[bookmark: _GoBack]Instructions for assessing the ArcMap “EcoFlowTool” in rivers of Greece

This tool was developed by Dr. George Papaioannou at the Institute of Marine Biological Resources and Inland Waters (IMBRIW) – Hellenic Center of Marine Research (HCMR). A valuable contribution to the architecture and the description of the tool, as well as the user manual preparation, has been provided by Dr. Elias Dimitriou and Dr. Christina Papadaki. The most recent version of the tool is available at: http://ecoflow.hcmr.gr/εφαρμογές/

“EcoFlowTool” is an Arc Toolbox (.tbx) that prepared in ArcMap v10.4 and includes the following components (Figure 1): 
1) EcoFlow Raster To Ascii Convert Tool (model), 
2) AddJoin_VEL.py (script), 
3) AddJoin_WD.py (script), 
4) Reclassify.py (script),
5) HSI estimation tool (model),
6) WUA and WUA0.5 estimation tool (model), 
7) WUA estimation tool (model). 
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Figure 1. “EcoFlowTool” components

The model “EcoFlow Raster To Ascii Convert Tool” assist in converting the data to the desired format for the “Environmental water requirements tool” (http://imbriw.hcmr.gr/en/tools/ - https://cloudfs.hcmr.gr/index.php/s/E9Wrq6zsvwaIgpE). ArcMap “EcoFlowTool” has two components, the “WUA estimation tool” and the “WUA0.5 estimation tool”, for the estimation of the Weighted Usable Area (WUA) and the WUA0.5 (WUA with Habitat Suitability Index (HSI) value > 0.5 [WUA threshold: 0.5]) respectively. A list of fish species and sizes is included in the tool (see Table 2), for which the user may use for estimations. Moreover, ArcMap “EcoFlowTool” has a component that estimates the combined HSI (Velocity HIS x Water depth HSI) for the list of fish species and sizes that included in the tool (Table 2). The descriptions of AddJoin_VEL.py (velocity parameter) and AddJoin_WD.py (depth parameter) scripts are included in this manual because both scripts are implemented within the “WUA and WUA0.5 estimation tool” and “WUA estimation tool”. Finally, the description of Reclassify.py (customized reclassification process) script is included in this manual because the script is implemented within the “HSI estimation tool”.

[bookmark: _Hlk2602196]EcoFlowTool Arc Toolbox installation guide

To add the EcoFlowTool on your computer, follow these steps: 
a) Download the .zip file EcoFlowTool from http://imbriw.hcmr.com/en/tools/ and save it on your computer.
b) Unzip the file EcoFlowTool.zip. The generated folder should have the following components (Figure 2): 
i. File  “EcoFlowTool.tbx”
ii. Folder “FISH_SPECIES” includes 24 .dbf files (water depth and velocity files in dbf format for fish species and sizes)
iii. Folder “HYDRAULIC_DATA” includes the subfolders “SensComb30” and “SensComb100” that includes example water depth and velocity raster files. Subfolder “SensComb30” include one water depth and one velocity raster with pixel size 0.3m (0.09m2), while the subfolder “SensComb100” include one water depth and one velocity raster with pixel size 1m (1m2).
iv. Folder “OUTPUT” is for the output files.
v. File “AddJoin_VEL.py”
vi. File “AddJoin_WD.py”
vii. File “Reclassify.py”
viii. File “User_manual.docx”
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Figure 2. Files and folders of EcoFlowTool_v1.zip

c) Open ArcMap and Add the EcoFlowTool.tbx  in Arc Toolbox by using right click on Arc Toolbox – Add Toolbox – Select EcoFlowTool.tbx from the path that has been saved (Figure 3).
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(b)


Figure 3. (a) Process to add EcoFlowTool to the Arc Toolbox, (b) selection of EcoFlowTool.tbx

EcoFlowTool Arc Toolbox components

1) AddJoin_VEL.py

Summary: Joins the contents of a table to another table based on a common attribute field using a python script. The records in the Input Table are matched to the records in the Join Table based on the values of Input Join Field and the Output Join Field (In the presented script the Join field is incorporated within the code- Field: VEL). The input table is updated to contain the fields from the join table. All files must located in the same folder. Join Table process is working very fast as the main advantage of the proposed modified python script. The presented code is a modification of the “Add Join” and “Join Field” codes provided by ESRI.
Add Join: http://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/add-join.htm
Join Field: http://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/join-field.htm
Input Table 
The table or feature class to which the join table will be joined.
Input Join Field 
The field in the input table on which the join will be based.
Join Table 
The table to be joined to the input table.
Output Join Field 
The field in the join table that contains the values on which the join will be based.
Join Fields (optional) 
The fields from the join table to be included in the join.

