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Introduction

Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates:
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Introduction

Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates :

Ground Radar-based / Gauge-based local products + Some satellite products based on local data reception
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Introduction

Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates :

<

Ground Radar-based / Gauge-based local products + Some satellite products based on local data reception

Near Real-Time Satellite products (e.g. early deliveries of some products)
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Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates :

Satellite products corrected with local rain gauges

Near Real-Time Satellite products (e.g. early dellverles of some products)

‘

Ground Radar-based / Gauge-based local products + Some satellite products based on local data reception
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Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates :

Satellite products corrected with rain gauges globally
Gauge based global products

Satelllte products corrected with local rain gauges

Near Real-Time Satellite products (e.g. early dellverles of some products)
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Ground Radar-based / Gauge-based local products + Some satellite products based on local data reception
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Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates :

Satellite products corrected with rain gauges globally
Gauge based global products

Satelllte products corrected with local rain gauges

Near Real-Time Satellite products (e.g. early dellverles of some products)

‘

Ground Radar-based / Gauge-based local products + Some satellite products based on local data reception Observation- based Now- Castrng products
< ® O >

{L A A 4 ) A A
\ -3 months -2 days -6 hours
+3 hours

+1 day

-1 year... 1 month 1 day

-5 minutesg||+5 minutes
present

Time of Availability Time of Validity

%



: O] o
rérusiioue [N Introduction
e FRANCE

Egalité
Fraternité

Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates :

Satellite products corrected with rain gauges globally
Gauge based global products

Satelllte products corrected with local rain gauges

Near Real-Time Satellite products (e.g. early dellverles of some products) NWP based Now-Casting products

‘

Ground Radar-based / Gauge-based local products + Some satellite products based on local data reception Observatlon based Now- Castrng products
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Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates:

Satellite products corrected with rain gauges globally
Gauge based global products

Satelllte products corrected with local rain gauges NWP High-resolution regional products

Near Real-Time Satellite products (e.g. early dellverles of some products) NWP based Now-Casting products

‘

Ground Radar-based / Gauge-based local products + Some satellite products based on local data reception Observatlon based Now- Castrng products
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Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates:

Satellite products corrected with rain gauges globally

Gauge based global products NWP global products .
Satelllte products corrected with local rain gauges NWP High-resolution reglonal products
Near Real-Time Satellite products (e.g. early dellverles of some products) NWP based Now-Casting products

‘

Ground Radar-based / Gauge-based local products + Some satellite products based on local data reception Observatlon based Now- Castrng products
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Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates:

NWP reanalysis datasets
Satelllte products corrected with rain gauges globally

Gauge based global products NWP global products .
Satelllte products corrected with local rain gauges NWP High-resolution reglonal products
Near Real-Time Satellite products (e.g. early dellverles of some products) NWP based Now-Casting products
(:E-round Radar-based / Gauge-based local products + Some satellite products based on local data reception .Observatlon pased Now-Casting products
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Rainfall products are needed for various applications : two requirements that will provide guidance on
what product could be used are the Times of Validity/Availability of the needed rainfall estimates:

NWP reanalysis datasets

Satellite products corrected with rain gauges globally Juture Al-base NWP products?
Gauge based global products NWP global products .
Satelllte products corrected with local rain gauges NWP High-resolution reglonal products

Near Real-Time Satellite products (e.g. early dellverles of some products) NWP based Now-Casting products
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1. Current and Future NWP models: what are their strengths and
weaknesses regarding rainfall forecasts ?
2. How rainfall forecasts can be validated ?

3. How rainfall forecasts can be improved ?

11th Workshop of International Precipitation Working Group (IPWG-11), 15-18 July 2024
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weaknesses regarding rainfall forecasts ?

11th Workshop of International Precipitation Working Group (IPWG-11), 15-18 July 2024
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= Numerical Weather Prediction uses
mathematical models of the atmosphere
and oceans, in which time and the physical
fields are discretized, to predict the weather
based on current weather conditions.

