ñ%²Dï²™Òê~, QOø6üv�Ìí QSCAT êÒ0pTÑ*�êÒM,

J Bourassa � (2002) FT|í the Variational Method, �âb�‘KÌ„,

U*�êÒ?D|óNh¿M’e, ±Q˛È,íÝËÓÔ�, U™Òê~?DÊ.

�âLS�ËTÜ‡ÿ®ƒ¥,Hs_ñ™�

…û˝2Uàíu QSCAT-COAPS aj2000�6üvø°í™Òê~’e 13

(pseudo-stress); ÊŸáêÒ’e2˛¨�ÐËæ�õ’e, FJ.ÛTLS‡TÜ

�TZªè¦êÒ’e�

2.2.9 wFêÒ’e

…û˝ÊÕ’eí¬˙2?vƒrÖwFíêÒ, Ê¤?øw’e�|� NASA JPL

í1ÅÓÜ½¸ç}Ó�f�2-14(Physical Oceanography Distributed Ac-

tive Archive Center;PO.DAAC) TX Seawinds à¦i�NSCAT�SSM/I �ê

Ò’e�

1ÅÅð½¸£×−�Ü� (National Oceanic and Atmospheric Adminis-

tration;NOAA) =1�ç¯Tû˝Í (the Cooperative Institute for Research

in Environmental Sciences;CIRES) −`Äi2- (Climate Diagnostic Cen-

ter;CDC) 15 TX NCEP/DOE y}&-2 (The National Centers for Environ-

mental Prediction /Department of Energy reanalysis-2) êÒ’e�

French ERS Processing and Archiving Facility/French Research Insti-

13W=(UW2+VW2)0.25; ê§ (W), %²™Òê~ (UW), ï²™Òê~ (VW)
14PO.DAAC æÜ http://podaac.jpl.nasa.gov/
15NOAA,CDCæÜ http://www.cdc.noaa.gov/
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tute for Exploitation of the Sea(CERSAT/IFREMER)16TX Seawinds à

¦i�NSCAT�ERS �êÒ’e�

16CERSAT/IFREMER æÜ http://www.ifremer.fr/cersat/
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2.3 r7½¸êÒ’eívÈ‰æÔ4

…û˝u}&‡ø�FTíQSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�

NRA�ECMWF�QSCAT/NCEP�QSCAT-SF�QSCAT-COAPS ÿ_r7½¸

êÒí~�Ìê§’e, }&‚ÈÑ2000�øB�ù~�âkêÒ’eívÈj&�

£˛Èj&��F.°, Ä¤ÊªWêÒªœ5‡, ÛúF�’e˛È��£vÈ�

�TTÜ� íl, øF�’e“Ñ%ï®0.25◦, JhíêÒæ�õP0/Ês_Ÿá

æ�õ5È, †UàqÏ¶°)wê§M, ´†îIhæ�õíê§MÑŸæ�íê

§M� QOÚ‹ø_~Míê§M, yÎJÚl_b, l�)|~�Ìê§, Jç~M

æ�,Ì’e_b×k�’e_b, †evõ~�Ìê§MÑÌ’eõ�

2.3.1 r7~�Ì£��Ìê§íªœ

êÒír7~�Ìê§MúkÇ2.1(a),r7~�Ì£��Ìê§bM†cÜk[2.4�

ø®êÒ��Ìê§Tªœ, êÒr7��Ìê§â×ƒü}�Ñ QSCAT-

PO.DAAC (7.98 m s−1)�SSM/I-RSS(7.88 m s−1)�QSCAT-RSS(7.88 m s−1)�

QSCAT/NCEP(7.76 m s−1)�QSCAT-COAPS(7.25 m s−1)�QSCAT-SF(7.18

m s−1)� NRA(7.08 m s−1)�ECMWF(7.06 m s−1)�QOyªœêÒír7~�Ì

ê§‰“8$,*Ç2.1(a)ªø QSCAT-PO.DAAC(��õ()�QSCAT-RSS(�

Äõ()� SSM/I-RSS(ä�õ()�NRA(ô�™õõ()�ECMWF(.�™õõ()�

QSCAT/NCEP(>Ù�™()�QSCAT-COAPS(4ä�™(), ¥þ_êÒír7

~�Ìê§Ö.ó°, Oî�ó°í‰“�‘� QSCAT-SF(¿ÙÄ™() ír7~

�Ìê§‰“�‘ÊøBÿ~D,Hþ_êÒ�F.°, Êÿ~5(n|Ûó¯¯í

Õ”�
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2.3.2 r7~�Ìê§œ0ò�ƒbDÚlò�ƒbíªœ

QOy*êÒíê§}Ó}&®êÒÔ4,~�Ìê§œ0ò�ƒb(probability den-

sity function) úkÇ2.2,(a) ø~ (b) û~ (c) þ~ (d) �~�ê§œ0ò�ƒb

Ô4ª*w�ÌM (mean)� ™ÄjÏ (standard deviation)� Ré� (skewness)�

�0� (kurtosis) Vnj, ®~Mê§í�ÌM� ™ÄjÏ� Ré�� �0�úkÇ

2.1� �ÌMNý}Óí2-P0; ™ÄjÏNý�×2-P0í}Ó¸ˇ; Ré�N

ý}Óúk2-P0íú˚8”, ×kÉH[}ÓR²�ÌMí¬j, ükÉH[}

ÓR²�ÌMí˝j; �0�Ný}Ó8”óœk�G}Ó (normal distribution)

í¼M (peakedness), ×kÉH[}Óœ�G}ÓV)ª�� ükÉH[}Óœ�G

}ÓV)���*Ç2.1(a) �ÌMªø}Ó2-í‰“8$, w2J QSCAT-SF ‰

“|×, ®0.8 m s−1, wFêÒí‰“îük0.4 m s−1�*Ç2.1(b) ™ÄjÏªø

SSM/I-RSS }Óí¸ˇ|�, O®êÒ5ÈíÏ�1.×�*Ç2.1(c) Ré�ªø

Î QSCAT-SF ø~� û~� £ SSM/I-RSS û~í}ÓuR²�ÌM˝jÕ, wF

}ÓîR²�ÌM¬j� *Ç2.1(d) �0�ªø QSCAT-RSS }Óîœ�G}Ó

V)ª�; NRA�ECMWF }Óîœ�G}ÓV)��; wì}Ó†Ì	ìÔ4� }

&ÿ_êÒê§Ê�ÌM� ™ÄjÏ� Ré�� �0�í‰“�‘, ªõ|

QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�NRA�ECMWF�

QSCAT/NCEP�QSCAT-COAPS þ_êÒœÑóN QSCAT-SF †D¤þ_

êÒÊr7~�Ìê§}Ó,I�.°�

l�êÒí~�Ìê§Úlò�ƒb (cumulative density function) 1ø!‹

úkÇ2.3,(a) ø~ (b) û~ (c) þ~ (d) �~�*Ç2.3ªõ|êÒª}Ñù_é

�, �øéu QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�QSCAT/NCEP

˘kê§Ròíé�� NRA�ECMWF�QSCAT-SF�QSCAT-COAPS ˘kê§
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2.4 r7½¸êÒ’eí˛ÈÔ4

…�n�ÿ_r7½¸êÒÊ˛È,íÔ4, hõÿ_êÒÊ˛È,í}Ó8$, B

bø2000�ø� û� þ� �~ír7½¸~�Ìê§êÒí˛È}ÓúkÇ2.4� Ç

2.5� Ç2.6� Ç2.7�*Ç,ªõ|F�íêÒÖÍ.`ó°Oî?éý|óNíêÒ

}Ó, üõ[Û|êÒÊ˛È,í}ÓÔ4�ÇÕJñeh¿êÒ5ÈíÏæ, ªJõ

| QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS� QSCAT/NCEPû_êÒ

ê§IòkwFû_êÒ, 7/òï�íòê§–Ô�6Ô�pé�

ªœ®êÒÊï�,í}Ó8$, Bbøÿ_êÒøB�ù~Ê®ï�í}Ó8$

úkÇ2.8�*Ç,ªõ|, ÊÖb~M2,QSCAT-PO.DAAC�QSCAT-RSS�

SSM/I-RSSú_êÒíê§Ê®ï�,í}Ó·uœ×í,7Êœ”ï30�JqNRA�

ECMWFê§uœQí, Êœ”ï30�JÕ†u²Ñ QSCAT-SF ê§œQ,

QSCAT/NCEP�QSCAT-SFê§Ê®ï�í}Ó,†u�k|òD|Qê§5È�

Q/ªœ®êÒÈíÏæ, âk QSCAT ¨ríê§¿¾MDÛË¿¾5ÈíÏ

Ïük1 m s−1(Liu,2002), w’e\eÑÝ7íêÒ’e, Ä¤Bb²à QSCAT-

RSS TÑªœí™Ä�çBbÊJ QSCAT-RSS TÑªœ™Äv, ?ªR,.°ê

ÒDöõêÒííÏæ� Bbøþ_êÒíê§Á  QSCAT-RSS íê§, ú`~

�Ìê§ÏMr7}ÓÇ, ~�Ìê§ÏMr7}ÓÇúkÇ2.9BÇ2.15�

Ç2.9ÑøB�ù~ QSCAT-PO.DAAC Á  QSCAT-RSS íê§ÏMr7

}Ó, *Ç,ªõƒ¥s_êÒíÏM"×¶}îük±0.4 m s−1, éý|¥s_ê

Ò’eóç’¯�

Ç2.10Ñ SSM/I-RSS Á  QSCAT-RSS íê§ÏMr7}Ó, *Ç,ªõ

ƒ SSM/I-RSS Ê×¸í2Èíê§òk QSCAT-RSS íê§, 7Ê×¸¶ˇ†
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�Q,ê§íÕ”� SSM/I-RSSÊ×¸¶ˇQ,ê§íŸÄuÄÑ•ºÝ¼F¨A

í	à (Meissner �,2001), ÄÑ½¼C˜}í½[ÞÅ�}U)5¦i×)í�

Å (brightness temperature) ’e�ÏÏ�

Ç2.11ÑøB�ù~ NRA Á  QSCAT-RSS íê§ÏMr7}Ó, *Ç,ª

õƒ NRA ÊÊ×¶}½�íê§îQk QSCAT-RSS íê§, ¥šíÛïuÄÑ

NRAQ,7−9ÈíPÙ,J_kNRA’e2�œÿí−9G�J£ê§ (Smith

�,2001)� Ê��¸Ë¡ NRA Q,ê§íŸÄ, uÄÑ NRA ’e2�I7±Çí

5¾4, U)Q,v–ÄÑ±Çù–Ïú¼F¨Aíê§ (Goswami �,2003)� ÊØ

�¸� ×a¸”iJ£×a¸œiís�,NRA �ò,ê§íÛï, ¥uÄÑÊs�

v½¸íÙMÛï (spring bloom) U)½Þíïñ (capillary wave) PÓÙ�±

Q, Ä7U QSCAT ¨rQ,ê§ (Hashizume and Liu,2004)�

Ç2.12ÑøB�ù~ ECMWF Á  QSCAT-RSS íê§ÏMr7}Ó, *Ç

,ªõƒ ECMWF Ê×¶}½�íê§îQk QSCAT-RSS íê§, 7ÊÔ¡œ

”Ë¡J£œ1¹aº�ò,ê§í8”�

Ç2.13ÑøB�ù~ QSCAT/NCEP Á  QSCAT-RSS íê§ÏMr7}

Ó, *Ç,ªõƒ¥s_êÒíÏM"×¶}îük±0.4 m s−1, éý|¥s_êÒ

’eóç’¯�

Ç2.14ÑøB�ù~ QSCAT-SF Á  QSCAT-RSS íê§ÏMr7}Ó, *

Ç,ªõƒ¥s_êÒíÏM×Û|�Õí}Ó, Êœ”ï30�JÕ�œ×íÏM,

œ”ï30�Jq†�œüíÏM� 7/óœkwFý_êÒúk QSCAT-RSS í

Ïæ, QSCAT-SFíÏæÔ�pé�

Ç2.15ÑøB�ù~ QSCAT-COAPS Á  QSCAT-RSS íê§ÏMr7}

Ó, *Ç,ªõƒ QSCAT-COAPS ÌGËQ,r7íêÒ, cÊ�~MØ�¸í
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–��ò,í8”|Û�

