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A1: Translation of original assessment modules to continuous value function 

Table A1: Original assessment with five color-coded quality classes for the example of orthophosphate 

(PO4
3-

) according to the nutrient module of the Swiss modular concept (Liechti, 2010) and its 

translation to a continuous value scale assuming an equal width of each class. 

Assessment 

class 

Phosphate 

PO43- [mgP/L] 

value scale degree of 

fulfillment of 

the objective 

high 0      - <0.02    1   – 0.8 100% – 80% 

good 0.02 - <0.04 <0.8 – 0.6 <80% – 60% 

moderate 0.04 - <0.06 <0.6 – 0.4 <60% – 40% 

poor 0.06 - <0.08 <0.4 – 0.2 <40% – 20% 

bad >= 0.08 <0.2 – 0 <20% –   0% 
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Fig. A1: Translation of the phosphate assessment in mgP/L to the continuous value scale based on 

class boundaries given by the original assessment and linear interpolation between class boundaries.  
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A2: Objectives hierarchy for nutrient assessment 

 

Fig. A2: Objectives hierarchy for the aggregation of different nutrients to attain the nutrient evaluation 

for a given reach. Dark gray represents mandatory parameters; light gray represents optional 

parameters.  
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A3: Nutrient assessment model 

 

Nutrient valuation data at observation sites were used to estimate coefficients of a logistic 

regression model for extrapolation of nutrient valuations to all reaches in the catchment. This 

resulted in the following extrapolation formula 

𝑣nutrients =
1

1 + exp(−1.22 + 4.72 ∙ 𝑓𝑤𝑤 + 0.00458km2 ∙ 𝑑cow + 0.0219 ∙ 𝑓agri)
 

where 𝑣nutrients is the degree of fulfillment of the objective of reaching a “natural nutrient state”, 

𝑓𝑤𝑤 is the fraction of waste water in mean river discharge, 𝑑cow is the density of cattle in the 

upstream subcatchment in units of “cow equivalents” per km2, and 𝑓agri is the fraction of crop 

land including orchards and wineyards also in the upstream subcatchment (FOEN, 2014; FSO, 

2008; swisstopo, 2010). Note that the value of 𝑣nutrients (degree of fulfillment of the objective 

“natural nutrient state”) decreases with increasing values of all influence factors 𝑓𝑤𝑤, 𝑑cow and 

𝑓agri. 
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Fig. A3: Exemplary aggregated nutrient state prediction for the Mönchaltdorfer Aa catchment. Panes 

show comparisons of observed vs. fitted data, top left: catchment data vs. catchment calibrated model; 

top right: catchment data vs. Swiss plateau calibrated model; bottom left: Swiss plateau data vs. 

catchment calibrated model; bottom right: Swiss plateau data vs. Swiss plateau calibrated model 
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A4: Calculation of the insecticide landuse index UIAR 

As a rough proxy to assess the micropollutant state we use a landuse index 𝑈𝐼𝐴𝑅 that quantifies 

the proportion of the different crops and urban area in the catchment weighted by an estimation 

of their contribution of insecticides  

𝑈𝐼𝐴𝑅 = 𝑓urban𝑢 +∑𝑓crop𝑖𝑛𝑖
𝑖

 

where 𝑓urban is the proportion of urban area in the upstream subcatchment, 𝑢 = 0.6 is a factor 

that quantifies the relative contribution of insecticides from urban areas (Vermeiren et al., 

submitted), 𝑓crop𝑖 is the proportion of crop 𝑖 in the catchment and 𝑛𝑖 is the average number of 

insecticide treatments of this crop per year with 

𝑛orchards = 3.10, 𝑛vegetables = 2.66, 𝑛rapeseed = 1.82, 𝑛potatoes = 0.44, 𝑛legumes = 0.38, 

𝑛vineyards = 0.37, 𝑛beets = 0.07, 𝑛grains = 0.03, 𝑛corn = 0.01 (FOEN, 2014; FSO, 2008; 

Spycher et al., 2015; swisstopo, 2010).  
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A5: Correlation of biotic indices with catchment scale assessment at monitoring 

sites 

Table A2: Statistical test results on the relationship between one of two biotic indices (IBCH or Fish 

Assessment) and catchment scale assessments of five objectives and their different alternatives, for 

subcatchments delineated upstream of 193 biotic monitoring sites in the Toess, Mönchaltdorfer Aa, 

Suhre and Broye catchments. Selected alternatives for each criterion shown in bold font. 
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A6: Correlation among spatial criteria 

Table A3. Correlation coefficients among recommended versions of the spatial criteria. The lower left 

half (gray shaded) shows correlations from 182 subcatchments based on biotic monitoring sites, while 

the upper right half shows correlations from 42 manually selected subcatchments; significant 

correlation coefficients (p < 0.05) are highlighted in bold. 

 

 

A5 to A8: Visualizations of reach scale assessments and spatial criteria for all 

four catchments (see separate pdfs). 



Stream Order
order

1
2
3
4
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Nutrient State
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Micropollutant State
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poor
bad



Ecological State
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poor
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weight_mean_reach_state = 0.46
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good
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poor
bad
stream order:
1
2
3
4



weight_frac_good_state = 0.24
good: >=0.6
bad: <0.6
stream order:
1
2
3
4
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reachable non−headwater
reachable headw.
artificially not reachable
naturally not reach.
artificial barrier
natural barrier
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“Ecological assessment of river networks: from reach to catchment scale” 
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high
good
moderate
poor
bad
culvert
artif. barrier
nat. barrier



Nutrient State

high
good
moderate
poor
bad



Micropollutant State

high
good
moderate
poor
bad



Ecological State

high
good
moderate
poor
bad



weight_mean_reach_state = 0.58

high
good
moderate
poor
bad
stream order:
1
2
3
4
5
6



weight_frac_good_state = 0.55

good: >=0.6
bad: <0.6
stream order:
1
2
3
4
5
6



frac_reach_headw_culvert_trout = 0.69
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Kuemmerlen et al., 2018.
“Ecological assessment of river networks: from reach to catchment scale” 
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high
good
moderate
poor
bad
culvert
artif. barrier
nat. barrier



Nutrient State

high
good
moderate
poor
bad



Micropollutant State

high
good
moderate
poor
bad



Ecological State

high
good
moderate
poor
bad



weight_mean_reach_state = 0.5

high
good
moderate
poor
bad
stream order:
1
2
3
4
5



weight_frac_good_state = 0.26

good: >=0.6
bad: <0.6
stream order:
1
2
3
4
5



frac_reach_headw_culvert_trout = 0
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reachable non−headwater
reachable headw.
artificially not reachable
naturally not reach.
artificial barrier
natural barrier
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Kuemmerlen et al., 2018.
“Ecological assessment of river networks: from reach to catchment scale” 
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high
good
moderate
poor
bad
culvert
artif. barrier
nat. barrier



Nutrient State

high
good
moderate
poor
bad



Micropollutant State

high
good
moderate
poor
bad



Ecological State

high
good
moderate
poor
bad



weight_mean_reach_state = 0.61

high
good
moderate
poor
bad
stream order:
1
2
3
4
5
6



weight_frac_good_state = 0.54

good: >=0.6
bad: <0.6
stream order:
1
2
3
4
5
6



frac_reach_headw_culvert_trout = 0
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naturally not reach.
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1
2
3
4
5
6
7
8
...
12174

bad

barriers:
artificial
natural



int_hab_div = 0.5

type:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
state:
good
bad




