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1. INTRODUCTION tion scheme is too conservative. Rainfall time series of

Developments in new stochastic methods based ohmin resolution were computed from the tipping bucket
fractal scaling theory has indicated that the rainfall pro-data and used in the analyses that are presented in the
cess can be looked at as one that is independent of afgxt section.
special scales — i.e. exhibitiregale invariance. One im-
portant consequence of this understanding is the possibi  ANALYSIS
ity of occurrence of larger extreme events than tradition- power spectral analysis is a good indicator of fractal
ally accepted, at the finer temporal scales. Among th@caling. The power spectru(f) shows a power-law
past scaling studies, the scales below one hour were ngthavior with wave numbef,; S(f) ~ f~# in the range
as thoroughly analyzed as those above_ one hour, mainlyt scales where the scaling is presestaling regime).
due to lack of reliable data. The precision of most Ofiq e 2 shows the power spectra for the three data sets.
the widely used tipping bucket rain gauges make it im—hey indicate very similar scaling behavior with spec-
possible to construct higher resolution rainfall data freg, 5, slopes,3 of about 1.1. The scaling regime extends
of spurious ‘spiking’ arising from finite sample size (fig- trom about Smin up to the largest scale that is possible to
ure 1). be analyzed reliably (about 6-7hours) with the available
length of data. Below 5min the spectra flattens-down in-
dicating the end of the scaling regime.

One of the widely used methods for characterizing the
nature of multiple scaling is theodimension approach
(Schertzer and Lovejoy 1987). For a scaling field there is
a unique codimension functioo(y), defined by

P(Ry > AY) ~ A~ 1)

whereA is a non- dimensionalized scale apés known

0 as theorder of singularity. As shown by figure 3, the
° ° " Tim!fmmin)zo w0 condimension functions computed for three stations us-
ing the range of scales 5min-6h are quite similar.

In order to test the ability of predicting high resolu-
ion data from observations made at hourly scale, the fol-
lowing exercise was done: The rainfall data was time-
integrated to make 12 hourly rainfall series. Then the re-
sulting series was used to compute the codimension func-
tion estimates at the scales of 12, 24, 36, 48 and 64h using

the modified form of equation 1: Id§(R, > AY)/b) =

= N
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Fig. 1 Spurious spikes at high temporal resolution duet
to finite size of tipping bucket (.5mm). Source:
AMeDAS 10min data.

A rainfall measuring experiment was conducted at sev
eral places on the small urban watershed ofEhieriver

nearFunabashi in Chiba Prefecture, using 0.1mm tip- —c(y_)_log()\), whereb is a constant to be determined
ping bucket rain gauges in order to obtain rainfall dataemplrlcally. (It should be noted that the three datasets

that perform better at small time scales than typical Opyvere.treated as an ensemble of the same r_ainfall process
erational rainfall products. This paper presents the refor this calculation, to overcome the estimation problems
sults of an investigation of scaling properties of rainfall 21SN9 from inadequate length of time-series. This usage

at scales smaller than 1h using those data is justified by the similarity of scaling properties of three
' series.) The scale independence of the model was evident

from the agreement of the codimension functions at each

2. RAINFALL DATA scale (figure 4). Once the codimension function is estab-
Tipping bucket data for a continuous period of a yearished it is possible predict the probability distribution

(July 2000 to June 2001) was available for three meaef rainfall intensities at any resolution within the scal-
suring locations. Since rain gauges with high resolutioring regime. (For the details of the method of codimen-
are susceptible to considerable amount of ‘gauge-slip’sion function fitting technique that is used here and the
an intensity correction scheme based on laboratory calsimulation of multifractal fields, the reader is referred to
bration was employed to process the data before analyRathirana (2001).) It was attempted to generate the rain-
sis. However, even after the correction, the total annuafall intensity distribution at 5min scale using the above
rainfall amount recorded by those gauges were significodimension estimates. The results are compared with
cantly (about 20%) less than the amounts recorded bthe intensities of original rainfall series by means of a
1mm gauges used as controls, indicating that the correctuantile-quantile plot in figure 5.
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Fig. 2 Power spectra
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Fig.3 The codimension functions for three
datasets.
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Fig. 4 Codimension functions estimated at larger
scalesé
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Fig. 5 Comparison of generated and observed inten-
sities.

4. DISCUSSION

A large number of studies involving rainfall scaling
in the last two decades has shown that the rainfall pro-
cess is scaling in space and time dimensions. The tem-
poral scaling has been shown to exist in the regime of
scales between 1h to several days. From the results of
the present study it can be concluded that the same scal-
ing phenomenon can be extended down to a scale of
about 5min. Below 5min resolution, the power spectrum
flattens down, indicating a break in scaling. However,
it should be noted that with the present data it can not
be conclusively stated that the scaling of rainfall process
ends at a scale around 5min, because the rainfall time se-
ries shows considerable ‘spiking’ at scales like 1-2min,
even with the present 0.1mm measuring precision.

The extension of scaling properties to scales below
5min has important implications on studies that are criti-
cally dependent on the accurate estimation of rainfall in-
tensities. Examples are estimation of soil erosion and
urban storm drainage problems. The existence of scal-
ing implies a multiplicative relationship between differ-
ent scales and hence, rainfall intensities getting more and
more variable as the time scales are reduced. The mag-
nitudes of extreme intensities at these small scales can
be much larger than traditionally accepted. Thus, as also
suggested by Tsuchiya et al. (2003), the usage of only
hourly or larger scale rainfall observations for applica-
tions like critical engineering designs is not always ap-
propriate. The present research suggests that it is possi-
ble to use fractal theory to estimate rainfall intensity dis-
tributions at high resolution using rainfall observations
made at hourly or larger intervals.
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