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Abbreviations -  pdf: probability density function, P: phosphorus, SRP: soluble reactive phosphorus, SS: suspended sediment, TP: total phosphorus, TDP: total dissolved phosphorus
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Freshwater eutrophication is often 
driven by excessive phosphorus inputs

Models vary in their type, complexity 
and suitability for different tasks:

Possible uses:
• Integrate effects of multiple drivers
• Explore possible futures
• Help set water quality objectives
• Time to achieve improvements
• Explore trade-offs and uncertainties

Developed by Whitehead et al. (1998), 
Wade et al. (2002). Widely applied.
Complex:
• Includes terrestrial and in-stream 

processes affecting hydrology, 
sediment and phosphorus species

• Many parameters. For example, with:
- 4 sub-catchments, 4 land use types:  
  450 parameters to calibrate
- Very parsimonious set-up:
  111 parameters to calibrate

• Study area: Tarland Burn, northeast 
Scotland. 74 km2, ~50% agricultural land

• Good existing dataset with which to test 
the model (18 months of daily/sub-daily 
sampling)

• Model set-up: 4 reaches, 4 land uses
• Autocalibration (MCMC-DREAM), with 

sensitivity and uncertainty analyses
• Manual calibration to learn about model

1. Test the performance of a popular 
complex phosphorus model (INCA-P) 
in an agricultural catchment

2. Identify areas for model 
simplification and improvement

• Only a subset of parameters can be investigated 
using Bayesian methods (due to run times and 
more fundamental issues). Simplification is 
needed for a full analysis to be possible.

• 30 parameters thought to be important from the 
manual calibration were included in DREAM. The 
model appears to be insensitive to 13 of these.

• SRP and suspended sediment simulations are 
acceptable.

• When calibrating manually, several parameter 
sets produced equally good fits. For robust 
scenario analysis, we need to differentiate 
between these.

• Useful for formally summarising 
current knowledge

• Robust where sewage dominates; 
scenario analysis appropriate here

• Can simulate dissolved P in an 
agricultural setting during calibration 
period

• Hard to know whether you’re getting a good fit 
for the right reasons

• Scenario analysis in agricultural catchments 
should be interpreted with great caution

• Data hungry and time consuming to calibrate
• Only a small subset of parameters can be in-

cluded in an uncertainty analysis

• Model simplification: removal or 
lumping of insensitive parameters

• More data to test the internal 
workings and assumptions of model

• Better representation of processes 
controlling particulate phosphorus

Acceptable fit for SRP and SS (significant correlation; 
distributions comparable), not as good for TP

3. Posterior shapes 
provide an 
indication of 
model sensitivity 
to that parameter:

1. ‘Prior’ pdf:
User defined at the start.
Assume value equally likely to lie 
anywhere within given range

2. Run algorithm and obtain a 
‘posterior’ pdf:
Likelihood of parameter values, 
given the observed data

a) Why phosphorus matters b) The model spectrum

Study aims

Suggested improvementsPositives Limitations

Interpreting the plots:

Main findings to date

3. Methods

4.1 Results: Parameter distributions 4.2 Results: Model performance

1. Introduction 2. INCA-P: Model overview

How useful are complex catchment-
scale phosphorus models?

From Schoumans et al. (2009)


