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1 Introduction

The Spatial Processes in Hydrology (SPHY) model (Terink et al., 2015, 2015a) is a hydrological
modeling tool suitable for a wide range of water resource management applications. SPHY is a
state-of-the-art, easy to use, robust tool, that can be applied for operational as well as strategic
decision support. The SPHY modeling package is available in the public domain and only uses
open source software. SPHY is developed by FutureWater in cooperation with national and
international clients and partners. Key features of the SPHY model can be summarized as:

1 Robust scientific basis
Combines strength of existing de facto hydrological models
Modular setup in order to switch on/off irrelevant processes for computation efficiency
Wide range of applicability in terms of regions, climates, modeling purposes, spatial and
temporal scales
Performs under data scarcity
Linkable to remote sensing data
Easy adjustment and application
Graphical User Interfaces (GUIs) for QGIS
Open source

= =4 =
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The SPHY model has been applied and tested in various studies ranging from real-time soil
moisture predictions in flat lands, to operational reservoir inflow forecasting applications in
mountainous catchments, irrigation scenarios in the Nile Basin, and detailed climate change
impact studies in the snow- and glacier-melt dominated the Himalayan region. Typical examples
of SPHY applications are listed below:

1 Climate change impact and adaptation
Water and energy
Operational services
Irrigation management
Snow- and glacier fed river basins

= =4 —a A

The SPHY model was originally developed to work with a configuration file in which the user
can modify input, output and change parameter settings. This allows people with average
hydrological and computer skills to work with the model. However, in order to make the model
available to a larger user-group worldwide, it would be beneficial if the model is integrated in a
Graphical User-Interface (GUI). A SPHY model GUI would enable the possibility of selecting
input and output, running the model, and analyzing results by the simple click of a button.

Another difficulty that users may face is creating SPHY model input data in the required
PCRaster format. In order to do this, users should be familiar with the PCRaster commands and
they should know where to find the required data sources. Therefore, it will be beneficial if a
SPHY model preprocessor GUI is available that allows the user to automatically generate the
required SPHY model input data from a database, by only dragging a rectangle for the area of
interest.

The objective of this manual is therefore to introduce and provide detailed information about two
GUIs that have been developed for the SPHY model:

T SPHY model preprocessor GUI: ASphyPrePro

T SPHYmodelplugi n GUI : ASphyPlugin v1.00

it 9
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Both GUIs have been developed as plugin for QGIS’, which is completely free and available in
the public domain. Some case-studies have been developed to work with the SPHY model
plugin GUI. These case-studies can be found in Terink et al. (2015b). This manual covers the
installation of the required software (Section 2), a detailed description of the SPHY model
preprocessor (Section 3), and the SPHY model plugin (Section 4).

The model source code is in the public domain (open access) and can be obtained from the
SPHY model website free of charge (www.sphy-model.org). The peer-reviewed open-access
publication of the SPHY model can be found at http://www.geosci-model-
dev.net/8/2009/2015/gmd-8-2009-2015.pdf (Terink et al., 2015).

" http://mww.qgis.orglen/site/

. £


http://www.sphy-model.org/
http://www.geosci-model-dev.net/8/2009/2015/gmd-8-2009-2015.pdf
http://www.geosci-model-dev.net/8/2009/2015/gmd-8-2009-2015.pdf

2 Installation of GUIs

2.1 Additional software

Login credentials that are required to download software and data from the SPHY model
website can be obtained using the link below:

http://www.sphy.nl/software/download-sphy/

In order to install the SPHY model plugin and SPHY model preprocessor GUIs, it is required to
install QGIS. Before QGIS is installed, make sure that you have installed one of the SPHY
model versions source codes:

1 v2.0(Terink et al. (2015a)

OR
1 v2.1 (Terink et al. (2015c)
It should be noted that the SPHY model plugin (SphyPlugin v1.0) is only compatible with SPHY

model v2.0. The SPHY model preprocessor (SphyPreProcess v1.0) can be used to create input
data for both model versions.

NOTE: Microsoft Windows version 7 or higher is required to use the GUIs.
The installation of the SPHY model source code is described in Section 4.2.4 from Terink et al.
(2015a). Also the additional software packages (Python, NumPy, and PCRaster) are required.

