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Summary

In Poland there are several methods used for determination of the 
design flood hydrographs. Among the others, the method developed by 
Hydroprojekt is used. According to the authors’ knowledge, this method 
has not been published yet. The method assumes that the design flood 
hydrographs are to be determined based on the real registered floods in 
a given gauged cross-section. The method uses the random number gener-
ator from the range of (-0.1, 0.2) independently for time instants of the hy-
drograph rising and falling limbs. This enables that the hydrographs have 
different time courses at different peak discharges. The study analyses the 
results received from this method in comparison to the Cracow method, 
assuming that the model hydrograph is the rainfall hydrograph, unimodal 
with the biggest registered discharge. The Cracow Method is chosen as the 
most objective one because of the calculation procedures which enable to 
determine the average time course based on 8 biggest flood hydrographs, 
and this method enables to determine the design flood hydrograph volume 
during its construction based on the linear correlation. 

The comparative analyses were conducted for the reduced volume, 
i.e., flood volume at the discharges bigger than the peak discharge with 
given exceedance probability, Q50%. The comparison of rising times for the 
hydrographs determined with both methods was done as well. The com-
parisons were done for 11 gauged cross-sections located in the area of the 
Upper Vistula catchment and they included the rivers of different nature: 
mountainous, sub-mountainous, upland and lowland. The analyses were 
unsuccessful for the Hydroprojekt method. Similar to other methods where 
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the base for the design flood hydrograph determination is one flood hydro-
graph, both the flood volume and the rising time in most cases are different 
from the average conditions determined with the Cracow method. When 
using a model hydrograph with the highest recorded peak discharge, the 
Hydroprojekt method does not perform well and rather should not be used. 
 
Key words: design flood hydrograph, Cracow method, Hydroprojekt method.

INTRODUCTION

Design flood hydrograph is a concept introduced for the design purposes 
in water management and hydro-engineering. In fact, such floods do not occur 
because their shape does not result directly from the catchment runoff formation 
genesis but from the adopted reality reflection method for the design purposes. 

Design flood hydrographs, contrary to the real design and control water 
discharges, include the additional information on the flood volume and hydro-
graph. Thanks to the information related to the hydrograph, it is possible to do 
the flood routing transformation calculation in a river channel or through the 
reservoir while considering the existing or planned retention and taking into ac-
count the existing flood prevention facilities (Linsley et al. 1975; Pilgrim 2001). 
The hydrograph successfully supersede the real design and control water dis-
charges in the design process. At the present moment, they are mainly applied in 
the widely understood flood risk (Apel et al. 2006; Vrijling et al., 1998). Starting 
from the spatial risk assessment (Ernst et al. 2010), to the assessment of loss in 
life and property (Jonkman et al. 2008). Year by year the applicability range of 
this type of hydrographs is extending. 

In our country, the most widely used method for determination of the de-
sign flood hydrographs is the Reitz and Kreps’ method, although it dates back to 
1945. It is very popular with the designers and it is still the basic one, apart from 
many objections made against it (Gądek and Środula 2014). Other methods such 
as two Strupczewski’s methods (1964) and similar McEnroe method (1992), like 
the Reitz and Kreps method, use only a single maximum flood for determining 
the parameters of the discharge hydrograph. However, these methods are used 
very seldom. On the second place, as far as the applicability is concerned, the 
Warsaw University of Technology method is used (Gądek 2012b). The method 
requires for calculation at least 6 biggest registered floods. The youngest meth-
od, the Cracow method, in our opinion the best one, is still poorly promoted and 
therefore seldom used. There are also some attempts for using the hydrological 
models for determining the floods of this type (Wałęga 2013; Gądek et al. 2012). 
In the above-mentioned solutions, it is assumed that the exceedance probability 
of 24-hour maximum rainfall is the same as the probability of peak flow. The 
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problems that are not solved properly enough, are as follows: application of dai-
ly rainfall instead of 24-hour one, lack of rules for time determination for the 
rainfall with given exceedance probability (Szalińska and Otop 2012). And what 
is the most important, there is no indication as for what maximum catchment 
area these solutions can be used. Perhaps the solution is to apply the integral 
hydrological models with the distributed parameters (Ozga-Zielińska et al. 2003; 
Gądek et al. 2001; Downer et al. 2000) or complementation of rainfall-runoff 
hydrological model with the hydro-dynamic model or with any other hydrologi-
cal model considering the flood routing transformation in the river channel. And 
finally, there are no developed methods for calculation verification, including 
the indirect methods for determination of the peak discharges with given ex-
ceedance probability (Banasik et al. 2012). It is possible to do the flood volume 
verification for the cross-sections located in the area of Upper Vistula catchment. 
Modelling as a supportive method is useful and recommendable.

