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* Principle of FTIR remote sensing '
* Inversion
— Total columns

— Improved total columns

— vertical profiles

e Characterisation of the retrieval

» Application:
1996-2001 time series of O; at the Jungfraujoch

OEM applied to FTIR
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IEMOTE SENSING

 Principle of Michelson interferomet

— recording of interferogram of incident
light (sun, thermal emission, ....)

= FFT
— Spectrum

e high spectral resolution

 multiplex advantage

— distinction of many absorption/emission
signatures simultaneously

OEM applied to FTIR
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Absorption ground-based
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Emission nadir spectrum
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FTIR amoshric: ‘PP

Reference gas: N,(<1%) E.
Minor constituents: CO, (<2%), N,O (<2%)
CH, (=2%), CO (£4%), O,(<5%), [H,0]
Halogenated trace species:

HCI (£4%), CIONO, (= 20%), CCL,F, (< 4%),
CHCIF, (£ 6%), HF (< 3%), COF, (< 20%), SF.(=30%)
Nitrogenated trace species:

NO(£ 6%), NO, (< 10%), HNO;(= 5%), HNO,(monthly
avg.)

Other trace species: C,H, (= 20%), C,H¢ (< 6%),
HCN (£ 8%), OCS (£ 8%), H,CO (monthly avg.),
[H,CO,, CH,Cl, CCl,, CCL4F, ... ]; various isotopes

?

(Precisions estimated for Jungfraujoch conditions)




FTIR retrieval: forward mode

yv=f(x,b,b’)+¢
F(x,b)= f(x,b,p"); Af = f(x,b,b")— F(x,b)
y=F(x,b)+¢

y 1s the experimental measurement, x is the unknown state

£1s the experimental error term
1, F are the forward function, model, respectively

b are forward function parameters, that are in the model,

w / best estimates b; some may be retrieved — included in x

b’are forward function parameters, ignored in the model

OEM applied to FTIR
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 Forward Line By Line

Solar absorption mode
RT model: Transmission 7(¥) = [(¥)/1,(¥) = exp(—a(¥))

with a(V') absorption coefficient:
0((\7) = JdZ Z(Z)Z n, (Z)Z Sl.j (V,Z)fij V,2)

i — molecule ; j — absorption line

S, line strength / molecule ; 1, lineshape

dependence on z & dependence on P, T

Instrument model: T (V)=THE)®ILSH)

OEM applied to FTIR
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, BL madel paramete

o Llnestrength and —shape = b
— Strength S(T) - depending on £~

— Voigt lineshape 1s adopted,
close to Lorentz at high pressure,

close to Doppler at low pressure
* neglects Dicke narrowing, line mixing, ... = b’
2kT'In?2
M
Lorentz HWHM o, = a, ,(P/ B)" (T, /T)"

m<1l n:05-1 (databases for ¢, , and n)

Doppler HWHM «a, = v,

OEM applied to FTIR
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Linewidth contributions - comparison
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FTIR measurement sensitivitie

® Welghtmg fion: KX = B%X = a%x

— saturated lines:

more sensitive to tropospheric contributions,

reduced information content as to stratosphere

— weak lines:

more information about the stratosphere

OEM applied to FTIR
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K= a%x = a%x
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Transmittance
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 instrument functio

—
— FTS-ILS (v): sinc (e« OPD) ® Boxcar (o< Q)

&R LAP-function

400 |-
--------- simple ILS

= extended ILS

O, 200

©

[72]
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FTIR retrieval: Inverse Mode

« General formulation

2=R(F(x,b)+Af (x,b,b)+¢€, x,, b, ¢)
x is the retrieval result for x, through the inverse method R
x, and c:retrieval method parameters

x_ the a priori estimate of x

a

e FTIR:

— x & target concentrations (column w/ fixed
profile— ... — profile), selected model pars;

-cex, 5, 5. < SNR,,,. convergence criterium

OEM applied to FTIR |
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FTIR retrieval: Inverse I\/Ioell

» OEM - Non-linear case- Newtonian ite
F=(ST KIS NKTS v+ ST )
X, = (S, KIS KK S (v, = v, + K%, + 5,
X, =X, +S,K, (K8, K, +8)7[(¥, = »,)— K,(x,—x,)]

« For vertical inversion of ground-based solar absorption
FTIR: SFIT2 code, empirical implementation of OEM

