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If you are interested in using a storm surge model,  

please contact with the Office of Marine Prediction, JMA 
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Accurate storm surge prediction 

timeseries 

Storm surge model products Input  

NWP GPVs  

tropical cyclone 
information 

storm surge map 

bathymetry 

Â based on two-dimensional 

shallow water equations 



Non divergent NavierïStokes equation without viscosity. Coriolis force and 
gravity are included.  

 

Equations of motion 

 

 

 

 

 
 

Continuity equation 

 
 

 

(x, y), z: horizontal / vertical directions  (u, v), w: velocity components 

P: pressure, ɟ0: density, Ű:stress, f : Coriolis parameter, g: gravitational acceleration. 

g
z

P

z

w
w

y

w
v

x

w
u

t

w

zy

P
fu

z

v
w

y

v
v

x

v
u

t

v

zx

P
fv

z

u
w

y

u
v

x

u
u

t

u

y

x

-
µ

µ
-=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

µ

µ
+

µ

µ
-=+

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

µ

µ
+

µ

µ
-=-

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

0

00

00

1

11

11

r

t

rr

t

rr

0=
µ

µ
+

µ

µ
+

µ

µ

z

w

y

v

x

u

Model numerics of storm surge model 



     For simplicity, the mass fluxes are expressed in horizontal 2-dimensional (2D) 

layer, vertically integrated.  

  In Cartesian Coordinates  

Equations of motion 

 

 

 

Continuity equation 

 
 

 

 

x = (x, y) : horizontal position, U = (u, v): current velocity,  

ɕ: height deviation, ɕ0 : balance level with surface pressure,  

ɟw: sea water density, f: Coriolis parameter, g: gravitational acceleration,   

Űa = (Űax, Űay): surface stress, and Űb = (Űbx, Űby) bottom stress 

 

 

Simplification 
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Inverse Barometer effect 

Wind setup Storm surge 



Typhoon forcing 
¸ Pressure 

ü Fujitaôs formula 

 

 

 

É r0  decides sharpness of 

pressure distribution. 

É r0 is calculated from 30 and 50 

knot radius.  
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History 

2008.5 Storm surge disasters by Nargis   

            (Major storm surge disasters successively happenedé) 

2008.6 60th WMO Executive Council (Geneva, 2008.6) 

 Requested WMO/SG to facilitate development of Storm Surge Watch Scheme (SSWS). 

2008.12 14th Regional Association II (Tashkent) 

 Requested RSMC to consider participation in a Regional Storm Surge Watch Scheme, and 

to develop a proposal for consideration by the ESCAP/WMO Typhoon Committee and the 

Association. 

2009.1  41st Typhoon Committee (Chiang Mai)  

 Approved WGM recommendation to authorize WGM/RSMC Tokyo to conduct a survey on 

the present status of Members in using storm surge models and to develop a future plan for 

the establishment of a Regional Storm Surge Watch Scheme suitable for the TC region. 

   Planned to establish a Regional Storm Surge Watch Scheme suitable for the TC region. 

2010.1 42nd Typhoon Committee (Singapore) 

 Approved WGM recommendation to produce the storm surge distribution map and report the 

evaluation in 43rd session. 

 (System development started in JMA) 

 

WMO Storm Surge Watch Scheme (SSWS) 



Progress 

2011.6  RSMC Tokyo started operation to provide storm 

surge distribution maps. 

2012.6  RSMC Tokyo started to provide storm surge time 

series charts at one point for each TC Member. 

2013.6  RSMC Tokyo extended forecasting region. 

2016.1  RSMC Tokyo began running storm surge model daily 

(experimental mode). 

2016.6  RSMC Tokyo began operating multi-scenario 

prediction system. 

2016.8  RSMC Tokyo began issuing wave ensemble forecasts. 

 



Operation chart of SSWS 
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JMA NWP routine 

GSM 
(sea level pressure, wind, 

etc.) 

TEPS 
(25 members) 

(sea level pressure, 

wind, typhoon track) 

SSWS model 

TC information 
(central pressure, 

wind etc.) 

Bogus GPV 

JMA Official forecast 

TC 

information 
(central pressure, 

wind etc.) 

GPV 

typhoon 

location 

Bogus 

Cluster 

analysis 
(select 5 members) 

Products Storm surge 

distribution map 

predicted 

typhoon track 

Time series chart 



Outline of the model 
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SSWS model 

Model 2-dimensional linearized model 

Grid Lat-Lon, staggered grid (Arakawa C-Grid) 

Region 0 ï 46ºN, 95ºE ï 160ºE 

Resolution 2ô x 2ô, 1951 x 1381 (~3.7km) 

Time step 8-seconds 

Forecast time 72-hours 

Cycle 4 / day (every 6-hours) 

Initial time 00, 06, 12, 18 UTC 

Member 
no-typhoon case: 1 member (model GPV) 

typhoon case: 6 member (model GPV + bogus (center)) 

Model GPV 

forcing 

GSM (0.25º x 0.2º) 

TEPS (0.5625º x 0.5625º) 

Typhoon forcing 

(bogus) 

Pressure: Fujitaôs formula 

Inflow angle: 30º 

Moving velocity for asymmetry 

SSWS model 

RSMC Tokyo region 

GSM: JMA Global Spectral Model 

TEPS: JMA Typhoon Ensemble Prediction system 

Inundation, ocean wave and river water are not included. 



¸ Cluster analysis (K-means 

method) is adopted to select 

representative 5 members from 

TEPS 25 members. 
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Cluster analysis 

Initial clusters are given 

appropriate variance 

with each other. 

Adopt the nearest 

members from each 

centers of cluster. 

Fix last cluster. 

Ex.) T1418 
grey: TEPS 25 member 

color: selected 5 member 



Imaginary twin center 
If GSM predicted considerably different course from the official 

one, two peaks might appear. 

official 

GSM 

Ex.) T0917 (Typhoon ñParmaò) 

Colors show storm surge (cm), 

contours show surface pressure 

(hPa), barbs show surface wind. 

Initial time is 00UTC, 01Oct.2009. 

In multi-scenario, two peaks never appear because it just refers each 

typhoon course predicted by TEPS. 


