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Abstract

Climate modeled datasets are available on the internet for exploration by researchers in the field of
environmental sciences. In order to get insight into these large datasets, which are often in varying
data formats, climate researchers use data analysis and visualization tools. At present, most of the
tools used in the environmental sciences require a user to download and execute software locally,
which is inconvenient if the user’s computer does not have sufficient computing power and the size
of the dataset is very large. To address this problem, in this dissertation we propose a new approach
and supporting software, the Analysis and Visualization Toolset of Environmental Data
(AVISTED), aimed at supporting scientific research in environmental sciences. The novelty of the
proposed approach lies in the combination of its features, which allow dataset upload, dataset
management, dataset extraction, dataset download, and interactive data visualizations. The
AVISTED approach is supported through a web-based toolset consisting of capabilities such as
User Management, Model Output Management, Model Output, and Archives and Download.
Additionally, the toolset supports CSV, ASCII, NetCDF and HDF5 environmental data formats.
Also, a new and original approach for software design, GUI-Enhanced Activity Diagrams (GEAD)
that links UML activity diagrams with user interface designs is proposed in the design phase of the
AVISTED toolset. AVISTED fills the gap between the tools available in the environmental
sciences and the generic tools currently used for data analysis and visualization. Although the
approach was aimed at assisting researchers in environmental sciences, it can be adapted to other
areas where analyses of large datasets are needed. To demonstrate the capabilities of the AVISTED
approach and toolset, the dissertation presents three application scenarios that illustrate various
modes of operations and work with different data formats using the main features of AVISTED.
Details of the proposed GEAD software design technique are also provided. A comparison with

related approaches is included, and several directions of future work are also outlined in the thesis.
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Chapter 1

Introduction

Summary

This chapter gives an introduction to the research work. First, the chapter provides background on
the research area by briefly stating its importance and need in the field of environmental sciences.
Next, it discusses the National Science Foundation Established Program to Stimulate Competitive
Research (NSF EPSCoR) project that supported this research work. The chapter then explores the
challenges faced by climate researchers when using the existing tools for data analysis and
visualization. The motivation for the proposed approach of an analysis and visualization toolset for
large climate datasets is also provided in this section. Next, the chapter outlines the proposed
approach of Analysis and Visualization Toolset for Environmental Data (AVISTED). The novelty
of the approach lies primarily in the combination of the following features it proposes: (a) the
extraction of the datasets based on user selection; (b) the conversion of the extracted datasets from
AVISTED’s common data format to another data format such as CSV, NetCDF, HDF5 and ASCII;
(c) a flexible user-friendly interface for visualizing extracted data with several visualization options
such as charts and graphs including functionalities such as zoom in and filter; (d) the ability to
upload and manage model datasets, which are in different common climate data formats; and (e)
the ability to archive and download the work of authenticated users. Finally, the structure of the

dissertation is provided by briefly describing the contents of the remaining chapters.



Research in environmental sciences focuses on reducing the impacts of climate change on human
beings and ecosystems. For this purpose, environmental data are being collected in massive
amounts by many research teams across the globe, and as a result, the sizes of climate datasets are
always increasing. The acquired datasets are processed and transformed using sophisticated climate
models to predict the future climate. To make critical decisions, scientists analyze the modeled

datasets using robust analysis and visualization technigues.

Data analysis and visualization are two effective ways to unveil possible rules hidden in
environmental data. Environmental data sets are usually very large and stored in uncommonly used
formats, such as NetCDF or HDF5. Most existing data visualization and interaction tools cannot
handle environmental data efficiently because of these characteristics. The three most common
operations performed when a scientist analyzes a dataset are extract, visualize, and convert [1].
There are some data analysis tools, such as Matlab and R, for performing these operations; however,
most of them require a user to install the software on a computer locally and some tools even require
programming skills. This can be a problem for scientists who would like to analyze a large amount

of data with a standard personal computer and do not know how to program.

In this research work, we present a new approach, Analysis and Visualization Toolset for

Environmental Data (AVISTED), to facilitate this scientific data analysis.

1.1 Background and Motivation

AVISTED was created for scientific needs and is now available online at Nevada Research Data
Center (NRDC) [2]. This section introduces the background of NRDC and explains why we

developed the AVISTED toolset.



1.1.1 The Nexus Project & NRDC

NRDC serves in a critical role of science cyberinfrastructure for sensor-based research data
management. It facilitates the acquisition, transport, storage, query, and dissemination of
observational data created by automated digital sensor systems. The NRDC participates in cutting-
edge software and systems development to enhance next-generation science that leverages the
Internet of Things (IoT) [2]. The goal of NRDC is to transform the scale, quality, impact, and
bottom-line cost of research projects in Nevada that seek to deploy automated sensor systems as
part of their scientific workflow. NRDC is dedicated to providing services and curation for project-
level datasets and needs [3]. The center was born out of a data portal that was developed during a
Track 1 NSF EPSCoR project on climate change that included a cyberinfrastructure component
called Nevada Climate Change Portal (NCCP). It has been developed with support from a large, 5-
year (2008-2013) NSF EPSCoR Research Infrastructure Improvement (RII) grant to provide data
resources and computing support for scientists researching the long-term effects of climate change
in Nevada. To achieve its goals, NCCP contains not only environmental datasets but also software
tools and services created by Nevada computer engineers to help data acquisition and processing.
One such tool is the original web application AVISTED that we developed, which enables data

selection, extraction, download, conversion, and visualization.

