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Abstract The discharge of groundwater and the regime of the cryolithozone 
have been studied to characterize freezing of the rivers in Yakutia. Methods 
for computation of freezing characteristics based on their dependence upon the 
length of a river as the principle parameter have been worked out. Average 
relative estimation errors do not exceed 20%, which is acceptable in 
hydrological practice. 

INTRODUCTION 

One of the important tasks in river hydrology of the cryolithozone is to develop 
methods for calculation of the characteristics of the deep freezing of rivers in winter 
time. The absence of runoff in river channels during a period of up to ten months is a 
serious constraint for water supply of towns, villages, power plants as well as the 
existence of hydrobionts. 

Presently existing computational schemes do not take into account the 
intermittence of groundwater runoff in time as well as over the river basin area 
(Gidrometeoizdat, 1984). Therefore the basin area is used as a main integral 
characteristic of the conditions of deep freezing of rivers. Here some preliminary 
results of analysis of the conditions for winter runoff cessation of cryolithozone rivers 
are reported. The region of Yakutia has been chosen as a study area. It covers an area 
of 3.1 x 106 km 2, almost half of which is situated beyond the northern polar circle and 
represents 41.5% of the total cryolithozone of Russia. 

DATA 

Observational data from 138 hydrometric sites in Yakutia covering a period from 1950 
to 1985 have been used in the analyses of regular deep freezing properties. This time 
period includes some winters with the lowest water level for the whole period of 
observations. 

All the rivers studied are middle sized to small and very small. Hydrometric sites 
are relatively uniformly distributed over the region. The exception is the northern part 
of the region (tundra zone), which is not covered well enough with only one 
observation site for about 10 000 km 2. 

The following parameters have been used to characterize the deep freezing of main 
rivers: 
(a) Duration of winter runoff recession (depletion) Tdre (days), defined as the period 

from the starting date of winter low flow to the starting date of the total cessation 
of flow due to deep freezing of the river. 
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(b) Duration of river deep freezing Tdjp (days), defined as the period from the starting 
date of deep river freezing to the date of the termination of winter low flow. 

RESULTS 

In the winter period runoff in small and middle sized rivers of Yakutia is formed 
exclusively by groundwater accumulated in subchannel melt zones during summer and 
autumn, i.e. the hydrogeological factor (capacity and water amount in melt zones) 
plays the decisive role in winter runoff formation and its recession (Piguzova & 
Tolstikhin, 1983; Romanovsky, 1983; Shepeljev et al, 1984). This permits using a 
linear parameter, viz the length of a river, as a principal parameter as it indirectly 
reflects the capacity and water amount of melt zone. In accordance with this proposal 
the dependency of freezing characteristics upon river length has been analysed. The 
resulting formulas were established as: 

where L is the length of a river (km) and a, A, n, m are regional parameters 
characterizing the conditions of rivers' recession flow and deep freezing. 

Two areas with significantly different parameters have been distinguished on the 
territory of Yakutia—one with a relatively plain relief and the other with a 
mountainous relief. Furthermore, according to runoff regime, three types of reaches are 
identified among the rivers of Yakutia: (a) river freezing at some length from its 
headwater, (b) interchange of frozen and non-frozen river reaches, and (c) perennial 
flow in downstream river sections. The existence of reaches with different runoff 
regime throughout the river length is attributed to, first of all, the climatic conditions of 
the region and the differences in capacity and amount of water in the melt zone, which 
supply the rivers with water during winter time. 

A quantitative assessment of changes in the rivers' deep freezing characteristics 
caused by human economic activity has also been accomplished. It shows that mining 
works increased the duration of deep freezing of rivers by 10-12%. The analysis has 
also shown that the exploitation of groundwaters has lead to a cessation of runoff in 
the Kempendey River and persistent full deep freezing has been observed during 
recent years. A third example of changes is illustrated in Fig. 1, where the relationship 
between the consecutive sums of the duration of low flow recession periods (T^ for 
the Bolshoy Taryn River and the Buor-Yurjakh River are compared. A change is noted 
after 1971, which is connected with the impact of the mining industry in the river 
basin. These activities decrease the groundwater levels that in turn lead to a reduction 
of groundwater inflow to rivers and a shortening of the period of winter recession. 

