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ABsSTRACTHydrological drought is associated with the effeatperiods of precipitation shortfalls on surfagstream-flow
level) or subsurface water supply (ground-water [pvEhe frequency and severity of hydrological diuiig often defined
on a catchement. As an important random phenomenbydrology, the frequency analysis is necessathé aim to know
about the drought’s regime. In order to study theean flow regime of oued Mina catchment in westdrmligeria.
Frequency analysis of the drought stream flow isebdasn analysis of the deficit volume and the c@oesling duration,
where the basic data is obtained from defined a ifipethreshold as considered an index of the drdugggime.
Representative sample of stream flow, allow doing ftequency analysis with the probability distributg Weibull,
Generalized Pareto and Log-Normal for the PDS which lvé combined to the probability of the occurremeehreshold
level method.
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1. Introduction

Drought is a major natural hazard having severeseguences in regions all over the world. The rasfge
drought impacts is related to drought occurringifferent stages of the hydrological cycle and Ugudifferent
types of droughts are distinguished. The origira immeteorological drought, which is defined as dcieiin
precipitation. A meteorological drought can deveilafo a soil moisture drought, which may reducedgpural
production and increase the probability of foré@stsf It can further develop into a hydrologicabulght defined
as a deficit in surface water and groundwater, reducing water supply for drinking water, irrigatj industrial
needs and hydropower production, causing deatislofthd hampering navigation in some countries.

A general definition of drought is given by Talleksand van Lanen (2004), who define drought as “a
sustained and regionally extensive occurrence tfwb@verage natural water availability”. This détiion
relative to normal implies that droughts can odauany hydroclimatological region and at any tinighe year.

In response to the different impacts of droughdifierent regions, a large number of quantitativeudyht
characteristics have been developed. Recently ghddi summaries can be found in, e.g. Heim (2002yaHet
al. (2004), Smakhtin and Hughes (2004) and Hay@85p

Expressed as a single number, drought charactsriate often referred to as drought indices or gitbu
statistics. The choice of a suitable drought chargstic for a specific study depends on the hylilreatology of
the region, the type of drought considered, the@enalbility of society and nature in that regiore thurpose of
the study and the available data. Due to the ldck unique standard definition, this choice is sahije and a
large number of different characteristics are usedlescribe and quantify droughts. In case of sirdaw
drought two main approaches of deriving droughtratizristics can generally be distinguished (Histadl.,
2004).

One is to analyze low flow characteristics suctaasne series of the annual minimum n-day dischattge
mean annual minimum n-day discharge or a percentife the flow duration curve (FDC). These charasties
describe the low flow part of the regime and chimdme droughts according to their magnitude exgeés
through the discharge (Tallaksen et al., 1997). déaelopment in time of a drought event is not @ered. In
the second approach, discharge series are viewedtiase dependent process, and the task is toifigene
complete drought event from its first day to thst.ldn this way a series of drought events candye/ed from
the discharge series, and droughts can be desaitteduantified by several properties, such asgiroduration
or deficit volume. These so-called deficit chargstees are commonly derived by the threshold leaethod.

In this study the threshold level method is evaddor its applicability to daily discharge serfes streams
in different climate zones and with different hyldgical regimes. The methods are applied to a d¢ldat set
of daily discharge series from a wide range of fl@gimes including perennial as well as intermitteneams.
Stream flow deficit characteristics, such as defioilume and duration are derived for all seried #ne methods
are evaluated based on the following criteria:

The evaluation focuses on within-year droughts tdmees with respect to the discharge series. gufracy
analysis of PDS of drought deficit characteristissconducted, focusing on the choice of extremeieval
distributions.

The frequency analysis is ported on the catchmieoted Mina, which is situated in the west of Aigeit is
characterize by It's surface of 4285 ckm, and théan where obtaining all the flow data is caltaced El Abtal

2. Flow duration curve

The flow duration curve (FDC) plots the empiricahmlative frequency of stream flow as a functiorthef
percentage of time that the stream flow is equafegkceeded. The curve is constructed by rankiegi#ta, and
for each value the frequency of exceedance is ctedpusing a probability plotting position formul@he
empirical FDC for oued Mina is shown in Figure 2.
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Figure 1. Flow Duration Curve FDC of oued Mina tament.

