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Background

In June 2011, the National Park Service entered into a Cooperative Ecosystem Studies Unit (CESU) 
task agreement with the Sonoran Institute and the author of this report to write Python code for a web 
site that aggregates and summarizes climate data. Work began in December 2011.  All the work items 
specified under the task agreement are now complete. The working web site is located at 
www.ClimateAnalyzer.org. This report documents the source code used to create the site and provides 
instructions for installing the site on a web server and doing basic maintenance functions, such as 
adding new weather stations.

Much of the code used in the web site was based on algorithms used in a Windows-based desktop 
application called “The Climate Data Summarizer,” which can be downloaded for free at this web 
address: http://www.yellowstoneecology.com/research/COOP_data.html

Under the terms of the cooperative agreement, the source code described here will become public 
domain, which means that it can be modified and distributed by anyone free of charge. The current 
version of the web site located at www.ClimateAnalyzer.org was constructed as a demonstration of the 
code. The web server running www.ClimateAnalyzer.org and its URL are currently owned and 
maintained by the author of this report at his own expense. New additions or improvements to 
www.ClimateAnalyzer.org made after the publication of this report may not be funded by the NPS and 
are therefore the property of Mike Tercek unless specified otherwise under the terms of a new 
agreement.

This project was completed using 100% free, open-source software and programming tools. This report 
was also written with a free word processor that is part of an MS Office replacement suite called 
LibreOffice (http://www.libreoffice.org/). 

The Python programming language is copyrighted by the Python Software Foundation, however the 
python language and all the extensions used in this project (e.g. numpy and matplotlib)) can be used 
and distributed for free. The license for the Python programming language is available here:  
http://docs.python.org/2/license.html 

Note that the code accompanying this report merely makes function calls to Python and its extensions. 
The code does not re-distribute python or its libraries, so a copy of the python  license is not provided 
here.  In order to use the code provided with this report the user will need to download Python and the 
appropriate libraries from the original sources as described below. 
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Getting ready to set up the web site

The basic skills needed to set up and maintain the web site

In order to set up and maintain the web site in its current form, the following skills are required:

1. Understanding of the Linux operating system. This includes command line manipulation of files 
through the terminal or over a secure shell (SSH) connection and installing web applications 
like Zope.

2. Familiarity with the Zope / Plone web architecture, including Template Attribute Language 
(TAL). This architecture is very widely used on the internet and forms the basis for hundreds of  
popular web sites, including Discover Magazine (http://discovermagazine.com/) and NASA 
Science (http://nasascience.nasa.gov/). For more information visit www.zope.org and 
http://plone.org/

3. Competence in writing HTML and javascript.
4. Understanding of how to pass values between web pages as Posts or Query Strings.
5. Ability to use an FTP client to send files to a remote server, modify file permissions, etc.
6. Additionally, in order to make significant modifications to the web site, competence in Python 

programming and the dependent libraries numpy, scipy and matplotlib are required.

This report is written for an audience that has these skills and therefore does not define most technical 
terms. The most up to date information source for all the skills just described is Google.

Required hardware and software

You will need:
1. A web server.   The current version of the web site is running on an Apache server with CentOS 

Linux. Any system that runs CGI scripts should work fine.
2. An FTP client.   Filezilla is a good choice: http://filezilla-project.org/
3. An SSH client like Putty:   http://www.chiark.greenend.org.uk/~sgtatham/putty/
4. A web browser.   
5. A text editor.   If you use Windows on your local machine, choose an editor that can save files 

with new line separators ('\n') instead of carriage returns ('\r'). If you use the wrong separator, 
scripts that you edit probably will not run on the web server. Do not use notepad, which is the 
default editor in Windows.

6. Optional: The Climate Data Summarizer. This desktop application is available as a free 
download at www.Yellowstoneecology.com. You can run the web site without this tool, but it 
will save you time by automatically making the monthly files described in step 9 below.

