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Tropical MJO activity during Jan-Feb 2008

Dry Phase

Wet Phase

(a) The Hovmdiller diagram for the daily
OLR anomaly averaged over 15-5°S. The
shading denotes the raw OLR data and the
contour represents 20-70-day filtered
anomalous OLR.

(b)

Enhanced SH

(b) Time series of the SH index
(defined as the averaged SLP (hPa)
over 80°-120°E, 40°-60°N). The
gray shading denotes the periods
of the enhanced SH.

Hong and Li, 2009, JC



WCRP: Seamless Weather-Climate Prediction

Decadal Variability

\/% Intra-Seasonal Variability




1. Dynamic approach: TC forecast with GFDL High-
Resolution Atmosphere Model (HiRAM)

Designed for resolution between 1— 50 km, with non-hydrostatic finite-
volume dynamical core on the cubed-sphere (S.-J. Lin)

A “6-category cloud micro-physics” with high-order vertical sub-grid
reconstruction allowing vertically & horizontally sub-grid cloud formation

A “Double-Plume” convective parameterization scheme (Bretherton scheme
modified by Ming Zhao at GFDL)

Coupled with MOM5 OGCM



Capability to Simulate TCs: HiRAM Simulated TC Tracks

observed tracks (1981-2005)
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Zhao et al. 2009



HiRAM simulated TC annual cycle and interannual variability/trend
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Composite of OLR anomaly in boreal winter

Observations HiRAM (20-yr coupled run)

OLR (AVHRR) November to April
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Prediction of Hurricane Sandy and Super Typhoon
Halyan (Xiang et al. 2015)

Sandy (Oct 2012) Haiyan (Nov 2013)

Genesis on Oct 22, Genesis on Nov 4,
landfall on Oct 29 landfall on Nov 7



Methodology

Initial Condition:
Nudging (U, V, SLP, HGT, Temperature + SST) toward NCEP FNL

TC tracker:
Lucas Harris’s simply tracker

Definition of ‘correct’ forecast range:
Genesis during one day before and after the observed genesis (a 3-
day window) within radius of 1000 km

24 ensemble forecast members each day




Genesis forecast of Sandy & Haiyan

Blue lines represent
observed TC track.

Grey lines denote
predicted tracks.

Black stars denote
observed genesis
location.

Red dots denote
predicted genesis
locations from 24
ensample members.




Sandy and Halyan genesis is predictable at a lead time of 11 days

Red: possibility of detection (POD)
Blue: false alarm ratio (FAR)

The ‘correct’ prediction is counted by the
cyclogenesis within a 3-day window within
1000 km radius.

The false alarm is counted by cyclone numbers
5 days before and 5 days after the ‘correct’
prediction window within 1000 km radius of
circle.

=>» POD is above 70% for both Sandy and
Haiyan for 5- to 11- day lead.



Track forecast of Sandy

Forecasted precipitation (7-day lead)

Observational validation

Track forecast of Sandy on Oct
23. Landfall time: Oct 29, 2012



Observed Steering Flow (850-200hPa integrated)

Ding, Li, et al. 2019, JC

(a) Climatological (b) Actual wind & (c) 10-90-day filtered
mean 500hPa H

B0°N — B60°N

45°N — 45°N

309N > = 30°N

15°N 15°N

LFBS(>90d) Filtered(10-90d) HF(<10d) Actual
830-2004Pa 11.12 -10.09 4.18 3.14
830-3004Pa 9.47 -9.59 2.78 291

300hPa 11.61 -11.86 211 -2.36




Cause of Cyclonic Flow to the South:

OLR(10-90d)

60N : - ¢ __ 60N
— 50 38-05
— 30
40N — Bl 40N 1.8e-05
— 10
T e 6e-06
20N — 20N 6006
— -1.8e-0f
0 0 T \ T
Oct18 Oct21 Oct24 Qct27 Oct30 Oct18 Octen QOct24 Qct27 Oct30

Time Time



Origin of Anticyclonic Flow to the North:

