
Apps Server (https://apps.hydroshare.org) and HydroShare Apps
Dev Server (https://appsdev.hydroshare.org). The former hosts
officially released apps for the HydroShare project, while the latter
is used as a staging server for apps under development or in

experimental release. The HydroShare Apps server had been
running for 8 months, though recently wiped clean and re-
deployed, and had 5 apps running on it and had 40 registered
users. The HydroShare Apps Dev server had been operating for

Fig. 9. The NASA Data Rods Explorer web app showing NLDAS-Noah Land Surface Model results.

Fig. 10. The Snow Inspector web app showing historical percent snow coverage near Old Faithful Geyser, Yellowstone National Park, USA.
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about 5 months at the time of writing, had 21 registered users and
10 web applications. Both HydroShare Tethys Portals were config-
ured with the entire Tethys Platform installed on a single, though
more powerful, server. The HydroShare Apps Server was originally
deployed in the Digital Ocean (Digital Ocean Inc., 2016) commercial
cloud provider and later moved to a server provided by the Re-
naissance Computing Institute (Rennaissance Computing Institute,
2016) where the HydroShare Apps Dev server is also operating.

3.3. Community

Tethys Platform has a growing number of users and efforts have
been made to accommodate its use and ensure it is sustainable. In
an effort to promote the development of a community a forum has
been setup for users to post questions and document answers
(https://groups.google.com/forum/#!members/tethysplatform)
and the issues tracker on the primary GitHub repository is being
used to track bugs and feature requests (https://github.com/
tethysplatform/tethys/issues). To date there are 15 registered
members of the Tethys Platform forum, half of which are not
members of the primary Tethys development team with approxi-
mately 25 answered posts. The GitHub issue tracker is being
actively used with 48 open issues and 153 closed issues and 2
contributions by developers other than the primary development
team via pull request.

Tethys Platform is backed by a consortium of partners from
academia, government, and the private sector including Brigham
Young University, CUAHSI, the Army Corp of Engineers, and Aqua-
veo LLC. The project is governed by a project steering committee
that consists of at least 3 members who meet regularly to discuss
development priorities. The proposals for new features and selec-
tion of project steering committee members is performed demo-
cratically according to the procedures outlined in the Tethys

Platform Project Steering Committee document (Tethys Platform,
2016).

3.4. Qualitative analysis

As a more qualitative measure of how Tethys Platform lowers
the barrier, we performed an analysis of the language composition
of each app and compared it with the language composition of
Tethys Platform as an example of a website project created from
scratch. We used the Count Lines of Code (CLOC) program to count
the number of lines of each of the four major languages (Python,
JavaScript, HTML, and CSS). The line counts exclude blank lines,
comment lines, and third party libraries. We also subtracted
number of lines of code that were generated by the scaffold from
the totals for each app (Python: 65, JavaScript: 0, HTML: 42, CSS: 0).
Absent from this analysis is the language composition of the EPA-
NET web app, which is proprietary. A summary of the language
composition of Tethys Platform and each app is shown in Table 3.

One of the aims of Tethys Platform is to reduce the need to learn
multiple languages to overcome the web development hurdle. This
is evident by the reduced amount of CSS used in each app, ranging
from 0 to 9% as compared to 17% for Tethys Platform, and the
reduced amount of HTML for three of the apps, ranging from 1 to
14% as compared to 17% for Tethys Platform. However, most of the
apps still display a high usage of JavaScript with only one app
displaying a significant reduction in the use of JavaScript as
compared with Tethys Platform. Despite this fact, all of the apps
used as much or more Python, ranging from 33 to 63% as compared
to 33% for Tethys Platform, indicating a heavier reliance on Python.

Using Tethys Platform results in a significant reduction in the
total number of lines of code written for each app as compared to
Tethys Platform. Table 4 shows the lines of code for each app
divided by the lines of code for Tethys Platform by language. At the

Fig. 11. The EPANET web app for visualizing EPANET water distribution system models.
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time of writing Tethys platformwas composed of over 20,000 lines
of code and the apps ranged from about 600 to 8100 lines of code.
On average the apps had only about 14% the total number of lines of
code as Tethys Platform.

4. Discussion

In the introduction we described four hurdles that need to be
addressed to effectively lower the barrier to environmental web
app development including: (1) the software hurdle, (2) the
orchestration hurdle, (3) the web development hurdle, and (4) the
deployment hurdle. We also presented an approach that can be
used to address these four hurdles and we introduced Tethys
Platform as an implementation of this approach. In this section we
discuss how this approach, as demonstrated by Tethys Platform,
overcomes each of these hurdles in more detail. We also discuss
other important considerations such as sustainability and broader
implications.

4.1. Software hurdle

In our approach, we recommend overcoming the software bar-
rier by providing software that meets the spatial and computa-
tional capabilities commonly required for environmental modeling.
Our implementation of this approach is embodied in the Tethys
Software Suite, a prepackaged suite of software which was the
result of an extensive review of FOSS and FOSS4G (Swain et al.,
2015). Overcoming this hurdle involved over a year of research
and careful consideration for the 3rd party software tools that are
included in the Tethys Software Suite.