NRDC is currently funded exclusively through Nevada NSF-EPSCoR programs as part of a large
interdisciplinary research project [4]. NRDC operates remote high-speed digital data links as part
of the Nevada Seismological Laboratory wide-area research data network. And we the
cyberinfrastructure team of the Nexus project, maintain a cluster of servers that house its primary

data storage and software services. Figure 1.1 shows a snapshot of the web interface of NRDC [2].
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Figure 1.1: NRDC web interface

NRDC maintains near-real-time archival of both flat-file and relational data structures of small-to-

moderate scale. Its individual project databases range from a few hundred to billions of individual

data points. NRDC exposes project data to researchers and collaborators using high-performance

query interfaces as well as aggregated file archives. The data is shared directly with the Western

Regional Climate Center, the Southern Nevada Research Center (UNLV), the PRISM Climate

Group at the Oregon State University, and the DataOne distributed data curation clearinghouse.

The NRDC develops solutions for research cyberinfrastructure (ClI). They are active participants in



the Earth Science Information Partners (ESIP) Federation, and work as a national community
member to improve standards, practices, and technologies in scientific data management. Their
research includes a significant student education and training component, where computer science
and engineering students interface with domain scientist ""clients” and seek to aid their sensor-based

research using ClI tools.

1.1.2 Need of Scientists

NRDC provides scientists with good quality data, but scientists also need tools to further explore
the data and find valuable rules within the data. Extraction, visualization, and conversion are three
common data analysis operations in the scientific field. Data extraction allows a user to extract a
certain parameter from the dataset based on a particular time slot or location. This operation avoids
loading irrelevant data and simplifies data analysis. Data visualization can highlight the data trend
of a parameter and display possible relations between two parameters. It is very important for
finding “gold nuggets” in the raw data [5]. Data conversion is another significant operation. It
means converting data from one format into another format. A scientist usually uses multiple tools
to analyze a dataset and these tools may each require input in a different file format. Therefore, the
scientist needs to create glue codes or use a data conversion tool. Since most scientists that use
NRDC are environmental scientists and do not know how to program, data conversion is
implemented in AVISTED for their convenience. Usually, environmental scientists need to process
a large amount of data and this requires a powerful machine or cluster. To reduce the burden, a
client-server architecture is leveraged. The architecture does not require a powerful machine on the
client side because most of the operations are executed on the server side. Our previous work proves

that this architecture works very well in this scenario [6,7,8,9].
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Initially, the main goal of the project was to visualize the climate modeling data provided by the
Nevada Climate Change Portal. In this process, we first developed the Visualization Toolset for
Environmental Data (VISTED) shown in the Figure 1.2. VISTED [10] is a non-generic version of
AVISTED with limited functionalities. This tool operates on the output of a hind cast NCAR/WRF-

based model developed by Dr. John Mejia at the Desert Research Institute, Nevada. This output



contains daily values for six variables and extends over 30 years (1980-2009), so it is fairly large,
and data operations like the ones above are needed by scientists who investigate the results of
running this model. Extension of VISTED have led to the results of the work presented in this
dissertation that include expanding the toolset to operate on a broader range of model outputs,

adapting it to individual user preferences, and incorporating more diverse visualization capabilities.

One use case of AVISTED is that a scientist can find possible connections between two
environmental variables by extracting and drawing scatter plots. For example, the scientist can
extract humidity and temperature values of the last ten years of Snake Range West Montane from
a huge NetCDF file and visualize these two variables in a scatter plot by using AVISTED. Because
the extraction step is done on the powerful server side, the operation is executed very fast even if
the file size is huge. If the humidity and temperature variables are highly correlated with each other,
the scatter plot should be approximately in a linear relationship, which means if one of these two

parameters is known, a scientist can estimate the other parameter by using the correlation relation.

The users of AVISTED are researchers, educators, students, and the general public. Using
AVISTED, researchers will be able to quickly find the trends and patterns in data. Educators can
use the toolset in the classroom while teaching the students about climate change. It also helps the

public to be more aware of the impacts of climate change.

1.2 The Problem

There are many tools available for the analysis and visualization of environmental data. Some of
them are desktop standalone applications such as COAST [11] which is designed to serve a special

purpose. Other tools are more generic in purpose, such as R [12], Tableau [13], and Visualization



Toolkit. These tools are useful but they cannot be easily extended or customized based on the needs
of an environmental researcher and some of the generic tools do not support existing common

climate data formats.

