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The GRUAN Processor

The characterisation of biases in satellite observations using Numerical Weather Prediction
(NWP) models has become a mature technique over the past decade and has successfully
been employed for the validation (or recalibration) of numerous instruments.

However, although it is generally accepted that NWP uncertainties, in brightness
temperature (BT) space, are about 0.1K for atmospheric temperature and 0.5-1K for
humidity, no robust quantification has been conducted to date.

The characterisation of uncertainties in NWP models is a major challenge that is
addressed as part of the Horizon 2020 GAIA-CLIM project and the GRUAN Processor
demonstrates how reference quality radiosonde data can be used to better understand

and characterise model fields uncertainties and how they can be propagated to
uncertainties in simulated (L1B) radiances.
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The GRUAN Processor

TP — Current situation
I .r_n_Nyv_P__I NWP-based validations are typically done by
comparing a set of observations to a NWP
I I short-range forecast (i.e. My —Mywp ).
Obs Bgd
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The GRUAN Processor

mobs . .
____% ______________ Ideal validation

Mywe I Consistency is achieved when the difference
satisfy :

2 2 2
‘mobs - mNWP‘ < k\/o' + Ugps + Unwe

Where u _and u,,, the uncertainties associated
to m_, and m,,, 0 the co-location/co-incidence
uncertainty, and k a coverage factor.
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The GRUAN Processor

m
%b_ ____________ Ideal validation
| m_NM,__I Consistency is achieved when the difference
satisfy :
— e <Kl (N
ObS Bgd ‘ obs NWP‘ o
FIDUCEO GAIA-CLIM

Accounting for:

- Radiative transfer modelling uncertainties
- Scale mismatch uncertainties

- Interpolation uncertainties

- NWP fields uncertainties
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LEGACY:

CAPABILITY:

OBJECTIVE:

The GRUAN Processor

EUMETSAT Numerical Weather Prediction Satellite Application Facilities
NWPSAF RTTOV fast radiative transfer model and Radiance Simulator
(http://nwpsaf.eu/).

Simulate satellite observations (in Brightness Temperatures or Radiances)
from observed or modelled geophysical parameters (Pressure, Humidity,
Temperature).

Estimate model uncertainties by comparison with GRUAN observations and
uncertainties both in observation and Brightness Temperature (or
Radiance) spaces.
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The GRUAN Processor
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Observation Space
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Ongoing developments

Estimation of the vertical interpolation uncertainty such as:

S, = COV(E) = By (1 - W(W'B, W) "W'B,)

Eint obs

where W the interpolation matrix and B,  the sonde error covariance on the processor
vertical grid.

This will allow to estimate the covariance of the departure in predicted observations:

S, =cov(dy) =HR H' +HWB ;W' H' +HS_ H'

Eint
with
N =Yobs —Yrwp = Hx(t)bs (We e + & —€445)

wherey, and y,,, are the predicted sonde and model observations, H the observation
operator, R, and B, the sonde and Forecast error covariances on their native vertical
grid. )

A Zi test will be applied to the departure covariance to assess our

estimation of NWP uncertainty: —— T —
78 = (=)' Sy, (8, —dy)
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What next?

0 Update of the GRUAN Processor webpage

http://nwpsaf.eu/GProc test/fab/ins.shtml.

O Estimation of GRUAN co-variance matrix.

O Separate treatment for GRUAN correlated and random uncertainties.
O Processing capability extended to reanalyses and other NWP centres.
O Manuscript in preparation.

0 Semi-automatic monitoring of NWP model at the Met Office (and ECMWEF ?).
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Thank you

Any questions?
Now, later, or by email at

fabien.carminati@ metoffice.gov.uk
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Supplementary material
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The GRUAN Processor

RT model

RTTOV (Radiative Transfer for TOVS (TIROS (Television Infrared Observation Satellite) Operational Vertical Sounder))

RTTOV flow diagram

Internal RTTOV calculations

O Fast RT model that calculates top-of-atmosphere (TOA) satellite- i [ e e o
seen radiances for passive VIS, IR and MW nadir viewing Do | >4 fxedlevels
instruments. | '

Calculate predictors
on 53 layers

O Funded by EUMETSAT through NWPSAF, developed by Met

| !

Office, Météo-France, and ECMWEF. Muliply pradictors by
channel

. . . . . . |

0 Parameterised off-line line-by-line calculations of optical depths |
based on 498 training profiles for each instrument channel. | [

|

—— T - |

| 1
| Optional surface |

b emissivity —
| calculation

|

A

Integrate RT equation
for each channel

Clear sky RT Equation (ignoring scattering): ——

Output radiances
or BTs

Radiance = Upwelling Atmospheric Emission + Surface Emission
+ Downwelling Atmospheric Emission Reflected by Surface

See http://nwpsaf.eu/site/software/rttov/documentation/ for the details.
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The GRUAN Processor

Interpolations

Model fields are interpolated at observation lat-lon-
N time every 15s along the sonde path. Weights are
given by the 8 neighbouring grid points.

T

Fieldi = FOOO (1 - Xweight) (1 - yweight) (1 - Zweight)+
|:100 Xweight (1 - yweight) (1 - Zweight) +

|:010 (1 - Xweight) yweight (1 - Zweight) +

I:001 (1 - Xweight) (1 - yweight) Zweight +

= FlOl Xweight (1 - yweight) Zweight +
:;e// I:011 (1 - Xweight) yweight Zweight +
|:110 Xweight yweight (1 - Zweight) +
I:111 Xweight yweight Zweight
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Model levels

The GRUAN Processor

terpolations
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1. Asingle set of reconstructed model profiles is generated by combining model levels
crossed by the sonde between two observations.

2. The top of the reconstructed profiles is merged to the GRUAN profiles to
compensate for the lack of information in the stratosphere.

3. Reconstructed model profiles are vertically interpolated on the processor fixed

7 vertical grid (278 levels), while GRUAN profiles are sub-sampled on the same grid.

Sk
C‘l

This project has received funding from the Www_gaia_cnm .eu
European Union’s Horizon 2020 research and

innovation programme under grant agreement

No 640276.



http://images.google.be/imgres?imgurl=http://www.uib.no/bot/bilder/eu-flag.gif&imgrefurl=http://www.uib.no/bot/mcts/qpalen/&h=349&w=519&sz=4&hl=fr&start=1&tbnid=tIl_Su9kO7IeFM:&tbnh=88&tbnw=131&prev=/images?q=eu+flag&gbv=2&hl=fr

BT simulated using native vertical
resolution leads to ABT larger
than expected given AQ and AT.

This has been traced back to the
RT equation applied to highly
different vertical grid (coarse for
model, very fine for GRUAN).

— Profiles need to be on the
same vertical grid for consistent
comparison on BT space.
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