
Simulation-retrievalexperimentsover the
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Introduction

❚❤❡ ●❡♦st❛t✐♦♥❛r② ❈❛r❜♦♥ ❈②❝❧❡ ❖❜s❡r✈❛t♦r② ✭●❡♦❈❛r❜✮ ♠✐ss✐♦♥
❛✐♠s t♦ ♠❡❛s✉r❡ t❤❡ s♣❛t✐❛❧ ❛♥❞ t❡♠♣♦r❛❧ ♣❛tt❡r♥s ♦❢ ❣r❡❡♥❤♦✉s❡
❣❛s❡s ✇✐t❤ t❤❡ ✉❧t✐♠❛t❡ ❣♦❛❧ ♦❢ ❛❞❞r❡ss✐♥❣ ❢✉♥❞❛♠❡♥t❛❧ q✉❡st✐♦♥s
✐♥ ❝❛r❜♦♥ ❝②❝❧❡ s❝✐❡♥❝❡✱ s✉❝❤ ❛s ✇❤② ❛♥❞ ❤♦✇ t❤❡ ❣❧♦❜❛❧ ❝❛r❜♦♥
❝②❝❧❡ ✐s ❝❤❛♥❣✐♥❣✳ ●❡♦❈❆❘❇ ✇✐❧❧ r❡tr✐❡✈❡ ❝♦❧✉♠♥ ✐♥t❡❣r❛t❡❞ ❈❖2✱
❈❍4✱ ❛♥❞ ❈❖ ❝♦♥❝❡♥tr❛t✐♦♥s ♦✈❡r ◆♦rt❤ ❛♥❞ ❙♦✉t❤ ❆♠❡r✐❝❛ ❢r♦♠
s❤♦rt✇❛✈❡✲✐♥❢r❛r❡❞ ♠❡❛s✉r❡♠❡♥ts ✐♥ ❢♦✉r ❤②♣❡rs♣❡❝tr❛❧ ❜❛♥❞s ♠❛❞❡
❢r♦♠ ❛ ❣❡♦st❛t✐♦♥❛r② s❛t❡❧❧✐t❡ ♣❧❛t❢♦r♠✳ ❖t❤❡r ❢❛❝ts ✐♥❝❧✉❞❡✿

• ❈♦♥✜❣✉r❛❜❧❡ s❝❛♥ ❜❧♦❝❦s ♦✈❡r t❤❡ ❧❛♥❞ ♠❛ss❡s t♦ ❜❡ ✈✐s✐t❡❞
♠✉❧t✐♣❧❡ t✐♠❡s ❛ ❞❛②✳

• ❍②♣❡rs♣❡❝tr❛❧ ❜❛♥❞s ✐♥❝❧✉❞✐♥❣ ✵✳✼✻ ✭❖2✲❆✮✱ ✶✳✻✶ ✭✇❡❛❦ ❈❖2✮✱
❛♥❞ ✷✳✵✻ ✭str♦♥❣ ❈❖2✮ µ♠ ✭s✐♠✐❧❛r t♦ ❖❈❖✲✷✴✸✮ ✐♥ ❛❞❞✐t✐♦♥
t♦ ❛ ❈❍4✴❈❖ ❜❛♥❞ ❛t ✷✳✸✷ µ♠✳

• ❚❤❡ ♣r♦♣♦s❡❞ s♣❛t✐❛❧ r❡s♦❧✉t✐♦♥ ✐s ✹✳✶ ❦♠ ◆✴❙ ❛♥❞ ✺✳✹ ❦♠
❊✴❲ ❛t t❤❡ s✉❜ s❛t❡❧❧✐t❡ ♣♦✐♥t✳