In contrast to the generic tools, there are tools specifically designed to support data analysis and
visualization in environmental sciences such as GRADS, NCL [14] and SVTL [15]. SVTL
illustrates a typical problem with these tools. It is a script-based visualization template library that
was designed based on the Vislt visualization tool. It addresses the topmost challenges of the
visualization tools such as parallel execution, interactivity, platform support, and animations. But
to use this tool, users need to know programming. SUNPRISM [16] is another visualization toolset
developed in the SOELA research lab at the University of Nevada, Reno. It allows 3D
visualizations of modeling scenarios whose output can be projected in virtual reality environments
such as CAVE. Even though the desktop tools are easy to use, their performance depends on the
processing speed of the user’s computer and most of the desktop tools do not support interactive
visualizations. More details about the desktop tools used for analysis and visualization in the field

of environmental sciences is provided in Chapter 2 of this dissertation.

Apart from standalone applications, there are some web-based tools that allow users to upload the
data to the server and visualize them over the web. For example, Cal-Adapt offers powerful web-
based solutions for visualizing the datasets that are provided by their website. Users can extract and
download climate datasets from several decades. The decadal climate data of several locations in
California are visualized on a map and also a time series line chart is provided in their website. But
the users of Cal-Adapt cannot choose a visualization type nor can they upload a dataset of their
interest. In this dissertation, we compare AVISTED with similar web-based applications, like Cal-

Adapt, in Chapter 7.



Based on the interviews conducted with researchers, technology experts, and teachers, features
such as data extraction, data conversion, data download and data visualization are most desirable
for users. Users also need the extracted data to be visualized using several visualization techniques.
This will give a great deal of flexibility to the users as they will be able to visualize the data of their
choice driven by their research questions. Also, as researchers collect various types of data from
several places, it is desirable that data can be saved in various formats. Thus, supporting several

data formats such as NetCDF, ASCII, HDF5 and CSV became another requirement for the tool.

Currently, a single generic tool that provides all of these features and supports climate data formats
is not available in the field of environmental sciences. We aim for the AVISTED approach to
address the current challenges faced by researchers in the environmental sciences and any other

similar scientific research.

1.3 Proposed Approach

AVISTED is a generic web-based analysis and visualization toolset. It helps climate researchers in
finding trends, outliers, change of variables over time, and dependencies between variables.
AVISTED supports User Authentication, User Authorization, Model Output Management, Model
Operation, Tools Upload, and Archives of Visualization and Download. It supports datasets in
NetCDF, HDF5, ASCII and CSV formats. Users can perform dataset operations such as extraction,
visualization, view, download and save. Visualizations that are developed using the toolset can also
be saved in user accounts for future use. Also, to support extensibility, users are allowed to upload
their own tools for data processing with the administrator’s approval. AVISTED was implemented

by using the client-server architecture. It executes all operations, except visualization, on the server
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side, which reduces the computing burden on the client side. Therefore, even if a normal computer

is used, complex operations can still be done efficiently.

The novelty of the proposed approach stems primarily from: (a) the combination of the features
offers which include extraction of the datasebssed on user selection, conversion of the extracted
datasetto a different data format, a flexible user-friendly interface for the visualization of the
extracted datawith several visualization options including functionalities such as zoom in and
filter, upload and manage model datasetsich are in different data formats, and archive and
downloadthe work of authenticated users; (b) the flexibility of the procedurehe users take for the
exploration of the datasets; (c) the variety of environmental data formatisch as NetCDF, HDF5,
CSV and ASCII; (d) the ability to extend the supporting toolsetth additional data processing
capabilities and datasets; and (e) the prospect of its applicability in other fieldisat use geospatial

data.

When we designed AVISTED, a new design method named GEAD (GUI — Enhanced Activity
Diagrams) has emerged for improving software engineering experience and efficiency. More
details about GEAD are presented in our previous work [17] and in Chapter 4 of this dissertation.
GEAD provides a comprehensive view for developers and testers. It provides them with a user
interface view for each significant activity in the UML activity diagram. This technique helps
developers in identifying activities that belong to a single view and activities that are common in a
group of views. These connections are very helpful in software systems that are implemented using

the MV C architecture.

The GEAD technique will also help the developers and stakeholders in getting a meaningful link

between the execution and the interface of the software. GEAD is applicable in many fields such
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as web development, video game development, and mobile/desktop apps. In this research work, we
will apply GEAD technique to the web-based application AVISTED, which is implemented using

the MVC Framework.

