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Abstract—Frequency analysis is a crucial step in hydrological
engineering design. By estimating the probability distribution of
annual maximum rainfalls of a specific duration, the exceedance
probability and average recurrence interval, i.e., return period,
of certain rainfall depths can be calculated. Annual maximum
series (AMS) is most widely used for rainfall frequency analysis.
By choosing the maximum rainfall in each year and regarding
each year as a “block”, the distribution of annual maximum
rainfalls could be approximated by the Generalized Extreme
Value (GEV) distribution, according to the Extremal Type
Theorem. However, two concerns may arise when using AMS.
AMS of specific durations were selected without considering
rainfall events and thus AMS may be composed of rainfalls of
two or more separated storm events, particularly for AMS of
longer durations. As the result, frequency analysis using AMS
tends to overestimate rainfall depth. However, in reality, such
AMS rainfall amounts might not result in severe flooding since
flood flow of the first storm could have receded before the
beginning of the second storm. The second concern is the
assumption of annual maximum rainfall distribution. According
to the Extremal Type Theorem, the block size (number of events
in each year) should be the same for AMS to be approximated be
the GEV distribution. This is obviously not the case in the real
world. The annual number of storm occurrences is not a
constant, so the GEV approximation of AMS rainfalls is not
theoretically granted. Therefore, we propose an event-maximumrainfalls (EMR) based approach for frequency analysis. For any
given design duration, we firstly extracted event-maximumrainfalls of individual storm events by considering the minimum
inter-event time of different storm categories including Meiyu,
typhoons, convective storms, and winter frontal rainfalls. Annual
counts of storm events and event-maximum rainfalls were
modeled by the Poisson distribution and Pearson Type III
distribution, respectively. For each storm category, a storm-typespecific mixture distribution of annual maximum rainfalls was
then derived. Finally, the cumulative distribution function of the
over-all (considering all storm types) annual maximum rainfalls
was obtained from the storm-type-specific mixture distributions.
Stochastic simulation was conducted to demonstrate the
proposed EMR-based approach. The EMR-based approach is
superior to the traditional AMS-based approach in terms of the
biasedness and mean squared error. The EMR-based approach is
particularly useful in situations of short record length and outlier
presence.
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I.

INTRODUCTION

Annual maximum series (AMS) combined with the
generalized extreme value(GEV) distribution is widely used in
frequency analysis.[1][2][4] The AMS method samples
maximum rainfall in each year and estimate the underlying
distribution of annual maximum rainfalls (AMRs). Then
design rainfalls of specific exceedance probabilities (or return
periods) are determined.
The AMS method is straightforward and easy to
implement, however, it selects the largest total rainfall depths
of individual years without considering rainfall events. As a
result, AMRs may consist of rainfalls from two or more
rainfall events. Moreover, the AMS method selects only the
highest rainfall in each year, resulting in waste of information.
In Taiwan, there are more than 300 automated rainfall stations
with 20 – 30 year hourly rainfall records. Such rainfall data
have not been used for AMRs rainfall frequency analysis due
to short record lengths.
Another concern about the AMS method arises when
using the GEV distribution for AMRs. According to extremal
type theorem, if there exists constant sequence {a n >0} and
{b n } such that the distribution of nth order statistic(among n
samples) would converge to a non-degenerate distribution G
as n approcimate infinity, then G is a member of the GEV
family[3]:
(1)
with
AMS method uses GEV approximation by regarding each year
as a “block” with n rainfall samples and annual maximum
rainfall is the nth order statistic. However, the approximation is
only valid when the sample size n is large. Also, the annual
count of events varies each year, making the AMRs not
suitable for GEV distribution. In addition to the AMS method,
partial duration series (PDS) method is another frequently

used method in frequency analysis.[2][7][9][10] The method
includes the well-known peak over threshold (POT) method
which uses the generalized Pareto distribution(GPD) for
design rainfall estimation. The method separate rainfall record
into independent events by setting a threshold value and
ignore values below the threshold. PDS method could preserve
more samples than AMS method. The challenge for PDS
method is the choice of the threshold value. To maintain the
independence between rainfall events, the threshold value
should not be too low while the higher the threshold is, the
more data may loss. There’s no absolute criterion to select the
threshold, so the PDS method is not as popular as AMS
method.
To preserve as many data as possible and to avoid the
dilemma of deciding threshold, [6] used minimium inter-event
time as criterion to separate independent rainfall event and use
the generalized Poisson and GPD for frequency analysis. The
result showed that the estimation from the event-based method
is lower than the traditional approach and is more appropriate
for hydraulics design. In this paper, we proposed a new eventmaximum-rainfalls (EMR) based approach for frequency
analysis. The method separate rainfall record into different
types of independent events and estimate the underlying AMR
distribution.
II.

METHOD

Let n be the number of typhoon events in each year and
{X 1 …X n } be the rainfall depth of typhoon that are
independent and identically distributed with distribution F X .
Then, the AMR of typhoon and its distribution can be obtained
by order statistic:
Y = max{X 1 , X 2 , ……. ,X n-1 X n }

Since the number of typhoon events in each year is not
constant, it may be assumed to follow poisson distribution
with parameter λ [5], then the AMR distribution of typhoon
can be written as:

(2)
In Taiwan, rainfall events could be classified into four types typhoon, convective storm, mei-yu and frontal rain, so the true
AMR is the maximum value among these different types of
AMR. Let Z be the True AMR,

are the AMR

correspond to typhoon, convective storm, mei-yu and frontal
rain, then since all rainfall events are independent, the

Which is the true distribution of AMR used in EMR-based
frequency analysis.
III.

