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Predictability of Tropical Weather
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Numerical Weather Predicti

on

The last few years have seen significant
advances in numerical weather prediction

Several factors have contributed to th
advances -

ncrease in model resolution

mprovements in parameterisation of
Drocesses

ese

ohysical

mprovement in data assimilation, inc
netter usage of different types of data

mplementation of more accurate and
numerics

uding

stable



Convergence of N.Hem and S.Hem Medium Range Forecast skill

Anomaly correlation of 500hPa height forecasts
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Numerical Weather Prediction

‘The success of numerical weather prediction
represents one of the most significant scientific,
technological and societal achievements of the
20t century’ — THORPEX International Plan

Despite the notable increase in skill over the past
guarter century, there is a necessity for further
Improvements, particularly, in the accuracy of
high-impact weather forecasts and in the tropics



Why are the tropics different?

Small Coriolis force

Geostrophy and other balances may not be generally
applicable —large Rossby number R, = U/fL

No analytical pressure-wind relationship and sometimes
weak coupling between the mass and wind fields — other
processes, eg diabatic heating become more important

Divergent component of wind becomes comparable in
magnitude to the rotational component during developing
convective events

Uncertainties in how extra-tropical flows influence
tropical flows

» These factors lead to significant analysis and prediction

Issues in the tropics



Predictability of the Tropical Atmosphere
(Shukla, 1981)

* The theoretical upper limit of deterministic

predictability for low latitudes is shorter than for
middle latitudes

= Most of day-to-day fluctuations in the tropics are
determined by the growth and decay of
condensation driven instabilities for which the
amplitudes equilibrate rapidly

» |t takes only a few days for an initial error to grow

to a magnitude comparable to the climatological
variance



Predictability of the Tropical Atmosphere
(Shukla, 1981)

= Variability of time averages in low latitudes is
largely influenced by the slowly varying
boundary conditions of SST and soil moisture

= Since synoptic instabilities are not strong
enough to change drastically the large scale
flow, there is larger potential for predictability of
monthly and seasonal means in low latitudes



Predictability of tropical weather

Emphasis of lectures is on short to medium-
range prediction

_ecture 1: Performance in the tropics
_ecture 2: Tropical NWP systems
_ecture 3: Future trends

Acknowledgements:

Thanks to colleagues at BMRC, ECMWF,
MetOffice, IMA, NCAR, CSU and others for
allowing me to use their material



Lecture 1
Outline

The emphasis Is on practical aspects of
forecasting in the tropics

= Present brief experience from an operational
centre

* Present objective scores to indicate performance
of models in the tropics

* Present examples to indicate performance of
models in the tropics for some key features —
tropical cyclones, precipitation, monsoons, MJO
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Example from an
operational
forecasting centre
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Darwin Meteorology..... wet/dry seasons

Many varieties of tropical weather

Eg TCs, complex TDs, waves, continental TS, marine TS,
NW monsoon streams...



MasclAPS 0125 - Gulf Lina Monitoring
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MasclAPS 0125 - Gulf Lina Monitoring
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TLAPS forecasting of NW monsoon Feb

AREA AVERAGE

10

2000

TIME SERIEE FEB=0QO
AREA AYERAGE COF U AT LEYEL 850.05

LATITUDE = —15.0 T —6.2 LONGITUDE = 110.1 TGO 134.7
— 1 T 1T T 1T T 1T T 1T T 1T 17 ©~ 1T T 1T T T T 1T ° 1T T 711
_ I\/M/ _
N N AN I A TN [N TN (N N N U Y N Y (NN [N TN N TR N T B |
2 4 o 8 w12 14 e 18 20 =22 24 26 28

MODEL TIME (DAYS)

___ 48 hr forecast

zonal winds

Not perfect,
but useful



How useful is NWP In the Tropics?

Definitely useful especially if well
defined synoptic systems, BUT...... the
connection to the actual weather,
especially rainfall, is still unsure



Forecast Issued 5.00pm Thursday 12 Sep 2002
Darwin

Fine and mostly sunny. Light winds with early
afternoon seabreezes.

Forecast Issued 5.00am Friday 13 Sep 2002
Darwin

Fine, cloudy periods with a morning shower in the
rural area. Light winds with early afternoon
seabreezes.



