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Prediction of Tropical Cyclone Intensity and Track Over the
Western North Pacific using the Artificial Neural Network Method
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Abstract: A statistical prediction model for the typhoon intensity and track in the Northwestern Pacific area was
developed based on the artificial neural network scheme. Specifically, this model is focused on the 5-day prediction after
tropical cyclone genesis, and used the CLIPPER parameters (genesis location, intensity, and date), dynamic parameters
(vertical wind shear between 200 and 850 hPa, upper-level divergence, and lower-level relative vorticity), and thermal
parameters (upper-level equivalent potential temperature, ENSO, 200-hPa air temperature, mid-level relative humidity).
Based on the characteristics of predictors, a total of seven artificial neural network models were developed. The best one
was the case that combined the CLIPPER parameters and thermal parameters. This case showed higher predictability
during the summer season than the winter season, and the forecast error also depended on the location: The intensity
error rate increases when the genesis location moves to Southeastern area and the track error increases when it moves to
Northwestern area. Comparing the predictability with the multiple linear regression model, the artificial neural network
model showed better performance.
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Table 1. Possible predictors for artificial neural network model (ANNM) and multiple linear regression model (MLRM)

Model Predictor Description
LAT Initial storm latitude
Climatology and Persistent model LON Initial storm longitude
(CLIPER) IDATE Absolute value of Julian date-244
PMIN Initial storm intensity (hPa)
. del VWS Magnitude of vertical wind shear between 850-200 hPa
Dy“g;‘;N‘;“’ © DIV200 200-hPa divergence
VORS50 850-hPa relative vorticity
EPT300 300-hPa equivalent potential temperature
Thermal model ENSO Nifio 3.4 index before a month of storm genesis
(THERM) T200 200-hPa air temperature
HUM?700 700-hPa relative humidity
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Fig. 1. Variation of tropical cyclone position every 12-hour
for 5 days from the formation stage in the Northwestern
Pacific area during the period of 1951-2007.
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Fig. 2. (a) 12-hour interval mean absolute error (MAE) and (b) MAE of tropical cyclone (TC) intensity (central pressure) pre-
dicted by ANNMs during 5 days from the formation stage. In (b), the boxes show the 25th and 75th percentiles, the lines in the
boxes mark the median and the circles the values below (above) the 25th (75th) percentiles of the distributions. Figures denote

averages in each model.

MAE=13 /| @

i=1

T

o] YoM nE F EfF9 ARGl £, v 22t
J&aH AERS YERdL)
J@e2RE Y ¢lFAAYW 2dELe CLIPER
di&QAke] Agst ¥ CLIPER 9&17te] Agw)
101 A F Tl A2 yHolde & 4 gl
, CLIPER aﬂﬁzz}ﬂ 3¢ Td(CDT, CLIPER,
CLIPER DYN, CLIPER-THERM EdE)0] 233
& EY9(DYN, THERM, DYN-THERM F9E)5
o, BE & Aol ofUANh & o U d3As
=3 qu—’éi’_ Jt}. 53], CLIPER «3<17 Age)

TYE % CLIPER-THERM Edo] 7V <48 A4
e E‘” Aoz BAEQITtHFig. 2b). o]AL BE
o AmAZA o) BF 2] A= FHE B
0:1%‘_‘ O]Iﬁ EH%‘ 7¢}E tﬁﬁ}w EHEO] 053%];&7]_
0S 88 AV 988 9vjdtiDeMaria and

Kaplan, 1999).

¥9] F=Ze)ZoME CLIPER 22471 23
7] e BdEo] & 935 YERIthFig. 3a).
1 2% DYNZHo] 7H Fx) 3L dE2A%S
B39t} CLIPER ¢]&<1z Alge] 2dE F 73

el

F2 A4S AxdS0lM9t 7ol CLIPER-
THERM EdollA Uepsiti(Fig. 3b). o= HE9

Az A2 A B 21947 28 drgr
T3 G5 JuR ohje} B dzddE o
B9 94 27 a8 AN 8 ¥ 5 o

A= T

[aoFsl, gFe] 7 FE &3 A Eﬂ-a-—%
e 2 g7t wﬁa} o7l ege] dxast
7b widg 2d(e] ¢7eM= CLIPER-THERM)O|
P 5 dE3es 7R AeE FEXE F
=S

AlBZF @3k Fig 4= wE BIE AT (Fig 4a) 2
= (Fig. byl el efFe] BHORRE 120A7H5
o) ¥+ 1247y 7402 CLIPER-THERM% 2 9]
MAEZ Yehd o]}, o] CLIPER-THERM Ed-&



(a)

oIZLEY Tl 083t EfE 2z ¥ Mz o5 299

500 1000
4| e CDT i |
_| wmm CLIPER
400 | CLIPER-DYN i | 900
—_ zzza CLIPER-THERM P
é 300 - -~ 800 é
£ 0. [ o0
= 200 - - 700 =
100 —J] ié" -+ 600
0- allzz L 500
12-h 24-h 36-h  48-h 60-h 72-h 84-h  96-h  108-h
Forecast time Forecast time
(b)
T~ T Ty T
CDT e * D L]
484.7
CLIPER o sece o
489.4
CLIPER-DYN - T Y
487.5
CLIPER-THERM - wmes we o
479.3
s O | ENE WETV TR TR TS E A SO S W BT
o} 500 1000 1500 2000
MAE (km)

Fig. 3. Same as Fig. 2, except for MAE of track forecast. Here, ANNMs that is not related to CLIPER predictor was excluded,

because of a large difference with an observation.
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Fig. 5. MAEs of 12-hour intetval (a) TC intensity and (b) track that predicted by CLIPER-THERM ANNM during the period
from genesis until 5-day for TCs occurred to the south (solid line) and north (dotted line) of 15°N (left panel) and TCs occurred
to the west (solid line) and east (dotted line) of 140°E (right panel).
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Fig. 6. MAEs of (a) TC intensity (central pressure (CP)) and (b) track predicted by CLIPER-THERM ANNM during the period
from genesis until 5-day for TCs that TC central pressure fell below 970 hPa for the TC lifetime or not.
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Table 2. Significant level (%) of regression coefficients in MLRM. A parenthesis indicates one of regression coefficients on TC
track forecast

MLRM
Regression CLIPER- DYN-
coefficient CDT CLIPER DYN THERM  CLIPERDYN oot THERM

LAT 94(96) 93(97) 93(95) 94(97)

LON 95(96) 94(95) 94(96) 93(95)

JDATE 92(91) 92(92) 91(89) 90(90)

PMIN 96(93) 95(92) 96(91) 95(90)

VWS 91(90) 90 92(90) 90
DIV200 89(90) 88 89(88) 88
VORS50 92(91) 90 90(91) 91
EPT300 90(89) 91 89(90) 89
ENSO 92(92) 93 92(91) 9

T200 88(89) 89 90(89) 90
HUM700 90(88) 89 88(88) 90
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Fig. 7. Comparison of MAES’ every 12-hour TC intensity change predicted by 7 ANNMs and 7 multiple linear regression
models (MLRMSs) for Sdays from the formation stage.
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Fig. 8. Same as Fig, 7, except for TC track forecast.
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