— empirical estimations of best S, S, and of
covariances of all retrieved parameters (S,)

— best ? best fit, w/o instabilities in retrieved state = best
compromise between a priori and measurement info

OEM applied to FTIR
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Retrieval characterisation

After linearisation and re-arrangement
X—X, :R(F(xa,l;),l;,xa,c)—xa bias >0

+A(x—x_) smoothing
+G €, retrieval error
oR e .
G, = . sensitivity of retrieval to measurement
Y
oF .
K, = = sensitivity of forward model to unknown state
X
(weighting function)
A=G,K, sensitivity of retrieved to real state (averaging kernel)
OEM applied to FTIR 55
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etrieval characterisation

Or else |
x—x=(A-I)(x—x,) smoothing error
+ G K, (b- b) model parameter error
+GyAf (x,b,0°) forward model error
+G € ‘retrieval’ (measurement) error
K, = %l—?— sensitivity of forward model to model parameters
S, =(A4-1)S . (A-1) ! ~ covariance of smoothing error
S, = GySgGyT covariance of measurement error

OEM applied to FTIR
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 Inversion
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 inversion: Averaging ke
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FTIR inversion: smoothing and
measurement errors - 1

S, =(A-DS (A-1D)"
T
S, =G,S.G,

Altitude (km)

Sx(iaj) = \/COV(XI"XJ')

(in %);

X=X,

5 10 15 20 25 30 35 40 15

Altitude (km)

OEM applied to FTIR |
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FTIR inversion: smoothing and
measurement errors - 2

=(A-D)S,(A-1)" S, =G,S,

O, matural variability |
Nul-space error
Measurement error

Altitude (km)

0 10 20 30 40 50 60 70
Sqrt(variance) (%)
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5

— Spectroscopy (systematic, altitude-indepe
— P/T (random, altitude dependent)
— background slope, zero level of spectrum

— instrument parameters: EAP

estimated from Monte Carlo simulations

OEM applied to FTIR
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FTIR inversion: correlations between
retrieved parameters - 1
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FTIR inversion: correlations between

retrieved parameters

Layer 3.6-12km  12-18 km 18-24 km
Microwindow N B N B N B
Model parameter
Background slope 09 01 -06 01 02 00 00 00

Effective apodization

parameter

Zero transmission

level

04 00 -05 02 08 -01 -03 03

05 -1 -05 03 07 -03 -01 04

Correlation coefficients between the relative errors ((retrieved-true)/true) of the
retrieved partial columns and the retrieved model parameters resulting from the
Monte-Carlo study (see text) for retrievals performed in the narrow microwindow (N)
and in the broad microwindow (B).

ICTP 2001
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 inversion: total error buc

Layer 3.6-12 12-18 18-24 24-40 VCA

km km km km

Systematic Error Source

Air broadening coefficient uncertainty 4.6 1.6 0.9 -39 0.1

Line intensity uncertainty 2.0 2.0 2.0 2.0 2.0
EAP uncertainty 0.8 1.9 8.4 79 0.6
Total systematic error 5.1 3.2 8.7 9.0 2.1

Random Error Source

Temperature uncertainty 1.9 2.8 0.3 4.9 33
Measurement noise 1.3 2.2 1.7 1.1 0.2
Null-space error 7.8 9.2 3.7 1.6 0.2
Total random error 8.1 9.9 4.1 53 33

Systematic and random errors budgets (%) for the retrieval of ozone partial columns in
the broad microwindow 1000 ~ 1005 cm™.

OEM applied to FTIR
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 inversion: validation

e Comparison between FTIR retriev/e
profiles at the Jungfraujoch "

and correlative data, from sonde, LIDAR
and microwave, from June 1996 to

November 2000

OEM applied to FTIR
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Conclusmns

e O, proflles can be retneved from GB h1
resolutlon FTIR spectra in the 1000-1005 cm’!
uwindow, in 4 independent layers, incl. the
troposphere, covering distinct atmospheric
regimes

* The theoretical characterisation of the OEM
inversion has been confirmed by a statistical
comparison with independent measurements

* The inversion can cope to some extent with
model and instrument uncertainties.

OEM applied to FTIR
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Conclusions |

e Perspective:

application to space-based nadir viewing
FTIR experiments, like IASI/METOP-1,
TES/Aura, ...

OEM applied to FTIR |
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