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ABSTRACT

Hydrological frequency analysis is of great importance in hy-
draulic design, flood and risk controls. Since hydrological events
(or processes) usually have multivariate characteristics, the tradi-
tional univariate analysis methods are unable to describe these e-
vents. Supported by the Chinese National Natural Science Fund,
the theory and methodology of Co-pula function,as well as its appli-
cation in hydrological field were studied. The research mainly focuses
on seasonal design flood, flood coincidence, drought risk and corre-
lation analysis. The main conclusions and innovations were summa-
rized as follows:

(1) The application of traditional univariate analysis methods
in seasonal design flood, flood coincidence and drought risk analy-
sis were briefly reviewed and discussed. The developments of mult-
ivariate analysis and applications of copulas in hydrological field
were reviewed.

(2) Copula theories, mainly including the Archimedean copu-
las and meta-elliptical copulas, constructions of multivariate copu-
las, estimation of parameters and methods of goodness of fit were
introduced. The advantages and limitations of copulas in hydrologi-
cal applications were also discussed.

(3) A new seasonal design flood method which considers the
flood occurrence dates and magnitudes of the peaks was proposed
and established based on Copula functions. Case study results show
that the proposed method could satisfy the flood prevention stand-
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ards and provide more information about the flood occurrence prob-
ability in each sub-season, and enhance floodwater utilization rate
and comprehensive benefits. The proposed method may provide a
new approach for seasonal design flood estimation.

(4) The flood coincidences by considering flood magnitudes
and time (dates) of occurrence analysis method were proposed and
established. The mixed Von-Mises and Pearson Type III distribu-
tions were selected as the marginal distributions of flood occurrence
dates and flood magnitude for annual maximum flood series, re-
spectively. Four-dimensional copula functions were developed for
the joint distribution of flood magnitudes and occurrence dates in
the upper Yangtze River basin. The coincidence probabilities and
conditional probabilities were calculated and compared with the ob-
served ones. It is shown that the proposed method not only has
theoretic background, but also has reliable and rational results,
which may provide a new way for flood coincidence analysis.

(5) The monthly Standardized Precipitation Index (SPI) time
series was used as drought index to identify drought event.
Drought characteristics, namely, drought duration, severity, in-
terval time and minimum SPI values, were determined. Several
copulas from the Archimedean and meta-elliptical families were ap-
plied to construct four-dimensional joint distributions. The depend-
ence structure in each drought state was investigated and drought
probabilities and return period were calculated and analyzed in the
upper Han River basin. It is shown that joint distribution can com-
pletely describe drought characteristics.

(6) The total correlation and copula-entropy method was ap-
plied to measure the dependence. This method only needs to calcu-
late the copula entropy instead of the marginal or joint entropy,
which estimates the total correlation more directly and avoids the

accumulation of systematic bias. The bivariate and multivariate Ar-
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ABSTRACT

chimedean and meta-elliptical copulas were employed and multiple
integration and Monte Carlo methods were used to calculate the
copula entropy. The methodology was applied to the upper Yan-
gtze River basin which has five major tributaries. Results showed
that there is a significant difference in total correlation values when
different copula functions are used, the copula entropy calculated
using the multiple integration and Monte Carlo methods leads to
similar results. The proposed method provides a new way for cor-

relation analysis.

Keywords: multi-variables, hydrological frequency analysis,
Co-pula function, seasonal design flood, flood coincidence, drought a-

nalysis,correlation analysis
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