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Clear- vs. All-Sky Microwave Assimilation 

FSOI for AMSR2 (July – August 2016).

Clear-sky assimilation:

• Cloud screening applied and effect of clouds 

on Brightness Temperatures (TBs) not 

modelled.

All-sky assimilation:

• Model the effect of cloud and precipitation on 

the observations so can assimilate all data 

(clear, cloudy or precipitating).

• Requires adequate representation of clouds 

in the forecast and RT models.

Microwave imagers give 

their largest forecast impact 

from a small fraction of 

precipitating scenes.

FSOI - Forecast Sensitivity to Observation Impact – an adjoint approach to measure 

the impact of observations on the short-term forecast (see Dahoui et al. (2017)).



Maintaining and Adding to the 

Observation System – SSMIS F18 

and MWRI FY-3D
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Scanlon, T., Geer, A. and Bormann, N. (2023). Microwave imagers in the 

ECMWF-IFS: Adding further observations and improving convective anvils in 

the observation operator.  Technical Report RR61, doi:10.21957/8542a37c46.



Adding SSMIS-F18

SSMIS F17 / F18 Channels
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(Geer et al. (2010b))

• Channels 19.35h/v, 22.235v, 37v and 

91.655v considered for inclusion.

• Orbital biases seen for 37v channel.

• Implemented in CY49R1.

Normalised Difference in RMSE for Relative Humidity

BADGOOD

- 0.135     -0.090      -0.045        0.000       0.045        0.090       0.135

Mean of normalised departures for SSMIS-F17 and F18 for 

two seasons split by ascending / descending nodes.

Impact on the forecast scores for relative humidity when an A/D 

predictor is applied and the 37v GHz channel is excluded.



FY3D MWRI: Normalised Departures over Time
Normalised departures for MWRI 18.7v GHz V for the 

ascending and descending nodes, with the map showing 

one cycle (2020-07-10T00).

Ascending

• Anomalies in the hot-load reflector led to 

biases in the ascending node.

• MWRI was pulled from ECMWF operations in 

May 2022 but is still being monitored.

Descending
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Improving the Observation Operator 

through Convective Cloud Modelling
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Scanlon, T., Geer, A. and Bormann, N. (2023). Microwave imagers in the 

ECMWF-IFS: Adding further observations and improving convective anvils in 

the observation operator.  Technical Report RR61, doi:10.21957/8542a37c46.



Convective Cloud Assumption

• The signal from deep convective scattering is 

underestimated in the tropics in RTTOV-

SCATT.

• The new assumption linearly increases the 

convective precipitation fraction from the 

bottom to the top of anvil clouds.

• Implemented in CY49R1.

9

Increase in cloud cover fraction for one cycle 

(2020-07-10T00) with the new model applied. 

Model applied to increase the cloud 

coverage fraction in convective situations.

Change in Cloud Fraction [-]

Previously:

New assumption:



Changes to Simulated Brightness Temperatures
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• Large magnitude changes 

(± 40 K) seen for a few points 

in some channels.

• Decrease in simulated TBs 

for scattering channels (>90 

GHz).

• Increase for emission 

channels (<90 GHz). 

Change in simulated TBs when new cloud assumption applied.
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Changes in Skew of FG Departures
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• Large changes seen in the 

skew of FG departures, 

indicating that extreme outliers 

are being brought closer to 0.

• Consistent throughout 

different sensors and channels.

Skew of FG departures for SSMIS 19.35h GHz channel before 

(top) and after (bottom) application of the new assumption.

Skewness of FG Departures [K]



Deriving Ocean Skin Temperature 

within the ECMWF-IFS
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Skin Temperature in the ECMWF-IFS

• Simulating observations sensitive to the 

surface requires a good knowledge of emissivity 

and skin temperature.

• In the atmospheric 4D-Var, the initial skin 

temperature can be optimised using a sink 

variable approach.
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OSTIA [Donlon et al., 2012; Met 

Office, 2023]

• Merged satellite and in-situ data from 

UK Met Office.

OCEAN5 [Zuo et al., 2019]

• Global reanalysis and real-time 

analysis from ECMWF.

Initial skin temperature for each 

cycle provided by external 

products, depending on latitude. 

OCEAN5

OSTIA

OSTIA

Blended

Blended
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Why apply this method to microwave 
observations?

• High spatial and temporal coverage can be 

achieved using microwave imagers.

• IR, however, is subject to cloud-screening.

Skin Temperature [K]

Skin temperature for (left) IASI 875 cm-1 and 

(right) AMSR2 6v GHz for 2022-06-15T12.
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Skin Temperature Increments

Average skin temperature 

increments for July 2022 for AMSR2.

