
Geoprocessing with ModelBuilder Exercise
Download the exercise package from the CGA website, unzip it and stored anywhere you prefer (C:\gis). In these exercises we will work with some of the Ghana Health Facility data set downloaded from the Virtue Foundation Map (http://worldmap.harvard.edu/maps/1347).
Along the way, helpful tips, best practices, and additional information, will be inserted italics. 
Model I (healthfacility1):
Goals:

· Create a simple model.
Context:

· Create a model to extract specific type of Health Facilities, and save those as a new dataset (feature class).  
Automate using the following tools:

· Select by attributes

· Copy Features
Open ArcMap project (map.mxd):

Browse to the folder “Geoprocessing_ModelBuilder_2015”, and run the map.mxd file. Once ArcMap is opened you will view those layers:
· health_fac_jwm (health_fac_jwm.shp – Total health facilities locations in Ghana)

· gha_adm2(gha_adm2.shp – Ghana Province boundaries)

· dtl_cntry(dtl_cntry.shp – World wide countries boundary) 
ModelBuilder allows the user to create unique toolboxes that draw from the standard tools and

are organized for the specific user’s needs. You can create the model in either ArcMap or ArcCatalog.  
Create a ToolBox (model container), and a model.
1. Open ArcMap, and click on the Catalog window icon [image: image19.png]& @ heath facilty.tox
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2. Create a new geodatabase (result.gdb). From now on you will use the result.gdb as your workspace to store all the models results. Once the result.gdb is created, right click on it and make it the default gdb (Make Default Geodatabase).

3. Browse to the folder “Geoprocessing_ModelBuilder_2015/lab_data”, and right click on it.  From the window menu select New then select “Toolbox”, and rename it 
“health_ facility”.
4. Right click on the toolbox you created and select New >> Model.
You should see a window like this, which represents a model “editor”:
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It's good practice to save and rename a new model so that you can easily identify it. This is especially true if you're working with more than one model or with a model that will be shared.

You can rename a model by editing the label in the Model Properties dialog box. Rename the new model as “healthfacility1”.
Edit the model 

1. Navigate to the toolbox just created (health_facility) and expand the menu. Right click on the model (healthfacility1) and select “Edit...”. The empty model window will pop up, and this is where you will build your model.
2. Open ArcToolBox.
3. Add new tools to your model. The first tool to add is “Select Layer by Attribute” (Data Management >> Layers and Table Views >> Select Layer by Attribute). Click on the tool and drag it into the model window. Note that it automatically generates an output variable. Note also that the model is just an outline at this point; it is not ready to run.

4. Add the “health_fac_jwm” shapefile to the model by clicking on it in the table of contents and dragging it over to the model window.

5. Connect the data to the “healthfacility1” tool by clicking on the connection icon [image: image3.png]


 . (Click the icon, click an element (for example, health_fac_jwm), then click an appropriate tool (for example Layer name or Table view). When you connect the data to the model, you will see the colors fill in, indicating the model is ready to run.
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6. You can move or resize the elements (tools and datasets) by clicking on them and dragging the shapes. Try this now. Occasionally, a variable may be added on top of another. If something seems to have “disappeared” trying moving the shapes to see if one element is hidden behind another.
Next we will add an SQL statement that will select all the Health Facility Type named “Clinic” from this dataset. 

1. While looking at the model window, right click on the Select Layer tool (yellow rectangle) and choose Make Variable >> From Parameter and select Expression. 

You are adding an SQL expression (query). The SQL expression is how you indicate which records to select. This step adds the parameters for the SQL expression to the model.

2. Open the “expression” element (right click to open). You should see this form
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3. Click on SQL to see the standard interface for constructing a select statement.
4. Fill in the form as you see it below:
a. Scroll through the list at the top until you see “type.” Double-click on it and you’ll see it populate the query box.
b. Then click on =, which is the symbol for “equal to”

c. Notice the Get Unique Values button. Click on this to see the list of selected variables and select “Clinic”. Click OK on this form and the Expression form to save. 
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Your model may now look like this:
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5. Right click on the output icon (Output Layer) and check the ‘Add to Display’ item so the output (the selected records) will be added to your map document.

6. You are ready to run the model. Click on the run icon (the rightmost icon in the toolbar above) or click on the Model menu then click on Run Entire Module.
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Save the selection result, and create a new dataset:
So far the model highlighted all features existing into the Health Facility data set marked as “Clinic”. The next step is to export the selected data in order to create a new file that includes only the “Clinic” facility. You can chain to your model a specific tool (Copy Features) to create a new dataset.
1. Drag the “Copy features” tool from the toolbox to the model window. You will find it under Data Management Tools >> Features >> Copy Features.

