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Variability of Water Vapour

Two different scales

Reality (see Carbajal-Henken
etal., 2015 GRL) Temperature & Humidity Structure Function from Sequential Sondes
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Variability of Water Vapour within FOV

Reality: Scales < 6 km Currently assumed:

Random Gaussian Field .y Homogeneous Field

—1.22910882 1.29072125

®  GOBIERNO
™ DE ESPANA

MINISTERIO : M
PARA LA TRANSICION ECOLOGICA ‘ L
Agencia Estatal de Meteorologia




Variability of Water Vapour within FOV

Reality: Scales < 6 km Currently assumed:

Random Gaussian Field .y Homogeneous Field
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RTM in an inhomogeneous FOV

* Subdividing the FOV in small parcels, we can

FOV

calculate the radiance R using the RTM at each

parcel as a function of the WV profile w:

R =

RTM(w)

- i o

We now calculate the RTM for a parcel in the center
(marked as a red square) which we call w,, :

R, = RTM(w,)

For all the other parcels, w,, we assume a Taylor

expansion with respect to R is enough:
R=R,+ dR/dw (w,-w )+1/2 dzR/dWZ(Wj-WO)Z

» Changing notation by defining: 6RJ. =R-R, and
odw=w-w, we have:
SR=dR/dw dw +1/2 d’R/dw? dw?

.._' & 9. ML The space sensor will detect the integral, or

—1.22910882

1.29072125

equivalently, the average of all the radiances. Doing
the spatial average, <>, over the j indices, we get:

<6R>=dR/dw <éw>+1/2 d?R/dw?<déw?2>

Finally, if we take the effects of all
the vertical profile levels, we get
the equation from the following
slide
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RTM in an inhomogeneous FOV

RTM calculation for an innomogeneous FOV, where:

e < > means spatial average

R are radiances

* W IS humidity

* |, ] are the vertical level indices
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Effect of FOV Inhomogeneity

MHS and IASI Jacobians (solid lines) and 2" Derivatives (dashed lines)
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Effect of FOV Inhomogeneity
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Tentative results for MW
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How to Test or use Operationally

 We need to have a model for the small scale WV
variability — Structure Function

 We need to test it In some cases to see If the WV
Inhmogeneity is really significant

o AIMeET
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Ongoing Work and Future Plan

Sequential
Sondes
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Structure Function of WV from Sondes, MSG and OLCI

Humidity Structure Function from Sondes, MSG an d OLCI
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Test Case

* One well known case from the EPS/MetOp Campaign
(from 2007 described in Calbet et al. 2011, AMT)

* Seguential Sondes with:
- One CFH + RS92 sonde flown 1 hour before overpass
time
> One RS92 sonde flown 5 minutes before overpass
time
* Allowing WV bias correction by comparing CFH versus
RS92
e Estimation of the Best State of the Atmosphere (Tobin
Interpolation)
* In this presentation only IR will be shown. Similar
results should be obtained for MW
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p (hPa)

Test Case: Sonde profile
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RTTOV IASI Radiances from Best State Estimate
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WV Variability Matrix
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IAS| Radiances with and without WV Inhomogeneities

Sodankyla 2007/07/17 08:18
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IAS| Radiances with and without WV Inhomogeneities
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IAS| Radiances with and without WV Inhomogeneities

Sodankyla 2007/07/17 08:18
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MHS Radiances with and without WV Inhomogeneities

Sodankyla 2007/07/17 08:18
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Outlook

Inhomogeneity is significant: Relatively stable profile has an 0.5K
effect in radiances (IASI and MHS) — Other more turbulent profiles
might have a higher effect

Retrievals: Direct retrievals with IR only will be challenging. See likely
underestimation in extra slides

Extensive testing: This will most likely need a multi-team coordinated

effort

- Can be tested with other, larger sonde data

- To test and operationally use this on a global scale, satellite data
needs to be used - Other satellite instruments need to be exploited
to retrieve inhomogeneity

Microturbulence: Only “macroturbulence” has been tested, possible
“microturbulence” effect affecting line shapes
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Difficult to retrieve both WV profile and WV inhomogeneity

d2Rfdw?

Extra Slide: dR/dw versus d?R/dw?

In the WV band, dR/dw is almost linear with d?R/dw? —

IAS| Derivatives for WV Channels
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IASI| separating inhmogeneity from WV content

» Retrievals without turbulence, <dw’>:
<dR> = dR/dw <dw’>
* Retrievals with turbulence, <dw>:
<dR> = dR/dw <dw> + V2 d’?R/dw?<dw?> ~
dR/dw <dw> - 1/2*0.5 dR/dw <dw?> =
dR/dw { <dw> - 0.25*<dw?> }
e Equating both results:
<dw> ~ <dw’> + 0.25*<dw?> - <dw> greater than <dw’>

WYV concentration is perhaps underestimated!!

Consistent with Carbajal-Henken, 2020, Remote Sensing
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