= |[tisimpossible to solve exactly the partial
differential equations that govern the
atmosphere and errors grow with the
forecast range during the model integration
in time

(Source: http://pedagotech.inp-toulouse.fr)
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= The current generation of operational global

models use parametrization for various

processes like convection and provide forecasts

at O(10km) resolution

Artist view of the ECMWEF ‘cubic-octahedral grid’

(Source: http://www.ecmwf.int)

= The current generation of operational regional
models are non-hydrostatic are resolve
convection explicitly. They provide forecasts at
O(1km) resolution

ALADIN-HIRLAM configuration:

h DA (blue) and without (red)

Algeria: ALADIN-ALGE
. Austria: ALAROS
. Austria: AROME-Au

. Belgium: ALARO-7km
. Belgium: ALARO-4km

. Bu lg a: ALADIN-Bg
. Cro: ALARO 88

. Croatia: ALARO-22

. Cze

CONDU A WN

h R ep: ALARO-Cz
10. Denmark: AROME-DKA
11. Denmark: AROME-GLB (SWGreenl)
120 Finland: AROME-FMI
13. France: AROME-France
14. Hun g ry: ALARO-HU-determinist
g ry: AROME-HU

and: AROME-IMO

d AROME TRELAND25

a: AROME-! LHMS

0:

0:
i 22 Nef th rlands: AROME KNMI
23. No&Se: AROME-MetCoOp
24. Norway: AROME-Arctic

. Pol
27. P t el

28. Portugal l AROME- PTZ

29. Portugal: AROME-Madeira
30. Portugal: AROME-Azores
31. Romania: ALARO-R«

32. Slovakia: ALARO-Sk
33. Slovenia: ALARO-Si
34. Spain: AROME-IBERIA
35. Spain: AROME-CANARIAS
36. Tunisia: ALADIN-Tn
37. Turkey: ALARO-Tk
38. Turkey: AROME-Tk
39. France: ALADIN-Ant-Guyana
40. France: ALADIN-Caledonia
41. France: ALADIN-Polynesia
42. France: ALADIN-Reunion
43. France: AROME-Antilles
44. France: AROME-Calex d
45. France: AROME-India
46 Fra ce: AROME-Guyan:

e: AROME-Polyne:

Limited Area Domains of the ALADIN/HIRLAM consortia W|th DA
and without DA (Source http://www.cnrm-game-meteo.fr/aladin/)
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= Numerical Weather Prediction systems are now often based on ensembles, providing
different scenario. The spread between these scenario can give an idea of the uncertainty
level of the forecast

Example of several
members from the
AROME ensemble of
regional forecasts of
Météo-France for
Oct 28, 2018
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Current and Future NWP models: what are their
strengths and weaknesses regarding rainfall forecasts ?

= One example of forecast error growth: 24h precipitation forecast for Jan 18", 2015 from the ECMWF model

3B42 V7

ECMWEF
4-day
forecast
range
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N
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-50.0° ) i . o i : : 1 }
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180.0°
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-90.0° -60.0° -30.0° 0.0°

+30.0°  +60.0° +90.0°

+120.0° +150.0° 180.0°

100.0

80.0

At long range,
precipitation forecasts
suffer from mis-locating
clouds and

precipitation features
due to either initial
conditions problems,
model physics
deficiencies or
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= One example of forecast error growth: 24h precipitation forecast for Jan 18", 2015 from the ECMWF model

100.0

80.0

—_— At long range,
precipitation forecasts

s g Ry s L : 2 -V
+25.0° o AN EA A 3‘*{ -------- e et

3B42V7 oo S s e A R e R ‘

L 40.0
. i v | IS suffer from mis-locating

- s N Y g .. | 7 clouds and

180.0°  -150.0° -120.0° -90.0° -60.0° -30.0° 0.0° +30.0° +60.0° +90.0°  +120.0° +150.0° 180.0° pre Clpltat| on fe ature S
DS due to either initial
conditions problems,