We emphasize that there is a one aspect of the software hurdle
that would not be addressed by simply providing a recommenda-
tion of software that is useful for environmental web app devel-
opment: installing many of these 3rd party FOSS and FOSS4G can
be an intensive process and a deterrent for potential developers.
Installation instructions for FOSS4G are written for experienced
developers and often require a great deal of troubleshooting to
account for the differences in operating system environments.
Encapsulated in each of the Docker images that were developed to
automate installation are weeks-to months-worth of effort toward
installation, troubleshooting, and configuration of the software.

4.2. Orchestration hurdle

Our recommendation overcoming the orchestration hurdle is to
provide a programmatic means of managing each of the recom-
mended software in a single programming language. This approach
is demonstrated by the Python software APIs included in the Tethys
SDK. Most of the software in the software suite provide some
means of programmatic management, but they vary in form. For
example, SQL can be used to interact with the PostGIS database,
while GeoServer provides a web API. However, using these native
APIs would require the developer to learn both SQL and how to
formulate web requests to the control these two elements of the
software suite. The Python APIs in Tethys SDK lessen the learning
curve by simplifying the specifics of interacting with the software
to a series of objects and functions in a common programming
language. More concretely, rather than writing SQL to add data to
the database, the developer uses Python objects and instead of
having to learn how to create a multipart form request to upload a
shapefile to GeoServer through its native web API, the developer
uses a Python function that takes the path to the shapefile.

One criticism of this approach is that the effort to simplify and
prescribe often results in limited functionality and lessens the
control the developer has over the software. However, the simpli-
fied APIs provided by Tethys SDK do not restrict access to the
software through their native APIs. Building on the examples pre-
viously, if an advanced developer wishes to write SQL, rather than
use the Python approach, they can do so. But if that same developer
is not familiar with formulating web requests, she can still benefit
from the Python API provided for GeoServer.

4.3. Web development hurdle

Our recommended approach for overcoming the web develop-
ment hurdle was to reduce the web development skills required to
develop web apps. The part of Tethys Platform that demonstrates
this approach is the app development framework included in
Tethys SDK. A major task of web development is writing the
foundational code, often called boilerplate code, which includes the
HTML that is common to all pages and provides unified layout the
web app, the CSS that provides a theme and style for the web app,
and JavaScript that is used for dynamic elements such asmenus and
user interface logic. Tethys SDK provides a base template, theme,
and core JavaScript libraries to overcomes this significant web

Table 3
Language composition of each web app and Tethys Platform.

Language Tethys Platform Canned GSSHA NASA data rods Snow inspector Parleys creek Streamflow

Lines Percent Lines Percent Lines Percent Lines Percent Lines Percent Lines Percent

Python 6729 33% 420 63% 570 34% 637 39% 1281 63% 2693 33%
JavaScript 6786 33% 179 27% 659 39% 714 44% 110 5% 4221 52%
CSS 3433 17% 58 9% 0 0% 78 5% 143 7% 88 1%
HTML 3454 17% 8 1% 450 27% 201 12% 499 25% 1149 14%

Totals 20,402 100% 665 100% 1679 100% 1630 100% 2033 100% 8151 100%

Table 4
Lines of code for each app divided by lines of code for Tethys Platform.

Language Canned GSSHA NASA data rods Snow inspector Parleys creek Streamflow prediction

Python 6% 8% 9% 19% 40%
JavaScript 3% 10% 11% 2% 62%
CSS 2% 0% 2% 4% 3%
HTML 0% 13% 6% 14% 33%
All 3% 8% 8% 10% 40%
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development hurdle. The design and development of the base
template for Tethys SDK required several months of tedious work.
For scientists and engineers who are primarily concerned with
developing cutting edge workflows and models or collecting and
analyzing data, the boilerplate code for aweb app is often perceived
as a distraction to the main objectivedto make their work acces-
sible. However, this results in the poor user experience typical of
existing scientific- or engineering-based web applications and,
ironically, does not convey the idea that the user is participating in
the latest science or technology. The base template allows de-
velopers to immediately start working on the logic and workflow of
the app without the need of worrying about how it looks or feels.

Another of the challenges faced by environmental web app
developers is the multilingual nature of web development. HTML
and CSS are required to provide the structure and theme of each
page of the web app and JavaScript is used to provide dynamic
capabilities such as plotting and mapping. A scripting language
such as PHP, Python, or Ruby is also required on the server to
handle the logic of the app and interact with the database. The
Template Gizmos API, one of the APIs that is part of the app
development framework in Tethys, demonstrates an approach that
can be taken to reduces the amount of multilingual coding.