.m 
(1) 

(2) 

CONCLUSIONS 

The hydrology of polar rivers is little studied, especially with respect to their role as 
sources for water supply. The problem of totally ceasing of runoff during long periods 
in winter is approached here. The fact that the winter runoff is totally controlled by 
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Fig. 1 Relationship between the consecutive sums of the duration of low flow 
recession periods (Tjre) for the Bolshoy Taryn and the Buor-Yurjakh rivers 
(1: homogeneous part of time series before 1971; 2: a part of the time series since 
1971). 

discharging groundwater allows the use of the length of rivers as the principal 
parameter for predicting the duration of the period with negligible runoff when the 
river is totally frozen. The regime of polar rivers is very sensitive to human impact, 
i.e. mining, and to climate change. 
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Résumé L'Afrique de l'Ouest et Centrale connaît, depuis 1970 environ, des 
conditions exceptionnelles, en intensité et en durée, de déficits pluviométrique 
et hydrométrique. Les pays de la zone non sahélienne (appelée zone 
"humide'') ressentent également ces aléas climatiques et présentent des 
diminutions sensibles de la pluviométrie annuelle (20-25%) et des 
écoulements (modules en baisse de plus de 35—40% en général). Il apparaît, 
alors, légitime de s'interroger sur les liens éventuels entre un tel phénomène 
et la relation pluie-débit elle-même. Pour mener cette étude, on a eu recours à 
la modélisation de la relation pluie-débit. Le principe a consisté, 
essentiellement, à ajuster les mêmes modèles sur les deux périodes "humide" 
et "sèche", puis à tester si les paramètres obtenus sur les deux périodes 
variaient significativement. 

INTRODUCTION 

Des conditions prolongées de déficits pluviométrique et hydrométrique constituent une 
réalité observée en Afrique de l'Ouest et Centrale depuis la fin des années 1960 et le 
début des années 1970 (Servat et al, 1996; Paturel et al, 1997). Parmi les 
interrogations que suscite cette importante variation, l'une d'elles concerne 
l'éventuelle modification de la relation pluie-débit. C'est à cette interrogation qu'on 
cherchera à apporter des éléments de réponse en ayant recours à la modélisation de la 
relation pluie-débit sur des bassins versants de la Côte d'Ivoire de superficie inférieure 
à 6000 km 2. 

LES DONNEES ET LA DEMARCHE METHODOLOGIQUE 

Cette étude concerne cinq bassins versants de la Côte d'Ivoire (Fig. 1) pour lesquels les 
données hydrométriques sont suffisamment longues, et sur lesquels la répartition des 
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Fig. T Carte de situation de la Côte d'Ivoire et des bassins versants de l'étude 
(•: station hydrométrique). 

postes pluviométriques permet une estimation acceptable de la pluie moyenne. Nous 
disposons aussi de valeurs moyennes interannuelles d'évapotranspiration potentielle 
extraites de l'étude d'Avenard et al. (1971). Soulignons que ces valeurs d'ETP 
utilisées comme données d'entrée des modèles, ont été estimées à partir de mesures 
climatologiques sur la période précédant 1970. 

Une des manières de répondre à la problématique énoncée ci-dessus est d'étudier 
la représentation de la relation pluie-débit à l'aide des modèles conceptuels. 

Nous avons sélectionné deux modèles globaux à réservoirs que nous allons adapter 
aux bassins versants retenus ici. Il s'agit des modèles GR2M (Makhlouf, 1994) et VUB 
(Vandewiele et al., 1991). On ne présentera pas dans les détails les deux modèles qui 
ont été utilisés, renvoyant le lecteur à la bibliographie correspondante. 

