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Python Basics 

Tutorial Overview 

Python has become the scripting language for geoprocessing in ArcGIS with the ArcPy site package 
providing access to the tools, functions, classes, and modules needed to develop and run geoprocessing 
workflows through scripts. By becoming proficient in the use of Python and specifically ArcPy, you can 
automate the execution of repetitive tasks as well as customize reusable applications. In this tutorial, you 
will learn basic concepts about the Python language, including code structure and syntax. This is not 
intended as a comprehensive introduction to Python or to programming in general. You are 
encouraged to complete general Python tutorials to gain a greater understanding of the language. Please 
see the References and Readings section for a list of recommended tutorials. 

Skills 

By completing this tutorial, you will become comfortable with the following skills: 

• Using Python script editors, specifically IDLE and Spyder 

• Creating and using strings, numbers, and lists in Python 

• Building control structures using branching (if-then-else) and looping (for) in Python 

• Importing modules and calling functions in Python. 

Time Required 

The following classroom time is required to complete this tutorial: 

• 45 - 60 minutes 

Materials Required 

Technology: 

• Python (included as part of ArcGIS installation) 

• Spyder (install from the ArcGIS Pro Python package manager or from https://github.com/spyder-
ide/spyder) or another development environment 

Data: 

• This tutorial does not require any data. 

• Sample scripts can be downloaded at 
http://edu.maps.arcgis.com/home/item.html?id=988d2ab3138b40398f7bd65306ce9da7 . 

Production Date 

The Education and Research Group at Esri Canada makes every effort to present accurate and reliable 
information. The Web sites and URLs used in this tutorial are from sources that were current at the time 
of production, but are subject to change without notice to Esri Canada.  

• Production Date: February 2014. Updated October 2017. 

https://github.com/spyder-ide/spyder
https://github.com/spyder-ide/spyder
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Background Information  

The purpose of the ArcPy package is to help users perform geographic data analysis, data conversion, 
data management, and map automation with Python. The package consists of hundreds of functions, 
classes, tools, and modules. Many examples can be found of how to use ArcPy, but it can be difficult to 
understand how the examples can be adapted to your needs if you do not have at least a basic 
understanding of programming in Python. 

In many programming languages, line breaks and indentations are non-essential and are used solely to 
improve readability of the code. Python is different in that it uses indentations, instead of curly brackets {}, 
to determine the relationship between lines of code. For example, a simple if statement in Python would 

follow this format: 

if condition: 

  do this 

  and that 

whereas in JavaScript it could follow this format: 

if(condition){do this;and that;} 

In some ways, this makes Python more intuitive and easier to learn than other languages. However, it 
also becomes easier to make syntax errors or misassociate instructions with control structures.  

Another difference with Python is that objects are created dynamically. This means that to create an 
object, all you have to do is assign the value of the object to a variable. In programming, an object is an 
individual item, such as a number, a string of text, or a collection of values, while a variable is a symbolic 
name used to store information. In Python, the variable type (integer, float, string, etc.) is determined by 
the value that it was assigned. This is in contrast to other programming languages where the variable that 
will store the object must first be declared as being a certain type before it can be assigned a value. 
Again, while this makes it easier to program in Python, typing one wrong character when using a variable 
could cause a script to fail, or certainly not behave as expected.  

Finally, Python is an interpreted rather than compiled language. This means that the code is read and 
interpreted line by line each time it is run. In contrast, with languages such as C and Java, the entire 
program is read and compiled into an executable file that is ready to run as a whole. Compiled programs 
have been converted into a format, often binary code, that cannot be reviewed line by line by a human 
unless they are decompiled, whereas programs written using interpreted code can always be read and 
modified by a human in a text editor. Because the code is interpreted each time, executing a Python 
script can be slower than running a compiled executable program, but it is much easier to make and test 
changes to the script.  

The best way to learn any programming language is to practice. After completing this tutorial, you should 
be familiar enough with the basic concepts of Python to write your own simple scripts and start working 
with the ArcPy package.    

References and Reading 

• Python for ArcGIS http://desktop.arcgis.com/en/analytics/python/ 

• What is ArcPy? http://pro.arcgis.com/en/pro-app/arcpy/get-started/what-is-arcpy-.htm   

• The Python Tutorial http://docs.python.org/2/tutorial/ 

• Codecademy Python Track http://www.codecademy.com/tracks/python 

• Python Scripting for ArcGIS, Paul A. Zandbergen (Esri Press) 

http://desktop.arcgis.com/en/analytics/python/
http://pro.arcgis.com/en/pro-app/arcpy/get-started/what-is-arcpy-.htm
http://docs.python.org/2/tutorial/
http://www.codecademy.com/tracks/python
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Part A: Python Script Editors 

The Python Window in ArcGIS Desktop applications is useful for executing single lines of codes or testing 
code snippets. However, to develop stand-alone Python scripts, you should use a separate development 
application. There are a large number of applications available, ranging from freely downloadable generic 
code editors, such as Notepad++ or Sublime Text, to Python-specific editors or integrated development 
environments (IDEs), such as Spyder and PyCharm, to comprehensive IDEs, such as Aptana.  