1.4 Structure of the Dissertation

The rest of the dissertation is organized as follows: Chapter 2 provides the background of the tools
and techniques used in the field of environmental sciences for the analysis and visualization of
large datasets. Chapter 3 discusses the problems addressed by the AVISTED approach and gives
an overview of AVISTED with a high level view of the approach and its modes of operation.
Chapter 4 provides the concept, specification, and design of the AVISTED toolset using the
techniques of GEAD and UML diagrams designed using Microsoft Visio. Chapter 5 presents the
main features and functions of AVISTED toolset using user interface snapshots created based on
the design and specification components discussed in Chapter 4. Chapter 6 illustrates three
application scenarios for AVISTED where different kinds of users employ several capabilities of
the toolset with different input data formats. Chapter 7 presents various details of the web-based
tools that are similar to AVISTED and provides a summary of results, including strengths and
limitations of AVISTED compared to other related tools. Finally, Chapter 8 outlines several

directions for future work and summarizes the contributions of this research work.
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Chapter 2

Background:
Tools and Techniques for
Visualizing Environmental Data

Summary

Visualizing a set of discreet data is often needed in scientific research. In the case of environmental
data, it is quite challenging to predict the future variation of a particular variable such as
temperature, pressure, or precipitation. Many new visualization techniques and tools are available
in the field of software visualization for analyzing large datasets. However, selecting the right tool
to fulfill specific user requirements for visualizing large datasets is still challenging. The objective
of this chapter is to provide background on the technigques and tools that are currently used for the
visualization of environmental data. Based on our previous work [58], done in 2013, it gives an
overview of some popular visualization tools and briefly assesses their capabilities to support
research that involves large datasets of environmental data. A taxonomy of visualization techniques
based on the number of variables that can be visualized is also presented. New trends in building
related user interfaces and a variety of new visualization techniques and their applicability are also

discussed. Finally, several directions for future research in data visualization are outlined.
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2.1 Introduction

Currently, studies on climate change are gaining significance all around the world. An increasingly
vast amount of environmental data is measured, stored, and analyzed in order to find the impact of
climate change on people and the environment. Many organizations provide environmental data
online to help researchers working on climate change all over the globe. Some of such organizations
include the National Oceanic and Atmospheric Administration (NOAA) [18], the Western Regional
Climate Center (WRCC) [19], Cal-Adapt [20] and the Nevada Climate Change Portal (NCCP) [21].
Although most climate-related data is easily available on the World Wide Web, it is a complex and

demanding task to analyze very large datasets without the help of visualization.

Because graphical presentations of data communicate ideas more clearly, the need for visualization
is growing in different domains such as business, engineering, education, physical sciences, social
sciences, medical sciences, meteorology, hydrology, finances, and genetics. Visualization aids in
finding the hidden patterns of raw data more efficiently, helping the researchers to focus more on
the problem and achieve their goals more quickly. Currently, many industry-standard visualization
tools are available, but each of them is developed for a specific purpose. It is a challenge for a
researcher to pick a tool from the huge collection of tools available. The survey presented in this
chapter was conducted while choosing visualization tools for developing a visualization system for

the NCCP.

NCCP is a cyber-infrastructure hub and set of valuable resources for the climate change studies
performed in Nevada. Part of an ongoing NSF EPSCoR funded project [21], NCCP involved
interdisciplinary collaborative work by research teams from UNR, UNLV, DRI, and other Nevada

System of Higher Education (NSHE) institutions. The goal of this portal has been to efficiently



14

provide the researchers, general public, and stakeholders with climate change data, and graphically
present this data using visualization techniques. One of the tasks before developing the software
for the visualization component of the NCCP was to choose a set of visualization tools. The need

for selecting the most suitable tools from several existing visualization tools led to this survey.

Although there are several taxonomies proposed for visualization tools and techniques [22], it takes
a considerable amount of time to choose the right tool that meets the user requirements. The goal
of this survey was to help the researchers in the field of environmental data to quickly find a
visualization tool based on their requirements. In this survey, researchers looked at the tools’
features, applicability, strengths, and limitations, and were then tasked with choosing the right tool
for their respective purposes. The proposed taxonomy of visualization techniques and tools made

it easier for the researchers to find a desired tool.

This survey addressed the following challenges:

i What are the existing tools for visualizing environmental data?
1 What features does the visualization tool provide?
1 What are the challenges facing researchers in the field of data visualization?

2.2 Existing Surveys

To the best of our knowledge, there have been no comprehensive surveys performed for
visualization tools for environmental data. However, a comparison of information visualization
tools was conducted by Aigner et al [23]. Tools such as Tableau, Xmdv Tool, Spotfire, and ILOG

Discovery were evaluated and compared, basic user tasks with one or two variables and advanced
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tasks dealing with complex problems were tested, the features and functions offered by the tools
were categorized, and a matrix stating the features offered by each tool was presented. The
suggested improvements to the surveyed visualization tools include incorporating standard input
file formats and supporting large datasets. Existing visualization tools for environmental data such
as IBM Data Explorer, OceanShare, ImmerseDesk, CAVE, and Infinity Wall were briefly reviewed
by Mozzafari and Seffah [24]. These tools were found to be useful for integrating heterogeneous
data but less intuitive and unable to link multivariate data. The paper mainly presented a toolkit
that offered interaction and visualization services. The services included gaining insight into
singular data with the help of visualizations, using interaction techniques to link visualized data,

and discovering hidden patterns and relationships in large datasets.

