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1) Impact of assimilating GNSS ZTD or ATOVS obs.

GOBIERNO MINISTERIO é Z
%ﬁ% DE ESPANA DE AGRICULTURA Y A ‘ Nl
; ALMENTACION T MEDIS AMBIENTE
a Estatal de Meteoroclogia

Cy40h11b5 HARMONIE-AROME Operational Cycle on BULL supercomputer in AEMet:
3DVAr 3h Conv obs: TEMP, AIREP, AMDAR, SYNOP, BUOY and SHIP.

TWO domains
- Iberian Peninsula

- Canary Islands

Iberian Peninsula Domain;

Two Parallel runs:
1) Impact of assimilating GNSS ZTD +conv obs

2) Impact of assimilating ATOVS +conv obs

Canary Islands Domain:

One Parallel run:

1)Impact of assimilating ATOVS + conv obs
(Aladin-Hirlam Newsletter num 8,

January 2017; J Campins, J. Sanchez-
Period of study: july - november 2016 888 Arrola, M. Diez, B. Navascués, J.Calvo,
2= AEMet

ASM 2017, Helsinki 3-6 april 2017



1) Impact of assimilating GNSS ZTD or ATOVS obs.
GNSS ZTD obs HANDLING Iberian Peninsula domain ‘ﬁ’ T T
TS > AR Vet
3DVar 3h cycle: conv obs + GNSS ZTD FETEES T 4
- GNSS ZTD observations from E-GVAP Program (ASCII, via ftp). 2
Files from: ASI_, ROBH, SGN_, IGE2 and METO.
- Cut-off time: at 0040 /0140 the files are taken AIB_gnss APD NA [MALLIGE] [ :
- Use White list (783 sites), < —
 temporal thinning ( obs closest to an time) 5. —
* no spatial thinning applied
« Quality Control
* Redundancy check '
- VarBC (cte offset).
About one month to calibrate the coeff.

10-

ASM 201¥;I'3Helsinki 3-6 april 2017 4O
an_cep



1) Impact of assimilating GNSS ZTD or ATOVS obs.

ATOVS obs HANDLING

3DVar 3h cycle: conv obs + AMSU-A,
AMSU-B or MHS

- Data by EUMETCAST local
dissemination.

* No pre-processing.

« Bufr 4.

- Long period needed for calibration of
the VarBC. (One month for Iberia
Peninsula and two months for the
Canary Islands suite).

- Used satellites and channels:

* Noaa 18.

* Noaa 19.
« Ch 7,8 AMSU-A blacklisted.
 Ch 3 MHS blacklisted.

« METOP A.
« Ch 7,8 AMSU-A blacklisted.

« METOP B.

Iberian Peninsula domain

IBERIAN P. Spin up period
NOAA 19, AMSUA,Ch9

Predictors
0 constant
1 1000-300 hPa thickness
8 nadir view angle

9 nadir view angle**2

10 nadir view angle**3

IBERIAN P. Period of study
NOAA 18

ASM 2017, Helsinki 3-6 april 2017

b

%  GOBIERNO MINISTERIO
" DEESPANA DE AGRICULTURA Y PESCA. ‘
a ALIMENTACION Y MEDIO AMBIENTE

a Estatal de Metex

Sat= NOAA19 (223) Sensor= AMSU-A (3) Channel= 9 HH= 15 UTC

prameter esimatks
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>
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1) Impact of assimilating GNSS ZTD or ATOVS obs.

Results

Selection; ALL using 486 stations
Hslp Period: 20160715-20161120
Hours; £00,03,,.., 213
1 T T T T T 480008

~S%ET] - ATOVS, GNSS, CONTROL
i j=t Surface parameters
... The bias of mslp, T2m and RH2m is

l... reduced when assimilating ZTD
GNSS.

160608
2

Forecast length

Selection: ALL using 1861 stations

.............

