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    Chapter 15   
 Mean Daily Discharge and Discharge 
Variability 

             Winfried     Willems     ,     Georg     Kasper    ,     Peter     Klotz    ,     Konstantin     Stricker    , 
and     Astrid     Zimmermann   

    Abstract     Long-term discharge characteristics and their variability provide basic 
information on the availability of surface water. Because discharges are measures at 
a limited number of gauges within a drainage network, a regionalisation procedure 
is needed in order to get a complete picture of the spatial distribution of discharge 
in the catchment. The following discharge characteristics are taken into account 
here: minimum discharge (NQ), 25th percentile (Q25), 50th percentile (Q50), mean 
discharge (MQ), 75th percentile (Q75) and maximum discharge (HQ). The region-
alisation method developed is based on the close statistical relationship between the 
logarithmic cumulative stream length and the logarithmic discharge characteristic 
in the Upper Danube drainage basin. All measures are calculated for the reference 
period from January 1980 to December 1999. Map  15.1  presents the regionalised 
mean discharge MQ and its variability, determined from the quotient of regionalised 
values of NQ and HQ. Primarily, it is alpine tributaries such as the Iller, Lech, Isar 
and Inn Rivers that infl uence the drainage patterns of the Danube.  

  Keywords     GLOWA-Danube   •   Long-term discharge characteristics   •   Regionalisation   
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15.1         Introduction 

 The term discharge refers to the volume of water per unit time that fl ows through a 
defi ned cross-sectional area within a stream. Discharge rate is given by dividing by 
the appropriate area of the drainage basin. The regional patterns of distribution for 
the mean annual discharge provide the basic data on the availability of surface 
water. Information about the range of the discharges at a given site describes the 
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  Map 15.1    Mean daily discharge and discharge variability (Data sources: DANUBIA – river 
network; Discharge Data © Bayerisches Landesamt für Umwelt,   www.lfu.bayern.de    ; State Offi ce 
for the Environment, Measurements and Nature Conservation Baden-Württemberg (LUBW), 
Karlsruhe, 1999; Austrian Federal Ministry for Agriculture, Forestry, Environment and Water 
Management, BMLFUW, Vienna, 1999, Jarvis et al.  2008 )       
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discharge variability that is calculated here using the quotient of fl ood discharge 
(HQ) and low fl ow discharge (NQ). 

 Discharges are measured at a limited number of gauges within a drainage net-
work. If discharge values are required for unmeasured cross-sectional areas, then an 
appropriate transfer of the measurements is needed (regionalisation). As a result, the 
discharge values (MQ, HQ, etc.) can be determined for every required point within 
the drainage network using the regionalisation method developed for the surface 
water subproject. An additional step yields the discharge variability for the entire 
Upper Danube drainage basin. This also provides the input data for the model 
parameterisation for the surface water subproject (see Chap.   29    ). The regionalisa-
tion method allows statements to be made about the runoff characteristics of unob-
served sections in the drainage network. This evidence can be used in the planning 
of hydraulic engineering facilities, for industrial, public and private water consump-
tion or for river navigation purposes. Signifi cant changes in mean discharges and 
discharge variabilities that are induced by global climate change, for example, may 
lead to far-reaching consequences within the environment. There are already trends 
in the changes in discharge data that can be detected today (KLIWA  2000 ).  

15.2     Data Processing 

 The establishment of the regionalisation method requires discharge data from as 
many gauges as possible within the drainage basin. Thus, series of mean daily dis-
charge are used as data base that have been made available from the Bavarian State 
Offi ce for the Environment (Bayerisches Landesamt für Umwelt = LfU); the Baden- 
Württemberg State Offi ce for the Environment, Measurements and Nature 
Conservation (Landesanstalt für Umwelt, Messungen und Naturschutz Baden- 
Württemberg = LUBW); and the Austrian Federal Ministry for Agriculture, Forestry, 
Environment and Water Management (Bundesministerium für Land- und 
Forstwirtschaft, Umwelt- und Wasserwirtschaft Österreich = BMLFUW). These 
series of data were fi rst used to calculate principal primary statistics for hydrologi-
cal variables (e.g. minimum discharge NQ, mean discharge MQ, peak discharge 
HQ) for each gauge. Then regression equations were compiled in order to region-
alise these aggregated values based on general and area-wide features. Figure  15.1  
shows the values for NQ, MQ and HQ determined using the series of data on mean 
daily discharges for the period from January 1980 to December 1999.   

 The regionalisation method developed within the surface water subproject for 
determining discharge values is based on the close statistical relationship between 
the logarithmic cumulative fl ow length (LC) and the logarithmic discharge ( Q ) in 
the Upper Danube drainage basin.

  
Log Log LCQ c c( )= + ⋅ ( )1 2    

Figure  15.2  shows this relationship based on the mean discharges (MQ) in a log-log 
graphical representation. The coeffi cient of determination here is 0.95.  
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  Fig. 15.1    Minimum (NQ), mean (MQ) and peak discharge at selected gauges       

  Fig. 15.2    Regression between the cumulative stream length and mean daily fl ow       
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 The parameters c1 and c2 for the following six hydrological variables are given 
in Table  15.1 : minimum discharge (NQ), 25th percentile (Q25), 50th percentile 
(Q50 is equivalent to the median), mean discharge (MQ), 75th percentile (Q75) and 
peak discharge (HQ). The hydrological variables for each point in the Upper Danube 
drainage network can be calculated based on the regression parameters, since the 
cumulative fl ow lengths are known for each point.

15.3        Results 

 The regionalised mean discharge (MQ) and discharge variability, determined from 
the quotient of regionalised values of NQ and HQ, are presented. The mean dis-
charge is classifi ed into fi ve categories that are represented by different line thick-
nesses. Discharge variability is divided into six classes. These variabilities are 
distinguished on Map  15.1  by different colours. 

 Mean discharge increases with increasing size of the drainage basin. Where trib-
utaries merge with the main watercourse, there is a signifi cant increase in discharge. 
Primarily, it is alpine tributaries such as the Iller, Lech, Isar and Inn rivers that infl u-
ence the runoff characteristics of the Danube. Thus, in early summer, extreme dis-
charges from alpine snowmelts occur that can lead to high water levels in the 
Danube. However, also the infl ows from northern low mountain ranges and low-
lands contribute to elevated discharges in the Danube during long-lasting rainfalls. 
In addition to spatial variability, the range of the discharges also varies. There are 
highly variable discharges in the smaller drainage basins and in the headwaters of 
the water bodies. Variability decreases with increasing size of the drainage basin, 
because extreme situations can be better compensated for.     
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  Table 15.1    Parameter 
estimates  c  1  and  c  2  of the 
regression between 
logarithmic cumulative 
stream length (LC) and 
logarithmic discharge (Q)  

 Q   c  1    c  2  

 Ln NQ  −10.933793  0.9711137 
 Ln Q25  −9.029499  0.9024768 
 Ln Q50  −8.325971  0.8747306 
 Ln MQ  −7.562846  0.8350463 
 Ln Q75  −7.480112  0.8410268 
 Ln HQ  −2.717849  0.6481749 
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