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Preface

Why this book and who it is for
There are many good books out there to help people learn the Python pro-
gramming language but none that I know of that are focused on atmospheric
and oceanic sciences (AOS) users. For the highly motivated “early adopter”
user, this is not a problem, but for most of us, more general resources are not
as useful for two reasons:

• We do not learn programming languages as ends in and of themselves
but to help us to better do our AOS work. We are not interested in
the nature of object-oriented programming (OOP), but rather we are
interested in whether we can use (and how to use) OOP to help us
make better model runs, analyze reanalysis data, etc.

• Just because computer scientists are scientists does not mean AOS
users will find computer science explanations illuminating. Different
disciplines not only speak different languages but they also have differ-
ent thinking processes. This is even true between the different physical
sciences. Thus, learning a language is easier if the explanations and
examples are geared to how AOS users think.

This book is a Python introduction for the “rest of us”: for researchers,
graduate students, and advanced undergraduates who are interested in learn-
ing Python but who want to learn first and foremost how Python will help
them in their own work. The computer science will just come along for the
ride.

What we’ll cover
I assume that readers will have had some background in procedural program-
ming (perhaps Fortran, IDL, or Matlab) and so already understand variables,
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arrays, looping, conditionals (if/then), simple input/output, and subrou-
tines/functions. I also assume that in their work, most readers use a proce-
dural programming methodology, writing programs that are broken up into
subroutines and functions where input is passed in and out using argument
lists (or common blocks or modules). As a result, I start out by showing
how you can use Python as a more-or-less drop-in replacement for whatever
traditionally procedural programming language you use (e.g., Fortran, IDL,
Matlab, etc.). If this is all you want, the first half of the book (Chs. 1–6)
should be all you need.

However, while Python can be used solely procedurally,1 and for many
AOS purposes, procedural programming works very well, Python is natively
object-oriented, and so users who never tap into Python’s object-oriented
nature will end up missing one of the key benefits of moving to Python. To
put it another way, if you’re going to write Fortran code in Python, why not
just write it in Fortran? As a result, while the first half of the book (mainly)
discusses procedural programming in Python, starting in Ch. 7, I provide a
gentle introduction to object-oriented programming and how object-oriented
programming can be applied to AOS problems to enable us to write analysis
and modeling programs that are more reliable, easier to maintain, and enable
more science to be done.

Is this the only Python book I’ll ever need?

If you’re looking to buy and/or use only one Python book, this is not the book
for you. If you can learn from a reference book, something like Martelli
(2006) would be a great book to use instead of this one: it’s comprehensive,
concise, authoritative, and clearly written.

When I was learning Python, there was nothing written for a person like
me, so I had to use application programming interface (API) documentation,
etc. to learn the language. Because I am first an atmospheric scientist, then a
programmer, this was very slow going for me. I needed someone to explain
to me why Python was structured the way it was, in language that I (not a
computer scientist) could understand. This is what this book aims to achieve.

After the introduction provided by this book, you should be better able
to make full use of reference works like Martelli (2006). In Ch. 10, I provide
a list of topics and resources you will want to explore after you finish this
book.

1One of Python’s strengths is that it is a multi-paradigm language that can be used pro-
cedurally, in an object-oriented way, and/or functionally.
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Software you’ll need
I assume that you have a (later) version of Python 2.x (preferably 2.7) in-
stalled on your computer, along with the NumPy, matplotlib (with Basemap),
and ScientificPython packages. Although Python has now moved on to ver-
sion 3.x, almost all scientific users still use a version of 2.x. Please see
Section 2.1 for help on installing Python and the needed packages.

Typesetting and coloring conventions
Throughout the book, I use different forms of typesetting and coloring to
provide additional clarity and functionality (text coloring is available in only
some versions of the book; later on in this preface I discuss the different
versions of the book). Some of the special typesetting conventions I use
include:

• Source code: Typeset in a serif, non-proportional font, as in a = 4.

• Commands to type on your keyboard or printed to the screen: Typeset
in a serif, non-proportional font, as in print ’hello’.

• Generic arguments: Typeset in a serif, proportional, italicized font, in
between a less than sign and a greater than sign, as in <condition>.