2 ; . - 906608 h: eriod: 26168715-26161128
b TOV AIB_ATOVS —W— : o 13
STDV AIB_gnss —%— B/ 906000
STDY AIBx1_40h1ib5 —%—
= ] DV AIB_gnss —%—
L CRSES 80080 ATBxl_4Bh11b5 —#—
1.5 10 | cASES & | ©0e0e8
1 786888
w4 7oo8e8
P

1 ] 6eee@d 0] eoeeess
s g H
¥ + 5Seepas 3 T - sSesees 3
-] o 2
K] 2

8.5 1 ageee®8 | 4coses

nnnnnnn

1 300008
o 1 OF e spgneg
20686880 q ——
-2 L . +——— —1+————7————3 100000
5
-8.5 L L L L L 18686880 Forecast length
[} 2 4 6 8 18 12

(Aladin-Hirlam Newsletter num 8, January 2017;
J. Campins, J. Sdnchez-Arriola, M. Diez, B.
Navascués, J.Calvo , AEMet

Iberian Peninsula domain

= gl _: GOBIERNO
b X DEESPANA
- @

KSS score for
3h acc pcp:
Positive impact
when adding
GNSS or ATOVS
observations to
conventional.

Vertical

profiles
Positive impact
on RH both at
00h (not shown
here) and 12
UTC below 300
hPa and also
upper for

ASM 2017, Helsinki 3-6 april 2017 ATOVS.

Kuiper =kill score

hPa

Kuiper skill score for 12h Precipitation {mn/12h}
Selection: ALL 1837 stations
Period; 20168715-28161126
Used {86,181 + 12-88

" AIB_ATOVS —#—
AIB.

_gnss
AIBxl_48h11b5 —#—

0.4 t | t

thresholds nn/12h

22 stations Selection: ALL
Relative Humidity Period: 20168715-20161120
Statistice at 12 UTC Used {06,093 + 83 06

1008 1508 2008 2508 3008 3508 2808
T T ‘ : " RHSE AIB_ATOYS —e—
RHSE RIB_gnss
108 - RHSE RIBxl_48h11b —#— 7]
CASES
200
a8
408
500
608
700
808
ana
1808 6
2 8 2 4 6 8 10 12 14 16 18
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(= 1) Impact of assimilating GNSS ZTD or ATOVS obs.
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i 2) Impact of assimilating GNSS ZTD + ATOVS obs.

e 2.1 Impact of thinning and increasing the GNSS ZTD obs error |

T 2.2 VarBC -
T + +
s 3) Canary Islands domain 4 s
0 4) Summary
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2) Impact of assimilating GNSS ZTD + ATOVS obs.
2.1 Impact of thinning and increasing the GNSS ZTD ob error sl sommno MmO L. /"\ L_/‘V[J

: 2 ALIMENTACION Y MEDIO AMBIENTE

ncia Estatal de Meteorologia

HARMONIE-AROME Cycle 3DVAr 3h
- Conv obs: TEMP, AIREP, AMDAR, SYNOP, BUOY and SHIP.
- ATOVS: AMSUa, AMSUB-MHS
- GNSS ZTD

AIBx|_40h11 No GNSS ZTD thinning

20 stations Selection: ALL kuiper skill score for 12h Precipitation {mn/12h}

Relative Huniditg Period: 28161118-28161124 Selection® ALL g6 stations
Statistics at aa UTC USEd {13;21} + B3 86 PE[‘iDd'.23151113-23151124
Used i06,18} + 12-80
No cases

108 158 288 250 308 358 460 458 508 ! AIBx]_4Bh1l —#—
' ' i ' RHSE AIBxl_48hil —#— a.55 | el —
RHSE AIB_ATOVS —#— .
1ee RHSE AIB_ gnss —#— |
RHSE AIBxl_43h11b5 —#— 8.5 |
aam | CASES
0.45
300 | g
S
g 8.4
400 | ~
=
o 2 8,35
[ oe8 ]
= L
8.3
600 | -
el
0.25
700
a0 0.2 — .
GNSS (no thinned) + ATOVS + CONV
8,15 4
a0p | |
, | , , 4 ! |
1800 1 18 !
-5 a H] 18 15 28 2017, Helsi

classes mn/12h



2) Impact of assimilating GNSS ZTD + ATOVS obs.
2.1 Impact of thinning and increasing the GNSS ZTD ob error ,ﬁa SOBENS  DNSIENG . eecr /"‘ L_MCT-

a ALIMENTACION Y MEDIO AMBIENTE
a Estatal de Metex

HARMONIE-AROME Cycle on BULL supercomputer in AEMet:
3DVAr 3h - Conv obs: TEMP, AIREP, AMDAR, SYNOP, BUOY and SHIP.
- ATOVS: AMSUa, AMSUB-MHS
- GNSS ZTD

