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A Study of the Influence of Topography and Boundary Layer Friction
on Landfalling Tropical Cyclone Track and Intensity

YUAN Jin-Nan, GU De-Jun, and LIANG Jian-Yin

Guangzhou Institute of Tropical and Marine Meteorology . China Meteorological Administration , Guangzhou 510080

Abstract A quasi-geostrophic barotropic model is employed to investigate the influence of topography and boundary
layer friction on landfalling tropical cyclone tracks and intensity change without diabatic heating. The results show
that the effect of topography on north-west wards track of landfalling tropical cyclones is quite obvious, but the
effect of topographic action on intensity of landfalling tropical cyclones is not distinct. On the other hand, it is also
shown that the boundary layer friction may have a certain degree effect on the north-west wards tracks of landfalling
tropical cyclones by changing the moving velocity of tropical cyclone in X and Y directions and the horizontal struc-
ture of tropical cyclone circulation, and the boundary layer friction has a prominent effect on intensity of landfalling
tropical cyclones. The result demonstrates that the friction action is one of the important factors to decrease rapidly
the intensity of landfalling tropical cyclones.

Key words topography, boundary layer friction, landfalling tropical cyclone
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Table 1 Four cases for no basic flow and no friction with dif-
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Fig. 1 The moving tracks of tropical cyclones (a) and the intensity change of tropical cyclones (b) for no basic flow and no friction with dif-

ferent topographic features. In (a) X and Y coordinates are model grid points, and the time intervals of the tracks are 6 h. ‘up5” represents

upslope for Amax =500 m; ‘down5’ represents downslope for i =500 m; ‘upl0’ represents upslope for Am.=1000 m; ‘downl0’ repre-

sents downslope for Apa.,=1000 m
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Table 2 Three cases for no basic flow and no topography with

different frictional features
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Fig. 2 The moving tracks of tropical cyclones (a) and the intensity change of tropical cyclones (b) for no basic flow and no topography with different

frictional features. In (a) X and Y coordinates are model grid points, and the time intervals of the tracks are 6 h. ‘fr0” represents y=0. 0X10~ 6571

“frl” represents y=1.0X10 6s 13 “fr2” represents y=2.0X10 65!
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Fig. 5 The change of topographic height of the tropical cyclone center for basic flow u=—4.0m « s ! and y=2. 0X10 65! when tropical cyclones
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Fig. 8 The acceleration du/dz change in X direction (a) and acceleration dv/d¢ change in Y direction (b) of the tropical cyclone for no to-
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34 T A MU NI B2 AR 65 I P U R A A i B S O BIF 5

No. 3

YUAN Jin-Nan et al. A Study of the Influence of Topography and Boundary Layer Friction. . . 437

FIRTIIN T J3E /N PR T S RF i) A P9 38 2 ik e
18, PR, P AU E I I 10 B A2 LT SIS 8 A
fiZe s X R HIE X e Y T 1] B RS Sl g
JAE M 1 S o
I HESR T 1 1 B0 1 o il A% 1 T 39 JBE T RS X
WFFE T ICARZ FRI AR M T A 572 B 4 0 i A
A UBEFE AR T B A 3 Jp e . SEBR BB Mg R
JREEERER T B 3 VR PR B U Y A
AR PELASE . 3 Shid w] DL i s fE F 0 52 EE 455 |
AL 14 R 7K R CIRE 5 Y AR TR 2 i A U 14 B A
AR L - PRI o S B R AP I M0 52 P 4 0 8
Wil Al B A A JEE 2 M) LA 2
&3 30t
[1] Yeh T C, Elsberry R L. Interaction of typhoons with the
Taiwan orography, Part 1. Upstream track deflections.
Mon. Wea. Rev. , 1993, 121.: 3193~3213
[27] Yeh TC, Elsberry R L. Interaction of typhoons with the Taiwan
orography, Part II: Continuous and discontinues track across the is-
land. Mon. Wea. Rev. , 1993, 121: 3213~3233
(3] ZHY.BRBAE. QW &P & X 3R mE . 3R
2, 1995, 19(6):701~706
Luo Zhexian, Chen Lianshou. Effect of the orography of Tai-
wan Island on typhoon tracks. Scientia Atmospherica Sinica
(in Chinese), 1995, 19(6): 701~706
[4] @85, WA, BRIRA. 615 BB E L R IF i R
il U B SRR B O URkE, 1998, 22(2):156

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

~168

Meng Zhiyong. Xu Xiangde, Chen Lianshou. Mechanism of
the impact of cyclone system induced by the Taiwan Island to-
pography on tropical cyclone unusual motion. Scientia Atmo-
spherica Sinica (in Chinese), 1998, 22(2). 156~168

Chang S W J. The orographic effects included by an island
mountain range on propagating tropical cyclones. Mon. Wea.
Rev. , 1982, 110: 1255~1270

Zehnder J A. The influence of large-scale topography on
barotropic vortex motion. J. Atmos. Sci.,» 1993, 50; 2519
~2532

Lin Y L, Han J, Hamilton D W, et al. Orographic influence
on a drifting cyclone. J. Atmos. Sci., 1999, 56. 534~562
Kuo H C, Williams R T, Chen J H, et al. Topographic
effects on barotopic vortex motion: no mean flow. J. Atz-
mos. Sci. , 2001, 58: 1310~1327

Schade L R, Emanuel K A. The ocean’s effect on the intensi-
ty of tropical cyclones : Results from a simple coupled atmos-
phere-ocean model. J. Atmos. Sci., 1999, 56 642~651
Arakawa A, Lamb V R. Computational design of the basic
dynamical processes of the UCLA general circulation model.
Methods in Computational Physics, 1976, 17. 174~264
Chan J C L, Williams R T. Analytical and numerical studies
of the beta-effect in tropical cyclone motion, Part 1. Zero
mean flow. J. Atmos. Sci., 1987, 44. 1257~1264

Li X, Wang B. Barotropic dynamics of the beta gyres and be-
ta drift. J. Atmos. Sci. , 1994, 51. 746~756



