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ECOWAR: Earth COoling by WAter vapour Radiation
COBRA: Campagna di Osservazioni della Banda Rotazionale del vapor d’Acqua
A research contribution to spectrally resolved observations of the Earth emission spectrum in

the water vapour rotational band (17-50 pm) to test models of atmospheric radiative transfer.
(Italian Ministry of University and Research, DM n. 287 23 feb. 2005, project # 2005025202)
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 The key instruments
— REFIR and I-BEST, FTS instruments developed in our laboratories in order to
sense properly the Far Infrared portion of atmospheric radiance
- 10-100 pm with a sampling rate finer than 0.5 cm™!

2011 Workshop on Far-Infrared Rernote Sensing, Madison, WI, Novernber 8-9, Guido Masiello




0,12

0,1
0,08
0,06
0,04
0,02

l1ance

D)

Rad

REFIR-PAD clear sky spectrum and -
related NESR

A . . . K
Details in Palchetti and Bianchini %
presentations. “

m Sr cim

)

[W/(
coe
oo o

P

oo
O 0O

_REFIR/PAD developed at
IFAC/CNR in Florence
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L - I-BEST

Interferometer for Basic observation of Emitted Spectral Radiance of the Troposphere

Cervinia Station, 10 March 2007, UTC 20:58:00, tegration time 11 min 30 sec sampling rate 0.3931 em”! :
160 i

I-BEST FTS 140 - Spectrum, ABB -Bomem, DTGS | -
ABB-BOMEM MR104 |

Spectral Range 5-40 um, < " “

Sampling rate 0.393 cm™® , % =

Detectors: E o}

- Uncooled Pyroelectric & JJ,

- Cooled MCT ol \']M H w
Operated at Difa/Unibas : L |
Laboratory since 2001 W4 w0

wave number (cm ')

More details in

Serio C., et al. Appl. Opt,,
2008 VAISALA RS-92K

doi:10.1364/A0.47.003909 Radio-sounding Unit
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* Detector DTGS

I-BEST Radiometric Noise

- Detector MCT

HBB T= 50°C,

Meas. time 2'18"

60 Spectra

sigma scale is 10 time
smaller than mean scale




Methodology

Spectral radiance Forward model

L, 8
|_/ r=F(s.v)

X =T
spectral parameters \’aqmosMc state vector T, W

H,O Foreign Continuum coefficients vector c is part of the set of spectroscopic

parameters.
After Taylor expansion with respect to a initial guess (denoted with 0 pedix)

continuum coeff. Jacobian T and W Jacobians

N 7

r=rp+K.(c—ep)+ Ky(T—-To)+ K, (q— qp) +higher order terms

\;7 _( JF  JF )
1'_‘_)]('| (f_ﬂ:l : : 6‘.:1(5;)

Inverted using least square method
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New water vapor continuum absorption coefficients

- [—=-wicow| « REFIRand I-BEST have
T NG . semenl|  provided basic contributions
+ Tosin(1383) |  to the science of water
- EWAR I vapour spectroscopy: H,0
T rotation band
i " i * The Atmosphere is less
3 | opaque than model
é I * More details in
25 g Serio C.,et al., Opt.Ex., 2008,
doi:10.1364/0E.16.015816.
1D-EE

| 1 | | 1 | | 1
Zal 400 ga0 400 450 a00 aal sO0 Bal

Wave number (c:m'1j|

* Water vapor foreign-broadened continuum coefficients for the range 240 to 590
cm-1 as derived from our analysis and comparison with two versions of MT_CKD
model, Burch's (1974) and Tobin data (1999)
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Observed-CaIcuIated Residual
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Observed radiance (upper
panel) and observed minus
calculated (lower panel).
Calculations are shown
using

HO4+, mt_ckd 2.1

HO4+, ecowar, i.e.
continuum coeff.
determined from the 3
case studies analyzed in the
ECOWAR/COBRA
campaign.

Light gray area indicated 3
sigma interval.

This consistency sensitively
improves using new
continuum coefficients

Maestri Presentation for
this day, but injcloudy
conditipn.




ECOWAR/COBRA 15 March 2007, Cervinia

e

o

Q&-w‘w oW

RS Ballon

e The 15 of March 2007, I-BEST and REFIR were at Cervinia station 2000 m a.s.l.

e REFIR was hosted in the lidar container.
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Altitude, km

Altitude, km
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Ancillary Information

Temperature, k.