BUREAU of HMETEDROLOGY
PC-BaPIC Uersion B8.02

Change Rng

Clear

Merge

Ecreen Dunp

0P Dev Cfg
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Rain Rates Pointer Data
Range 118kmn
Bearing
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Rain Rate= 80 — .
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11:57 .06
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50 to 75 mm of rain in greater Darwin area



LETTERS

TO THE EDITOR
Northern Territory News,
PO BOX 1300, Darwin,.
Northern Territory, 0801

E-MAIL US AT
NTNMANL @NTNNEWSLTD.OOM.ALY
Name, addrass and phone numharufallJ

hwriters MUST be supplied for verification

Capricious
rain gods

HO pays the weather
bureau?

Haven’t these guys learnt
that they can’t predict the
weather in @ the Northern
Territory?

Having lived in the Territ-
ory for some time, I have
learnt that if the Bureau of
Meteorology makes a bold
prediction you generally be-
lieve the opposite.

Forecaster Graeme King
was quoted in Friday's North-
ern Territory News as saying
“It's just going to get hotter,
without raining for now™.

The rest 1s history.

DJ Thomas
Darwin




Is this forecast fallure Uncommon?

Answer: NO

we were unable to correctly forecast the

next three occasions of substantial rain In
Darwin this wet season



Verification of Severe Storm Warnings for

Darwin
Forecast Not Forecast
99/00 00/01 01/02 99/00 00/01 01/02
Observed —long lived squall 0 0 0 2 1 1
line
Observed — other severe 0 0 1 4 9 10
thunderstorms
Not Observed 1 0 0

One correct forecast out of
27 events in 3 years




Are these problems limited to Darwin?

Answer: NO



International Workshop on the Dynamics
and Forecasting of Tropical Weather
Systems (IWDFTWS) - Darwin -January

2001



Topics for workshops

Synoptic scale tropical waves

Ut
Su
RO

Regional NWP
~orecasting convection
_ife cycles of monsoon depressions

Ity of potential vorticity in the tropics
otropical/tropical interactions

e of topography

_imits of predictability
Probability forecasting methods based on

models and /or archived radar data



SUMMARY

Forecasting in the tropics has no credibility??
Need systematic study of tropical NWP output

Transfer of knowledge gained from these studies

to forecasters o -
Need more researchers living and working in the

tropics






Performance of global operational
forecast models

= The WCRP/CAS Working Group on Numerical

Experimentation (WGNE) routinely reviews the
skill of daily forecasts from a number of
operational centres

= This long-term record of consistent verification
(to WMO Standards) provides a very useful
Indication of improvements and deficiencies in
the various models
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Time series Z500 S Hemisphere
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Time series VW 850 tropics
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Time series VW 850 tropics (v observations)
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Time series VW 250 tropics
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Time series VW 250 tropics (v observations)

VERIFICATION TO W.M.O. STANDARDS
TROPICS
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O_ECMWF FORECAST VERIFICATION 12UTC
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Quantitative Precipitation Forecasts over
Australia from Operational NWP Models

Results for 2005-06

Beth Ebert
BMRC

WGNE annual meeting, 2006



Forecast

Description

Operational Start
Center Year
Australia (global 1997
and regional)

Canada 2000
ECMWEF 1997
Germany 1997
Japan 1997
United Kingdom 1997
United States 1997

AVG

PM

Persistence

Ensemble mean

Probability matched
ensemble mean:

1. Derive ensemble
mean QPF

2. Transform rain rates
to match the
probability
distribution of the
ensemble of QPF

Previous day's
observed rain




-~
Tropics

hits + false alarms
hits + misses

BIAS =

ETS = hits — hits . som

hits + misses + false alarms — hits

random

0.25° resolution objective analysis, averaged

onto:

« 1° grid (continuing previous years Observed Forecast
verification)

* 0.5° grid (following recommendations)
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Frequency Bias

Equitakle Threat Score
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Results for tropical Australia
Summer 2005-2006, 0.5° resolution
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Results for mid-latitude Australia
September 2005 — August 2006, 0.5° resolution

F2h forecasts Z0050901—-20080831 Midlotitudes

24h forecasts Z00504801—-20080831 Midlatitudes
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Flooding rains in central Queensland

48 h fcsts
15 Feb 2004
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WGNE Intercomparison of
Tropical Cyclone lrack Forecast 2005

22nd session of CAS/WGNE, 25-27 October 2006,
Boulder, Colorado, USA

Prepared by
Takuya Komori,
Munehiko Yamaguchi and Ryota Sakali
(NPD/IJMA)