» GNSS ZTD thinning and increased sigmao tests

50 km thinning AlB (before mid-feb17) : conv + GNSS ztd no thinning, sigmao=12 mm
(after mid-feb17): conv + ATOVS+ GNSS ztd 50km thinning, sigmao=12 mm

AIB : ObservationUsage SYNOP apd [2017-03-22 067] AIBx|_40h11a : ObservationUsa g e SYNOP apd [2017-03-22 06Z]

L

e
J

— //_>
3{
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AlB: conv + ATOVS+ gnss ztd 50km thinning, sigmao=12 mm

Weight of GNSS ZTD higher than other obs at O6H... so decrease

2000

0.4

0.2

its weight seems needed

Abaolute Degres of Freadom for Signal (DFS)

O IBERIAxI
[ —3
N | E | = [¢] = o 32
o o o o [« B o o —
2 S o i & a i T &
s i o = 5 < <
Relative Dag f Freadom for Signal {(DFS/obaervationa)

O IBERIAxXI
N 3 E a - 4] = | 2
o o o o [« 8 o o =
2 g @ a & a i i 5
& i 3] k= F < <

O0OH No ATOVS

1800

1008 —

0.4

0.2 +

Abaolute Degres of Freadom for Signal (DFS)

b
-

0O IBERIAxI
N pu [a] = 2 2 < o
o o
) 8 N & i T 2 2
r4 r4 m o i [a] = =
& % o} < < 3 <

Relative Dagree gt Freasdom for Signal (DFS/obaervationa)

0 IBERIAxI
N a n 1 s 2 < m
e 3 N i i 4 2 2
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& 5 G < < < Z

06H No RS

ASM 2017, Helsinki 3-6 april 2017

GOBIERNO
DE ESPANA

12000

1oooo

4000 —

2000 -

0.4

0.2 +

MINISTERIO

DE AGRICULTURA Y PESCA, ‘ M
ALIMENTACION ¥ MEDIO AMBIENTE

Agencia Estatal de Meteorologia

Abaolute Degres of Freadom for Signal (DFS)

O IBERIAxI
N a [a] = | Lo o = = | g lli UIJ
o o o —
o] & K s > s w i T ] =
g g & w o o] z = = > s
i i G s = < < < <

Relative Dgfjrea of Freasdom for Signal (DFS/obaervationa)

1 IBERIAxI
N - | [a] 3 = o L 3 g ‘$ ﬂi
o o o o o o =
S & N s = 5 ] w T @ @
£ z & w i '-U & T a = s
] 5} [¢] = k= < < < <

12H

10




2) Impact of assimilating GNSS ZTD + ATOVS obs.
2.1 Impact of thinning and increasing the GNSS ZTD ob error ;ﬁ_;. et P /\\ L_/V[gj"

e
a Estatal de Metex

HARMONIE-AROME Cycle on BULL supercomputer in AEMet:
3DVAr 3h - Conv obs: TEMP, AIREP, AMDAR, SYNOP, BUOY and SHIP.

- ATOVS: AMSUa, AMSUB-MHS
- GNSS ZTD

» GNSS ZTD thinning and increased sigmao

50 km thinning
Increase sigmao value x2

3 experiments :

AlB (before mid-feb17) : conv + GNSS ztd no thinning, sigmao=12 mm
(after mid-feb17): conv + ATOVS+ GNSS ztd 50km thinning, sigmao=12 mm

AIBp : conv + passive ATOVS+ passive gnss ztd 50km thinning, sigmao=20 mm (spin-up period)

AlBa : conv + ATOVS+ GNSS ztd 50km thinning, sigmao=20 mm, Varbc coeff from AIBp

11

ASM 2017, Helsinki 36 april 2017



AlB: sigmao=12 mm vs AlBa: sigmao=20 mm

Weight of GNSS ZTD lower at O6H if sigmao is increased. ;.ﬁ_;. SEENR TS vreca /\\ Lr:/—\/lej"

- ALIMENTACION Y MEDIO AMBIENTE
Agencia Estatal de Meteorologia
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deg C

