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NWP forecast skill varies due to

A model and DA upgrades

A changes in the observing
system

A atmospheric predictability

Comparing with re-forecasts skill
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model/DA upgrades
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Background and observations are combined to give the analysis:

[Background xb] >[Ana|ysis xaj<——[0bservations yoj
Uncertainty B Uncertainty R
b o
about x about y

Data assimilation is a cycled process:
B Assimilation

\ Forecast

Analysis increment:  Xx@- x?

Obsmodel departures: Hi(Xx) — Yk
Credit:Ménétrier



AForward Operator

AObservation Processing

AError and Bias Characterization
AForecast SensitivityObservation impact
ACommunity Infrastructure
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SSMIS F-17 channel 13 (19 GHz, v)
Observed TB, 3@ December 2014

Source: Geer (2015)

Ocean waves, wind, skin temperature

Atmospheric
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Cloud and
precipitation
Snow cover

Sea-ice Land surface temperature,
biomass, soil/rock, soil moisture

Satellite Observations

Models

AHorizontaI, vertical, and time interpolation from model to observations

Variable transform and integration along observation geometry

Fast Radiative Transfer Model




Emulation of the Community Hydrometeor Model (CHyM) providing consistency

between model microphysics and assumed CRTM cloud microphysics.
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TbV Obs.

SMAP Observations, Simulated, and Departures

With CRTM default salinity
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The short-term model bias is

estimated by comparing the

12-hour first-guess trajectory

with radiosondes and GPS-RO
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Similar signal with the two
types of observations:

—> bias reduced with new
vertical resolution (L137 in
CY38R2)

- bias increased with new
horizontal resolution
(Tco1279 in CY41R2)

- bias increased with new
radiative scheme
(CY43R3)

Sourcel aloyauxet al. (2019)
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AThinning or supeobblng
AForward operator Screening
AObservation bias correction

AQuality control
ACloud detection, Variational QC .

AObservation error assignment

N
1
Metric of fit to observations:  J,= 5 E (HeMi,0(x0) —yi)! R, ' (HipMpo(x0) — i)
k=0



Large

v > 2400 cm? GOES Ty > 550 or Ty < 50 Se”?';:;:yt"
Sounder o ]
false -
Wavenumber ( ) Tff.c .
‘I Check ObS BT Check Sens|t|v|tv
I Check

T (lgqg = TOA) > 0.02

I CrlS over Land
(false)

GOES
Sounder
(true

Satellite
Zenith Angle
Check

Topography Cloud Check NSST Check

check

CrlS over Land Large ts and
Tzr increment

too large

Large
sensitivity to
*Model Top Tskin Ty
) Sjc
Tran(s:hmlt:‘ance Sensitivity
ec Check

Boar > 60°

Each box should have its own ctest
Checks between GS| and UFO

%+ varinv values are modified for all processes
+ errfvalues are modified at processes marked with

+ Additional QC for Ozone:
Set Ozone jacobian to zero for QC_NolRJacO3_Pole is true and obs latitude > 60 degree

Minimization

General Error
Inflation

Based on Jacobians from sfc
emissivity, skin temp and sfc

type

NOAA Operational QC Flowchart for Infrared Sounders




i_

- Conventional Observations (Surface)
- Conventional Observations (Upper Air)

~

- Infrared Radiances

Microwave Sounder Radiances
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ERROR AND BIA
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Cycling x? and x? is easy ... but B and A are way too big!
I solution: ensemble data assimilation
Ensemble backgrounds are updated into ensemble analyses:

[Deterministic background xb] /[Ensemble backgrounds Xb)

Covariances B $$$$$
Variational DA Ensemble DA

[Observations)-» xb I Xb I x? <—(Observations]
Mean x” éié;é

[Deterministic analysis xaj/ [Ensemble analyses Xa]

Credit: Ménétrier



E[d3(d)'] = HBH', E[dg(dg)T] =R
E[d} (dO)T] =HBH' + R, E[d}(d))'] = HAH'

Desrozier®t al., 2005

Correlated errors
(esp. for moisture channels)

4 At least partly due to

' representativeness error
| 3 (Waller et al. 2014)
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Data Earth System

Assimilation Numerical Model
Measured system

Reference + error input System output
Controller System o

Measured output I S |<
ensar

Training Statistical Inference

Measured System

Reference + error input System gutput
Controller System >

Measured output I S |<
ensor
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Data Assimilation

+ Training Earth System

Numerical + Statistical Inference

Measured system

i system output
Reference -+ error input
Controller I—) System o

Measured output I 5 |<
ensor

Example 1 Observation bias

Example 2 Systematic model error
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1982 1986 1990 1994 1998 2002 2006 2010

Global mean background departures for MSU channel 2 radiance observations

1982 1986 1990 1994 1998 2002 2006 2010

Global mean bias correction for MSU channel 2 radiance observations
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Variational Bias Correction NOAA-14 recorded warm-target

N temperature changes, due to orbital
Hx, B) = Hx) + Z B: pi (X) drift (Grody et al. 2004)
i=0
Source: Dick Dee (ECMW
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Data assimilation cost
function depends on
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model forcing
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Sourcel aloyauxet al. (2019)
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Vertically-integrated moist energy norm of the difference between analysis increments with
and without radio occultation. Each blob corresponds to a GNSS-RO observation.
Source: Chris Burrows (201
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FcstError

observations

assimilated
e
e(x)
Xb
e (
4 ) X. Time
-6 h Oh +24 h

The difference de = e(x/) — e(x{:) measures the collective impact

at 24 hof all observations assimilated at O h. (model space)

From Langland and Baker (2004)
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JCSDA processing and distributing near-real-time data from NASA, NRL and Met Office on https://ios.jcsda.org