The installation of this software is well described in Section 4.2 from Terink et al. (2015a).

Both SPHY model GUIs have been developed and tested using QGIS v2.8.2.1. QGIS can be
downloaded and installed using the link below:

Download QGIS v2.8.2.1

Just double click the downloaded file and follow the steps in order to install QGIS (Figure 1).
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http://www.sphy.nl/software/download-sphy/
ftp://95.97.194.183:22/PUBLIC_SHARED_DATA/SPHY/SPHY_source_codes/v2.0/SPHY2.0.ZIP
ftp://95.97.194.183:22/PUBLIC_SHARED_DATA/SPHY/SPHY_source_codes/v2.1/SPHY2.1.ZIP
ftp://95.97.194.183:22/PUBLIC_SHARED_DATA/SPHY/GUIs/SphyPlugin/v1.0/SphyPlugin.rar
ftp://95.97.194.183:22/PUBLIC_SHARED_DATA/SPHY/GUIs/SphyPreProcess/v1.0/SphyPreProcess.zip
ftp://95.97.194.183:22/PUBLIC_SHARED_DATA/SPHY/QGIS/QGIS-OSGeo4W-2.8.2-1-Setup-x86.exe

5 Welcome to the QGIS Wien (2.8.2)
Setup Wizard

This wizard will guide you through the installation of QGIS
Wien (2.8.2).

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

[ Next > J [ Cancel

Figure 1: Installation of QGIS.

2.2 SPHY model preprocessor v1.0

The SPHY model preprocessor (SphyPreProcess) v1.0 can be downloaded using the link
below:

Download SphyPrecProcess v1.0

In order to use this GUI inside QGIS, it is only required to extract the contents of the
downloaded zip-file into the QGIS Python plugins directory. Generally, this directory is located
on the following location on your hard disk:

c:\Users\XXXX\.qgis2\python\plugins\

where XXXX should be replaced by the name of the PC user. If this folder does not exist, then
create this folder manually. After unzipping the contents of SphyPreProcess.zip into this folder,
the installation of the interface has been completed.

To activate the plugin in QGIS, follow the next steps:
- Launch QGIS.
- GotoAPIl ugidfinkabn age and | néfigad2). Pl ugi nséo
- Then in the window that pops up (Figure 3) you should selectunderii Set t:i ngs o
0 Show also experimental plugins.
0 Show also deprecated plugins.
Goto i A lrd type fsphy preprocessoro(Figure 4) in the search bar, and select the
SPHY preprocessor plugin that shows up.
Click Close to close the Plugins menu.

If installation and activation has been successful, then the SPHY preprocessor interface logo
(button) has been added to the toolbar (Figure 5). The use of the SPHY model preprocessor
GUIl is described in detail in Section 3.
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Note: If this function is enabled. QGIS will inform you whenever a new plugin or plugin update is available.
Otherwise, fetching repositories will be performed during opening of the Plugin Manager window.
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Figure 3: Selecting the experimental and deprecated plugins options in the QGIS plugin
settings menu.
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Figure 5: SPHY model preprocessor interface button.

2.3 SPHY model plugin v1.0
The SPHY model plugin (SphyPlugin) v1.0 can be downloaded using the link below:

Download SphyPlugin v1.0

In order to use this GUI inside QGIS, it is only required to extract the contents of the
downloaded zip-file into the QGIS Python plugins directory. Generally, this directory is located
on the following location on your hard disk:

c:\Users\XXXX\.qgis2\python\plugins\

where XXXX should be replaced by the name of the PC user. If this folder does not exist, then
create this folder manually. After unzipping the contents of SphyPlugin.zip into this folder, the
installation of the interface has been completed.

To activate the plugin in QGIS, follow the next steps:

- Launch QGIS.

- GotofiPl ugifinkatn age and | néigwd2). Pl uginséo

- Thenin the window that pops up (Figure 3) you should selectunderii Set t.i ngs o
0 Show also experimental plugins.
0 Show also deprecated plugins.

- Gotofi Alndtypefi s p (Figure 6) in the search bar, and select the SPHY model

plugin that shows up.
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- Click Close to close the Plugins menu.

- If installation and activation has been successful, then the SPHY model interface logo

(button) has been added to the toolbar (Figure 7).

