
The runoff regime is a product of the temporal variation of the water balance in a catchment 

area and is, therefore, influenced by all the factors that control runoff. Runoff regimes take 

into account the periodical discharge behaviour during the year, maximum and minimum flow 

periods, extreme flows over an extended observation period, and the frequency distribution of 

characteristic hydrological discharge values. For example, the knowledge of periodical occur-

rences of high or low-flows, or the reliability of a specific discharge for a given time or season, 

might be of special interest in water resources management (power stations, dilution of dis-

charges etc.). The given runoff regime is moulded by the natural boundary conditions and can 

be modified by anthropogenic influences in the river basin (e. g., weirs, bypasses).

There is a long tradition of research dealing with characterisation of rivers using runoff regimes. 

Pardé (1920, 1933) in France, Keller (1968) in Germany, Grimm (1968), Aschwanden & Wein-

gartner (1986) in Switzerland, or Mader et al. (1996) in Austria studied the flow characteris-

tics of rivers.

Overall, runoff regimes are dependent on a wide variety of factors (e. g. precipitation depth 

and distribution, geology, relief, soil properties, land cover, size of catchment area, evapo-

transpiration) that can influence the storage properties of a catchment area, their replenish-

ment, and depletion. When viewed in detail, these boundary conditions are individual for each 

catchment area. All regime analyses approaches, therefore, attempt to show similarities or dis-

tinguish among rivers and their basins using statistical figures for level and variability (runoff 

depth and discharge variability).

As first published by Pardé, the basis for most of the investigations are monthly mean val-

ues (Map 3.9), which are usually correlated with the long-term arithmetic mean (quotient 

MQ
month

/MQ, Pardé regime) and the timing and magnitude of the resulting minimum and maxi-

mum coefficients. Year diagrams composed of the twelve monthly values (Fig. 1 A) show char-

acteristic curves that can conventionally be classified by the influence of, e. g., dry periods, or 

runoff from glaciers (glacial) or snow cover (nival), or mainly rain (pluvial), with transitional 

types.

This recent investigation of the German rivers aims to show the characteristic runoff regime of 

regions in relation to the mean level as well as to its variability. The methods used are based 

on daily time series and allow for more detailed statistical analyses.

Methodology

The database for the present analyses is based on daily discharge values from gauges with long 

time series (1961–1990 and 1976–1989, respectively). Testing for comprehensiveness and plausi-

bility left approx. 470 datasets with 30-year time series and approx. 850 datasets with 14-year 

time series. The shorter time period was needed to somewhat alleviate the uneven spatial distri-

bution of available gauging records in Germany. The statistical values (e. g., mean values, quan-

tiles) naturally differ slightly from the long-term 30-year values, but relative figures and regional 

associations are still valid considering the reduced stability of the shorter time period.

There is usually a high dynamic in discharge time series associated with a high variability in 

time steps of days as well as years for example. Nevertheless, the time series show certain per-

sistence types that validate the term of “runoff regime”. The approaches with a monthly basis 

(the Pardé regime and comparable investigations) used so far consider only part of the issue. 

The convention of using monthly means – due to a certain compulsion for abstraction and to 

data that is often only roughly resolved temporally – allows a general characterisation of long-

term discharge behaviour (level). At such a high level of abstraction, admittedly arbitrary to a 

degree, variations from day to day or within different years cannot be taken into account. 

The new method, based on reference diagrams, quantifies the magnitude and variability of river 

discharge at a high temporal resolution using statistical level and variability values. To compare 

the curves of different gauges or basins and to eliminate the influence of differing catchment 

areas and runoff depths, daily discharge values are normalised with the long-term median of flow 

(Q
day

/Q
med

). Quantiles are simple and robust figures (hardly or not at all influenced by extreme 

values, which tend to be more error-prone) to describe the level of a distribution. The median 

is especially suitable for describing the mean discharge. Additionally, the graphic solution with 

bands around the median provides a measure for quantile distance, a common variability figure 

in statistics. Quantile distances are relatively robust in relation to other variability figures (e. g., 

standard deviation), since they are far less affected by extreme or missing values. Using the 

quantiles 10 %, 25 %, 75 %, and 90 % (Q10, Q25, Q75, and Q90), 80 % (Q90 – Q10) or 50 % 

(Q75 – Q25) of the anticipated discharge rates can be estimated. The bands are smoothed by a 

period of 20 days to achieve more stability in the diagrams and to ease comparability.

Aside from the diagram in the map, there is also a colour-coded grid visualisation of the time 

series for spatial analyses purposes. It allows for a representation of, e. g., daily values in a 

multi-year time series, expressed as coefficients Q
day

/Q
med

. In this way, it is possible to appre-

hend the discharge figures at any time scale of days, weeks, months, or years, and to identify 

the classical regime types, like glacial, nival, or pluvial, as well as highly dynamic or, instead, 

damped systems. Figure 1 shows the different representations of the runoff regime for a given 

gauge, which allow differing conclusions according to complexity.

Another aspect of the present investigation 

is the spatial association of similar runoff 

behaviour, i. e. adjacent catchment areas 

show comparable runoff regimes in terms 

of mean discharge around the year and of 

relevant variability. To segregate areas of 

similar behaviour, the results of cluster 

analyses have been used. Highly dimen-

sional cluster analyses on variables were 

conducted with median-standardised time 

series (and derived figures) using differ-

ent cluster algorithms and distance meas-

ures. Differing cluster methods and distance 

measurements yield differing results, which 

were used, for example, to identify errone-

ous or freak datasets that must be treated 

with caution during subsequent research or 

interpretation. The clustering produces spa-

tially coherent groups of gauging stations, 

but the number and size of clusters cannot 

be assessed by this method. For the purposes 

of clarification, therefore, cluster numbers 

of 20 to 30 were preferred. The clusters 

were tested randomly based on the 30 and 

14-year series, and further investigation to 

improve the spatial classification was car-

ried out. The drafted regions thus simulta-
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neously represent the result of these cluster analyses as well as subjective plausibility testing 

based, for example, on the reference diagrams. 