Pour les bassins sélectionnés, le principe a consisté à caler et valider les mêmes 
modèles conceptuels de part et d'autre de la "rupture" mise en évidence par des tests 
statistiques appliqués à des séries chronologiques de pluie et de débit; puis de tester 
statistiquement si les variations enregistrées sur les paramètres des modèles obtenus 
sur chacune des deux périodes étaient significatives. 

Indépendamment des calages-validations précédents, on a procédé à un calage sur 
des périodes glissantes de cinq ans afin de mettre en évidence une éventuelle tendance 
dans l'évolution des paramètres calés. 

LES RESULTATS 

Sur les quatre bassins de l'Agnéby à Agboville, du Bagoué à Kouto aval, du Ko à Man 
et du Mé à Alépé, l'application des tests de détection révèle une rupture, ou au moins 
une tendance, dans les séries annuelles de pluie et de débit. Les années de ruptures se 
situent à la fin des années 1960 et au début des années 1970. 
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Tableau 1 Intervalle de confiance des paramètres au seuil de 95% sur les périodes antérieure et 
postérieure à la rupture. 

Bassin Période Paramètres 
al a2 a3 

Modèle VUB: 
Bagoué avant 1969 [0,404 0,484] [1,737 10"4 3,046 10"4] [2,382 10-6 3,536 10"6] 
à Kouto aval après 1969 [0,343 0,452] [0,333 10"4 0,763 10"4] [1,644 10"6 2,655 10"6] 

Ko-Man avant 1970 [0,681 0,747] [0,973 10"4 2,056 10"4] [1,330 10"6 2,447 10~6] 
après 1970 [0,607 0,695] [0,547 10"4 2,015 10"4] [1,764 10"6 3,765 10"6] 

Modèle GR2M: Al A2 
Ko-Man avant 1970 [-0,168 -0,023] [-0,462 -0,164] 

après 1970 [-0,319 -0,122] [ -0,113 0,285] 
Mé-Alépé avant 1968 [-0,745 -0,541] [ 0,782 1,702] 

après 1968 [-0,565 -0,347] [-1,158 -0,236] 
Tabou-Yaka avant 1975 [-0,142 0,043] [-0,805 -0,298] 

après 1975 [-0,155 0,066] [-0,854 -0,194] 

Sur ces quatre bassins, lorsqu'on applique les modèles tels qu'ils ont été ajustés sur 
la période antérieure à la date de rupture, aux données de la période postérieure, on note 
une mauvaise reconstitution des hydrogrammes observés sur cette dernière période. 

En procédant à l'identification des paramètres des modèles par calage sur les deux 
périodes, antérieure et postérieure aux points de rupture, puis en comparant les 
intervalles de confiance au seuil de 95% des paramètres ajustés dans les deux cas 
(Tableau 1), il s'avère que les différences significatives portent sur les paramètres de 
l'écoulement lent (A2 pour le modèle GR2M et a2 pour le modèle VUB) des deux 
modèles sélectionnés. 

Sur le bassin de Tabou à Yaka, aucune rupture n'a été identifiée. On observe une 
bonne reconstitution des débits sur la période postérieure à 1975 à part quelques débits 
de pointe qui sont sous-estimés. 

On s'est également intéressé à suivre l'évolution des paramètres calés en procédant 
à des calages "glissants" sur des périodes de cinq ans. 

La Fig. 2 illustre l'évolution du paramètre a2 du modèle VUB sur le bassin du 
Bagoué à Kouto aval. 

