Environment
QA Canada

niversité du Québec a Montréa

Current observations used in numerical weather prediction systems come mostly Oy A— S— S— [N S — J—— SP— N— MR FIR 0

from spacebf)rne thermal 1nfra1ied sounders such as A'IRS, .IASI and. CrlS. However, Lo _o oI jn I g e 40 * Noise-equivalent

the thermal infrared only constitutes half of the Earth's emitted radiance, the other 2 :
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half being the far infrared (far-IR), ranging from 15 to 100 pm. In recent years, some = [ Wigp < - NETD

theoretical studies have shown the added-value of far-IR observations for remote [ _ ( ) not Cor%stant.

sensing of water vapor and clouds, especially in dry and cold regions. Satellite Ui . - - - - . o B 5 03 o for a configuration with

missions sounding in the far-IR, such as TICFIRE, FORUM and PREFIRE, are also [ A A A A A g = a noise-equivalent

emerging from various space agencies. L [ e S R E r radiance (NER) of 0.01
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In this study, the objectives were to evaluate the potential of far-IR spaceborne 40 Wafiloelengi(:] ( m7)0 80 90 100 10 * Spectral widths vary for

measurements to provide information for temperature and humidity and to analyze I ——— . W01 equi-energetic bands

the optimal trade-off between spectral and radiometric resolution. A radiometer was Figure 2 : Humidity Jacobians at 300 hPa as a function of the Wavelength (um)
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used since it allows to have bands with ditterent spectral widths, which means that wavelength for a bandwidth of 1 cm™.

the bands can be selected where the Jacobians are strongest. A simple 1D framework

Figure 3 : NETD for different configurations of equi-

» Strong wavelength dependence of the Jacobians energetic bands for a blackbody at 250 K with a

was used to compare the impact of far-IR and mid-IR measurements through the constant NER of 0.01 W/m?sr.
reduction of the analysis error variance obtained by assimilating those. Information 6.0 | | _ Temperature | | 45 | | | Humidity
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Figure 4 : The averaged total DFS as a function of the total number of bands for three configurations which are equienergetic bands (blue line), constant bandwidths in terms of wavelength

(green line) and wavenumber (orange line) for temperature (left) and humidity (right). The dashed lines are for a NER of 0.01 Wm=sr, whereas the full lines are for the target NER of 0.002
Wm-~2sr.. The purple line represents the averaged total DFS of AIRS for the 48 atmospheric profiles. The shaded area represent the standard deviation of the 48 atmospheric profiles which
are shown for all configurations except for AIRS. The standard deviation of AIRS is equal to 0.53 and 0.67 for temperature and humidity, respectively.

 Data assimilation e For the three cases, as the number of bands increases the total DFS
Observations (y ) Observations () Confiouration Total DFS (Number of bands) decreases. This is due to the constant NER, which results in less energy
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constant wavenumber bands is smaller than the DFS of AIRS
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difference taken around a background state 2, whichis 3

taken from a radiosonde profile at Eureka, Canada. o

This was done for 48 atmospheric profiles through the 3
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- Fixed detector noise of 0.01 Wmsr’, value taken for the diagonal of the
error covariance matrix R. This NER value corresponds to the F-IR

radiometer FIRR. 4 A target NER of 0.002 Wm~sris also considered. — E?;SS tant wavenumber = ZaRC _l,( img::stear:t)rwavenumber » The position and width of the bands have a big
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channels negligible gain near the surface (between » There is a complementarity in assimilating

measurements in the F-IR and in the mid-IR,
since the DFS increases when F-IR measurements
were assimilated on top of AIRS

- Subset of 142 channels taken the surface and 850 hPa) and in the upper

part of the atmosphere (between 400 hPa
and 200 hPa)

»> Between 400 hPa and 200 hPa, taken individually,
the FIR radiometer is better at reducing the
humidity analysis error variance than AIRS

* For the ditferent profiles, there is some
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