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Assumptions of 

traditional LFFA (i.i.d.)

Are the traditional 

assumptions still 

valid?

• climate change, 

• different generating 

processes for low flow

• possibly correlated data

Low flow 

❑ For catchments with significant trends, non-stationary analysis is preferred for low-flow 

estimation.

❑ The mixture model primarily reflects the dominant season (assuming independence). However, 

in catchments with more balanced or mixed low-flow regimes, the mixture distribution can 

provide a better estimate than the common block-minimum approach.

❑ The mixture copula and mixture distribution models yield similar results when summer-winter 

correlation is weak and moderate, but the results may differ in catchments with strong inter-

seasonal dependence.

❑ Non-stationary approach can reflect the temporal shift in low-flow behaviour over time (e.g. 

Q100).

1. Stationarity

2. Process homogeneity

3. Gap
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Data: 

• 154 catchments 

in Austria,

• Minimum 

annual & 

seasonal flow

(MAM(7-day))

• Period : 1977 - 

2020

Question: How to extend low-flow 

frequency analysis for mixed summer or 

winter regimes to non-stationary 

regimes??

Approach 1: Stationary Weibull3 model with 

mixed distribution
Approach 2: Non-stationary Weibull3 model - temporal comparison 

between the midpoint and final year of the observation period

Application: Non-Stationary Weibull3 model - Q100 estimates 

across all observation years

Approach 3: Stationary Weibull3 Model with mixed 

distribution and Gumbel-Hougaard Copula

(1.) Data preprocessing: separation of MAM(7-day) for 
summer (April – Nov) and Winter (Dec – March)

(5.) Mixture Weibull distribution

stationary 𝑭𝒎𝒊𝒙 𝒒 = 𝟏 − 𝟏 − 𝑭𝒔(𝒒) 𝟏 −  𝑭𝒘(𝒒)

non stationary

𝑭𝒎𝒊𝒙 𝒒, 𝒕 = 𝟏 − 𝟏 − 𝑭𝒔(𝒒, 𝒕) 𝟏 −  𝑭𝒘(𝒒, 𝒕)

(6.) Mixture Weibull distribution copula 
(accounting for dependencies)

stationary 

 𝑭𝒎𝒊𝒙,𝒄 𝒒 =  𝑭𝒔 𝒒 + 𝑭𝒘 𝒒 − 𝑪 𝑭𝒔 𝒒 , 𝑭𝒘 𝒒

non stationary

𝑭𝒎𝒊𝒙,𝒄 𝒒, 𝒕 =  𝑭𝒔 𝒒, 𝒕 + 𝑭𝒘 𝒒, 𝒕 − 𝑪 𝑭𝒔 𝒒, 𝒕 , 𝑭𝒘 𝒒, 𝒕

(3.) Weibull 3 parameters (MLE) distribution fitting 

stationary 𝑾𝑬𝑰𝟑 𝒙:  𝝁, 𝝈, 𝝃  , where 𝒙 >  𝝁, 𝝈 > 𝟎, 𝝃 > 𝟎

non stationary 𝑾𝑬𝑰𝟑 𝒙:  𝝁(𝒕), 𝝈, 𝝃  → 𝝁 𝒕 = 𝜷𝟎 + 𝜷𝟏(𝒕) 

where 𝒙 >  𝝁 𝒕 , 𝝈 > 𝟎, 𝝃 > 𝟎

E
x
a
m

p
le

 o
f 

lo
w

 f
lo

w
 i
m

p
a
c
ts

Accurate low-flow frequency information 

is crucial for effective water management 

and minimising the impacts of extreme 

low flow on ecosystems, the economy, 

and society, especially during dry 

periods. 

MAM(7-day) Summer Winter

Trend 24 18

No trend 76 82

Table 1. Trend test (%)

MAM(7-day) Summer Winter

Increasing trend 46 89

Decreasing trend 54 11

Table 2. Sen’s slope (%)

Table 3. Mixture rate 

Seasonality Catchment (%)

winter dominated 28

mix seasonality 18

summer dominated 54

τ Catchment (%)

Low ( τ < ± 0,3) 36

Moderate 

(± 0,3 ≤τ ≤ ±0,7)

64

High (τ > ± 0,7) -

Table 4. Correlation summer and winter

Kendall tau Spearman rho Mixture rate

0,48 0,61 0,52

Table 5. General statistics

Test case: Catchment Stauf Voeckla at Traun

Table 6. Model selection via trend testing and 

comparative analysis (LR test, AIC, AICc, BIC)

MK test Approach

Summer significant non-stationary

Winter not significant stationary

• Extreme low flows 

decrease as return 

period increase

• Mixed summer–winter 

regimes

• The mixture model 

captures the lowest 

seasonal extremes, 

yielding the most 

conservative estimates.

The Q100 regime shifted 

from winter dominance 

to a mixed pattern, and 

eventually to summer 

dominance over time.

Moderate inter season 

correlation -> weak 

dependance -> similar 

result from the Mix and 

MixCopula model

Shift in the low flow-regime: 

both winter and summer 

low flows have decreased 

over time (1998 vs 2020).

Midpoint 1998 

(dashed lines)

Endpoint 2020 

(solid lines)
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