ECMWEF

. ‘~ ‘-j {4 2 :\ : 3" ‘ \ Y y i‘ . N 60.0 .
3-day il ¢ S A < G B\ S N s model physics
forecast -25.0° ,,,,,,,, ,,,,,,,,,,,,,,,,, e n : | 5 M | 4 "\:" def|C|enC|eS or
20.0
range
-50.0 } 0.0
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= One example of forecast error growth: 24h precipitation forecast for Jan 18", 2015 from the ECMWF model

TRMM 3B42 - 2015-01-18TOO0 to 2015-01-19TOO —
425,00 [ ‘ ------------------ RS e ......... ................. B0:0
e s ‘ I S ¥ / o — 60.0 At long range’
3B42V7 oo } Reaia IR RN D precipitation forecasts
e [ P e B e e e suffer from mis-locating
ol 14 fe T 4 Tl Y 2, clouds and
) .180.0° -150.0°  -120.0° -90.0° -60.0° -30.0° 0.0° +30.0° +60.0° +90.0°  +120.0° +150.0° 180.0° . preCIpltatlon featu reS
%5 N due to either initial
+25.0° |- _.;.:.% ................................................... AREA S— : -
ECMWEF B ou R 4 WA o conditions problems,
2-day il e A S R Nl | ] model physics
forecast ..l N B ‘ | " | RN deficiencies or
L 20.0
range : |
-50.0 i, W } 0.0

180.0° -150.0° -120.0° -90.0° -60.0° -30.0° 0.0° +30.0°  +60.0° +90.0°  +120.0° +150.0° 180.0°



e ».: ILC Current and Future NWP models: what are their

FRANCAISE METEO
FRANCE

Ll strengths and weaknesses regarding rainfall forecasts ?

= One example of forecast error growth: 24h precipitation forecast for Jan 18", 2015 from the ECMWF model

TRMM 3B42 - 2015-01-18TOO to 2015-01-19TOO

e R =T = 100.0
+25.0° |-- e N : o A NN : 3 a ,,,,,,,,,,,, e 800
L A " RG ; = . B L 60.0
3B42V7 oo fn e o ‘
k. " o Xy e SN ] [H] 400
-~ Y 3 ‘] H ¥ A ~ i . N i
25.0° b R oo Ry X2 U N S
20.0
-50.0 ' ‘e ‘ ' . _— 1 ’ : } 0.0
180.0° - -90.0° -60.0° -30.0° .0° +30.0° +60.0° +90.0°  +120.0° +150.0° 180.0°
1VV.v
= 80.0
+25.0° | R Ve NE AR A N R T
_ 0.0° : b o iyl S NG e oo
! day e T I o s e o " 400
A * a z | & ' | i o Y
forecast ool o M bWl s ST (et N <
20.0
range P
-50.0 0.0

180.0° -150.0° -120.0° -90.0° -60.0° -30.0° 0.0° +30.0°  +60.0° +90.0°  +120.0° +150.0° 180.0°

With shorter forecast
range, precipitation
forecasts skills improve
I Depending on the

application and the
accuracy needed,
precipitation forecasts
can be highly relevant
products.
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" From its beginnings, Numerical Weather Prediction has been
confronted with having to solve an initial-value problem without

the right initial data.

" Model state space:

MASS (temperature, pressure...)
Radiosondes, surface observations, satellite sounders, aircraft

Source: http://pedagotech.inp-toulouse.fr

MOISTURE (humidity, clouds, precipitation...)

Radiosondes, surface obs., satellite sounders and imagers, aircraft, radar, lidar

DYNAMICS (wind, vorticity, convergence...)
Radiosondes, surface obs., satellite imagers, satellite scatt./ radar/lidar, aircraft

COMPOSITION (ozone, aerosol...)
©

Ozone sondes, surface observations, satellite sounders
METEO
FRANCE
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= The number of observations of the present observing system for analysis is orders of
magnitude smaller than the number of values required to specify the model state. The
initial state of the numerical model cannot therefore be determined from the available

observations alone.