Traditionally, low flow indices are obtained fronDEs based on the total period of record. From thE€ F
Threshold levels are chosen to represent the rahgemmonly used. Q90 and Q70, are used for peaknni
streams. Based on the experience form previousesti(@iallaksen et al., 1997; Hisdal et al., 200@g&and et
al., 2004) threshold levels in the range betweef @8 Q70 for perennial streams are consideredmabe
also for an extreme value analysis of droughts.

In the case of the oued Mina catchment the follgwimdices can be obtained from the graph (Fig.QYy0 =
0.45 cms, Q80 = 0.09 cms and Q90 = 0.01 cms. Athdbe Q70 will be considered as the thresholdl leve
this study.

3. Threshold level method

The threshold level method originates from the thed runs introduced by Yevjevich (1967), who amigjly
defined droughts as periods during which the watgply does not meet the current water demand. Bath
water supply, S(t), as well as the water demant), Bfe expressed as time series, and a drought sveefined
as an uninterrupted sequence of negative valugbensupply-minus-demand series, Y(t)=S(t)-D(t). erat
Yevjevich (1983) simplified the concept by applyiagconstant demand. The demand is represented by a
threshold level, Qt, and droughts are defined a®g@e during which the discharge is below the thods level.
Common deficit characteristics are the start ofdfmught, ti , drought duration, di , deficit voleror severity, vi
and the minimum flow occurring during the droughtm’t, Qmin , as illustrated in Fig. 1. Additionadfatit
characteristics can be defined, such as droughnsity, which is the ratio of deficit volume andration, and
recovery time. The latter is defined, e.g. by Carmet al. (1987) as the time it takes to compenaatertain
fraction of the deficit volume by excesses of watleove a certain recovery level (Fleig et al., 2006

In general, the threshold level can either repreaerertain water demand, for example for powentslar
water supply, or the boundary between normal anduelly low stream flow conditions. The threshadadl
might be fixed or varying over the year to refleety. seasonally different water demands. Howewet,all
periods with relatively low flow compared to a vigy threshold are considered a drought, such aswellow
flow periods due to a delayed onset of the snowftadd. Stahl (2001) and Hisdal et al. (2004) tiere used
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the terms stream flow deficiency or anomaly whefinitey deficit periods (periods with discharge belthe
threshold level) using a varying threshold level.

When the threshold level is set to represent thmttary between normal and unusually low stream,flbig
chosen based on the characteristics of the strieamrégime. In this case low flow indices, suchpascentiles
from the flow duration curve (FDC), are frequendlgplied for both perennial and intermittent streafsr
regional studies these were found to give moreisterg results than percentages of the mean (Tatakt al.,
1997). Also linear combinations of the mean flowd dhe standard deviation have been applied fororedi
studies (e.g. Ben-2Zvi, 1987). The choice of thréshevel influences both the number of events ddpresence
of multi-year droughts in the derived drought serié¢/hen focus is, as in this study, on within-ydesughts
neither a large amount of multi-year droughts ndarge number of years without any droughts shdadd
included in the series as these can complicatexaianee value analysis (Tallaksen et al., 1997). ffineshold
level has to be chosen as a compromise betweea thvesfeatures. For short data series the use r9f loev
threshold levels can be problematic, as the deoivadf statistical properties of droughts requieegertain
minimum number of events.

These considerations do not reveal a single pigiertareshold level, and its selection, and heree t
definition of drought, remains a subjective decisiéor perennial streams threshold levels betwaen70-
percentile flow (Q70) and the 95-percentile flowd&) from the FDC are frequently applied, which @ue flows
that are exceeded 70-95 percent of the time. Rernnittent streams lower exceedance percentiles tabe
chosen, depending on the percentage of zero fldw. threshold level method was developed for digghar
series with a time resolution of one month or landeit it has also been applied to daily dischasgees, e.g.
Zelenhasi and Salvai (1987) and Tallaksen et al. (1997). Whe time resolution is short in comparison with
the droughts to be studied two problems have todmsidered in particular: the occurrence of minaudhts
and mutually dependent droughts (Fig. 2). Minorudptis are events of short duration and small defalume.

