
Lab 7c: Rainfall patterns and drainage density 
This is the third of a four-part handout for class the last two weeks before spring break. 

Due: Be done with this by class on 11/3. 

Task: Extract your watersheds  

This week we will be working with DEMs to extract stream networks and to see if there is a correlation 

between precipitation and the way a stream network develops on a mountain. We’ll use the big island of 

Hawai’i for the project.  

1. Now we need to define the outlets for our watersheds.

a. To delineate the outlets, you need to create a shapefile. The easiest way to do this is to

right click in ArcCatalog in the folder you want the shapefile, then choose “new >

shapefile”. Make sure to choose the appropriate projection for your file and be sure to

choose “point” as the feature type.

b. Add the file to ArcMap and turn on editing. Select your new shapefile as the file you

want to edit.

c. Click the small black arrow next to the Editor button.

d. Now you should have an option (usually on the right side of your window) for “Create

Features”. Drag the point of your new shapefile onto the map and you should be able to

start clicking at watershed outlets.



e. You want to choose outlets of major rivers draining the island and place the outlet as 

close to the ocean as possible. You also need to zoom way in and make sure that the 

outlet is placed exactly on the flow accumulation line for that river. You can also do this 

by snapping the point to the stream line for that river. Look up what snapping is to see if 

that is something you want to do. Try to use rivers that are noted with the “blue lines” 

(real rivers) you downloaded.  

f. When you have all your points (put in 50-60 that are evenly spread around the island), 

you should save your edits then stop editing.  

2. Now we are going to actually define the watersheds upstream of the outlets you defined.  

a. What tools are available to do this in the hydrology toolbox? Read the help files for both. 

What are the differences between the tools? Which do you think will work better and 

why? DO NOT RUN ANY TOOLS YET. 

 

 

 

b. Open the attribute table for your pour points. Look and see which column has a unique 

identifier for each point. This is the field you want to use for your model. Write the field 

down here:  

c. Because of how our script is written, we will populate the Id column so that it has unique 

values that we can use rather than using the FID column. In the attribute table of your 

outlets file, click on the Id column and select "Field calculator." Continue through the 

warning message. Set the Id column to equal FID. This should populate your Id column 

with all the unique values from the FID column, which will allow you to use this column 

with the script in the next steps. 

d. We will use “watersheds” because it gives us more control over the output. But, because 

we want to delineate lots of them at once and Arc doesn’t handle potentially overlapping 

watersheds well, we’ll use a Python script to do this. DO NOT RUN ANY TOOLS YET.  

e. Follow the directions below to write a script that makes the watersheds and calculate the 

mean basin rainfall for each basin.  

 

 

 

 

 

 



Exercise 5

October 18, 2016

1 Format Strings

One thing that you will find yourself doing when you write Python scripts is
creating custom strings, text that depends on values being used in your script,
like in the Python exercise for the sea-level lab. Sometimes this you may be
constructing messages that your script should output, sometimes you are writing
custom content to a file, and somethings you want to dynamically construct file
names themselves. In this exercise you will be creating a script that has many
different steps, executing multiple tools many different times. Being able to have
your script dynamically create messages, so that you know what your script is
doing, and files, so that you know what your script is outputting, is key to
completing this exercise successfully.

Python has a special way to allow you to easily create strings, called format
strings. First, you’ll have a brief overview, then we’ll look at some examples,
and finally, you’ll create some of your own.

1.1 Escape Characters

By now, you should have created some strings of your own, assigning files and
URLs to variables. You know that to create a string, you enclose text in single
or double quotation marks. However, what if you want to include a quotation
mark in one of your strings? If you want to include an apostrophe, you could
wrap your string in double quotes, and if you wanted to include dialog in your
string, you could wrap your string in single quotes, but this is both sloppy and
does not cover all use cases (what if someone says “doesn’t”?).

The essence of the problem is that some characters, like the single and double
quotes have meaning for Python, so you need a way to let Python know that you
mean the literal quotation character, and not the symbol that Python assigns
meaning to. You do this by escaping the character, and the way it’s done is
quite simple. You precede the character with a backlash1 like so \". This lets
Python know you mean the literal " character and not the end of a string. There
are other escape characters, like \n, which signifies a line break, or \t, which

1This is why it’s always easier to separate your directories with forward slashes instead of
backslashes, like Windows does
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signifies a tab. A list can be found in this table if you are interested, although
you need not concern yourself with every escape character.

