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Desroziers’ method

* IfH, R and B are correctly specified, then:
E(dg(d5)T) = b=y—H(Mxp)
o If they are not correctly specified, then: dg =y - H(M(x,))
E(d3(d)T) = R(HBHT + R)"1E(d2(d)T)

\ Correction term — would apply

to background errors as well
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Reminder

» Desroziers’ method uses innovations and residuals to determine the
observation and background uncertainties

e [t can only provide a correction to the input covariances
e Calculated using 1m trialing (16" Dec 2017 — 16%" Jan 2018)
» Assimilating all normal satellites + FY-3C and COSMIC-6

* Not using Hollingsworth and Llonberg, or the three-cornered hat method
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Current observation uncertainties
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Variation with satellite
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Variation with satellite — Above 35km
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* Metop A/B: Smaller
standard deviations
above 45km

* FY-3C: Slightly larger
standard deviations

e TerraSAR-X: Not
assimilated above
40km

 All uncertainties
smaller than
operational (3u rad
assumed minimum)
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Variation with satellite — Core region
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e FY-3C: Large jump
In standard
deviations below
25km — smoothing

 Metop A/B: Larger
standard deviations
than others —
smoothing!

» Operational
uncertainties
generally too large
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Variation with satellite — Troposphere

—— sat id=3.0
—— sat_id=4.0 * Metop A/B: Smaller
—— sat_id=42.0 standard deviations
—— sat id=522.0 In upper troposphere
— sat_id=740.0 e TerraSAR-X + FY-3C:
— satid=745.0 Smaller standard
10 e Operational errors deviations in the

lower troposphere

» Operational
uncertainties closer
to diagnosed
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Variation with latitude
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o Complicated!
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Variation with latitude
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Impact height / km
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 Large uncertainties
In troposphere

 Small uncertainties in
upper troposphere

« Large uncertainties
In lower
stratosphere

e Small (relative)
uncertainties above
40km
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Variation with latitude
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 Small uncertainties
In troposphere

« Small uncertainties
throughout
stratosphere

e Differences in
relative errors above
40km — climatology
of observed bending
angles
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Early trial results
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Trial setup

* Obs uncertainties used in two steps
 Quality control
« Data assimilation

* Initially keep old uncertainties for QC

» Low-resolution mimic of operational NWP system (Forecast model:
640x480)

 Winter: Dec 2017 — Feb 2018
e Summer: 15 Jul 2018 — 15 Oct 2018



» General benefit from
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% Difference (New Obs Errors - read twice vs.
Control) - overall 0.15%
RMSE against ecanal for 20171201 to 20180228
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Inflated observation uncertainties
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uncertainty standard
deviation inflated by

1.2

* Tropical
temperatures at

» Observation
50hPa more
negative

% Difference (New Obs Errors x1.2 - read twice vs.
Control) - overall 0.07%
RMSE against ecanal for 20171201 to 20180228
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Bump removal

latitude=0:sat id=3.0

60
T oo _ « UTLS increase in
50/ —— Interpolated " d|agnosed

uncertainties
» Cause of negative
results?

o Interpolate between
nearest minima
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Inflated uncertainties — remove bump
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 Much better
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% Difference (New Obs Errors x1.2 - remove bump vs.

Control) - overall 0.15%

RMSE against ecanal for 20171201 to 20180228
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Alternatives to latitude



 Obs uncertainties

Summer season results
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% Difference (New Obs Errors x1.2 Latitude vs.
Control) - overall 0.07%
RMSE against ecanal for 20180715 to 20181015
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Variation with Vertically Integrated WV
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Average temperature diagnosis

Average temperature below 20km at 03 UTC on 14/01/2018

e Average model
temperature surface —
20km

e Smooth variation with
latitude

* Somewhat affected by
orography
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season
* Will be implemented

* Replicated for second

* Good performance
for most variables
next year

% Difference (New Obs Errors x1.2 Average Temperature vs.
Control) - overall 0.17%
RMSE against ecanal for 20171201 to 20180228
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Conclusion

* New observation uncertainties
calculated using the method of
Desroziers et al. (2005)

e Improvement in forecast
performance

 Allow uncertainties to depend on
average temperature below 20km

* Diagnosed increase in UTLS
area degrades forecast —
removed

» Benefits related to smoother
variation (with latitude) and
variation with satellite
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Extra slides




= Met Office

 Small benefits for
some variables — no
big degradations

% Difference (New Obs Errors x1.2 IWV vs,
Control) - overall 0.07%
RMSE against ecanal for 20171201 to 20180228
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Tropopause height

for temperature at

» General benefit, but
with some negative
100 hPa

% Difference (New Obs Errors x1.2 tropopause - remove bump vs.

RMSE against ecanal for 20171201 to 20180228
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Control) - overall 0.09%
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Tropopause height — data assimilation stats

JPSS0 (NPP) CrlS: [with Ctrl: u-ba966-GM and Exp: u-bd216-GM]

1.0031 + 0.0001 (Ctrl:0.5295, Exp:0.5311)
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* Check assimilation stats to
confirm forecast performance

e Increase in RMS innovations
point to problems with obs
uncertainties based on
tropopause height
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Tropopause height

» Tropopause height as
diagnosed from a short-
range forecast

» Shows interesting
variation with weather
system

» Sharp gradients are
seen
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Average temperature — data assimilation stats

JPSSO (NPP) CriS: [with Ctrl: u-ba966-GM and Exp: u-be549-GM]
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* Check assimilation stats to
confirm forecast performance

 Reductions in RMS innovations
point to benefits of new
uncertainties
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No variation with satellite

lons in

 Large reduct
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% Difference (New Obs Errors x1.2 - no sat variation vs.

RMSE against ecanal for 20171201 to 20180228
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