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ABSTRACT. Hydrological drought is associated with the effects of periods of precipitation shortfalls on surface (stream-flow 
level) or subsurface water supply (ground-water level). The frequency and severity of hydrological drought is often defined 
on a catchement. As an important random phenomenon in hydrology, the frequency analysis is necessary in the aim to know 
about the drought’s regime. In order to study the stream flow regime of oued Mina catchment in western of Algeria. 
Frequency analysis of the drought stream flow is based on analysis of the deficit volume and the corresponding duration, 
where the basic data is obtained from defined a specific threshold as considered an index of the drought regime. 
Representative sample of stream flow, allow doing the frequency analysis with the probability distributions: Weibull, 
Generalized Pareto and Log-Normal for the PDS which will be combined to the probability of the occurrence in threshold 
level method. 
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1. Introduction 

Drought is a major natural hazard having severe consequences in regions all over the world. The range of 
drought impacts is related to drought occurring in different stages of the hydrological cycle and usually different 
types of droughts are distinguished. The origin is a meteorological drought, which is defined as a deficit in 
precipitation. A meteorological drought can develop into a soil moisture drought, which may reduce agricultural 
production and increase the probability of forest fires. It can further develop into a hydrological drought defined 
as a deficit in surface water and groundwater, e.g. reducing water supply for drinking water, irrigation, industrial 
needs and hydropower production, causing death of fish and hampering navigation in some countries. 

A general definition of drought is given by Tallaksen and van Lanen (2004), who define drought as “a 
sustained and regionally extensive occurrence of below average natural water availability”. This definition 
relative to normal implies that droughts can occur in any hydroclimatological region and at any time of the year. 
In response to the different impacts of drought in different regions, a large number of quantitative drought 
characteristics have been developed. Recently published summaries can be found in, e.g. Heim (2002), Hisdal et 
al. (2004), Smakhtin and Hughes (2004) and Hayes (2005). 

Expressed as a single number, drought characteristics are often referred to as drought indices or drought 
statistics. The choice of a suitable drought characteristic for a specific study depends on the hydroclimatology of 
the region, the type of drought considered, the vulnerability of society and nature in that region, the purpose of 
the study and the available data. Due to the lack of a unique standard definition, this choice is subjective and a 
large number of different characteristics are used to describe and quantify droughts. In case of stream flow 
drought two main approaches of deriving drought characteristics can generally be distinguished (Hisdal et al., 
2004).  

One is to analyze low flow characteristics such as a time series of the annual minimum n-day discharge, the 
mean annual minimum n-day discharge or a percentile from the flow duration curve (FDC). These characteristics 
describe the low flow part of the regime and characterize droughts according to their magnitude expressed 
through the discharge (Tallaksen et al., 1997). The development in time of a drought event is not considered. In 
the second approach, discharge series are viewed as a time dependent process, and the task is to identify the 
complete drought event from its first day to the last. In this way a series of drought events can be derived from 
the discharge series, and droughts can be described and quantified by several properties, such as drought duration 
or deficit volume. These so-called deficit characteristics are commonly derived by the threshold level method.  

In this study the threshold level method is evaluated for its applicability to daily discharge series for streams 
in different climate zones and with different hydrological regimes. The methods are applied to a global data set 
of daily discharge series from a wide range of flow regimes including perennial as well as intermittent streams. 
Stream flow deficit characteristics, such as deficit volume and duration are derived for all series and the methods 
are evaluated based on the following criteria: 

The evaluation focuses on within-year droughts time series with respect to the discharge series. A frequency 
analysis of PDS of drought deficit characteristics is conducted, focusing on the choice of extreme value 
distributions. 

The frequency analysis is ported on the catchment of oued Mina, which is situated in the west of Algeria, it is 
characterize by It’s surface of 4285 ckm, and the station where obtaining all the flow data is called oued El Abtal 

2. Flow duration curve 

The flow duration curve (FDC) plots the empirical cumulative frequency of stream flow as a function of the 
percentage of time that the stream flow is equaled or exceeded. The curve is constructed by ranking the data, and 
for each value the frequency of exceedance is computed using a probability plotting position formula. The 
empirical FDC for oued Mina is shown in Figure 2. 
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Figure 1. Flow Duration Curve FDC of oued Mina catchment. 

Traditionally, low flow indices are obtained from FDCs based on the total period of record. From the FDC. 
Threshold levels are chosen to represent the range of commonly used. Q90 and Q70, are used for perennial 
streams. Based on the experience form previous studies (Tallaksen et al., 1997; Hisdal et al., 2002; Engeland et 
al., 2004) threshold levels in the range between Q90 and Q70 for perennial streams are considered reasonable 
also for an extreme value analysis of droughts.  