Parameters - Syntax
· Table: Input attribute table.
· JoinT: Join table (The Join field is incorporated within the code- Field: VEL).
· WorDir:  Working directory.
· Shapefile: Input shapefile (The shapefile of the Input attribute table).
· Output: Output path and name of the generated shapefile.

2) AddJoin_WD.py

Summary: Joins the contents of a table to another table based on a common attribute field using a python script. The records in the Input Table are matched to the records in the Join Table based on the values of Input Join Field and the Output Join Field (In the presented script the Join field is incorporated within the code- Field: WD). The input table is updated to contain the fields from the join table. All files must be located in the same folder. Join Table process is working very fast as the main advantage of the proposed modified python script. The presented code is a modification of the “Add Join” and “Join Field” codes provided by ESRI.
Add Join: http://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/add-join.htm
Join Field: http://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/join-field.htmInput Table The table or feature class to which the join table will be joined.
Input Join Field 
The field in the input table on which the join will be based.
Join Table 
The table to be joined to the input table.
Output Join Field 
The field in the join table that contains the values on which the join will be based.
Join Fields (optional) 
The fields from the join table to be included in the join.

Parameters - Syntax
· Table: Input attribute table.
· JoinT: Join table (The Join field is incorporated within the code- Field: WD).
· WorDir:  Working directory.
· Shapefile: Input shapefile (The shapefile of the Input attribute table).
· Output: Output path and name of the generated shapefile.

3) Reclassify.py

Summary: Reclassifies the values of a raster to specific classes (Table 1). The proposed reclassification is based on the methodology that is followed in the “Classifying data by manually altering the class breaks” process (http://desktop.arcgis.com/en/arcmap/10.4/extensions/geostatistical-analyst/data-classification-manually-altering-the-class-breaks.htm). The proposed classes are presented in the following table.

Table 1. Proposed classes of Reclassify.py script
	Old Classes
	New Classes

	0<x ≤ 0.2
	x = 1

	0.2<x ≤ 0.4
	x = 2

	0.4<x ≤ 0.6
	x = 3

	0.6<x ≤ 0.8
	x = 4

	0.8<x ≤ 1
	x = 5


Input raster 
The input raster to be reclassified.
Reclass field 
Field denoting the values that will be reclassified.
Reclassification 
A remap table that defines how the values will be reclassified.
· Old values—The ranges of values of cells in the input raster. Acceptable settings are a single value, a range of values, a string, or NoData. A list of single values can be specified by separating each with a semicolon (;). A range of values can be specified by using a hyphen (-) as the range separator. 
· New values—The new value to assign the values or ranges of values. Only integer values are supported. 
· Classify—Opens the dialog box allowing the classification Method to be specified. The options are Manual, Equal Interval, Defined Interval, Quantile, Natural Breaks (Jenks), Geometrical Interval, and Standard Deviation. 
· Unique—Reclassifies the input raster into unique values (lowest cell value of input will be value 1; next lowest input value will be 2; and so on). 
· Add Entry—Adds a blank entry to the reclassification. 
· Delete Entries—Deletes selected entries from the reclassification. 
· Load—Loads a previously created remap table. 
· Save—Saves the specified remap table. 
· Reverse New Values—Re-sorts the New values list (for example, 1,2,3 becomes 3,2,1). 
· Precision—Controls the numerical precision of the reclassification values. 
Output raster 
The output reclassified raster.
The output will always be of integer type.
Change missing values to NoData (optional) 
Denotes whether missing values in the reclass table retain their value or get mapped to NoData.
· Unchecked—Signifies that if any cell location on the input raster contains a value that is not present or reclassed in a remap table, the value should remain intact and be written for that location to the output raster. This is the default. 
· Checked—Signifies that if any cell location on the input raster contains a value that is not present or reclassed in a remap table, the value will be reclassed to NoData for that location on the output raster. 