This section gives you a brief overview of two Python script editors, namely IDLE and Spyder. You may 
choose to use any application that allows you to create, debug, and run Python scripts, but keep in mind 
that there will be differences between the application you are using and the steps and screenshots in this 
tutorial. 

IDLE 

IDLE comes with every installation of Python, including the one installed with ArcGIS Desktop.  

1. To start IDLE, from the Start Menu > All Programs > ArcGIS > Python 2.7 > IDLE (Python 
GUI). 

A window should open similar to the one below. 

 

This is the Python shell, which is a Python interpreter. You can enter any Python command at the 
prompt >>> and press Enter to run it.  

2. Type the following line at the prompt and press Enter. 

print "Hello World" 

The print command will be discussed in more detail later. For now, all you need to be aware of is how 
IDLE handles input and output. Notice that the text is colour coded. Python keywords, like print, are 
orange while Python strings are green. Standard output, what a script prints out to the shell, is blue. 
You can see and change these and other highlighting settings in the Highlighting tab of the IDLE 
Preferences window (Options > Configure IDLE). 

 

3. Select File > New File. 

This opens a new window where you can create a script, save it, then run it.  
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4. Type in the same line of code and then save your script as helloworld.py. 

You can save the script anywhere – as long as you remember where! It is a good idea to create a 
specific folder for your scripts so you can find them easily when you need them. 

 

5. Select Run > Check Module to check the syntax of your script. 

If a syntax error is found, you will see this window pop up, for example: 

 

The error will then be highlighted in your script. 

 

The syntax check will stop as soon as an error is encountered. It can only find one syntax error at a 
time. After correcting the error, save the script and check it again to see if there are any more syntax 
errors.  

6. Select Run > Run Module or press F5 to execute the script. 

You should see the message output to the Python Shell. 

 

7. In the Python Shell window, select Debug > Debugger. 
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A debugger allows you to step through the script to check that each line of code is doing what it is 
intended to do.  

8. Run the helloworld script again (i.e., with the script window active, select Run > Run Module or 
press F5). 

The contents of the Debug Control window may not be entirely clear at first, but as you gain 
experience with Python and debugging, you should come to understand what the debugger is doing. 
The window is divided into five sections, shown below: debug controls, display controls, current 
status, stack, and objects. The debug controls determine how the script is stepped through while the 
display controls toggle other parts of the window on and off. 

  

9. Click Step to execute the current line of code.  

The Python shell output should be the same as above, except that tags are added indicating the 
debugger is on. Note that it may take several “Steps” to execute the code fully.  

 

10. Exit IDLE. 

 

Debug controls 

 

Display controls 

Stack 

Local/Global 
objects 

 

Current status 
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Spyder 

Spyder stands for Scientific PYthon Development EnviRonment. It is a free, open source and cross-
platform Python development environment. It can be downloaded and installed from the Python Package 
Manager in ArcGIS Pro 1.3 or higher or by following the installation instructions at 
https://pythonhosted.org/spyder/.    

To install using ArcGIS Pro: 

1. Start ArcGIS Pro. If necessary, type your user name and password on the ArcGIS Sign In screen 
and click Sign in.  

2. Click About ArcGIS Pro at the bottom left then select Python from the side menu. 

3. Choose Add Packages. Seach for spyder or scroll through the list. Select the package and click 
Install. 

Using Spyder 

1. Start Spyder. 

A window should open similar to the one below. Allow access through domain and private networks, if 
prompted, and click OK to close any message or warning windows. 

 

Note: Because of differences in systems and specifically any previous Python installations, you may 
find that Spyder isn’t behaving as expected. If you have installed Spyder through ArcGIS Pro, you can 
try launching it through Start Menu > All Programs > ArcGIS > ArcGIS Pro > Python Command 
Prompt. Type spyder at the prompt and press Enter. You may also find helpful tips on GeoNet 
https://geonet.esri.com/community/developers/gis-developers/python.  

