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Type of model
Developer (Users)

Year of implementation
Number of grids

Number of layers

Grid resolution

Domain size

Physics

Storm specification
Synoptic flow specification

Mass-momentum balancing

Lateral boundary conditions
Pre-processing

Post-processing

Number of new versions
since implementation
Development since
implementation

Overall performance
Characteristics

THE OTCM

Synoptic school.-

NEPRF (JTWC)
1979

1 (See Fig. 1)
3
205 km.

: Approx. 6200x4600 km.

Analytic heating function to
maintain the vortex.
Vorticity bogus.

: Forecast of the FNOC global
model.,

Remove initial divergence and
diagnose mass using the reverse
balance equation.

One-way influence with FNOC
global model.

Bias-corrector (Shewchuk and
Elsberry, 1978).

None.

None.

None.

: Good consistency from case to

case, slight speed bias (slow),
good on recurvature.
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“fype of model
‘peveloper (Users)
year of implementation
Number of grids
Number of layers
Grid resolution
pomain size
. Physics

Z'storm specification

Zsynoptic fiow specification
. Mass-momentum balancing

Lateral boundary conditions

Pre-processing
~ post-processing

Number of new versions
since implementation
Development since
fmplementation
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Overall performance
Characteristics
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THE NTCM(3)

Synoptic schoal.
NEPRF (JTWC, NHC)

: 1981

2 (See Figs. 1 and 2)

3

205 km and 41 km.

Approx. 8000x5600 km.
Analytic heating function to
maintain the vortex.

Spinup vortex from previous

" Integration.
. FNOC tropical analysis.

Diagnose mass using the model
divergence equation.

One-way influence with ENOC
global model on the coarse grid
and two-way interactive on the
fine grid.

Adjust steering flow around storm
to match observed motion (minus
model beta drift)

. Blend persistence with 72 h

forecast position to produce 24
and 48 h forecast (Allen, 198%).

3 (1982, 1983, 1985)

Expansion of fine and coarse grid
domains, addition of pre- and
post-processing, one-way
influence boundary conditions,
storm spinup, more general
initialization (balancing)
procedure.

Significant slow speed bias,
greater variability in skill

than OTCM, but highly accurate
when model predicts the basic
track, has some skill for erratic
storms.



THE MFM
Type of model . Tropical cyclone school.
Developer (Users) NMC (NHC, EPHC, CPHC)
Year of implementation : 1975
Number of grids : 1 (see Fig. 1)
Number of layers : 10
Grid resolution : Approx. 60 km.
Domain size : Approx. 3000x3000 km.

Physics : Explicit parameterization of
cumulus convection (Anthes,
1977), well-mixed PBL, large-
scale precipitation.

Storm specification : Spinup vortex from previous

integration.

Synoptic flow specification NMC global initialized fields.

Mass-momentum balancing
Lateral boundary conditions

Pre-processing
Post-processing

Number of new versions
since implementation
Development since
implementation

Overall performance
Characteristics

: None.

One-way influence with NMC
lobal model, i
one.

None.

2 (1976, 1982)

Smaller 2-D vortex by reducing

the sea surface temperature

(1976),3-D spinup vice 2-D (1982

)

: Slow speed bias, excellent track;E
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THE MNG

» e of model : Synoptic school.
Jeveloper (Users) : ECC/JIMA (JMA)
(ear of jmplementation 11982
wymber of grids : 3 {see Fig. 3)
mber of layers : 3

AW resolution : Approx. 360 , 180 and 90 km

wiin size : Entire northern Hemisphere,
e 5400x5400 km and 2700x2700 km,
ﬁ%@icg : Analytic heating function and
e surface drag in the boundary
s layer.
s¢orm specification : Sea-level pressure and
B temperature profiles set by

observed storm parameters. Winds
geostrophically derived from the

' mass field, .. — rendipher e [ f0m o) AZH

synoptic flow specification : gﬂAlgIQbaT:mgggl_initjgljzeg

: ields. .

dass-momentum balancing : None. PR

-ateral boundary conditions - : Fixed on the largest grid and
two-way interactive on the inner
grids.

Pre-processing - Bias corrector {(Shewchuk and
Elsberry, 1978).

Post-processing : None.

Number of new versions

since implementation : 1 (1983)

Development since

implementation : Expanded coarse grid.

Overall performance

Characteristics : Slow speed bias, excellent track

in midiatitudes, strong northward
bias in tropics.

%ZEZE) Comments on the models

- f?Each of the above models has strengths anq,weﬁiness. The

:C§1sthe simplest and has the best oggnali-track record (no
i ;iﬁtended) in operations in thg,weétérn North Pacific, but
'Eiﬁgbt really be developed much beyond where it is today. The
NTCM has the most soghisfitated vortex specification of the™

/
synoptic school m6dels (NTCM, OTCM and MNG) and explicitly
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incorporates current mdtion into the inftial conditions Fhfbugh i
modification of the steering flow around the storm. The lateral
boundary conditions of the NTCM coarse grid have been shown to be
the most effective in terms of assimilating the superior synoptic

forecast of a global model into the NTCM environmental forcing

(Fiorino, 1985). However, crude numerics and a lack of physics"

h e e

prevents the NTCM (and the OTCM) from simulating the tropical .

cyclone with much realism. The MFM is superior to the other

‘models in this regard, but the horizontal domain is not large

enough to completely predigt;the vortex-environment interaction;
Further, the MFM does not'use pre- or post-processing procedures:
to improve the early forecasts., The MNG is the only model that

attempts to match the model storm to the real tropical cyclone,i

but then the NT&M is the only model that initializes (balances)
e

the vorteﬁ/ﬁhd large-scale fields simultaneously.

