Sirkka Tattari

Finnish Environment Inst.

18.9.2000
WG2: on 21‑24 September 2000 a meeting will take place in Irdning (Austria), on P losses at the field scale, both by vertical and horizontal transport.
A summary of the questionnaire:
PART II: The use of simulation models describing surface transport of phosphorus
The models used in COST 832 - countries


1. IRELAND
National Soil-P loss model 
Contact person: Karen Daly, Research Officer, Teagasc, Johnstown Castle, Co. Wexford

2. GERMANY
EROSION 2D (single slopes) /3D (small watersheds), PEPP
(AGNPS & ASGi also used, but the questionnaire was answered based on EROSION 2D/3D, PEPP

Contact person: 

PEPP: Kai Gerlinger, Dr. Ludwig Consultants, herrenstr. 14, D-76133 Karlsruhe,

Erosion 2D/3D, Prof. Jürgen Schmidt TU Bergakademie Freiberg, schmidt@bohr1.tbt.tu-freiberg.de
MONERIS, the questionnaire was not filled, only a reference was given!

www.igb-berlin.de/www/links.html
Reference: Behrendt, H., Huber, P., Opitz, D., Schmoll, O., Scholz, G., Uebe, R., 1999. Nährstoffbilanzierung der Flussgebiete Deutschlands.Forschungsbericht 296 25 515, UBA-FB 99-087

3. FINLAND & SWEDEN
ICECREAM, mainly based on CREAMS and GLEAMS models

Contact person: Sirkka Tattari, Finnish Environment Institute, P.O. Box 140, 00251 Helsinki, Finland, sirkka.tattari@vyh.fi
References:

Knisel, W.G. (ed.) 1980. CREAMS: A field scale model for chemicals, runoff and erosion from agricultural management systems, US Department of Agriculture, Conservation Research Report 26.

Knisel, W.G. (ed.) 1993. GLEAMS: Groundwater Loading Effects of Agricultural Management Systems. Version 2.10. University of Georgia, Coastal Plain Experiment Station, Biological and Agricultural Engineering Department, Publication No. 5, 260 pp.

4. BELGIUM
“A group is working on a simulation model to estimate P losses at the field and watershed scale. So far, only the hydrological and sediment transport model are finished. In future, P submodel will be incorporated”. 

Contact person: wouter.schiettecatte@rug.ac.be
5. UNITED KINGDOM
EUROSEM
Reference: Morgan, R.P.C., Quinton, J.N., Smith, R.E., Govers, G., Poesen, J.W.A., Auerswald, K., Chisci, G., Torri, D. and Styczen, M.E., 1998. The European Soil Erosion Model (EUROSEM): A dynamic approach for predicting sediment transport from fields and small catchments. Earth Surface Processes & Landforms, 23, 527-544.

SHARPLEY
Reference: Sharpley, A.J., Robinson, J.S. and Smith, S.J., 1995. Assessing environmental sustainability of agricultural systems by simulation of nitrogen and phosphorus loss in runoff. European Journal of Agronomy, 4, 453-464.   

Contact person: Dr. John Quinton, Email: j.quinton@cranfield.ac.uk
Model is not freely available.

Enquiries to: Dr. M.G. Hutchins, ADAS Wolverhampton, Wergs Rd, Wolverhampton, 

WV6 8TQ, UK. Tel. +44 (0)1902 693418 


Model
Met. data

National Soil P model
Averaged (over 30 years) annual rainfall data

EROSION 2D/3D, PEPP
Event oriented data in best resolution: duration of rainfall, rainfall intensity, temporal resolution 1-15 min

Moneris
Annual rainfall data (winter vs. summer)

ICECREAM
Daily data: air temperature, precipitation, solar radiati​on/cloudiness

EUROSEM

Sharpley
Sub-hourly rainfall data


Model
Land use data

National Soil P model
Land use data is taken from CORINE describing the propor​tion of catchment areas in each agricultural land use class e.g. high production grassland, arable, low production grass​land, peatland areas, forestry, semi-natural areas

EROSION 2D/3D, PEPP
DEM in best resolution, field and soil in the same (similar) scale, surface roughness, soil cover

Moneris


ICECREAM
Slope steepness, crop identification & 18 parameters, tillage implement: 3 parameters, cultivation practices

EUROSEM

Sharpley
Daily crop status (% canopy cover, height, %basal area) and type parameters, slope angle and lenght, daily Manning n roughness

Question 2c. Requirements for soil input parameters: which input parameters are necessary and at which temporal resolution (daily, monthly, annual, single value):
Model
Soil data

National Soil P model
Soil types in catchments were divided into four broad cate​gories and weighted according to the risk of P loss due to soil P desorption. These data were given as the proportion of each catchment in each of the 4 soil classes

EROSION 2D/3D, PEPP
Event oriented data: roughness (Manning), erosion resistivi​ty, canopy cover, texture, bulk density, initial moisture, organic contents



Moneris
?

