Supplementary Material B – METHODOLOGY FOR HILLSLOPE DELINEATION AND DATA SIMPLIFICATION

HILLSLOPE DELINEATION
As previously discussed in this paper; hillslope discretization was used in the model development to represent the sediment and nutrient diffuse load hydrographs more realistically. SWAT model routes all the unchannelized surface runoffs over subbasins, does not impose any limits on the size and shape of them. This gives the user the flexibility; to use the three levels of discretization in hydrological modelling

· Subbasin discretization
· Hillslope discretization
· Grid discretization

simultaneously, if the user has enough data/knowledge for the parametrization of the related land based routing units[footnoteRef:1]. SWAT standard documentation gives an example conceptual model for hillslope discretization (Figure SB1). [1:  Independent of the discretization level, all of the land based routing units are recognized as subbasins in SWAT 2012. It is only a matter of configuration in the command file (traditionally named as fig.fig).] 


[image: ]

Figure SB1. Hillslope discretization in SWAT (Arnold et. al. 2012)

As seen in Figure SB1; the hillslope configuration can be of any topology among the subbasins and can be adjusted according to study requirements. 


The requirements in this study are to produce a model that

· realistically simulates the diffuse sediment and nutrient loads in the Minija River watershed with the most relevant land-use and land cover elements

· eliminates the need of recalibration as much as possible when the spatial resolution of land use, land cover and soil data changes

· will be still adequate for the future use if simulations related to landuse-land cover change scenarios or diffuse pollution control measures are to be conducted.

Considering the study needs; above we decided to fallow the Hillslope discretization approach, where not only the advantages but also the technical difficulties would be issues to resolve.

The first issue was to decide on a conceptual surface runoff model considering the hillslope discretization. At this stage, a simple conceptual surface runoff model as shown in Figure SB2 was utilized.

[image: ]

Figure SB2. Conceptual model for hillslope discretization

In any case; hillslope discretization can only be conducted by a suitable definition of subbasin topology. There are no standard tools for SWAT that automatically generate hillslope based hydrological model domain. This is the reason, why a SWAT hillslope delineation procedure and customized tools were developed in this study. The hillslope delineation procedure is summarized in Figure SB3.

[image: ]

Figure SB3. Summary of the overall procedure for hillslope based subbasin delineation

The preprocessing was conducted using a series of tools developed by ArcGIS model builder. ArcGIS version 10.4 was used to develop these tools and conduct the GIS operations running the tools (Figures SB4, SB5 and SB6). The tool for generating hillslope subbasins is given in Figure SB7.


[image: C:\NATALIJA\SWAT_TOOLS\HILLSLOPE\preprocess\Filter_uphill_channels.jpg]
Figure SB4. Tool to filter uphill channels (developed using ArcGIS model builder)


[image: C:\NATALIJA\SWAT_TOOLS\HILLSLOPE\preprocess\Clean_subbasins.jpg]

Figure SB5. Tool to clean the subbasins (developed using ArcGIS model builder)



[image: C:\NATALIJA\SWAT_TOOLS\HILLSLOPE\preprocess\Select_vegetation_close_to_waterbodies.jpg]
Figure SB6. Tool select vegetation polygons close to waterbodies (developed using ArcGIS model builder)


[image: C:\Users\ACER\Downloads\GenerateHillslopeAreas_tool.jpg]
Figure SB7. Tool for generating hillslope subbasins


[bookmark: _GoBack]Once all the subbasins are delineated using ArcSWAT, parametrization was necessary. It is possible to enter a channelized flow fraction for surface runoff routing in SWAT. If subbasin delineation is conducted, then traditionally the surface runoff is assumed to be fully channelized in rivers when the subbasin hydrograph is routed. However, when hillslope discretization is conducted, then only a fraction of flow would be channelized in reality.
The stream network was overlaid with the hillslopes subbasin shapefile. The small in the streams as defined in the Lithuanian river cadaster were selected to create a minimum boundary polygon tool using ArcGIS. The minimum boundary polygon provided a drainage area for the small streams. Small streams, those intersecting with the vegetation buffer subbasins were considered as the drainage areas of the channelized fraction of the flows from the uphill subbasins into the vegetation buffer subbasins (see Figure SB8). The flows from vegetation subbasins into the waterbodies were assumed to be fully channelized.
[image: ]
Figure SB8. Hillslope subbasins with minimum boundary polygons example

The channelized fraction is initiated by this procedure and is treated as a calibration parameter onward in the model calibration and validation stages.




DATA SIMPLIFICATION
The aim of the procedure is to redistribute all the class pixels in landuse or soil grids (or any other grid data), which are below the given threshold percentage, between all the other leftover classes within the subbasin. Furthermore, the pixels are redistributed based on initial class percentage, that is, the dominant class will get most of the pixels, whereas the least dominant will get the least pixels (Figure SB9). This way the class representation by percentage relative to other classes stays close to the initial one.
[image: ]
Figure SB9. Simplification procedure initiation within the SWAT-LAB model setup
[image: ]
Figure SB10. Flowchart of the simplification procedure used for the Minija River model setup
The simplification procedure generates a class difference summary table, which can be further analyzed to determine the best-suited simplification threshold values or to get an overall overview of the reclassified attributes. Of-course, many other grid simplification methods could be applied; several of them can be performed using the GUI SWAT setup tools, such as ArcSWAT, but they do not provide such flexibility in the pixel redistribution possibilities.
We did not perform any detailed analysis on the influence of each simplification method to the model performance and accuracy, but chose the best suitable based on computational speed, produced number of HRUs, and the accuracy of the result for discharge. In this study, we used the third option (Figure SB10), which is the simplification algorithm based on percent threshold with an advanced class redistribution scheme. We used landuse and soil simplification thresholds at 3.1 percent.
After running the simplification procedure, we have achieved an overall model complexity reduction, a significant HRU reduction (from more than 73 000 to 29 861), a decrease in model run-time (from 4 hours to approx. 45 minutes for 15 years modeling period with a monthly time step output), and an insignificant change in the model predictive accuracy for simulating flow.
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