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Figure 1: L2�8æ�nÕíüÁãüÈ

2. Tikhonov Regularization Method

SMILESnL1BÇü¿K�����!c���¦)¦
¹Ú¯Èë�Ù¯Èëy (� pm)�L2æ�k�cf�
úY�®Ï�S�PnØ¦×íÕ¡¤ëI�Ù¯Èëx
(� pn) ghYh�H�$(a priori)Ù¯ÈëxanÑ�
kJDf

y = F(xa) +K(x− xa) (1)

n�FjÚ�Ñ<L��Ëd�SSg�FoÅnâÇë
�>��TâÇë�D�¼�`ForwardâÇë�hY¢
p�K = ∂F/∂x = ∇FoWeighting Function (Jacobian)g
B��SMILESn4��m ∼ 60000�n ∼ 250�¦n$�
�d��(1)K�����ìËjaö�np(Kn0��A
�'MDyp$np)o*åÑéáü¿np(n)kÔyf
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,�$oéóÀàÎ¤ºk�cf�$�-Ãk�Lcf

D��Sn�FjOLnãÕhWf�,��L���F

¹Õ����WÕ��F¹ÕL�H���L�SSgo

���(D���,k���WÕgo!�ghU��χ2

(¤îg�<�W_¹Ú¯Èë�î)����Y�[4]�

χ2(x) = (y − F(x))
T
S−1y (y − F(x)) (2)
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þÒ�o·¹ÆàÑó)¦K���U���¦)¦¹

Ú¯Èën�c�^þÒ�o0hY��_`W�o-
�OLgoχ2n��$Ñ�kãL!pkX(W�χ2 �

���Y�`QgoãL��kB~�jD_��χ2k

aöc� H_Cost Function: M(x) = χ2(x) + c(x)��
��Y��ãLH�$K�`D4�o�(1)g�D_Ø
!�L!�gMZk^Ú�OLhj�L�Levenberg-
MarquardtÕ�(Dfãn	Õδxi = xi+1 − xi LA�
�UOj�~g�(3)�Í©��Y�ShgØ�Kd
��Wfã�B�����Ñéáü¿λ �0kY�h
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®��(DZ�NewtonÕn�Fj2!Î_k��Ø�'
��d�_`W���$LªDhzcY�ShLB�

ng�M(xi)L��WjD4� (~_oδxn'MUL�
�WjD4�)oλn$�'MOWfc�$L�D � 
H�δx��%M�Õh�Øn¹�(∇M(xi))k�Q��

δxi = − [Hi + λD]
−1∇M(xi) (3)

∇M(xi) = −2KT
i S
−1
y (y − F(xi)) +∇c(xi) (4)

∇2M(xi) ≈ 2KT
i S
−1
y Ki +∇2c(xi) ≡ Hi (5)

SSg�Ø aöc ��(6)n�FkxvhOptimized
Estimation Method (OEM)hj���(7) n�Fkxv
hTikhonov Regularization Method (TRM)hj�[5]�

cOEM(x) = (x− xa)
T
S−1a (x− xa) (6)

cTRM(x) = (x− xa)
T
LTS−1r L (x− xa) (7)
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[
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ii
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_��i¦jαnx�LÍ�gB��cG�Ñéáü¿
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îhÎ¤º¤î���[_Èü¿ë¤îL��hj

�¹k-�Y�¹ÕILB�[8]�TRMnáêÃÈhW
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chyb(x) = (x− xa)
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TLTS−1r L(x− xa) (8)
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−1
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Figure 2: Tikhonov regularization�(D_O3Ø¦×íÕ¡
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Figure 3: SMILESn�Çü¿� (2009/12/18, Band A): (a)
�¦)¦¹Ú¯Èë (b)�î¹Ú¯Èë(d8�kWW�
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3. Non-voigt line shape
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�H�ïý'LB��Figure 3kSMILESg³,U�_¥
ÚØ¦40kmkJQ��¦)¦¹Ú¯ÈëJ�s¹Ú¯
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ÙëL^8k�UDShL�K��)]Sg�,�vg
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Figure 4: ¹Ú¯ÈëÚEnØ¦�X'

p¢pg%Àk��Y�LLorentz¢poÝân−2W
gÔ��é�Kk��Y��Gauss¢pnJ$J
Eα = σ

√
2 ln 2oν0

√
T/m (Tovþ)¦�mo�Pê

Ï)kÔ�W�Lorentz¢pnJ$JEγo'�PkÔ�Y
��Figure 4kSMILES Band AkB�O3� HCl;�é¤
ónJ$JE�:Y�Sn�Fk�Ø¦60km��kØ
Ø¦tgDoppler�L��NØ¦tg]��L�L/M
�kjcfD��(��k,�g����¹Ú¯Èëk
oÅnn�ãýk���L�� ���)