- : 280
_ —RS 15:20 |
3t 200
RS 18:35 || o 60
- TRS2T01 | £ 4
= 240
o GO0
107 o ..
a00 M. : - -
. . . i g o . g ghBEST
200 220 240 260 2a0 15:00 18:00 2100 REFIR po:on
Temperature, K
Water Vapor hMixing Ratio, g/kg
. . 3.5
a0t — Rz 1520 [ 7
- , 200
2: 18:35 9:«_; o
o0l ——RS 2101 || & 400 .
o
& 800 15
10 L o 1
. . —— ol g-BEST 0.5
0 1 z 3 15:00 18:00 z1:00 REFIR 0o:00
HECJ mr, ppmy
16 I-BEST spectra 2'16" Long
8 REFIR Spectra 5'10"long

Recorded the 15 of March 2007, between 15:00 and 23:00 GMT
Three Radiosondes, RS92k (started @ 15:20, 18:35, 21:01)

These data have never been used in the previous study




Colocated i-BEST and REFIR ohservations
15-Mar-2007 15:15:50, PWV 5.2 mm

0.16 T |

11al —— .BEST | _
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012 o ]
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1
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 An example of REFIR and I-BEST simultaneous spectra,
 The spectral coverage extends from 260 to 1800 cm™
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Colocated i-BEST and REFIR observations
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* This is an example of comparison between REFIR and I-BEST
simultaneous observations.

e |-BEST was operated in MCT mode

 The bottom panels shows the difference between spectra (blu
compared with the sum of the radiometric noises. -
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Synoptic table of spectral parameter used

V11.3 V 2.1 Nov 2007 aer v2.1 HITO4+
[1]
V11.3 V21 Jun 2008 Foreignin aer_v2.1 HITO4+
modified [240-590] [1]
[2] cm™

V12.0 V25.2 Dec 2010 Self and aer v3.0 HITOS, [3] H,O Half-

Foreign Not for  \widthsin [350-
4] H,0&C0O, 667] cm™ [4]

1. Gordon et al. (2007), JQSRT, d0i:10.1016/j.jgsrt.2007.06.0092007.
2. Serio et al. (2008), Opt.Ex., doi:10.1364/0E.16.015816.

3. Rothman et al. (2009), JQSRT, doi:10.1016/j.jgsrt.2009.02.01

4. Delamere et al. (2010), JGR, doi:10.1029/2009JD012968
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Fitting Local Environment: Temperature

* Using the raw radiosonde profile, in the CO, Q-branch at 15 um, the

computed spectrum shows a “cold” bias of 1.5 K.
* In this range the atmosphere is very opaque(t ~ 0)
— —-> downwelling radiance is sensitive to the temperature of atmospheric
layers very close to the instrument.
* The instruments are in the van and it may heats the air close to it.
COZ EMiSSion .

2,35

The structure of
| oo | temperature in the firsts
230y 15 hPa with a regression

285

280

275 L - —&— Fitted ] ]
el b scheme described in
rnr | Esposito et al. QJ, 2007
Nl 18 z2p o doi: 10.1002/qj.131.
= 260 12,0 1 * The cold bias is
255 H < b a sensitively reduced
250} A S * The intense spike at 667
2 el 18 cm? is due to the
240} EEEEE: EEQSEJ +2 | emission of CO, inside
235 — ' ' ' ' ' B the instrumen

G20 &40 BEO &a0 00 720 27b 278 280 282

wavenumber, ! Temperature, k
2011 Worksnhop on Far-Infrared Rernote Sensing, Madison, WI, Novernber 8-9, Guido Masiello




Water Vapor: Methodology

Spectral radiance  Forward model
,|1
| J
(il ) B o
r=F(s;v)
2y %3
spectral parameters atmospheric state vector T, W

* To take into account both local environment and eventual bias
introduced by Radiosonde (and/or) Interpolation we tuned PWVs for
each spectrum and for each spectroscopic issues.

* |n this case we assume fixed spectral parameter and we move only water
vapor PWV.

* Taylor expansion with respect to a initial guess (denoted with 0 pedix)

r =rp+ K,(q—qo)-+higher order terms

Inverted using least square method using the spectral range [360-600] cm™
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Fitting Local Environment: Water Vapor

I-BEST —11.3 I-BEST 113
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 The Columnar Amount retrieved for the two Instruments and for the three
spectral parameter choices.
* The Retrieved PWVs are in +/- 10 % with respect to the Raodiosonde.

e 12.0 Sees less water vapor than others
- 12.0 says that the atmosphere is more opaque!
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Consistency with |-BEST @ 20 micron
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e Both ECand 12.0 outperform the 11.3 one,

 There are regions where EC fits better than
12.0 the spectra (495 & 530) cm™and
regions where 12.0 fits better EC (505 &
550) cm™
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Consistency with REFIR @ 20 micron
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e Both ECand 12.0 outperform the 11.3 one,
 There are regions where EC fits better than

12.0 the spectra (465, 495 & 530) cm™and
regions where 12.0 fits better than EC (505
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e b J e
——FEFIR Consistency with REFIR @ 25 micron
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e Both ECand 12.0 outperform the 11.3 one,
e ECfits better than 12.0 the spectra @ 320 &
435 cm™*while 12.0 fits better than EC
around 450cm™
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Radiative Fluxes

EC and 12.0 show the same consistency with observed data.