In the case of the oued Mina catchment the following indices can be obtained from the graph (Fig. 1) : Q70 = 
0.45 cms, Q80 = 0.09 cms and Q90 = 0.01 cms. Although the Q70 will be considered as the threshold level in 
this study.  

 
3. Threshold level method 

The threshold level method originates from the theory of runs introduced by Yevjevich (1967), who originally 
defined droughts as periods during which the water supply does not meet the current water demand. Both the 
water supply, S(t), as well as the water demand, D(t), are expressed as time series, and a drought event is defined 
as an uninterrupted sequence of negative values in the supply-minus-demand series, Y(t)=S(t)−D(t). Later, 
Yevjevich (1983) simplified the concept by applying a constant demand. The demand is represented by a 
threshold level, Qt, and droughts are defined as periods during which the discharge is below the threshold level. 
Common deficit characteristics are the start of the drought, ti , drought duration, di , deficit volume or severity, vi 
and the minimum flow occurring during the drought event, Qmin , as illustrated in Fig. 1. Additional deficit 
characteristics can be defined, such as drought intensity, which is the ratio of deficit volume and duration, and 
recovery time. The latter is defined, e.g. by Correia et al. (1987) as the time it takes to compensate a certain 
fraction of the deficit volume by excesses of water above a certain recovery level (Fleig et al., 2006). 

In general, the threshold level can either represent a certain water demand, for example for power plants or 
water supply, or the boundary between normal and unusually low stream flow conditions. The threshold level 
might be fixed or varying over the year to reflect, e.g. seasonally different water demands. However, not all 
periods with relatively low flow compared to a varying threshold are considered a drought, such as relative low 
flow periods due to a delayed onset of the snowmelt flood. Stahl (2001) and Hisdal et al. (2004) therefore used 
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the terms stream flow deficiency or anomaly when defining deficit periods (periods with discharge below the 
threshold level) using a varying threshold level. 

When the threshold level is set to represent the boundary between normal and unusually low stream flow, it is 
chosen based on the characteristics of the stream flow regime. In this case low flow indices, such as percentiles 
from the flow duration curve (FDC), are frequently applied for both perennial and intermittent streams. For 
regional studies these were found to give more consistent results than percentages of the mean (Tallaksen et al., 
1997). Also linear combinations of the mean flow and the standard deviation have been applied for regional 
studies (e.g. Ben-Zvi, 1987). The choice of threshold level influences both the number of events and the presence 
of multi-year droughts in the derived drought series. When focus is, as in this study, on within-year droughts 
neither a large amount of multi-year droughts nor a large number of years without any droughts should be 
included in the series as these can complicate an extreme value analysis (Tallaksen et al., 1997). The threshold 
level has to be chosen as a compromise between these two features. For short data series the use of very low 
threshold levels can be problematic, as the derivation of statistical properties of droughts requires a certain 
minimum number of events.  

These considerations do not reveal a single preferable threshold level, and its selection, and hence the 
definition of drought, remains a subjective decision. For perennial streams threshold levels between the 70-
percentile flow (Q70) and the 95-percentile flow (Q95) from the FDC are frequently applied, which are the flows 
that are exceeded 70–95 percent of the time. For intermittent streams lower exceedance percentiles have to be 
chosen, depending on the percentage of zero flow. The threshold level method was developed for discharge 
series with a time resolution of one month or longer, but it has also been applied to daily discharge series, e.g. 
Zelenhasić and Salvai (1987) and Tallaksen et al. (1997). When the time resolution is short in comparison with 
the droughts to be studied two problems have to be considered in particular: the occurrence of minor droughts 
and mutually dependent droughts (Fig. 2). Minor droughts are events of short duration and small deficit volume. 
A high number of minor droughts in the sample may disturb an extreme value analysis and the number of minor 
droughts should thus be reduced. Mutually dependent drought events can occur during a prolonged period of low 
discharge when short excess periods with discharge above the threshold level divide the period of low discharge 
into several drought events. When the excess periods are of short duration, , and small excess volume, if, one 
would generally consider the whole period of low discharge to be one drought event. Short excess periods can be 
caused by short rainfall events or artificial influences. The split drought events are called mutually dependent 
droughts. They cannot be considered independent of one another, and e.g. for an extreme value analysis it is 
recommended to combine these into larger independent events. 

This can be done by so called pooling procedures, of which three common ones are described in details in the 
next section. In a regional study pooling is further recommended due to differences in catchment responses. For 
example in a slowly responding groundwater-fed catchment a short rainfall event during a prolonged dry period 
will lead to a much smaller rise in stream flow as compared to a fast responding neighboring catchment. As a 
result, a drought might be split in one catchment but not in the other one. 
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Figure 2. Possible ways of deriving drought characteristics (Hisdal et al., 2004). 

