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The article describes a new methodology of using genetic algorithms to assemble a natural time series of
discharge recession, from which a master recession curve can be interpreted both for streams and for
springs. Presented approach can avoid obstacles such as limited time-series datasets, incomplete recessions
or too many recessionary segments in many recession series, different time intervals of observations (daily
or weekly frequencies). Short time-series intervals, imprecise or mistaken measurements and different types
of datasets (averaged or directly measured data) are taken into account as well. Even rough measurements
of discharges with inaccurate sensing range can be analysed, if sufficiently long observation is available.
Complicated hydrograph shapes in the case of e.g. karstic springs (often caused by combination of laminar
and turbulent discharge sub-regimes due to karst network settings) can be processed as well. Subsequent
construction of master recession curve is much easier an offers better conditions for its interpretation. Pre-
sented algorithm was already implemented to a programme solution, completed on the user form.

KEY WORDS: Recession Analysis, Master Recession Curve, Hybrid Genetic Algorithms, Evolutional Al-
gorithms, HydroOffice.

Milos Gregor, Peter Malik: ZOSTAVOVANIE TYPOVEJ VYTOKOVEJ CIARY POMOCOU GE-
NETICKYCH ALGORITMOV. J. Hydrol. Hydromech., 60, 2012, 1; 30 lit., 15 obr.

Clanok opisuje novi metodiku vyuzitia genetickych algoritmov pre kompoziciu GpInych a prirodzenych
¢asovych radov poklesu prietokov na povrchovych tokoch alebo vydatnosti prameiiov v ¢ase bez dopinania
hydrologickych systémov/infiltra¢nych oblasti, ktoré mozno nésledne interpretovat’ vytokovou c&iarou.
Prezentovand metodika umoziuje prekonanie ¢astych problémov, akymi su kréatke alebo nekompletné ¢aso-
vé rady, neuplne zaznamenané vytokové procesy alebo naopak prilis mnoho segmentov v mnozstve
¢iastkovych poklesovych radov, rozdielne (denné alebo tyzdenné) intervaly pozorovani, nepresné alebo
chybné merania, alebo rozdielne typy Udajov (priemerné alebo priamo merané hodnoty). Ak su k dispozicii
pozorovania z dostato¢ne dlhého ¢asového intervalu, metdda umoziuje aj spracovanie pozorovani
s vysokou mierou nepresnosti odéitania hodndt prietokov alebo vydatnosti. Komplikované tvary hy-
drogramov, aké su casteé najmé v pripadoch krasovych pramenov (¢asto spbsobované kombindciou ucinku
laminarnych a turbulentnych subrezimov v désledku zlozitej struktdry krasovych obehovych ciest) taktiez
nepredstavuji problém pri automatizovanom skladani vytokovych ¢asovych radov. Nasledné zostavenie
vytokovych ciar je potom ovela jednoduchsie a poskytuje lepsie podmienky pri ich interpretacii. Prezento-
vany algoritmus bol uz realizovany v rdmci programového riesenia, zostaveného do uzivatel'skej podoby,
takze opisanu metédu mozno aplikovat’ aj bez znalosti programovania.

KLZUCOVE SLOVA: analyza vytokovych &iar, reprezentativna vytokova ciara, hybridné genetické algorit-
my, evolué¢né algoritmy, HydroOffice.

Introduction

Analysis of recession curves is often used meth-
od in hydrological practice, which provides a wide
range of results interpretations. Although the prin-
ciples of hydrograph analyses are developed for
more than one and a half of a century (Boussinesq,

1877, 1904; Maillet, 1905; Horton, 1933; Barnes,
1939; Cooper and Rorabaugh, 1963; Schoeller,
1965; Drogue, 1967; Kullman, 1980, 1990; Padilla
et al., 1994; Griffiths and Clausen, 1997; Kovacs,
2003; Gregor, 2008), mainly the introduction of
computer techniques enhanced their applications in
broader field of hydrology and hydrogeology. Such
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alternative applications we can find for example in
the analysis of hydrological drought (Tallaksen and
van Lanen, 2004), groundwater vulnerability
(Kullman, 2000; Malik, 2007) and in the separation
of runoff components, e.g. baseflow separation
(Malik, 2010).