A survey of 101 visualization techniques that are used in general for representing time and time-
oriented data was performed by Aigner et al [25]. The techniques were categorized based on data,
time, mapping, and dimensionality. Based on this categorization a table showing the features
supported by technique was provided. From the survey, it was found that none of the visualizations
can handle data that is based on multiple perspectives or has cyclic time evolution. Also, most of
the techniques are not reusable for another visualization problem even if the problem is similar to
the original one. Thus, visualization techniques need to have broader applicability. From this past
research, it is apparent that there are many challenges facing the use of visualization tools and

techniques. In the following section we review several existing visualization tools.

2.3 Overview of Visualization Tools

Some of the tools that are currently used for visualizing environment data were selected for the

review. Usually, these tools are used for specialized tasks. For each tool surveyed, we provide a
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concise summary of its capabilities, applicability, strengths, and limitations, as we presented them

in [58] based on surveying several related websites and online reviews available at that time (2013).

2.3.1 ArcGIS

ArcGIS is a software package that allows users to quickly create maps by using geographic
knowledge [26]. It is proprietary software offered by the Environmental Systems Research Institute

(ESRI), the world leader in Geographic Information Systems (GIS).

Features

ArcGIS is available in many versions. End users can access the maps, data, and applications from
their desktop computers, mobile phones, tablets, and the web. Web developers can build
applications on multiple platforms by using ArcGIS API for JavaScript, Flex, Silverlight and
SharePoint. The tool’s web mapping feature allows the sharing of data, maps, and applications from
other users. The desktop version of ArcGIS has predefined templates that automate the creation of
maps, which can be shared without any limitation. The ArcGIS runtime SDK is available for
Windows mobile, smartphone, and tablet devices. The ArcGIS’s online facility offers to users a

ready-to-use software environment with rich content.

Strengths
1 ArcGIS is easy to use.
1 High quality maps can be created quickly by using automation for desktop users and no

installation is needed for ArcGIS online users.

1 Several input data formats are supported.
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Drawbacks

1 ArcGIS is expensive and there are additional costs for upgrades.

2.3.2 AVS/Express

AVS/Express [27] supports object-oriented development, and it is mainly used for visualization

purposes by programmers and non-programmers.

Features

AVS/Express is available for several platforms and supports several visualization techniques for
2D and 3D environments. Moreover, visualization of multi-gigabyte datasets is possible. The cross-
platform GUI system and cross-platform compatibility of the tool allows rapid application
development. AVS/Express has a library with 900 modules for performing various visualization
and data management tasks. The parallel processing capabilities of the tool allow distributed
computing across shared memory, which results in very fast processing. The tool’s multi-channel

output makes it possible to display visualizations over multiple screens.

Strengths

1 Easily integrates modules from programming languages such as C, C++, and FORTRAN.

1 Scales to very complex and large datasets.
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Drawbacks

1 It depends on virtual memory for sending results to users, which at times may result in low
performance.

1 As it supports multiple platforms, the number of available standard widgets and controls is

relatively limited.

2.3.3 GrADS

Grid Analysis and Display System (GrADS) is a visualization tool used for data manipulation and

visualization of Earth science data in a 5-dimensional space [28].

Features

GrADS uses FORTRAN-like command-line expressions to execute the operations and provides
rich built-in functions. Furthermore, users can add external functions written in any programming

language. Also, the output graphics can be saved as images or PostScript.

Strengths

1 This toolset is open source.

1 It supports several input data formats.

Drawbacks

1 Only a desktop version is available.
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1 Users need to learn commands to draw and control the graphics, which could make the tool

less intuitive.

2.3.4 Integrated Data Viewer (IDV)

IDV is a Java-based software framework for analyzing and visualizing geosciences data [29].

Features

IDV is available on multiple platforms. Java and Java3D are needed to work with the IDV
framework. Its user interface can be customized to perform specific tasks apart from geoscience
applications. IDV provides labels for longitude and latitude axes and it can display different data

types at the same time.

Strengths

1 It is free.

1 Provides high quality 3D visualizations.
1 It can plot data from remote servers.

1 Supports several data types.
Drawbacks

i It requires a lot of RAM, which can make it slow for large databases.
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2.3.5 UV-CDAT

Ultrascale Visualization Climate Data Analysis Tools is a set of tools that support data analysis and

visualization for large climate datasets [30].

Features

This is a Python-based software toolset that can be integrated with other tools such as CDAT,
VisTrails, and Paraview to allow researchers to design advanced scientific visualizations. Many
climate-related data functions such as mean, standard deviation, and linear regression are provided
by this tool, which supports multiple platforms. It also supports provenance functionality and

allows data analysis via VisTrails.

Strengths

1 Provides a suitable, useful suite of tools for climate related data visualizations.
1 It is open source.

Drawbacks

1 Supports a limited number of operating systems.

1 As it is a new product, it may still have bugs and need more testing.

2.3.6  VisTrails

VisTrails is an open source system that provides support for scientific data workflow and

visualization [31].
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Features

The provenance feature of VisTrails allows the comparison of different workflows visually. The
results of the workflows can be displayed on a broad range of displays, from large display walls to
small iPod screens. VisTrails is a python-based tool to which existing code or new modules can be
added. Specialized plugins allow for other tools such as Vislt and ParaView to be integrated.