Setup
❚❤❡ s✐♠✉❧❛t✐♦♥ ❛♥❞ r❡tr✐❡✈❛❧ s♦❢t✇❛r❡ ✐s ❜❛s❡❞ ♦♥ t❤❡ ❖❈❖✲✷✴✸ ❝♦❞❡
❛♥❞ ❤❛s ❜❡❡♥ ♠♦❞✐✜❡❞ ❢♦r ●❡♦❈❛r❜✬s ❣❡♦st❛t✐♦♥❛r② ♦r❜✐t ❛♥❞ ✐ts
❛❞❞✐t✐♦♥❛❧ ❜❛♥❞ ✭✷✳✸✷ µ♠✮ ❛♥❞ r❡tr✐❡✈❡❞ ❣❛s❡s ✭❈❍4 ❛♥❞ ❈❖✮✿

✶✳ ❙❝❡♥❡ ❞❡✜♥✐t✐♦♥✿ ■♥❝❧✉❞❡s ♠❡t❡♦r♦❧♦❣②✱ ❛❡r♦s♦❧s ❛♥❞ ❝❧♦✉❞s✱
s✉r❢❛❝❡ ❇❘❉❋✱ ❣❡♦❧♦❝❛t✐♦♥✱ ❛♥❞ s♦❧❛r ❛♥❞ ✈✐❡✇✐♥❣ ❣❡♦♠❡tr②✳
✭❈❙❯ s✐♠✉❧❛t♦r ❝♦❞❡✮

✷✳ ▼❡❛s✉r❡♠❡♥t s✐♠✉❧❛t✐♦♥✿ ■♥❝❧✉❞❡s r❛❞✐❛t✐✈❡ tr❛♥s❢❡r✱ ❝♦♥✲
✈♦❧✉t✐♦♥ ✇✐t❤ t❤❡ ■▲❙ ❢♦r ❡❛❝❤ ❝❤❛♥♥❡❧✱ ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ t❤❡
✐♥str✉♠❡♥t ♥♦✐s❡ ♠♦❞❡❧✳ ✭❈❙❯ s✐♠✉❧❛t♦r ❝♦❞❡✮

✸✳ ❘❡tr✐❡✈❛❧✿ ❘✉♥ t❤❡ r❡tr✐❡✈❛❧ ♦♥ t❤❡ s✐♠✉❧❛t❡❞ ♠❡❛s✉r❡♠❡♥ts
✇✐t❤♦✉t ❛♥❞ ✇✐t❤ ♣❡rt✉r❜❛t✐♦♥s ❛♣♣❧✐❡❞✳ ✭❖❈❖✲✷✴✸ ▲✷ r❡✲
tr✐❡✈❛❧ ❝♦❞❡ ❛❞❛♣t❡❞ ❢♦r ●❡♦❈❛r❜✮

❊①♣❡r✐♠❡♥t❛❧ s❡t✉♣✿

• ❇❛s❡❞ ♦♥ ✺✳✹ ❦♠ s❛♠♣❧✐♥❣ ❜✉t ❞♦✇♥ s❛♠♣❧❡❞ t♦ ✵✳✺◦✳

• ✺ s❝❛♥ ❜❧♦❝❦s ♣❡r ❞❛②✱ ✶ ❞❛② ❢r♦♠ ❡❛❝❤ s❡❛s♦♥ ♦❢ ✷✵✶✻ ✭▼❛r
✷✶✱ ❏✉♥ ✷✶✱ ❙❡♣ ✷✶✱ ❉❡❝ ✷✶✮✳

• ❖❜s❡r✈❛t✐♦♥s ❛r❡ ♣r❡✜❧t❡r❡❞ ❢♦r ♣❛rt✐❝❧❡s ✇✐t❤ t❤❡ ❖❈❖✲✷✴✸
❆✲❜❛♥❞ ❝❧♦✉❞ s❝r❡❡♥❡r✳

• ❙✐♠✉❧❛t❡❞ ♠❡❛s✉r❡♠❡♥ts ❛r❡ ♥♦✐s❡✲❧❡ss ✉♥❧❡ss s♣❡❝✐✜❡❞✳

Baseline
❲❡ st❛rt ❜② ❧♦♦❦✐♥❣ ❛t r❡tr✐❡✈❛❧ r❡s✉❧ts ✇✐t❤ ♥♦ ♣❡rt✉r❜❛t✐♦♥s✳
❙t❛t✐st✐❝s r❡♣♦rt❡❞ ❛r❡✿

