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Operational AROME setting at RMI

Geometry

1.3km , 564x564 grid
points , 87 levels

Cycle

43t2bfl11

Coupling model

ARPEGE , every 1 hour

Forecast range Up to 48

Surface initialisation | CANARI_Oimain

Upper-air initialisation | None

Observation

SYNOP (U10, T, H, Z)

- | |cycle

~ | |midnight
RUNDATE: 2020031000
b wait

b | linitialisation

~ | |queue_next
Jfinitialisation == complete &8 far13_cycle gps/cycle/pre_morning == complete

- lbc

.finitialisation == complete
4 atmo
~  assimilation
Jfinitialisation == complete
get_obs

b bator

check_Ffirst_guess

~ | surface
[ SKIP_CANARI
~ | addfields
..Jcheck_First_guess == complete
- cplTs
addfields == complete
- sst_update

-

cpl_Ts == complete &&../../Ibc/atmo:lbc_counter > 0
canari
../bator == complete &8& sst_update == complete

b upper_air

- forecast

I forecast_counter: 48
(./Ibc == complete or ./Ibc/atmo:lbc_counter >= 2 ) and ./assimilation == complete
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GNSS stations selection procedure

The GNSS observations are collected from the GTS ( ISXT*,ISXD* and ISXX* ) in BUFR
format.

Identification of the stations contained in the recieved BUFR files

Three E-GVAP centers are found in the GTS BUFR files( ROBQ, GF1R and SGN1)

The observation frequency is 15 minute




GNSS stations selection procedure

« One station may be processed by multiple processing centers.

* The station-processing centre pair is selected which has the smallest standard
deviation of observation minus guess.

* The pre-selection procedure led to the avalability of 128 GNSS stations included in the AROME
Blegium domain

¥ ROBQ
@ GF1R
® SGN_

« 65: ROBQ
. 46 : GF1R
. 17 : SGN1

Latitude

Longitude



Stations monitoring & static bias evaluation

* The objective of this part is to evaluate the static bias and standard deviation of each station
individually, by the so called the «passive assimilation »

 In order to evaluate the ZTD static bias , the monitoring period from 01.01.2021 until 31.01.2021
IS chosen

 The ZTD (Zenith Total Delay) measured by each station is comapared to its model counterpart
without influencing the analysis

» Before the passive assimilation the whitelist (list_gpssol) contains the stations to be monitored b
assuming that the static bias of each station is equal to zero.

« To avoid the station blacklisting, the variable GPSOLMETHOD should be set to « MEAN » or
« CENT » in the namelist « namel_bator »

&BUFR

GPSSOLMETHOD= « CENT » or « MEAN »

/

Station Name | Latitude Longitude | Altitude Period(minute) | ZTD bias (m) Sigma ZTD

(m)
BRUXROBQ | 50.80 4.36 113.0 | 15. 0.0 0.0




Stations monitoring & static bias evaluation

Error density distribution for all observations used

During the monitoring period : . from 01-01-2021 to 31-01-2021

« 128 stations are used and the static bias of each B Number of Obs 16311
one is evaluated from the CCMA updated by the
screening step.

5

* The stations mean biases show variations between
~2 and 13 mm ( found from 16811 OMF pairs )

Observation amount
[¥1]
o

* The error distribution shows a gaussian shape with -
a slight shift to the positive values
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« The monitored stations are added to the list_gpssol
for active assimilation
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Single obs experiment

« According to Smith and Weintraub (1953), the ZTD is the tropospheric wet part of the
total refractivity integrated over the model levels.