Monthly Mean Skin Temperature Increment [K]

• Increments are correlated with 

geophysical features and known 

issues with the original input data.

Monthly Mean Skin Temperature [K]

Final skin 

temperature for July 

2022 for AMSR2.

Coastal Regions: RFI and footprint 

size?

Cold tongue – tropical instability

Warming southern oceans

Bias to ship measurements?
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Adding 6v and 10v GHz for Ocean 

Skin Temperature
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• AMSR2 and GMI have 

surface sensitive channels 

available.

• These have never before 

been used in the forecast 

system.

• Including these channels 

enhances the information 

content in the skin temperature 

increments.
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Sensitivity of microwave frequencies to different 

geophysical variables. Taken from Kilic et al. (2021).

Information Content of Microwave Channels
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Skin Temperature vs. 
Brightness Temperature

• As the frequency increases, the 

linear relationship breaks down 

due to:

– Sensitivity to the atmosphere 

(water vapour, cloud and rain).

– Surface emissivity temperature 

dependence.

6v

10v

(Right) TBs vs. SKT for the AMSR2 channels for 2022-

06-02T12 and (below) relation between first guess skin 

temperatures and emissivity. All-sky, over oceans.
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Impact on Skin Temperature

Skin Temperature Increment [K]

Skin Temperature Increment [K]
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Sun glint in 6v GHz

• Sun glint is apparent in the first 

guess departures for 6v GHz 

(AMSR2).

• Also seen in 10v GHz but not 

higher frequencies.

• This is aliased into the skin 

temperature increments.

• Will are developing screening to 

address this.

FG departures for AMSR2 6v (top) and skin temperature 

increments (bottom) for 2022-06-15T12.

First Guess Departures [K]

Increments in skin temperature [K]



Enhanced Coastline Screening

• Currently we screen 

coastlines using the 

10 GHz footprint (for 

all channels).

• However, this is not 

sufficient for 6 GHz.

• Therefore, we’ve 

adapted the screening 

to use the 6 GHz 

footprint for the 6 and 

7 GHz channels only. 
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Footprints of channels of AMSR2. 

From Maeda et al. (2015).

FG departures for 6v GHz channel on AMSR2 

before (top) coastline screening applied using 

the 6GHz footprint and after (bottom).

Removal of 

large departures 

near coasts

FG Departures [K]



Radio Frequency Interference in 10v GHz

• RFI from direct 

broadcast satellites 

apparent in the 0Z 

cycle, ascending node.

• Manifests as 

extremely high first 

guess departures.

• Not addressed 

through current bias 

correction and 

screening.

• Therefore bespoke 

screening required.
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Bias correction
Screening

FG Departures [K]

FG departures for 10v GHz channel on AMSR2 before (left) 

and after (right) screening and bias correction applied.



Skin Temperature Increments in a 

Coupled System
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Infrared SKT Increments in a Coupled System 
[McNally et al., 2022]

• Constrain the SST so that it is consistent 

between ocean and atmosphere.

• Skin temperature increments are added 

directly to the SST.

Schematic showing how ocean temperature can vary from the 

subsurface to the skin which is measured by satellites. [Adapted 

from McNally et al. (2022)]

Change in the mean SST for the period 2022-01-01 to 

2022-03-07. [McNally et al. (2022)]

Three-Monthly Mean SST Difference [K]

Sensors

• IASI (Metop-A*, -B, -C)

• CrIS (NPP, NOAA)

• AIRS (AQUA)
*Used in periods where available
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Impact on SST and Atmosphere [McNally et al., 2022]

Difference between the RMS of temperature for the 

forecasts where the skin temperatures are and are not 

communicated to NEMOVAR. [McNally et al. (2022)]

• Improves the atmospheric system 

when ocean data fed back in.

Normalised differences in the std. of departures 

for IASI when ocean information is fed back in to 

the atmospheric system [McNally et al. (2022)]

Good Bad

• Improves the fit to independent 

observations (ARGO floats) of the 

ocean.

Control

Coupled System
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Summary

• All-sky assimilation of MW imagers at 

ECMWF is subject to continual 

development.

• At the next operational cycle SSMIS-F18 

will be added and the convective 

precipitation assumption will be updated.

• Skin temperature increments have been 

derived for MW imagers, using 6v and 10v

GHz channels for the first time.

• Quality control of 6v and 10v GHz is 

required to address land contamination, 

sun-glint and RFI.

• Work is ongoing to include the skin 

temperature increments in the coupled 

assimilation system.
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