• n✿ ❚❤❡ ♥✉♠❜❡r ♦❢ r❡tr✐❡✈❛❧s t❤❛t ❝♦♥✈❡r❣❡❞ s✉❝❝❡ss❢✉❧❧② ❛♥❞
✇❡♥t t❤r♦✉❣❤ ♣♦st ✜❧t❡r✐♥❣✳

• µ✿ ❚❤❡ ♠❡❛♥ ♦❢ t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ r❡tr✐❡✈❛❧ ❛♥❞ t❤❡
tr✉t❤✳

• σ✿ ❚❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ r❡✲
tr✐❡✈❛❧ ❛♥❞ t❤❡ tr✉t❤✳

❍❡r❡ t❤❡ r❡s✉❧ts r❡♣♦rt❡❞ ❛r❡ ❘❛✇ ✭✉♥✜❧t❡r❡❞✮✱ ❋✐❧t❡r❡❞✱ ❛♥❞ ❋✐❧✲
t❡r❡❞✰❇❈ ✭❜✐❛s ❝♦rr❡❝t❡❞✮✳ ❚❤❡ ✜❧t❡r✐♥❣ ✐s ❛ s❡r✐❡s ♦❢ t❡sts ❜❛s❡❞
♦♥ χ2✱ ❡st✐♠❛t❡❞ ✉♥❝❡rt❛✐♥t②✱ ❛♥❞ r❡tr✐❡✈❡❞ ❆❖❚✳ ✭❘❡s✉❧ts ❢♦r t❤❡
♣❡rt✉r❜❛t✐♦♥ r✉♥s ❛r❡ ❛❧❧ ✜❧t❡r❡❞ ❛♥❞ ❜✐❛s ❝♦rr❡❝t❡❞✳✮

❲✐t❤♦✉t ♥♦✐s❡ ✭s②st❡♠❛t✐❝ ❡rr♦rs✮
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●❡♦st❛t✐♦♥❛r② ♦r❜✐ts ❛r❡ ❧✐♠✐t❡❞ t♦ ❛ ✜①❡❞ ❞✐st❛♥❝❡ ❢r♦♠ t❤❡ ❊❛rt❤ ❛❜♦✈❡ t❤❡ ❡q✉❛t♦r✳ ❆s ❛ r❡s✉❧t✱ t❤❡ ❛✈❛✐❧❛❜❧❡ ❧♦♥❣✐t✉❞✐♥❛❧ ♣♦s✐t✐♦♥s ✭s❧♦ts
♦r s✉❜ s❛t❡❧❧✐t❡ ♣♦✐♥ts✮ ❛r❡ ❧✐♠✐t❡❞ t♦ ✇❤❛t ✐s ❛✈❛✐❧❛❜❧❡ ❛t ❧❛✉♥❝❤✳ ❚❤❡ s❧♦t ❛✛❡❝ts t❤❡ ❛✈❡r❛❣❡ ♠❛ss ♣❛t❤ ✕ t❤❡ ❛♠♦✉♥t ♦❢ ❛t♠♦s♣❤❡r❡ ❜❡t✇❡❡♥
t❤❡ s❡♥s♦r ❛♥❞ t❤❡ s✉r❢❛❝❡✳ ❚❤❡ ✐❞❡❛❧ ❧♦❝❛t✐♦♥ ❢♦r ◆♦rt❤ ❛♥❞ ❙♦✉t❤ ❆♠❡r✐❝❛ ❛❧s♦ ✈❛r✐❡s ✇✐t❤ s❧♦t✳ ❋♦r ●❡♦❈❛r❜ t❤❡ ♦✈❡r❛❧❧ ✐❞❡❛❧ ♣♦s✐t✐♦♥
❛✈❛✐❧❛❜❧❡ ✐s ✽✼◦✇✳ P♦ss✐❜❧❡ ❜❛❝❦✲✉♣ s❧♦ts ✐♥❝❧✉❞❡ ✻✺◦✇ ❛♥❞ ✶✵✺◦✇✳