AlB (sigmao=12mm) Vs AlBa: (sigmao=20mm)
(in both GNSS thinning distance=50km)

Kuiper skill score for 3h Precipitation {nn/3h}
= o ®  GOBIEF Selection: ALL 625 stations
& DEESP Feriod: 28178306-20178326
- S
)

Py Used £00,03,..., 213 + 03-00 86-83 09-06 12-89

Ve rlfl Catl on p I OtS 8.93 ! ATBxl_4Bhila —%—

AIBxl_48h1iit —#—

R R AlBa , AIB KSSscore

1 R for 3h acc pcp i
} o Surface parameters The less

1™ The stdv of mslp, T2m and weithed gnss T el

| oo RH2m is reduced when exp AlBa better

| oo assimilating ZTD GNSS for longer acc

a2 ‘ l

8.2 1 0 . I ‘
{ os0e8 1 10
with LESS weight. pCp Clases.
classes nn/3h
1 20008
“‘%
15088
-8,2 - L L L L 10088 v E
a 2 4 6 8 18 12 28 stations Selection: ALL
Forecas t length Relative Humidity Period: 28170386-20178326
Statistics at 88 UTC Used £18,21% + 683 86
Selection: nLLd using 1845 stations selection: ALL using 1843 stations Ve rtl Cal Ho cases
Ten  Period: 26170306-20170326 Rhom  Period: 28170386-28178326
Hours: {08,83,...,21} " ourss 00,83, .. 211 168 158 208 258 308 358 468 458 5008 558 668
‘ ‘ . . 28u808 14 200000 . " o [ A RHSE ATBxl_4ehila ——
STDV AIBx1_4B8hila —¥— L -
STDV HIBxl_4g=§é§ —— STOV AIBxL_48hilt —%— prOfI | eS 108 | RHSE AIBxl_48hilt —#%— |
. 1 CASES CASES
L— 1 sa00ce | — Positive impact 200 |
1.5 18 - ]
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1r 1 e 1 1668088 d g h 408
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2) Impact of assimilating GNSS ZTD + ATOVS obs.
2.2 VarBC ATOVS ig'-: Zoan | iebemn g o /\\ L-MJ

a Estatal de Mete

METOPA bias: no impact of starting first guess of VARBC coef

AIBp ATOVS& GNSS passive, AlBa ATOVS&GNSS active, AIB GNSS active& ATOVS active since day 43

---- AIB_21 ---- AIB_21

---- AlIBxl_40h11p_21 ----  AlBxl_40h11p_21 .
--+- AlIBxl_40h11a_21 --+- AIBxl_40h11a_21 The Start]ng VarbC COef
: AMSUA ch 9 : MHS ch 3 for the Spin-up period
is not crucial
2 2 Convergence of the
. 3 : bias values

-1.0
1.0

-1.5
5

| !day 43: AIB ATOVS become active | | !day 43: AIB ATOVS become active

30 40 50 60 70 0] a0 30 40 50 &0 70 80 a0

day day



2) Impact of assimilating GNSS ZTD + ATOVS obs.

2 2 Var B C A I OVS = ol e %  GOBIERNO MINISTERI o
- S " DEESPANA DE AGRICULTURA Y PESCA. !
y § ALIMENTACION Y MEDIO AMBIENTE
Agencia Estatal ¢ eorologia

Impact on METOPA bias of assimilated obs (12UTC solid, 21UTC dashed)

AIB GNSS active (thinned since day 43) & ATOVS active only since day 43

— amrz e Bias value
B AMSUA ch 9 e MHS ch 3 differences between
°] 31 12 and 21 h:

-Insignificant for
AMSUA ch9 due to

) aircraft data and also
. RS at 12 and 00UTC

-0.5
0.5

-1.0
-1.0

-Significant for MHS
ch3.Just RS at 00 and
12 as anchor
observations!

-1.5
5

T
60 70 a0 a0 30 40

| !day 43: AIB ATOVS become qctivé | Iday 43: AIB ATOVS become active

day day



2) Impact of assimilating GNSS ZTD + ATOVS obs.