QO•à Ebuchi(1999) J�¾(àÓÇíj¶, ør7½¸êÒ}Ñ%ï®Ñ

0.25◦íæ�õ, J QSCAT-RSS êÒ¿)íê§Tdè™, wFþ_êÒ¿)íê

§Tóè™, ê§ �Ñ0.2 m s−1, ²ìæ�õP0� ²ìêF�æ�õíP0(,

ÚlàÓÇ,©_P0íæ�õ_b, |(J�¾(ú5� *�¾(àÓÇí�(R

²P0BbªJø−, .°êÒúk°–�F¿)ê§íÏæ�óúkú˚W, J�(

R²/øi, †H[vêÒF)ƒíê§×kÇøêÒF)ƒíê§, 7Ç$}ÓB

�, †H[RÏí¾B×�øø� û� þ� �~í~�Ìê§�¾(àÓÇúkÇ2.16�

°v, Bb6ªœþ_êÒD QSCAT-RSS íóÉ[b, l�!‹úkÇ2.17�

hô.°êÒÊ®~Mí‰“8$, ªJø−®êÒÊ.°~MF[ÛíÇ$îó

N, ¥[ýþ_êÒóœk QSCAT-RSS ÊvÈ,‰“íZ‰1.×�

hô QSCAT-PO.DAAC óœk QSCAT-RSS í�¾(àÓÇ (Ç,(™Ñ

1), �(�˛Õ2Êú˚W,, ¥[ý.� QSCAT-RSS uòCQê§,QSCAT-

PO.DAAC íê§�˛D QSCAT-RSS ó°�

hô SSM/I-RSS óœk QSCAT-RSS í�¾(àÓÇ (Ç,(™Ñ2), �(

�˛ú˚}ÓÊú˚W,, ¥[ý.� QSCAT-RSSuòCQê§,SSM/I-RSSò

,CQ,ê§íÕ”¡š�

hô NRA D ECMWF óœk QSCAT-RSS í�¾(àÓÇ (Ç,(™Ñ

3�4), �¾(àÓÇí�(�˛rR²dW, ¥[ý.� QSCAT-RSS uòCQê

§,NRA D ECMWF ×¶}îQ,ê§�

hô QSCAT/NCEP óœk QSCAT-RSS í�¾(àÓÇ (Ç,(™Ñ5),

�(I�R²dW, O}ÓÕ”�Wkú˚W, ¥[ý.� QSCAT-RSS uòCQ

ê§,QSCAT/NCEP íê§ÖÍIª QSCAT-RSS Víü, Os6˛È}Ó8

26



$�˛ó°�

hô QSCAT-SFóœk QSCAT-RSSí�¾(àÓÇ (Ç,(™Ñ6),�¾(

àÓÇí�(�˛rR²dW, ¥[ý.� QSCAT-RSS uòCQê§,QSCAT-

SF îQ,ê§�

hô QSCAT-COAPS óœk QSCAT-RSS í�¾(àÓÇ (Ç,(™Ñ7),

(I�R²dW, O}ÓÕ”�Wkú˚W, ¥[ý.� QSCAT-RSS uòCQê

§,QSCAT-COAPS íê§ÖÍIª QSCAT-RSS Víü, Ow}Ó8$�˛D

QSCAT-RSS ó°�

Q/ªœ®~Mþ_êÒóœk QSCAT-RSS íóÉ[b, *Ç2.17,ªõ|

QSCAT-PO.DAAC�QSCAT/NCEP� QSCAT-COAPSú_êÒÊ®~Mí(

4óÉ[bî×k0.97, ¥[ýú6D QSCAT-RSS Ê˛È}Ó,|ÑóN�

SSM/I-RSS�QSCAT-SF�ECMWF, ú6Ê®~MíóÉ[b†�k0.96B0.92

5È� NRAíóÉ[b|Q, ®~MíóÉ[b†�k0.90B0.925È�

ªœþ_êÒóœk QSCAT-RSS íÏM�ÌM� ÏM™ÄjÏ, l�!‹ú

kÇ2.18� ÊÏM�ÌM,, *Ç2.18(a) ,ªõ| QSCAT-PO.DAAC�SSM/I-

RSS� QSCAT/NCEPú_êÒíÏM�ÌM|ü, �k±0.2 m s−15È�

NRA�ECMWF�QSCAT-SF�QSCAT-COAPS íÏM�ÌMœ×, ®~MíÏ

M�ÌM�k-0.4B-1.0 m s−15È� ÊÏM™ÄjÏ,, *Ç2.18(b) ,ªõ|

QSCAT-PO.DAAC� QSCAT/NCEP�QSCAT-COAPS ú_êÒÏM™Äj

Ï|ü,ú6Ê®~MíÏM™ÄjÏîük0.5 m s−1�NRA�SSM/I-RSS�QSCAT-

SF�ECMWF,û6Ê®~MíÏM™ÄjÏ�k0.6B1.0 m s−15È,w2¢JNRA

ííÏM™ÄjÏ|×,J,í}&µsBb,Êþ_êÒ2óœkQSCAT-RSS˛

ÈÏæ|×íÿu NRA�
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2.5 êÒ’e}&í!‹cÜDn�

…ı2*êÒ�é(2.1�)� vÈÔ4 (2.3�)� ˛ÈÔ4 (2.4�)  nj…û˝FU

àíêÒê§Ô4�%â’eí}&, BbªJ)ƒJ-í!�: �ø, ÊvÈÔ4,,

ÿ_êÒ2Î QSCAT-SFÕ,wìþ_êÒÊvÈ,í‰“�‘îó°��ù,ÿ_

êÒ2 QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�QSCAT/NCEP ˘k

ê§IòíêÒ, r7�Ìê§�Ñ7.8 m s−1, wFû_êÒr7�Ìê§�Ñ7.2

m s−1��ú, BbêÛêÒÈÊ˛È,í‰“Ô�pé, 7/©�êÒ·�F…™í

˛È}ÓÔ��7êÒê§Ê®ï�,í}Ó,QSCAT-PO.DAAC�QSCAT-RSS�

SSM/I-RSSÊ®ï�,í}Ó·uœ×í, Êœ”ï30�Jq NRA�ECMWF ê

§uœQí, Êœ”ï30�JÕ†u²Ñ QSCAT-SFê§œQ, QSCAT/NCEP�

QSCAT-SFê§Ê®ï�í}Ó,†u�k|òD|Qê§5È��û,JQSCAT-

RSS TÑªœí™Ä, BbªJø− SSM/I-RSS�NRA�ECMWF�QSCAT-SF

D QSCAT-RSSÊ˛È,í}ÓÏæœ×,w2¢J NRAÏæ|×,7 QSCAT-

SF †Êï�}�,�Í$4íQ,8”|Û��ü, *}&í!‹Bb)øêÒ’e

¹Uu°ø�é (¨r[¿� y}&� ¯A�) CUà°ø¨ríŸá’e, 1.H[

véF�êÒ’e.ìóN, êÒ’eíóN4²ìkêÒíÆ�j��

28



6.5

7.0

7.5

8.0

8.5

m
ea

n
w

in
d

sp
ee

d
(m

s-1
)

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

(a)

1.5

2.0

2.5

3.0

st
an

da
rd

de
vi

at
io

n
(m

s-1
)

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

(b)

QSCAT-PO.DAAC
QSCAT-RSS
SSM/I-RSS

NRA
ECMWF

QSCAT/NCEP
QSCAT-SF
QSCAT-COAPS

-0.5

0.0

0.5

1.0

1.5

sk
ew

ne
ss

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

(c)

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

ku
rto

si
s

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

(d)

Ç 2.1: øB�ù~~�ÌêÒ$lMÔ”� Ç(a) Ñ~�Ìê§�ÌM
(mean), Ç (b) Ñ~�Ìê§í™ÄjÏ (standard deviation) ÀPÑ m
s−1, Ç(c) Ñ~�Ìê§íê§œ0ò�ƒbRé� (skewness) ÀPÑ m
s−1, Ç(d) Ñ~�Ìê§íê§œ0ò�ƒb}Ó�0� (kurtosis), dW[ý
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Ç 2.3: Ç(a)� Ç (b)� Ç (c)� Ç (d) }�Ñø� û� þ� �~~�ÌêÒíê§
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Ç 2.4: ø~ QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�NRA�
ECMWF�QSCAT/NCEP�QSCAT-SF�QSCAT-COAPS r7½¸~�Ìê

§˛È}ÓÇ, -jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’
e�
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Ç 2.5: û~ QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�NRA�
ECMWF�QSCAT/NCEP�QSCAT-SF�QSCAT-COAPS r7½¸~�Ìê

§˛È}ÓÇ, -jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’
e�
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Ç 2.6: þ~ QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�NRA�
ECMWF�QSCAT/NCEP�QSCAT-SF�QSCAT-COAPS r7½¸~�Ìê

§˛È}ÓÇ, -jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’
e�
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Ç 2.7: �~ QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�NRA�
ECMWF�QSCAT/NCEP�QSCAT-SF�QSCAT-COAPS r7½¸~�Ìê

§˛È}ÓÇ, -jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’
e�
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Ç 2.9: øB�ù~QSCAT-PO.DAAC Á  QSCAT-RSS íê§ÏM˛È}
ÓÇ, -jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’e�
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Ç 2.10: øB�ù~SSM/I-RSS Á  QSCAT-RSS íê§ÏM˛È}ÓÇ, -
jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’e�
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Ç 2.11: øB�ù~NRA Á  QSCAT-RSS íê§ÏM˛È}ÓÇ, -jÇW
ê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’e�
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Ç 2.12: øB�ù~ECMWF Á  QSCAT-RSS íê§ÏM˛È}ÓÇ, -j
ÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’e�
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Ç 2.13: øB�ù~QSCAT/NCEP Á  QSCAT-RSS íê§ÏM˛È}Ó
Ç, -jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’e�
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Ç 2.14: øB�ù~QSCAT-SF Á  QSCAT-RSS íê§ÏM˛È}ÓÇ, -
jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’e�
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Ç 2.15: øB�ù~QSCAT-COAPS Á  QSCAT-RSS íê§ÏM˛È}Ó
Ç, -jÇWê§ÀPÑ m s−1, ˛ë–�[ýÐË� |)CÌêÒ’e�
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Ç 2.16: þ_êÒúQSCAT-RSS ø� û� þ� �~~�ÌêÒí�¾(àÓ
Ç, ™U2‡™ a�b�c�d }�H[ø� û� þ� �~, ™U2(™1B7}�H[
QSCAT-PO.DAAC�SSM/I-RSS�NRA�ECMWF�QSCAT/NCEP�QSCAT-
SF�QSCAT-COAPS þ_êÒ� óW[ý(™êÒ, dW[ý QSCAT-RSS ê
Ò, ê§ÀPÑ m s−1, sêÒê§ �ÀPîÑ0.2 m s−1�
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Ç 2.18: øB�ù~þ_êÒDQSCAT-RSS ÏMí~�ÌêÒ$lMÔ”� Ç
(a) Ñ~�Ìê§ÏM�ÌM, Ç (b) Ñ~�Ìê§ÏMí™ÄjÏ, Ç (a) óW
[ý~�Ìê§ÏM�ÌM, Ç (b) ÑóW[ý~�Ìê§ÏM™ÄjÏ, dW[
ý~M� QSCAT-PO.DAACÁ  QSCAT-RSS J ���õ(� [ý� SSM/I-
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Chapter 3

r7½¸êÒv˛‰“úl�×−-½¸ù�“ï−ñ>²
[bKDù�“ï−ñf�§�kí	à

l�×−-½¸ù�“ï¦¾MF [ÀPÑ mole s−1 m−2]íj�à3.1a��

3.1b�

F = 2.778× 10−12 × k × s×∆pCO2 (3.1a)

= 3.169× 10−8 ×K ×∆pCO2 (3.1b)

¦¾MF�kù�“ï−ñf�§� (transfer velocity,k)[ÀPÑ cm hr−1] ,

ù�“ï−ñÊ½®íÉj�(solubility,s)[ÀPÑ mole m−3 atm−1] y,ù�

“ïÊ½¸-×−5Èí}9Ï(∆pCO2)[ÀPÑ µatm],CuŸTù�“ï−ñ>²

[bK(exchange coefficient; ù�“ï−ñ>²[bK�kf�§�kDÉj�sí

	, K = k × s)[ÀPÑ mole m−2 yr−1 µatm−1], ,½¸-×−ù�“ï}9

Ï∆pCO2� 3.1a�22.778× 10−12 D 3.1b�23.1688× 10−8íbåîÑÀP�

²5�b�

Êl�r7½¸êÒ‰“¨Aí×−-½¸ù�“ï¦¾ÏMí¬˙2, âk½¸-

×−ù�“ï}9Ï’e∆pCO2uøõ¿’e%¬TÜ(×), Ä7Bbø5eÑ

ìMbW’e� FJ, bnj×−-½¸ù�“ï¦¾íÏM‰“ZÛø−ù�“ï−

ñ>²[bKCù�“ï−ñf�§�kÊvÈD˛È,í‰“8$�…û˝k3.1�
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}&ù�“ï−ñ>²[bKí=1¡b (ê§� &�� ½[ÞÅ�) úkl�ù�

“ï−ñ>²[bKí	à˙�, 3.2�ªœUà.°r7½¸~�ÌêÒVl�ù

�“ï−ñ>²[bKF¨AíÏæ, 3.3�ªœUàÅ‚êÒ (~�Ì) Ds‚êÒ

(6üv) úkl�ù�“ï−ñf�§�kF¨AíÏæ� 3.4�¦Ñ‡s�}&!‹,

1TX„Vbl�ù�“ï¦¾vF@·<í9á�

3.1 >²[bí=1¡búkl�ù�“ï−ñ>²[bkí	à

ù�“ï−ñ>²[bK�kù�“ï−ñf�§�kDù�“ï−ñÉj�sí	:

K = k×s�	àù�“ï−ñf�§�kí=1¡b�½Þ,10t�òê§U10� ±

Ç#�� ½[ÞÅ�SST � �Þº4™ë��, 7Ê…û˝2c5?ê§U10� ½[Þ

Å�SSTúkù�“ï−ñf�§�í	à� 	àù�“ï−ñÉj�sí=1¡b

†�½[ÞÅ�SSTD½[Þ&�S� ku…�n�ê§U10� ½[ÞÅ�SST � ½

[Þ&�S¥ú_=1¡búkl�>²[bKí	à˙��

3.1.1 ù�“ï−ñf�§�kD½[Þò˛10t�ê§U105É[

�É−ñf�§�kD�½[Þò˛10t�ê§U105É[ƒ�k = k(U10): …û˝

UàÅÒ,|�Zùàí Wanninkhof T|íùŸ (Quadratic) ê§Öá�ù�

“ï−ñf�§�ƒ�, J£ Wanninkhof and McGillis T|íúŸ (Cubic) ê

§Öá�ù�“ï−ñf�§�ƒ�VªWl�, J-}�n�¤ùƒ�D�½[Þ

ò˛10t�ê§U105É[ƒ�k = k(U10)5É[; ù�“ï−ñf�§�kÓê§

í‰“8$úkÇ3.1�

Wanninkhof*¬ �É−ñf�§�íû˝’e2êÛƒ, −ñf�’eí²¦

j� (Fetch Dependence of Gas Transfer) J£ê§‰æ8” (Wind Speed

Variance) }¨A,�−ñf�§�íÏæ, ku Wanninkhof T|JùŸê§Ö
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á�ƒ�¦H*‡íøŸê§Öá�ƒ�, ½h,�−ñf�§�� FUà Broecker