Setting up the web site
Conceptual Background
There are two primary components to the web site. The first is the Zope database, which manages the 
metadata for each weather station, decides which graphs and tables can be applied to which weather 
station types, keeps track of which years have available data, holds the web page templates (written in 
HTML, javascript,Python, and TAL), generates the web pages that the users see, and calls the 
analytical python scripts. The second component is the “CGI half,” which contains the actual climate 
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data and the analytical python scripts. These two components do not necessarily need to be on the same 
server because the Python scripts are written as functions [e.g. def graph1(station_name, year1,year2):] 
and the arguments for the functions are passed as query strings in the calling URL. For example the 
following URL will create a 30-year departure graph for the Mammoth Hot Springs (Yellowstone) 
weather station. Click below to go straight to the graph:
 http://mtercek.webfactional.com/graphers/30dep.py?
station=yellowstone_park&yr=2012&title=Yellowstone%20Park%20-
%20Mammoth&norm_per=1971_2000

Notice, first, that the server name is mtercek.webfactional.com rather than ClimateAnalyzer.org. 
ClimateAnalyzer.org contains the Zope database and calls the scripts located on 
mtercek.webfactional.com. In reality, these two addresses are located on the same server, but they 
could be anywhere. Second, notice that when the 30dep.py script is called,  the weather station name, 
year of interest, and the departure period are all contained in the URL that follows the script name. If 
you change 2012 in the URL above to 1956 and paste back into your browser you will get a new graph. 

Setting up the CGI half of the web site

1. Set up a web server that supports Python scripting or rent space on one. The current version of 
the climate web site is hosted by Webfaction (http://www.webfaction.com/). They provide 
reasonable rates and have excellent customer service.

2. Install Python 2.5, 2.6 or 2.7 on the server. Following this, install numpy, scipy and matplotlib, 
and make sure they are for the version of Python that you just installed. The details for 
performing this step will differ depending on the setup of your server. In general, it is best to 
follow the instructions provided by the hosting company. If you use SSH, you should be able to 
use the easy_install command. This command will likely take the general form: 
PYTHONPATH=$HOME/{your root folder name}/Python-2.6/lib/python2.6/site-packages 
easy_install-2.6 –install-dir=$HOME/{your root folder}/ Python-2.6/lib/python2.6/site-
packages {package to install}. The key is to make sure that you install the dependent libraries 
for the version of Python that you will be using. **Some servers have more than one running 
version of Python so this is important.

3. Using your FTP client or SSH, create a directory called “graphers” in your home directory and 
copy into it all of the Python scripts contained in the “graphers” folder that accompanies this 
report.  

4. Make sure the hash-bang on the first line of the scripts that you just copied refers to the path for 
the version of Python that you installed (see step 2). The scripts that accompany this report all 
begin with this line: #!/usr/bin/env python2.7. Edit this as needed if you are using a different 
version of python or need a more specific path.

5. Create a folder called “daily” in your home folder and copy all of your daily (or hourly in the 
case of RAWS) weather station files into it. Information on how to obtain weather data is 
available in the instruction manual for the Climate Data Summarizer desktop application at this 
web address: www.YellowstoneEcology.com. For stream gage data, you will need both the daily 
data and the historical median files, as described in the download instructions. The historical 
files should be named with the format {gagename}_hist.txt and corresponding daily data would 
be named {gagename.txt}.

6. You can give your climate files any name you like, but don't use spaces or other characters that 
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will create URL escape problems. These names will be passed in the calling URLs as explained 
above.  In general, use underscores instead of spaces and avoid special characters. The official 
station names and other metadata will be associated with the file names that you choose in the 
“all_stations.csv” file described below.

7. Create a directory called “monthly” in home.
8. Open the Climate Data Summarizer and use it to generate one monthly summary file for each of 

the daily files just mentioned. If you don't want to use the Climate Data Summarizer, create a 
csv file that has monthly averages in the format shown in the example files in the monthly 
folder accompanying this report. The monthly and daily files for a single weather station should 
have exactly the same name. For example, if you have a daily weather file named “Mammoth,” 
then you must also have a monthly file named “Mammoth.” Copy all the monthly files into the 
“monthly” directory created in step 7. At the time of writing, the menu options needed in the 
Climate Data Summarizer were: Create Tables > Create a single file for all months and years in 
a file. 