= An analysis of the present weather combines information from both the model and
observations, thanks to data assimilation.

O

METEO

Source: http://daconf15.umd.edu/
FRANCE
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" Performing an analysis is a complex mathematical problem which has many common
points with the inverse problem (retrievals).

" One of the challenges it needs to face is to combine millions of observations of different
kinds in an optimal way with a model prior information and compute the best estimate of
the atmospheric state

NASA’s Global Modeling
and Assimilation Office
GEOS-5 global model

5 millions of
observations during
el — S 21:00:00 each 6-hour assimilation

L - e .
Eots e oy period (i)

Wil McCarty, NASA Giobal Modeling and Assimilation Office

Source: https://svs.gsfc.nasa.gov/ METEO
FRANCE
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* The current generation of NWP "
systems already suffer from a lack
of constrain on its initial
conditions with the current
observing system.

T1800 C2.2 =<5 - e
Fintervalle: 2km _~ ” —_ ~[__ARPEGE _|;
: -

~8.10° observations
assimilated every 6 hours
for ~200.10° variables to

initialize

~100 000 observations
assimilated every hours for

Radiosondes Surface stations Aircraft data GNSS ground receivers NSOO . 106 Va ri a b I es tO
S = initialize
: IO . .. B o/ S e
%h WM\T‘ ’\« & 4
— g S
Microwave sounding Infrared sounding Winds derived Scatterometer GNSS Radio-occultation (a
from space from space from imagery

METEO
FRANCE
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= Model forecast skills vary from one region to another over the globe (e.g. over Europe,
ECMWEF rain forecasts often have more skills than any satellite retrievals, not the case in
the Tropics)

" These precipitation products are forecasts, they thus fulfill different needs than satellite
retrievals => different times of validity/availability

" There is still a lot of room for improving model rain forecasts, in particular with better
initial conditions constraining clouds and precipitation

—> Satellite clouds and precipitation observations can be used to this endeavor, See Section 3

—> Model errors in clouds and precipitation need to be documented first with different kind
of observations, See Section 2
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e Research on two major evolutions is ongoing with very different upcoming
challenges for data assimilation :

Kilometric scale modeling
of the Earth system

e T o

Numerical forecasts with Al-based models

N

&;\ . %’n&“"ﬁy nwr - ,,"’v 4 ¥ . ﬁ/fi’l %

(Source : ECMWEF, AIFS ML model)

(Source : Stevens et al. 2019)
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IFS ngh resolutlon forecast AIFS (ECMWF) ML model

SRR !"\,’)&,“
ef' @ff

,f.";«
Mr&‘

N

T2
N

Runs of
different
' Al-based
GraphCast ML model
. ‘“\W\“Y | models
ol fr"" | performed
’%;g &8 at ECMWF,
\ initialized
with the
same

!&@, B analyS|s

\ w SECMWF
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lution forecast
4 ", \’5 _ -"', : - }Jf

Runs of
different
Al-based
models
performed
at ECMWF,
initialized
with the
same
analysis

L« S ECMWF

GraphCast ML model
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IFSigresolution frecast

AIFS (ECMWF) ML model

e Sy

Runs of
- - different
F ‘X.Q;%?%sdf“ T aph&ast ML model Al-based
T o g : oo N 7 models
a7 . ui’/' performed
B oL at ECMWF,
initialized
with the
same
analysis

., SECMWF
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IFS High resolution forecast ‘AIFS ECF ML model

Runs of
different
Al-based
models
performed
at ECMWF,
initialized
with the
same
analysis




EX
REPUBLIQUE 9

ravcase A Outline of the presentation

Egalité
Fraternité

1. Current and Future NWP models: what are their strengths and
weaknesses regarding rainfall forecasts ?
2. How rainfall forecasts can be validated ?