The presented code is a modification of the “Con” example codes that provided by ESRI.

Raster calculator – Conditional tools - Con: http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/an-overview-of-the-conditional-tools.htm  - http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/con-.htm  -  http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/conditional-evaluation-with-con.htmInput Table 
The table or feature class to which the join table will be joined.
Input Join Field 
The field in the input table on which the join will be based.
Join Table 
The table to be joined to the input table.
Output Join Field 
The field in the join table that contains the values on which the join will be based.
Join Fields (optional) 
The fields from the join table to be included in the join.

Parameters - Syntax
· inRaster1: The input raster to be reclassified.
· wordir:  Working directory.
· Output: The output reclassified raster (Output path and name of the generated raster).


4) EcoFlow Raster To Ascii Convert Tool

Summary: Converts all raster datasets, which are located inside a folder, to ASCII text file representing raster data. The name of the output ASCII text files is defined automatically by the input raster datasets files (ASCII text files is the same with the raster dataset name). This tool can be used for the preparation of the input data (in an acceptable format) of the “Environmental water requirements tool” (http://imbriw.hcmr.gr/en/tools/). The tool is based on the usage of standard ArcMap 10.4 tools [Raster to ASCII (Conversion tool/To Raster) & Iterate Rasters (Model builder iterators)].
http://pro.arcgis.com/en/pro-app/tool-reference/conversion/raster-to-ascii.htm
http://pro.arcgis.com/en/pro-app/tool-reference/modelbuilder-toolbox/iterate-rasters.htm

Parameters – Syntax (Figure 4)
· Import Folder:  Input raster datasets folder. The raster can be an integer or floating-point type.
· Export Folder: The output ASCII raster datasets folder. The name of the output ASCII text files is defined automatically by the input raster datasets files (ASCII text files is the same with the raster dataset name).
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Figure 4. “EcoFlow Raster to Ascii Convert Tool” model window.

5) WUA and WUA0.5 estimation tool

Summary: This tool can be used for the estimation of the spatial distributed WUA and WUA0.5 for fish species in rivers of Greece (see Table 2). The range of the water depth and the velocity for all fish species and sizes is presented in Table 2. Moreover, the habitat use curves of all fish species and sizes are estimated according to summer discharge conditions. Habitat use curves are obtained from ECOFLOW project. The summary value of WUA and WUA0.5 can be found in the generated tables within the Output directory folder. The generated tables have the same name with the Output files (raster format) and the summary value of WUA and WUA0.5 is written in the field “SUM”.

Table 2. Range of the water depth and the velocity for all fish species and sizes
	
Fish species Scientific Name
	
Geographical distribution
	Location
	Size Class
	Water Depth
	Velocity

	
	
	
	
	MIN
	MAX
	MIN
	MAX

	Barbus Peloponnesius
	http://www.fishbase.se/summary/Barbus-peloponnesius.html
	Acheloos river
	Large (> 10 cm)
	0.08
	1.2
	0.08
	1.26

	
	
	
	Small (< 10 cm)
	0.08
	1.2
	0.08
	1.26

	Salmo farioides
	http://www.fishbase.se/summary/Salmo-farioides.html
	Acheloos river
	Large (> 20 cm)
	0.08
	1.03
	0
	1.6

	
	
	
	Small (< 10 cm)
	0.01
	1.2
	0
	1.6

	Barbus balcanicus
	http://www.fishbase.se/summary/Barbus-balcanicus.html
	Drosopigi
	Large (> 10 cm)
	0
	1.05
	0
	1.5

	
	
	
	Small (< 10 cm)
	0
	1.1
	0
	1.08

	Salmo pelagonicus
	http://www.fishbase.se/summary/Salmo-pelagonicus.html
	Drosopigi
	Large (> 10 cm)
	0
	0.83
	0
	1.5

	
	