The main advantage of recession curves analyses
is that as an output, a set of quantitative parameters
attributed to drainage mechanisms is received. With
given recession coefficients and initial discharges
values, both total runoff and partial runoff segments
(sub-regimes) can be completely described. Such a
mathematical description can be then applied start-
ing from the state of maximum documented water
saturation of the system and finishing at a stage of
maximal documented emptying of the drained
structure. Usual problem with application of indi-
vidual recession curves, derived from limited time
periods, is that in most cases they describe the pro-
cess only partially, depending on the limiting water
stages of these periods. To cover all possible solu-
tions, different methods of composing individual
curves into a single master recession curve (with
the longest course and covering all documented
water stages) were created. Various methods, grad-
ually developed for such master recession curve
assembling, have different application possibilities,
and restrictions as well. This article introduces a
new method of putting together a natural time se-
ries of discharge recession, based on optimization
techniques, which tends to solve many of the short-
comings and gaps of the existing methods (Lamb
and Beven, 1997; Rutlege, 1998; Posavec et al.,
2006). Subsequent construction of master recession
curve is much easier and offers better conditions for
its interpretation.

Constraints and options of assembling
complete recession in discharge time series

The process of discharge recession is usually
manifested by slightly different hydrograph shapes,
as runoff from a catchment (or a hydrogeological
structure) is physically determined by two types of
impacts and parameters. First, there are static prop-
erties of the environment (as e.g. geometry, aquifer
hydraulic properties, catchment slopes), which re-
main constant over the time. Second, there are dy-
namic properties, such as the degree of structure
(rock & soil mass) repletion by water, rate of the
water infiltration, rainfall/evapotranspiration and its
variation in time and space, possible anthropogenic
influence and other time-dependent factors. In a

rough approach it may look like the recession dis-
charges have generally asimilar time course, but
the combination of the aforementioned parameters
causes that each course of discharge recession is
unique and differs in absolute values (recession
coefficients, discharges). The influence of the dy-
namic parameters described is projected on the
complexity of recession processes described within
even a simple watershed and represents the main
problem to be solved in the process of master reces-
sion curve assembling (Tallaksen, 1995). However,
proper assemblage of recessional discharge succes-
sions represents the main task that should be com-
pleted before the recession curve analyses.

Even under simple conditions, the influence of
static and dynamic physical properties of catch-
ment/hydrogeological structure on character of
discharge recession is manifested in considerable
variability of relations between individual sequenc-
es of discharges in time. Dynamically changing
physical properties lead to resulting set of different-
ly shaped discharge recessions. Also under similar
saturation conditions, complexity of the static phys-
ical properties (such as karstic aquifers as shown by
e.g. Kullman, 1980, 1990) may lead to non-
uniformly distributed discharge values in time se-
ries. Only proper compilation of discharge/time
successions into one set of values, completely de-
scribing the whole process of recession, can lead to
detection of all discharge sub-regimes and their
characterisation by perhaps several matching equa-
tions or equation types.

Apart from naturally conditioned complexities of
the measured subject (discharge recession), we
should overcome obstacles induced by the limita-
tions of measurement itself — mainly the accuracy
of discharge measurements and measurements’
frequency. Often, especially at low discharges, the
visible change between two readings in time is too
small to be recorded. Although the real discharge
values decrease, for various reasons the recession
(in better case) is recorded in the form of “long
steps”. On the other hand, if the typical flood wave
duration in comparison with the frequency of read-
ings is too short, so the probability of recording
maximal discharge is also limited, especially in the
case of old archive data or derived data (e.g.
smoothed into daily averages). This represents a
serious deficiency especially in the case of ground-
water monitoring, where many objects (springs or
wells) are monitored only on weekly bases. When
analysing specific operational groundwater moni-
toring objects, another feature appears: availability
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of only short discharge time-series (e.g. not longer
for more than two years of observations) with very
few discharge data records. It is very probable, that
within such a limited time of observations, the ex-
treme values were omitted from the available set of
results.