3. How rainfall forecasts can be improved ?

11th Workshop of International Precipitation Working Group (IPWG-11), 15-18 July 2024
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Rainfall forecasts need to be compared to observations for documenting their strengths and
weaknesses:

= Qver land and instrumented areas, rain gauges or radar data can be good references

= Qver oceans or other less instrumented areas, satellite rainfall products can be good
alternatives

Example of the AROME-OM domains operated at Meteo France
g, il "I : o = it

A
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An important aspect is the spatial and temporal scale at which you want to validate your
forecasts:

= At fine scale (e.g. kilometric, instantaneous), interesting references to use are space radar
data: the comparison can be performed in both observation space (reflectivity) or model space
(rain rate retrieval)

Observations from GPM/DPR/Ku at 4km Simulation of GPM/DPR/Ku at 4km

GOES 13 observation / Ku (13GHz) DP§Pobservation

OES 13 simulated / Ku (13GHz) DPR sip

+22.0° +22.0°

+18.0° +18.0°

+14.0° +14.0°

+10.0°
-7

A E - -~ - - v
75.0° -71.0° -67.0° -63.0° -59.0° -55.0° 5.0° -71.0° -67.0° -63.0° -59.0° -55.0°
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= At larger scale (e.g. daily accumulation, 0.5° x0.5° ) combined IR+MW products are
highly relevant references 100

(4

— IFS
— AROME_Caraibes

80 -

Example of comparisons between
AROME over the Caribbean's, the
ECMWF model and TRMM 3B42

60 |-

AROME/IFS - 0.5deg daily accumulated rain (mm)

rain estimations at 1-day/0.5° R (il o
40 ! .
—§5_m|_n _______________ |
17 99.5%
20 | :
|
|
:
o . . 64mm, .
0 20 40 60 80 100

TRMM 3B42RT V7 - 0.5deg daily accumulated rain (mm)
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= At larger scale (e.g. daily accumulation, 0.5° x 0.5° ) combined IR+MW products are
highly relevant references

(4

60 (b) Bias of domain-averaged accumulated rainfall

sol - = IFS - 3B42RT

. . . == |FS - GSMAP
For assessing biases, using 40{ — AROME. 3BaRT |

AROME - GSMAP ||

' un
30‘ 4 "

several references are important,

In particular when part of the model
domain is over land (more uncertainty
of the satellite rainfall products)

20 |
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Relative bias (%)
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Caribbean Guyana Indian Ocean Caledonia Polynesia

=> When a bias is identified, then the tricky part is
to characterize the causes of it !
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= At larger scale (e.g. daily accumulation, 0.5° x 0.5° ) combined IR+MW products are
highly relevant references

Model forecast A

For assessing the representation
of the model variability, Observation
Fuzzy verification is often used
(e.g. Ebert, 2008)

=> Take into neighborhood for the
verification

Model forecast B

C

Is model-forecast B more

useful than forecast A for

your application?

For forecaster, the answer
is often yes!
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= At larger scale (e.g. daily accumulation, 0.5° x 0.5° ) combined IR+MW products are
highly relevant references
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(h) 100 km neighborhood / 50.0 mm rain threshold
140 | I— 3B42RT |

Example of Brier Skill Score differences g5 120 - GSMAP |
between AROME in the Tropics, the 8 100
ECMWF model and TRMM 3B42/GSMAP 3¢ | |
rain estimations at 1-day/0.5 £3 20|

. N R (R
Over 2 one year perIOd —20 Cariblbean Guylana IndianIOcean Calecljonia Ponrllesia

=> The representation of strong rainfall events is
often better forecasted by regional non hydrostatic
model with no parametrized convection
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1. Current and Future NWP models: what are their strengths and
weaknesses regarding rainfall forecasts ?
2. How rainfall forecasts can be validated ?

3. How rainfall forecasts can be improved ?

11th Workshop of International Precipitation Working Group (IPWG-11), 15-18 July 2024
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Several pathways can be used to improve model precipitation forecasts:

= Model physics can be improved through different developments like parametrization
improvements, microphysics scheme improvements etc

= |nitial conditions can be improved through the assimilation of observations of clouds and
precipitation => same data that are used in satellite precipitation product
» Improvements can arise from new data assimilation algorithmic developments
» Or new observational developments (e.g. usage of new observation types)



EX
REPUBLIQUE

runcas: A=l How rainfall forecasts can be improved ?