The presented arguments are the reason that traditional determination 
methods for design flood hydrographs will be still used. The aim of this pub-
lication is to present the Hydroprojekt method that according to our state of 
knowledge has not been published yet, although it was developed a quarter of 
a century ago. The evaluation of this method was conducted as the comparison 
of the results obtained from it to the values calculated with the Cracow method. 

THE HYDROPROJEKT METHOD

The Hydroprojekt method for determination of the design flood hydro-
graphs was developed in 1989 (CPBR, 1989). This method, contrary to the other 
above-mentioned methods, has in its assumption the maximum adjustment to 
the real registered floods. The assumption is realised by determination of hydro-
graphs from the collection of historically registered floods of similar nature and 
the same origin, e.g., the unimodal and bimodal rainfall floods, uni – or bimodal 
snowmelt floods etc. They are elaborated as a result of random generation of 
the flood duration in the rising limb and falling limb of the hydrograph. While 
choosing the model flood hydrograph you can use one of the following three 
criteria: 

• the biggest flow in the peak of the real flood, 
• maximum flood similar to the maximum discharge given for the design 

flood hydrograph, 
• typical shape of the real flood. 
Hence, the methods using a single maximum flood for determining the 

flood parameters and route (Reitz and Kreps, 1945; Gądek 2014; Strupczewski, 
1964; McEnroe, 1992) and the methods requiring a few floods (Gądek 2012a) 
are combined. The route of rising limb and falling limb of the hydrograph is 
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determined independently with using the random number generator from the in-
terval ( – 0.1; 0.2 ), that enables time modification of the design flood hydrograph 
in relation to the real time course. 

For the rising limb, the time coordinates are calculated from the correlation:

where: 
 – time coordinates of the design flood hydrograph for the rising limb (h),
 – time coordinates of the real flood for the falling limb (h),

G1 – random number from the interval (-0.1, 0.2) settled based on the inde-
pendent drawings for the rising limb of the design flood hydrograph (-),

Qmaxp% – peak discharge with given exceedance probability for the design 
flood hydrograph (m3s-1),

Qmax – peak discharge of the real hydrograph (m3s-1),
i – time step number.
Discharge values for the rising limb are indicated by the formula

where: 
 – discharge values for the design flood hydrograph determined with the 

time coordinates  (m3s-1),
 – initial discharge values for the rising limb of the real flood (m3s-1),
 – discharge values for the real flood (m3s-1).

For the falling limb the time and discharge coordinates are determined in 
the similar manner.

where: 
 – time coordinates of the design flood hydrograph for the falling limb(h),
 – time coordinates for the falling limb of the real flood (h),

G2 – random number from the interval (-0.1; 0.2) settled based on the inde-
pendent drawings for the falling limb of the design flood hydrograph (-).

Discharge values for the falling limb are determined by 

where: 
 – discharge values for the design flood hydrograph determined with the 

time coordinates for the falling part(m3s-1),
 – final discharge values for the falling limb of the real flood (m3s-1).

(1)

(2)

(3)

(4)
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THE CRACOW METHOD

The Cracow Method was developed in Faculty of Hydrology, Institute of 
Water Engineering and Water Management, Cracow University of Technology 
in 2010 (Gądek 2010, 2012a). This method requires in a given gauged cross-sec-
tion to have at least 8 big uni-modal floods registered and it is realised while 
applying the following assumptions: 

• rising time and falling time are treated as independent; 
• unit hydrograph, UHJ, is determined based on 8 sub-basin hydrographs;
• there is a linear correlation between the flood duration tb and the rising 

time tk, tb = f(tk) (Fig. 1a);
• there is a correlation of the flood reduced volume on the maximum 

reduced discharge volume Vzred = f(Qzred) = f(Qmax – Q50%) (Fig. 1b); 
the flood reduced volume is understood as the flood volume above the 
limit discharge Q0 = Q50%; 

• the design flood hydrograph is settled based on: unified average unit 
hydrograph (UHJ), for the volume determined from the correlation 
Vzred = f(Qzred) for a given value of peak discharge in the peak, the re-
lationship between the flood duration and the occurrence time of peak 
discharge tb = f(tk) in a given gauged cross-section.