You now can start using the interface by clicking the SPHY model interface button. The use of

this interface is described in detail in the Section 4.

s N
# Plugins | All (324) |2 [
search sphy a
£ B seiv model i
MR This plugin is experimental
SPHY model
Interface for the SPHY model
Author: W. Terink, FutureWater
Installed version: 0.1 (in
C:\Users\wilco\.qgis2\python\plugins\SphyPlugin)
(1 J BT
(pgradest | urietal i
Close Help

Figure 6: Activating the SPHY model plugin inside QGIS.
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Figure 7: SPHY model interface button.
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3 SPHY model preprocessor v1.0

3.1 Overview

3.1.1 Introduction to the GUI

The SPHY model preprocessor GUI has been developed with the goal to make the creation of
SPHY model input data more user-friendly, and thus more applicable to a larger user-group
world-wide.

The SPHY model preprocessor interface consists of a top menu with three buttons and a tab
widget that contains 6 tabs (Figure 8). The use of the top menu buttons is explained in Section
3.1.3. When working on a SPHY model preprocessor project, the user has to go through the
individual taps: general settings, area selection, modules, basin delineation (if routing is
enabled), stations, and meteorological forcing. The user has to complete these tabs in the order
they appear: from left to right. The use of each of these tabs is described in detail in the
Sections 3.2 through 3.7.

The current version of the SPHY model preprocessor GUI is compatible with the following
databases/extents:

1 Hindu Kush-Himalaya (Appendix 2)

1 Southeast Africa (Appendix 3)

If it is the first time you use the SPHY model preprocessor GUI, then please first read Section
3.1.2 before continuing with the other sections.

./ SPHY preprocessor [ @ &J

Mew Project ] [Open project] [ Save As l |

General settings Area selection Modules Basin delineation Stations Meteorological fordng I

Folder selection

Database ./ Select database folder
Processed model data | ./ Select output folder
PCRaster bin folder | ./ [ Select PCRaster bin folder ]

Coordinate system

WGES84UTM zone |60 > @ N [ Select the UTM WiE584 coordinate system for your area. Click the show UTM map
button to identify the corresponding UTM zone for your model area.

show UTM map
Meteorological fordng period to process M,
Startdate | 014an-2001 5 Enddate | 31-dec-2005 & gﬁm
\

Figure 8: Overview of the SPHY model preprocessor GUI top menu (buttons in blue box)
and tab widget, consisting of 6 tabs (red box).
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ftp://95.97.194.183:22/PUBLIC_SHARED_DATA/SPHY/GUI_databases/South_East_Africa/Southeast_Africa.zip

3.1.2 Using the preprocessor GUI for the first time

The SPHY model preprocessor GUI is always started by clicking the SPHY model
preprocessor GUI button (Figure 5). Since it is the first time you use the interface, the registry
settings will be empty. This means no previous SPHY preprocessor projects can be found by
the interface. If this is the case, then the interface looks like Figure 9. The only options available
are:

1 New project

1 Open project

. SPHY preprocessor l Pl

Mew Project l [Dpen project] [ Save As ]

General settings [ Area selection | Madules | Basin delineation Stations Meteorological forcing ]

—Folder selection

Database [ ] [ Select database folder ]
Processed model data [ ] [ Select output folder ]
PCRaster bin folder [ ] [ Select PCRaster bin folder ]

—Coordinate system
wese4UTMzone 60 =] O N @ 5
show UTM map

—Meteorological forcing period to process
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Figure 9: SPHY model preprocessor GUI for first-time use.

The New Project button logically asks the user to save a new SPHY model project, whereas the
Open Project button asks the user to open an existing SPHY model project. After one of these
options has been selected, the tabs will be activated (Figure 8) such that the user can go
through these tabs to complete preprocessing input data.

3.1.3 Top menu buttons

A SPHY model preprocessor project involves editing a SPHY preprocessor configuration file
(*.cfg). If the New Project button is clicked, then the user is asked where to save the new project
and to provide a filename (XXXX.cfg) for the project. You can choose any filename, but make
sure you do not choose the same filename as you will use later for the SPHY model GUI project
(Section 4). If a current SPHY model preprocessor project was open in QGIS, then it will be
asked to save the current project first before creating a new project.