9. Your python scripts need to know where you stored the climate data. To specify the data path, 
open the script called “read_daily_data.py” and find the second line, which says: 
daily_file_path = '/home/mtercek/webapps/htdocs/daily/.' Edit this line so that it contains the 
path appropriate for your server. Do the same for the monthly file paths by editing the 
corresponding line in the script called “graph_init.py” Note that these two Python files are 
imported by many of the other scripts, so it is best to keep all the scripts together in one 
directory.

10. Create a file modeled on “all_stations.csv,” which accompanies this report. This file contains 
the Station name, location, station type, and other basic information for each weather station. 
Make sure this file is named “all_stations.csv” and copy it into home.

11. Create a file modeled on “1971_2000_averages.csv” which accompanies this report. For more 
information on gathering 30-year averages (“normals”) for your stations, see the instruction 
manual for the Climate Data Summarizer. Copy this file into the “monthly” directory on your 
server. Do the same for another file called “1981_2010” averages. 

12. You can test that this half of the site is working by calling URLs of the form shown above in the 
conceptual overview, making necessary changes for your server name. Once you are sure that 
the python scripts are finding the data files and are successfully creating graphs and tables, you 
can move on to setting up the Zope interface.

Setting up the Zope half of the web site

Brief background on Zope Architecture

Zope uses an inheritance structure that is very similar to that used by object-oriented programming 
languages like Python. The root folder of the Zope hierarchy is analogous to a Python class and 
subfolders behave like instances of the class, inheriting the root namespace. For example, on 
www.ClimateAnalyzer.org, the index page template and the cascading style sheet are located in the root 
of the Zope file structure, and each weather station is represented by an empty subfolder. As a result, 
calling the URL for a particular weather station's subfolder, creates a web page based on the root page 
template, but with Header line replaced by the name of the subfolder. Thus, creating an empty 
subfolder named “Mammoth Hot Springs” in Zope root will create a web page that has all the buttons 
and navigation tools specified in the page template and a top line header called “Mammoth Hot 
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Springs.” **This subfolder's name will also be transmitted to the CGI side of the web site when the 
analytical scripts are called, so the weather station names in Zope must match the file names used to 
store the data on the CGI side. As a result of the name sharing between the Zope and CGI side of the 
site, when you create an empty subfolder for a weather station in Zope, you not only automatically 
create a set of web pages with the relevant graph and table choices, you also  automatically set up the 
structure that the CGI side of the web site needs to find the data files and create tables and graphs. In 
reality, the web pages for each weather station don't really exist on the hard drive of the server. They 
are generated when needed. The empty weather station folder in the Zope file structure is just an entry 
in the database. When a web user calls the URL for a particular weather station, Zope finds the relevant 
folder, determines which page templates are inherited, and generates an actual web page from the 
templates on the fly.

Just as with Python classes, subclasses can be created that modify particular aspects of the superclass 
namespace. In the case of the ClimateAnalyzer.org web site, subclassing is used to control which 
options are available to different weather station types. For example, a subfolder called “raws” (a 
weather station type) was created in Zope root, new page templates with the same names as some of the 
templates in the root folder were copied into this “raws” folder, and weather station subfolders were 
created within this same raws folder. As a result, all the weather station subfolders within “raws”  now 
call the new page templates rather than those located in root. Since the new page templates in the raws 
folder have the same names as some of the page templates in zope root, they are replacing the 
namespace of the superclass (root) with the subclass (raws). Since most of the page templates are the 
same for all weather station types, subfolders / subclasses need only contain new page templates for 
those pages that differ for a particular weather station type. 