NWP Centers Participate Bogus Data Horizontal Res. of Model Res. as of 2005
Year provided data
BoM 2003 Not used 0.75°x 0.75° TL239L29
=>TL239L33
CMC 1994 Not used 1.0°x 1.0° 0.9°x 0.9°L28
DWD 2000 Not used 0.5°x 0.5° 40km L40
ECMWF 1991 Not used 0.5°x 0.5° TL511 L60
JIMA 1991 Used in WNP area 1.25°x 1.25° TL319 L40
METEO FRANCE*1 2004 Used*2 0.5°x 0.5° TL358(C2.4)L41
NCEP 2003 Used in the rare cases*3 1.0°x 1.0° T254 L64 => T382 L64
UKMO 1991 Used 0.8333°x 0.5555° 0.8333°x 0.5555°L.38

=>(0.5625°x 0.375°
(from 13t Dec. 2005)

=>0.5625°x 0.375°L50

*1 METEO FRANCE data is up to T+72hr, others are at least up to T+120hr.

*2 except for south Pacific and North Indian ocean
*3 when the storm is not found in the first guess




Verification Methods

Forecast Error (km)

The distance between the best track position and the
forecast position

Detection Rate (%)
Detection Rate (t) = A/ B (t; forecast time)

A: The number of initial times as a TC is analyzed at forecast time t
and a NWP model tracks the TC at forecast time't.

B: The number of initial times as a TC is analyzed at forecast time t.

Verification using both methods is
Important for inhomogeneous sample.
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Verification of western North Pacific area
- 23 TC cases in 2005 -
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Forecast Error (km)

Verification of western North Pacific area
- 23 TC cases in 2005 -
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Forecast Error (km)

Verification of North Atlantic area
- 28 TC cases in 2005 -
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Verification of eastern North Pacific area
- 15 TC cases in 2005 -
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Verification of eastern North Pacific area
- 15 TC cases in 2005 -

600
= *BOM T+72
=3 s,
« 9500 | @/*
o
=0 + CMC
+— 400 | +DWD
< %50 ¢+ JMA
+ I
& FRN N(;Ii UKM
© 300 .
250 | | | T |
40 45 50 55 60 65 70 75 80 85 90 95 100 150 VT 160 oW 1T 150 W 1ITW 00w sowW W

Detection Rate (%)



KATRINA

e,

KATRINA




Forecast Lead Time Estimate :
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Forecast Lead Time Estimate :

RITA(T0517)

- North Atlantic area -

The Time of Landfall —

TO517 Forecast Lead Time Estimate
— I\r‘alid Ti_rne ; 20[}5!09!24 12UTG_——

Lead Time(day)

100"W ao"w 80 W
| ' T TR
R T I
| = oouTC g e N
A q20TC
AD°N + 0B 1BUTC 4 d ayS
e~ 2 o]
JMA She ~
= - LIKD -g
Best track
30°N A N S

20°N

A0°N

—

fi

100°W

ngggon‘ Forecast Track T0517
20D5/02/22 12UTC Init
= 0OUTC |
& 2UTC .-
+ Da1auTC
BET .

T ONA
- LKMO

100°W

= Late_grey__cur\/matu;r.;e i
all NWP forecast

90"W

90"W

n |-

lead time

AQD°N
1

30°N

- 20°N

BO"W

- 40°N

i sorn

=+ 20°N

B0"W



MET QFFICE GLUSEAMI. MODEL FORECAST TRACKS of TROPICAL CYCLONE GAFILO MET QFFICE GLOBAL MODEL FORECAST TRACKS of SUPER TYPHOON CHANCHU
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TC Intensity Verification

- western North Pacific area -
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TC Intensity Verification
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Monsoon Prediction

The monsoon season over northern Australia
usually occurs from December to March

Onset is rapid and is marked by low level
easterlies changing to westerlies and Is
accompanied by heavy rainfall

Monsoon season Is marked by active and break
periods

The active periods are associated by passage of
MJO waves
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Daily Anstralian Rainfal Analysis {mm) I

¥ALID: 94M 20 January 2002 8
Product of e Nalionl Mecomological Conlre
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Area Average of U
Domain: 55 - 155, 110E - 140E

B u reau ’S 141h Forecasts
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July/August 2005 — Flooding in India

SEm

4 e . TR e == soufce: Eié-ute_r_s'
24.7- 5.8 Flooding in India (1.150 fatalities)
Economic losses (US$ m): 5.000

Insured losses (US$ m): 750



CPG CMORPH satsllite estimated rainfall (total mm)
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Time series of observed rainfall on 26 July
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D2 Met Office JMA

24.a8h precipitat son totals. (nm)
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D2 NCEP BoM Global
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Met Office global model forecasts
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Extreme rainfall over Mumbai: D+5 to D+6

precip forecast (O-suite & E-suite) of deterministic & EPS mean, and probabilities to exceed 200
Forecast is based on Thursday 21 Jul 2005 OUTC
event accumulated from +120h to +144h