Several methods have been developed to con-
struct a master recession curve from a set of shorter
recessions (Tallaksen and van Lanen, 2004). The
simplest one is a manual creation of a master reces-
sion curve (the matching strip method; Toebes and
Strang, 1964). Using this method, all recession
segments are shown on a single chart. They are
moved on the horizontal timeline until they form
one, more or less compact, master recession curve.
The main deficiency of this method is the time-
consuming processing and subjectivity. Usually,
different authors obtain different recession results,
depending on their previous experience. Evaluation
of discharge threshold value, from which the reces-
sion starts (not always maximum) and the evalua-
tion of recession period is often subjective, various
authors show various criteria (Tallaksen 1995).

Lamb and Beven (1997) had developed an auto-
mated tool in Matlab, which allows the use of a
prototype curve to master recession curve assem-
bling. A similar procedure is also included in RE-
CESS program (Rutlege, 1998). However, the pro-
gram allows creation of the master recession curve
only for exponential recession models and it is not
applicable for complex recession systems. Another
approach was presented by Posavec et al. (2006).
The authors created a macro in MS Excel, which
uses for this purpose the results of flow duration
curve. Discharges on the discharge probability
(flow duration) curve are divided into three sections
and the resulting master recession curve is com-
posed by assigning the partial recession curves to
each defined sections. The macro enables the anal-
yses of even more complex types of recession, but
requires exact measurements and sufficient number
of unaffected recession curves (discharge decrease
unaffected by additional recharge within the catch-
ment/hydrogeological structure).

The aforementioned overview of methods shows
constraints of the assembling process of the most
probable unaffected sequence of discharge reces-
sion. In the search for new efficient solutions, pre-
viously described specific problems of master re-
cession curves assembling were defined as the basic
criteria that the new solution should take into ac-
count. Such a method must be applicable in all spe-
cific conditions encountered especially in ground-

water hydrology, such as inaccurate measurement
or small population or low frequency of measure-
ments. The method must enable compilation of one
successive set of discharge vs. time values, describ-
ing the complete natural process of recession from
the highest to the lowest measured discharge val-
ues. An effort was also undertaken to eliminate
possible effects of dynamic factors described. The
authors have tested variety of aforementioned
methods of construction of master recession curve,
but genetic algorithms described in this article
proved to provide the best results.

Genetic algorithms

Genetic algorithms are, together with neural
networks, expert systems and methods of chaos
theory, considered to be a part of artificial intelli-
gence group of methods. Genetic algorithms are
based on the principles of Darwin's evolutionary
theory and can be described as stochastic search
methods. They are based on the mechanism of natu-
ral selection and on the principles of genetics. Their
practical use is wide — they are mainly applied in
search for global extremes of functions, encryption,
networks optimizing, or for the predicting of chem-
ical substances structure and properties. In the field
of hydrology and hydrogeology, their application
was described e.g. in:

— a parallel evolutionary calibration of hydrologi-
cal and snow models (e.g. Sharma et al., 2006;
Holko et al., 2003);

— determination of rock hydraulic parameters from
the pumping tests (Samuel and Jha, 2003);

— optimizing of water resources abstraction (Chiu
et al., 2007, Cisty and Bajtek, 2009);

— contamination transport modelling (Bayer and
Finkel, 2004).

The main principle applied within the genetic al-
gorithm procedure is the creation of initial popula-
tion of random solutions of the defined problem at
the beginning (Hynek, 2000). Each solution in the
population is presented as data structure (e.g. data
array), what allows us to effectively save the infor-
mation about individual solution. Individual solu-
tions are tested and evaluated towards achieving
a defined goal. Subsequently, a new population is
created from the existing population of solutions.
Better solutions from the previous population have
higher probability of transition into a new genera-
tion. In the creation process of new generation of
solutions, two individual solutions are randomly
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selected, but solution with better rating has a higher
probability to be selected. For this purpose,
a “roulette mechanism” is frequently used, where
solutions with higher rating obtain bigger slice from
the roundel. After defined crossing is performed, a
newly created solution takes the properties from
both two solutions from previous generation. This
new individual solution presents a random combi-
nation of the parental generation properties. During
the crossing process, a random mutation which
randomly changes a part of the final solution also
happens. This mutation process, however, occurs
only with very low probability.

