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CCECMWF 2130
Australian Government - o {13 //SOftware.ecmwf.int/wiki/display/FCST/Implementation+o
Bureau of Meteorology
f+IFS+cycle+43r3

Deterministic 9km resolution; twice per day, 137 levels to 10 days
Ensemble forecast (EPS): twice per day 51 members 18 km

91 levels to 15 days ahead

Mon/Thurs OOUTC extended to 1 month ahead

(Monthly Forecast 18/36km)

Latest Tropical Cyclones

chart updated last Thursday



i Model upgrades : ECMWF e

CECMWF o

i -

r - =
Probabilities gusts

Australian Government ehttps://software.ecmwf.int/wiki/display/FCST/Implementation+o

Bureau of Meteorology

f+IFS+cycle+43r3

July 2017 upgrade — slight improvement (res same)
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Model upgrades: g
GFS M NCEP Central Operatid‘E}

National Weather Service

Australian Government

BuremorMeteoroiogy  NELP//WWW.NCO.NCEP.NOaa.gov/pmb/changes/

Skill similar to ECMWF

Global model run at ~13km resolution to +240h

Avallability of GFS ensembles? 21 members

Recent upgrades not indicating much improvement for TCs

Ea Research Laboratory
Global Systems D n
P‘-‘to NOAA ESRL Demo — Tropical Cyclone Tracks from Experi Forecast & Ei Models Help Model info
w2 2017  |Storm Id:[Donna (SH18) v || Basin View: Indian West Pacific ' East Pacific ' Atlantic World  ® Manual (won't recenter on reload)
o Not For Official Use — Consult the NHC Information
e Time: = | Valid 2017 05 05 0000 UTC
= S0 v Observed (black) GEFS (red) control (green)
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' Model upgrades :

http://www.metoffice.gov.uk/research/modelling-
systems/unified-model/weather-forecasting

S -b
o iy =

Australian Government

Bureau of Meteorology

Skill near to EC and GFS since major 2014 upgrade
July 2017 upgrade: Deterministic: 17km (TBC if now lower)

Ensembles: 36 members at 20km resolution (previously 24
Available on SWFDDP site: nitp://swiddp.metservice.com/global-ukmo-pacific-tc-data/tc-tracks

TC Tracks

Datepicker
“alid at. 06:49 05 May 2017 UTC Latest
MOGREPS-G. Tropical Cyclone storm-following meteogral ’F'rév NE)ﬂ

MOGREPS-G: Forecast tropical storm tracks MOGREPS-G: Forecast tropical storm strike probability
Met Office for DOMNA fram 0OUTC 05/05/2017 for DONNA from QOUTC 05/05/2017 DONNA [12:85 1R5AEY frot OOUTC 05 My 2007
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lodel: HWR

http://www.emc.ncéb.noaa.qov/qi:hlWm‘k')/v‘><UHWRF7in‘d‘e.><.bh|3L

Australian Government

Bureau of Meteorology

nested within GFS with variable resolution — higher for core
8/6/2km — yes 2km for inner core!

Run for all systems globally can run 7 TCs at once inc. lows
Intensity results encouraging.

2017 Upgrade: ongoing improvement in track and intensity
though likely NH (ocean coupling) is better than SH

HWRF FORECAST — TRACK FORECAST SKILL (%) STATISTICS HWRF CAST — | R " T,
VERIFICATION FOR WESTERN PACIFIC BASIN 2016 il - NTEN-ITY BRENTVE SKLL (R STRUSTICS

VERIFICATION FOR WESTERN PACIFIC BASIN 2016

P
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Model upgrades : HWRF
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HWRF SSMIS 37GHz: BLANCA 2015060412_f24

I 1o 100W G
Storm Center: (15.2N,107.. ew)
Forecast valid: 12Z05JUN2015

Intensity: 79kts

Blanca 2015

3km run

2Kkm run, more symmetric
and smaller sized storm

Courtesy:

V. Tallapragada, NCEP
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Aty ACCESS NWP_
Q@  ACCESS

Bureau of Meteorology ‘ The Australian Community Climate and Carth-System Simulator

ACCESS-G Global (~25km)
ACCESS-TC variable domain 12km resolution for TCModule tracking
http://www.bom.qgov.au/australia/charts/viewer/index.shtml
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Models : the others o0
JMA, COAMPS, GFDN/L, NAVGEM
o oo and others

JMA: ~20km resolution; trailing other globals in Aust region
COAMPS: Experimental CTCX 5km resolution
Nested in NAVGEM
GFDL: nested in GFS — Skill here?
GFDN: GFDL version nested in NAVGEM

NAVGEM: US Navy Global model still has some skill but trails



Verification: Track JTWC o
2016 in WPAC (update)
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50 2016 Model Forecast Track Skill PAC - Preliminar
Cons i i NC
w0 fOreci N
Mesao
350 1 S
contir
| (GFS e
GFS/ —CONW
— M|
o EXCEf _ =y
. = s T
50ni :; it
200 - a0 s (3 F N |
e GFD
. H WA F]
150 30 e NVGM
= | 10
50 - {341} {272y (197} (130) (78)
-_. ’ 24 48 ) 712 h 9% I 120 | ;y: JTWC
0 - Tau




11/30

Track Forecasting —
= The Australian Consensus approach

How to choose what goes Iin?