2. Choose the IPython console tab at the bottom right. Type in the same line at the prompt as you 
did in the IDLE Python shell and press Enter. 

print "Hello World" 

https://pythonhosted.org/spyder/
https://geonet.esri.com/community/developers/gis-developers/python
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You should see a syntax error message:  

 

The version of Python installed with ArcGIS Desktop, i.e., the version used in IDLE and ArcMap, is 
2.7 but the version installed with ArcGIS Pro is 3.5. Among the differences between 2.x and 3.x is that 
in 3.x, print is a function, rather than a statement, and requires brackets (). When you are developing 
a script, you should ensure that your development environment and target environment are running 
compatible versions of Python.     

3. Place the cursor before or within any instance of the word “print” in the console and press Ctrl-I to 
see documentation for the print function in the Help pane. 

  

4. Place the cursor at the console input prompt and press the up arrow to repeat the previous script 
line. Add brackets () around “Hello World” and press Enter. 

 

5. Click  beside temp.py in the Editor pane to close the temporary script file. This will also open 
a new script file.  

6. Type the same line of code as in Step 5, i.e., omit the brackets, in the Editor after the header.  

Spyder automatically checks script syntax in the editor as you type each line. If a syntax error is 
found, a warning icon will be displayed beside the line with the error.  

7. Hover over the icon to see the warning message. 

 

As in IDLE, syntax errors are found one at a time. You must clear an error before subsequent lines 
will be checked. You can use Ctrl-I to get help documentation for functions. 

4. Correct the syntax for the print function by adding brackets (). Save your script as 

helloworld_spyder.py and then click  or press F5 to execute the script. 
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Spyder automatically saves your script when you run it so you only need remember to save when you 
quit if you have made changes without running the script – but it is always prudent to save your work 
regularly. 

The run command will be displayed in the IPython console followed by any output from the script, if it 
was run without errors. An error message will be displayed if the script failed to run. 

 

5. Click Debug in the Debug toolbar.  

The debug command will be displayed in the console. An arrow indicates the current position of the 
debugger. Instead of an input prompt In [n], you will see the debug prompt ipdb>. 

 

6. Click Step to skip over the comment line then Step Return  to execute the print function. 

 

7. Continue clicking Step Return until the debugger exits. Close any script files that were opened by 
the debugger. 

 

The additional steps are part of the debugger, not your script. If you do not want to step through these 
steps, or to exit the debugger at any time, you can click Stop. 
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Part B: Python Data Types and Variables 

"Hello World" is an example of a string. String values must be enclosed in single ' ' or double " " 

quotation marks so that they are not interpreted as variables. In Python, strings are immutable sequences 
of one or more characters. Immutable means they cannot be changed. You can access individual 
characters within the string but you cannot modify them. Other immutable data types are numbers and 
tuples. Tuples are lists with immutable elements in a specific order.  

Although sometimes you will use values directly, as you did in Part A, if you will be using the same value 
multiple times in your script, it is usually more convenient to assign it to a variable and then apply 
operations and functions to the variable. You may use Spyder, or any IDE with an interactive Python 
interpreter that is running Python 3.x to complete the remainder of this tutorial. The console prompts may 
be different but output and error messages should be the same. 

1. Type the following into the IPython Console and press Enter. 

In: print ("Hello World"[0]) 

You should see the letter H printed out. Square brackets are used to select a single element or a set 
of elements from a sequence. The numbers inside the brackets are index values. The first character 
in a string or item in a list have an index value of 0. 

Note that you do not need to use the print keyword in the interactive window. Simply typing 

"Hello World"[0] will give the same result, except that the H will be enclosed in single quotation 

marks to indicate that it is a string output. You will need to remember to include the print keyword in 

any scripts if you want to have the value output when the script runs. 

 

2. Assign the string to a variable then print out a range of elements. 

In: mystring = "Hello World" 

In: print (mystring[3:7]) 

With the exception of a few reserved keywords, you can name your variables anything you want. 
Nevertheless, you should follow a few best practice guidelines for variables: start with a character; 
use all lowercase; use descriptive names; and keep names short.  

The colon within square brackets indicates a range, from the element at the first index value up to but 
not including the second index value. Try specifying different ranges. You can omit the first value, 
e.g., [:5] or the second value, e.g., [6:].  

3. Try assigning a new value to one of the elements. 

In: mystring[5] = "-" 

You should see an error similar to the following: 

TypeError: 'str' object does not support item assignment  

This is because, as noted above, strings are immutable. To change the value of a single element in 
an immutable data type, the value of the entire variable must be changed. 