Gradually, by help of evolution cycles repetition,
a solution that is very close to the ideal one is
evolved. Described evolutionary process can be
stopped either by pre-described number of evolu-
tionary cycles in the set, or when a sufficiently ac-
curate solution is reached, or even if the population
losses its ability to converge to the ideal solution.

Application of genetic algorithms
for assembling of discharge recession time series

Here, the implementation of the aforementioned
principles and their strong hybridization (adjust-
ment of parameters) for the needs of assembling of
discharge recession time series is described. Prior
to the creation of the most probable unaffected dis-
charge recession (sequence of discharges vs. time)
and its subsequent interpretation by master reces-
sion curve, a detailed study of hydrogram should be
performed. A set of individual discharge recession-
al successions should be selected from the all rec-
orded discharge time series. To fulfil the require-
ments of the described algorithm, it is not necessary
to focus on selection of merely extra long recession
periods, unaffected by rainfall. Shorter depleting
sections can support the success of final solution as
well. On the other hand, selected recession periods
should describe the whole process of recession,
from the highest to the lowest documented dis-
charge values (Fig. 1).
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Fig. 1. Selection of discharge recessional successions and its sections from discharge time series.
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Fig. 2. Division of a selected recession into N-days segments.
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Second step of construction of the most probable
unaffected recessional discharge succession is illus-
trated in Fig. 2. In this step, each selected recession
is divided into a corresponding number of individu-
al N-day segments. During the development and
testing phase of the described method, the algo-
rithm proved to be most effective when the division
of selected hydrograph depleting sections into 4-
days long segments was applied.

These segments define changes in discharge in
short time periods. By such a segmentation of re-
cession intervals into small segments and their fur-
ther processing, the method can overcome the
“shading influence” of the dynamic factors (as e.g.
recharge and runoff variability). These segments
are later used in the assemblage process to create
the most probable unaffected discharge recession
sequence, which can be later described by the mas-
ter recession curves (MRC).

Ideally, resulting set of recessing discharges is
assembled by simple moving of the defined short
segments on the timeline, until they will together
create one single line. In practice, this process is not
so simple and for the automatic shifting of separate
segments on the timeline, genetic algorithms are
used.

Before the start of the use of genetic algorithms,
the structure of each separate solution in the popu-
lation of solutions should be defined. Example of
such structure of individual solution is shown on
Fig. 3. After splitting of selected discharge reces-
sion intervals, several hundred segments are usually
obtained. Each individual segment is the member of
the population of solutions, and in the population of
solutions can be defined by two-dimensional array

\d

Recession
Segmets
Data array structure
Recession |Time shift
segment Nr.| (days)
1 0.985
1 I 2 5.231
3 15.067
. -
1548 19.264
NS
=
=15
1
0 4days

Segment lenght

(table). In this data structure the position of each
recession segment is defined in one table row. The
first column here identifies every segment by
unique number value (integer). In the second col-
umn one can find the value which marks the seg-
ment’s shift on the timeline (Fig. 3). This very brief
structure for storing the results of each solution in
the population is sufficient and enables the effective
run of genetic algorithm.

All the solutions are in the same, previously de-
scribed way defined within a population of solu-
tions. Depending on the number of pre-defined
solutions in the population (by the user), corre-
sponding number of data structures is created. In
these, individual solutions will be defined. The first
population is created pseudo-randomly. The maxi-
mal time shift ty.x is pre-defined before the run of
the algorithm — and the movement of segments in
evolution process automatically does not overstep
this value.

A random shift between the initial time t, and
maximal time tmax is then generated for each seg-
ment. As it can be prejudiced that on the resulting
discharge recession set, segments with high dis-
charge values will appear before segments with
lower values, we can influence the range of the
possible random time shift accordingly. In the pro-
cess of random shift generating for the initial popu-
lation, the range of possible random time shift val-
ues increases with decreasing values of discharges
in segments. After the initial — first generation had
been created, individual solutions are assessed from
the “best-fit” point of view. As an assessment tool
for the accuracy of solutions, the segments’ disper-
sion area (Fig. 4) is calculated for each solution.
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Fig. 3. Definition of data structure for each individual solution in the population of solutions.
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Fig. 4. Definition of segments’ dispersion area.