So, the following table (Tab. 1) gives the statistical characteristics of the deficit volume and the 
corresponding stream flow duration samples of oued Mina catchment as the threshold Q70 considered.  

 

  Deficit (cms.day) Duration (days) 
Mean 2.70 18.76 
Median 1.37 8.00 
Standard Deviation 4.04 26.49 
Sample Variance 16.32 701.63 
Kurtosis 20.93 9.51 
Skewness 3.85 2.52 
Range 30.49 147.00 
Minimum 0.27 2.00 
Maximum 30.76 149.00 

Table 1. Statistical characteristics. 

4.Frequency analysis 

Frequency analysis can be conducted in classical manner for deficit volume characteristics as well as for 
duration deficit characteristics, where the largest events are of interest, but, when there are insufficient data 
(below 30 years) like in this study, which we contain just 19 years of observed stream flow drought under the 
considered threshold (Fig. 3 & 4), we must to use another analysis based on the occurrence of events. 
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Figure 3. Largest deficit volume. 
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Figure 4. Maximum stream flow duration. 
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Figure 5. Number of events under the threshold level for each year. 

So for the predefined upper threshold, the number of exceedances becomes a random variable and the 
location parameter can be set equal to u (Fig. 5) . When the drought events are selected by the threshold level 
method. Zelenhasić & Salvai (1987) suggested to derive the cumulative distribution function of the largest stream 
flow drought occurring in a given time interval from a PDS of drought events. The method works on daily 
discharge data for drought events lasting less than one year and characterizes droughts either in terms of their 
deficit volume or their duration. As such the method consists of two parts. The first one is to estimate the 
probability of the number of events occurring during the chosen time interval. The second part is to estimate the 
distribution function of the chosen deficit characteristic of all drought events occurring in the chosen time 
interval. From that Zelenhasić & Salvai (1987) calculated the distribution function of the largest drought event in 
the following way: 

( ) ( ) ( )∑
≥

==
0k

k kNPxGxF  

Where: 

( )xF  distribution function of the largest drought event, 

( )xG  distribution function of all drought events, 

( )kNP =  the probability that k drought events occur during the time, it can be expressed by : 

 

( ) ( ) ( )t
k

t
kNP

k

λλ −== exp
!

 

Where t is the total number of time blocks or years in the record (equals 19 for the case of oued Mina). The 
parameterλ  of Poisson equals the expected number of exceedances in each year and is estimated as : 

 

t

thresholdundereventsofMean=λ
)

 

 

In case of oued Mina catchment 58.0=λ
)
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For estimation of the Tp-year event, a probability distribution G is fitted to the PDS of the exceedance series 

( ) nii ux ,...,1=− and an estimate given by : 
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Annual exceedance probabilities can be estimated from the PDS provided the average number of events per 
year. As λ  is larger than the upper limit considered u (Stedinger et al., 1993), so the probability ( )xF  of the 
largest drought event in the year can be expressed as:  

 

( ) ( )( )( )xGtxF −−= 1exp λ  

 

The annual exceedance probability is correspondingly ( )TxF
)−1  so: 
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The average return period for xT in the PDS can be obtained by solving for Tp: 
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The expression of F(x) can be transformed as: 
 

( ) ( )( )[ ]( ) txGxF λ−−= 1exp  

 

or ( ) 110 ≤−≤ xG  so: ( )( )[ ]xG−− 1exp  can be approached by ( )xG  

 
then: 

( ) ( )( ) txGxF λ=  

 
4.1. Case of Pareto distribution 

 
The Pareto distribution (GP), is  given by : 
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where α a scale parameter and κ a shape parameter. 
 
For given samples of the deficit volume and the duration, the parameters estimates by the methods of moments 
conduct to : 

- For deficit volume: 960.1ˆ =α  and 276.0ˆ −=κ , 

- For duration: 086.14ˆ =α  and 249.0ˆ −=κ . 
 
 
4.2. Case of Weibull distribution 

 
The Weibull distribution with scaleα  and shapeκ  parameters, is given by: 
 

( )
κ

α 






−= x
xG exp1  

 
For given samples, the parameters estimates by the classical method of moments conducts to: 

- For deficit volume: 199.2ˆ =α  and 722.0ˆ =κ , 

- For duration: 251.15ˆ =α  and 722.0ˆ =κ . 
 
4.3. Case of Log-Normal distribution 

If X is distributed according to a log-normal distribution, then Y = LnX is normally distributed. The 
parameters ξ  and α  are the population mean and variance of Y , the probability density function is given as: 
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ξ  and α  can be estimated by the maximum likelihood from the sample of the logarithmic transformed data 

( )nixy ii ,...,2,1,ln == : So the parameters estimates for the case of oued Mina are: 

 

- For deficit volume: 438.0ˆ =ξ  and 964.0ˆ =α , 

- For duration: 222.2ˆ =ξ  and 155.1ˆ =α . 