A high number of minor droughts in the sample miegudb an extreme value analysis and the numberibr
droughts should thus be reduced. Mutually dependienight events can occur during a prolonged pesfddw
discharge when short excess periods with dischalogee the threshold level divide the period of ischarge
into several drought events. When the excess peiaoe of short duration, , and small excess volufnene
would generally consider the whole period of lowatiarge to be one drought event. Short excessdseram be
caused by short rainfall events or artificial irfhices. The split drought events are called mutuglyendent
droughts. They cannot be considered independennefanother, and e.g. for an extreme value analygs
recommended to combine these into larger indepé mdemts.

This can be done by so called pooling proceduffeshizh three common ones are described in ddtatise
next section. In a regional study pooling is furtrecommended due to differences in catchment resgso For
example in a slowly responding groundwater-fed loagnt a short rainfall event during a prolonged pkyiod
will lead to a much smaller rise in stream flowcasnpared to a fast responding neighboring catchrfeng
result, a drought might be split in one catchmentriot in the other one.
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Figure 2. Possible ways of deriving drought chamastics (Hisdal et al., 2004).

3

So, the following table (Tab. 1) gives the statiti characteristics of the deficit volume and the
corresponding stream flow duration samples of ddath 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 classicahenafor deficit volume characteristics as wellfas
duration deficit characteristics, where the largegtnts are of interest, but, when there are iicseift data
(below 30 years) like in this study, which we camtpust 19 years of observed stream flow droughteurthe
considered threshold (Fig. 3 & 4), we must to usatler 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 thresholdl lievesach year.

So for the predefined upper threshold, the numijeexaceedances becomes a random variable and the
location parameter can be set equal to u (Fig.\When the drought events are selected by the thick$evel
method. Zelenhasi& Salvai (1987) suggested to derive the cumuladigéribution function of the largest stream
flow drought occurring in a given time interval fnoa PDS of drought events. The method works ory dalil
discharge data for drought events lasting less tmnyear and characterizes droughts either inst@ftheir
deficit volume or their duration. As such the methmnsists of two parts. The first one is to estiamihe
probability of the number of events occurring dgrthe chosen time interval. The second part istonate the
distribution function of the chosen deficit chamttic of all drought events occurring in the aliogime
interval. From that Zelenhask Salvai (1987) calculated the distribution fulctiof the largest drought event in
the following way:

F(x)=> G*(x)P(N =k)
k=0
Where:
F(X) distribution function of the largest drought event
G(X) distribution function of all drought events,

P(N = k) the probability thak drought events occur during the time, it can beressed by :

%exp(- )

Wheret is the total number of time blocks or years in tbeord (equals 19 for the case of oued Mina). The
parametesl of Poisson equals the expected number of exceedameach year and is estimated as :

P(N=k)=

Mean of events under threshold
t

A=

In case of oued Mina catchmedAt= 058
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For estimation of thd,-year event, a probability distributio@ is fitted to the PDS of the exceedance series
(Xi - u)i:l___nand an estimate given by :

)/ZT =u +G_1 1_;
: AT,

Annual exceedance probabilities can be estimatad the PDS provided the average number of evemts pe
year. As A is larger than the upper limit consideneqStedinger et al., 1993), so the probabillﬁ(x) of the
largest drought event in the year can be expressed

F(x) = ex(- At(1- G(x)))

The annual exceedance probability is correspongihe F()?T) so:

%:1—F(§(T)=exp(—ﬁt(l—G(f(T)))
6f%)=1-1-

l:1—ex _t
T T,

The average return period foyin the PDS can be obtained by solving Tgr

The expression d¥(x) can be transformed as:

F(x) = (exd- 1~ G(x)))"
or 0<1- G(X) <1 so: exr{— (1— G(X))] can be approached k@(x)

then:

4.1. Case of Pareto distribution

The Pareto distribution (GP), is given by :
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G(x)=1- [1— /(1}%(

a
where & a scale parameter anida shape parameter.
For given samples of the deficit volume and theatlan, the parameters estimates by the methodsoafeants
conduct to :

- For deficit volume:@ =1.960 and K = -0.276,
- For duration:& =14.086 and kK = —0.249.

