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THORPEC Pacific Asian Regional Campaign August — October 2008
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Dropsonde impact for tropical cyclone track forecasts (2 typhoons, 3 weeks)
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Model set-up used for the evaluation of dropsonde impact

ECMWEF IFS JMA GSM KMA WRF NIMR NCEP GFS
Japan KOREA
Resolution TL799L91 TL959L60 T382L64
(~25 km) (~20 km) 30 km (~38 km)
DA-method 12h 4D-VAR 6h 4D-VAR 6h 3D-Var 6h 3D-Var
Domain Globe Globe 190*190 grid Globe
points
Bogus NO NO NO vortex relocation, bogus if
(YES in oper. no vortex in first guess
version) (rare)
Use of TC
core and YES YES YES NO
eyewall
observations
Denied Pacific Pacific Atlantic Atlantic and Pacific
observations dropsondes dropsondes dropsondes dropsondes
driftsondes JMA ship TEMP driftsondes
JMA ship JMA special
SYNOP TEMP
JMA ship TEMP

(Weissmann et al. 2011, MWR) 4



PANDOWAE

ung
ienst

Hans-Ertel-Zentrum fiir Wetterforsch
Deutscher Wetterd

in der Helmholtz-Gemeinschaft

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV

PARC dropsondes on typhoon track forecast in different models

—
o
=]
—
(]
o
o
w
-
wi
M.

¥
w
£
=
H
«
S
z
=
=
5
=1
F
£

Influence of T-

LUDWIG-
MAXIMILIANS-
UNIVERSITAT

- [MONCHEN

30

JMA, lead time: 0-84 h

72

==sas JMA Drop

60

forecast lead time (h)

12

|
o (=]
o 'l
o™ N N — —
(w>y) Jo1d 1se29104 XIel) URaW
j=}
mn

[ C NoDrop
snnnn EC Drop

120

108

m——— GFS NoDrop
96

=xunsi GFS Drop

72

60
forecast lead time (h)
WREF, lead time: 0-72 h

48

36

800

(w>) Jod 1SL810} Yoel) UBaW

450

1 1
o o o
o o
Te) < ™ N -
(wy) Jowd 1SEI8I0} XIR1) URBW
N\ o~
- . ~
\W o
I 2 4
a
e ¥
Z 0
exlle
2=z [®
_ .
.
.
.
.
T [ee]
\\\\\\\\\\\\\\\\ @
\\\\\\\\\\\\\\\\\\\\\\\\\ [{o]
o™
- P
N
\\\\\ _ N
-
| | | |
| | | | |
| | | | |
| | | | |
| | | | |
1 1 1 1 1 1 1 o
o o o o o o o o o
o n o Tl o n o Yol
< 52} ™ N N — —

(w>y) Joud 1Sed810) MRl UBaW

120

108

96

84

36 48 60
forecast lead time (h)

24

forecast lead time (h)



’ # Deutsches Zentrum
LUDWIG- DLR fiir Luft- und Raumfahrt eV

MAXIMILIANS-| | FAKULTAT FOR PHYSIK
| [UNIVERSITAT

| [mMONCHEN METEOROLOGIE

in der Helmholtz-Gemeinschaft ﬁgjgg%’;%‘é#;’&afem"g%

PANDOWAE

Influence of T-PARC dropsondes on typhoon track forecast in different models
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large improvement in NCEP-GFS and WRF (models with 3D-Var and larger errors)

lower impact in JIMA and ECMWEF (4D-Var, more satellite observations, lower errors)

best forecast both with and without dropsondes of ECMWF

GFS with dropsondes comparable to ECMWF despite 3D-Var and less satellite observations

The extensive use of satellite observations may also limit the influence of dropsondes
(Weissmann et al. 2011, MWR) 6
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Cycled and uncycled ECMWF experiments
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Only cycled experiments show typhoon track and downstream forecast improvement

(Weissmann et al. 2011, MWR) 8
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Impact of DOTSTAR dropsondes on TC track forecasts over several years
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Results for all DOTSTAR flights:
- clear improvement for NCEP-GFS, 60% of cases improve, significant reduction, 10-20% on average

- ambiguous results for ECMWEF (no cycling)

(Chou et al. 2011, MWR) 9
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Dropsonde impact on ECMWF mid-latitude forecasts
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indirect improvement through improved TC track and cycling (Weissmann et al. 2011, MWR) 10
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L “ DLR Falcon Dropsondes
* DOTSTAR Dropsondes
* WC-130 Dropsondes

Concept for ideal mission and sensitivity experiments: Joint mission on 11 September
WC-130 observations in typhoon center (green)
DOTSTAR observations in typhoon surrounding (blue)
Falcon obs. in sensitive area highlighted by e.g. SV, ETKF (red)

(Harnisch and Weissmann, 2010, MWR) 11



1
!

LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MONCHEN

FAKULTAT FUR PHYSIK

| [METEOROLOGIE

Deutsches Zentrum

i DLR fiir Luft- und Raumfahrt eV

in der Helmholtz-Gemeinschaft

Hans-Ertel-Zentrum fiir Wetterforschung
Deutscher Wetterdienst

(P

PANDOWAE

Which dropsonde observations are most beneficial?
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(Harnisch and Weissmann, 2010, MWR) 12
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Water vapour lidar (DIAL) assimilation in ECMWF (Harnisch et al. 2011 QJ)
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System developed as airborne demonstrator for WALES satellite mission (cancelled)

Observations from 8 flights assimilated in ECMWF system

Verification with independent dropsondes shows analysis improvement

Weak forecast impact in most cases, but improvement in two events with modified downstream development