Figure 1. Correlation: a) of the base time tb and the rising time tk for the floods  
considered in the calculations, b) of the reduced volume Vzred and the reduced  

discharge Qzred; source: (Gądek 2012a)

To obtain a standard unit hydrograph of the flood, it is necessary to normal-
ise the discharges and the flood duration. In the dimensionless form, the height 
of peak discharge is accepted as 1 and for each normalised time coordinate ti is 
within the range from 0 to 2.
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The time coordinates ti take the values as follows: 
• for the rising limb – tk: ti = 0.0; 0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9; 0.95; 1.0;
• for the falling limb – to: ti = 1.05; 1.1; 1.2; 1.3; 1.4; 1.5; 1.6. 1.7; 1.8; 1.9; 2.0.
The individual values qi are obtained from the formula:

where:
Qmax is the value of the flood peak discharge (m3∙s–1),
Q50% is the value of the annual peak discharge with given exceedance prob-

ability p = 50% (m3∙s–1).
In the second stage, the resultant unified design unit hydrograph UHJ is 

constructed. It is created as a result of averaging the unit discharges qi for each 
normalised time step ti. The design unit hydrograph formed as a result of these 
operations is the base for determination of proper theoretical flood wave. 

CHARACTERISTICS OF SELECTED CATCHMENTS

The comparative calculations were done for 11 gauged cross-sections lo-
cated in the area of the Upper Vistula catchment. The selected catchments rep-
resent areas with different sizes and topography, whereat it was attempted that 
the catchments represented mountainous, sub-mountainous, upland and lowland 
regions. For testing the following catchments were chosen: 

• Żylica river – Łodygowice water gauge, 
• Wieprzówka river – Rudze water gauge,
• Uszwica river – Borzęcin water gauge,
• Koprzywianka river – Koprzywnica water gauge,
• Nida river – Brzegi water gauge,
• Biała river – Koszyce Wielkie water gauge,
• Dunajec river – Żabno water gauge,
• San river – Rzuchów water gauge,
• Poprad river – Stary Sącz water gauge,
• Wisłok river – Mielec water gauge,
• Vistula river – Zawichost water gauge.
Their short characteristics are presented in Table 1.
Discharge quotient IQp% calculated as 

where:
• IQp% quotient of annual peak discharges with given exceedance  

probability p;
• Q1%, Q50% annual peak discharge with given exceedance probability p (m3∙s–1).

(5)

(6)
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Table 1. Short characteristics of river catchments selected for comparative calculations.

River – water gauge Catchment area (km2) IQp% (%)

Żylica – Łodygowice 48 6.2
Wieprzówka –Rudze 154 3.8
Uszwica –Borzęcin 265 5.3
Stary Sącz – Poprad 2071 4.1

Żabno – Dunajec 6735 5.19
Biała – Koszyce Wielkie 957 6.3

Wisłoka – Mielec 3893 3.1
Nida – Brzegi 3359 4.5

Koprzywianka – Koprzywnica 498 3.4
San – Rzuchów 12180 2.8

Wisła – Zawichost 50732 3.4
Source: own study.

RESULTS

The calculation results for particular water gauges are arranged from 
the mountainous catchment, through the sub-mountainous catchments, then 
upland and lowland ones, and ending with the gauged cross-section of Zaw-
ichost on the Vistula river. The examples of these calculations are shown in the  
following figures. 

Source: own study

Figure 2. The design flood hydrograph determined with the Cracow method, Q_mk, 
and with the Hydroprojekt method, Q_mH, in the gauged cross-sections. 
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Source: own study

Figure 3. The design flood hydrograph determined with the Cracow method, Q_mk, 
and with the Hydroprojekt method, Q_mH, in the gauged cross-sections. 

Source: own study

Figure 4. The design flood hydrograph determined with the Cracow method, Q_mk, 
and with the Hydroprojekt method, Q_mH, in the gauged cross-sections. 