OCT 21

OCT 23

OCT 25

OCT 27

OCT 29
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2. Statistical approach: BfZ#5 (STPM) ZEHE] (10-30K) PR

Zhu, Li, et al. 2015, 2017a, Clim. Dyn.
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2R (STPM) FEfFH] (10-30K) Fifk
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Z/A : Zhu and Li 2018 Clim. Dyn.
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3. Dynamic-statistical approach

simultaneous

correlation
4 ) 4 N

TC genesis |<— 1SO —

- J \_ J

Statistical Model T Dynamic Model

Hybrid Dynamic-Statistical Model




TC counts + Genesis locations and tracks

Kim et al. (2012)



GFDL FLOR coupled model

The Forecast-Oriented Low Ocean Resolution version of the GFDL model
New double plume convection scheme = Good MJO

S ol | el

Atmospheric model 50-km 32 vertical levels
50 vertical levels
O>< (0]
Gesdiiees 17l (10-m resolution in the upper 100 m)

Every 5 days (1%, 6, 11t 16", 215t, 26" ) for each month from April to
November during the 10 years from 2003-2012.

For prediction initialized on each day, 5 ensemble members were generated by
taking initial conditions 00Z, 04Z, 082, 12Z, and 16Z were integrated for 50 days.

Total 2400 hindcasts (10 years X 8 months X 6 times X 5 members) were

produced during the 10 summer seasons.
(Xiang et al. 2015)



Model assessment of ISO prediction Red: Ensemble fest

Gray: Individual fcst

14 day
23 day 26 day 17 day
AC PCC l PCC l PCd
SST vort850 divg850 VWS
31 day 20 day 15 day 44 day
PCC l PCCl PCd&~ PCC l

Prediction skill for intraseasonal (10-90d) dynamic and thermodynamic
fields related to TC genesis is about 14-44 days.



STEP1: Construct statistical forecast model for each TC cluster

/ Statistical Analysis \ GFDL Dynamic Forecast

Fuzzy c-means clustering analysis |
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_ _ Predicted
Correlation analysis between TCs and 10-90d I1SO predictors:
Potential predictors: OLR, Ts, 00, ®sg0r VWS, Dgzo, CSSJ OLR, Ts,
8700, Dsgo
StepW|se linear regressmn analy5|s VWS, Dy,
€850
\. > - - > L

Predlctlon

Predlcted Predlcted ______ Predlcte 0
C1 freq C2 freq CN freq
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Probability map of TC genesis &
frequency distributions



How to select predictors: based on the regions with high TCC
between TC genesis and ISO (10-90-day) fields

OLR

Method-1

Method-2

Method-3

Method-4

VWS

é Y

M1: Large-scale fields averaged over the
high density of TC genesis regions (fixed
box size: 7 potential predictors).

S

(M2: Fields averaged over one positive1
and one negative TCC regions (Varying
| box size: 14 potential predictors).

J

M3: In TC genesis region, select grids
which have high TCCs (95% sig) for
averaging: 7 potential predictors.

é Y

M4: Choose only large-extent &
significant TCC regions. If there are both
positive and negative regions identified,
we combine them by subtracting the
negative one from the positive one: 7

| potential predictors. )




0 obe. 16 Skill of TC counts prediction
(upper limit) TCC between predicted and observed TC counts

TCC Method 1 Method 2

TCC Method 3 Method 4

Forecast Lead (days) Forecast Lead (days)



Skill of TC counts prediction (four-method MME)

TC anomaly count TC total count (ano.+clim)
0: obs. ISO

(upper limit)

TCC

RMSE

AUC/ROC
(probability
skill)



Probability maps of TC track

Casel Case2 Case3 Case4d
(2007.10.16-10.25)  (2003.5.26-6.5) (2005.6.6-6.15) (2012.6.26-7
Obs.
Perf. recon.
Lead O
Lead 10
Lead 15




Summary and discussion

GFDL FLOR CGCM has skillful boreal summer ISO prediction

in 14-44 days in advance.

Using the predicted ISO information, this hybrid dynamic-
statistical model can predict WNP TCs at 20-25 day lead,
including TC genesis numbers and track probability map.