(Harnisch et al. 2011, QJ) 13
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Doppler wind lidar (DWL) assimilation in ECMWF and NOGAPS
NRL EC used
'}ﬁ assimilation AD-Var | 4D-Var
o ’,r resolution 55 km 25 km
| — . -
DWL processing | super-obs | thinning
DWL obs. 4368 9578
Airborne scanning DWL_ (samg DWL as for A-TReC): assigned error 1.8 m/s 1.5 m/s
- coherent 2 um Doppler lidar (Mie-signal)
- on average 30% of profile with wind observations an-increment 1.3 m/s 1.8 m/s
- step-and-stare scan with 24 positions — —
- vertical profile of horizontal wingh. « M all obs. perday | 3 million | 18 million
. . 50 - NRL ]
- horiz. resolution ~5 km % /| Eowe [T]
- vert. resolution 100 m “ P larger weight at ECWMF
- accuracy: 0.5 - 1 m/s AL N DU Y --> larger increment at location of DWL
- representative observations EEE I =~ r
Saly PEEC : : :
501 fewer observations in NRL analysis
Dropsondes not used N ! | .
AT --> larger analysis difference
2\

E \Q‘jd e 0 s (Weissmann et al. 2012, QJ) 14
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DWL impact on typhoon track forecast
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ECMWF:
9% reduction of 12-120 h forecast error with DWL on one aircraft
8% with dropsondes from four aircraft
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NOGAPS:

Neutral impact on typhoon track forecast

Synthetic bogus seems to limit impact of other observations

Experiment without bogus shows larger DWL impact, but very weak cyclone
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AQUA | AQUA

SSMIS ; SSMIS

IASI | 1ASI

AMSU-A | AMSU-A

TC Synth | TC Synth
WINDSAT-TPW ! WINDSAT-TPW

WINDSAT SFC WIND

WINDSAT SFC WIND

ASCAT SFC WIND aircraft ASCAT SFC WIND
SCATSFC WIND ! SCAT SFC WIND
SSMI-TPW AMVs SSMI-TPW
SSMI SFC WIND E SSMI SFC WIND
Ship SYNOP rad;msondes Ship SYNOP
Land SYNOP Land SYNOP
DWL | DWL
Aircraft | Aircraft
AMV GEO ‘ AMV GEO
TEMP | ‘ ‘ ‘ ‘ TEMP

-5.00 0.00 5.00 10.00 15.00 20.0 25.00 -0.0010 0.0000 0.0010 0.0020 0.0030

NOGAPS FEC (%) in area 20-50 N, 120-160 W NOGAPS FEC per obs. (%) in area 20-50 N, 120-160 W

Relative reduction of global 24-h forecast error by different observations (calculated by Rolf Langland)

- positive contribution of DWL (also in data denial experiment, not shown)
- highest impact from conventional observations (also globally, not shown)
- comparably high impact of AMVs (also globally, not shown)

- large influence of TPW (but few), bogus (synth) and SCAT (near storm)
- besides these types, large DWL impact per observation

(Weissmann et al. 2012, QJ) 16
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Adjoint observation impact calculation (ECMWF)

03 03
MTSAT-Rad MTSAT-Rad
AMSU-B AMSU-B
MHS MHS
AMSR-E AMSR-E
ssm/I ssMm/l
GPS-RO GPS-RO
IASI | IASI
AIRS ! AIRS
AMSU-A AMSU-A 1 AMSU-A
HIRS Lo HIRS
SCAT radlosonde SCAT
AMV GEO AMV GEO
TEMP/PILOT TEMP/PILOT
DRIBU DRIBU
DWL ; DWL
AIRCRAFT aircraft AIRCRAFT
SYNOP | | | | | ‘ | SYNOP

-5 0 5 10 15 20 25 30 35 -0.00005 0.00000 0.00005 0.00010 0.00015 0.00020

ECMWF FEC (%) in area 20-50 N, 120-160 W ECMWF FEC per observation (%) in area 20-50 N, 120-160 W

Relative reduction of global 24-h forecast error by different observations (calculated by Carla Cardinali)
(different sample size as NOGAPS results, DWL only in 30% of analyses)

- radiances dominate globally, but not in the region of the storm
- highest impact from radiosondes and aircraft, followed by AMSU-A

- highest impact per observation from buoys, AMVs and SYNOP (followed by SCAT, TEMP, DWL and
aircraft)

- DWL comparable to aircraft (twice as many observations as in NOGAPS)

Overall, the total DWL impact was about half of the NOGAPS impact (nM{d/eissimensesalvafdas@) 17
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Conclusions

Comparison of dropsonde impact in different models:

- Large impact in NCEP GFS and KMA WRF (models with 3D-Var, less satellite obs and larger errors)

- Some improvement also in ECMWF

- Most JMA track forecasts improve, but issues with core/eyewall drops (also used at ECMWF, but not in GFS)

Specific ECMWEF results:
- Forecast improvement only with cycled experiments
- Improvement downstream in mid-latitudes resulting indirectly improved TC forecast, better first-guess (cycling)

Overall, targeted dropsondes are beneficial for TC forecasts, whereas results for mid-latitude targeting
are neutral

DIAL assimilation:
- Improved humidity analysis, but weak forecast impact in most cases
- Forecast impact when humidity is transported in mid-latitudes and downstream development is modified

Doppler wind lidar

- Overall confirmation of high observation impact shown in Weissmann and Cardinali (QJ, 2007)
- DWL FSO impact twice as high in NOGAPS, presumably due to less satellite observations

- TC track improvement at ECMWF comparable to dropsondes although fewer DWL flights

- No track improvement in NOGAPS, indication that TC impact is limited by bogus observations
- Confirms high expectations for ADM-Aeolus satellite (despite some differences of the systems)

18
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