Deterministic, expver: 1 EPS mean, expver: 1 EPS prob. to exceed 200, expver: 1
Operational =% Operational Operational |
T511 L60 T255 L40 T255 L40

EPS prob to exceed 200, expver: 28

Test
1399 L62

Test
1799 L91

\




Extreme rainfall over Mumbai: D+8 to D+9

precip forecast (O-suite & E-suite) of deterministic & EPS mean, and probabilities to exceed 200
Forecast is based on Monday 18 Jul 2005 OUTC
event accumulated from +192h to +216h

Deterministic, expver: 1 EPS mean, expver: 1 EPS prob. to exceed 200, expver: 1
Operational bm ‘ Operational Operational
T511 L60 T255 L40 T255 L40

ol

EPS prob to exceed 200, expver: 28

Test
1399 L62




Extreme rainfall over Mumbai: D+1 to D+2

precip forecast (O-suite & E-suite) of deterministic & EPS mean, and probabilities to exceed 200
Forecast is based on Monday 25 Jul 2005 OUTC
event accumulated from +24h to +48h

Deterministic, expver: 1 EPS mean, expver: 1 EPS prob. to exceed 200, expver: 1
Operational [ Operational Operational
T511 L60 T255 L40 T255 L40
b

EPS prob to exceed 200, expver: 28

Test
1399 L62

AN




Model
Precipitation
increases in
Central Indian
Ocean

and
decreases over
Indian

Subcontinent

Compared to
GPCP

© Crown copyright 2007
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Diurnal Cycle Model vs TRMM

Deviation from daily mean (mm/day)

Model precip over land — Peaks at Midday OBS precip over land — Peaks late afternoon & evening
UM precipitutian 03 [JE hrs July 20G3 TRMH 06Z July 2003
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JJAS — Precipitation and SST Climatology
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“Three regional heat sources”

Annamalai et al.
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Feature density of monsoon depressions
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The Madden Julian Oscillation, the Java floods
of January/February 2002, and other extremes in

weekly rainfall.

Matthew Wheeler

m.wheeler@bom.gov.au



Indonesian floods of January/February 2002

Media attention:

29 Jan, Jakarta Post. “Jakarta floods worsen”

1 Feb, Reuters. “Heavy rains and floods bring more misery to Jakarta”

6 Feb, People’s Daily. “Premier Zhu offers condolences to flood-hit Indonesian
people”

6 Feb, Reuters. “Jakarta floods ease but criticism gets louder”

13 Feb, WSWS. “ At least 50 dead as floods inundate much of Jakarta”

= 1/4 of surface of Jakarta
was under water

= 60 deaths in Jakarta. 90
elsewhere.

» 360,000 temporarily
homeless.

=18,000 suffered from
diarrhea
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Forecasting the
OLR anomalies
of the MJO

Example for Indonesian
flooding event using
technique of Wheeler
and Weickmann (2001)

Jakarta floods

Eeal—time MICO filtering superimposed upon 3drm REZ21 OLE Anomalies
MIO anomalies blue contours, CINT=10. {5. for forecast)
Negative contours =clid, positive dashed
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Flood

“Initial Condition”
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Week 1 forecast
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Analysis

Analysis

Madden-Julian oscillation
Forecast starting on 31 December 1992

CY29R1

Forecast 1

Forecast 3

Forecast 4

ECMWEF operational

global model

* Model is unable to
maintain the MJO
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MJO EOF analysis

PC1

Linear Correlation with observed PC1: Ensemble Mean
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Increasing loss of signal in Kelvin
waves with forecast range

MJO signal moves to higher
wavenumbers

Day 5 NWP forecast strongly
resembles HadGEML1 climate run
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MJO Event : 15 Dec 2003 — 18 Jan 2004
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MJO Event : 15 Dec 2003 — 18 Jan 2004
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Hierarchical convective organization in the MJO
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Tropical precipitation in aguaplanet models
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Conclusions

* Progress has been made in prediction of
synoptic features as shown by objective scores -
~2-day improvement in 8 years

= Significant progress has been made in TC track
prediction

Large underestimation of TC intensity forecasts
— resolution(?)



Conclusions

However

Little progress has been made in rainfall
prediction over the past 10 or so years — however
models are able to capture some high rainfall
cases

Prediction of aspects of monsoon onset remains
a problem

Models have problems maintaining the MJO

Models have problems in correctly simulating the
diurnal cycle



