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ABSTRACT

A triply-nested, movable mesh model was used to study the effects of a mountain range on a landfalling
tropical cyclone embedded in an easterly flow of ~10 m s~'. The integration domain consisted of a 37°
wide and 45° long channel, with an innermost mesh resolution of 1/6°. An idealized mountain range with
maximum height of ~958 meters was placed parallel to the shoreline. The mountain range, which spanned
19° in the north-south direction and 5° in the east-west direction, was centered in the middle of the channel.
Results obtained were compared with a previous landfall simulation, performed without the effect of the
mountain range included. In particular, comparison was made of the total storm rainfall, maximum wind
distribution and storm decay rate. It was found that the storm filled much more rapidly in the simulation
run with the mountain included. The mountain range affected the decay rate through reduction in the supply
of latent and kinetic energy into the storm circulation during, as well as after, passage of the storm over the
mountain. It was found that a low-level, warm and dry region was produced where the storm winds
descended the mountain slope.

In order to better isolate the effect of the mountain on the basic easterly flow, a supplemental integration
was performed for the flow without the storm. It revealed that the mountain range caused a significant
change in the basic flow over the mountain as well as up to several hundred kilometers downstream and
extending considerably above the mountain top. A low-level southerly jet was observed to the west of the

mountain base.

1. Introduction

The earth’s topography, from a small hill to a
large-scale mountain range, influences all scales of
atmospheric motion. For the case of the landfalling
tropical cyclone, the topography of the particular
terrain being transversed has an important impact on
most aspects of the storm’s behavior such as the
storm’s movement, decay rate and rainfall distribu-
tion. Observationally, studies by Hamuro et al. (1969)
and Brunt (1968) have shown a strong relationship
between the total rainfall associated with landfalling
tropical cyclones and the local distribution of orog-
raphy. Hamuro et al. (1969) in their case study
showed that maximum hourly rainfall during the
landfall of Typhoon Vera in 1959 over Japan was
generally located in mountain upslope regions, with
the total rainfall amounts strongly related to station
elevation. The large amount of precipitation falling
in a mountainous region has sometimes resulted in
disastrous consequences. For example, torrential rains
in excess of 50 cm were directly responsible for
thousands of deaths as Hurricane Fifi in 1974 skirted
the Honduras coast and interacted with the region’s
mountainous terrain (Hope, 1975).

Usually the tropical cyclone rapidly weakens as it
interacts with the surface orography. As Hurricane
David transversed the mountains of Hispaniola in
1979, it abruptly decayed to tropical storm strength

before reintensifying on the other side of the island
(Hebert, 1980). Brand and Blelloch (1973, 1974)
observed significant orographic influences on intensity,
speed and direction of movement for typhoons passing
over the high mountain ranges of Taiwan and the
Philippines. Some of these observed orographic influ-
ences were successfully reproduced numerically by
Chang (1982) in a primitive equation model which
simulated the passage of a tropical cyclone over an
island mountain range similar to that of Taiwan,

So far, idealized numerical simulations of hurricane
landfall have also been performed by Tuleya and
Kurihara (1978), Moss and Jones (1978), and Tuleya,
Bender, and Kurihara (1984; hereafter referred to as
TBK). Although these experiments were run without
orographic effects, they revealed realistic results. For
example, in the study of TBK, general characteristics
similar to those observed with landfalling tropical
cyclones, such as an abrupt change in the low-level
winds at the coastline, were obtained. They also
showed that the primary cause for storm decay after
landfall is the suppression of latent energy. The
present study is a continuation of this earlier work.
In particular, a landfall simulation similar to the
landfall experiment of TBK will be performed with
an idealized mountain range placed adjacent to the
shoreline. Results obtained will be compared with
the previous landfall simulation to determine the
effect of this mountain on the decaying tropical