Segments’ dispersion value defines the area of
variance that is created by individual segments on
the chart. This value is smaller for the better solu-
tion; the best solution has the lowest segments’
dispersion value. Following the assessment of solu-
tions in one generation, solutions for the next gen-
eration are being prepared. To do this, two solu-
tions are randomly selected from the current gener-
ation by the use of “roulette selection mechanism”,
where better solutions are equipped with higher
probability to be used as a source for creating the
solutions in next generation. After the two solutions
from the current generation of solutions have been
selected, only one solution for the next generation —
based on these — is created by the crossing process.
Several methods can be applied for the crossing
process, but while “single point crossover” is most-
ly applied by many solutions, in our case a method
of “crossing by averaging” (Fig. 5) is suggested.

In this case, a new individual solution copies the
data structure, while the time shift for each segment
is calculated as an average of the previous two solu-
tions. In addition to the crossing process, also the
mutation processes (Fig. 6) is incorporated in the
evolution. Usually the mutation occurs with very
low probability (e.g. 1 mutation per 1000 cross-
ings), but in our case, this approach was modified —
hybridized, as the mutation occurs at every crossing
of solutions. Such an approach is frequently applied
within a method of artificial immune system. In our
case, this approach was used to avoid the develop-
ment of exactly equal solutions within one popula-
tion. This allows the reduction of the conversion

rate of calculation and the population during the
evolution remains relatively variable. Mutation is
applied after the averaging of two solutions. By this
procedure we receive a new position of segment
within a dispersion area. If the first segment point is
situated on the bottom half of the dispersion area,
the mutation value is added. If it is located in the
upper half, the mutation value will be subtracted
(Fig. 6 — bottom).

Mutation value is just a random value generated
from the defined interval < to, tger >. If this range of
random values would be chosen to be too low, also
the populations’ variability would be relatively low.
Conversely, if the range would be chosen to be too
wide, after several cycles of evolution the devel-
opment of the ultimate solution would stop, as the
mutation would not permit to reduce the value of
segments’ dispersion area. Therefore, the pre-
defined range of values, from which random muta-
tion values can be created, gradually decreases with
the development of the evolutional cycles. It is also
possible to set the maximal range of mutations and
its gradual reduction within the run of algorithm.

This procedure will gradually create new and
new solutions, which are continuously re-assessed
by calculating of the segments’ dispersion area. The
evolutionary cycle is repeated until the number of
its runs reaches a pre-defined number of cycles.
Application of this procedure leads gradually to
creation of solution corresponding to the resulting
most probable unaffected recessional discharge
succession from the initial pseudo-random genera-
tion.
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1. selected solution| 1 2 3 4 5 n 1548
from generation 0.25 0.95 | 15.40 | 65.45 | 22.68 54.82
2. selected solution | 1 2 3 4 5 n 1548
from generation 1.87 6.98 | 22.47 | 88.89 | 14,51 124.34
Newly-created solution
in new generation

1 2 3 3 5 n_ [1548 Crossover by

1.86 | 3.97 | 18.34 | 77.17 | 18.60 89.58 averaging ‘—

+ mutation
L. 5 Segment Nr.
Description 14.51 |Time shift (days)

Fig. 5. Description of “crossing by averaging” method, used for creating of new solution.
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Fig. 6. Description of mutation process application on the
creating of new solution.

Experience with algorithm implementation

Practical application of the described process of
assembling of the most probable unaffected reces-
sional discharge succession was implemented into
an executable computer program. For this purpose,
a freely accessible software modular tool HydroOf-
fice (http://www.hydrooffice.org) developed by one
of the authors, was used. This also includes
a standalone application “RC”, designed for reces-
sion curves separation and analysis (Fig. 7).

For hybridized genetic algorithm application, a
separate program window was created, where the
evolutionary assemblage of the probable natural
discharge recession sequence can be completed

(Fig. 8).