✶✵✺◦✇

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

2.0

R
et
ri
ev

ed
P
s
u
r
f
-
T
ru

e
P
s
u
r
f
(h

P
a
)

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

R
et
ri
ev

ed
X
C
O

2
-
T
ru

e
X
C
O

2
(p

p
m
)

−10

0

10

20

30

40

R
et
ri
ev

ed
X
C
H

4
-
T
ru

e
X
C
H

4
(p

p
b
)

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

2.0

R
et
ri
ev

ed
X
C
O

-
T
ru

e
X
C
O

(p
p
b
)

✽✼◦✇

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

2.0

R
et
ri
ev

ed
P
s
u
r
f
-
T
ru

e
P
s
u
r
f
(h

P
a
)

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

R
et
ri
ev

ed
X
C
O

2
-
T
ru

e
X
C
O

2
(p

p
m
)

−10

0

10

20

30

40

R
et
ri
ev

ed
X
C
H

4
-
T
ru

e
X
C
H

4
(p

p
b
)

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

2.0

R
et
ri
ev

ed
X
C
O

-
T
ru

e
X
C
O

(p
p
b
)

✻✺◦✇

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

2.0

R
et
ri
ev

ed
P
s
u
r
f
-
T
ru

e
P
s
u
r
f
(h

P
a
)

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

R
et
ri
ev

ed
X
C
O

2
-
T
ru

e
X
C
O

2
(p

p
m
)

−10

0

10

20

30

40

R
et
ri
ev

ed
X
C
H

4
-
T
ru

e
X
C
H

4
(p

p
b
)

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

2.0

R
et
ri
ev

ed
X
C
O

-
T
ru

e
X
C
O

(p
p
b
)

Meteorological perturbation

▼❡t❡♦r♦❧♦❣② ❢♦r t❤❡ ❜❛s❡❧✐♥❡ ✭tr✉t❤✮ s✐♠✉❧❛t✐♦♥s ✐s ♦❜t❛✐♥❡❞ ❢r♦♠
t❤❡ ❈❛r❜♦♥ ❚r❛❝❦❡r ♣r♦❞✉❝t ✇❤✐❝❤ ✐s ♦❜t❛✐♥❡❞ ❢r♦♠ ❊❈▼❲❋ ❊❘❆✲
■♥t❡r✐♠ ♠♦❞❡❧ ♦✉t♣✉t✳ ❚❤❡ r❡s♦❧✉t✐♦♥ ✐s ❳ × ❳◦✳ ❚♦ s✐♠✉❧❛t❡
✐♠♣❡r❢❡❝t ❦♥♦✇❧❡❞❣❡ ♦❢ ♠❡t❡♦r♦❧♦❣② ✇❡ ✉s❡ ●▼❆❖ ●❊❖❙✲✺ ❋P✲■❚
♠♦❞❡❧ ♦✉t♣✉t ✇✐t❤ ❛ r❡s♦❧✉t✐♦♥ ♦❢ ✵✳✸ × ✵✳✷✺◦✳
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Spectroscopic perturbation
❚❤❡ s♣❡❝tr♦s❝♦♣✐❝ ❞❛t❛ ✉s❡❞ ❢♦r t❤❡ ❜❛s❡❧✐♥❡ ✭tr✉t❤✮ ✐s ♦❜t❛✐♥❡❞
❢r♦♠ ❍■❚❘❆◆ ✷✵✶✻ ✉s✐♥❣ t❤❡ ▼❚❈❑❉✲✸✳✷ ❍2❖ ❝♦♥t✐♥✉✉♠ ♠♦❞❡❧✳
❚♦ s✐♠✉❧❛t❡ ✐♠♣❡r❢❡❝t ❦♥♦✇❧❡❞❣❡ ♦❢ s♣❡❝tr♦s❝♦♣② ✇❡ ✉s❡ ❞❛t❛ ❢r♦♠
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Some conclusions
• ❖✈❡r❛❧❧ ♣♦✐♥ts✿ ✭✶✮ ❚❤❡ ❳❈❍4 r❡tr✐❡✈❛❧ s✉✛❡rs ❢r♦♠ ❛ s②st❡♠❛t✐❝ ❡rr♦r t❤❛t ❝❛♥ ❜❡ ❝♦rr❡❝t❡❞ t❤r♦✉❣❤ ❛ s✐♠♣❧❡ ❜✐❛s ❝♦rr❡❝t✐♦♥✳ ✭✷✮
❖✉r s✐♠♣❧❡ ✜❧t❡r✐♥❣ ✉s❡❞ ❢♦r ❜❛s❡❧✐♥❡ ✜❧t❡rs ♦✉t ❛ r❡❧❛t✐✈❡❧② ❧❛r❣❡ ❛♠♦✉♥t ♦❢ r❡s✉❧ts ✐♥ t❤❡ ❝❛s❡ ♦❢ s♣❡❝tr♦s❝♦♣✐❝ ♣❡rt✉r❜❛t✐♦♥s ✐♥❞✐❝❛t✐♥❣
t❤❛t t❤✐s ♣r♦❝❡❞✉r❡ ♠✉st ❜❡ t✉♥❡❞ ❢♦r ❞✐✛❡r❡♥t s♣❡❝tr♦s❝♦♣②✳