	
	Small (< 10 cm)
	0
	0.62
	0
	1.5

	Squalius keadicus
	http://www.fishbase.se/summary/Squalius-keadicus.html
	Evrotas
	Large (> 10 cm)
	0
	1.1
	0
	1.3

	
	
	
	Small (< 10 cm)
	0
	1.1
	0
	1.3

	Pelasgus laconicus
	http://www.fishbase.se/summary/Pelasgus-laconicus.html
	Evrotas
	One
	0
	1.1
	0
	1.3

	Tropidophoxinellus spartiaticus
	http://www.fishbase.se/summary/Tropidophoxinellus-spartiaticus.html
	Evrotas
	One
	0
	1.1
	0
	1.3



The user should be aware about the fish species presence in his study area and use the tool only if the same species are available in the tool's list. For this purpose, he/she can refer to the links listed in the above Table (geographical distribution) and / or the following literature: 
Freshwater Fishes and Lampreys of Greece. An Annotated Checklist, http://epublishing.ekt.gr/el/11080

Parameters – Syntax (Figure 5)
· Input Velocity raster: Select the velocity raster file.
· Input Water Depth raster: Select the water depth raster file.
· Analysis Cell Size: Define the pixel cell size, in square meters (m2). Example: if the pixel resolution is 3 m, then the analysis cell size is 9 m2.
· Fish species folder: Select the folder that includes all fish species water depth and velocity curves files.
· Input fish species and size velocity curves: Select the suitable fish species (velocity curve - dbf format). The user must choose the same fish species for the velocity curves and the water depth curves. The user should carefully choose the “Fish species folder”.
· Input fish species and size water depth curves: Select the suitable fish species (water depth curve - dbf format). The user must choose the same fish species for the velocity curves and the water depth curves. The user should carefully choose the “Fish species folder”.
· Output: Define the name and path of the output raster to be created. The name of the generated WUA output file is defined by the user. For example if the user writes “WUAsim.tif” the generated file of WUA will be named “WUAsim.tif” and the generated file of WUA0.5 will be named “F5WUAsim.tif” (WUA0.5 file will generate in the same folder as WUA). The summary value of WUA and WUA0.5 will be found in the tables with the same name as the output files (e.g. “WUAsim” and “F5 WUAsim”) within the same folder with the raster output files (see Figure 6, Figure 7).


[image: ]
Figure 5. “WUA and WUA0.5 estimation tool” model window.
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Figure 6. Example of “WUA and WUA0.5 estimation tool” generated files.
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Figure 7. Example of “WUA and WUA0.5 estimation tool” generated files: a) Spatial distributed WUA of Barbus balcanicus - Large size class / raster cell size 0.3m (In the lower right corner is presented the summary value of WUA within the generated table), b)  Spatial distributed WUA0.5 of Barbus balcanicus - Large size class / raster cell size 0.3m (In the lower right corner is presented the summary value of WUA0.5 within the generated table).
6) WUA estimation tool

Summary: This tool can be used for the estimation of the spatial distributed WUA for fish species in rivers of Greece (see Table 2). The range of the water depth and the velocity for all fish species and sizes is presented in the Table 2. Moreover, the habitat use curves of all fish species and sizes are based on summer discharge conditions. Habitat use curves are obtained from ECOFLOW project. The summary value of WUA can be found in the generated table within the Output directory folder. The generated table has the same name with the Output file (raster format) and the summary value of WUA is written in the field “SUM”. The user should be aware about the fish species presence in his study area and use the tool only if the same species are available in the tool's list.  For this purpose, he/she can refer to the links listed in the above Table (geographical distribution) and / or the following literature:
Freshwater Fishes and Lampreys of Greece An Annotated Checklist, http://epublishing.ekt.gr/el/11080