NRL approach to test a model: compare result if you take
the model out from the consensus. Does it add value?

Standard members — nine models

EC + GFS + HWRF + UK + ACCESS-TC (Tier 1)

+ COAMPS(TX) + IMA + GFDL/GFDN* + NAVGEM (Tier 2)
For tropical lows greater selective approaches;

Using previous runs of EC/GFS/HWRF/UK case by case basis;
Occasional erratic behaviour by GFDN and COAMPS;
GFS/JMA ensemble mean used by JTWC
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et NON-SELECTIVE (NCON) — robust most of time

Bureau of Meteorology

TC Christine: - 6*0'0 29“2“00
Model position check ‘
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The BoM Consensus approach
asrimcoenmes NON-SELECTIVE (NCON) — robust most of time

1 20
6:00 29/12 (+30")

TC Christine:

spread in shifted models
Tier 1 models consistent
cf climatology (grey)

cf previous forecast
(dashed)
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Australian Government

Bureau of Meteorology

TC Christine:

Uncertainty and gales
shape watch/warning areas
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Input to Forecast Track Map
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The BoM Consensus approach
e SELECTIVE (SCON)
Bareasof Metcrlgy Will Quang hit Exmouth??

COAMPS (green) +UK/GFDL(to east) [p3e .
others inc. EC/GFS/A-TC further west ¢
JMA (light green) further west
Question: Should we
1. discard COAMPS as the outlier?
OR
2. Just take the consensus of all?
Or
3....7

;00 30/4 (+36)
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The BoM Consensus approach
SELECTIVE (SCON)
Bareasof Metcrlgy Will Quang hit Exmouth??

00:00 30/4 ( +36) :0030/4(+36)

WEST or EAST?

. Onslo

y
Jj b {
p) (-

Exmouth;
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The BoM Consensus approach
SELECTIVE (SCON)
| Quang hit Exmouth??

Australian Government

Bureau of Meteorology W

UK last three runs for P :
consistency

:00 30/4 (+36)
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e Track Forecasting —
e The BoM Consensus approach

Australian Government

o SELECTIVE (SCON)

Quang: bias to UK (to east)

sfc wind comparison at
+66h

UK stronger being steered
by deeper NW'ly flow than
other models

JMA also weak — outlier to
be discarded?
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ity The BoM Consensus approach
Aur:uml SELECTIVE (SCON)

When to be selective: High spread, can explain model behaviour
pre_OIWyn : 25:'”!5 110 500

bias to EC and UK
Uncertainty bulge for
other scenarios

.rLi 11 arfn Mar 10

Lill priy Mar 10

L 11 amaMar 11

@ Copyright Commonwealth af Australia 2015, Bureau of Metao
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Track Forecasting —

o The BoM Consensus approach
Tr— SELECTIVE (SCON)

T35

35 \\ _— Tr4Q = 145
\\ .

%

gé 4»{“;-}
(448 )
f L

Ex-TC Lam: high spread in models — EC Vs GFS/UK !

~
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Track Forecasting —
The BoM Consensus approach
Tr— SELECTIVE (SCON)

Track map: high uncertainty — watch QId and NT side of Gulf but
EC treated as 'unlikely’

Ty

- o

Note: when being selective fo o
s
&

ensure reasoning is
documented

4 am Fe RN

+Cape Keerwed

130 3

Filgmatres
£ Copyright Commonwealth of Australia 2015, Bureau of Mete




. Track Forecasting — BEWARE
Australin Gorernmen Don't ever be complacent

Bureau of Meteorology

Sometimes nature doesn't go by the NWP rules

11 120

_,.-"_"-b.,__‘u.f"’----____

Qam WDT 7 March Egﬂ?