But the atmosphere modeled by 12.0 is more opaque than EC model.
e This fact has climatological implication.

e Radiative fluxes (Down, Up and
| ' ' ' 10 ' ' Net) computed for U.S.Std.
atmosphere (left)
| = Difference introduced by new
' coefficients (right)

- The new coefficients
produce a net flux 0.65
W/m? higher @500 hPa.

— This change is equivalent to
that of subtracting = 30
ppmv of CO, into the

10

— =

[ | 7= Met

10 F 10 |

Pressure (hPa)

qata A aa g Arad A — A —

] it o] e ettt o — — - — —ad—

] &
i
ZI:”:I_ % ........................ ‘:.: . I.I. ZI:”:I

EDD: ........... P . . ::fj .......... ......... =00 a t mos p h ere.

] | * More Details in Masiello et al.
" o 1L'II ZL'IIEI SL'IIEI EIEI 1|:I—III.E! —EIT4 a EIT4 0.5 20091 IRSOS Procl
Flux (Wim®) DIf (Wim") doi:10.1063/1.3116933
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| | | |
| While from lbirtm upadates...

JOURMNAL OF GEOPHY SICAL RESEARCH, VOL. 115, DI7106, dow 10, D029 2000 D01 2%, 2000

T T T

b) ...The Net flux
decreases of 0.7

W/m? @ 500 hPa

A far-infrared radiative closure study in the Arctic:
Application to water vapor | ;

1. S. Delamere,' S. A. Clough,” V. H. Payne,' E. J. Mlawer,' D. D. Turner,”
and R. R. Gamache'

Received 12 August 2009; revised 16 Febnu 'I L lf!' i / \
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Figure 16. Impact of model revisions on clear-sky longwave fluxes (10-2000 cm ') for a standard trop-
2006 version of the HITRAN m 1cal atmosphere. (a) Downwelling, upwelling, and net (up minus down) fluxes computed using LBL09.
. . ... . (b) Differences in computed fluxes (LBL0O6 minus LBL09). (¢) Differences in computed fluxes (LBL99
Citation: Delamere, J. 5., 5. AL Cloug =~ ¢ . : . .
- minus LBL09). Grey lines are reference pressures used in spectral net flux calculations presented in

radiative closure study in the Avctic: Ay
-

Figure 17.
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Comparing residuals with radiometric noise
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* The mean residuals are larger than the radiometric noise.
- In the CO2 band (Temperature profile)
- In the Ozone band (Ozone Profile)

- In H20 rotational band (Water Vapour profile)
* |tis crucial to perform a closure experiment.
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-BEST REFIR
Observations | Observations '

Inversion
O-1AS|

-

Geophysical
Parameters

|
Retrieval l o-1AS| l

Residuals
Analysis l
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Flow charts




ag-1ASI|

* 0-1ASl is a line-by-line radiative transfer model designed for fast
computation of spectral radiance and its derivatives (Jacobian)
with respect to a given set of geophysical parameters

* |t adopts a grid of 63 pressure levels [1050.00-0.005 hPal].

e It is Based on look-up table of monochromatic optical depth + an
interpolation procedure.

e The OD look-up-table has been built starting from LBLRTM 12.0
(HITRANOS8 spectral database, aer_v3.0)

e Continuum MT_CDK 2.5.2

* |tisa FORTRAN90 Code running on LINUX and Windows platform
with Intel Compiler.
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New Features of o-lASI

* 0-lAS| has been up-graded and now allows us for the
computation of analytical Jacobians with respect to:

- Foreign component of the H O continuum
- Self-broadened component of H O continuum
- CO, continuum

* |t works for Satellite, Airplane and Ground-Based Measurements
 New parameterization for the clouds
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Water Vapour Continua Jacobians
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* Example of Jacobian of Water vapor continua, for down-welling radiapce.
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* Following the parameterization for cloud
scattering by Chou et al 1999, o-IASI can
deals with a cloudy atmosphere, in which
the microphysical optical properties of the
cloud (Qsca and Qabs Mie kernels, single
scattering albedo and asymmetry factor)
are parameterized based on the water
droplets radius and effective ice crystal
radius, along with the Liquid Water Path
(LWP) and Ice Water Path (IWP).