• File, directory, and executable names: Typeset in a serif, proportional,
italicized font, as in /usr/bin.

Please note that general references to application, library, module, and
package names are not typeset any differently from regular text. Thus, refer-
ences to the matplotlib package are typeset just as in this sentence. As most
packages have unique names, this should not be confusing. In the few cases
where the package names are regular English words (e.g., the time module),
references to the module will hopefully be clear from the context.

Usually, the first time a key word is used and/or explained, it will be bold
in the text like this. Key words are found in the glossary, and when useful,
occurrences of those words are hyperlinked to the glossary (if the document
has hyperlinks). Many acronyms are hyperlinked to the acronym list (again,
if the document has hyperlinks). The glossary and acronym lists start on
p. 171.

All generic text is in black. All hyperlinks (whether to locations internal
or external to the document), if provided, are in blue. All margin notes are
in magenta (if the version supports colors).
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Updates, additional resources, and versions of this
book
Updates and additional resources are available at the book’s website, http:
//www.johnny-lin.com/pyintro. This includes a link to a list of addenda and
errata, the latest edition of which you can also access directly by going here:
http://www.johnny-lin.com/pyintro/addenda errata.shtml.

Some of the examples and/or exercises in this book make use of files that
are available online for free at the book’s website. You’ll want to download
these files before you start the book; the link to these course files is at the bot-
tom of the book’s web page, or you can go directly to http://www.johnny-lin.
com/pyintro/course files.tar (which takes you to the version of these files for
the latest edition of the book). In the book, these files are referred to as the
files that are found in the course files directory.

There are three versions of the book available. While the textual content
is the same in all of them, you should know about the differences, so you can
find the one that works for you:

• Print version: Black-and-white text and margin notes; black-and-white
figures; no hyperlinks; all chapters bound together; margins formatted
for binding; includes a cover; costs money.

• Full PDF version: Black-and-white text and colored margin notes;
color figures; colored and enabled hyperlinks; all chapters in a sin-
gle file; margins formatted without binding; includes a cover; costs
money.

• Free PDF version: Black-and-white text and colored margin notes;
color figures; no hyperlinks; each chapter in a separate file; margins
formatted without binding; does not include a cover; available for free
at the book’s website.

Although the PDF versions are not bound, the pagination and the format-
ting are kept consistent with the printed version, i.e., the same paper size and
as if printed on left-right opening two-sided pages. Thus, all text, figures,
and notes will be in the same relative places on the page, whether it is PDF
or printed; the only difference is that with the PDF versions the margins are
different to reflect the lack of a binding offset.

Information on how to obtain each version of the book is found on the
copyright page (the page right after the title page). Links to access all ver-
sions of the book are also given at the book’s website, http://www.johnny-lin.
com/pyintro. Note, as a special gift for purchasing the printed version, the
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original owners of a print copy of this book can download a copy of the latest
edition of the Full PDF version of the book for free. Please see the last page
of the printed book (the Colophon page) for details.
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How to Use This Book

First, the bad news: How not to use this book

Because I wrote this book to help teach atmospheric and oceanic scientists
brand-new to Python how to use the language, there are a lot of things the
book does not do well, and there are a lot of topics the book does not cover.

Things the book does not do well: This book is a bad Python reference.
The order in the book matters, because the topics build on each another. This
book also does a poor job of telling you how to install Python. I touch on it
in Section 2.1, but that isn’t the focus of the book.

Topics that are not covered: This book is geared for beginners so I had
to leave out a lot of topics that, while important, are not central to helping
beginners use and understand Python. Topics I have left out include: object
inheritance, operating system commands, environment customization, wrap-
ping Fortran routines, and many worthy visualization packages. I describe
some of these topics in Section 10.1, but only enough to motivate the reader
to look into those issues after they have a handle on the concepts I do cover.

How not to use the book: Along the lines of using this book as a refer-
ence, you will find the book to be sorely lacking if you ignore the exercises.
Yes, every author says “do the exercises,” but in this book, the exercises are
intimately interwoven with the pedagogy. Skipping the exercises is not just
skipping breakfast, but more like skipping air. (I talk about this more below.)