ICECREAM
Soil specific gravity, fraction of clay, sand and organic matter, saturated hydraulic conductivity, soil moisture con​tent at field capacity and wilting point, soil porosity, soil pH, available P in the soil (determined by the NH4-acetate method used in Finland).

EUROSEM

Sharpley
Topsoil: particle size distribution, stoniness, roughness, cohesion/stability, bulk density, saturated hydraulic conduc​tivity, bicarbonate extractable and total P status (temporal resolution dependent on timing of manure/fertiliser addi​tions), rill dimension (if present) 


Model
Erosion equations

National Soil P model
None

EROSION 2D/3D, PEPP
Predominantly based on physical processes. Erosion is limited either by the amount of sediment that can be de​tached from the soil surface or by the transport capacity of the flow. For detachment the erosive impact of overland flow and falling droplets must exceed the shear strenght of the soil. In order to transport detached particals the vertical flow component within the flow must counteract the settling of  the particles for deposition (Ref. J. Schmidt, M.v. Wer​ner, A. Michael, 1999. Application of the EROSION 3D model to the CATSOP watershed, The Netherlands, Catena 37, 449-456.)

http://www.geog.fu-berlin.de/erosion~/  

The basic idea of the model is the assumption that the erosive impact of overland flow and droplets is proportional to the momemtum fluxes exerted and the falling droplets respectively (Ref. Schmidt, J., 1991. A mathematical model to simulate rainfall erosion. In: Bork, H.-R., De Ploey, J., Schick, A.P. (Eds.), Erosion, Transport and Deposition Processes - Theories and Models. Catena, Supplement 19, pp. 101-109. 

Moneris
Erosion is calculated with empirical equation: dABAG (see. Auerswald, K., W. Flacke, L. Neufang (1988): Räumlich differenzierende Berechnung gross massstäblicher Erosions​prognosekarten - Modellgrundlagen der dABAG. Z. Pflan​zenernähr. Bodenk., 151). 

ICECREAM
The ICECREAM erosion submodel computes soil loss along a given slope and the sediment yield at the end of a hillslope in accordance with the modified USLE (see Foster, G.R., L.D. Meyer, C.A. Onstad. 1977. A runoff erosivity factor and variable slope length exponents for soil loss estimates. Transactions of the American Society of Agricultural Engi​neers 20:683-687 and Foster, G.R., L.J. Lane, J.D. Nowlin, J.M. Laflen and R.A. Young, 1980. Model to estimate sedi​ment yield from field-sized areas: development of model. In: CREAMS - A field scale model for chemicals, runoff and erosion from agricultural management systems. Knisel W.G. (ed), US Department of Agriculture, Conservation Research Report no. 26. USDA, pp. 36-64. Foster et al., 1977).

Both interrill and rill processes are considered. The interill erosion detaches soil particles from the surface. In the interrill areas, the energy of raindrop and overland flow are both responsible for the detachment and  transport of soil particles.

EUROSEM

Sharpley
The model computes soil loss as a sedment discharge, de​fined as the product of the rate of runoff (m3 s-1) and the sediment concentration in the flow (m3 m-3), to give a volu​me (or mass) of sediment passing a given point in a given time. The computation is based on the dynamic mass balance equation (Bennet, J.P., 1974. Concepts of mathematical modelling of sediment yield. Water Resources Research 10, 485-492. Kirkby, M.J., 1980. Modelling water erosion processes. In Kirkby, M.J. and Morgan, R.P.C. (eds.), Soil Erosion, pp. 183-216, Wiley, Chichester. Woolhiser, D.A., Smith, R.E. and Goodrich, D.C. 1990. KINEROS: A kine​matic runoff and erosion model: documentation and user manual. USDA Agricultural Research Service ARS-77.)