• ❆❧t❡r♥❛t✐✈❡ s❧♦ts✿ ❚❤❡ ❝❤❛♥❣❡ ✐♥ ♠❛ss ♣❛t❤ ❜❡t✇❡❡♥ t❤❡ ❛❧t❡r♥❛t✐✈❡ s❧♦ts ♦❢ ✻✺◦✇ ❛♥❞ ✶✵✺◦✇ ❤❛s ❛ s♠❛❧❧ ❡✛❡❝t ✐♥ ♦✉r ❡①♣❡r✐♠❡♥ts
✐♥❞✐❝❛t✐♥❣ t❤❛t✱ ✐❢ ♥❡❡❞ ❜❡✱ t❤❡ ❛❧t❡r♥❛t✐✈❡ s❧♦ts ❝❛♥ ❜❡ ✉s❡❞✳

• ▼❡t❡♦r♦❧♦❣✐❝❛❧ ♣❡rt✉r❜❛t✐♦♥✿ ❊rr♦rs ❞✉❡ t♦ ✐♠♣❡r❢❡❝t ♠❡t❡♦r♦❧♦❣② ❛r❡ r❡❧❛t✐✈❡❧② s♠❛❧❧ ✐♥❞✐❝❛t✐♥❣ t❤❛t ♦✉r s♦✉r❝❡s ♦❢ ♠❡t❡♦r♦❧♦❣②✱
✇❤❡t❤❡r ✐t ✐s ❊❈▼❲❋ ❊r❛✲■♥t❡r✐♠ ♦r ●▼❆❖ ●❊❖❙✲✺ ✇✐❧❧ ❜❡ ❛ s♠❛❧❧ s♦✉r❝❡ ♦❢ ❡rr♦r✳

• ❙♣❡❝tr♦s❝♦♣✐❝ ♣❡rt✉r❜❛t✐♦♥✿ ❚❤❡r❡ ✐s ❛ ❝❧❡❛r s②st❡♠❛t✐❝ ❡rr♦r ✐♥ t❤❡ s♣❡❝tr♦s❝♦♣✐❝ ♣❡rt✉r❜❛t✐♦♥s t❤❛t t❤❡ ❜✐❛s ❝♦rr❡❝t✐♦♥ ✐s ♥♦t
r❡s♦❧✈✐♥❣✳ ❯♥❧✐❦❡ ✇✐t❤ ♠❡t❡♦r♦❧♦❣②✱ t❤❡r❡ ✐s ❛ r❛t❤❡r ❧❛r❣❡ r❛♥❞♦♠ ❡rr♦r ❝♦♠♣♦♥❡♥t✳