4. Assign a new value to one element of mystring, using ranges to keep the remaining elements. 
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In: mystring = mystring[:5] + "-" + mystring[6:] 

The expression to the right of the equal sign in a line of script such as the one above is evaluated and 
then assigned to the variable on the left. To see the current value of a variable, you can output it to 
the console or view it in the variable explorer pane. 

 

The simplest way to combine strings in Python is to "add" them together. This is called concatenation. 
The plus sign + is used both for numerical addition and string concatenation, but numbers and strings 
cannot be added together directly. A number must first be cast as a string before it can be combined 
with other strings.  

5. Cast a number as a string and add it to mystring. 

In: mystring = mystring + str(2.0) 

The function str() is a built-in function in Python. It is passed a number, or any other data type, as a 

parameter and returns a string. In the line above, it allows the number 2.0 to be concatenated with 
mystring, which should now have the value Hello-World2.0. The functions int() and float() 

do the opposite, taking a string and returning a number type. The full list of built-in functions can be 
found at https://docs.python.org/3.5/library/functions.html or through the help features in Spyder. 
Another function you may find useful is len(), which returns the number or elements, or length, of a 

string or other sequence. 

6. Get information about the len function and then check the length of the new string. 

In: help(len) 

In: len(mystring) 

 

The output of len is an integer. Numbers in Python can be either integers or floats (floating-point or 

decimal numbers). The number type of the result of any mathematical operation will depend on the 
number type of the inputs: if all inputs are integers, the result will be an integer; if at least one is a 
float, the result will be a float.  

7. Try performing basic mathematical operations using a mix of integer and float numbers. 

Multiplication, e.g., 6 * 7 

Integer division, e.g., 18/4 

Modulus (remainder), e.g., 26%12 

https://docs.python.org/3.5/library/functions.html
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Float division, e.g., 13.5/6.2 

Addition, e.g., 5 + 8.0 

Subtraction, e.g., 8 - 3 

8. Assign numbers to variables and use the variables in calculations. Use the variable explorer pane 
to see the values of each variable. 

In: x = 1 

In: y = 2 

In: z = 3 

In: v = y * z – x 

In: w = x – y * z 

Lists and tuples are sequences of strings and numbers. Lists, which are mutable, are created using 
square brackets [ ]. Tuples, which are immutable, are created using parentheses ( ). Each element is 
separated by a comma. 

9. Create a list that has a tuple as one element. 

In: mixlist = ['a', 'b', 'c', (x,y,z)]   

The first three elements are strings, as indicated by the single quotation marks. The fourth element is 
a tuple of three variables. The variables must already have been defined, otherwise an error will 
occur.  

10. Check the length of the list. 

In: len(mixlist) 

The list is only four elements long because the tuple counts as just one element in the list. 

11. Check the length of the tuple. 

In: len(mixlist[3]) 

Elements of lists or tuples within lists or tuples are accessed using a second index value, or a third for 
lists within lists within lists, and so on. 

12. Retrieve the first element in the tuple. 

In: mixlist[3][0] 

13. Try changing one of the elements in the tuple. 

In: mixlist[3][1] = w 

 You should again see an error: 

TypeError: 'tuple' object does not support item assignment  

14. Replace the tuple element and output the result in the console. 

In: mixlist[3] = w 

In: mixlist 

ArcPy has many other data types, such as feature classes, layers, and rasters. However, these are 
generally specified as strings, which are accessed and manipulated using ArcPy tools.  
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Part C: Control Structures 

Python scripts are interpreted linearly, from start (the first line) to finish (the last line). Control structures 
allow you to change that flow, either skipping over part of the code with if-then-else statements, for 
example, or repeating parts of the code with for loops. Recall that syntax is very important, as the 
indentation of a line determines whether or not it is part of a control structure.   

1. Create a variable to test. 

In: test = -5 

Conditional Statements 

if statements evaluate a Boolean expression. If the result is True, the code within the if block is 

executed. If the result is False, the code is skipped. 

2. Use an if statement to check if the value is less than zero, and if so output a message. Press 

Enter twice to exit the control statement.  

In : if test < 0: 

...:     print ("The value is less than 0.") 

The output in the IPython console should be similar to the image below. 

 

The Python interpreter recognizes if as a keyword and looks for the colon : at the end of the line 

when you press Enter. If it is missing, a syntax error occurs.  

 

If the syntax is correct, the next line will be automatically indented in the console. Similarly, in the 
Editor pane, the next line after a colon will be automatically indented. More importantly, the Editor will 
also add the colon for you if you forget.  

3. Add an else statement to output an appropriate message if the condition fails. You can use the 

up and down arrows to recall previous input lines in the console so that you don’t have to retype 
them. 