In the comparative analysis of the Cracow method with the Hydroprojekt 
method, the value of peak discharge height of the design flood hydrographs is 
assumed as the peak discharge with the exceedance probability p=1%. As the 
selection criterion for the model hydrograph for the Hydroprojekt method, the 
following was applied: the highest registered uni-modal rainfall-driven hydro-
graph. The individual design flood hydrographs have been summarised as for the 
reduced volume of the flood and the rising time (table 2). 

The relative deviation for the reduced volume evaluation was calculated in 
relation to the values obtained from the Cracow method, from the formula:

(7)
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where:
Dev – the relative error of the design flood hydrograph reduced volume 

evaluation (%),
VmH – the reduced volume calculated for the design flood hydrograph deter-

mined with the Hydroprojekt method (106 m3),
Vmk – the reduced volume calculated for the design flood hydrograph deter-

mined with the Cracow method (106 m3).
Similarly, the deviation for rising time was calculated.

where:
tmH – rising time of the design flood hydrograph in the Hydroprojekt  

method (h),
tmk – rising time of the design flood hydrograph in the Cracow method (h). 

SUMMARY AND CONCLUSIONS

By definition in the Hydroprojekt method, the determined design flood hy-
drographs are to reflect the real hydrographs registered in the given measuring 
cross-section. Method of selection of suitable hydrographs is not clearly formu-
lated. In general, typical flood hydrographs have much lower peak discharges 
than the constructed design flood hydrographs, so it is hard to claim whether 
these hydrographs are representative. The assumption of the maximum discharge 
similar to the maximum given discharge for the design flood hydrograph is also 
difficult for the realisation due to the fact that several design flood hydrographs 
are constructed, for various maximum exceedance probabilities, while the mod-
el flood hydrograph should be only one. The last criterion for the model flood 
hydrograph selection, i.e., the flood hydrograph with the highest peak discharge, 
was used in the analysis conducted. Unfortunately, the results are not satisfacto-
ry. The volume overestimation of the Hydroprojekt hydrograph in relation to the 
Cracow method reaches in case of Zawichost to almost 100%. The best results 
have been obtained for the mountainous catchments. In over 50% of catchments, 
the flood volume was underestimated or overestimated above 25%. It provides 
evidence of high sensitivity to the selection of the model hydrograph. Clarifica-
tion of rules for determination of the typical hydrograph indication for a given 
cross-section may significantly improve the quality of generated design flood hy-
drograph. This method, using the model hydrographs with the highest discharge, 
does not perform well and rather should not be used. 

(8)
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Table 2. Parameters of the design flood hydrograph determined with the Cracow meth-
od and with the Hydroprojekt method

River –  
water-gauge

Calculation parameter of design  
flood hydrograph

Cracow 
method

Hydroprojekt 
method

Dev
(%)

Żylica –  
Łodygowice 

the reduced volume of the flood, 106 m3 4.70 4.02 -14.5
rising time, h 16 17 6.3

Wieprzówka –  
Rudze

the reduced volume of the flood, 106 m3 8.87 8.55 -3.6
rising time, h 15 12 -20.0

Uszwica –  
Borzęcin

the reduced volume of the flood, 106 m3 33.0 45.3 37.3
rising time, h 29 28 -3.4

Stary Sącz –  
Poprad

the reduced volume of the flood, 106 m3 73.2 121.6 66.1
rising time, h 28 47 67.9

Żabno –  
Dunajec

the reduced volume of the flood, 106 m3 486 565.5 16.4
rising time, h 56 30 -46.4

Biała –  
Koszyce Wielkie

the reduced volume of the flood, 106 m3 23.1 18 -22.1
rising time, h 35 27 -22.9

Wisłoka –  
Mielec 

the reduced volume of the flood, 106 m3 95.0 117.4 23.6
rising time, h 34 28 -17.6

Nida –  
Brzegi

the reduced volume of the flood, 106 m3 48.8 48.3 -1.0
rising time, h 29 29 0.0

Koprzywianka –  
Koprzywnica

the reduced volume of the flood, 106 m3 9.27 4.34 -53.2
rising time, h 31 22 -29.0

San –  
Rzuchów

the reduced volume of the flood, 106 m3 269.4 374.1 38.9
rising time, h 85 140 64.7

Wisła –  
Zawichost

the reduced volume of the flood, 106 m3 795.0 1566.0 97.0
rising time, h 41 73 78.0

Source: own study.
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