After creating a new project, the GUI looks like Figure 8. The user may now continue completing
the different tabs.

Opening an existing project allows you to continue with a previous SPHY model preprocessor

project. By clicking the Open Project button you will be asked to select a *.cfg project file to be
opened. If a current SPHY model preprocessor project was open in QGIS, then it will be asked
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to save the current project first before opening another project. All model settings present in the
*.cfg file will be added to the SPHY model preprocessor GUI.

When working on an active preprocessor project, all the changes you make in the GUI will
automatically be saved to the *.cfg file. The Save As button allows you to save the SPHY model
preprocessor project under another filename.

3.2 General settings

3.2.1 Folder selection

After starting a new project the user first needs to select the folder where the database can be
found. This is the folder where the metadata.cfg file of the corresponding database is located.
Figure 10 shows the structure of the folder where the Hindu Kush-Himalaya database is
located. Select this folder or the folder from another database by clicking the Select database
folder button.

GlobCover2009_landuse 3-7-201516:33 File folder
HiHydroSeil 8-7-2015 15:06 File folder
HydroSheds_SETM_dem 9-7-2015 %39 File folder
Latitude 17-6-2015 9:34 File folder
RGH_glaciers 8-6-2015 14:26 File folder
WFDEL metec_forcing 5-10-2015 9:57 File folder
metadata 1-10-2015 11:56 CFG File

Figure 10: Example of the structure of the Hindu Kush-Himalaya database.

The second step involves creating a folder on your hard disk where you want the processed
model input data to be created. A logical folder name would be \input and create it inside your
SPHY model source folder, e.g. ¢c:\SPHY2.0. Of course you are free to create a different folder
name on a different location on your hard disk. Now select the created folder by clicking the
Select output folder button.

The final step is to select the PCRaster bin folder. The location of this folder can easily be found
using Section 4.2.3 from Terink et al. (2015a). Select this folder by clicking the Select PCRaster

bin folder.

After completing the Folder selection part the GUI should look something like Figure 11. Folders
may look different depending on the locations you have selected on your computer.
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/% SPHY preprocessor l ? &]

Mew Project ] [Open project] [ Save As ]

General settings Area selection Modules Basin delineation Stations Meteorological fordng

Folder selection

Database | E:fActive/2015-005_SPHY _interface_II/data/ Select database folder
Processed model data | £:/Active/TEMP/TEST finput/ Select output folder
PCRaster bin folder | C: pcraster fbin/ Select PCRaster bin folder

Coordinate system

WGES84UTMzone (60 = @ N [ Select the UTM WGS84 coordinate system for your area. Click the show UTM map
button to identify the corresponding UTM zone for your model area.

show UTM map

Meteorological forcing period to process

Startdate 014an-2001 = Enddate | 31-dec-2005 = S;ﬁm

Figure 11: Completing the folder selection part of the SPHY model preprocessor GUI.

3.2.2 Coordinate system

The next step is about defining the Coordinate Reference System (CRS). Since the SPHY
model has been developed to work with a WGS84 UTM zone CRS, you need to specify the
UTM zone for your area of interest. If you do not know in which UTM zone your area of interest
is located, then you click the show UTM map. This will pop-up an image containing UTM zones.
After you have defined the UTM zone for your area of interest you can use the spinbox to set
the value and the radio button to specify north (N) or south (S).

3.2.3 Meteorological forcing period to process

If you want the GUI to create a meteorological forcing dataset, then you need to specify the start
and end date for the period you want to run the model for. You need to make sure that the
selected period is covered by the database (check Appendix belonging to the database) that
you have selected. If you decide to use your own station data for creating the meteorological
forcing data (Section 3.7), then you need to make sure that the selected period is covered by
the data specified in your *.csv files.

You can leave defaults here if you do not plan to use the GUI to create forcing data.

3.3 Area selection

After completing the General settings you can go to the Area selection tab (Figure 12). This part
of the GUI is the most important, since here you define the extent and spatial resolution of your
area of interest. If no area has been selected before, then your GUI looks like Figure 12. Now it
is time to select your area of interest by dragging a rectangle. For better orientation it is possible
to show the standard background layer by checking the Show background layers checkbox
(Figure 13). This background layer contains the Countries and Shaded Relief layers from the
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Natural Earth dataset®. Of course you can add your own background dataset for better
orientation.