How to use this book

I recommend you don’t think of this book as a text you’re reading but as a
course you’re taking. (In fact, the source code and sample data files are in a
directory called course files and much of the content comes from the 2012
AMS Annual Meeting Beginner’s Python short course I taught.) As a course
you’re taking (either a self-study course or a course with an instructor), this
will involve not just reading but a lot of doing.
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I am a firm believer that the only real way you can learn a programming
language is to program in that language—this book has “hands-on” in its title
for a reason ,. As a result, this book is built around examples and exercises
for the reader. I will start off by discussing a topic, and interspersed with that
discussion will be worked out examples of varying degrees of complexity.
You really have to type in the examples, even if they are worked out and
explained in the text; otherwise, you won’t get much out of the text. After
discussion and examples, I provide exercises that implement the material we
just discussed. Those exercises are also crucial to getting the most out of the
book. In fact, for a number of the exercises, later discussion builds off of
your attempt (successful or not) at completing the exercise.3

All examples and exercises are numbered globally; numbering does not
restart with a new chapter.

Before you start using the book, you’ll want to download the supporting
files for some of the examples and exercises. In the book, these will the files
referred to as residing in the directory course files. This directory of files is
available online at the book’s website; see p. viii for details on how to obtain
the files.

Additional notes about the way I wrote this book
Tone: Because I grew up in Seattle and did my undergraduate and graduate
work all in California, I’m a “son of the West” (to misappropriate Tolkien’s
phrase), and so I’ve written this book in a more informal, conversational
tone. (I use contractions and put in smileys ,.) I hope you find my voice to
be something of a “tour guide” of Python and that you will be encouraged to
explore and try things out. Ultimately, I think this will make it both easier to
learn Python and more fun.

Repetition: In most academic papers and books, the author will talk
about a topic once and then (often) assume you remember what was said for
the rest of this book. I always found it frustrating when textbook authors fol-
lowed that convention. Repetition is one of the best ways to teach (and learn);
why don’t textbook authors take advantage of this pedagogy? Besides, if I
am a brand-new learner, I probably will not fully understand a concept the
first time I hear it. Thus, in this book, I repeat myself, repeatedly. If you
are a naturally gifted programmer, you may find this annoying, and I apolo-
gize for annoying you, but then again, I didn’t write this book for naturally

3This pedagogy is based on an AMS Board on Continuing Professional Development
template derived from a template by Results Through Training <http://www.RTTWorks.
com>.
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Chapter Subject Class Hours

1 What Is and Why Python 1
2 Using the Python Interpreter and Interactive

Development Environment
1

3 Basic Data and Control Structures 3
4 Array Operations 3
5 File Input and Output 2
6 A “Real” AOS Project: Putting Together a Ba-

sic Data Analysis Routine
1

7 An Introduction to OOP Using Python:
Part I—Basic Principles and Syntax

3

8 An Introduction to OOP Using Python:
Part II—Application to Atmospheric Sciences
Problems

2

9 Visualization: Basic Line and Contour Plots 3
10 What Next? 1

Table 1: Breakdown of class time to cover each chapter.

gifted programmers but for people like myself who learned programming by
looping through the topic many times.

A note to instructors

As I mentioned earlier, this book works well for self-study but can also be
used as part of a course. When I taught this as short course, we covered
nearly 80% of the material over the course of two (long) days. Table 1 gives
an estimate of how much class time each chapter will take, in instructor
contact hours. This totals 20 class hours. Depending on whether and how
you augment the content with additional homework exercises and projects,
this book will work for a 2 credit hour, one quarter (10 week) class or a 1–2
credit hour, one semester (15 week) class.

The AMS 2012 Short Courses web page has PDF copies of the presenta-
tion slides for the Beginner’s course as well as an Advanced course that was
also offered. You’re welcome to download and use the slides under the terms
of their license: please see http://pyaos.johnny-lin.com/?page id=807.
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An online, introductory Python course
If you’re interested in an online, introductory, AOS Python course taught
by the author of this book, please email me at pyintro@johnny-lin.com.
The course includes real-time, interactive video lectures (which can also be
viewed outside of the scheduled class meeting time), not just online assign-
ments and interaction.
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