Among its educational purposes, VisTrails is used for teaching scientific visualization and Digital

Media.

Strengths

1 Has a simple and easy-to-use user interface.

1 Benefits from a broad user community.

1 Contains good comparative visualization capabilities.
Drawbacks

1 Has limited parallel computing capabilities.

2.3.7 Vislt

Vislt is open source tool that provides capabilities for visualization of complex scientific data [32].

Features

Vislt supports C++, Python and Java interfaces and can operate on multiple platforms. Terascale
data can be visualized through parallel and distributed architecture and rich 2D and 3D

visualizations are possible. Extensibility is achieved by dynamically allowing plugins.
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Strengths

1 Provides a good framework for customization.

1 Has capabilities for interactive parallel visualizations.

1 Accepts input data of different formats.

1 Supports terascale data sets.

Drawbacks

1 Data movement could be challenging in future machines.

2.3.8  Visualization Toolkit (VTK)

VTK is open source software that supports an object-oriented environment and consist of libraries

written in C++. It is mainly used for image processing and visualization [33].

Features

VTK provides surface and volume rendering support. It enables the visualization of large complex
datasets through parallel processing. Also, it supports multiple platforms and includes an extensive

set of 3D widgets. Most of the wrapper code for binding Tcl, Java and Python is automated.

Strengths

1 Manages and represents complex scientific data.

1 Supports many visualization techniques.
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1 Has a large user base.
Drawbacks
1 Contains a limited number of modeling tools.

2.3.9 Other Data Visualization Tools

Several other tools from different application domains such as Ferret, GGobi, Mapobjects,
Mathematica, Matlab, OpenDX, Prefuse, R, S-PLUS, SPSS, and Tableau were also reviewed.
Details of these tools are available in the comparison Table 2.1. For each tool, the table contains
information about the operating systems supported, the visualization techniques employed, the
programming and scripting languages used, and the number of variables used in representing data

(e.g., 2D, 3D, multi-dimensional).

Table 2.1: Matrix representing the features of visualization tools

. .NET, Java,
Microsoft | Map (MXD), Globe, ava . .
1 ArcGIS | Windows, | Geoprocessing, Geocodin C++, Flex, Multidimensi
’ P g g Python, C, onal data

Linux Network Analysis, Geodata Javascript, PHP

2D line field plots, Gamma

Windows. | P'ot: 3D shaded contour, C, C++, and 2D,3D,
5 AVS/EX Mac OS " | arrow field plots, particle FORTRAN. univariate,
press X Linux tracing using stream lines multivariate
’ and streak lines, isosurfaces, data

volume visualization
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Unix, Line charts, maps, contour, Ferret Scrints 3D,4D,
Ferret | Windows | arrow field, 3D vector and and P thonp Multidimensi
XP/NT/9x | shaded plots y onal data
Histogram, textured dot plot, 3D
.| Win , rchart, spineplot, L o
GGobi ! dow§ barchart, spineplo GGobi scripting | Multivariate
Mac, Unix | Scatterplot, parallel data
coordinates, time series plot
pie chart, scatterplot, guage,
geo chart, bar chart, tree
map, bubble chart, line
Google Windows raph, stack graph, combo
Visualiza > | graph, graph, Javascript 2D
tion API Mac, Unix | chart, column chart, area
chart, candlestick chart,
word cloud generator, and
maps.
line and bar graphs, scatter
plots, smoothed contours,
Linux, | Shaded contours, FORTRAN, |5
GrADS streamlines, wind vectors, . . .
Mac OS X . . GrADS scripts dimensional
grid boxes, shaded grid
boxes, and station model
plots
] harts, maps, isplays,
Integrate | Windows, ¢ _arts aps _radar displays .
. gridded data displays, 3D, multi-
d Data | Linux, ; . .
. isosurfaces, volume Java dimensional
Viewer | Mac OS- . .
rendering, globe display, data
(Ibv) | X . . .
plan view, profiler winds
polar and spherical plots,
contour and density plots,
parametric line and surface
plots, and vector, stream
Mathern Windows, | plots, candlestick charts, C++, Java, .Net,
atica Mac, quantile plots, box whisker FORTRAN, 2D, 3D
Unix charts, Bode plots, CUDA, OpenCL

histograms, 2D and 3D bar
charts, pie charts, bubble
charts, B-spline curves in 2D
or 3D
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Line, area, bar, pie charts,