Discharge time series are processed and reces-
sional sequences (or their parts) selected automati-
cally or manually in the main program window.
Then, a separate tool for further processing can be
launched. Within this, at first discharge recessional
successions are divided into individual N-days
segments, both manually or automatically. The
segments are adjusted while displayed in a chart.
The adjustment consists in automatic deletion of
short segments or deletion of constant discharge
segments. Such an adjustment (Fig. 9) is necessary
for proper start of evolutionary assembling.

Before the assembling process by application of
genetic algorithm, all necessary parameters as
shown in the Fig. 10 should be set. At first, the
number of evolution generations is determined.
From experience, optimal number of generations
required for the use of genetic algorithms is fre-
quently around 200. Thanks the hybridization of
algorithm this value is significantly lower in our
approach, and ranges from 50 to 100. Another pa-
rameter to be set by the user is the number of indi-
viduals (i.e. solutions in generation). Predefined
minimum number of individuals is 15, its optimal
value is generally 15 to 50. Increased number of
individuals in generation and higher number of
generations increases the accuracy of solution, but
also prolongs computing time.

Another input parameter represents the probabil-
ity of crossing, which is defined in a range from 0
(no crossing) to 1 (crossing is always applied). Op-
timal value of this parameter seems to be 0.9 and
usually there is no need to change this value. Pa-
rameter “Maximal length of a MRC” defines max-
imum possible length of resulting sequence of dis-
charge recession (in a time span). Its value should
be chosen approximately, by taking into account
the length of individual discharge recession se-
quences selected at the beginning of processing.




M. Gregor, P. Mal

ik

SRC 4.0 5790 Lubochnianka L
Mo Osts  Snge  Cumdative

Dischage | Rortsl

ubochie

Window  Help

Dale Dischwge
2111930 89
3mIgm 89
anigm 147
511190 128
6111330 9%
21190 76
811190 13
311190 6
10111530 54
nmgn 58
121190 51
121190 42
N0 42
15D (39
1611190 39
171190 39
18111860 37
LERIREC Y]

L TTRT . LY

~

Uisex

harge

<
Row Count |0 Stat (211190
!

£11.1930 19110930 16111530

20110930 26110930 1921930

End 212190 | Skt 10

Dischasgo (Q

)

Fig. 7. Usual software windows of the RC 4.0 program for discharge recession separation and analysis.
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Fig. 10. Adjustment of parameters necessary for the evolution-
ary assembling process of the most probable unaffected natural
discharge recession sequence.

The last parameter, which is necessary to define,
is the mutation. Mutation is determined by three
values (Fig. 11). The first one is the initial range
(maximal starting dispersion of mutation in days),
from which the mutation shift is generated. By
“declination coefficient” the decrease of the initial
range in individual evolution cycles is defined,
while the nature of this decrease can be defined as
linear or exponential.

After all aforementioned parameters are defined,
the calculation run can start — its state is monitored
directly on a chart or in the bottom progress bar.
When monitoring status of evolutionary process on
the chart, it is possible to choose between two op-
tions: displaying the best solution in actually com-
puted generation (Fig. 12, left), or displaying the
dispersion area changes in average solution and the
best solution in successive generations (Fig. 12,
right). Evolutionary cycle terminates either after
reaching of pre-defined number of cycles, or by
manual abortion.

Currently, the completed solution can be saved
and the whole procedure can be repeated with dif-
ferent parameters describing the algorithm. It is

possible to choose the best (most appropriate) from
several solutions, export it back to the main pro-
gram window, and continue with further processing
— construction of master recession curve by its de-
scription by equations set of parameters in respec-
tive equations.

Examples of assembled recessional discharge
time series and further construction
of master recession curves

The described method was tested and used at
many very variable conditions to assemble the most
probable natural sequence of discharge recession in
universal time elapsed from the discharge maxi-
mum. In addition, recession curves were construct-
ed from the most probable natural discharge reces-
sional succession, received as result of hybridized
genetic algorithm run. Both stream discharge time
series (daily or shorter time step), were tested as
well as a number of spring yield data (daily or
weekly time step). An example of gradual algo-
rithm run is shown in Fig. 13. It starts with 10 ran-
domly generated solutions (initial population in the
upper left corner), following pictures depict the best
solution in successive evolutionary cycles (genera-
tions), while the last — bottom right picture — shows
the final result of described algorithm, set of the
most probable natural sequence of discharge reces-
sion.