� (1986,1985) £ Cember(1989) )ƒír7½[Þ14C f�§�û˝bW’e

JùŸr7½[Þ10t�ò�Ìê§Öá�ƒ�TV¡, )ƒøÅ‚ê§f�§�ƒ

� (3.2b�)�ÇÕ,Fcqr7êÒíœ0ƒbÑÊ‚ (Rayleigh)œ0ƒb1,J14C

f�§�û˝bW’eJ£�Ìê§’eR�|s‚ê§f�§�ƒ�2(3.2a�)� w

T|íùŸê§Öá�ù�“ï−ñf�§�ƒ�É[à-:

k = 0.31U10
2
(

Sc

660

)−1/2

_às‚ê§

(3.2a)

kav = 0.39U10av
2
(

Sc

660

)−1/2

_àÅ‚ê§

(3.2b)

,ù�5_à¸ˇ}�H[_às‚ê§ (ê§¦šÈ‚ükøn) íù�“ï−ñ

f�§�ƒ� (3.2a�), J£_àÅ‚ê§ (ê§¦šÈ‚×kø_~) íù�“ï

−ñf�§�ƒ� (3.2b�)� k5ÀPÑ [cm hr−1], �2Sc = ν/d[ýÑÍòÔb

(Schmidt Number), νÑ¼ñ5òÐ[b (kinematic viscosity), dÑ−ñÊ¼ñ

2íØà[b (diffusivity)� �b660[ýÑÊ20◦C ½®íÍòÔ¡b, 7Ê�š

Ðí¯ñ[Þ (free surface) 5-, f�§�k£ªkÍòÔbScíŠù}5øŸj

(k ∝ Sc−1/2) (Ledwell,1982,1984), U10av[ýÅ‚ê§,kav[ýÅ‚ù�“ï−

ñf�§��

Ê1992-1999�È,�çðú×−-½¸�Þ−ñf�íø…�7yÖínj,Fb

1Ê‚œ0ƒbízpDRû¬˙~cË“ A.1
2s‚DÅ‚ùŸê§Öá�ù�“ï−ñf�§�ƒ�Rû¬˙~cË“A.2
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êÛÊQƒ2�ê§–È, ½Þ,í�Þº4™}®°−ñíf�, 7Êòê§v½

Þ†}ßÞ−™, ¥<−™}Ó#×−-½¸�Þ−ñíf�� ku Wanninkhof D

McGillis ;WóÉíû˝T|JúŸê§Öá�¡Nù�“ï−ñf�§�í;¶,

Fb1J Gas Ex-98í−ñf�§�h¿bWJùŸê§Öá�ƒ�DúŸê§Ö

á�ƒ� TV¡, *V¡í!‹FbêÛUàúŸê§Öá�ƒ�ªùŸê§Öá

�ƒ�y?¡Nh¿!‹, QOFbJ Broecker � (1986) )ƒír7½[Þ14C

f�§�û˝bW’e, cqù�“ï−ñf�§�ÑúŸê§Öá�ƒ�, )ƒs

‚ê§íf�§�ƒ� (ê§¦šÈ‚ükøn,3.3a�)� °vcqr7êÒíœ0

ƒbÑÊ‚œ0ƒb, JV¡íj�)ƒúŸÅ‚ê§Öá�ù�“ï−ñf�§�

ƒ� (ê§¦šÈ‚×kø_~,3.3b�)� wT|íúŸê§Öá�ù�“ï−ñf

�§�ƒ�à-3:

k = 0.0283U10
3
(

Sc

660

)−1/2

_às‚ê§

(3.3a)

kav = 0.054U10av
3
(

Sc

660

)−1/2

_àÅ‚ê§

(3.3b)

UàùŸê§Öá�ƒ�DUàúŸê§Öá�ƒ�Êl�,íÏ�Ñù�“ï

−ñf�§�k víÝ(4^@#ÿÏæ, çUàúŸê§Öá�ƒ�F)ƒíù�

“ï−ñf�§�bªUàùŸê§�Öá�ƒ�Ví×�

3.1.2 ÍòÔbScDÅ�5É[

Êf�§�ƒ�k = k(U10, Sc)íÍòÔbScu½[ÞÅ�SSTíƒb

3s‚DÅ‚úŸê§Öá�ù�“ï−ñf�§�ƒ�Rû¬˙~cË“A.3
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(Sc = Sc(SST ))�Wanninkhof(1992) }& Jahne(1987) íû˝’eJ½[Þ

Å�5úŸÖá�¡Nç½®&�Ñ350/00 vÍòÔbScúÙ«Å�t‰“5É[ƒ

b:

Sc = A−Bt + Ct2 −Dt3 (3.4)

3.4�2�bA =2073.1,B =125.62,C =,3.6276,D =0.043219�…û˝2½h}

& Jahne íû˝’e, BbêÛJ½[ÞÅ�5üŸÖá�?Dy�ü¡N ½®&

�Ñ350/00vÍòÔbScúÙ«Å�t‰“5É[ƒb:

Sc = A−Bt + Ct2 −Dt3 + Et4 − Ft5 (3.5)

3.5�2�bA =2037.2,B =134.01,C =5.1269,D =0.130740, E =0.0019866,

F =0.000013155�

3.1.3 ù�“ï−ñÉj�sDÅ�� &�5É[

ù�“ï−ñÉj�suÅ�TD&�Síƒb (s = s(T, S))� Y Weiss(1974) 5

¿¾ª)ù�“ï−ñÉj�sú"úÅ�TD&�Sí¡Nƒ�:

s = 1000× exp

{
A1 + A2

(
100

T

)
+ A3 log

(
T

100

)}

+1000× exp

{
S

[
B1 + B2

(
100

T

)
+ B3 log

(
T

100

)]}
(3.6)

3.6�Éj�sÀPÑ [mole m−3 atm−1], Å�TÀPÑ"úÅ�◦K [◦K = 273.15

+ ◦ C], &�SÀPÑ [practical alinity unit;psu], �[bA1 =-58.0931,

A2 =90.5069,A3 =22.294,B1 =0.027766,B2 =-0.02588,B3 =0.0050578�

3.1.4 ê§U10� ½[ÞÅ�SST � ½[Þ&�Súkl�ù�“ï−
ñ>²[bKí	à

njê§U10� ½[ÞÅ�SST � ½[Þ&�SD>²[bƒ�5É[(, ÛÊBbV
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ªœê§U10� ½[ÞÅ�SST � ½[Þ&�S¥ú_=1¡búkl�ù�“ï−

ñ>²[bKí	à˙��

½[ÞÅ�SST’eBbSà NOAA ÀP NESDIS(National Environmen-

tal Satellite, Data, and Information Service) TXí Interim Version4.1 5-

channel AVHRR(Advanced Very High Resolution Radiometers) |7½[Þ

Å�4 AVHRRí¿¾ŸÜÑQY½¸[Þê|í�š5¦, y‚à�š5¦#�D

½[ÞÅ�óÉ4, ×)½[ÞÅ�’e�…û˝2Uàí AVHRR SSTu2000�

vÈj&�Ñ©~ø°, ˛Èj&�Ñ%ï�®0.5◦(54t¼) í’e, wSSTí¿

¾�ü�Ñ0.3◦C�Ì�’ezp~c¡5d. [29]�

½[Þ&�S’eBbSà NOAA ÀP NESDIS-NODC(National Oceano-

graphic Data Center)TXíWOA01(WORLD OCEAN ATLAS 2001) ½[

Þ&�5�WOA01&�’eÑ OSD(Ocean Satation Data) FTXí, Fb‚à

û˝Fƒìõ¿¦×¦½¸’e, ¨�Å�� &�� É�¾� säÖë��’e, yø

õ¿’e%¬q��TÜ(, F×)ír7½¸&�’e� …û˝2Uàí WOA01

&�uvÈj&�Ñ©~ø°, ˛Èj&�Ñ%ï�®1◦, ’e�é˘k’Analyzed

mean’í’e�Ì�’ezp~c¡5d. [40]�

Bbªœ½[ÞÅ�SSTD½[Þ&�Súkl�r7~�Ìù�“ï−ñ>²

[bKí	à: BbêÛJ…û˝FUàÿ_êÒÊl�r7~�Ìù�“ï−ñ>

²[bKv, Uà AVHRR ½[ÞÅ�SSTDcø½[ÞÅ�SSTqÑ�Ì½®

Å�20◦C, F¨Aí|×ÏÏÑ2.8%; Uà WOA01½[Þ&�S’eDcø½[

Þ&�SqÑ�Ì½®&�35psu, F¨Aí|×ÏÏÑ0.3%; Uà AVHRR ½[

ÞÅ�SST � WOA01½[Þ&�S’eDcø½[ÞÅ�SSTqÑ�Ì½®Å�

4AVHRR best SST ’e0k PO.DAAC æÜ http://podaac.jpl.nasa.gov
5NODC æÜ http://www.nodc.noaa.gov
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20◦C� ½[Þ&�SqÑ�Ì½®&�35psu l�F¨Aí|×ÏÏÑ3.1%�Í7,

J.°êÒF,�~�Ìr7ù�“ï−ñ>²[bKí|×Ï�, ×k&�DÅ�

F¨Aí	à� â¤ªø, 	àl�>²[bK|½bí=1¡bÑê§U10� FJB

bÊ,lr7×−-½¸ù�“ï−ñ¦¾v, ílÛb5?íZuêÒv˛‰“F¨

Aí	àJ£½-−�Þíù�“ï}9Ï’e�
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3.2 Uà.°r7½¸~�ÌêÒúkl�r7ù�“ï−ñ>²[

bKF¨AíÏæ

*�ùı2Bb˛%úr7½¸~�ÌêÒívÈ� ˛ÈÔ4ªW¬}&, ÛÊBb

VªœUà.°r7½¸~�ÌêÒVl�ù�“ï−ñ>²[bKF¨AíÏæ�

…û˝l�ù�“ï−ñ>²[bKíUà’eÑ:ÿ_r7½¸~�ÌêÒê§U10,

AVHRR |7½[ÞÅ�SST ,WOA01½[Þ&�S� Uàíl�ƒ�Ñ

Wanninkhof(1992) íÅ‚ùŸê§Öá�ù�“ï−ñf�§�ƒ�,3.2b�, J

£ Wanninkhof and McGillis(1999) íÅ‚úŸê§Öá�ù�“ï−ñf�§

�ƒ�,3.3b�,

âkÊl�¬˙2Ûbê§U10� ½[Þ&�SJ£½[ÞÅ�SST’e, FJ…

û˝Ê˙�q‡ìøæ�õ�ù�“ï−ñ>²[bKíYWÑ: væ�õÛb�ê

§U10� ½[Þ&�S/½[ÞÅ�SST×k-1.8◦C, nwìvæ�õÑ�Mæ�õ�

Êl�!‹íªœ,, Bbªœ QSCAT-SF D Carr � (2002)QSCAT „úÞ

	‹�ír7��Ìù�“ï−ñ>²[bKl�!‹�Bbl�í!‹Ñ6.98×10−2

mole m−2 yr−1 µatm−1, ¤!‹DCarr �í!‹7.07×10−2 mole m−2 yr−1

µatm−1 ”Q¡, �„…l�!‹5£ü4�

Q/ªœêÒ˛È‰“úl�r7ù�“ï−ñ>²[bKíÏæ�Bbø®êÒ

~�Ìù�“ï−ñ>²[bKÓï�}Óíl�!‹úkÇ3.2� Ç3.3� âkù�

“ï−ñ>²[bKíbM×ü¥@|í¹Ñê§í#ÿ, FJwÊï�}Óí8”

Dê§Êï�}Óí8”ó°� Bbhô®ï�~�Ìù�“ï−ñ>²[bKí‰

“8$, Êœ”ï30�5È, ®~Míù�“ï−ñ>²[bK‰“.×, /¤–í

ù�“ï−ñ>²[bKbMœü; Êœ”ï30�JÕ, ®~Míù�“ï−ñ>²

[bK†‰“œ×�øOVz, ®ï�ÊçËí{�v, wù�“ï−ñ>²[bKí
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M}œ×, ÊçË@�wù�“ï−ñ>²[bKM}œü�

ªœ®êÒ5Èù�“ï−ñ>²[bKÊï�,í}Ó�‘,ÊÖb~M2,QSCAT-

PO.DAAC�QSCAT-RSS� SSM/I-RSSú_êÒíù�“ï−ñ>²[bKÊ®

ï�,í}Ó·uœ×í, 7Êœ”ï30�Jq NRA�ECMWF íù�“ï−ñ

>²[bKœQ, Êœ”ï30�JÕ†uZÑ QSCAT-SF íù�“ï−ñ>²[

bKœQ, QSCAT/NCEP�QSCAT-SF Ê®ï�í}Ó,†u�k|òD|Q5

È�

ªœ®êÒír7~�Ìù�“ï−ñ>²[bK, l�!‹úkÇ3.4, âkù

�“ï−ñ>²[bKÑê§íƒ�, FJBb*Ç,ªõƒ…ÊvÈ,í‰��‘

Dê§íó°, QSCAT-PO.DAAC�QSCAT-RSS�SSM/I-RSS�NRA�ECMWF�

QSCAT/NCEP�QSCAT-COAPS,¥þ_êÒír7ù�“ï−ñ>²[bKÖ

.ó°, Oî�ó°í‰“�‘�QSCAT-SFír7ù�“ï−ñ>²[bK‰“�

‘ÊøBÿ~D,Hþ_êÒ�F.°, Êÿ~5(n|ÛDwFêÒó¯¯íÕ”�

$l®êÒÈÊ˛ÈÏæ¨Al�r7~�Ìù�“ï−ñ>²[bK,íÏM,

|×íÏMêÞÊú~ QSCAT-PO.DAAC D QSCAT-SF íÏM (JùŸê§

Öá�l�),®1.89×10−2 mole m−2 yr−1 µatm−1,J£ù~QSCAT-PO.DAAC

D QSCAT-SF íÏM (JúŸê§Öá�l�) ®3.40×10−2 mole m−2 yr−1

µatm−1�7r7��ÌM|×ÏæÑQSCAT-PO.DAACD ECMWFíÏM (J

ùŸê§Öá�l�) ®1.46×10−2 mole m−2 yr−1 µatm−1, J£QSCAT-

PO.DAACD QSCAT-SF íÏM (JúŸê§Öá�l�) ®2.45×10−2 mole

m−2 yr−1 µatm−1� ®êÒ��Ìù�“ï−ñ>²§�’e~õ[3.1�

BbJJ QSCAT-RSSTÑªœ™Ä,®êÒÈD QSCAT-RSSÊ˛ÈÏæ¨

Al�r7~�Ìù�“ï−ñ>²[bK,|×íÏM, êÞÊú~D QSCAT-
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SF íÏM, JùŸê§Öá�l�®1.71×10−2 mole m−2 yr−1 µatm−1, 5È

ÏÏ�22%� J£ù~D QSCAT-SF íÏM, JúŸê§Öá�l�®3.16×10−2

mole m−2 yr−1 µatm−1,5ÈÏÏ�31%�7r7��ÌM|×ÏæÑD ECMWF

íÏM, JùŸê§Öá�l�®1.26×10−2 mole m−2 yr−1 µatm−1, 5ÈÏÏ

�16%� JúŸê§Öá�l�®2.12×10−2 mole m−2 yr−1 µatm−1, 5ÈÏÏ

�22%� ®êÒD QSCAT-RSS ír7��Ìù�“ï−ñ>²[bKÏMíì}

ª’e~õ[3.2�
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3.3 UàÅ‚êÒDs‚êÒúkl�r7ù�“ï−ñf�§�kF
¨AíÏæ

¦��çðÊl�ù�“ï¦¾v, }UàÅ‚�Ìê§U10(J-øU10�lÑu) V

l�ù�“ïù�“ï¦¾� ÛDÓO�çª¥íê�, 0ä,˛%�'Ö×�í−

`’eéTXOòvÈj&�ír7êÒ’e, Ä¤BbªJªœ, JJÅ‚êÒ (~

�Ì)Ds‚êÒ (6üv)l�F)í!‹u´}ó°�Êl�2, âkBb«níb

õÊêÒvÈ‰æÔ4, 7ê§uÊl�¦¾í�ä2cÑù�“ï−ñf�§�kí

ƒb, FJBbÊªœÏæÔ4v, Jù�“ï−ñf�§�kVTn�6, °vcqù

�“ï−ñf�§�kíÇø_¡b–½[ÞÅ�SSTÑ20◦C, JjZhôêÒvÈ

‰æÔ4�

êÒ’eUà NRA�QSCAT/NCEP ýüvr7½¸êÒ’e� ù�“ï−ñ

f�§�ƒ�Sà Wanninkhof ùŸê§Öá�íƒ�,3.2� J£ Wanninkhof

and McGillis úŸê§Öá�íƒ�,3.3�� Ê3.3.1�2ílBbø�eÅ� s‚

ù�“ï−ñf�§�ƒ�Êr7–�í_à4; âk–�4êÒí}Ó8$1Ýî

×ÛÊ‚}Ó, Ä¤Ê3.3.2�BbT|Å‚ù�“ï−ñf�§�í^£ƒ�, JÅ

—l�–�4íÅ‚ù�“ï−ñf�§�, |(Ê3.3.3�ôõUàÅ‚êÒDs‚

êÒúkl�r7ù�“ï−ñf�§�kF¨AíÏæ�

3.3.1 JÓ#ÄäRn�Å‚Ds‚ù�“ï−ñf�§�ƒ�Êr7
–�í_à4

Ê3.1�, Bb˛%n�¬Wanninkhof RûÅ‚Ds‚ÈíùŸê§Öá�ù�“

ï−ñf�§�ƒ�, J£Wanninkhof and McGillis RûÅ‚Ds‚ÈíúŸê

§Öá�ù�“ï−ñf�§�ƒ�v, î‚à Wentz(1984) êÛr7½¸êÒ}

6ù�“ï−ñf�§�kDù�“ï−ñ>²§�K , cóÏÉj�í¡b, OÊÏMª,w<2uó°í
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ÓÑÊ‚}Ó5û˝!‹, cqr7½¸êÒÑÊ‚}ÓV�²Å‚Ds‚Èíù�

“ï−ñf�§�ƒ�� …ü�2BbøJÓ#ÄäR� ê§œ0ò�ƒbTÑ�e

Å� s‚ù�“ï−ñf�§�ƒ�Êr7J£®ï�í_à4íj¶�

ílBbn�r7½¸~�ÌêÒíê§}Ó8$, ªœ Wentz íû˝!‹� B

bø NRA D QSCAT/NCEP ír7ê§œ0ò�ƒbúkÇ3.5 £Ç3.6, Ç2

�Hí([ýv~Mqr7ís‚ê§œ0ò�ƒb, �H([ýÑ‚àv~Mír

7~�Ìê§l�)ƒíÊ‚œ0ò�ƒb, *Ç,ªJõƒöõœ0ò�ƒbÕ”

DÊ‚œ0ò�ƒbÊòê§– (>15 m s−1) �˛ó�, ê§*0B5 m s−1J£10

B15 m s−1Ê‚œ0ò�ƒbíMbVí×, 5B10 m s−1†uöõœ0ò�ƒb

œ×�ÖÍs6�F.°, Ou‚ÈíÏæ1.×, Ä¤ªJzr7~�Ìê§œ0ò

�ƒbQ¡Ê‚œ0ò�ƒb�

ÇÕ, âkBbÊl�r7×−-½¸ù�“ï−ñf�§�kv, ul�r7®æ

�õ5�ÌM,Ä¤Bb?Û5?¥šíƒ�u´_àÊr7®–�,�Wanninkhof�

(2002){%«n¬¥šäí½æ� Fb*Å‚Ds‚íù�“ï−ñf�§ƒ�©v

ùƒ�5ÈíÉ[� ÖÍÅ‚ƒ�Ds‚ƒ�íê§jîó°, Ou, âk Wan-

ninkhof(1992) J£ Wanninkhof and McGillis(1999) ÊRûÅ‚Ds‚5Èí

ù�“ï−ñf�§�ƒ�v, cqr7½¸êÒíœ0ƒbÑÊ‚œ0ƒb, Ä¤

ÊÅ‚ƒ�Ds‚ƒ�2, æÊø[bª�ªœÅ‚ùŸê§Öá�ƒ� (3.2b�) D

s‚ùŸê§Öá�ƒ� (3.2a�) s�Èí[b, w2Å‚í[bus‚í1.25I�

yªœÅ‚úŸê§Öá�ƒ� (3.3b�) Ds‚úŸê§Öá�ƒ� (3.3a�), w

2Å‚í[bus‚í1.9I�kuWanninkhof �AÑ7[ýê§}ÓíÔ”ì2

|Ó#ÄäR, Ó#ÄäR�kÅ‚ƒ�í[bÎJs‚ƒ�í[b� ÊùŸê§Öá

�ƒ�2:R = 0.39
0.31 = 1.25, ÊúŸê§Öá�ƒ�2:R = 0.054

0.0283 = 1.9� 7Ó
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#ÄäRÎ7�kÅ‚ƒ�í[bÎJs‚ƒ�í[bÕ, F°v6uus‚ê§D

�Ìê§íƒ�7 (R = R(ui, uav)), à-�:

R =

1

N

N∑
i=1

ui
d

uav
d

(3.7)

,�2uiÑs‚ê§,uavÑ�Ìê§,dÑù�“ï−ñf�§�ƒ�íê§j�JR�

k1†[ývêÒí}ÓîÑ	ì (steady) ê§, JÊd=2,R=1.25; CuÊd=3,

R=1.9; †[ývêÒí}ÓÑÊ‚}Ó� Ä¤BbªJ‚à NRA ýüv¸ QS-

CAT/NCEP ýüvê§’eTÑs‚êÒ’e, Uàø_~qÚlýüvê§’

e(yÎJ,_bíê§TÑí�Ìê§, �p¥sá’e×)Ó#ÄäRíM, J

¤n� NRA D QSCAT/NCEP íêÒ}Óu´ÑÊ‚}Ó (¤}ÓÊÓÜ,í

<2Ñ¹r7½¸êÒíÔ4Ì˘kÌ²ê (isotropic wind))�

Bbø NRA D QSCAT/NCEP íÓ#ÄäRÊ®ï�í}Ó8$úkÇ3.7

BÇ3.10, Ç2�Hõ([ýv~M®ï�Ó#ÄäRí©(, �Hõ([ýÊ‚}

ÓíÓ#ÄäRÜ�M� *Ç,ªõ|, Ê NRA D QSCAT/NCEP í’e2, Ì

�uUàùŸê§Öá�ù�“ï−ñf�§�ƒ�CúŸê§Öá�ù�“ï−ñ

f�§�ƒ�,Q¡F�ï�íÓ#ÄäR·uükÊ‚}ÓíÕ”�¥H[UàÅ‚

ƒ�V,líù�“ï−ñf�§�, }ªUàs‚ƒ�V,lí¾Víò�ÇÕ, *

Ç,hôÓ#ÄäRÊ®ï�í}Ó�‘,ªJõƒ�ú_Ô�Qí–� (RMÊùŸ

ê§Öá�ƒ�Q¡1.1, ÊúŸê§Öá�ƒ�Q¡1.4), ¥<QM–Q¡}ÓÊœ

ï55�� œï20�� ”ï20�Ë¡, ú@¥<–�íê�, }�Ñ”Ëaê�� ‰œ

]ê�D‰”]ê�, 7¥<ê�íê²�²ì²ê6u£ßDÌ²ê�FÏæ, C

r¥ª?u¨Aœ×ÏMíŸÄ�

7Ó#ÄäRƒ�íRû¬˙~cË“A.4
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Ñ7nj¨AõÒÏæíŸÄ, Bb*®ï�ís‚ê§œ0ò�ƒb T}&�

âkBbÊl�Ó#ÄäRv, Fl�íuê§íjM, FJÊªWhôí¬˙2,

BbbÔ�·<òê§–íÏæ4, ÄÑÊê§BòíËj, wF¨AíÓ#ÄäRM

ÏæÿB×� Ê¥³BbJ}& QSCAT/NCEP û~Míê§œ0ò�ƒb’e,

w®ï�ís‚ê§íœ0ò�ƒbúkÇ3.11� Ç3.12, Ç2F¨Öíï�¸ˇÑ

w¬,iF™ýíï�2◦5qíê§œ0ò�ƒbÕ”, �Hõ([ýv–�íê§

œ0ò�ƒb, �Hõ([ýv–�íÊ‚œ0ò�ƒb�BbúÎÇ3.10 û~Mí

Ó#ÄäR}ÓÇ, ªJpéõƒÊœï56�� œï16�� ”ï16�Ë¡�ú_Q

M–, ílBb�e�ø_Ó#ÄäRQM–, hôÇ3.11, ™U60◦S B52◦S íÇ,

v–�íê§œ0ò�ƒbœÊ‚œ0ò�ƒbVíÕ2, Ä7wÊ18 m s−1J,í

ê§œ0ò�ƒbœÊ‚œ0ò�ƒbVíü��e�ù_Ó#ÄäRQM–,hôÇ

3.11, ™U20◦S B12◦S íÇ, v–�íê§œ0ò�ƒbœÊ‚œ0ò�ƒbVí

Õ2, Ä7wÊ12 m s−1J,íê§œ0ò�ƒbœÊ‚œ0ò�ƒbVíü��e

�ú_Ó#ÄäRQM–, hôÇ3.12, ™U12◦N B20◦N íÇ, v–�íê§œ0

ò�ƒbœÊ‚œ0ò�ƒbVíÕ2, Ä7wÊ12 m s−1J,íê§œ0ò�ƒb

œÊ‚œ0ò�ƒbVíü�óœkwFÓ#ÄäRíòM– (œï36�� ”ï32�

J,), ¥<–�Êòê§–íê§œ0ò�ƒb8$DÊ‚œ0ò�ƒbÝÑóN,

7/ÊwFê§–�íœ0ò�ƒb8$DÊ‚œ0ò�ƒb6'Q¡� â¤Bbª

J¦Ñ|çê§œ0ò�ƒbDÊ‚œ0ò�ƒbíòê§–ÏæB×v, wBñq

$AÓ#ÄäRíQM–�

ÇÕBbôõ¬ �Éê§œ0ƒbíû˝, ê§œ0ƒbí8$¦�J¸+

(Weibull) œ0ƒb8 [ý, −„¸+œ0ƒbíÄä���¡bAD$Õ¡bC, w

8�É¸+œ0ƒbzp, ~cË“A.1
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2��¡bAÑ�Ìê§D$Õ¡bCíƒb; $Õ¡bCªâê§œ0ò�ƒb5