Model
Surface runoff Equations

National Soil P model
MRP=0.1-0.04(-1.2High grassland-1.9Soil ty​pe+2.8Seminatural areas+4)

EROSION 2D/3D, PEPP
Modified infiltration equation of Green and Ampt (see Green, W.H., Ampt, G.A., 1911. Studies on soil physics: I. The flow of air and water through soils. J. Agric. Sci. 4, 1-24 ) to calculate rainfall excess

Moneris
Based on annual rainfall, separately winter & summer

ICECREAM
Simulates daily runoff using a modification of the SCS curve number method (see USDA (United States department of Agriculture Soil Conservation Service), 1972. National Engineering Handbook: Section 4, Hydrology. Washington D.C., 548 pp.). The SCS equation relates runoff to soil type, land use and management practices. The preferential flow is not taken into account in ICECREAM. 

EUROSEM

Sharpley
EUROSEM is linked to the KINEROS model, which is an event-oriented, physically based distributed model that numerically solves dynamic mass balance equation for water using a kinematic wave assumption (Woolhiser, D.A. and Liggett, J.A. 1967. Unsteady one-dimensional flow over a plane - the rising hydrograph. Water Resources Research 3, 753-711). KINEROS generates runoff as infiltration-excess using the infiltration model of Smith and Parlange (Smith, R.E. and Parlange, J., 1978. A parameter-efficient hydrolo​gic infiltration model. Water Resources Research 14, 533-538.


Model
P output

National Soil P model
The model predicted molybdate reactive P for 35 river sub​catchments of some of Irelands largest rivers 

EROSION 2D/3D, PEPP
P is to connect on sediment transport and discharge, possibly by Sharpley-equation or measurements on phosphorus on particles and/or concentrations in the runoff

Moneris
? 

ICECREAM
P in surface runoff (DPr) is a product of P concentration in soil water (CPil,w) and  daily runoff (qsurf):

[image: image1.wmf]
The sediment-associated labile P (PPil)  is a product of soil loss (_), enrichment factor (er) and the partitioning coefficient Kd and CPil,w:


[image: image2.wmf]







The enrichment ratio is the ratio of the total specific surface area of the sediment to that of the original soil. The enrich​ment ratio is calculated using specific surface areas for organic matter, clay, silt, and sand. Organic matter is distrib​uted among the particle types based on the proportion of primary clay in each type.

Besides the sediment associated labile P, all P pools contrib​ute to sediment bound P. Furthermore, the loss of P in ani​mal waste is included:

[image: image3.wmf]




EUROSEM

Sharpley
Total P and speciation in terms of dissolved and particulate fractions.


Model 
P transport

ICECREAM
see above question number 5.



EUROSEM

Sharpley
Entirely governed by sediment transfer. Adsorption and desorption of P only occurs in active mobilised fraction, there being no interaction with residual soil and water 


Model
Limitations

National Soil P model
The model described diffuse P losses from the landscape in Ireland almost on a national scale. The limitations of this model lie in the scale of the work. It might have been wiser to predict P losses on a single catchment scale in the first instance and then scale up to include other areas of the country. More comprehensive monitoring data would be necessary to faciliate this appraoch, which was not available at the time. 

EROSION 2D/3D, PEPP
Frozen soils

Moneris
Model has been evaluated for German, not necessarily valid for other countries 

ICECREAM
Organic soils, snow melt erosion calculated alike rainfall erosion?

EUROSEM

Sharpley


Requirements for sub-hourly rainfall data restricts breadth of application due to limited availability. Model is most appro​priate for tilled land on sloping topography and difficulties may be encountered elsewhere.


Model
Calibrated?

National Soil P model
No

EROSION 2D/3D, PEPP
Best results are given with regional calibrated data from erosion standard plots or rain simulation

Moneris
Erosion is based on regression equations?

ICECREAM
Yes, the output (particle P, dissolved P) has been calibrated with data from single experimental plots.

EUROSEM

Sharpley
Regressions are not used.


Model
Parameter tuning?

National Soil P model
Land use parameters

EROSION 2D/3D, PEPP
For E3D a Handbook is available, sensitivity analysis?