2. Connect the output from the select tool to the copy features tool. Click on the add connection button [image: image9.png]


in the model toolbar. Click the output from the select tool, and then click on the Copy Features tool. (Notice how the colors fill in when the input data element is added to the tool.)

3. Right click on the Copy Features tool and confirm that the correct input is chosen. Change the name of the Output Feature Class (2nd field) to clinics, and add the inline variable %workspace% (data go directly to the default gdb):
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4. Right click on the output icon “Clinics” and check the ‘Add to Display’ item so the output dataset will be added to your map automatically after the model runs. [image: image11.png]Model Edit Insert View Windows Help
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5. Run the model. Click on the run icon (the rightmost icon in the toolbar above) or click on the Model menu then click on Run.
6. Save and close the model. (From the menu bar select Save and Close.)
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Model II (healthfacility2)
Goals:

· Using iterations in the model parameters, and model parameters.
Context:

· Create a dynamic model to extract multiple types of Health Facilities, and save them as a new datasets. 
Automate using the following tools:

· Make Feature Layer
· Copy Features
For the next step of this exercise, you will build a new model (healthfacility2). The goal is to create multiple feature classes (layers) by running a single module. You will create feature classes base on the different criteria (type of the health facility); particularly you’ll create three new feature classes using these criteria:

"type" = ‘CHPS’
"type" = ‘Hospital’

"type" = ‘Polyclinic’

Finally we will add the possibility to change the criteria dynamically using a Model Parameter. 

1. [image: image1.png]


On the ArcMap main menu bar, click Geoprocessing Options window (Geoprocessing >> Geoprocessing Options), and select the check box “Overwrite the outputs of geoprocessing operations” to activate this option (this will allow the model to overwrite existing output files). 
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Create a new model in your health_facility toolbox, and rename it healthfacility2. 
3. Right click on healthfacility2 model and click “Edit..”. 
4. Add a tool to your model. This time you will use a tool named “Make Feature Layer”

5. Add the “health_fac_jwm” layer to the model by dragging it over to the model window.

6. Connect the “health_fac_jwm” to the “Make Feature Layer”, using the connect button. Make sure you chose “Input Feature” as connection type. Once the connection is establish the model colors fill in, indicating the model is ready to run.
7. [image: image17.png]“This variable contais:

© Asingle value




Right click over “Make Feature Layer”, and choose: Make Variable >> From Parameters >> Expression. 
8. Double click the Expression variable and create the first criteria; then click OK. 
9. Right click on the “expression” element, and click on “Properties…”.

When the “Expression Properties” is open check on the radio button “A list of values”. This will give you the possibility to set up multiple query statement. Go back to model window and double click and the “expression” element, and start adding as many query (criteria) you need.
10. To add new queries click the plus button. Always make sure you enter the correct expression (misspelling can cause the model failing). 
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11. Double check the output names to be sure that they are all different, change them if need it.

12. Drag the “Copy features” tool from the toolbox to the model window. You will find it under Data Management Tools->Features->Copy Features.

13. Connect the output from the “Make Feature Layer” tool to the “Copy Features” tool. Click the add connection button [image: image14.png]


in the model toolbar, then click the output from the select tool, and then click on the Copy Features tool, and add the inline variable %workspace% (data go directly to the default gdb):
14. Double check the output names to be sure that they are all different, change them if need it. Right click on the output icon (Output Layer) and set on the ‘Add to Display’ so the output will be added to your map. 

15. Save and run the tool.

Add parameter to the model and inline variable
A model parameter is the way ModelBuilder uses to prompt the user for the value of a variable. Any model variable can be made into a model parameter, but it’s important to expose those variables whose values the model user should specify each time the model is run.
1. Right click on “Expression” variable, and then click Model Parameter. 

2. Repeat the process for the Copy Feature Output
3. Save the model and close the model window. Now double-click the model in the Catalog window to run it, and noticed the input boxes that are presented. These correspond to the parameters you set. 
4. Set an inline variable (current list index %i% -- healthtype%i%) for the output 
5. Save and run it.
Model III,IV,V (healthfacility3, healthfacility4) - Iterations:
Goals:

· Using iterators, and create more complex models.
Context:

· Create models using the iteration capability (iterators). The third model (healthfacility3) will iterate feature classes (year….) using the Feature Classes iterator, count how many wells are with each feature class and add the result to a table (countwells). The model will use precondition to control the flow and make sure that the feature class iteration process must be completed before the count well result is store in the table. The fourth model (healthfacility4) will use the For iterator to create buffers around a selected province. 