D'une manière générale, le recours à ce recouvrement partiel des périodes de 
calage met en évidence une fluctuation de la série des paramètres calés sur la période 

Evolution du paramètre a2 du modèle VUB 
0.35 1 1 
0.25 

a2 0.2 
0.15 
0.1 
0.05 
0 

1960-1964 1964-1968 1968-1972 1972-1976 1976-1980 1980-1984 
Période d'observation 

Fig. 2 Evolution des paramètres du modèle VUB ajustés sur des périodes glissantes de 
cinq ans sur le bassin de Bagoué à Kouto Aval (pointillé: intervalles de confiance au 
seuil de 95%). 
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d'observation. Cependant, on peut remarquer que des variations importantes 
s'observent, notamment, sur le paramètre a2 pour le modèle VUB sur le bassin de 
Bagoué à Kouto et sur le paramètre A2 du modèle GR2M sur les bassins de Ko à Man 
et de Mé à Alépé. Ces paramètres sont ceux relatifs à l'écoulement lent pour chacun 
des deux modèles. 

CONCLUSION 

Dans un premier temps, et en accord avec ce qui a été observé ailleurs, cette étude a 
souligné que, pour les bassins versants étudiés, une rupture s'est produite tant au sein 
des séries pluviométriques qu'hydrométriques aux alentours de 1970. Sur ces bassins, 
la suite de l'étude a d'abord montré que les modèles ajustés avant 1970 environ 
reconstituent mal les débits observés sur la période postérieure. En s'intéressant aux 
paramètres qui ont pu subir une modification, on a montré, en ajustant les paramètres 
des modèles sur les deux périodes antérieure et postérieure à la rupture observée, que 
des différences importantes, significatives en terme de modification de la relation 
pluie-débit, portent sur les paramètres de l'écoulement lent des modèles retenus pour 
cette étude. Ce résultat est corroboré par le calage des algorithmes sur des périodes de 
recouvrement partiel de 5 ans, qui met en évidence une fluctuation importante de ces 
paramètres de l'écoulement lent au sein des modèles utilisés. Cet ensemble de résultats 
montre qu'une modification de la relation pluie-débit semble avoir accompagné la 
variabilité climatique subie par l'Afrique de l'Ouest depuis plus de 25 ans. D'autres 
études, actuellement en cours, permettront de confirmer ou non ces premiers résultats 
en les étendant à d'autres bassins de la région. 

REFERENCES 

Avenard, J. M., Eldin, M., Girard, G., Sircoulon J., Touchebeuf P., Guillaumet, J. L., Adjanohoun, E. & Perraud, A. 
( 1971 ) Le Milieu Naturel de la Côte d'Ivoire. Éditions de l'ORSTOM. 

Makhlouf, Z. (1994) Compléments sur le modèle pluie-débit GR4J et essai d'estimation de ses paramètres. Thèse de 
Doctorat, Université Paris-Sud. 

Paturel, J. E., Servat, E., Kouamé, B., Lubès, H., Ouédraogo, M. & Masson, J. M. (1997) Climatic variability in humid 
Africa along the Gulf of Guinea. Part II: An integrated regional approch. J. Hydrol. 191, 16-36. 

Servat, E., Paturel, J. E. & Lubès, H. (1996) La sécheresse gagne l'Afrique tropicale. Lu Recherche, 290, 24-25. 
Vandewiele, G. L., Xu, C. Y. & Win, N. L. (1991) Methodology for constructing monthly water balance on basin scale. 

Vrije Universiteit Brussel (VUB), Laboratory of Hydrology and Inter-University Postgraduate Program in 
Hydrology. 



4 P r e d i c t i o n — f l o o d s 





Hydrological Extremes: Understanding, Predicting, Mitigating (Proceedings of IUGG 99 Symposium HS1, Birmingham, July 1999). IAHS Publ. no. 255, 1999. 181 

O n t h e d i s t r i b u t i o n f u n c t i o n o f e x t r e m e f l o o d 
d i s c h a r g e 

MIKHAIL V. BOLGOV 
Water Problems Institute, Russian Academy of Science, Gubkin Street 3, 117971 Moscow, 
Russia 
e-mail: bolgov@iwapr.msk.su 

VLADILEN F. PISARENKO 
International Institute of Earthquake Theory and Prediction, Russian Academy of Science, 
Moscow, Russia 

MARINA I. FORTUS 
Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russia 

Abstract The examination of sample histograms of river runoff data for the 
Pacific coast of Russia revealed that it is reasonable to consider the 
hypothesis that the distribution density for annual maximum of runoff values 
must include a component with the so-called "fat tail". To describe the tails of 
maximum runoff histograms, we recommend using the distribution in the 
form of a mixture of two densities: the normal distribution for the main region 
and the Pareto distribution providing the slow decrease of the density in the 
tail region. To estimate the parameters of the mixture, the numerical method 
of solution of the maximum likelihood equations is proposed. 