Real-time application
ECMWF model

S2S models
CWB/NUIST/BCC model

__ Ensemble prediction of TCs
at subseasonal timescale
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MJO Skill Comparison (10-yr Hindcast)
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Multi-year Hindcast Experiments (Jiang et al. 2018, JC)
* 6 times each month (1%, 61, 11%t, 16, 21st, 26th)

Jun-Nov, 2003-2013

12 ensemble members (00Z, 022, ...., 227)
* 30-day forecast

Total tropical storms (~ 600, 2003-2013)

40N -
20N A

EQq |

20S
0

Good prediction skill: week 1 forecast skill > 65% ; or week 2 forecast skill > 50%

Tropical Storms with higher prediction skill ( ~ 30%)
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Western Pacific TC genesis with good predictive skill and local ISO Phases
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Phase 1

Phase 3

Phase 5

Phase 7

Shading: 850hPa vorticity

Skillful WP TC genesis and Synoptic Wave Trains (SWT)
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TC Genesis Prediction Skill for Selected Good Skill Cases
(total counts: ~ 30%)

100

90
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Forecast lead (days)
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Distribution of skillful TCs and Intraseasonal/Synoptic Variability
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Correlation between Forecasted and Observed Large-scale Fields
at Week-2 (day 8-14)

a) 850hPa Vorticity
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Composite of 20-60 day filtered 700-hPa wind anomalies (vector), rainfall
anomalies (shading) and TC genesis (dotted) in JJAS during 1958-1970

(a) Wester\y Phase
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TC genesis frequency is positively correlated with westerly phase of ISO in the WNP.




Motivation

Statistical prediction using the preceding ISO information.

Dots: TC genesis Shading: corr. coef. (TC & 10-90d w500)

Lag 0d Lag 10d Lag 20d

B Ciorecast skl drops quickly >

(due to weak ISO signals ahead of forecasting time)




Statistical Analysis GFDL Dynamic Forecast
Fuzzy c-means clustering analysis |
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------ R

) _ Predicted
Correlation analysis between anomaly TCs and 10-90d 1SO predictors:
Potential predictors: OLR, Ts, Q-00, ®sg0, VWS, Dgep, Csst OLR, Ts,
' Q700 Dsp0
StepW|se linear reg ression analy3|s VWS, Dy,
...... €850
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Probability map of TC genesis &
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Target product: TC counts and probability map of TC frequency over the WNP
In every 10 days at lead times of 10d, 15d, 20d, 25d, 30d .

Statistical Analysis GFDL Dynamic Forecast
Fuzzy c-means clustering analysis |

v v
------ (o)

_ _ Predicted
Correlation analysis between TCs and 10-90d 1SO predictors:
Potential predictors: OLR, Ts, Q-00, ®sg0, VWS, Dgep, Csst OLR, Ts,
8700, Dsgo
StepW|se linear reg ression analy3|s VWS, Dy,
______ €< Csso
Gy o> b e

l Predlctlon

Predlcted Predlcted ______ Predlcte 0
C1 H CZ # CN #

Mul‘tlply by cllmato‘loglcal track dlS’[I’IblithﬂS

Probability map of TC genesis &
frequency distributions over the WNP



52 25 [ 7K SE R B 55 i 3% R
20084EdL 3 B iz & HA TR M SL i 3R 20104 b ¥t 4 B ) 37 TRHR RUR

KL SERTI0R FiHik SERT20 R Ttk S PERTLOK T4k SERT20 R Tk

o o O

o o O o o O

o o O

SO O o o O

O D) O - - -
o o O

) O O -, - -,

IR HHRER (STPMD) BEWS IR AT 20 R BT Bk o H R =5 N Rk R H A .
AT FURET X B A B KR X B =K R B A S v E B R E k=, P E
FEHFRA PR ML 5T R IR IS H IR T



Forecast experiments
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Forecast experiments 850hPa Wind & OLR (10-90d)

OBS

FST OCT.23

FST OCT.21
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