�ÌMD™ÄjÏR) (Hennessey,1977)� ç$Õ¡bC=2v, vê§œ0ƒbÑ

Ê‚œ0ƒb�

Jensen� (1984) íû˝N|Ê”ËDQ¡�−Ë¡, $Õ¡bC×�u1; ÊÅ�–

�, $Õ¡bC×�u2; Ê	ìê²� (persistent wind zones) ,, $Õ¡bC×

�u3, øOÕ”1.5<C<2.5�*¥Mû˝’e2, BbªJø−Ê.°ï�,, $Õ

¡bC1.·�k2, <¹êÒœ0ƒb1Ýî×ÛÊ‚œ0ƒb, FJ®ï�íÓ#

ÄäRM1Ýî�kÊ‚œ0ƒbvíÓ#ÄäRM�

3.3.2 R�–�4íÅ‚ù�“ï−ñf�§�ƒ�

âkr7®–�íê§}Ó8$1ÝîÑÊ‚}Ó, Ä¤JcJÊ‚}Ó R�Å‚

Ds‚5È−ñf�§�íÉ[, †l�F)s‚�ÌMí!‹DÅ‚í!‹Z}�

FÏæ� Ñ±QÅ-s‚5Èl�!‹íÏæ4, Bb.ânj®–�ê§}Ó8$�

Bb•à¬ }&ê§}Óíj�,cqê§œ0ƒbÑ¸+œ0ƒb,JJustus(1978)

5%ðƒ�, Uàê§œ0ò�ƒb5�ÌM� ™ÄjÏ,l¸+œ0ƒb5$Õ¡

bC£��¡bA:

C =
(uav

σ

)1.086
(3.8)

A =
uav

Γ (1 + 1/C)
(3.9)

,�2σÑê§œ0ò�ƒb5™ÄjÏ,ΓÑΓƒb�

J Justus 5%ðƒ� (3.8 �) l�F)ƒír7®ï�®~Mí$Õ¡bCú

kÇ3.13,*Ç,ªõ|œï60-55�� œï20-5�� ”ï10-20�ú–í$Õ¡bCM

î×k2.7, ¥6zp7‡øü�vú_–�Ó#ÄäR5FJRQíŸÄ�
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ôõJ,lj�×)í®ï�–�¸+œ0ò�ƒbDöõê§œ0ò�ƒb5

Ïæ (J QSCAT/NCEP û~MÑW), Bbø5JäHõ(úkÇ3.11� Ç3.12�

J,lj�×)í!‹ (äHõ() œÊ‚œ0ò�ƒb (�Hõ() Êòê§¶}

(12 m s−1J,) Döõ8”(�Hõ() ÑóN, 7¥[ý^£5ƒ�ø�Œk±Q

Å‚ù�“ï−ñf�§�Ds‚�ÌM5ÈíÏæ�

QOBb‚àWanninkhof and McGillis Uà Gas-Ex98õðF)s‚ù�“

ï−ñf�§�kDs‚ê§u5ÈíÉ[ ( k = 0.0280u3)� ®ï�–�ê§œ0ƒ

bR�|Å‚ù�“ï−ñf�§�kav, yJvï�–�í�Ìê§uavR�vï�

–�íÅ‚úŸê§Öá�ù�“ï−ñf�§�[bai, â¤BbªJ)ƒ_¯®

ï�–�íúŸê§Öá�Å‚ù�“ï−ñf�§�9:

kav−fix = aiuav
3
(

Sc

660

)−1/2

_àÅ‚ê§

(3.10)

,�2kav−fix[ýuJ^£ƒ�l�íÅ‚ù�“ï−ñf�§�, ai[ý_àk�i_

ï�–�íÅ‚ù�“ï−ñf�§�[b�

3.3.3 UàÅ‚êÒDs‚êÒúkl�r7ù�“ï−ñf�§�kF
¨AíÏæ

Ê‡ùü�Bb}&7Å� s‚ù�“ï−ñf�§�ƒ�Êr7–�í_à4J£

×¦Å‚ù�“ï−ñf�§�^£ƒ�(, …ü�BbbôõUàÅ‚êÒDs‚

êÒúkl�r7ù�“ï−ñf�§�kF¨AíÏæ�

Êl�ù�“ï−ñf�§�v, Bbcqr7½[ÞÅ�SSTîÑ�Ì½[Þ

Å�20◦C� ø®~M NRA�QSCAT/NCEP ýüvíêÒ’e�ps‚ê§Öá

9�É^£ƒ�5Rûzp, ~cË“A.5
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�íù�“ï−ñf�§�ƒ�3.2a� 3.3al�(ªJ)ƒ®~Mís‚ê§íù�

“ï−ñf�§��ÌMk10� ø®~MNRA�QSCAT/NCEP ~�ÌíêÒ’e

�p3.2b� 3.3bíÅ‚ê§Öá�íù�“ï−ñf�§�ƒ�¸_àk®ï�í^

£ƒ�, l�(ªJ)ƒ®~MíÅ‚ê§íù�“ï−ñf�§�k11�QOBbb

ªœUàÅ‚êÒl�í!‹DUàs‚êÒl�í!‹Ê®ï�J£Êr7–�F

¨AíÏM�Bbø NRA� QSCAT/NCEPêÒUàÅ� s‚ùŸê§Öá�l�

)ƒís‚ù�“ï−ñf�§�Ê®ï�}Óí8$úkÇ3.14� Ç3.15; Uàú

Ÿê§Öá�l�)ƒíù�“ï−ñf�§úkÇ3.16� Ç3.17�

ôõ NRA(Ç3.14) £ QSCAT/NCEP(Ç3.15) Å‚ùŸê§Öá�ù�“

ï−ñf�§�kav Ds‚ùŸê§Öá�ù�“ï−ñf�§��ÌMkÊ®ï�

}Óí8$, Î7Êœï55�� ”ï55�� œï20�� ”ï20�Ë¡, Å‚ (�Hõ

() Ds‚ (�Hõ() íÏMœ×JÕ, wFË–íÏM1.pé� ôõ NRA(Ç

3.16) £ QSCAT/NCEP(Ç3.17) Å‚úŸê§Öá�ù�“ï−ñf�§�kav

Ds‚úŸê§Öá�ù�“ï−ñf�§��ÌMkÊ®ï�}Óí8$, âk¤

vù�“ï−ñf�§�JúŸê§Öá�Tl�, Ó#wÝ(4^@íÔ4, FJ

¤vÅ‚(�Hõ() Ds‚(�Hõ() íÏM6Ô�pé, «wÊœï55�Ë¡, w

ÏM�¬s‚í40%� ¨AÏMíŸÄÑ: s‚ê§œ0ò�ƒbDJ�Ìê§l�

)ƒíÊ‚œ0ò�ƒb�FÏ�, «wus6Êê§œ0ò�ƒb2íòê§–í

ÏæF¨Aí	àœ×� óœkUà^£ƒ�l�5!‹kav−fix(äHõ(), wDs

‚ (�Hõ() í!‹˛%óçQ¡, 7Êœï55�� ”ï55�� œï20�� ”ï20

�Ë¡î?�^±QÅ‚Ds‚�ÌM5ÈíÏæ�

10J-s‚ê§íù�“ï−ñf�§��ÌMíHUJk[ý
11J-Å‚ê§íù�“ï−ñf�§�íHUJkav[ý, J^£ƒ�×)íù�“ï−ñf�§�íHU

Jkav−fix[ý
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Q/ªœ®~Mír7s‚ù�“ï−ñf�§��ÌMk, J£r7Å‚ù�“

ï−ñf�§�kavíÏæ, l�!‹úkÇ3.18� ôõ®~MíÅ‚r7ù�“ï−

ñf�§�kavDs‚r7ù�“ï−ñf�§��ÌMk, Ç3.18(a) ÑSàùŸê

§Öá�íl�!‹,Ç3.18(b)ÑSàúŸê§Öá�íl�!‹��H(Ñ NRA

í’e, �H(Ñ QSCAT/NCEP í’e, ™(ÑUàÅ‚ƒ�l�í!‹, ™õ

õ(ÑUàÅ‚^£ƒ�l�í!‹, õ(ÑUàs‚ƒ�l�!‹í�ÌM� *Ç

,ªJõ|, ®~MÅ‚r7ù�“ï−ñf�§�kavDs‚r7ù�“ï−ñf�

§��ÌMk5ÈíÏM×_óN, ªœwÊ®~MíÏæ, ÊNRA í’e2Å‚r

7ù�“ï−ñf�§�kavò,íªWJþ~|ò, UàùŸê§Öá�Tl�Å‚

í!‹ (21.97 cm hr−1)ò,7s‚�ÌM(19.58 cm hr−1),¾í12%, UàúŸ

ê§Öá�Tl�Å‚í!‹ (25.51 cm hr−1) ò,7s‚�ÌM(18.09 cm hr−1)

,¾í41%, Ê QSCAT/NCEP í’e2Å‚r7ù�“ï−ñf�§�kavò,

íªWJþ~|ò, UàùŸê§Öá�Tl�Å‚í!‹ (25.74 cm hr−1) ò,

7s‚�ÌM(23.25 cm hr−1) ,¾í10%, UàúŸê§Öá�Tl�Å‚í!

‹ (31.95 cm hr−1) ò,7s‚�ÌM(23.58 cm hr−1) ,¾í35%� ªœUà

^£ƒ�l�5!‹Ds‚�ÌM5Ïæ, Ê NRA í’e2^£ƒ�5Å‚r7

ù�“ï−ñf�§�kav−fixò,íªWJù~|ò, UàúŸê§Öá�Tl�Å

‚í!‹ (21.55 cm hr−1) ò,7s‚�ÌM(18.09 cm hr−1) ,¾í10%, Ê

QSCAT/NCEP í’e2^£ƒ�5Å‚r7ù�“ï−ñf�§�kav−fixò,

íªWJù~|ò, UàúŸê§Öá�Tl�Å‚í!‹ (26.99 cm hr−1) ò,

7s‚�ÌM(23.58 cm hr−1) ,¾í10%�

ªœr7��ÌÅ‚ù�“ï−ñf�§�kavDr7s‚ù�“ï−ñf�§�

�ÌMk5ÈíÏMªW, ÊNRA í’e2UàùŸê§Öá�Tl�Å‚í!‹
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(21.87 cm hr−1) ò,7s‚�ÌM(19.67 cm hr−1) ,¾í11%, UàúŸê§Ö

á�Tl�Å‚í!‹ (25.24 cm hr−1) ò,7s‚�ÌM(18.41 cm hr−1) ,¾

í37%, UàúŸê§Öá�^£ƒ�Tl�íÅ‚!‹ (19.66 cm hr−1) ò,7

s‚�ÌM(18.41 cm hr−1) ,¾í6%� ÊQSCAT/NCEP í’e2UàùŸê

§Öá�Tl�Å‚í!‹ (25.74 cm hr−1) ò,7s‚�ÌM(23.39 cm hr−1)

,¾í10%, UàúŸê§Öá�Tl�Å‚í!‹ (31.60 cm hr−1) ò,7s‚

�ÌM(23.82 cm hr−1) ,¾í33%, UàúŸê§Öá�^£ƒ�Tl�íÅ‚!

‹ (25.16 cm hr−1) ò,7s‚�ÌM(23.82 cm hr−1) ,¾í5%� r7��Ìù

�“ï−ñf�§�’e~õ[3.3� [3.4�
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3.4 *êÒv˛‰“}&l�r7×−-½¸�Þù�“ï−ñ>²[
bKDù�“ï−ñf�§�kí!‹cÜDn�

…ı2Bb*.°êÒ5v˛‰“J£UàÅ� s‚êÒsjÞ, n�êÒ‰æÔ4

úkl�ù�“ï−ñ>²[bKDù�“ï−ñf�§�kF¨Aí	à�*3.2�

íúêÒv˛‰“í}&2BbêÛÎ7 QSCAT-SF Õ, ®êÒÊvÈ,í‰æÔ

4‰“Ýü, 7¨AêÒ5Èl�Ï�3bÄÖ´uÄÑêÒÊ˛È2í}Ó�F.