INTRODUCTION 

There is long-standing experience on the application of probabilistic methods for 
maximum runoff estimation. A number of standard guides regulate the use of specific 
types of probability distributions. Nevertheless, the models for extreme runoff are not 
finally justified. 

A great deal of papers beginning with the early publications by Kritsky & Menkel 
(1948) and including Kalinin (1967) and Rozhdestvensky et al. (1990) consider the 
agreement between the maximum water discharge data and the fitted statistical model. 
As a rule, this agreement is judged either by statistical tests, or more simply, by 
comparing some numerical characteristics of the empirical and theoretical distribution 
functions. In recent years, characteristics related to the so-called order statistics and 
their linear combinations have been used (Hosking, 1990). In a manner similar to the 
method of moments, systems of equations can be obtained for a wide class of 
distribution functions. These equations include certain sample order statistics and the 
parameters to be estimated. More complex statistics derived from the order statistics 
can also be helpful in making inferences about the underlying theoretical distribution. 
However, if the observed series are short, neither this technique nor the tests of 
goodness of fit can provide reliable inferences about the type of distribution function. 
This is the main difficulty in the case of trying to fit the distribution function to the 
whole range of discharge values. 
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Other approaches to this problem are known in the literature. Some authors suggest 
classifying the pre-smoothed histograms depending on their behaviour in a particular 
interval of discharge values. For example, Adamovsky & Pilon (1995) have attempted 
to study qualitatively the behaviour of the tails of the histograms of maximum runoff 
values. But, their findings have shown that the variety of admissible types of 
distributions can be very wide, adversely affecting the reliability of the statistical 
model. We consider as constructive the idea of analysing empirical histograms within a 
certain range of values and apply this idea here. To make the set of acceptable models 
as narrow as possible, we consider only geographical regions where hydroiogical 
conditions are similar. Moreover, we implement the preliminary data processing so that 
it is possible to consider that many series belong to the same parent population and can 
be pooled to form one homogeneous sample. 

EMPIRICAL DISTRIBUTION OF MAXIMUM RUNOFF 

The processes of runoff formation are highly complex and heterogeneous by their 
genetic nature as related to both different seasons and the years of different streamflow. 
Due to this fact, the observational series to be analysed make up statistically 
heterogeneous samples. This complicates the probabilistic analysis, particularly taking 
into account that the samples are limited in size. 

As for the specific features of maximum runoff, (here we consider rivers of the 
Pacific coast of Russia as an example, Fig. 1), it should be noted that the heterogeneity 
of runoff series has been mentioned by many investigators. A visual inspection of 
empirical distribution functions and histograms points clearly to the heterogeneity of 
the samples leading to significant underestimation of rare probabilities if the standard 
estimation technique is employed (for example, the approximation by the three-
parametric gamma distribution, Fig. 2). Of course, we can reduce the extent of the 
discrepancy between an "empirical" and a "theoretical" curve by assigning a large 
enough value to the skewness of the distribution function. However, this value would 
vary considerably from river to river. Evidently, it is unlikely that a great spatial 
variability of skewness is hydrologically meaningful. So, such an approach would be 
subjective in its character. 

We proceed from the assumption that it is impossible to make an inference about 
one or another type of the preferred distribution, taking as a basis only data for one 
river. In order to reveal the specific features of the underlying probabilistic models, a 
great body of data must be analysed jointly. 