22/30
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S5  Track Forecasting — BEWARE
Australin Gorernmen Don't ever be complacent

Bureau of Meteorology

Changes in track close to coast — timing consequences for landfall
storm tide e.g. Dylan, Marcia, Yasi...Trochoidal motion

o 03:00-40/1 ( +12) 'UTC @ECMWF
J will pass within 120 km radius dunng the nexl 24
4; dof=Ens Mean [repored minmum camral pres=u

.I'I-'E- | I'm-l- DJE-'.I- .'.ﬂ-m- .Lbl- .'I:\-I- .m-m-

AL AW
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Track Forecasting - ensembles

& porsd -4

Austrian Goveramen EC strike probability — TC Ita

Bureau of Meteorology

Date 20140407 12 UTC @ ECMWF

EC ensemble Iarge Sprea Probability that ITA will pass within 120 km radius dunng the nexl 240 hours

fracks: solid=0FER; dot=Ens Lean [r-:-p-:-rl-:*d mirimum oerlral pressurns (hFa)] H& ]

assist with uncertainty W W Qe oo [loo B oo W B W
area e ex o
N . " ﬂl" % ﬁ-r:h.m H“—- . -“‘:"L.
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’ . ﬁ#&ﬂ:ﬁnm;. v« & - : i . hhﬁfﬁ-&ﬁhh .

1. EE

E foracasi Topical Cydone
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Applying ensembles

Australian Government

Bureau of Meteorology

L1 ¢ Adjust Plot Time - Scatter Plot
. PloL AL Moursy = .
10 30/4 ( +36)
+00  +12 +24 +36 +48 +60 +72 +84 <06 +108 +120 +
Acwal Time:  2015/05/0L 12:00 UTC
Show: ¥l Consensus Path v Consensus Spread ) Climatological Uncertainty
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Applying ensembles

Australian Government

Bureau of Meteorology

Brig ht&N utter 2004 ai:ll‘:‘i'?:::gij DQ:'UL.:rHGG ﬁlFiiw:iiﬁn 120 km radius dunng 1he nexl 240 hours

=: solid=HRES; dot=Ers an[m-p-nrl-:d minimum cariral pressuna [hFa] MA ]

Extracting best ensemble member will not B~ B> B> D=e Fee W e e e e

. o - e
yield the best forecast over time! | |-
it
attempting to choose or eliminate J
members may degrade the future v
value of the ensemble because "bad"
-
members may appear as the best
member at a later time.
mmm... \
But Quang — can we eliminate some = -
neamble mambars numbs e farecas TIZIFIFZE.I C-}'dl:ll'El
members west or east? sabegonyin cokours: TOMup bo 23] TE{34-63] HR[s4-82] HAZEa22] HRA =25 K]

Maybe ...
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Filter on
position/intensity

Cluster techniques

Useful SOMETIMES
Bang for buck?

Super-ensembles
coming...availability

- ;l»
|
mall

[§ [3F

ECMWF Properties - TC Module

Selection Method: @ Filter ) Manual

Filters:

[Windspeed 60 || AND Lead Time [r2a [~]

Remove ‘

‘ | AgaFiner |
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ADVANCED Track Forecasting - ensembles

Filtering, clustering and super-ensembles

AU201314_04U_T

- TC Module

I'll Intensity ‘ E

Ensemble Members:

Member | Fixes | Min WindSpeed (kv | Max WindSpeed clu)l Min Pressure (hPa) | Max Presst
16 28 53] a
2 20| 20| 63| 961 =l
3 17 31 59 977 I e,
i 2 7 B e
Consensus Comnosil.ian:
Lead Time (h) | Fixes | Min WindSpeed (kt) | Max Windspeed (k1) | Med wmdspeed (Kl) Min Prassure (hPa) ‘ Max 1
0 52 39 57 a5 984 -
6 52 43 55 47 977| =
2| sz 46] §4[ 52 969]
18 52 49, 63 54 969
24 52 50 64 55 965]
30) 52 46| 64 55 951‘
36 s3] 41 4] 50| 9591 =

Consensus Method: @ Shift to Analysis Fix. Make consensu:

|Amlvs|s Track for 2013/12/27 00:00 from Perth TCWC {v

|
=)

S by Movement average.

Analysis Track:

Analysis Fix Time: |2013,’12J’29 06:00 UTC

) Shift to average position at +00. Make consensus by movement average.

) Don't shift racks. Make conse

Create Consensus Track

nsus by position average.

il 113 120

00:00 27/12

00:00 28/12

TETarEToT
[¥]Grid Lines
@]indonesia
[]indonesian Frovinces
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[ Kiribati/MaurufTuvalu

- Filled
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ADVANCED: Deterministic Vs Ensemble mean

Ausrlian Goeramen Black line - determistic
Bureau of Meteorology
Why IS the 20080301 12 UTC
. Probability that OPHEL A will pass within 120km radius during the next 120 hours
bIaCk ||ne tracks: black=CPER, green=CTRL, blue=EPS numbers: observed positions at t+..h
. o i ~ [ = ) p—l
different from o ’E\m . I'L 4 /@““a e 23
: A ey & e R %0
the highest h S |
ipe - ! B0
probability? =

(=
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ADVANCED Track Forecasting

Australian Government

Bureau of Meteorology

Bifurcation TC Willy

20050310 12 UTC
Probability that WILLY will pass within 120km radius during the next 120 hours
tracks: black=OFPER, green=CTRL, blue=EFS numbers: observed positions at t+..h
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Australian Government
Bureau of Meteorology
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Track map examples