Parameters – Syntax (Figure 8)
· Input Velocity raster: Select the velocity raster file.
· Input Water Depth raster: Select the water depth raster file.
· Analysis Cell Size: Define the pixel cell size, in square meters (m2). Example: if the pixel resolution is 3 m, then the analysis cell size is 9 m2.
· Fish species folder: Select the folder that includes all fish species water depth and velocity curves files.
· Input fish species and size velocity curves: Select the suitable fish species (velocity curve - dbf format). The user must choose the same fish species for the velocity curves and the water depth curves. The user should carefully choose the “Fish species folder”.
· Input fish species and size water depth curves: Select the suitable fish species (water depth curve - dbf format). The user must choose the same fish species for the velocity curves and the water depth curves. The user should carefully choose the “Fish species folder”.
· Output: Define the name and path of the output raster to be created. The name of the generated WUA output file is defined by the user. For example if the user writes “WUAsim.tif” the generated file of WUA will be named “WUAsim.tif”. The summary value of WUA will be found in the table with the same name as the output file (e.g. “WUAsim”) within the same folder with the raster output file (see Figure 9, Figure 10).
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Figure 8. “WUA estimation tool” model window.
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Figure 9. Example of “WUA estimation tool” generated files.
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Figure 10. Example of “WUA estimation tool” generated files: Spatial distributed WUA of Barbus Peloponnesius - Large size class raster cell size 0.3m (In the lower right corner is presented the summary value of WUA within the generated table)

7) HSI estimation tool

Summary: This tool can be used for the estimation of the spatial distributed HIS (stretched and classified values) for fish species in rivers of Greece (see Table 2). The range of the water depth and the velocity for all fish species and sizes is presented in the Table 2. Moreover, the habitat use curves of all fish species and sizes are based on summer discharge conditions. Habitat use curves are obtained from ECOFLOW project. The outputs of the “HIS estimation tool” are the spatial distributed HSI and the reclassified HIS (raster format). Both generate files can be found in the Output directory folder. The reclassified file uses the following classification table (Table 3).

Table 3. Classes of the reclassified HSI
	HSI Classes (old values)
	New HIS Classes (new values)

	0<x ≤ 0.2
	x = 1 - Very Low

	0.2<x ≤ 0.4
	x = 2 - Low

	0.4<x ≤ 0.6
	x = 3 - Moderate

	0.6<x ≤ 0.8
	x = 4 - High

	0.8<x ≤ 1
	x = 5 - Very High



The user should be aware about the fish species presence in his study area and use the tool only if the same species are available in the tool's list. For this purpose, he/she can refer to the links listed in the above Table (geographical distribution) and / or the following literature:
Freshwater Fishes and Lampreys of Greece An Annotated Checklist, http://epublishing.ekt.gr/el/11080


Parameters – Syntax (Figure 11)
· Input Velocity raster: Select the velocity raster file.
· Input Water Depth raster: Select the water depth raster file.
· Fish species folder: Select the folder that includes all fish species water depth and velocity curves files.
· Input fish species and size velocity curves: Select the suitable fish species (velocity curve - dbf format). The user must choose the same fish species for the velocity curves and the water depth curves. The user should carefully choose the “Fish species folder”.
· Input fish species and size water depth curves: Select the suitable fish species (water depth curve - dbf format). The user must choose the same fish species for the velocity curves and the water depth curves. The user should carefully choose the “Fish species folder”.
· Output: Define the name and path of the output raster to be created. The name of the generated HSI output file is defined by the user and the reclassified HSI output file is the same as the user defined name with the letter “C” on the front of the word. For example if the user writes “HSI.tif” the generated file of HSI will be named “HSI.tif” and the reclassified file will be named “CHSI.tif” (see Figure 12, Figure 13). The five (5) classes of the reclassified HIS are: 1-Very Low, 2-Low, 3-Moderate, 4-High, 5-Very high.
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Figure 11. “HSI estimation tool” model window.
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Figure 12. Example of “HSI estimation tool” generated files.
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Figure 13. Example of “HSI estimation tool” generated files: a) Spatial distributed HSI of Salmo pelagonicus - Large size class, b)  Classified spatial distributed HSI of Salmo pelagonicus - Large size class.


Release Notes

These tools have been verified to work with ArcGIS versions 10.4 and 10.6.
To view documentation, right click on a tool and choose "Show Help."  
For best results, input data set names should use short file names (less than 11 characters), start with a letter, and not include spaces or special characters (except "_").