To increase the sample size, we suggest to jointly analyse the series either 
originated from genetically homogeneous regions or reduced so as to be independent of 
morphometrical or other hydroiogical characteristics. As for the maximum runoff data, 
these can be, for example, specific runoff series reduced to a unit basin area and 
adjusted to nonregulated runoff conditions. But the reducing procedure depends on the 
values of runoff themselves, and in order to diminish this dependence, we consider 
standardizing each data series by its empirical mean and standard deviation. 

As indicated above, the shapes of individual histograms exhibit appreciable 
random scatter, therefore an additional averaging should be made over the collection of 
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Fig. 1 Primor'ye territory subdivided into hydrologically homogeneous regions and 
allocation of points of runoff observation. 
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Fig. 2 Cumulative distribution function for maximum runoff for the River Komarovka 
near the point Sakharny zavod. 1 : empirical points; 2: the approximation by Kritsky-
Menkel distribution (sample estimation); 3: the approximation by the mixed 
distribution including the "fat tail" component (equation (4)). 

histograms. The empirical probability density functions generalized in this way reveal 
the following specific feature: when moving from moderate streamflow values to 
extremely high values, the rate of the density decrease slows down markedly. 

The histograms of this type are hardly likely to be approximated by a simple 
analytical expression describing empirical curves adequately in the whole range of 
values. Moreover, the gamma-distribution densities (including the three-parameter 
modification) most frequently used in hydrology, are monotonically decreasing 
functions in the entire range of values if the coefficient of variation exceeds 1.0 (this is 
just the case for the majority of the rivers in question). This monotone decrease has not 
been observed in maximum runoff histograms displaying one significant local 
maximum value. 

PROBABILITY MODEL 

The examination of the histograms suggests that it is reasonable to consider the 
hypothesis that the probability density for annual maximum runoff values must include 
a component having a so-called "fat tail". We define as a tail the part of the histogram 
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to the right of its median point a . Then, to describe the tail for x > a, we recommend 
using the distribution in the form of mixture of two densities: the normal distribution 

1 -^f 1 f(x,«,c) = - = e 2° (1) 
V2;ia [ l - 0 ( a , a ) ] 

<D(a,a) = f - = - e 2 o dc, (2) 
_iv2jta 

(where we see that the mean value of the normal component is additionally supposed 
to coincide with the median a), and the Pareto distribution 

a* 
<p(x,a,p) = — ; x>a (3) 

The Pareto distribution serves in our case as the fat component of the mixture 
providing the slow decrease in the tail region. The sought-for mixed density can be 
written in the form: 

\|/(x, a, a, X) = Xf(x, a, o) + (1 - X)q>(x, a, P) (4) 

Having chosen the truncation point a beforehand, we reduce to three the number of 
unknown parameters in equation (4) to be estimated from the truncated sample (i.e. the 
sample consisting of runoff values greater than a). So, first, the value a is determined 
from the total sample. Then the parameter rj of the normal distribution, the weight 
coefficient X, and the Pareto parameter (3 are determined from the corresponding 
truncated samples. 

REGIONAL ESTIMATORS 

On the whole, we can state that the distribution of mixture type (4) is acceptable for 
maximum runoff values for the rivers on the Primor'ye territory. However, because of 
the fact that the conditions of the runoff formation vary distinctly even over this 
relatively small territory, we can expect that the distribution parameters would vary in 
their magnitude. We discuss this problem in more detail below. 

