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Fig. 1 Probability distributions selected using different criteria
under different conditions. The conventional method,
modified method proposed by us in an earlier paper,
and a method using AIC are denoted respectively by C,
M, and AIC. Cases in which the ETO distribution was
included, cases without the ETO distribution, cases in
which the same distributions as those in an earlier paper
are used, and cases in which we use seven distributions
are represented respectively in the figure by withETO,
withoutETO, old, and new. Three character distribution
names are presented in the main text.
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Fig. 2 This figure shows which probability is the most stable.
Stability was estimated from the standard deviation of
the T-year hydrological value: (a) shows that the
standard deviation of Gumbel distribution or Normal
distribution is smallest; “stable_1" denotes the
smallest distribution; “stable_2" denotes the second
smallest distribution, and so on.
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Fig. 3 Spatial distribution of 100-year precipitation (mm/h)

(1) 100-yaer value estimated by AIC.

(2) Spatial distribution of selected probability distribution.

(3) 100-yaer value estimated by AIC and stability.

(4) Spatial distribution of selected probability distribution.
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Fig. 4 The upper panel shows relations between two PDFs of
population and a PDF of the sample. The lower panel
shows some distributions of T-year hydrological value.
Stability tests might select “distribution D.” Therefore,
stability tests should not be used. We referred to Fujibe
(2011) when producing this figure.
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Table 1 AICs calculated using several methods. For details, refer to the main text. This table presents 10 results of numerical
experiment in which the sample size 7 is 60, except for lower right case, for which # is 1,000.

nkq nE¢ nE¢-p AIC
GEV -207.59 | -206.65 | -209.65 41930 GEV
20928 | 41856 GNO
20889 | 417.77 GUM
-208.78 417.55 LN2 21050 | -195.99 | -197.99 395.97
NOR 21411 | 21302 | 21502 | 43024 NOR 21937 | 20278 | -20478 | 409.56
ETO 20793 | -206.59 ETO 20993 | -19645 | -19845 396.91
nEc nE¢ nE¢-p AIC nEg nE¢ nE¢-p AIC
GEV 20749 | -207.85 | -210.85 42170 GEV 22079 | 22379 | 44758
GNO -209.83 22354 | 44707
GUM 20968 | -22042 | 22442 | 44884
LN2 20988 | -221.64 | -223.64 | 447.8
NOR 21412 | 21531 | 21731 434.62 NOR 22042 | 23329 | 23529 | 470.58
ETO 20790 | -20856 | -210.56 | 42112 ETO 209.17 | -220.71
nEg nkg nEg-p AIC nEg nEg nEg-p AIC
GEV 20839 | 220463 | -207.63 415.26 GEV 21070 | 20147 | 20447 408.94
GNO 20884 | -20474 | -207.74 | 41547 GNO
GUM 20813 | 20517 | -207.17 | 41435 GUM 20414 | -206.14
N2 |B07930 20538 | -207.38 414.77 LN2 20437 | 20637 412.73
NOR 21437 | 21750 | -21950 | 43899 NOR 21450 | 21634 | 21834 | 436,67
ETO -208.88 ETO 20002 | -201.93 | -203.93 407.85
nEg nEg-p AIC nEg nEg nEg-p AIC
GEV -209.78 -213.93 427.86 GEV -208.96 | 220469 | -207.69 41537
GNO -209.57 21427 | 42853 GNO 21001 | -205.14 | -208.14 | 41627
20674 | 20874 | 41748
207.16 | 209.16 | 41832
NOR 21597 | 21872 | 22072 | 44145 NOR 21537 | 22328 | 22528 | 45057
ETO 21032 | 21125 | 21325 42650 ETO 20847 | 20491
nEg nk¢ nEg-p AIC nEg nEg nEg-p AIC
21244 | 424389 GEV -3457.63 | -3463.86 | -3466.86 | 6933.71
21257 | 42514 GNO
21200 | 42419 GUM | -3458.69 | -3465.80 | -3467.80 | 6935.59
LN2 -207.85 | 20995 | -211.95 423.90 LN2 -3458.06 | -3464.73 | -3466.73 | 6933.46
NOR 21467 | 22001 | 22201 444.03 NOR -3568.38 | -3587.33 | -3589.33 | 7178.65
ETO 20818 | -209.52 ETO -3464.66 | -3469.73 | -3471.73 | 6943.46
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Fig. 5 Flow chart showing T-year event estimation procedures, as recommended by the “Guide for River Plan Design,” and its

difficulties.
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This paper is the sequel to work described in an earlier report (Kuzuha and Mizuki, 2021a). In that work, we

proposed a modified method for T-year hydrological event estimation using SLSC. However, the method did not

resolve the “problem of a double criterion when selecting an optimal probability distribution.” Usually, we estimate

probability distribution parameters using some criterion (“A-criterion”, e.g. L-moment method, method of maximum

likelihood (MML)). Then we select one optimal distribution using some criterion (“B-criterion”, e.g., SLSC, AIC). If

the A-criterion differs completely from the B-criterion, then conflict might occur between the two criteria. However,

many researchers use two criteria in the present hydrological community. This problem is known as the “double

criterion problem”. To resolve the problem, many researchers might use MML for the A-criterion and AIC for the

B-criterion because AIC is linked closely to MML. Herein, we assess the merit of using MML and AIC.

Moreover, we considered the “Guide for River Plan Design for Small and Medium-sized Rivers” again,

especially the “criterion for stability,” which the guide describes. Based on the results, we propose the use of MML for

estimating parameters, and use AIC for goodness-of-fit test for selecting one appropriate distribution. Furthermore,

we recommend that stability tests not be used in the procedure.

Key words : Standard Least Squares Criterion (SLSC), Guide for river plan design, information criterion, Kullback—

Leibler divergence, double criterion problem
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