G(ν, σ) =
1

σ
√
2π

exp

[
− (ν − ν0)2

2σ2

]
(11)

L(ν, γ) =
γ2

π [(ν − ν0)2 + γ2]
(12)

Voigt�Galatry�SD-Voigtn�¢pohâpøg��
Y�Sh�ïýgB�L[15]�ykSD-VoigtoB�øg
��WfK�Fourier	ÛY�¹L¹�gB���(13)�
�(14)��(15) k]�^�nø¢¢p�:Y��H
pVoigt¢poFourier	ÛV (ν) = F(φV(t)) k�cf��
gM��

φV(t) = exp

[
iν0t− γt−

σ2t2

2

]
(13)

φG(t) = exp

[
iν0t− γt−

σ2 (1− βt− exp(−βt))
β2

]
(14)

φS(t) =
exp

[
iν0t−

(
γ − 3

2γ2
)
t− σ2t2

2(1+γ2t)

]
(1 + γ2t)3/2

(15)

SSg�β�γ2n$o

β =
kBT

mD
(16)

γ2 = 0.27× (1− nair)γ (17)
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Figure 5: (a) Voigt�Galatry�SD-Voigtn�8ÎÚbâÇ
ëg��W_8ÎÂp (b) VoigtK�nî�

k�cf��Y��(kBoBoltzmann�p�nairoγn)¦
�X'nª) Do�PácÂpgB��!�k��B
����[16]�(µ�µaoþa�PJ�sz��Pnê
Ï(AMU)�noz��PnpÆ¦(molec./m3)�Tovþ
)¦(K))

D =
1.52× 1020

n

√(
1

µ
+

1

µa

)
T (m2/s) (18)
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Figure 7: Non-voigt line shape�ek��O3êÈêüÐë

P�xnqÿ: (a) Galatry & Voigt (b) Galatry − Voigt (c)
SD-Voigt & Voigt (d) SD-Voigt − Voigt
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GalatryhSD-Voigtnia�kJDf�SMILESnêÈ
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ÄòkUDL���_�SMILESn³,Çü¿K�oi
a�LcWDK�z�Y�noãWDL��Ñn��

¤Çü¿[14, 18, 19]���hSD-Voigtn¹LcWDïý
'LØDh������P�ën]�L2SOLhWf
qH�'�ÄòkJDfoGalatrynÑéáü¿β�SD-
VoigtnÑéáü¿γ2 o'�kÔ�Y�ShL��U�
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Figure 8: Non-voigt line shape�ek��HOClêÈêüÐ
ëP�xnqÿ: (a) Galatry & Voigt (b) Galatry − Voigt (c)
SD-Voigt & Voigt (d) SD-Voigt − Voigt
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Table 1: Non-voigt line shape�enqÿ

Product Band Galatry SD-Voigt
diff km diff km

O3 (day) A +0.2% 30∼40 −0.2% 20∼30
O3 (day) B −0.2% 10∼20 −0.2% 20∼30
O3 (day) A +0.5% 50∼80 +0.5% 50∼80
O3 (day) B +0.5% 50∼80 +0.3% 50∼80
O3 (night) A +0.2% 30∼40 −0.3% 20∼30
O3 (night) B −0.2% 15∼25 −0.3% 20∼30
O3 (night) A +0.5% 50∼80 +0.3% 50∼80
O3 (night) B +0.4% 50∼80 +0.2% 50∼80
HCl A −0.3% 15∼25 -0.8% 15∼25
HCl B −0.2% 15∼20 -0.4% 15∼20
HOCl (day) A +1% 30∼40 −1% 30∼40
HOCl (night) A +2% 30∼40 −3% 30∼40
CH3CN A +3% 10∼40 +6% 10∼30
Temperature A,B −0.1K 20∼40 +0.1K 20∼40
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