 
In the below figures (Fig. 6 & 7) an illustration of the comparison between the three types of fitting. 
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Figure 6. Comparison of different fitting of the deficit volume. 
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Figure 7. Comparison of different fitting of the stream flow drought duration 

We can remark from this comparisons, the presence of outliers in the observed samples either in deficit 
volume or in duration, although all the fittings of the considered probability distributions are practically the same. 
The following table (Tab. 2) gives the results of the goodness of fit analyzing with Probability Plot Correlation 
PPC, Root Mean Square Deviation RMSD and the Kolmogorov-Smirnov KS test.  
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PPC RMSD KS 

 
Deficit Duration Deficit Duration Deficit Duration 

Pareto 0.983 0.984 0.316 0.315 0.155 0.126 
Weibull 0.972 0.991 0.424 0.349 0.228 0.201 
Log Normal 0.981 0.975 0.167 0.214 0.085 0.096 

Table 2. Goodness of fit test results. 

From this table, the goodness of fit of the Log Normal distribution is the best. Lets we note ( )αξφ ,,ln x the 
probability distribution function of Normal distribution, with the parameters ( )αξφ ,,ln x  for the random 
variable X distributed as Log Normally, so: 
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5. Distribution of the largest deficit and the largest duration  

The central part of the analysis of deficits and durations is the distribution function F(x) of the largest deficit 
and the largest duration. Since the first steps towards this goal are completed, it is now a simple thing to write 
down the expression for F(x). On the basis of the results obtained, the distribution function of the largest deficit 
or duration is: 

( ) ( )[ ] 0ln >= xxxF tλφ  

 
For a given T-year the corresponding xT can be obtained directly from the equation: 

( )( )[ ]t
T Tx λφ 11 11exp −= −  

 
The following table gives for different return period's quartiles for the corresponding largest deficit volume 

and largest stream flow drought duration of oued Mina catchments. 

 
T (years) Deficit (cms.day) Duration (days) 

5 29.87 263 
10 40.00 373 
20 51.47 504 
50 69.22 718 
100 84.98 918 
500 130.96 1540 
1000 155.48 1892 

Table 3. Quartiles of the largest stream flow deficit volume and duration. 

6. Conclusion  

Droughts are natural hazards which can cover large regions and last for long periods of time. This implies that 
robust drought characteristics applicable in regions with different hydroclimatology and hydrogeology are 
needed. In this study the threshold level method is evaluated to derive stream flow deficit characteristics from 
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series with a daily time resolution. The pooling procedures are designed to overcome the problem of mutually 
dependent droughts. The threshold level method proved to be a suitable method for perennial and intermittent 
streams and useable both for all-year. It allows defining droughts depending on the purpose of the study as the 
threshold level can be chosen. 

A frequency analysis requires that the events are iid, which in this case is difficult to fulfil. Regional drought 
studies require a consistent set of drought characteristics that can be applied across the region. 

Deficit characteristics derived by the threshold level method proved to give comparable results for different 
kinds of streams provided that comparable threshold levels are chosen in accordance with the stream flow 
regimes. This is an advantage when estimates of design events are derived across a larger, often heterogeneous 
region. It should be emphasised that a methodology suitable for application in large regions, adapting to streams 
with widely differing flow regimes, would not necessarily imply the best choice for individual sites. In general, 
the choice of drought definition is a subjective choice that is made based on the purpose of the study, the 
hydrological regime, the type of drought considered, the demand and vulnerability of nature (and society) in that 
region and the available data. In addition, there are in most cases subjective elements inherited in the procedures 
themselves. For the threshold level method these include the choice of time resolution, threshold level, pooling 
procedure, criteria to exclude minor droughts, and parameters of the pooling criteria and criteria to exclude 
minor droughts. It was further found that the Generalized Pareto model is a good choice for the distribution of 
the magnitudes of drought events (PDS of deficit volume and duration) for most streams, thus supporting the 
theoretical base of extreme value modelling. There are large uncertainties related to fitting distributions based on 
observations only, in particular in the tail of the distributions. It is therefore recommended to let the choice of 
distribution function be guided by extreme value theory as this will likely give better predictions of the most 
extreme events. 

It was further found that the Log Normal model is a good choice for the distribution of the magnitudes of 
drought events (PDS of deficit volume and duration) for most streams, thus supporting the theoretical base of 
extreme value modeling. There are large uncertainties related to fitting distributions based on observations only. 
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