= % GOBIERNO MINISTERIO
b " DE ESPANA DE AGRICULTURA Y PESCA. ‘
a ALIMENTACION Y MEDIO AMBIENTE
Ag logia

)
Agencia Estatal de Meteorolo

2.2 VVarBC GNSS

AIB APD NA [ACORIGEZ2]

bl AlB

ke Last 30 days

= Ohs raw

obsvalue

o AlBa
— AN Last 30 days
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= Ohs raw

obsvalue




GNSS ZTD and ATOVS Data Assimilation.
AEMeT 2017
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3) Canary Islands domain

ATOVS assimilation fga SOBENO  HMETENO oy resca

2 ALIMENTACION Y MEDIO AMBIENTE

Kuiper skill score for 12h Precipitation {mm/12h}

Selection: ALL 63 stations
Feriod: 20168715-20161213
’ Used {86,183 + 12-88

Surface parameters
The impact is neutral for all parameters.

Kuiper skill score

Pcp KSS: There aren’t enough events.

8,86 # l *
1 18
lazses nn/12h
1 stations Selection: ALL 2 stations Selection: ALL
Relative Humidity Period: 28168715-20161213 Relative Hunidity Period: 28168715-20161213
Statistics at 88 UTC Used £18,21% + 83 06 Statistics at 12 UTC Used £06,093 + 83 86
- - Ho cases Ho cases
1808 128 148 168 188 288 a0p 248 268 088 380 188 158 288 258 388 358 488 458 588 558 [
Ve rt.IC.aI prOflleS - . — — — RHSEIFIIIC_FITIJUISII - IR D ! i " RHSE n"Itﬁgng'gg'I
RHSE RAIC 188 - s
Positive impact on RH both at o I B
288 - i
00h and 12 UTC between 300 |
488
a.nd 700 hPa- 408 - | S 5o |
2 see | =
= 688 -
608
7ae -
7aa - 508 -
(Aladin-Hirlam Newsletter num 8, January 2017; & = e 1 a0 |
J. Campins, J. Sdnchez-Arriola, M. Diez, B. T T e 0 2 y 5 s w1 1
Navascués, J.Calvo , AEMet £ 51 1000 PR g

a 2 4 ) 8
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3) Canary Islands domain
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3) Canary Islands domain
ATOVS + GNSS assimilation

HARMONIE-AROME Cycle on BULL
supercomputer in AEMet:
3DVAr 3h
- Conv obs: TEMP, AIREP, AMDAR, SYNOP,
BUOY and SHIP.
- ATOVS: AMSUa, AMSUB-MHS
- GNSS ZTD passive

» GNSS ZTD: just 18 stations

AIC_nbg10 : ObservationUsage SYNOP apd [2017-01-31 21Z]

ASM 201

obsvalue
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4) Summary

= ol ¥  GOBIERNO MINISTERI o
- -Q. DE ESPANA DE AGRICULTURAY PESCA,
y*§ ALIMENTACION Y MEDIO AMBIENTE L—
Agencia Estatal de Meteorologia

1. Parallel suites of a Cy40h11b5 HARMONIE-AROME system for IBERIAxI_2.5 and Canary Islands domains were
prepared for assimilation of ZTD GNSS (no thinned) and ATOVS observations, and tested for a period from July
2016 to November 2016 have shown a positive impact of all humidity related fields when assimilating GNSS
ZTD observations OR ATOVS together with conventional observations, GNSS influencing the lower troposphere
that could be complementary with the impact seen for ATOVS observations for the upper troposphere.

2.However, assimilation of Conventional + no thinned GNSS ZTD + ATOVS has shown a negative impact.

3. Introducing thinning and increasing obs error for GNSS ZTD obs have been tested and then the joint
assimilation of conventional + ZTD GNSS + ATOVS impact has shown to be positive.

4. VarBC coefficients are sensitive to which observations are assimilated actively/passively when no other
anchor observations (aircraft and RS) are available. This is an issue for AMSUB/MHS/GNSS assimilation at
intermediate an times between RS launches. In respect to the spin-up period to tune VarBC coef, no significant
differences have been found for different initial coefficients values.

5. Over Canary Islands domain, assimilation of ATOVS has a clear positive impact in RH. DFS shows that these
satellite obs are the most relevant observations. The reduced number of obs in thig arepdea@sihietley ~

conversence nf VARR(- (‘nPf ASM 2017, Helsinki 3-6 april 2017