As an example, the Map View gizmo allows developers to add a
dynamic OpenLayers-based map to a page in their app. The Map
View gizmo consists of HTML, CSS and over 1000 lines of JavaScript
and represents several months of development. In contrast, Tethys
app developers are able to insert a map by first defining the map
object in Python and then adding a single template tag to the HTML
pagedno JavaScript or CSS required. The template tag is automat-
ically replaced by the necessary HTML, CSS, and JavaScript of the
gizmo to create the map. To be fair, creating maps with advanced
features such as clicking on a feature on a map and displaying a plot
associated with that feature would require additional JavaScript
and CSS, but the amount of coding in multiple languages is signif-
icantly reduced by the use of the Template Gizmos API.

4.4. Deployment hurdle

Our recommendation to overcoming the deployment hurdle
was to provide a web-safe mechanism for deploying the finished
web apps that is flexible enough to work on the most common
means for obtaining hardware. The implementation of Tethys
Portal illustrates one way this can be achieved. Tethys Portal is a
fully featured web site for hosting the finished web apps. It is built
on Django, a mature web development framework that is under
active development and provides web security features to keep the
portal safe from the hostile environment of the internet. Tethys
Portal can be installed on most Linux distributions that are
commonly available at most data centers, giving it flexibility for
deployment.

Tethys Portal eliminates the boilerplate code associated with
creating a new web site, similar to the manner in which the base
template reduces the amount of boilerplate code needed to de-
velops apps. Specifically, it provides a user account management
system including user profiles that allow users to edit their iden-
tifying information and a mechanism for resetting forgotten pass-
words, authentication and authorization a homepage, an apps
library page that acts as an access point for the installed apps,
administrator pages, and web security features. Tethys Platform
leverages Django features to provide much of this functionality, but
development of these features still required several months.

Tethys Portal is also easily customizable allowing the theme and
content to be changed via the admin pages, so that deployed in-
stances can be rebranded to match the organization that hosts it.
Tethys Portal makes it significantly easier for organizations to host

web apps that they have developed using Tethys Platform.

5. Conclusion

We surmise there are four major hurdles that deter scientists
and engineers, even those with scientific programming experience,
from developing environmental web applications: (1) the software
hurdle, (2) the orchestration hurdle, (3) the web development
hurdle, and (4) the deployment hurdle. We have also presented an
approach for overcoming these hurdles which includes providing:
(1) software that meets the spatial and computational capabilities
commonly required for environmental modeling; (2) a program-
matic means to use each of the recommended software in a single
programming language; (3) a reduction to the web development
skills required to develop web apps; and (4) a web-safe mechanism
for deploying the finished web apps that is flexible enough to work
on the most common means for obtaining hardware (i.e. university
cloud, commercial cloud, private data centers). Tethys Platform, a
development and hosting environment for environmental web
apps, was presented as an implementation of this approach. Tethys
Platform consists of three primary components that were designed
to address one of the four hurdles: Tethys Software Suite, Tethys
Software Development Kit, and Tethys Portal.

Tethys Software Suite addresses the software hurdle by
including free and open source software solutions for GIS and
distributed computing functionality in environmental web apps. It
includes four FOSS4G packages to address the web GIS needs of
environmental web apps: PostGIS, 52� North Web Processing Ser-
vice, and OpenLayers for creating dynamic interactive maps.
Additionally, HTCondor is included to manage computing re-
sources. Tethys Software Development kit addresses both the
orchestration hurdle and the web development hurdle by
providing APIs for each of the software and a framework for
developing web apps. Tethys Portal addresses the deployment
hurdle by providing a runtime environment for Tethys web apps.
This web portal can be easily rebranded and customized to match
the organization hosting it. Tethys Platform facilitates making
environmental web apps more commonplace, which will serve to
narrow the gap between research and practice.

Software availability

Tethys Platform is available under the BSD 2-Clause open source
license and the source code is available in the following GitHub
repositories:

� https://github.com/tethysplatform/tethys
� https://github.com/tethysplatform/tethys_dataset_services
� https://github.com/tethysplatform/tethys_docker

An overview of Tethys Platform and links to documentation, bug
reporting, and support forum are available online at http://www.
tethysplatform.org. Live demos of apps developed using Tethys
Platform can be found at

� http://demo.tethysplatform.org/apps
� https://apps.hydroshare.org or https://appsdev.hydroshare.org

The source code for all of the example web apps, with the
exception of the commercially developed EPANET Web App, are
available on GitHub in the following repositories:

� Streamflow Prediction Tool: https://github.com/erdc-cm/
tethysapp-streamflow_prediction_tool
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� Canned GSSHA: https://github.com/CI-WATER/tethysapp-
canned_gssha

� Parely's Creek Management Tool: https://github.com/CI-
WATER/tethysapp-parleys_creek_management

� NASA Data Rods Explorer: https://github.com/gespinoza/
datarodsexplorer

� HydroShare Snow Inspector App: https://github.com/
jirikadlec2/snow-inspector
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