WNP CNP ESP/ATL

Forwcant Pasiion.-

o Tropicd Socions £ Poat-Troplca?
Surird Wi D s

5 sermpn I mpht s | tengh
Wamiegs:

Corepmerrs [ o snn [ T Saew

C ou rtesy: EI I |Ott&Yam ag uc h | ' IWTC VI I I http://Amww.wmo.int/pages/prog/arep/wwrp/new/documents/Topicl_AdvancesinForecastingMotion.pdf



31/30

Fiji Track map examples:
uncertainty and threat areas

Australian Government

Bureau of Meteorology

-170 1490 -5

i o
P . =,
o S PR
Niue i =
as .Lekeba
=20 - q
® P
. Cno-l-lau
=25

Courtesy: Fiji Met Service
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Summary

Australian Government

Bureau of Meteorology

Forecasting - it is all getting easier!

Questions?
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s Exercises
st o What is the probability of impact at
m—— locations A, B and C?

Objective aids for TC 18P for 2017050506
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Exercises: EC ensemble

wmanemen \\/at is the probability of impact at locations A, B
Bureau of Meteorology
and C?

.:l-n:l .ln-zu Ej:u—:: |_|:||:|-l|:| ,_|-l|:|-!||:| .:lu-m .u:l-'rn .'rn-m .u:l-l:l ..—.nm-.
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Exercises
astaionGoeraen What is the probability of impact at

Bureau of Meteorology - 7
locations A, B and C~
Objective aids for TC 03B for 2014100800
Phaka
iCaI:LtIa
fml hittagorg Jlagdalky
Y
20N
flmlmy
fangacn
15 N
10N

T5 E BO E BS E a0 E a5 E



Bureau of Meteorology

What is the
probability of
Impact at
locations A, B and
C?

fracks: :.l:lrnlid—H RES; dot=Ens IF.ﬂ-:-.'l.n[r-=-|:-:-r|-=--:| i Ml i i:-:-rrlr.'.d-.F-r-:zu re (hPa] H
. L .II\'I- ‘I‘D'ﬁ i..-:l'm-l- [:IJI:\".D .'-ﬂ-m' .I'.I:\-l- .'I\'I' .m-n:\- .-m'l'.
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Exercises

Australian Government

Bureau of Meteorology

How would you go about determining the risk to
southern Andhra Pradesh?

Objective aids for TS 02B for 2013100206

.Pl.1l1ﬂ.

o Ens

25 M|

Jihmacabard

20N

mbay

£

15 M
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Australian Government

Bureau of Meteorology

Is there a risk to
southern Andhra
Pradesh?
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Exercises

How to use this spread?

Dale 201231002 12 UTC @ ECMWE
Frobability thal 02B will pass within 120 km radius dudng the nexl 240 hours

iracks: solid=-2FPER; dot=Ers Mean [repored minimum ceniral pressure (hFa) HA ]

W Moo @ee [Joo (oo @oo @oo W Boo B

(=g 4 L =n 4 e

Liz1 of ensamble mambars numba = faresas TIZIFIL':E] C-:p'l]l:ll'H
Inbsresity catasgoryin cobouns: TOup bo 32] THE4-52] HR1[E4-22] HR2==2a] HR === W)



39/30

Exercises
oes Real-time: steering pattern in the Pacific

For ...
Determine the steering pattern based on the

/700 and 500hPa winds/heights from HWRF
and GFS



40/30

Model upgrades : ACCESS

Bl v s e

Australian Government

Bureau of Meteorology http://www.bom.gov.au/australia/charts/viewer/

ACCESS-G upgrade to APS-2 for 2015/16 season resolution 25km from 40km
- Possible concern that model may 'overheat' development.

ACCESS-TC variable domain at 12km resolution

New supercomputer will herald opportunities for upgrades in 2016 & 2017

MSLP | Precip (08 hourly) ACCESS-Global
Valid 12UTC Fri 31 Jul 2015 t+108
a0tk 100°E 120°E 120°E 180°E 180" 180w
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Applying ensembles:
should we bother being selective?

Bureau of Meteorology

US Dewpoint example: different colours represent different

ensemble members closest to the analysis (most accurate)
Little spatial correlation between members
No one member dominates a large region
Red: 1-5 Yellow 6-10 Blue 11-15

11 1518 4 5 33 ‘33
12 00011 148031585 1 s per 3105
0130 0 (121214131 51 5151 58 . g )
—h 00 147w §
1414 0000 T 05
12 142 0000000 1
D 1aM 000 2 1
14NV 00 1W 2 2333
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LB 01100 g
o113 16130 0 2
1115 130
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553 85 15 160 4
. 3
5350

5 5
1
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