2.2.2 An Advanced Tropical Cyclone Model

The next-generation dynamical tropical cyclone forecast
systems should combine the best features of the current models
and the U.S. Navy is now testing a prototype of a next-generation

system we call the Advanced Tropical Cyclone Model (ATCM). The

ey

preliminary version (ATCM0.0) is based on the Navy limited-area 3
model NORAPS (Hodur, 1982) and features: é
- 10 layers in the vertical, é
- 81x61 points in the horizontal with a grid spacing of i

80 km within a domain of approximately 6400x4800 km.




6.5

- Advanced numerics {Scheme C staggering of the variables
and split-explicit time integration).

- ! A separate wind analysis/model assimilation cycle over
~ the entire Western North Pacific.

- A full suite of physical parameterizations including:

* Kuo (1974) cumulus parameterization and large-
scale precipitation.
* A stability dependent boundary layer formulation
with a prediction equation for the PBL depth.
* Short-wave and long-wave radiation.
* Topography and a prediction of ground temperature.
- The vortex is initialized with an intensity-dependent ~< 7 "
G vorticity bogus. P
(tp f72-F0r-
ATCMO.0 will be runon all storms in the Western North
pacific and the Atlantic during the 1985 season and the results
"wil}l be available by the IWTC. The purpose of this test is to (f7>
/\/“\.

establish a baseline for future development, i.e. we need to know
fgpw'we11 existing limited-area modeling technology can be applied
-gﬁ_the tropical cyclone track (and intensity?) prediction
“problen.

TR T
i =

2.3 Performance Characteristics

" This section will summarize the track prediction

¥pabilities of the four cperational models. He-will emphasize
72 h forecast period, maigly because the strength of the
Jiﬁai models is in the long-term forecast. We have also

Ind that a combination of persiétence and the straight-line
¥ack between the initial and the 72 h position (from a dynamical

'?0de1) yields 24 h and 48 h forecast that are equally as good as
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Forecasts
O

sofitary TC motion;

interacting TCs with:

------- Va=50m/  Vo=25m4" R,=R.=450km
quC =30 m/s , QA= ch 450 km

— === V=50m/ ’ V=25 m/‘s , R,=R =500km
(atter Boliakedi, The Hdronsktigiod bure
of e VGBR 5 Moccow )
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HEMISPHERLC OBJECTIVE OPERATIONAL
OR' GLOBAL LARGE-SCALE TYPHOON ANALYSIS
FORECAST ANALYSIS _ I
VORTEX PARAHETER
radius of 15.:m/s8 winﬂ
(ccntral pressure )
BLEND TYPHOON ' i
Y INTO LARGE- - CREATE HODEL TYPHOOX
TIKE- | SCALE- ANALYSIS -
DEPENDENT . |
LATERAL
BOUNDARY INITIAL
CONDITIOHNS CONDITIONS
TIME INTEGRATION
B END
Fig. 1 Flow diagram of the experimental typhoon forecast system.
: .

(after” Inasaki elel)
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Fig.3 Initial conditions (upper panel) and 48-h forecasts (lower panel) of
tangential wind (m/sec), temperature deviation (K) from the environment
and vertical pvelocity (mb/h). This experiment is performed under an ideal
condition of a constant Coriolis parameter and no basic wind, (vertical unit:
mb, horizontal unit: 100 km)
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HOUR MODEL BEFORE DURING- AFTER ALL
|\ S A

. T
RECURVATVR E
T=12 TYM 111.3 (77) 104.2 (67) B6.2 (53) 102.1 (197)
PER 50.8 (78) 55.4 (67) 58.1 (53) 54.3 (198)
T=24 TYM 199.4 (70) 189.2 (58) 187.3 (43) 192.9 (171)
PER 149.5 (71) 159.9 (58) 198.6 (43) 165.3 (172)
T=36 TYM 284.1 (60) 275.7 (50) 294.8 (34) 283.7 (144)
PER 252.9 (61} 315.7 (51) 424.7 (34) 314.8 (146)
T=48 TYM 365.5 (51) 397.2 (42) 387.8 (25) 381.5 (118)
PER 385.3 (52) 495.4 (44) 634.2 (25) 476.8 (121)
T=60 TYM 480.1 (42) 529.5 (34) 438.8 (15) . 491.8 (91)
PER 532.7 (44) 688.6 (38) 803.6 (19) 642.3 (101)
(1) TYM : fTyphoon Model
(2) PER : Persistency

(3) The number in parenthesis is the number of cases in each

category.

Table 2 Mean Error in Forecast Positions (in km)

(a%ﬂr’ Puri  Maenla U\)grww‘f -
o Tpopiel Uydous ;1489 )




forecast périod (hours)

model 0 12 24 36 48 72
Official 12 40 72 104 143 233
nunber of cases (152) (152) (131) (118) (108) (89)
BAM 58 50 99 146 187 295
(54) (54) (50) (43) (40) (36)

CLIPER 12 . 46 89 126 173 276
(151) (151) (131) (118) (108) (89)

MFM . » 26 79 134 190 274 406
(56) (56) (52) (48) (45) (37)

NHC72 12 47 88 . 145 209 344
' (93) (93) (79) (63) (58) (48)
NHC83 12 41 68 93 128 186
(144) (144) (128) (115) (105) (87)

QLM 12 66 115 172 229 352
(64) (64) (59) (53) (50) (40)

SANBAR 10 36 63 101 127 240
(53) (53) (46) (43) (39)  (30)

Table 10 Track.forecast errors (in nautical miles) for Atlantic

region for 1988.
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GLORIA RAINFALL (cm)
MODEL SIMULATION
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Fig. 3. The storm total rainfall distribution
(em} obtained from the GFDL simulation
experiment. Also shown is the
simulation storm track and some

abserved storm total rainfall amounts
for Gloria.
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