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ON THE METHOD OF
" HYDROLOGICAL FREQUENCY ANALYSIS

Hsieh Chia—tsehd
‘Institute of Hydrotechnical Research
Academia Sinica )
and

Ministry of Water Conservancy and Power

Abstract . ~

This paper attempts o answer the following two questions : -

(1) I it possible to derive the law of distribution of hydrological frequency theoretically?

(2) What type of distribution curve should be adopted as the model of hydrological fre-
quency curve and how to determine theif parametersy

The results obtained may be summayrized as follows:

1. Hydrological phenomena are time series with concealed perlodlc flactuations. The
results from statistical analysis based upon the current assumption that hydrological pheno-
mena are independsnt stochastic variables should be acceptod with due consgiderations.

2. In view of the regional nature of hydrological phenomena, the current parctice of
analyzing samples taking from a single station only is, in effect, to narrow the sampling field
arbitrarily from a larger area to a point, thus reducing the accuraey of the statistical resulés.
Hence, the synthetic utilization of the data of all stations within the hydrologically homo-
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geneous region is an important measure o increage the accuracy of statistical analysis,

3. The belief that the flood frequency obeys the binomial theorem or Poisson's theorem is
but 0 mix up the priori with the empirical prohability problem. The binomial theorem, being
a powerful weapon o deal with the problems of priori probability, has not been adquately and
properly utilized in the hydrological frequency analysis, '

4. Analyses have been made of the nature of distribution ofghydrolozical series on the
bagis of Kaptyen's derivation of the skew- digiribution, which indicate:

- (1) That the theoretical interpretation of the Iog-proba;f)ility law of the hydrologic pheno-
mena by V. T. Chow is not sound;

(2) that hydrologic phenomena being resulis of very complicated meteorological and hy-
drological processes, it is impossgible to derive theoretically the law of distribution for
the hydrological series.

5. The view that the flood frequency obeys the Gumbel's distribuiion is theoretically not

sound and also not verified by actual data. ’

¥ 6. According to the nature of the mathematical treatments applied, the method of des-
cription of the empirical probability can be classified into three systems:

(1) The methods of the generalization of the characteristic factors of the digéributions,
such as Pearson's curves, Goodrich’s curves, eic.; A

(2) The methods of the modification of a fundamental distribution by series and polyno-
mials, such as Gram-Charlier curves, Bposkoprua curves, ete.;

(3) The methods of transformed funetions, such as the log-probability law, Kpanknii-Men-
Kean curved, etec.

It should he remarked that nof only J?earson's and Goodmch's curyves are frequency curves
of empirical naiare, but even the theoresical laws, snch ag the nermal law and the log-proba-
bilisy 1aw, will be aceepted ag curves of empirical naiure, when used as models for empirical

probability preblem.

7. Hydrological frequency analysis should not be mystified and made absolute. Instead
of free selections, the models of ,,hydrologi'cal frequency curve should be uniquely selected and
gpecified. Statistical parameters gshould be determined not solely by the short period data of

.gingle station, but also 'by the synthetic utilization of the data of pogsible more stations.

8. It is recommended thai one of the two iypes of digéribution, i.e. the log-normal fre-
quency curve with both sides limited and the Pearson's type III curve, may be selected as uni-
fied models. The author suggestis that the K-value corresponding to recurrence intervals of
say 104, 105, or 105 years may he selected as the upper and lower limits for the log-normal
curve. For Pearson's type III curves, Cg; should be treated not as independent but as dependent
variables of C,.

. 9. The proper way %o select and determine the model frequency curve is o see whether it
fits well with the actual data of grouped géations (stations to be grouped by regions for rainfall
data and by G, for runoff data) and the reasonableness of the exirapolating part.

10. Suggestions an the method of determination of ¥ and Cy: For point rainfall, iso-xX map
may be utilized, and the mean Cy for each hydrologicregion may be adopted in order to mini-
mize the errors from single stations and to avoid the diserepancies in results obtained from
the same region. With regard to flood frequency analysis, flood mark*reconnaissance must be
ulilized to delermine the magnitude and the recurrence interval of the unusual flood. The X
and Gy values of the floods and runofis of hydrologically similiar river basins may be com-
pared. Besides, the reasonableness of the results of frequency calculations as well ag of the

Statistical parameters adopied therein may be checked by comparing runoffs and point-rainfall
_values of the same frequency. ’