As an example, in the case of RAWS weather stations, only 4 page templates differ from root. 
“Graph_choices” controls which graphs the user can choose from. “Daily_table2” has a modification 
that warns the table-creating python script on the CGI side of the site that it is about to read an hourly 
file instead of daily file. “Cloud” and “Cloud2” create pages that let users choose options related to a 
graph type that is unique to RAWS stations. 

Steps for configuring Zope

1. Install Zope on the server. If easy install does not work, follow the instructions provided by 
your server administrator. If a bare Zope install is not available, you can instead install Plone, 
which gives you access to the Zope Management Interface (ZMI).

2. The python script called “get_years.py,” which is located in the “graphers” folder that 
acompanies this report, determines which years are available (have data) for each weather 
station. Using the Zope Management Interface (ZMI), make this script into an external python 
method, following the instructions provided in the Zope documentation.

3. The folder structure that currently exists in the Zope side of the Climate Analyzer web site is 
shown in Appendix A. Use the buttons and drop down menus in the ZMI  to re-create this file 
structure. Each weather station on your web site will be represented in Zope by an empy folder. 
** The names that you use for these subfolders in Zope must match the names that you used for 
the data files on the CGI side of the web site because these names will be passed in the query 
string to the python scripts, as described above.  Since you will quite likely be setting up your 
web site for a different geographic region than the current site, replace the names of the regions, 
e.g. “Greater Yellowstone” and individual weather stations as appropriate. **Notice that in 
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Zope folder names have two aspects: the ID and the Title. The ID is the system name, which 
must match the name of the weather station files. The title is the name that will be shown in the 
web page templates. For example, the ID of the Mammoth weather station folder is “mammoth” 
and the Title is “Mammoth Hot Springs, Wyoming.” Titles can contain spaces and other special 
characters while IDs should not. 

4. The page templates used on the site have been exported as text files and accompany this report. 
Using the buttons and drop down menus in the ZMI, paste them into Zope as shown in 
Appendix A. Be sure to follow the file structure shown.

5. Because of the inheritance structure described above, it is important to copy the correct versions 
of the page templates into their corresponding subfolders. Be aware that many of these page 
templates (deliberately) have the same names and are located in different folders. See 
background on Zope (above) for more detail. 

6. To re-iterate, even though you will have new names for your geographic regions and new 
weather station names, you must have subfolders that correspond to the weather station types: 
raws, snotel, ghcn, stream_gages. Each weather station must be in the correct subfolder, e.g. all 
the RAWS stations go in the raws folder. All the GHCN stations go in the ghcn folder, etc. The 
weather station names (IDs) that you use for the Zope subfolders must match the data file 
names on the CGI side of the web site.

7. Upload the icons located in the icons folder accompanying this report into the locations shown 
in Appendix A. These .png files appear in the googlemaps and represent different weather 
station types. Upload the files in “graph and table choice graphics” folder. These .jpg files 
appear when users are presented graph or table choices.

8. Once you have created all the necessary folders and copied the page templates into them, you 
are done. 

Setting up the Google Maps Interface for the opening pages
The pages that create the googlemaps are written in javascript using the GoogleMaps API. Complete 
instructions for writing this type of code is provided here: https://developers.google.com/maps/. An 
example file that creates a map for the Yellowstone area is located in the file “gryn.html” which 
accompanies this report, in the “example javascript for googlemap” folder.

Adding a new weather station to the web site

1. Add an entry to the file called “all_stations.csv.” Fill in all the required fields.
2. Add a row for your new weather station into the files that contain 30-year averages. These files 

are 1971_2000_averages.csv and 1981_2010_averages.csv. For more instructions on obtaining 
30-year averages, see the instruction manual for the Climate Data Summarizer.

3. Download the daily data for the weather station. For more instructions, see the instruction 
manual for the Climate Data Summarizer. Upload the daily file to the “daily” directory on the 
CGI side of the web site. 

4. Use the Climate Data Summarizer to create a monthly summary file for your weather station. At 
the time of writing, the menu options needed in the Climate Data Summarizer were: Create 
Tables >  Create a single file for all months and years in a file.  Copy the resulting monthly file 
to the monthly folder on the CGI side of the web site.

