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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
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�d��(1)K�����ìËjaö�np(Kn0��A
�'MDyp$np)o*åÑéáü¿np(n)kÔyf
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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
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�OLgoχ2n��$Ñ�kãL!pkX(W�χ2 �

���Y�`QgoãL��kB~�jD_��χ2k

aöc� H_Cost Function: M(x) = χ2(x) + c(x)��
��Y��ãLH�$K�`D4�o�(1)g�D_Ø
!�L!�gMZk^Ú�OLhj�L�Levenberg-
MarquardtÕ�(Dfãn	Õδxi = xi+1 − xi LA�
�UOj�~g�(3)�Í©��Y�ShgØ�Kd
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��d�_`W���$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)

Sa oH�$n�cq�cL�gB��ãn�$Lxg
B�º�L�xa �-ÃkSag�H����c��cf
c���WfD�hî�W�Baysen���(Df,�
$ynaö�g��º���'�Y�ShgOEML�
Q�[6]�·¹ÆàÑó)¦K�B~�Sy hpj��
�,�kSa ncºj$�å�ShoãWO�c��
�WfD�h�P�jDL�SanþÒ�(Sa)oxn�c
nî�hj��SMILESgoO3�HClIn®Ï'��P
�)¦nØ¦×íÕ¡¤ë�¢óÆÊðÒªÕ»Ã

ÈhDc_Ø�ji�Ïn�BêÈêüÐë�Lcf

D�L�Sa��cfS��n!C�ÃH�ShLgM
��Levenberg-MarquardtÕnc�$L�D koS−1a n^
þÒ��0kW_L�D−1a L�����~_�Sa n^
þÒ�k�Hp[Sa]ij = [Sa]ii exp [−|zi − zj |/zs] n�F
j$�e�fØ¦zk¹±üëØ¦zs nø¢��_[�
ShLgM��OEMgoSn�FjØ¦ø¢�Ø¦°
êÃÉn¿t�L�jDhãL/ÕY�ShLB��

�¹�TRMnØ aöoH�$hnî�(x − xa)
��UOY�_�n�ngB��cG�L�L oiS
jn!î�L�Ln nÚ�P�gB�[7]��HpL0 (RI
L�)�(D�p(x−xa)Lô¥�k���U���L1g

B�p�[L1x]i = xi − xi−1 gB�K��xa k��nª
Õ»ÃÈ� H_ã�1¹U���L2�L3�· · · h!p
�
R�{i(x− xa)n���o�¥�kj�L���
�OnØ¦nãL÷V�_�kØ¦�ãýLªOj�n

gi¦j!p�xvÅ�LB��Sr ocG�n"�cq
�cL�"køSW��PThncG�Ñéáü¿αn
�pK�j�þÒL�gB�(

[
S−1r

]
ii
= α)�Snαoχ2

hcTRM nÐéó¹¿tnyr��_W��UNN�hÑ
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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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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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noFig. 6k����8ÎÂpn	�K�¬�LdO�
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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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¤Çü¿[14, 18, 19]���hSD-Voigtn¹LcWDïý
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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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