1.2 Constructing format strings

Format strings essentially allow you to have variables in strings, it lets you add
placeholders that will be expanded to a value. The basic Python placeholder
is %s which means that the variable supplied to the format string should be
treated as a string. This makes it ideal for strings, and data that can be easily
made into a string like numbers. But how do you supply a variable to a format
string? You do so by adding a list of variables to use after the string, separating
the string and the list with a % character. Lets look at an example:

1 name = ” Ralpherson ”
2 age = 17
3 i n t r o d u c t i o n s t r i n g = ”My name i s %s and I am %s

years o ld ! ” % (name , age )

Now, the value of introduction_string is "My name is Ralpherson and I am 17 years old!".
You can do more advanced things with string formatting, including formatting
numbers to have a specific number of decimal places, or leading zeros, but just
using %s should be fine for now.

2 Making watersheds

While ArcGIS’s watershed tool can create watersheds for multiple outlets at
once, if the watersheds overlap at all, some of them will be truncated. This
makes creating full watersheds from a set of outlets a time consuming task.
Separate files for each pour point would need to be created and the watershed
tool would need to be used for each of them. However, ArcGIS has some Python
tools that make creating a script an ideal solution.

When the script you will be using was first written, it was long and unwieldy.
It would have been unpleasant to make you work with it in depth, but at this
point, you are ready to more than simply apply it. Instead the bulk of the
script has been logically separated into different functions, which you will then
use to make your own script. Your final script will create watersheds, turn the
watersheds into polygons, calculate zonal statistics with each polygon as a zone,
and then join the resulting statistical information the shapefile. Let’s start by
familiarizing yourself with these functions so that you know how to use them
correctly.

1. Open up shedtools.py

2. Notice at the beginning of every function there are multiple lines of text
enclosed by """. This is the docstring, information about the function.
These docstrings have 3 parts, a description, a list of arguments, and
information about what it returns. Some of this may same similar to
some of the ArcGIS documentation you have read.
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3. The first line is a description of what the function does. This will help
you figure out when to use the function.

4. The Args: section describes the arguments of the function, the values
that it expects and what they should be.

5. The return section describes what the function returns. At the end
of some of the functions there is a line that starts with return. This
line tells Python to return a value. This means that when you call the
function it will evaluate to the value it returns, so you can set this value
to a variable and use it later. In past exercises whenever you had line
like variable = function(input), you were setting a variable to a value
that a function returned.

6. Look through the functions until you understand what they do, and think
you know how to use them in your own script. Notice when format strings
are used.

2.1 Cursors

The way to use Python to look at or change entries in a shapefile or any table in
ArcGIS, is by using cursors. Cursors can be iterated through with for loops
like lists and then used to pull out, update, and insert values of specific fields.
In this exercise we will be using a cursor to pull out the individual outlet points
as well as some sort identifying information, like a number or a name.

1. Open up exercise_5.py. This is where you will write the script to make
the watersheds.

2. Some of the script has already been written for you, but don’t worry,
that’s just fluff, the heart of the script is still unwritten.

3. At the stop of the script you see that it imports the file with the functions
you’ll be using.

4. Next, a series of variables that will be used in this script are listed. You
will fill these out based on your files, and then use these variables in the
script you create.

5. After the various variables for you to fill out, there is a for loop. This
line creates a cursor, as mentioned above, and then increments through
it. This for loop goes through every entry in your POUR_POINTS file and
pulls out the value from the NAME_FIELD

6. name = str(point) simply converts the value pulled from the NAME_FIELD
into a string, in case it isn’t already.

7. Now, using the functions in the shedtools file, the parameters in caps lock
listed at the top of the file, and the name variable, try to write a script to
create a watershed from a pour point inside of the for loop.
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Some tips:

• Once you think you have a script, and test it, it will probably fail.
That’s no problem, though! A huge part of scripting AND ArcGIS,
is trying things, having them fail, troubleshooting and trying again.
Look at the error and try to figure out what’s going wrong.

• Try to include print statements using format strings at various points
through the script to give you messages to better help you figure out
what part is failing, or if it’s still working.

• Prefix your print statements with if VERBOSE: so that you can turn
them on and off by switching the value of VERBOSE from True to
False, as desired.
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