°7¨Aí�7¥šíÏæ4úkl���Ìù�“ï−ñ>²[bK, çJ

QSCAT-RSSTÑªœ™Äv, |Ö}¨A16%íÏ� (JùŸê§Öá�l�) J

£22%íÏ� (JúŸê§Öá�l�)� ,H!‹<â, JBbUàêÒ’e ,l

ù�“ï−ñ>²[bKí¸ˇu˘kü–�4í, WàØ�¸íœïB”ï10�–

È, µóZÛãF5¾vêÒÊ˛È,}ÓÔ”�

Ê3.3�Bbn�JÅ‚ (~�Ì)�s‚ (6üv)r7êÒ l�ù�“ï−ñf

�§�k, *û˝í!‹2Bbø−JÅ‚êÒ l�ù�“ï−ñf�§�kav, }

œJs‚ù�“ï−ñf�§��ÌMkl�í!‹Ví×, 7/¥�Õ”ÊUàú

Ÿê§Öá�íù�“ï−ñf�§�kƒ�vyÑpé� Ê��ÌMíÏ¾,, Å‚

!‹óœks‚!‹íÏ�¾|Ö}¨A11%íÏ� (JùŸê§Öá�l�) J£

37%íÏ� (JúŸê§Öá�l�)�¨A¥�Õ”íŸÄ×¶}VAkÅ� s‚ù

�“ï−ñf�§�íƒ�2, s‚ê§œ0ƒbÑÊ‚œ0ƒbícq�7/, *B

bú®ï�ís‚ê§œ0ò�ƒb}&2ø−, cqêÒ}ÓÑÊ‚}Ó1._à

Ê©_Ë–, «wuÊ”Ëaê�, ‰”]ê�� ‰œ]ê�, FJçBbòQJ�Ì
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m s−1, ê§œ0ò�ƒb �Ñ1 m s−1�
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Ç 3.12: û~MQSCAT/NCEP êÒÊ”ï4◦B72◦ï��íê§œ0ò�ƒb
Ç, Ç2F¨Öíï�¸ˇÑw¬,iF™ýíï�2◦5qíê§œ0ò�ƒbÕ
”, �Hõ([ýv–�íê§œ0ò�ƒb, �Hõ([ýJv–�Ìê§l�
)ƒííÊ‚œ0ò�ƒb, äHõ([ýJ Justus %ðƒ�)ƒí¸+œ0ò
�ƒb�óW[ýÔìê§æ�bñ2F�æ�íªW, dW[ýê§×ü, ÀP
m s−1, ê§œ0ò�ƒb �Ñ1 m s−1�
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Ç 3.13: øB�ù~r7®ï�–�ê§í¸+œ0ƒ�$Õ¡b� Ç(a)Ñ NRA
’el�!‹, Ç (b) Ñ QSCAT/NCEP ’el�!‹, óW[ý~M, dW[
ýï�, ï�˛È �Ñ4◦, -jÇWÌÀP�
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Ç 3.14: øB�ù~NRA JùŸê§Öá�ƒ�l�íù�“ï−ñf�§

�kÊï�,í}Ó, �Hõ([ýv–�ís‚ù�“ï−ñf�§��ÌMk,
�Hõ([ýJv–�Ìê§l�)ƒíÅ‚ù�“ï−ñf�§�kav�óW[ý

ï�, ŠMÑœï, £MÑ”ï, ï�˛È �Ñ4◦, dW[ýù�“ï−ñf�§
�k, ÀPÑ cm hr−1�
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Ç 3.15: øB�ù~QSCAT/NCEP JùŸê§Öá�ƒ�l�íù�“ï−ñ
f�§�kÊï�,í}Ó,�Hõ([ýv–�ís‚ù�“ï−ñf�§��Ì
Mk, �Hõ([ýJv–�Ìê§l�)ƒíÅ‚ù�“ï−ñf�§�kav� ó

W[ýï�, ŠMÑœï, £MÑ”ï, ï�˛È �Ñ4◦, dW[ýù�“ï−ñ
f�§�k, ÀPÑ cm hr−1�

84



0 20 40 60 80

-60

-40

-20

0

20

40

60

January

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

February

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

March

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

April

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

May

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

June

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

July

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

August

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

September

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

October

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

November

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

January

La
tit

ud
e

0 20 40 60 80

-60

-40

-20

0

20

40

60

December

La
tit

ud
e

short term (6hr)
long term (monthly)

transfer velocity (cm hr -1)

long term fix (monthly)

Ç 3.16: øB�ù~NRA JúŸê§Öá�ƒ�l�íù�“ï−ñf�§

�kÊï�,í}Ó, �Hõ([ýv–�ís‚ù�“ï−ñf�§��ÌMk,
�Hõ([ýJv–�Ìê§l�)ƒíÅ‚ù�“ï−ñf�§�kav, äHõ
([ýJv–^£ƒ�l�)ƒíÅ‚ù�“ï−ñf�§�kav−fix�óW[ýï

�, ŠMÑœï, £MÑ”ï, ï�˛È �Ñ4◦, dW[ýù�“ï−ñf�§
�k, ÀPÑ cm hr−1�
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Ç 3.17: øB�ù~QSCAT/NCEP JúŸê§Öá�ƒ�l�íù�“ï−
ñf�§�kÊï�,í}Ó, �Hõ([ýv–�ís‚ù�“ï−ñf�§�
�ÌMk, �Hõ([ýJv–�Ìê§l�)ƒíÅ‚ù�“ï−ñf�§�kav,
äHõ([ýJv–^£ƒ�l�)ƒíÅ‚ù�“ï−ñf�§�kav−fix�óW

[ýï�, ŠMÑœï, £MÑ”ï, ï�˛È �Ñ4◦, dW[ýù�“ï−ñf
�§�k, ÀPÑ cm hr−1�
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Ç 3.18: ~�Ìr7ù�“ï−ñf�§�k Ç (a) ÑSàùŸê§Öá�ƒ�T
l�í!‹, Ç (b) ÑSàúŸê§Öá�ƒ�Tl�í!‹��H(Ñ NRA í
’e, �H(Ñ QSCAT/NCEP í’e, ™(ÑUàÅ‚ƒ�l�í!‹, õ(
ÑUàs‚ƒ�l�!‹í�ÌM, ™õõ(ÑUàÅ‚^£ƒ�l�í!‹� l
�v	ì½[ÞÅ�SST=20◦C, óW[ýù�“ï−ñf�§�k, ÀPÑ cm
hr−1, dW[ý~M�
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Chapter 4

r7½¸êÒv˛‰“úl�×−-½¸ù�“ï¦¾í	
à

Q/�úıBb˛%}&n�r7½¸êÒv˛‰“úkl�×−-½¸�Þù�“

ï−ñ>²[bK Dù�“ï−ñf�§�kí	à, ÛÊBbÊl�2‹p½¸-×

−ù�“ïí}9Ï∆pCO2í’e, n�êÒv˛‰“¥@Êl�×−-½¸ù�“

ï¦¾í	à� …û˝k4.1�zpr7×−-½¸�Þù�“ï¦¾íl�j�J£

½¸-×−ù�“ïí}9Ï∆pCO2í’eÔ4, 4.2�}&Uà.°r7½¸~�

ÌêÒVl�×−-½¸ù�“ï,¦¾F¨AíÏæ, 4.3�ªœUàÅ‚êÒ (~

�Ì) Ds‚êÒ (6üv) úkl�×−-½¸ù�“ï,¦¾F¨AíÏæ� 4.4�

¦Ñ‡s�}&!‹�

4.1 ù�“ï¦¾íl�j�D½¸-×−ù�“ïí}9Ï’ezp

×−-½¸�Þù�“ïí¦¾MF�kù�“ï−ñf�§�k, ,ù�“ï−ñ

Ê½®íÉj�s, y,ù�“ïÊ½¸-×−5Èí}9Ï∆pCO2, CuŸTù�

“ï−ñ>²[bK, ,½¸-×−ù�“ï}9Ï∆pCO2�

Ê˙�2Bbl�r7×−-½¸�Þù�“ïí,¦¾Ftotalíj�ÑÚ‹©_æ
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�õíù�“ï¦¾, w��à-:

Ftotal
.
=

∑

i

∑

j

Fij ×∆aij

=
∑

i

∑
j

kij × sij ×∆pCO2ij ×∆aij

=
∑

i

∑
j

Kij ×∆pCO2ij ×∆aij

i[ýæ�õFÊ%�íP0,j[ýæ�õFÊï�íP0, Fij[ýù�“ï¦¾, kij[

ýù�“ï−ñf�§�,sij[ýù�“ï−ñÊ½®íÉj�,∆pCO2ij[ý½¸-

×−ù�“ïí}9Ï,∆aij[ý½[ÞÞ	,Kij[ýíù�“ï−ñ>²[b�Ñº

¯½¸-×−ù�“ïí}9Ï∆pCO2’eí˛Èj&�, …û˝2l�,¦¾vF

¦íæ�õ˛Èj&�Ñ%�5◦×ï�4◦�

½¸-×−ù�“ïí}9Ï∆pCO2í’e,BbuSàâ Takahashi� (2002)

FÞßír7½Þ~�Ìù�“ï}9Ï, ¤’eÑñ‡ÅÒ,ª¦)|êcír7

½Þ~�Ìù�“ï}9Ï1� Takahashi�í’eTÜj�Ñ: ø940000_½[Þ

ù�“ï}9’e¿¾M,  Î8|‚Èk�−Ø�¸�k”ï10�Bœï10�5

õ¿bW, Uà½¸f�j˙� (ocean-transport equation) q�^—vÈD˛È

,ÿÜ5bW(, )ƒír7½¸[Þ pCO2’e, Á 1995�í×−ù�“ïë�,

)ƒír7½¸-×−ù�“ï}9Ï’e∆pCO2, ’eÏÏÑ±3µatm, ˛Èj&

�Ñ%�5◦, ï�4◦�Ì�’ezp~c¡5d. [33]�

Bbhô½¸-×−ù�“ïí}9Ï∆pCO2ív˛}ÓÔ4� ø½¸-×−ù�

“ïí}9Ï∆pCO2’eÊ�ù_~Mí˛È}Ó8$úkÇ4.1, Ç2ôHB�H

¶} (£M–) [ýù�“ï−ñf�j²uâ½¸%×−f�, äHB�H¶} (Š

1∆pCO2’e0k1ÅëOª=×ç Lamont-Doherty Earth Observatory FTP ¦:
ftp://ftp.ldeo.columbia.edu/
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M–) [ýù�“ï−ñf�j²uâ×−%½¸f��*Ç,ªJõ|úáÔ”, �

ø�½¸-×−ù�“ïí}9Ï∆pCO2í°M–×_u•ï�}Óí��ù� Ê�−

Ë¡½¸-×−ù�“ïí}9Ï∆pCO2×Û£M, �−JÕí–�½¸-×−ù�“

ïí}9Ï∆pCO2×ÛŠM�Ö� �ú� Ê�ù_~M2, ý~Bÿ~½¸-×−ù

�“ïí}9Ï∆pCO2í£M–}Ó|�, �ø~Bø~½¸-×−ù�“ïí}9

Ï∆pCO2í£M–}Ó|��
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4.2 Uà.°r7½¸êÒúkl�×−-½¸ù�“ï¦¾F¨Aí
Ïæ

¬ ÉkªœUà.°êÒVl�×−-½¸ù�“ï¦¾íóÉû˝�:

Carr� (2002) ªœUà QSCAT�SSM/I s_.°í¨r’eVl�®~Mír

7×−-½¸ù�“ï,¦¾, FbêÛÊ×¶}í~M2, Uà SSM/I êÒF)ƒ

ír7×−-½¸ù�“ï,¦¾ªUà QSCAT êÒíÖ|11%� Feely� (2004)

ªœUà ECMWF�QSCAT�SSM/I êÒl�Ø�¸�−–�íù�“ï¦¾, ê

Ûú_êÒ)ƒíMî�11_ì}ªíÏæ� ÛÊBbªœÿ_êÒ, ôõ®êÒÈ

í‰“�Q/,øı�2�íû˝, Bbø®r7½¸~�ÌêÒíù�“ï−ñ>²

[bK’e,r7½¸-×−ù�“ïí}9Ï∆pCO2í’e, J£½¸[Þ	5

(ªJ×)r7½¸í×−-½¸ù�“ï,¦¾�

ílªœêÒ˛È‰“úl�r7ù�“ï,¦¾íÏæ�Bbø®êÒí~�Ì

ù�“ï,¦¾Óï�}Óíl�!‹úkÇ4.2� Ç4.3� *Ç,ªJõƒ½¸Êœ

”ï30�5ÈÑ„[– (outgassing flux; £M), Êœ”ï30�JÕÑÜY– (ab-

sorbption flux; ŠM), ¥uÄÑ½¸-×−ù�“ï}9Ï∆pCO2Êœ”ï30�

5ÈÖÑ£M, Êœ”ï30�5ÕÖÑŠM� œ”ï60�JÕâkv–×ÖÑ½|

–, FJv–ù�“ï,¦¾œü� hôù�“ï,¦¾Ê.°��í‰“8$, Ê

œ”ï30�5Èw¾‰“.×, œ”ï30�5Õ, âkù�“ï−ñ>²[bK×

��4í‰“, FJù�“ï,¦¾ÊçË{�íM}|×, ÊçË@�íM}|ü�

ªœ®êÒ5Èù�“ï,¦¾Êï�,í}Ó�‘, ÄÑù�“ï−ñ,¦¾í¾

¥@|í¹Ñù�“ï−ñ>²[bKíM, QSCAT-PO.DAAC�QSCAT-RSS�

SSM/I-RSSú_êÒíù�“ï,¦¾í¾Ê®ï�,í}Ó·uœ×í, 7Êœ

”ï30�Jq NRA�ECMWF íù�“ï−ñ,¦¾í¾œQ, Êœ”ï30�J
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Õ†u²ÑQSCAT-SFíù�“ï−ñ,¦¾í¾œQ, QSCAT/NCEP�QSCAT-

SF Ê®ï�í}Ó,†u�k|òD|Q5È�

Bbø®êÒí~�Ìr7ù�“ï,¦¾l�!‹úkÇ4.4, *Ç,ªJõƒ

ÿ_êÒíù�“ï,¦¾îÑŠM, H[½¸Ñ×−2ù�“ïíÜY–� ®êÒ

í,¦¾MÊvÈí‰“�‘,, Êø~Bü~ÈÎ QSCAT-SF I�ÏæÕ, wF

êÒ�˛ó°, Êü~5(®�êÒí�‘îóN� ªœ®~MÈír7×−-½¸ù

�“ï,¦¾‰“8$, r7×−-½¸ù�“ï,¦¾í−p¾J�ù~|×, ýB

ÿ~|ü� yªœ®êÒÈíÏæ, Bbõƒÿ_êÒ2,QSCAT-PO.DAAC�

QSCAT-RSS�SSM/I-RSS�QSCAT/NCEP˘kù�“ïÜY,¦¾œòíêÒ,

QSCAT-SFíù�“ïÜY,¦¾u|ü, NRA�ECMWF�QSCAT-COAPS †

�k5È� Ê®êÒÈ QSCAT-SF AÑ52ù�“ïÜY,¦¾u|ü, ¥uÄÑ

QSCAT-SF Êœ”ï30�JÕíê§œwFêÒíê§Víü, /v–í½¸-×

−ù�“ï}9Ï∆pCO2ÑŠM�Ö, Ä7U) QSCAT-SF íù�“ï−p¾œ

ý, 7Êœ”ï30�Jq QSCAT-SF íê§DwFêÒóÏ.×, /v–í½¸-

×−ù�“ï}9Ï∆pCO2Ñ£M�Ö, Ä7U) QSCAT-SF íù�“ï−|,

¾DwFêÒóÏ.×, FJ QSCAT-SF íù�“ïÜY,¦¾u×Ûí¾|ü�

$l®êÒÈÊ˛ÈÏæ¨Al�r7~�Ìù�“ï,¦¾,íÏM, |×í

ÏMêÞÊ�ù~ SSM/I-RSS D QSCAT-SF íÏM, JùŸê§Öá�l�

®0.96 Pg Cyr−12, JúŸê§Öá�l�®2.06 Pg Cyr−1� 7r7��ÌM|

×ÏæÑSSM/I-RSS D QSCAT-SF íÏM, JùŸê§Öá�l�®0.60 Pg

Cyr−1, JúŸê§Öá�l�®1.17 Pg Cyr−1� ®êÒr7��Ìù�“ï−ñ

,¦¾’e~õ[4.1�

2Pg Cyr−1 ÑPeta gram Carbon per year íòŸ; Peta = 1015
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BbJJ QSCAT-RSS TÑªœ™Ä †®êÒÈD QSCAT-RSS Ê˛ÈÏæ