According to the Russian Federal Programme (1994), there are five homogeneous 
regions in the Primor'ye territory (Fig. 1, Table 1) differing from one another by 

Table 1 Hydrological characteristics of the regions. 
No. Name of region Coefficient of variability Annual runoff Percentage of storm 

of annual runoff (mm) runoff (%) 
1 Central part of Sikhote- 10-25 300-650 28-30 

Alin ridge 
2 West slope of Sikhote- 30-50 150-300 25-27 

Alin ridge 
3 East slope of Sikhote- 10-30 300-600 22-27 

Alin ridge 
4 Southwest Primor'ye 80-200 150-450 18-21 
5 West Primor'ye plain 80-100 60-150 15-17 
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specific features of their hydroiogical conditions. Among these, there is the region of 
central Sikhote-Alin (region 1), characterized by the greatest runoff magnitude. The 
estimated values of the distribution parameters for the maximum rainflow runoff also 
differ for the regions in question. Here, the "rainflow runoff" refers to a peak discharge 
originating from rainfall rather than other mechanisms. For example, for region 1 
characterized by the greatest and least variable annual runoff, the variability of annual 
maximum rainflow runoff is a minimum. For the regions with more variable annual 
runoff, this variability is greater (Table 2). The revealed specific hydroiogical 
behaviour allows pooling of the data to provide regional samples. 

After fitting the "fat tail"-model to the data, we conclude that the rate of decrease 
of the fat component is less for the regions with the larger coefficient of variation. We 
see from Table 2 that, in order to increase the reliability of the estimated parameters X 
and P, it is reasonable to calculate these estimates from the unified sample consisting 
of regions 2-5. The result is that two different regionally-averaged parameters of 
mixture can be recommended for the typical form of the distribution tail (see Table 2, 
region 1 and regions 2-5). 

Since the experience of application of the distribution recommended here is not 
wide, we consider, in addition, the behaviour of the tails of the probability distributions 
of maximum runoff for several neighbouring geographical regions where the rainflow 
flood is the significant component of the hydroiogical regime. The regionally-averaged 
parameters of the distributions of maximum rainflow runoff are given in Table 3, 
where the numerator is the fraction of the normal component in the mixture, X, and the 

Table 2 Regional estimates of parameters of mixture distribution (equation (4)) for the Primor'ye 
regions. 
Region number Root mean square Pareto The weight Coefficient of 
from Fig. 1 deviation for the normal parameter, (5 coefficient for the variation for 

distribution, a 
parameter, (5 

normal component maximum water 
in the mixture X discharge, C¥ 

1 1.07 1.54 0.63 0.61 
2 - 1.16 0.0 0.92 
3 - 1.21 0.0 0.95 
4 1.06 1.28 0.45 1.09 
5 1.54 1.38 0.42 1.07 
Averaged over all 
the regions 1.23 1.46 0.49 
Averaged over the 
regions 2-5 1.29 1.47 0.47 

Table 3 Regional estimates of parameters of mixture distribution (equation (4)) for some Siberian 
regions. 
Region name X P 
Northeast 0.78 1.39 
Lena 0.68 1.56 
Baikal 0.46 1.68 
Upper Amur 0.0 1.42 
Sakhalin 0.0 1.39 
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denominator is the Pareto parameter, (J. These parameters do not vary noticeably from 
one region to another and we may conclude that the parameters obtained here for the 
Primor'ye territory do not contradict those for other regions. 

CONCLUSION 

In conclusion, it should be emphasized that the use of a standard estimation technique 
often leads to underestimation for discharges of low probability. An acceptable 
approximation can be obtained by taking truncated samples and utilizing a mixture of 
different distributions making allowance for the genetic differences in the flood-
formation conditions in the years characterized by different stream flow. Our results 
are based on the observed values standardized with respect to their mean values and 
standard deviations. Since the moment of the second order for the recommended 
probability density function (equation (4)) (i.e. the variance) does not exist, the 
theoretical considerations underlying the outlined procedure require an additional 
justification presented in the Appendix. 
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APPENDIX 

On a probability distribution of random variables normalized by the sample 
standard deviations in the case that their theoretical variance is infinite 

Our purpose here is to find out how the probability distribution transforms as a result 
of the transition to variables normalized by the sample standard deviations. We 
concentrate our particular attention to the distributions having fat tails. Our 
consideration is not mathematically rigorous, it is rather of heuristic character, but we 
believe that it is possible to make the arguments outlined here into the rigorous 
mathematical proof. 