Egalité
Fraternité

(4

= The analysis minimizes a combination of distances :

Jm)=3m — o [+l * —G(m)5

= The model provides a forecast from which the observation operator extracts quantities which are
compared to actual data observation. The analysis is a field that combines these observations with
the model forecast. It is then used as an initial condition for the next forecast.

A

weather

Y measurements
B analysis

O forecast

model O

o
\j’/\’i\
ruth time

Source: http://pedagotech.inp-toulouse.fr
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X

a

= Arg minJ

J(x) = (x-x,) B (x-x,)

= Jb(x) + Jo(x)

In the classical data assimilation formalism:

e xis the model state vector (temperature, humidity, hydrometeors,...)

* vy isthe observation vector (conventional, satellite, etc...)

* H refers to the observation operator
=> operator which transform the model state variables into observable
guantities (e.g. for satellite, radiances or brightness temperatures)

* Rrefers to the covariance matrix of observation errors
=> R describes the errors of the difference (y-H[x]), including radiometric
uncertainties and H errors
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= Observations and model first guess need to be in the same space to be compared within a
DAS framework => two possibilities

" The current trend in NWP centers is to assimilate TBs (mainly because observation errors
tend to be easier to characterize)

AROME forecast — Total Column Water Vapour Observations from the SAPHIR mlqrowave sounder

5 Assimilation
| . =1 W of retrievals
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* B refers to the covariance matrix of background errors (a priori information from former
forecast). B describes the uncertainties of the background (previous model forecast in a
cycled assimilation process), as well as the error correlations between model variables.

* Accurate Background Error Covariances are required to update observed and
unobserved model variables in a balanced way.
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* Depending on the “control variable” selected for clouds and precipitation, different
background error statistics will be needed for the assimilation framework.

» Specific Humidity? Relative humidity? (See Geer et al., 2017 for a summary of the control
variables currently used in different NWP centers)

»Hydrometeors? (P W7 Wz 77 1T v oo
(e.g. Michel et al., 2011; Zhang et al., 2013)  [v :

100, —

»Vertical wind speed?

[

80,

(e.g. Aonashi et al., 2017; Lee, et al., 2018) = -t '
RHV;; - (Aonashietal., 2017 ;
Strong correlation ' g EUMETSAT
between vertical wind w 1 conference 2017,
speed and precipitation E .. Rome, Italy)

Pre
cip

120
-1 -0.8 -0.6 -04 -02 0 02 04 06 08 1
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* Example of multivariate background errors vertical covariances modeled in cloudy and
rainy sky over the Indian Ocean of the AROME model

(Montmerle and Berre, 2011)

Temperature
Temperature
063 background errors are
10.42 correlated in the vertical

40.00

1-0.21

1-0.42

—0.63

Temperature

—-0.84

Model levels
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* Example of multivariate background errors vertical covariances modeled in cloudy and
rainy sky over the Indian Ocean of the AROME model

(Montmerle and Berre, 2011)

T Q
\ | |

TH \
Qf \. \

Model levels - Model levels

©
o]
N

Humidity background
errors are anti
correlated in the

1021 vertical to

10.00 temperature

1-0.21 background errors

4—-0.42

-0.63
-0.84

=
o
w

0.42

d\ﬁl levels
\

Model levels Mo
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* Example of multivariate background errors vertical covariances modeled in cloudy and
rainy sky over the Indian Ocean of the AROME model

(Montmerle and Berre, 2011)

T Q CLW CIw Rain Snow
: ‘ =T : = .. 0.84
L N B ® ~ 7% .
N N vl M 3 0.63 Rain background errors
» - © 0.42 have anti-correlations
TSNS B | |
lo21 with temperature
_ . | round error
S N loo0 background errors
Clw f.‘ . N . 4-0.21
17°* _ Rain background errors

Rain i
" ~0.63 have high correlation in
snow| | - s . —0.84 the vertical below the

freezing level

Model levels

" These balances need to be preserved (in 3D) if one want the increments done
during the analysis process to be sustained during a forecast
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Development of Initiation Mature Dissipation
favorable phase phase phase
thermodynamical
conditions

9.1 km 30,000 ft.