Linux, histograms, scatter/bubble 1D, 2D, 3D
9 | Matlab | Microsoft | Plots, animations, Direction C, C++, and visualizations
Windows | @nd velocity plots, Fortran.
isosurfaces, volume
visualization
Windows
' o L 2D, 3D,
Mac'OS Anlm'atlons, dlrectlon and C. FORTRAN univariate,
10 | OpenDX | X, Linux, | velocity plots, isosurfaces, . . .
. . . and Visual Basic | multivariate
Solaris, volume visualization
. data
and Unix
Area chart, bar chart, pie
Win har r chart, lin
11| prefuse i dow§, chart, scatter chart, line Java 2D
Mac, Unix | graph, tree map, network
diagram and animations
Windows, | Graphs, traditional statistical
Mac OS tests, time series analysis,
12 R X, Linux linear & nonlinear modeling, R, Python, Perl 3D
and Unix | classification, clustering
Win . .
Li:wu(:)i(OWS, Graphs, linear & nonlinear
13 | S-PLUS UNIX, modeling, classification, FORTRAN,C,S | 3D
Solaris clustering
Windows, | Tables, graphs, linear
14 SPSS Mac, and | regression, cluster analysis, | Java, Python 2D
Linux and non-parametric tests
Scatterplot, matrix chart, No 2D,
Windows, | bar chart, area chart, bubble . univariate,
15 | Tableau . programming .
Mac chart, stack graph, pie chart, needed multivariate
link map and spatial maps data
multi-view visualization,
UV- Mac direction and velocity plots, | Python, C/C++, | 3D, multi-
16 CDAT Linu'x isosurfaces, volume Java, dimensional
visualization, and parameter | FORTRAN data

space exploration
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multi-view visualization,

Windows, | direction and velocity plots, 3D, multi-
17 | VisTrails | Mac, isosurfaces, volume Python dimensional
Linux visualization, and parameter data

space exploration

Contour 3D, pseudo color

Windows, lot, volume plot, vector 3D, multi-
18 Vislt Mac, piot, pot, Python dimensional
. plot, subset plot, molecule
Linux, . data
plot, parallel axis plot
scalar, vector, tensor,
Visualiza . texture, volumetric methods,
tion Windows, implicit modeling, polygon
19 | Mac, plic g, polyg CHt 3D
toolkit Unix reduction, mesh smoothing,
(VTK) cutting, contouring, and

Delaunay triangulation

2.4 Simple Taxonomy of Visualization Techniques

The existing visualization methods for environmental data can be classified based on several
factors. Many researchers have introduced a taxonomy for visualization techniques [34]. For
example, Shneiderman classified visualization techniques based on data types and user tasks [35].
Specific data types included 1D, 2D, 3D, multidimensional, temporal, tread network The user
tasks considered by Schneiderman to classify the methods were overview, zoom, filter, detaitsn-
demand, relate, historygnd extract Keim classified the methods based on data types and
interaction/distortion techniques [36]. His data types were similar to those used by Schneiderman,
except for algorithms/softwarelnteraction methods such as standard, projectn, filtering, zoom,
distortion,and link brushwere considered for classification. Silva et al[37] classified the methods
based on visualization and interaction features, Muller et al [38] structured them as static and
dynamic, Chi [39] classified them based on visualization processes, and Tory [40] grouped them

based on the characteristics of the models of data employed. While these classifications are more
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generic, in this dissertation we propose a taxonomy of visualization methods based on the number

of variables used to represent the visualization of environmental data.

Specifically, the usual kinds of representation for the environmental data are: onedimensional,
such as atmospheric pressure and wind velocity; two-dimensionglwhich result from a combination
of two variables, for example temperature and humidity; threedimensiongl which involve a
combination of three variables; multi-dimensional which are a combination of more than three
variables; and finally, climaterelated text datahat can be found in the documents or news. A brief
description of each representation of the environmental data, including the corresponding plots, is

stated in the sections below.

2.4.1 One-Dimensional

For a one-dimensional dataset, the data values correspond to one variable and there is only one
value per each data item. Some of the data visualizations for one-dimensional data are histograms

and normal distributions as shown in the book [41].

2.4.2 Two-Dimensional

Two-dimensional data corresponds to two variables. The relationship between two variables can
be easily found through visualization. The 2D visualizations of climate data are line graphs [42],
comparison of variables using plotting [43], bar charts [44], area charts, pie charts, maps,

scatterplots, and stream line and arrow visualizations [45].
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2.4.3 Three-Dimensional

Data values in three-dimensional space have three attributes. The graphical representation of the
three attributes shows depth and rotation in addition to the two dimensional data. The methods for
representing three-dimensional data are isosurface techniques such as presented in [46] and [47],

direct volume rendering [48], slicing techniques [49], 3D bar charts and realistic renderings [50].

2.4.4 Multi-Dimensional

Data attributes in multi-dimensional space range from four to hundreds. To understand the relations
between multiple variables, several techniques are available. The methods for the visualization of
multivariate data are based on scatterplot matrices [51], parallel coordinates [52], star coordinates

[53], maps [54], and autoglyphs [55].

2.5 Discussion

After surveying about 20 visualization tools, it is apparent that none of the tools completely fulfill
all the needs of users. Users need to switch among the tools to get the desired results that are
requested by climate researchers. Even though most of the data (especially in the field of
meteorology, environmental sciences, and climatology) are easily and openly accessible over the
Internet for researchers [2], [56], handling large streams of data is complex when the data is in
different formats. Also, only a few visualization tools have open source code, a feature that enables
researchers in the field of visualization to implement their ideas quickly by not having to start

everything from scratch.
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With the availability of high-quality computer display devices, visualization is currently mainly
focused on 3D/4D techniques. The benefits of these techniques, which replace the traditional
1D/2D techniques that have been in use for many years, need to be investigated further.
Furthermore, the user interaction with visualizations is becoming increasingly more complex. For
example, users are able to discover many details available in the visualization by rolling the mouse
over the visualization, or they are able to change the visualization by using functions such as zoom
in, zoom out, moving left/right/up/down on maps by selecting several views. Google, for instance,

provides all these features in its visualizations [57].