Figs. 14 and 15 show examples of assembled re-
cessional discharge sequences, generated from dif-
ferent hydrological environments. Fig. 14 shows
the set constructed for a karstic spring Dovalka in
Muran (Central Slovakia; N48.7403°; E20.0450°).
Further construction of master recession curve had
revealed three runoff sub-regimes of turbulent flow
type, typical for Kkarstic springs (Kullman, 1990).
These are visible on the rounded course of dis-
charge recession points on the log plot here (on the
normal plot of discharge vs. time should appear as
straight lines). According to this, Dovalka is a typi-
cal overflowing karstic spring, active only after
major recharge events. Very probably, the de-
watered karstic aquifer can be characterised by the
existence of periodically flooded large Karstic
channels in various stages of karst development.
There are no signs of presence of asub-regime
dewatering the phreatic fractured zone, with per-
manent water table.

Fig. 15 shows the assembled recessional dis-
charge sequences, representing the most probable
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normal course of recession of the LCubochnianka
creek gauged in Lubochna (Northern Slovakia;
N49.1226°; E19.1686°). When analysing the master
recession curve, two runoff sub-regimes were indi-
cated. In recession analyses, they can be described
by two exponential equations with different param-
eters. Each equation represents a different sub-
regime. Identified sub-regime with lower exponent
value was linked to the baseflow, representing the
deeper groundwater circulation within the water-

shed. “Steeper” sub-regime (with higher exponent
value) then represents the subsurface flow in the
watershed.

Both two presented examples of discharge reces-
sion assemblages were obtained from daily mea-
surement frequency time series. The described al-
gorithm was with equal success tested also on a
weekly type of time series input data (usual for
groundwater measurements in Slovakia).

Cumulative Curve Generation by Genetical Algorithms
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successions are distinguished by points of the same colour.

tion in successive generations). Individual discharge recessional
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Fig. 13. Example of gradual evolutionary assembling of the most probable unaffected discharge recession sequence by the use of
strongly hybridized genetic algorithm. Individual discharge recessional successions, distinguished by points of the same colour, are

gradually organized.

Conclusions

Construction of a master recession curve from
discontinuous recession segments is a difficult and
time-consuming task. However, description of re-
cession process by master recession curve (by for-
mulating of corresponding equation or set of equa-
tions) is a process that can only follow the assem-
blage of supposed most likely natural time series of
discharge recession. A new approach and computa-
tional tool described in a paper based on genetic
algorithm allows creation of the most probable
natural, unaffected recessional discharge sequences
in time, from which the master recession curves can
be constructed. Such assembling of recessional
discharge time series can help us to avoid obstacles
such as limited time-series datasets, incomplete

recessions, too many segments in many recessional
successions, complicated hydrograph shape in the
case of karstic springs, different time intervals of
observations (daily or weekly frequencies), short
time-series intervals, imprecise measurements, dif-
ferent types of datasets (averaged or instantaneous
data) or even rough (inaccurate) measurements of
discharges. The only type of discharge data set
without practical output solution of the method
presented is the constant discharge value in time,
which under real hydrological circumstances, how-
ever, doesn’t occur frequently and surely does not
represent any recession. Described algorithm was
implemented into a programme solution and this
implementation was successfully tested on a num-
ber of variable input discharge data in different
time series.
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Fig. 14. Result of the most probable unaffected discharge recession sequence assembling for the Dovalka karst spring in Muran
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Fig. 15. Result of the most probable unaffected discharge recession sequence assembling for the Cubochnianka stream gauging in

Lubochna (Slovakia).

After its development this method has been im-
plemented into freeware executable program that
allows its direct use in practice. Applicability of
strongly hybridized genetic algorithm method for
assembling of the most probable unaffected natural
discharge recession sequence and further master
recession curve creation is therefore at hand with-
out requirements on programming skills of hydrol-
ogists involved. It is possible to apply the evolu-
tional assembling of the discharge recession se-
guences within the RC 4.0 module in the freely

accessible HydroOffice software (http://www.
hydrooffice.org), developed by one of the authors.
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