6.1 km il 20,000 ft

3.0 km g 10,000 ft.

(Figure adapted from https://www.weather.gov/spotterguide/life)
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Hyperspectral IR sounding from LEO
assive MW sounding from LEO and IR sounding from GEO
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Transition from Clear Sky Radiances to

Himawari AlISky Radiances
(d) CSR Num (a) ASR Num
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30°N

30°N

EQ
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90°E 120°E 150°E 180° 150°W
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(Okamoto et al., 2023) @ 'fl%%lT @

Japan Meteorological Agency
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Transition from Clear Sky Radiances to
Himawari AlISky Radiances

(d) CSR Num
[

60°N

30°N

EQ

90°E 120°E 150°E 180° 150°W

() RH TR (CSR - BASE)

1,000 + T T T v v T T r T
00 12 24 36 48 60 72 84 96 108 120
-7 -5 -3 -2 -1-05-010105 1 2 3 5 7

(Okamoto et al., 2023) @

(a) ASR Num

60°N

30°N

EQ

30°S

60°S

90°E 120°E 150°E 180° 150°W

() RH TR (ASR - BASE)

1000052 24 36 48 60 72 64 96 108 120

-7 -5 -8 -2 -1-056-010105 1 2 38 5 7

=55 O

Japan Meteorological Agency

Taking into account uncertainties of the forward model
within DA => perturbing the observation oeprator

—— Pert Physique + H
—— Pert Physique

N
sector (O
snowflakes (ol
I e
p—
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3 Rosette 2
Bullets ‘ .
Thin plates

O]

METEO
FRANCE

AVOS COTES, DANS UN
CLIMAT QUI CHANGE

O_So‘uthern Hemisphere
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MF EDA spread increase

perturbing Physics and H
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Hyperspectral IR soundmg from LEO

asswe MW soundlng from LEO and IR sounding from GEO

9.1 km 30,000 ft.
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—— 3.0 km JN 10,000 ft.
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RMSE vs. SYNOP
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Hyperspectral IR soundmg from LEO

imagery ’>

asswe MW soundlng from LEO and IR sounding from GEO

9.1 km 30,000 ft.
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—— 3.0 km JN 10,000 ft.
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AROME OPER Cy46t1 (3D-Var)
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9 Cloud and precipitation spaceborne >
| | I ]
a imagery _ imagery >

Hyperspectral IR soundlng from LEO
asswe MW soundlng from LEO and IR sounding from GEO

6.1 km il 20,000 ft
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—— 3.0 km J 10,000 ft.
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Preparing EarthCARE
assimilation
with Cloudsat/Calipso data
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How rainfall forecasts can be improved ?
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Assimilating Satellite Observations of Clouds and

Precipitation is a challenging field of research !!

= Non-linear observation operator

= Non-Gaussian error distributions

= Under-determined problem

= Complex, flow-dependent balance
= Significant model errors

= Variety of spatio-temporal scales

GPM Constellation Status

Suomi NPP

w0 * 5 = A
'(\QEE)EF;.;/; RN\ (vasa/NoAs) e S GPM Core Observatory
(NASA/IAXA)
TRMM
(NASA/IAXA)

Megha-Tropiques

.
b Vg ‘ . (CNES/ISRO)
5
.
L

NOAA 18/19
(NOAA)

'&

,
~ Gcom-wi
(JAXA)

= -
®
ol -H

DMSP F17/F18/ ’
F19/F20 \
(DoD)

(Source http://pmm.nasa.gov)
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Thank you !