SIMULATION STUDY

To compare the EMR based approach with traditional
AMS based approach, we use Monte Carlo simulation to
simulate 44 years rainfall records of typhoon and mei-yu from
poisson and gamma distribution. Then the L-moment method
is used for parameter estimation in both methods to estimate
return level with corresponding return period. Finally, bias and
mean square error(MSE) are calculated to evaluate these
methods.
After deciding record length N=44 years and given
parameters of poisson and gamma distribution(Table I), the
steps of each simulation run are as follow:
In each year i,
(1) Generate event number n i1 and n i2 of typhoon and mei-yu
events from corresponding poisson distribution.
of typhoon
(2) Generate n i1 typhoon rainfall
and n i2 mei-yu rainfall depth
from
corresponding gamma distribution.
be the ith
(3) Let a i =
element of annual maximum rainfall series.
(4) Repeat (1)-(3) N times to obtain EMR series and AMS
series.
(5) Conduct event-based frequency analysis and AMS
frequency analysis. Gamma distribution is used to
estimate rainfall distribution in EMR method while GEV
distribution and Pearson type III distribution(PTIII) are
used for AMS estimation.
Return levels correspond to return period 5, 10, 25, 50,
100, 200 years are calculated. The total simulation run is set to
1000 and the return levels from EMR and AMS are compared
to theorecical values in Table II to calculate bias and MSE.
Results are shown in Fig 1. .
Clearly, the AMS-GEV method has the largest bias and
MSE while EMR approach has the smallest. As return period
increases, the bias and MSE of three approach increase since
the cumulative distribution function become flatter in the tail
of the distribution and small bias in parameter estimation
would cause larger bias in quantile estimation comparing to
smaller return period. The poor performance of AMS-GEV
approach may due to small and non-constant sample size in
each year causing the distribution unable to converge, and thus
unstable parameter estimation with larger bias in each
simulation run. Changing the record length from 44 years to
20 years would result in similar bias and larger MSE with
similar trend. Indicating that for short record length, the EMR
approach is still more suitable for estimation.

distribution of Z is:

(3)

IV.

REAL DATA ANALYSIS AND
DISCUSSION

We choose three rain gauge stations in northern, central and
southern part of Taiwan to compare frequency analysis result
of two methods. L-moment method is used for parameter
estimation and the L-momnet ration diagram with acceptance
region is used for goodness of fit test.[8] Both EMR and AMS
methods used PTIII distribution for rainfall distribution.
Rainfall records are first separated into different types of
independent storm events using minumum inter-event time
and season (Table III). Since AMS is mostly consists of
typhoon, mei-yu and convective storm, we would use these
three types of storm in EMR frequency analysis.
The design durations are 1, 2, 3, 6, 12, 24, 48, 72 hours and
the return periods are 5, 10, 25, 50, 100, 200 years. The
estimated return levels are shown in table IV .

similar to the 48-hour result. On the other hand, AMS method
could select more than one event, so the return level in higher
duration would tempt to be overestimated
By removing the largest value in EMR/AMR series and
calculate the return level again (Table V), it is possible to
compare how sensitve both methods are to their sample (or
outlier). Result shows that the AMS result changes much more
than the EMR result. Due to the small sample size, AMS
method is more unstable than EMR method. When
confronting an extreme rainfall event in the rainfall record,
AMS is easier to be influenced and to have larger estimation.
Table III. Event Number of each types of storm and record
length of three stations

Table I. parameter settings for simulation study
Gamma-scale
Gamma-shape PoissonTyphoon
141.19,
1.34
2.09
Mei-yu
53.87
0.68
11.45
Table II. Theoretical Values of return level with corresponding
return period
Return period
5
10
25
50
100
200
Theoretical
352
459
596
698
799
899
value

Table IV. Return Level estimated from EMR method and
AMS-PTIII method

Fig.1 Bias and MSE of Return level of EMR and AMS
frequency analysis
The estimation of AMS method is higher than the one
from EMR method in all design durations, this difference is
due to the way AMS method selects samples. AMS method
does not consider rainfall events, thus when using moving
window to search annual maximum rainfall, the selected
sample may consists of two or more rainfall events. Most
hydrologic and hydraulic design assume the rainfall comes
from single event, so the estimation from AMS method would
cause overestimation. The effect is more apparent in the
difference between 48-hour and 72-hr return, in EMR method,
the return level has little difference while in AMS method the
difference is obvious. In Taiwan, there are only a few rainfall
events lasting longer than 3 days, so when using 72-hour
design duration, most selected rainfall events actually having
durations close to 48-hour and the estimated return level is

V.

CONCLUSION

We propose a new approach for rainfall frequency analysis
using event-maximum-rainfalls. Simulation study shows that
the EMR method has better performance over traditional AMS
approach in terms of biasedness and mean square error.
Having more samples than AMS method, estimation from
EMR method is more stable for both short and long record
length. In real data analysis, effect of sample size and outlier
to both methods were discussed. The result shows that EMR
method is preferred to avoid overestimation and to reduce
bias.

Table V. Return Level estimated from EMR method and
AMS-PTIII method after removing largest value
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