¨Al�r7~�Ìù�“ï,¦¾,|×íÏM, êÞÊ�ù~D QSCAT-SF í

ÏM, JùŸê§Öá�l�, ®0.83 Pg Cyr−1, 5ÈÏÏ�23%, JúŸê§Öá

�l�®1.77 Pg Cyr−1, 5ÈÏÏ�30%�7r7��ÌM|×ÏæÑD QSCAT-

SF íÏM (JùŸê§Öá�l�) ®0.56 Pg Cyr−1, 5ÈÏÏ�30%� J£D

QSCAT-SF íÏM (JúŸê§Öá�l�) ®1.13 Pg Cyr−1, 5ÈÏÏ�38%�

®êÒD QSCAT-RSS ír7��Ìù�“ï,¦¾ÏMíì}ª’e~õ[4.2�

Êªœ®êÒ5Èù�“ï,¦¾íÏM‰“v, �øõM)·<í, Ÿ…

ECMWF�NRA�QSCAT-SFú_êÒíù�“ï−ñ>²[bK·uÊ®êÒ˘

kœQíøí, Í7âk ECMWF�NRA Ê˛È}ÓD QSCAT-SF �F.°, F

JUà ECMWF�NRA êÒl�)ƒíù�“ïÜY¦¾œ QSCAT-SF Víò�
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4.3 UàÅ‚êÒDs‚êÒúkl�r7×−-½¸ù�“ï¦¾í
	à

¬ ÉkªœUà.°vÈ��íêÒ l�ù�“ï¦¾¦¾íóÉû˝�: Wan-

ninkhof� (2002) Uà NCEP/NCAR reanalysis Å‚êÒDs‚êÒ’eV

l�r7×−-½¸ù�“ï,¦¾, FêÛJÅ‚êÒl�)ƒír7ù�“ï,¦

¾œs‚êÒl�í!‹|×íÏæ¾ª®26%� ÇÕ,Bates(2001) Êa”×a¸

ìJ®ˇ¿Ë¡, Jõ¿’eUà.°vÈä0¦šíêÒ’eVl�ù�“ï¦¾,

FêÛsvÈ (©üv) ¦šl�)ƒíù�“ï¦¾œJn�Ì¦ší!‹Ö7ú

I�

…û˝†Sà NRA�QSCAT/NCEP ýüvr7êÒ’eVªW}&, Bbø

,ı�3�l�F)ƒíÅ‚r7ù�“ï−ñf�§�kav�kav−fix Ds‚r7ù

�“ï−ñf�§��ÌMk’e, ,ù�“ï−ñÉj�s� r7½¸-×−ù�“

ïí}9Ï∆pCO2í’e, J£½¸[Þ	5(ªJ×)Å‚r7×−-½¸ù�“

ï,¦¾ (JFavý5, Uà^£ƒ�5!‹JFav−fix[ý) �s‚�ÌMír7×

−-½¸ù�“ï,¦¾ (JFý5)�

JNRA�QSCAT/NCEPêÒUàÅ�s‚ùŸê§Öá�l�)ƒíù�“ï

,¦¾Ê®ï�}Óí8$úkÇ4.5� Ç4.6; UàúŸê§Öá�l�)ƒíù�

“ï,¦¾úkÇ4.7� Ç4.8� ôõs‚ù�“ï,¦¾�ÌMF (�Hõ() DÅ‚

ù�“ï,¦¾Fav(�Hõ()�Fav−fix(äHõ() 5ÈíÏæ, BbêÛú65È

íÏæcæÊk¾íÏ�, wÏæ¾ÄkJÅ‚êÒl�)ƒíù�“ï−ñf�§

�kav�kav−fix u´�ks‚r7ù�“ï−ñf�§��ÌMk,J£½¸-×−ù�

“ïí}9Ï∆pCO2í¾M�ªœFavDF5Ïæ,*‡øıí}&2Bbø−,çs

‚êÒíê§œ0ò�ƒbDÊ‚œ0ò�ƒb�FÏæ� JÅ‚êÒl�)ƒíù
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�“ï−ñf�§�kavZ.�ks‚r7ù�“ï−ñf�§��ÌMk, °v, *

l�!‹2Bbø−"×Öbíï�,, JÅ‚êÒl�)ƒíù�“ï−ñf�§

�kav}òks‚r7ù�“ï−ñf�§��ÌMk, Ä7Bb)ƒÅ‚ù�“ï,

¦¾Fav¾M (�Hõ() }òks‚ù�“ï,¦¾�ÌMF (�Hõ() í!‹� w

2s6œ×íÏM|ÛÊ�−Ë¡J£œ”ï50�Ë¡, ¥DBbÊ}&Å‚ù�“

ï−ñf�§�kavDs‚ù�“ï−ñf�§��ÌMk|Û|×ÏM¾í–��F

.°, ÄÑl�¦¾v´Û5¾ù�“ï}9Ï∆pCO2í˛È}Ó8”, J£æ�õ

í½¸[ÞÞ	×ü�ªœUà^£ƒ�l�5!‹, Å‚ù�“ï,¦¾Fav−fix¾

M (äHõ() cÊ�−Ë–D”ï50�Ë¡Ë–wMIòks‚ù�“ï,¦¾�

ÌMF (�Hõ(), 7ÊwFË–F)5!‹Ïæ.×�

®~Mír7s‚ù�“ï,¦¾�ÌMF , J£r7Å‚ù�“ï,¦¾Fav�

Fav−fixíl�!‹úkÇ4.9, Ç4.9(a) ÑSàùŸê§Öá�Tl�í!‹, Ç

4.9(b) ÑSàúŸê§Öá�Tl�í!‹��H(Ñ NRA í’e, �H(Ñ QS-

CAT/NCEP í’e, ™(ÑUàÅ‚ƒ�l�í!‹, ™õõ(ÑUàÅ‚^£ƒ

�l�í!‹, õ(ÑUàs‚ƒ�l�!‹í�ÌM� ôõJùŸê§Öá�Tl

�í!‹ (Ç4.9(a)), ªJø−Å‚Ds‚�ÌMíÏ�.×, OÊl�ù�“ï−

p¾M,, Å‚í!‹Iòks‚�ÌMí!‹� ôõJúŸê§Öá�Tl�í!

‹ (Ç4.9(b)), âkUàúŸê§Öá�vwÝ(4^@œÑpé, Ä¤U)Êl�

ù�“ï−p¾M,, Å‚í!‹péòks‚�ÌMí!‹, 7Uà^£ƒ�l�

5!‹†Iòks‚�ÌMí!‹�

ªœ®~MÅ� s,lù�“ï−p¾M|×íÏæ, Ê NRA í’eÅ‚r7ù

�“ï−ñ,¦¾Favò,í¾J�ù~|ò, UàùŸê§Öá�Tl�Å‚í!

‹ (-3.07 Pg Cyr−1) ò,7s‚�ÌM(-2.85 Pg Cyr−1) ,¾í8%, UàúŸê
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§Öá�Tl�Å‚í!‹(-4.58 Pg Cyr−1) ò,7s‚�ÌM(-3.56 Pg Cyr−1)

,¾í29%, Ê QSCAT/NCEP í’e2Å‚r7ù�“ï−ñ,¦¾Favò,í

¾J�ù~|ò, UàùŸê§Öá�Tl�Å‚í!‹ (-3.44 Pg Cyr−1) ò,7

s‚�ÌM(-3.19 Pg Cyr−1) ,¾í8%, UàúŸê§Öá�Tl�Å‚í!‹(-

5.57 Pg Cyr−1) ò,7s‚�ÌM(-4.33 Pg Cyr−1) ,¾í28%� ªœUà^£

ƒ�l�5!‹Ds‚�ÌM5Ïæ, Ê NRA í’eÅ‚r7ù�“ï−ñ,¦

¾Fav−fixò,í¾J�ù~|ò, UàúŸê§Öá�Tl�Å‚í!‹ (-3.76 Pg

Cyr−1) ò,7s‚�ÌM(-3.56 Pg Cyr−1) ,¾í6%, ÊQSCAT/NCEP í’

e2Å‚r7ù�“ï−ñ,¦¾Fav−fixò,í¾J�ù~|ò, UàúŸê§Öá

�Tl�Å‚í!‹ (-4.66 Pg Cyr−1) ò,7s‚�ÌM(-4.33 Pg Cyr−1) ,¾

í8%�

l���ÌÅ‚ù�“ï,¦¾FavDs‚ù�“ï−ñ,¦¾�ÌMFù�“ï

−p¾MíÏMªW,ÊNRAí’e2UàùŸê§Öá�Tl�v,Å‚í!‹ (-

1.71 Pg Cyr−1)ò,7s‚�ÌM(-1.64 Pg Cyr−1),¾í5%,UàúŸê§Öá

�Tl�v, Å‚í!‹(-2.57 Pg Cyr−1) �ò,7s‚�ÌM(-2.08 Pg Cyr−1)

,¾í23%, UàúŸê§Öá�^£ƒ�Tl�íÅ‚!‹ (-2.11 Pg Cyr−1) �

ò,7s‚�ÌM(-2.08 Pg Cyr−1) ,¾í1%� ÊQSCAT/NCEP í’e2U

àùŸê§Öá�Tl�v, Å‚í!‹ (-1.71 Pg Cyr−1) �ò,7s‚�ÌM(-

1.66 Pg Cyr−1) ,¾í3%, UàúŸê§Öá�Tl�v, Å‚í!‹(-2.82 Pg

Cyr−1) �ò,7s‚�ÌM(-2.36 Pg Cyr−1) ,¾í20%, UàúŸê§Öá�^

£ƒ�Tl�íÅ‚!‹ (-2.41 Pg Cyr−1) �ò,7s‚�ÌM(-2.36 Pg Cyr−1)

,¾í2%���Ìù�“ï,¦¾’e~õ[4.3� [4.4�
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4.4 *êÒv˛‰“}&l�r7×−-½¸�Þù�“ï¦¾í!‹
cÜDn�

…ı2Bb*.°êÒ5v˛‰“J£UàÅ� s‚êÒsjÞ, n�êÒ‰æÔ4

úkl�r7×−-½¸�Þù�“ï¦¾F¨Aí	à�

*4.2�íúêÒv˛‰“í}&2Bbø−, ®êÒÈír7×−-½¸�Þù�

“ï¦¾ÊvÈ,í‰“Ýü, 7®êÒÊ˛È,Ô4†=UF)5!‹�œ×íÏ

æ4� Wà QSCAT-SF êÒÊï�}�,Í$4íQ,Ûï, U)vêÒír7×

−-½¸�Þù�“ï¦¾MÊVêÒ|ò� *}&!‹Bb6ø−, JJ QSCAT-

RSS Tªœ, Uà.°êÒTl�, ��ÌM|×ÏM (JùŸê§Öá�l�) ®

0.57 Pg Cyr−1, 5ÈÏÏ�31%� J£D QSCAT-SF íÏM (JúŸê§Öá

�l�) ®1.13 Pg Cyr−1, 5ÈÏÏ�38%� ¥ší!‹µsBb, Êl�r7×

−-½¸�Þù�“ï¦¾v.âbF²FUàíêÒ�

Ê4.3�Bbn�JÅ‚ (~�Ì)� s‚ (6üv) r7êÒ ,lr7×−-½¸

�Þù�“ï¦¾, *û˝í!‹2Bbø−âkù�“ï}9Ï∆pCO2’eí˛

È}ÓÔ4, ±Q7Ÿ…Êl�r7ù�“ï−ñf�§�íÏæ4, Ä7Ê��Ì

í¦¾ÏM,UàùŸê§Öá�Tl�v, 5ÈíÏ�É�5%; Ou, ÊUàúŸ

ê§Öá�Tl�v, 5ÈíÏ�E�23%, 7J^£ƒ�l�, 5ÈíÏ�ª±Q

B2%� ¥[ýJúŸê§Öá�ÑQ¡AÍäí×−-½¸ù�“ïf�j�, †B

bøìb5?FUàíêÒvÈj&�J£Å‚−ñf�§�ƒ�5_à4, ´†˜

,í8$}Ý�Ã½�
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Ç 4.1: øB�ù~r7½¸-×−ù�“ï}9Ï∆pCO2˛È}ÓÇ,-jÇWÀ
PÑµatm (micor atm), ˛ë–�[ýÐË� CÌ’e�
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Ç 4.2: øB�ù~®êÒJùŸÅ‚ê§Öá�ƒ�l�íù�“ï,¦¾Êï
�,í}Ó, óW[ýï�, ŠMÑœï, £MÑ”ï, ï�˛È �Ñ4◦, dW[
ýù�“ï,¦¾, ÀPÑ Pg Cyr−1�
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flux (Pg Cyr -1)