5. Add the weather station  to the GoogleMap by editing the javascript in your map page as 
needed.
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6. Deleting a weather station is just a matter of undoing all the above steps. 

Modifying the web site: adding or tweaking features

Making changes to the analytical scripts that handle the climate data requires advanced programming 
skills and is beyond the scope of this report. The algorithms in the analytical scripts have been 
reviewed by many climatologists and beta testers. If you decide to change them, be cautious. Good 
reference texts to get you started on the necessary Python skills are: Lutz (2006), Lutz (2008), Alchin 
(2010), and Mckinney (2013). To understand the graphing  routines, it is useful to consult programming 
manuals located on the web sites for scipy (www.scipy.org) and matplotlib (www.matplotlib.org), 
which distribute the python libraries that were used in this project. Specific programming problems can 
often be solved by doing a search on stackoverflow (www.stackoverflow.com).

Unless you add new features to the web site, you  should not need to edit the Zope web page templates. 
Changing the page templates on the Zope side of the web site requires knowledge of HTML, javascript, 
Python and TAL. In practice, the templates are fairly simple compared to those found on many web 
sites, but even small changes to the code can have large consequences. Consult the Zope documentation 
(http://docs.zope.org/)  for details of how these four languages interact when they are used together in 
one script. 
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Appendix A – File Structure in Zope as seen from the Zope Management Interface
Because of the inheritance and sub-classing explained in the main text, this file structure   is   the database structure that controls the web   
site. Note that the “Files” and “dataloggers” folders shown below are not part of the web site under discussion. Remember that page 
templates with the same names can reside in different folders. When this happens, deeper level files replace the more root-ward files in the  
namespace, in a manner similar to Python subclasses (see page 6). Use this appendix in conjunction with the page templates that 
accompany this report to correctly recreate the Zope file structure. Folders designated with weather station names are empty and serve as 
entries in the Zope database. These entries are used to generate web pages from the templates when they are requested by a web user. A 
generalized tree follows the screenshots below.

Root Folder



Root Folder (continued)

GLKN Folder  – This folder is for the Great Lakes Network I&M Program
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raws folder – With the exception of the weather station entries (the subfolders), this folder is the same whenever it occurs for the various 
I&M networks (e.g. GLKN, Greater Yellowstone, etc.) so is listed only once here.
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medn folder – This folder is for the Mediterranean Coast I&M program.
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ghcn folder – This folder contains subclassed page templates for the GHCN weather station type.
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greater_yellowstone folder 

/greater_yellowstone/corr This folder refers to weather station files that were corrected and modified by Climatologist Phil Farnes. The 
subfolders listed here are empty. They are just entries for the weather stations. The Farnes data themselves are stored in COOP format on the 
CGI side of the site. 
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snotel folder With the exception of the weather station entries (the subfolders), this folder is the same whenever it occurs for the various 
I&M networks (e.g. GLKN, Greater Yellowstone, etc.) so is listed only once here.
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snotel (continued)
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stream_gages folder With the exception of the weather station entries (the subfolders), this folder is the same whenever it occurs for the 
various I&M networks (e.g. GLKN, Greater Yellowstone, etc.) so is listed only once here.
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Generalized Zope Tree (conceptual):

/root/ (called 'Climate” in the screen shots)
cascading style sheet (zoo.css)
primary page template (z_zoo.pt)
superclass page templates (30dep, 30dep2,etc.)
/folder for each I&M network (Greater Yellowstone, etc.)

/empty folders for COOP stations (ashland exp farm, etc.)
/raws

subclass page templates for RAWS
/empty folders for RAWS stations (apostle_island, etc.)

/ghcn
/empty folders for GHCN stations (yellowstone_park, etc)
subclass page templates for GHCN stations

/snotel
/empty folders SNOTEL stations
subclass page templates for SNOTEL stations

/stream_gages
/empty folders for each stream gage
subclass page templates for stream gages

     … other station types added with same structure.
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