The regions comprise areas that can differ in the intensity of their reaction to a certain event 

like snowmelt, rain, or dry periods, but show very similar behaviour in the succession of vari-

ous flow conditions (e. g. phase out, floods, or low-flows).

Map Structures

Map 3.11 shows reference diagrams with the results of the frequency analyses of selected river 

gauging records. The 20-day-smoothed and median-standardised values of the median discharge 

Q
med

 are surrounded by the quantiles Q10, Q25, Q75, and Q90 in a year-round representation. 

The stated figure of the median specific discharge q
med

 provides a clue to the mean regional run-

off depth and – in combination with the diagram curves – allows for the calculation of specific 

discharges at any time. Additionally, the quoted catchment area A
E
 can be used to estimate the 

runoff of sub-basins or flows at given river stretches (Q = q
med

·A
E
/1000 in m3/s).

The selected reference diagrams represent gauging stations which, in their respective regions, 

show a typical pattern, i. e. are characteristic for the regional conditions. At the same time it 

was made certain that they possessed medium-size catchment areas of between around 200 to 

800 km2, since smaller catchment areas show more pronounced reactions to hydrometeoro logical 

events than larger ones. Large river basins tend to show damped runoff behaviour. Heavily influ-

enced (e. g. by flow regulation) gauging stations were avoided as far as possible. The magenta 

reference diagrams of the Rhine, Elbe, and Danube Rivers are exceptions, and show complex 

(allochthonous) regimes; they are represented due to their importance in water resources man-

agement and for comparison purposes. The Weser and Ems Rivers, on the other hand, maintain 

one regime from their sources almost all the way to their mouths at the North Sea coast. 

The regions of similar runoff characteristics show extensive agreement with the “hydrogeo-

logical regions” of the north German lowlands, German uplands, alpine foothills, and Alps 

(Map 5.1). There are discrepancies between the analysed gauging stations within the regions 

on Map 3.11, too: for example, the quantile discharge at given times, which, in a very detailed 

view, makes each catchment area individual. The rivers of a region usually show a closer simi-

larity in the consecutive series of different discharge states than in the absolute height of the 

quantiles: quantiles Q75 and Q90 especially can differ more widely.

The backgrounds of the reference diagrams are blurred coloured areas, which encompass 

roughly the areas of the reference diagrams (autochthonous regimes). Predominantly in the 

territory of the new Federal States (formerly East Germany), there is a lack of gauging sta-

tions with long-term time series, which leads to only rough regional classification, with gaps. 

Regions showing a pronounced damping of runoff variability (areas with sizeable Quaternary 

gravel deposits) are coloured differently. The special colour in the reference diagrams of the 

Rhine, Danube, and Elbe Rivers, like the colour bands, indicates the complex allochthonous 

regimes of these rivers.

On the map, the staggered alpine regions (and alpine foothills) stand out. Over a short distance, 

they show a rapid change from the high Alps to the foreland (changing impacts of ice and snow 

cover and the damping effect of large groundwater reservoirs in the glacial deposits). It is only 

in this sequence, with its pronounced variation in relief, that the classical regime types are seen 

in Germany; with the restriction that pure glacial regimes, as in Switzerland or Austria, are 

hard to Þ nd. Most of the territory of Germany can be allocated to the pluvial type (partly with 

nival effects in the higher uplands).

Practical Information

The reference diagrams are adapted to the calendar year to ease visual recognition of the curves 

and allow for international comparisons. The year-round discharge representation of different 

gauging stations exhibits differences between the classic regime curve representation and the 

reference diagrams. These differences appear in the temporal resolution as well as the repre-

sented mean discharge for a given time of the year. As expected, the computed daily coeffi-

cients in the reference diagrams often show wider amplitudes between maximal and minimal 

coefficients than the Pardé-type MQ
month

/MQ coefficients. Therefore, these reference diagrams 

or the values they contain cannot be compared directly with Pardé diagrams or similar, aggre-

gated evaluations on a monthly basis. Advantages of the new representation are the separation 

of state and variability (runoff depth and discharge variability) as far as possible, as well as 

a higher reliability of the anticipated discharge; particularly as extreme discharge events can 

usually be recorded only with considerable errors and are generally left out by the frequency-

analyses approach applied here.

There has been no indication of the characteristic regimes in relation to the influencing factors 

(glacial, nival, pluvial, etc.) or dependent on their location (oceanic or continental, Black Forest 

or Harz, etc.), because most of Germany corresponds to the pluvial type – with local nival influ-

ences as mentioned – and there are smooth transitions between the regions. Instead, the regions 

have been differentiated based on the obvious behaviours of different runoff damping.

The widespread agreement of the indicated regions with landscape segregations, which use 

subsurface geology as a main separation criterion confirms the huge influence of the storage 

properties of the ground and other catchment characteristics, like hydro meteorological bound-

ary conditions and elevation.

At least in a rudimentary way, this regime regionalisation can be used as a spatial segregation 

with regions of similar runoff characteristics and, therefore, runoff processes that are compa-

rable from a large scale view. The emphasis of this investigation is on average conditions, not 

on extremes of flood or low-flows.

Fig. 1  Representation of a 30-year time series of a gauging station: (A) regime after Pardé, 
(B) reference diagramm, (C) colour coded representation of daily values (Densborn at 

Kyll River)