- -
/i SPHY preprocessor &u

’ Mew Praoject ] ’Open project] [ Save As ]

General settings | Areaselection | Modules | Basindelineation | Stations | Meteorological forcing |

~Selectarea——— Area properties
| Show background layers Selected area | |
measzefmz] [ ] Numberofcels [ ]
xmin |0 | xmax |0 ] columns [o |
ymin [0 | ymax [0 | rows [a |
lick to select area Set spatial resolution [m]  [250 5 [ Re-calailate area properties |
I

’ Create model done ] |

Figure 12: Overview of the Area selection tab.

~Selectarea———————— —Area properties

Selected area [ ]

xmin [0 ] Xmax [0 ] columns [O ]

ymin [0 ] ymax [0 ] rows [0 ]

Clickitoiselectared Set spatial resolution [m] 250 }1—]‘ Re-calculate area properties

[ Create model clone l [ ]

Figure 13: Showing the standard background layer.

Select your area of interest by clicking the Click to select area button. This will temporarily hide
the GUI which allows you to drag a rectangle. After you have dragged a rectangle for your area
of interest, a red rectangle is shown and the GUI is shown again with the Area properties being
filled in (Figure 14). If your selected area is too large in combination with the model resolution,
then a warning will appear that hints for choosing a coarser spatial resolution.

® http:/www.naturalearthdata.com/downloads/

20 ﬁ



[ New Project ] [Open project] [ Save As l

General settings | Areaselecton | Modules | Basindelineation | Stations | Meteorological forcing |
Select area | [ Area properties

%/ Show background layers Selected area E:/AcﬁvefrafPfrEsfﬁnputja(ea.sﬁp
Area size [km2] | 138753 Number of cells | 2220052
xmin | 317097 xmax | 656347 columns | 1357

ymin | 2935337 ymax | 3344337 rows | 1636

Set spatial resolution [m] [250 ] % | Recalaulate area properties

Create model clone

You can change the model resolution under Set spatial resolution [m]. Each time you change
the value in this box you need to click the Re-calculate area properties button. If you are happy
with the selected area and its properties, then finish this step by clicking the Create model clone
button. After finalizing this step your GUI may look something like Figure 15.

You can always go back to this tab of the GU
want to re-select or fine-tune your area of interest.

T s~ st Y

[ Mew Project l [Open projectl [ Save As ]

General settings | Area selection | Modules | Basin delineation Stations | Meteorological fordng |

Select area Area properties
% show background layers Selected area | E:/Active/TEMP/TEST finput/area.shp
Area size [km2] | 138855 Mumber of cells | 555422
Xmin | 317097 xmax 656597 columns | 679
ymin | 2935337 ymax | 3344337 rows | 818
Click to zelect area Set spatial resolution [m] ISUU I = [ Re-calculate area properties

E:fActiveTEMP/TEST finput/clone. map

Figure 15: Finalizing the Area selection tab.
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3.4 Modules

The next tab in the GUI is the Modules tab. In this tab you need to select the SPHY model
modules for which you want to create input data. The input maps that are created are shown in
the Maps to process log window. If no modules are selected, then the 12 maps as shown in
Figure 16 will be created by default. After selecting one or more modules more maps that need
to be processed are shown in log window (Figure 17)

/i SPHY prepracessor

[ ew Project | [ open project | [ save as |

General settings | Area selection Modules Basin delineation | Stations Meteorological forcing |
Modules to process Maps to process Process log

DEM
Glaciers LandUse
Latitudes
Snow Root_dry
Root_field
Root_Ksat
Root_sat
Root_wilt
Routing Slope
Sub_field
[[] Dynamic vegetation Sub_Ksat
Sub_sat

Groundwater

[ Lakes
[[] Reservoirs

[[] sediment

] [ Create initial maps ]

| SR 3
¥ S e

Figure 16: Overview of the Modules tab.

Figure 17: Selecting multiple modules from the Modules tab.

If you are finished selecting the required modules, then click the Create initial maps button to
start processing these maps. This may take some time depending on the extent, spatial
resolution, and number of modules that have been selected. During processing of the input
maps, the Process log window of the Modules tab looks like Figure 18. After each map has
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