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Assimilation of water vapour, cloud and 
precipitation from microwave sounders
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GOES visible - 00Z
Dundee  receiving station / NOAA  / EUMETSAT

Microwave WV - 00-05Z
Metop-B  190 GHz

June 12 2013
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άŘƛǊŜŎǘ ŀǎǎƛƳƛƭŀǘƛƻƴ ƻŦ ŎƭƻǳŘȅ ǊŀŘƛŀƴŎŜǎ ƛǎ ǎǘƛƭƭ 
experimentalέ ό ΧΦΣ нлмпύ

Fair enough, there are reasons to question whether operational all-
sky assimilation really assimilates cloud and precipitation (some more 
valid than others):

- cloud and precipitation cannot be assimilated without a cloud control 
variable?

- the high observation errors assigned in cloudy areas mean that no 
information is taken from the cloudy radiances?

- 4D-Var tracing is still not proven?

- we want clouds and precipitation moved to exactly where they should be?
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The biggest issue: representing cloud and precipitation in 
models
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Observations

ECMWF FG

MHS 183±3 GHz
June 12th 2013

TB [K]

TB [K]
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The biggest issue: representing cloud and precipitation in 
models

ECMWF satellite seminar 10 Sep 2014 Slide 5

Observations

ECMWF FG

Why such large errors?

Å Poor predictability 
and/or representivityof 
cloud and precipitation, 
particularly in 
convective situations

Å Accuracy of forecast 
ƳƻŘŜƭΩǎ ŎƭƻǳŘ ŀƴŘ 
precipitation 
parametrization

Å Accuracy of the 
observation operator 
(scattering radiative
transfer simulations)
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But if you can describe the observation error correctly, and the observations 
are unbiased, you can assimilate
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Observations

[K]

ECMWF FG

MHS 183±3 GHz adaptive 
observation error

fǊƻƳ ŀ άǎȅƳƳŜǘǊƛŎ ŜǊǊƻǊ 
ƳƻŘŜƭέ
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Symmetric error models

¸FG departure standard deviation is a 
ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ άǎȅƳƳŜǘǊƛŎ ŎƭƻǳŘ 
ŀƳƻǳƴǘέ ςthe average of observed 
and simulated cloud

¸An error model is fitted to (or binned 
from) the FG departures

¸Cloud predictors:

- 37 GHz polarisation difference (imagers)

- Scattering index (land, MHS)

- LWP retrieval (AMSU-A)

- Cloud ςclear TB (IASI)
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Mean of observed and FG cloud

[K]

Normalised FG departure

Constant error is 
non-Gaussian

Adaptiveerror is 
more Gaussian
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All-sky assimilation components in 4D-Var

Observation minus first-guess* departures in clear, 
cloudy and precipitating conditions 

Observation operator including cloud and precipitation 
(RTTOV) - TL/Adjoint

Moist physics - TL/Adjoint

Forecast model - TL/Adjoint

Control variables (winds and mass at start of assimilation 
window) optimised by 4D-Var 
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*FG, T+12, 
ōŀŎƪƎǊƻǳƴŘΧ

Rest of the 
global 
observing 
system

Background 
constraint



Slide 9

What do microwave water vapour radiances 
observe?
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183 GHz water vapour absorption line
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Moist

Dry

183±7183±1
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183 GHz clear-sky weighting functions
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Tom Greenwald
http://amsu.cira.colostate.edu/weights.html

183±1

183±3

183±7 or 190
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UTH ςupper tropospheric humidity
in cloud/precipfree scenes

¸Soden and Bretherton(1993) 

- 6.3 ɛm infrared

¸Buehler and John (2005) 

- 183 GHz microwave

ÌÎὟὝὌ ὥ ὦὝ

¸Simplest definition of UTH: 

- average relative humidity between 200 
hPaand 500 hPa
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Great similarities between microwave and infrared water vapour 
ǎƻǳƴŘƛƴƎ ŎƘŀƴƴŜƭǎ όŀƴŘ ǘƘŀǘ ŜȄǘŜƴŘǎ ǘƻ ŎƭƻǳŘΣ ǘƻƻΧύ
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183±1 GHz ςupper tropospheric humidity - UTH
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TB [K]

UTH low

UTH high
Cirrus?

Convection
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TB [K]
190 GHz ςlower tropospheric humidity 

LTH low

LTH high

Frontal WV, cloud, 
precipitation

Convection

Greenland ice cap
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Single observation tests
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GOES 
10ɛm

Dundee receiving 
station

06Z, 15 Aug 2013
37ÁS 113ÁW
Observation rejected in old 
`clear-ǎƪȅΩ ŀǇǇǊƻŀŎƘ

Metop-B MHS 
183±1 GHz

A) Water vapour in the presence of cloud
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A) Water vapour in the presence of cloud - 183±1
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Obs

FG depar

TB
[K]

[K]
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A) Water vapour in the presence of cloud- 183±1
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Obs

FG allskyςFG 
clear

TB
[K]

[K]

UTH signal ~20K   Cloud signal ~1K
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A) Water vapour in the presence of cloud - 183±1
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FG depar

AN depar(full 
observing system)

TB
[K]

[K]


