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• How to identify 
different model 
parameters at best?

• Which performance 
criteria are suitable 
(under which 
conditions)?

Parameter identifiability analysis
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Hypotheses

Hypothesis A 
Suitable set of contrasting performance criteria allows accurate 
identification of all relevant model parameters.

Hypothesis B 
Parameter identifiability patterns are similar for dominant 
parameters of the same process group across different models
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Study settings

4 Models 
with different structures and complexities:
Raven-GR4J, HBV-Light, SWAT+, mHM

6 Catchments
from 3 geographical regions across Germany

Consistent model protocol
Same input data: 
• DEM, land use + soil map, 
• climatic time series
• Calculation of PET (used as input)
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Model flowchart with process grouping

SWAT+
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Method
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• Calculation of 19 different Performance 
Criteria 

• incl classical performance metrics and 
hydrological signatures 

• Categorized into five groups

19 Performance criteria
Flow Criteria Full name
Default KGE

NSE
Kling-Gupta-Efficiency
Nash-Sutcliffe-Efficiency

High Flow FDCQ90
HFfreq
FLI

RSR of Q>0.95
Days of high flows
Flashiness index

Mid Flow KGE_np
KGE_r
KGE_alpha
KGE_beta
FDCQ50
DE
MAE
RR

Non-parametric KGE
KGE correlation
KGE variability
KGE bias
RSR of Q30:Q70
Diagnostic efficiency
Mean annual error
Runoff ratio

Low Flow NSElog
FDCQ5
LFfreq
BFI

Logarithmic NSE
RSR of Q<0.5
Days of low flows
Baseflow index

Multi Variate MVsimple
MVcomplex

Best criteria of all groups
All performance criteria
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Novel index: Ident_quote

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 =
∑1𝑛𝑛𝐷𝐷𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ≥ 0.5

𝑛𝑛

𝐷𝐷𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 =
𝐷𝐷𝑖𝑖

𝐷𝐷𝑚𝑚𝑎𝑎𝑎𝑎
− 𝐷𝐷10

Dnorm = normalised parameter density
Di = parameter density

Dmax = maximum value of parameter density
D10 = 10% lowest density values
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Method
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Parameter identifiability plots for SWAT+

Maximum 
Dnorm < 0,5

Maximum 
Dnorm > 0,5

Parameter value 
of best run

Best performance 
value



10Guse et al.  - SWAT conference 2026

Parameter identifiability plots for SWAT+
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Parameter Ident_quote

• Subsurface storage:
• cn3_swf + awc identifiable by several criteria, from

mid + low flow + multi-variate criteria
• k hardly identifiable

• Subsurface flow:
• Alpha and perco identifiable by KGE_r
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Parameter Ident_quote

• Overland flow:
• Cn2 defined by several perf. crit.
• Surlag not identifiable

• Snow:
• Low-medium identifiability by couple of criteria, but 

not NSE or KGE

• ET:
• epco identifiable by mid + low flow criteria
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Parameter Ident_quote

• Almost all performance
criteria are useful for
some parameters

• Some parameters cannot
be identified by any of the
performance criteria

• Identifiability is more
model-specific than
process-specific
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Aggregation of ident_quote

• Process-based aggregation across all four models

Process Result
Overland flow • highest values for default criteria
Snow • not very clear-cut

• highest identifiability by KGE_r
ET • highest identifiability by mid- and low-flow

criteria
• stable results across models and 

catchments
Subsurface
storage

• high variability
• very parameter-specific

Subsurface flow • highest identifiability by mid flow criteria
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Performance criteria matter
• No outstanding set of performance criteria found
• Separate criteria required for high, mid and low flow

Processes matter
• Degree of identifiability varies among processes consistently across models
• Surface parameters (in particular ET parameters) are better identified than

subsurface parameters. 

Models matter
• Each of the tested models performs differently with different performance criteria
• Model specific settings of parameters more relevant than process assignment

Conclusion

Thank you for your attention –
Comments, questions etc now or to bguse@hydrology.uni-kiel.de
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