Acknowledgement
Fish habitat data provided by ECOFLOW research project (www.ecoflow.gr) that was funded by the Hellenic General Secretariat of Research and Technology in the framework of the NSRF 2007-2013.
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purpose, he/she can refer to the links listed in the above Table (geographical distribution) and / orthe following literature:
Freshwater Fishes and Lampreys of Greece. An Annotated Checkiist, http://epublishing ekt ar/el/11080
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Input Water Depth raster ‘This tool can be used for the estimation of the spatial distributed WUA for fish species in rivers of Greece (see Table 2). The range of the water depth and
the velocity for al fish species and sizes is presented in the Table 2. Moreover, the habitat use cunes of allfish species and sizes are based on summer
C:ToolTestHYDRAULIC_DATA\SensComb30\WDSensComb30am. i =] discharge conditions. Habitat use curves are obtained from ECOFLOW project. The summary value of WUA can be found in the generated table within the
Analyss Cel Sze Output directory folder. The generated table has the same name with the Output fle (raster format) and the summary value of WUA is witten in the field
008 “SUM.
e Table 2. Range of the water depth and the velocity for all fish species and sizes
CiVToolTestFISH TABLES = Fish species Scientifc Name ‘Geographical distribution Location  SizsClass e CeRt | MRS
Input Fish speces and size Velodity Curves Large (-10cm) 008 12 008 126
Barbus-peloponnesius. fver
o e ~ Barbus pelopornesias i v fishbase selsummary hml Acheloos e d» T e i
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Pelesgus laconicus itpfwrwow fishbase selsummary/Pelasgus-laconicus il Evrotas one o 10 13
Tropidophaxinellus spartiaticus il fshbase selsummaryTropiophornelus-spartaticus html  Evotas, one o 10 13

The user should be aware about the fish species presence in his study area and use the tool only if the same species are available in the tool's lst. For
this purpose. he/she can refer to the links listed in the above Table (geographical distribution) and / or the following lterature:

Freshwater Fishes and Lampreys of Greece An Annotated Checklist, hitp://epublishing ekt or/el/11080
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CAVToolTest FYDRAULIC_DATA|SensComb301VEL SensComb30am. i =
T “This tool can be used for the estimation of the spatial distributed HIS (stretched and classified values)for fish species in rivers of Greece(see Table 2).The
range of the water depth and the velocity for al fish species and sizes is presented in the Table 2. Moreover, the habitat use curves of allfish species and
FoolTestHYDRAULIC_DATA\SensComb 30\WDSensComb30a. b =] sizes are based on summer discharge conditions. Habitat use curves are obtained from ECOFLOW project. The outputs of the “HIS estimation tool” are the
Fish speces folder ‘spatial distributed HSI and the reclassified HIS (raster format). Both generate fles can be found in the Output directory folder. The reclassified fle uses the
G ool Test¥ISH_TAGLES = following classffication table (Table 3).

Input Fish species and size Veloity Curves.

e gy > Table 2. Range of the water depth and the velocity for all fish species and sizes
Input Fish speces and size Water Depth Curves. e
%4Fih species folder%\Saimo_pelagonicus_large_WD.bF > Fish species Scientifc Name ‘Geographical distribution Location  SizeClass Rt NS
Ouput Lorge (-10cm) 008 12 008 126
‘Barbus Pelopomnesius v fishbase selsummary/Barbus-peloponnesius Acheloos river
FoolTest\OUTPUTHST_SPL 5 = e i Smal(<10cm) 008 12 008 126
Lorge (-20cm) 008 103 0 16
SHimelmits T R s — o, ARSIV Smat(<t0cm) 001 12 0 16
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‘Squalis keadicus hitpiiwrwrw fishbase selsummary! il B 0 4 o s
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Table 3. Classes of the reclassified HSI

HSI Classes (old values)  New HIS Classes (new values)

oxs02 x=1-VeryLow
0200504 x=2-Low
040206 x=3- Moderate
0608 x=4-High
0Bt x=5-Very High

‘The user should be aware about the fish species presence in his study area and use the tool only ifthe same species are available in the toof's list. For
this purpose, he/she can refer to the links listed in the above Table (geographical distribution) and / or the following lterature:

Freshwater Fishes and Lampreys of Greece An Annotated Checklist, hitp://epublishing ekt or/el/11030
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