4.2. Case of Weibull distribution

The Weibull distribution with scal&# and shap& parameters, is given by:

G(x)=1- exp(gjk

For given samples, the parameters estimates bglabsical method of moments conducts to:
- For deficit volume:a = 2.199 and kK = 0.722,
- For duration:@ =15.251 and kK = 0.722.

4.3. Case of Log-Normal distribution

If X is distributed according to a log-normal distribnt thenY = LnX is normally distributed. The
parameterst and @ are the population mean and varianc¥ othe probability density function is given as:

Gt )

& and @ can be estimated by the maximum likelihood from shmple of the logarithmic transformed data
(yi =In X, i = 12,...,n): So the parameters estimates for the case of Mirslare:

- For deficit volume:é = 0.438 and & = 0.964,
- For duration:& = 2.222 and & =1.155.

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

We can remark from this comparisons, the preseficauttiers in the observed samples either in defici
volume or in duration, although all the fittingstb& considered probability distributions are picadly the same.
The following table (Tab. 2) gives the results lod goodness of fit analyzing with Probability PGxrrelation
PPC, Root Mean Square Deviation RMSD and the KobmmgSmirnov 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 iMak distribution is the best. Lets we napéln X, &, a)the
probability distribution function of Normal distution, with the parameterzﬂln X, ¢, a) for the random
variableX distributed as Log Normally, so:

P(X < x)=¢Iinx,&,a) = dInx) :a—\/lz_ﬂjz\—llex;{—%(ujz dv

a

5. Distribution of the largest deficit and the largest duration
The central part of the analysis of deficits andations is the distribution functiof(x) of the largest deficit

and the largest duration. Since the first stepsatds this goal are completed, it is now a simpiegtho write
down the expression fat(x). On the basis of the results obtained, the distion function of the largest deficit

or duration is:
F(x)=[dinx)]* x>0
For a giveriT-year the corresponding can be obtained directly from the equation:
x =ex(1-y 7))

The following table gives for different return pedis quartiles for the corresponding largest defiolume
and largest stream flow drought duration of oueddviatchments.

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 defiolume and duration.

6. Conclusion

Droughts are natural hazards which can cover lsggens and last for long periods of time. This liepthat
robust drought characteristics applicable in regiavith different hydroclimatology and hydrogeologye
needed. In this study the threshold level methoeviduated to derive stream flow deficit charastérs from
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series with a daily time resolution. The poolin@gedures are designed to overcome the problem tfathy
dependent droughts. The threshold level methodgarde be a suitable method for perennial and intem
streams and useable both for all-year. It allow#nghgy droughts depending on the purpose of theysas the
threshold level can be chosen.

A frequency analysis requires that the eventsidravhich in this case is difficult to fulfil. Reghal drought
studies require a consistent set of drought chariatits that can be applied across the region.

Deficit characteristics derived by the thresholdelemethod proved to give comparable results féfedint
kinds of streams provided that comparable threshelgls are chosen in accordance with the stream fl
regimes. This is an advantage when estimates afrdesents are derived across a larger, often bgéeeous
region. It should be emphasised that a methoddadoggble for application in large regions, adaptingtreams
with widely differing flow regimes, would not neasily imply the best choice for individual sités.general,
the choice of drought definition is a subjectiveoicke that is made based on the purpose of the sthdy
hydrological regime, the type of drought considetéd demand and vulnerability of nature (and dgriae that
region and the available data. In addition, theeeim most cases subjective elements inheriteddrptocedures
themselves. For the threshold level method thedede the choice of time resolution, threshold lepeoling
procedure, criteria to exclude minor droughts, padameters of the pooling criteria and criteriaei@lude
minor droughts. It was further found that the Galieed Pareto model is a good choice for the distion of
the magnitudes of drought events (PDS of deficlum® and duration) for most streams, thus supppriie
theoretical base of extreme value modelling. Tlaeeelarge uncertainties related to fitting disttibns based on
observations only, in particular in the tail of tistributions. It is therefore recommended totlet choice of
distribution function be guided by extreme valuedty as this will likely give better predictions thfe most
extreme events.

It was further found that the Log Normal model ig@d choice for the distribution of the magnitudés
drought events (PDS of deficit volume and duratifar)most streams, thus supporting the theoretieale of
extreme value modeling. There are large unceresmglated to fitting distributions based on obatowns only.
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