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

January
La

tit
ud

e

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

February

La
tit

ud
e

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

March

La
tit

ud
e

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

May

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

June

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

July

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

August

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

September

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

October

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

November

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

April

La
tit

ud
e

QSCAT-PO.DAAC
QSCAT-RSS
SSM/I-RSS

NRA
ECMWF

QSCAT/NCEP
QSCAT-SF
QSCAT-COAPS

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

-60

-40

-20

0

20

40

60

December

Ç 4.3: øB�ù~®êÒJúŸÅ‚ê§Öá�ƒ�l�íù�“ï,¦¾Êï
�,í}Ó, óW[ýï�, ŠMÑœï, £MÑ”ï, ï�˛È �Ñ4◦, dW[
ýù�“ï,¦¾, ÀPÑ Pg Cyr−1�
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Ç 4.4: ®êÒí~�Ìr7ù�“ï,¦¾, UàAVHRR ½[ÞÅ�SST �

WOA01½[Þ&�S, Ç (a) ÑUàùŸÅ‚ê§Öá�ƒ�, Ç (b) ÑúŸ
Å‚ê§Öá�ƒ�, óW[ýù�“ï,¦¾, ÀPÑ Pg Cyr−1, dW[ý~
M�
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Ç 4.9: ~�Ìr7ù�“ï,¦¾, Ç(a) ÑSàùŸê§Öá�ƒ�Tl�í!
‹, Ç (b) ÑSàúŸê§Öá�ƒ�Tl�í!‹� �H(Ñ NRA í’e, �
H(Ñ QSCAT/NCEP í’e, ™(ÑUàÅ‚t�l�í!‹, õ(ÑUàs
‚t�l�!‹í�ÌM, ™õõ(ÑUàÅ‚^£ƒ�l�í!‹� l�v	ì
½[ÞÅ�SST=20◦C, ½[Þ&�S=35psu, óW[ýù�“ï,¦¾, ÀPÑ
Pg Cyr−1, dW[ý~M�
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Ë“ A

t�Rû

A.1 Ê‚œ0ƒbíRû¬˙

Ê‚ (Rayleigh) œ0ƒbÑ¸+ (Weibull) œ0ƒbí$Õ�k2íœ0ƒb R

û¬˙à-:

¸+œ0ƒb:

f(u; A,C) =
C

A

( u

A

)C−1
exp

[
−

( u

A

)C
]

uH[ê§,CH[$Õ¡b,AH[��¡b�

w2��¡bA = uav
Γ(1+ 1

C )
,uavH[�Ìê§� çêÒÑÌ²ê (isotropic winds),

†$Õ¡b C=2, ¤v��¡bA = 2√
π

uav� I∆u = uav(
π
2 )(− 1

2 ),

†A =
√

2∆u�

FJBbªJøÊ‚œ0ƒbŸTà-:

f(u; A,C) =
C

A

( u

A

)C−1
exp

[
−

( u

A

)C
]

øC = 2�p,�

f(u; A) =
2

A

( u

A

)
exp

[
−

( u

A

)2
]
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øA =
√

2∆u�p,�

f(u) =
2√
2∆u

(
u√
2∆u

)
exp

[
−

(
u√
2∆u

)2
]

=
u

∆u2 exp

( −u2

2∆u2

)

=
u

[
exp

(−u2/2∆u2
)]

∆u2

= 2π
u

[
exp

(−u2/2∆u2
)]

2π∆u2

IP (u) =
u[exp(−u2/2∆u2)]

2π∆u2 Ñ•/øj²íê§œ0ƒb†,�ªŸT:

f(u) = 2πP (u)

Ä¤•/øj²íÊ‚œ0ƒbªŸT:

P (u) =
u

[
exp

(−u2/2∆u2
)]

2π∆u2
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A.2 Wanninkhof(1992) ùŸê§Öá�ù�“ï−ñf�§�ƒ�
Rû¬˙

s‚f�§�t�Rû:

Bbø−�Ìf�§��ks‚f�§�í�ÌM

kav = k

cqs‚f�§�ÑùŸÖá�ê§ƒ� (k = bu2,b Ñs‚f�§�ªW�b), �

p,��

kav = bu2

= bu2

cqs‚ê§œ0}ÓÑÊ‚œ0}Ó, yø,�,j²[b2π †,�ªŸT:

kav = b2π

∫ ∞

0
P (u)u2du

cÜ,�, †s‚f�§�ªW�b b ªŸT:

b =
kav

2π

∫ ∞

0
P (u)u2du

ÄÑ2π
∫∞

0 P (u)u2du = 2∆u2, ∆u = uav(
π
2 )(− 1

2 ), FJ,�ªŸT:

b =
kav

2∆u2

=
kav

2
[
uav(

π
2 )(− 1

2 )
]2

økav=21.9 cm hr−1,uav=7.4 m s−1(Broecker�,1986)�p,�,ª)[bb=0.31,

økav=21.2 cm hr−1,uav=7.4 m s−1(Broecker�,1985),ª)[bb=0.30,økav=9.11
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cm hr−1,uav=4.7 m s−1(Cember �,1989) ª)[bb=0.32� ¦ú°’eí�Ì

M, †ª)s‚f�§�ªW�bb = 0.31

Å‚f�§�t�Rû:

økav=21.9 cm hr−1,uav=7.4 m s−1(Broecker�,1986), kav=21.2 cm hr−1,uav=7.4

m s−1(Broecker�,1985), kav=9.11 cm hr−1,uav=4.7 m s−1(Cember�,1989),

ú°Å‚−ñf�§�D�Ìê§’e, cqÅ‚−ñf�§�ÑùŸÖá��Ìê

§ƒ� (kav = auav
2), J|ü�j¶TV¡, ª)ƒ

kav = 0.395uav
2

¥D Wanninkhof í!‹

kav = 0.39uav
2

óçQ¡�
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A.3 Wanninkhof and McGillis(1999) úŸê§Öá�ù�“ï−ñ
f�§�ƒ�Rû¬˙

s‚f�§�t�Rû:

Bbø−�Ìf�§��ks‚f�§�í�ÌM

kav = k

cqs‚f�§�ÑúŸÖá�ê§ƒ� (k = bu3,b Ñs‚f�§�ªW�b), �

p,��

kav = bu3

= bu3

cqs‚ê§œ0}ÓÑÊ‚œ0}Ó, yø,�,j²[b2π †,�ªŸT:

kav = b2π

∫ ∞

0
P (u)u3du

cÜ,�, †s‚f�§�ªW�b b ªŸT:

b =
kav

2π

∫ ∞

0
P (u)u3du

ÄÑ2π
∫∞

0 P (u)u3du = 3
√

π√
2
∆u3, ∆u = uav(

π
2 )(− 1

2 ), FJ,�ªŸT:

b =
kav

3
√

π√
2
∆u3

=
kav

3
√

π√
2

[
uav(

π
2 )(− 1

2 )
]3

økav=22 cm hr−1,uav=7.4 m s−1(Broecker�,1985)�p,�,ª)[bb=0.0284,

¥D Wanninkhof and McGillis í!‹b=0.0283óçQ¡�
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Å‚f�§�t�Rû:

âk�Ìf�§��ks‚f�§�í�ÌM, FJBbªJ)ƒ-�:

kav = k

= 0.0283

[
2π

∫ ∞

0
P (u)u3du

]

= 0.0283× 3
√

π√
2

[
uav

(π

2

)(− 1
2 )
]3

BbøuavJ0B20 m s−1�p,�, yø)ƒíkavJ|ü�j¶V¡, ª)ƒúŸ

Öá�ê§ƒ�:

kav =
[−.000461uav − 0.0000903uav

2 + 0.054uav
3]

¤!‹D Wanninkhof and McGillis í!‹ (-�) �F.°�

kav =
[
1.09uav − 0.333uav

2 + 0.078uav
3]

JBbøkav=22 cm hr−1,uav=7.4 m s−1(Broecker �,1985) íû˝!‹, cJ

úŸj�Ìê§[ýÅ‚ù�“ï−ñf�§�ê§ƒ�, F)í!‹Ñ:

kav = 0.054uav
3

¤!‹D Wanninkhof � (2002) í!‹ (-�) ?�F.°�

kav = 0.0615uav
3

¥<l�,íO½˚×BbÝ˝, F�%âNû`¤�sõ`¤ø¤O½òQD

Wanninkhof ¦]()ƒnj�WanninkhofÊ]2�ºBb¥_O½, FTƒÊF
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b1999D2002Fê[ídı2, F)ƒíúŸÖá�Å‚ù�“ï−ñf�§�ê

§ƒ�üõl�˜Ï, 7£üíÅ‚ù�“ï−ñf�§�ê§ƒ�@Ñ:

kav = 0.054uav
3

Ä¤BbÊl�úŸê§Öá�Å‚ù�“ï−ñf�§�v, ZJ,�TÑl�ƒ

��
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A.4 Ó#ÄäRDê§uÉ[5Rû¬˙

Ó#ÄäRuíŠàuàJ‡iê§œ0ò�ƒbíí}Ó8$u´×ÛÊ‚œ0ò

�}Ó�

ÊùŸê§Öá�íù�“ï−ñf�§�ƒ�2, Å‚ùŸê§Öá�íù�“ï

−ñf�§�ƒ�:(kav = 0.39uav
2
(

Sc
660

)−1/2
) Ds‚ùŸê§Öá�íù�“ï

−ñf�§�ƒ� (k = 0.31u2
(

Sc
660

)−1/2
), í[b2, Å‚í[bus‚í1.25I�

JÑúŸê§Öá�íƒ�, Å‚úŸê§Öá�íù�“ï−ñf�§�ƒ�:

(kav = 0.054uav
3
(

Sc
660

)−1/2
) Ds‚úŸê§Öá�íù�“ï−ñf�§�ƒ�

(k = 0.0283u3
(

Sc
660

)−1/2
), í[b2, Å‚í[bus‚í1.9I,

Wanninkhof� (2002) ø¤[b,íªWìÑÓ#ÄäR ÊùŸê§Öá�ƒ

�2:

R = 0.39
0.31 = 1.25, ÊúŸê§Öá�ƒ�2:R = 0.054

0.0283 = 1.9� kuÊ[ýÅ�

s‚ù�“ï−ñf�§�ƒ�DÓ#ÄäRÈíÉ[, Bbªøs‚ù�“ï−ñ

f�§�ƒ��ŸÑ:

k = bud

,�2bÑs‚ù�“ï−ñf�§�íªW�b,dÑê§íj�

QOøÓ#ÄäRDs‚ù�“ï−ñf�§�íªW�bbHps‚ù�“ï−ñ

f�§�ƒ�, †Å‚ù�“ï−ñf�§�ƒ�ªŸÑ:

kav = Rbuav
d

,�2, çd=2v,R=1.25; çd=3v,R=1.9�

ÇÕ,Ó#ÄäRÎ7uÅ‚Î,s‚í[bªÕ,w°v6us‚ê§D�Ìê§í
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ƒ� (R = R(ui, uav)), wÉ[Rû¬˙à-:

ÄÑJ�Ìê§íf�§�kav�ks‚f�§�í�ÌMk, FJBbªJ)ƒ-�:

kav = k

=

N∑
i=1

ki

N

økav = Rbuav
d�ki = bui

dHp,�, †,�ª“Ñ:

Rbuav
d =

N∑
i=1

bui
d

N

cÜ,�(ª):

R =

1

N

N∑
i=1

bui
d

buav
d

=

1

N

N∑

i=1

ui
d

uav
d
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A.5 Å‚úŸê§Öá�ù�“ï−ñf�§�^£ƒ�5Rû

Å‚úŸê§Öá�ù�“ï−ñf�§�ƒ�à-:

kav = a(uav)
3

,�2aÑÅ‚f�§�ƒ�ªW�b� ÇÕBbø−�Ìf�§��ks‚f�§

�í�ÌM

kav = k

¤Ts‚f�§�ÑúŸÖá�ê§ƒ� (k = bu3,bÑs‚f�§�ªW�b) Ä

¤Bbªø,�ZŸÑ:

kav = bu3

= bu3

cqê§œ0}ÓÑ¸+œ0}Óv, †,�ªZŸÑ:

kav = b
∑

f(u; A,C)u3∆

,�2f(u; A,C)Ñ¸+œ0ƒb, ∆Ñl�vF¦í �–È 1, w$Õ¡bCD�

�¡bAªâ Justus(1978) FT5%ðt�, �âê§œ0ò�ƒbí�ÌMD™

ÄjÏ,l)V:

C =
(uav

σ

)1.086

A =
uav

Γ (1 + 1/C)

1Ê˙�2l�
∑

f(u;A, C)u3∆íj�Ñ:
1000∑
i=1

f(ui; A,C)ui
3∆�

Ê¥³ui=0.025+0.05×(i− 1), ∆=0.05
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,�2σÑê§œ0ò�ƒb5™ÄjÏ,ΓÑΓƒb 2� s‚f�§�ªW�bbíM,

BbJ Wanninkhof and McGillis Ê Gas-Ex98íõð!‹b = 0.0280Hp� Ä

¤, _àk®ï�–�íÅ‚f�§�ƒ�ªW�baiªŸT:

ai =
kav

uav
3

=
k

uav
3

=
b
∑

f(u; A,C)u3∆

uav
3

=
0.0280

∑
f(u; A,C)u3∆

uav
3

FJ, Uà®ï�–�ê§’e, ¹ªJ°)_àkv–í®ï�–�íÅ‚f�

§�ƒ�:

kav−fix = aiuav
3

2Γ(α) =
∫∞
0

exp(−t)tα−1dt, COªJZŸÑ: Γ(α) = lim
n→∞

n!nα

(α)(α+1)(α+2)···(α+n) , α 6= 0,−1,−2, · · · ,−n

Ê˙�2l�Γ(α)íj�ÑI‡�5n =1×107Hp�
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