In : test = 14 

In : if test < 0: 

...:    print "The value is less than 0." 

...: else: 

...:    print "The value is not less than 0." 

Pay attention to the line indentations: if and else are not indented, while both print statements 

are indented one tab, which is equal to four spaces. Although indents are automatically added, they 
are not automatically removed so you will have to un-indent else. 
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You can add more conditions using elif statements (else-if). If more than one condition could be 

true, you need to consider which is the more important because only the first code block will be 
executed. 

4. Modify the structure to include an elif statement. 

In : test = -4 

In : if test < -5: 

...:    print "The value is less than -5." 

...: elif test < 0: 

...:     print "The value is less than 0 but not less than -5." 

...: else: 

...:     print "The value is not less than 0." 

You can also nest control statements, i.e., 

if condition: 

  if condition: 

   ... 

  else: 

   ... 

For Loops 

Because a Python script is interpreted line by line every time it is run, you want to use as few lines of 
code as possible to keep the execution time as short as possible. Loops execute the same block of 
code as long as a condition is met. 

5. Create a list. 

In: control_list = [1,2,3,4,5] 

A for loop takes a list and executes the code block once for each element in that list. 

6. Use a for loop to print out the numbers in the list. 

In : for x in control_list: 

...:     print (x) 

Notice that the syntax for a loop is the same as for an if-then-else statement. The output in your 
interactive Python interpreter should be similar to the image below. 

 

This approach to using a list in a for loop only retrieves the value from the list; it does not give you 

access to the list itself. If you need to manipulate the list, you can use the range() function together 

with len().  
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7. Use the range() function to print out both the index and the value of each item in 

control_list. 

In : for i in range(len(control_list)): 

...:     print (i, control_list[i]) 

When range() is passed only one parameter, it creates a list from 0 up to, but not including, the 

parameter value, incrementing by 1. It can also be passed both start and stop parameters and 
optionally a third parameter for the step size. For example, in the following, the start value is 1, the 
end value is the length of the list (5), and the step size is 2. 

 

There are other control structures, such as switches and while loops. If you are interested in learning 
more about these, consult the References and Reading list at the beginning of the tutorial for a list of 
suggested Python resources. 

Part D: Modules and Functions 

There are a limited number of built-in functions in Python. Others can be made available in your script, or 
the interactive Python interpreter, by importing additional modules. The functions can then be called using 
the format <module>.<function>. Although ArcPy is, in fact, a package of modules, it works the same 

way as any other package.    

1. Open a new file and save it as tutorial_partD.py. 

2. Add the following line to the file to import the math module into the script. 

import math  

In Spyder, code auto-completion for imported modules should be available within the Editor pane 
without you having to do anything. In IDLE and possibly other IDEs, you will need to import non-
standard Python modules such as ArcPy in the interactive Python interpreter for the auto-completion 
to be available.  

3. Activate code auto-completion for the math module by typing the following: 

math. 

As soon as you type the period, a list should pop up of all the available functions in the math module. 
Scroll through the list, or use the up and down arrows.  

4. Select a function by double-clicking it or pressing Tab when it is selected, e.g., 

math.sqrt 

5. Open brackets ( for the function and use the hint that appears to pass the correct number and 
type of parameters to the function. 
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Notice that Spyder automatically adds a closing bracket. Remember that you can also get information 
about a function by pressing Ctrl-I. 

6. Add more functions as well as variables and print functions to your script so that messages are 
output when you run it. If you want to get user input while the script is running, you can use the 
input() function, e.g., 

x = input("Enter a value: ") 

In IDLE and Spyder, this will cause a message to display in the console. The user must type in a 
value and press Enter. The user’s input will be read as a string. You will need to cast it as a number 
type to use it in any math functions.    

 

An alternative is to pass in arguments when running the script. In Spyder, open the Run Settings  
dialog window, check the box beside Command line options and enter the value(s). Click OK to save 
the settings for later use, or Run to run the script immediately. 
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In your script, retrieving arguments requires importing the sys module and using its argv property. 

Arguments are read in as strings, and the first argument (index 0) is the name of the script. Therefore, 
to read in a floating-point number that was passed as the first argument, you would use argv[1] 

then cast the result to the proper type, e.g. 

import sys 

x = float(sys.argv[1]) 

7. Run your script to test it. 

You can find samples of completed scripts in the Python tutorial samples and data group in ArcGIS 
Online. 

 

Future Considerations 

Ready to start using the ArcPy site package? Check out the Introduction to Python Scripting with 
ArcPy tutorial. 
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