* Considering the scaling approximation
introduced by Chou et al 1999, the radiative
transfer equation is the same as that for a
clear atmosphere, which means that the
computational efficiency for a cloudy
atmosphere is practically the same as that
for a clear atmosphere
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Clouds Parameterization
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Comparing residuals with radiometric noise
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* The mean residuals are larger than the radiometric noise.
- In the CO2 band (Temperature profile)
- In the Ozone band (Ozone Profile)

- In H20 rotational band (Water Vapour profile)
* |tis crucial to perform a closure experiment.
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Closure Profiles
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* First guess profiles come from the tuning described before for the 12.0.
 The Retrieved profiles, in green, fit better the observations but systematic

features still appears.
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Closure profile Consistency @ 22 micron
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* No sensitive improvements with the retrieved profiles.

* The RMS slightly decrease

performance between [490 - 530] cm™
* For REFIR RMS slightly increase due to the worse
performance @ 370 & 420 cm™
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Closure profile Consistency @ micror
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* Both bias and RMS reduce with Retrieved profiles

EEC T

* But the residuals around 600 and 740 cm™ are greater
than the radiometric error. mm
2ol 06 | 12
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Closure profile Consistency @ 12 micron
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* No sensitive changes in the atmospheric window
e The Residual is almost confined in the error bar.
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Closure profi
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» Retrieved profile fit very well observation in the Ozone

(~0.3 mW/m?2-cm-sr).
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* Consistency

- Water vapor Foreign continuum Parameters retrieved from
ECOWAR/COBRA campaign represent a breakthrough with respect to
MT_CKD 2.1

- LBLRTMv12.0 and EC show the same consistency with the
Observations in the Rotational Water Vapor Band

- LBLRTMvV12.0 says that the atmosphere is more opaque than
LBLRTMv11.3 and EC.

* Closure
- The quality of Ozone spectral parameters is very good.
- There are still problems in the v, CO2 band around 610 and 740 cm™

e Larger in the LW portion (Uninvestigated from satellite)!
- There are still problems in the Water Vapor Rotational band.
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* Consistency
- Water vapor Foreign continuum Parameters retrieved from
ECOWAR/COBRA campaign represent a breakthrough with respect to
MT_CKD 2.1
- LBLRTMv12.0 and EC show the same consistency with the
Observations in the Rotational Water Vapor Band
- LBLRTMvV12.0 says that the atmosphere is more opaque than
LBLRTMv11.3 and EC.
* Closure
- The quality of Ozone spectral parameters is very good.
- There are still problems in the v, CO2 band around 610 and 740 cm™

e Larger in the LW portion (Uninvestigated from satellite)!
- There are still problems in the Water Vapor Rotational band.

Further Job for Us
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BACK UP SLIDES
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Consistency with I-BEST

| |
= —— |-BEST
I:IJ —— o
.E a1 11.3
NE EC
= 0.0s - 120
ay
2
—
o
8 0F
- | | | | | | | |
=500 GO0 00 go0 800 1000 1100 1200
wavenumber, e 5 p
OBRS-CALC 11.3, Bias = 0.18, Ek5 = 1.05 mW¥W/m™-sr-cm
e aptE g SRR SN T EC, Bias = 0,12, RMS = 0,80 mW/m°-sr-crm
= : 1
tl_':l .
in 0,005 :
o :
E .
z 0 ™ ;
@ é é
2 -0.005 ; :
i : :
@ 5 :
oc 0.0 | | i | | | i |

-1
wavenumber, cm

The RMS for the EC and 12.0 are
almost equal and less than the 11.3
one.
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Consistency with I-BEST @ 15 micron
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* No sensitive differences with respect to
the CO, line parameter variation
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Consistency with I-BEST @ 12 micron
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e The residuals of 12.0 is more centered than

the EC ones.
* |t reflects the water vapour self broadening
changes introduced in MT_CKD_2.5.2
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Consistency with REFIR
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Consistency with REFIR @
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* No sensitive differences with respect to
the CO, line parameter variation
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Consistency with REFIR @ 1
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 The residuals of 12.0 is more centered than
the EC ones.

* |t reflects the water vapour self broadening
changes
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i
Conclusions
* Consistency

- Water vapor Foreign continuum Parameters retrieved from
ECOWAR/COBRA campaign represent a breakthrough with respect to
MT_CKD 2.1

- MT _CKD 2.5.2 and EC show the same consistence between Model
and Observation in the Rotational Water Vapor Band

- MT _CKD 2.5.2 improves consistence with respect to MT_CKD 2.1 in
the Atmospheric window @ 11 micron

* Water Vapor Self Continua increased.

- MT_CKD 2.5.2 says that the atmosphere is more opaque than
MT_CKD_2.1 and EC.

* Closure
- The quality of Ozone spectral parameters is very good.
- There are still problems in the v, CO2 band around 610 and 740 cm™

e Larger in the LW portion (Uninvestigated from satellite)!
- There are still problems in the Water Vapor Rotational band.
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