Moneris
-

ICECREAM
Since the calibration of input parameters such as Manning’s n, soil clay content, soil erodibility and field capacity did not improve sufficiently the compatibility of the simulation results with the measured data, the basic equations of the USLE needed to be modified. Particularly those ones which are slope dependent were recalibrated: the rill and interrill detachment rates as well as the peak runoff rate and the equations related to sediment transport capacity.

EUROSEM

Sharpley
Significant uncertainty bands are associated both with sub-annual variability in topsoil P status and in some of the EUROSEM soil parameters (e.g. cohesion/stability and median particle size)

Question 10. Has the model been validated, tested with independent data? Describe for which data: soil texture, crop, hydrological conditions.
Model
Testing, validating?

National Soil P model
The model was tested and validated on a limited number (15) of independent subcatchments

EROSION 2D/3D, PEPP
Erosion 2D/3D is tested in Saxony and validated for this site conditions (more than 1000 km², tested now also in Bran​denburg on 200 km² (in validation). Now also tested for whole Lower Saxony. 

Moneris
-

ICECREAM
Tested with data from 3 small experimental field plots. Validated for same sites. Plots represent heavy clay soils, slopes vary between 2-10 %, typical crops are: barley, winter wheat, spring wheat, grass etc..

EUROSEM

Sharpley
Individual specialist models have been extensively validated although Sharpley equations largely validated on USA data. The combination application of these models as described here has not yet been validated. 

Question 11. Have you performed a sensitivity analysis, leading to priority list of factors? What were the most important parameters?
Model
Sensitivity analysis?

National Soil P model
No

EROSION 2D/3D, PEPP
Soil water content in both models is very sensitive.

Moneris
-

ICECREAM
Runoff: soil moisture content at field capacity & wilting point, clay content, CN2

Erosion: Manning’s n, soil erodibility, clay content, sand content

Dissolved P: pH, soil moisture content at field capacity and wilting point, clay content

Particle P: Manning’s n, soil erodibility, organic humus P pool

EUROSEM

Sharpley
EUROSEM has undergone sensitivity analysis; typically soil stability/cohesion, saturated hydraulic conductivity, soil moisture status, Manning n roughness, % crop basal area are sensitive (see Folly, A. & Quinton, J.N.,2000. Sensitivity analysis of EUROSEM using Monte Carlo simulation: I hydrologic, soil and vegetation parameters. Hydrological processes14, 915-926). Preliminary sensitivity analysis of Sharpley model has been undertaken.

Discussion points on modelling in general
Recently the GCTE (Soil Erosion Network launched by the Global Change and Terrestrial Ecosystems) has organized a series of model comparisons, the results of which showed that the predictive quality of many models is rather poor. On the other hand, individual model makers and users report good results. 

Some conclusions (Ref. International Francqui Chair Workshop: The future of distributed hydrological modelling: Soil erosion modelling, Leuven, April 12-15th 2000).

· Calibration is necessary for many models

· Calibration becomes better if the modeler knows the area or has access to “meta data”

· More empirical or more physically based models perform equally well/bad

· While for certain events models may not perform well (absolute results), correlation coefficients between observed and predicted values are acceptable (relative results)

· At a catchment scale, the predicted spatial runoff pattern is as important as a correct prediction of the net outcome

· How much erosion can be interesting but also where it happens: look more into the catchment, where to put control measures.

· Guidelines for calibration and for field observations are needed 

· Land-use change - can the present models be used as planning tools?

· Concentration on relevant processes - which are they? 

· An uncertainty analysis on simulation results is highly needed (e.g.

GLUE‑model)

Question 1: Name of the model and the main reference:





Question 2a. Requirements for meteorological input parameters: which input parameters are necessary and at which temporal resolution.





Question 2b. Requirements for landuse input parameters (slope, crop data, tillage data): which input parameters are necessary and at which temporal resolution (daily, monthly, annual, single) 





Question 3. Description of the erosion equations used in the model.





Question 4. Description of the surface runoff equations used in the model.





Question 6. What kind of output in terms of P is delivered (total P, dissolved P, or whatever kind of P form.





Question 6. Description of P transport (particle P and dissolved P) and enrichment of P





Question 7. Limitations in the use of the model? (for example, equations are not valid for organic soils, or for frozen soils).





Question 8. If equations involve regression coefficients, has it been calibrated for local conditions?








Question 9. How much parameter tuning was needed and which parameters were modified?
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