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Theoretical Research on the Relationship between
Probability Distribution of Rainfall and Shallow Landslide:
On the Effective Return Period of Rainfall
for Landsliding from the Long Term Perspective.

Tomoyuki Ipa*

Abstract

From a geomorphological perspective, heavy rainfalls with long return periods
are not necessarily effective in producing shallow landslides because they seldom
occur. This issue relates to magnitude-frequency issues in geomorphology. The
effective return period of rainfall for long-term analyses of shallow landsliding was
then theoretically estimated using a stochastic landslide model. The probability
density function P, of return periods N for rainfall events that generate landslides
can be expressed as P,=S(N)/N?, where S(NV) is the probability that rainstorms with
a return period N trigger landslides. N,., corresponding to the maximum of P,, can
be considered as the most effective for landsliding. For transport-limited conditions,
P,=1/N? when N>N, , and P,=0 when N<N, where N, is the critical return
period of rainfall and constant. Therefore N,. is equal to N, For weathering-limited
conditions, the values of P, were calculated in a field site using a DEM. It was
found that the average values of the probability density P, is influenced by the
average recurrence interval of shallow landsliding and slope angle. It was also found
that rainfall events with return periods < 500 and < 1000 years trigger about 50
and 65 % of the total number of landslides over the long term, respectively.

Key words: shallow landslide, stochastic model, heavy rainfall, effective return

period of rainfall.
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Fig. 1. An example of @, P and # for transport-limited conditions, where @ is short-
term probability of landslide, P is long-term probability of landslide, # is frequency
distribution of soil age 7, and N, ( =1/Q,) is critical return period of rainfall. This
corresponds to Ny, = 100 years.
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Fig. 2. An example of P, for transport-limited conditions, where P, is the probability
density function of return periods N for rainfall events that generate landslides.
This corresponds to N, = 100 years.
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Fig. 3. Examples of P’ for transport-limited conditions, where P," is relative
probability density function of return periods N for rainfall events that generate
landslides.
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Fig. 4. A map of the field site contoured from a DEM with a 5 m grid interval
(Tida, 1999). For weathering-limited conditions, the values of P, were calculated in
the field site. Examples of flow lines (arrows) are shown for a small area in the
enlarged inset. Open circles indicate penetration test sites. Triangles indicate
numbered landslide scars in 1988 . Each triangle corresponds to a DEM grid cell.
The bedrock is andesitic.
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Fig. 5a, b. Two examples of @, P and » for weathering-limited conditions. N is
return period of rainfall. Both im and Ni» correspond to the immunity soil depth
D in Fig. 5a. S (400) corresponds to the return period of 400 years (see Fig.
5 a and Fig. 6a).
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Fig. 6a, b. Two examples of S and P, for weathering-limited conditions, where S is
probability of landslide when rainfall with return period N occurs, P, is probability
density function of return period for rainfall events that generate landslides, and f
is probability density function of return period N of rainfall.
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Fig. 7. Average probability density values of P, of all grid cells for every class of
return period of rainfall and for every class of slope angle.
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Fig. 8. Average probability density values of P, of all grid cells for every class of
return period of rainfall and for every class of 7., where 7. is the average
recurrence interval of shallow landsliding.
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Fig. 9. The frequency and the cumulative curve of return periods of rainfalls that
cause the shallow landslides for all the grid cells over the long term.
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