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1. Non Local Thermodynamic equilibrium emission
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e Channels in IASI band 3 are currently underused compared to similar channels in the long-
wave region for a number of reasons, which include day-night variations in data usabllity due to
departures from Local Thermodynamic Equilibrium (LTE) and increased instrument noise.
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To avoid day/night sampling issues, the exploitation of short-wave |IASI| data requires the i R
Introduction of Non Local Thermodynamic Equilibrium (NLTE) effects in the simulation of the L
radiances.
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For |ASI-like satellite nadir-sounding applications, NLTE effects occur primarily during daytime
above altitudes of ~40 km in the CO, spectral region at 4.3 ym where the main mechanism
responsible for the population of the excited states is the absorption of the strong solar VP00 0 O O 0
radiation field. If not accounted for, NLTE effects can introduce significant errors in the oo 220 I@ifﬁiugbe-ff’fﬁ;u- 0 boo 2240 :@ifﬁiun;be-ff’fﬁ;u: 0
simulation of daytime top-of-the-atmosphere (TOA) IASI radiances.
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The mean value (upper panels) and the standard deviation (lower panels) of the difference between observed
radiances and radiances computed using RTTOV. RTTOV simulations do not include NLTE effects.

2. The fast NLTE algorithm for IASI 4. Validation against IASI observations

* We have developed a computationally efficient algorithm that calculates the difference, ARNLTE, between e The fast NLTE algorithm has been implemented in the classical version of the
NLTE and LTE polychromatic line-by-line (LBL) radiances. The fast NLTE algorithm is trained using a RTTOV [6] fast radiative transfer model and in the Principal Component based
limited set of diverse vibrational temperature profiles and allows the rapid estimation of ARNLTE for any (PC) version of the same model (PC-RTTOV) [7].
atmospheric profile for any nadir viewing angle and solar zenith angle geometry.

 We have compared RTTOV simulations to daytime I1ASI spectra using global
* The difference ARNLTE in IASI channel i is expressed through a regression relation in which a set of profile- background (i.e. short-range forecast) fields of temperature, water vapour and

dependent predictors is governed by a set of channel-dependent coefficients: ozone from version 41r2 of the ECMWE model.

* The introduction of NLTE effects in the RTTOV/PC-RTTOV simulations greatly
R NLTE __ n (1) : :
AR; z :jzl i,j™ reduces the daytime biases.

 The fast NLTE model based on the old GRANADA vibrational temperatures has
a lower bias. However, because biases are generally small, it is difficult to
conclude that the old vibrational temperatures are more accurate than the new
ones due to the competing effects of biases from other sources.

where b; are the predictors and X;; are coefficients that have been estimated by fitting Eq. (1) to a dataset
of ARNLTE | BL radiances between 2200 cm-1 and 2400 cm-1. The predictors consist of various
combinations of the solar zenith angle (6,), the sensor zenith angle (8) and the average kinetic

temperature in two broad atmospheric layers above 50 hPa, T, and T..
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Simulations include NLTE effects
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The predictors used in the fast NLTE algorithm
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« Although O, Is an important parameter for the calculation of NLTE populations, our fast NLTE model does The global mean value of the difference between daytime observed radiances and radiances
: : : : ST : : computed using RTTOV. RTTOV simulations include NLTE effects
not yet include O, terms Iin the regression algorithm. This limits the skill of the model in presence of g J

enhanced ozone concentrations in the mesosphere. « While the performance of the fast NLTE model is overall very good, it is

S O O W O O 1 important to highlight its current limitations. Arguably the most important of these
IS the accuracy of the NLTE simulations at winter high latitudes (i.e. for large
solar zenith angles).
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LBL enhanced ozone -

The difference between the NLTE spectrum corresponding to
enhanced ozone concentrations in the mesosphere and the
NLTE spectrum corresponding to the same atmosphere but with
the ozone profile replaced by the ozone profile used for the
training of the fast NLTE model.
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3. Training of the fast NLTE model

e The training dataset of NLTE and LTE LBL spectra has been calculated using the LBLRTM [1] LBL

model (version 12.2) utilising vibrational temperatures computed using the latest version of the The mean value of the difference between daytime observed radiances and radiances computed
GRANADA [2 3 4] NLTE population algorithm using RTTOV. Results are presented for the geographical region comprised between 60°N and 80°N.
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* To broaden the scope of the study, we have produced a supplementary set of regression coefficients « With regard to the origin of the biases at winter high latitudes, a possible
using a pre-existing database of vibrational temperatures calculated with an older version of the explanation is that the pressure/temperature training profiles do not represent
GRANADA NLTE population algorithm [5]. This has allowed us to asses the relative merits of the old adequately the conditions found at winter high latitudes. There could also be an

and new version of the GRANADA algorithm. effect related to the representativeness of the vibrational temperatures at large
solar zenith angles.

References

[1] Clough, S. A., Shephard, M.W., Mlawer, E.J., J. Delamere, S.,lacono, M.J., Cady-Pereira, K., Boukabara, S., and P.D. Brown (2005),
Atmospheric radiative transfer modeling: a summary of the AER codes, Short Communication, J. Quant. Spectrosc. Radiat. Transfer, 91, 233-

244, 5. Conclusions

[2] Funke, B., Lopez-Puertas, M., Garcia-Comas, M., Kaufmann, M., Hopfner, M., and G.P. Stiller (2012), GRANADA: A Generic RAdiative _Af ) : :
traNsfer AnD non-LTE population algorithm, J. Quant. Spectrosc. Radiat. Transfer, 113(14), 1771-1817. * We have developed a fast NLTE model based on state-of-the-art vibrational

[3] Jurado-Navarro, A. A., Lopez-Puertas, M., Funke, B., Garcia-Comas, B., Gardini, A., Stiller, G.P., and T.V. Clarmann (2015), Vibrational- temperatures. The fast NLTE model has been implemented In the classical and

vibrational and vibrational-thermal energy transfers of CO, with N, from MIPAS high-resolution limb spectra, J. Geophys. Res. Atmos., 120, PC based version of the RTTOV fast RT model.
8002-8022.

[4] Jurado-Navarro, A. A., Lopez-Puertas, M., Funke, B., Garcia-Comas, M., Gardini, A., Gonzélez-Galindo, F., Stiller, G. P., Clarmann, T. V., e Testing against IASI observations shows that the computation of the daytime

Grabowski, U., and A. Linden (2016), Global distributions of CO2 volume mixing ratio in the middle and upper atmosphere from daytime MIPAS : : : : 4
high-resolution spectra, AMT, 9(12), 6081-6100. NLTE radiances is almost as accurate as the computation of the night-time

[5] Funke, B., Martin-Torres, F. J., LOpez-Puertas, M., Hopfner, M., Hase, F., LOpez-Valverde, M. A., and M. Garcia-Comas (2002), A generic non— radiances

LTE population model for MIPAS—ENVISAT data analysis, vol. 4, abstracts of the Contributions of the European Geophysical Society, Nice, . _ _ _
France, 21-26 April 2002, CD-ROM, ISSN:1029-7006. e Current limitations of the fast NLTE model include the accuracy of the simulations

[6] Matricardi, M., Chevallier, F., Kelly, G., and J-N Thepaut (2004), An improved general fast radiative transfer model for the assimilation of at winter high latitude and the lack of an adequate representation of the ozone
radiance observations, Q. J. R. Meteorol. Soc., 130: 153-173. variability in the mesosphere.

[7] Matricardi M. (2010), A principal component based version of the RTTOV fast radiative transfer model, Q.J. Roy. Meteorol. Soc., 136, pp.
1823-1835.




	Slide Number 1