Automate using the following tools:

· Feature Classes
· For
· Add Field

· Calculate Field

· Buffer
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Create model - healthfacilty3:
1. Create a new model in your health_facility toolbox, and rename it healthfacility3.   
2. Right click on healthfacility3 model and click “Edit..”. 

3. Right click on the model canvas, and then click on Iterators >> Feature Classes
4. Copy the demo.gdb and rename it results.gdb
5. Open the iterator parameter and set the workspace to the result.gdb

6. Right click on the Iterate Feature Classes tool, and make a new variable (Make Variable >> From Parameter >> Wildcard)
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7. Set the Wildcard variable as a model parameter, and input this value (y*).
8. Add to the model the “Make Feature Layer” tool and “Select Layer By Attributes”, and then chain them together. Be careful about all the possible settings. For the “Select Layer By Attributes” you can use this query (“watersou” = 'Borehole').
9. Add “Get Count” and then chain it to the “Select Layer By Attributes” output.

10. Add the “Countwells” table and a “Select Layer By Attributes” tool (Expression >> Year = '%Name%'). Use the table as the “Select Layer By Attributes” input, and the output chain it to a “Calculate Field” tool (Expression >> %row count%) . 
11. Set a “precondition connector” between “Name” and “Select Layer By Attributes” and between “Row count” and “Calculate Field”. 
12. Save, close and run the tool from the Catalog window

Create model – healthfacilty4:

1. Create a new model in your health_facility toolbox, and rename it healthfacility4. 
2. Right click on healthfacility4 model and click “Edit..”. 

3. Right click on the model canvas, and then click on Iterators >> For
4. Add the layer gha_adm2, and the “Select Layer By Attributes” (ArcToolBox: Analysis Tools >> Data Management Tools >> Layer and Table Views)
5. Connect the gha_adm2 layer to the “Select Layer By Attributes”, and set the Expression as you wish (“NAME_2” = 'Accra').

6. Right click on “Select Layer By Attributes”, and make a new variable (Make Variable >> From Parameter >> Expression). Set the new variable as a model parameter.

7. Add to the model the “Buffer” tool (ArcToolBox: Analysis Tools >> Proximity).
8. Connect both the “Select Layer By Attributes” output, and the For “Value” iterator to the Buffer tool. 
9. Right click on the For iterator and create three new variables (From Value, To Value, By Value). Set all of them as a model parameter, and input those values (1000, 4000, and 1000). The unit is METER.
10. Set the Buffer output to the workspace results.gdb, and the output name to (current series index %v% - buffer%value%). This will use the Value key to create the value name.
11. Add the raster population for 2012 (pop2012), and the “Zonal Statistics as Table” tool. Connect them and export the table as (poptable%value%).  

12. Save, close and run the tool from the Catalog window
Model V (healthfacility5) – Convert external files:
Create model – healthfacilty5:

Goals:

· Interaction with text files. 
Context:

· Create a model that allows iterating over text files and convert them into feature class. For help look at this online tutorial
(http://resources.arcgis.com/en/help/main/10.2/index.html#//00400000001n000000)
Automate using the following tools:

· Table
· Make XY Event Layer
· Copy Features
Create model – healthfacilty5:

1. Create a new model in your health_facility toolbox, and rename it healthfacility5. 
2. Right click on healthfacility5 model and click “Edit..”. 

3. Right click on the model canvas, and then click on Iterators >> Tables
4. Right click on “Iterate Tables”, and make two new variables (Make Variable >> From Parameter >> Workspace) and (Make Variable >> From Parameter >> Wildcard)
5. Double click on “Workspace” and change the path to the folder lab_data. Double click on “Wildcard” and enter *.txt.
6. Add “Make XY Event Layer” tool, and connect the output table to it.
7. Double click on “Make XY Event Layer” tool, and modify the output using the inline variable (current iteration number %n% -- table%n%). Also enter the X Field (POINT_X) and Y Field (POINT_Y).
13. Add Copy Features” tool, and change the output using the inline variable (current iteration number %n% -- newhealthfacility%n%). Save, close and run the tool from the Catalog window
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