T
ZTD = 107" [ (ky= 7 —L;th,
Sy

Where Zg is the station height , k1=77.6 K/hPa , k3=3.7391 10°, and TOP is the height
of the last model level , 1 hPa currently in AROME

 In ARPEGE/IFS, an additional term was added

into the observation operator Ze?ith
6PS Satelite
/-
._.TET-'J i} (HL e Ejjj-’r‘j?_] II:H |'::i!'j:| B gf” IE Real path
] g
X ' The vecor of analysis increments ph\
y' : Observation increments %o
H : Observation operator oo oo e .
R : Observation covariance matrix Ground



Single obs experiment

Latitude

The station BRUXROBAQ is randomly chosen to evaluate the impact of a single station

active assimilation

The impact is largest in the low to middle troposphere with a maximum around 800 hPa
The horizontal extent of increments is about 160 km

The specific humidity increment (Analysis- guess ) show positive values . The ZTD
assimilation inscreases the analysis upper-air moisture

SO080HUMI.SPECIFI - Analysis minus Guess Increment
Analysis time : 20210501 0000
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Active GNSS assimilation experiment

* In order to evaluate the impact of ZTD assimilation on the forecast, two experiements
are carried out during 1-month period ( 01-05-2021 until 31-05-2021)

Experiment name period Assimilation Assimilated parameters
technique

AR13 OPER 01/05/2021 until 31/05/2021 | CANARI H2m,T2m,Z, U10 from SYNOP

ARGPS 01/05/2021 until 31/05/2021 | CANARI+3DVar

H2m,T2m,Z, U10 from SYNOP
U,V from AMDAR

U,v,T from TEMP

ZTD from GNSS

* The upper-air humidity is disabled in the observation operator from the AMDAR and TEMP

using the namelist bloc NAMCOSJO during the minimisation ( see the module yomcosjo.F90
In cy43t2 )

&NAMCOSJO
NOTVAR(1,1)=-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1 ,-1,-1,-1,-1,-1 ,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,0,-1,
NOTVAR(1,2)=-0,0,-1,-1,-1,-1,0,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1....,
NOTVAR(1,5)-0,0,-1,-1,-1,-1,0,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,0,-1,-1,-1,-1,-1,-1

/



Impact on the initial departures

 The number of assimilated GNSS stations varies between ~54 and 68.

« The assimilation system tends to brought the model to the ZTD observation at every
analysis cycle

ZTD Obs-Guess and Obs-Analyvsis departures. Everv analysis

Number of assimilated GNSS stations for every cycle (3h interval) : i
01-05-2021 until 31-05-2021 from 01-03-2021 to 31-05-2021 (3h interval )
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Impact on the surface parameters

BIAS

BIAS

 The 2m temperature and humidity verification is carried out using 22 synoptique stations.

* The pictures display the observation minus forecast (O - F).

2m Temperature BIAS
from 20210501 to 20210530 , Runtime: 00h
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Impact on the upper-air forecast

* The upper-air forecast are verified against 4 radio-sonding stations.

 The model value is extracted using nearest neighbor interpolation at every standard
atmospheric level.

Upper air Temperature RMSE prof le Upper air Relative humidity RMSE prof le
fcrange=0, 6 and 12h. from :20210515 to 20210531 fcrange=0, 6 and 12h. from :20210515 to 20210531
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Impact on the wind forecast

* The upper-air forecast are verified against 4 radio-sonding stations.

 The model value is extracted using nearest neighbor interpolation at every standard
atmospheric level.

Upper air Wind speed RMSE prof le Upper air Wind direction RMSE prof le
ferange=0, 6 and 12h. from :20210515 to 20210531 ferange=0, 6 and 12h. from 20210515 to 20210531
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Impact on the precipitation sKkill

Probabality of detection (Hit rate). 6h accumulated precipitation

Runtime: 00h UTC
Period :20210501-20210531
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» Perfect forecast :
e POD=1,FAR=0, ETS =1

ETS

False alarm ratio

False alarm ratio (FAR). 6h accumulated precipitation
Runtime: 00h UTC
period :20210501-20210531
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Equitable threat score. 6h accumulated precipitation
Runtime: 00h UTC
period :20210501-20210531
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Conclusion

* The stations used from three processing centers cover sufficiently the AROME Belgium
domain

* The single station assimilation showed the horizontal and vertical extent of the increments
over the model grid points

» The assimilation of the ZTD from GNSS have a potential to improve either surface and
upper-air temperature and humidity forecast

 The use of GNSS ZTD has a positive impact on the small amount precipitation forecast skKill

Future work

« Evaluation of the observation correlation and apply a possible thinning

« Compare the GNSS DA with static with VarBC
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