2.6 Challenges

The challenges facing designers of data visualization include: creating applications that run on a
broad range of devices, including desktop computers, mobile phones, display walls, and touch pads;
supporting diverse operating systems such as Windows, Mac, and UNIX; providing several
visualization options and capabilities so that users do not need additional tools; supporting various
interaction and visualization techniques; providing high quality graphics with no loss of useful
information; supporting a large variety of input data formats; enabling the processing of large
datasets without performance losses; and allowing easy integration with other tools. Since
developed visualizations play a crucial role in decision-making, it is also important that researchers
have the ability to check whether there are any missing data values from defective equipment, and
if the received data is accurate. Also, a standard input format would be useful for visualization

tools.

To conclude, this chapter presented a survey of visualization tools and techniques for

environmental data from our previous work done in 2013 [58] . The goal of the survey was to find
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the challenges faced by the researchers and explore the state of art in the field of data analysis and
visualization. To address some of the challenges, in this dissertation we proposed a hew approach
“AVISTED” for the analysis and visualization of environmental data. A supporting toolset for
AVISTED approach was developed and compared with other more recent (2017) similar

approaches in Chapter 7.
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Chapter 3

The AVISTED Approach

Summary

The potential of large datasets is limited without the proper tools to help analysts,
researchers, and the general public in cleaning, processing, converting, extracting and
visualizing the datasets. This requirement has led to the development of many toolsets for
data analysis in various fields. At present, these toolsets do not fully support the needs of
climate scientists. In this chapter, we present some of the problems addressed by the
AVISTED approach. We also present the proposed AVISTED approach and overview the
supporting tools used in representing the approach. The novelty of the approach lies in its
combination of a wide variety of capabilities enabling dataset upload, dataset selection,
data conversion, and interactive visualizations. This approach is aimed at meeting the
research needs of climate scientists as well as data analysts in other fields. Later in this
chapter, a high-level view of the proposed AVISTED approach is presented along with its

modes of operation.
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3.1 Problems Addressed

In the field of data science, we go through the process of measuring, monitoring, predicting, and
communicating the data [59] . To implement this sequence of steps, data scientists are driven by
different kinds of strategies. The concepts of data science are leveraged in designing the algorithms
for these components, and to run the algorithms, powerful computers are used. Similarly, in the
field of environmental science, climate researchers run climate models to process raw data and
predict future data. In this research work, we considered the modeled climate datasets which are
already shared with a larger community. As the data is already clean and modeled, in this research
work we mainly focused on addressing the issues that we identified after surveying the tools that
are most frequently used in environmental sciences for data analysis and visualization, discussed
in Chapter 2. The problems addressed by the AVISTED approach are stated below. We will go

through each one briefly.

3.1.1 Data Formats

Datasets in environmental sciences come in different formats [60]. The data formats NetCDF and
HDF5 are among them. In order to work with these formats, tools used in analyzing and visualizing
the datasets need to interact with them. AVISTED supports this functionality. The datasets used for
analysis in AVISTED can be in four different formats: NetCDF, HDF5, ASCII and CSV.
AVISTED provides the interaction with the datasets using a RESTful web Application
Programming Interfac€API) [61]. A Representational State Transf@REST) web API uses
HTTP as a means of communication, so the resources provided by the restful web API can be
requested by any other application over the web using a HTTP GET. And, the web API uses a

modular approach, which allows the functionality of working with each data format independently



33

of the others. This approach also allows support for new data formats without interfering with the

current functionality.

3.1.2 Large Datasets

Research in climatology is primarily based on large datasets. The sizes of the datasets are usually
in terabytes. Working with such a large amount of data is challenging, as it requires more memory
and CPU time during the run time. Because of limited resources, in this research we worked only
with gigabytes of data. But to support terabytes of data in the future, the AVISTED web API, which
supports the whole functionality of extracting data from the datasets, can be executed in parallel by
dividing the task onto high performance shared distributed-memory machines. This approach has
been adopted by the data visualization tool ParaView [62], which is designed to support large data

sets.

3.1.3 Data Selection

Data selection lets the user focus on his or her research question instead of wasting time on
unwanted data. The AVISTED approach enables data selection by providing a user interface with
information about the dataset. Users can choose a dataset, variables of the dataset, a date range, and
the location of the dataset. This functionality is provided to users using the Model Output feature
of AVISTED. The Model Output page provides a user-friendly interface to researchers by
providing step-by-step instructions for data selection. It is built using the HTML forms with form

elements such as input buttons, text boxes, check boxes, radio buttons, and maps.
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3.1.4 Dataset View

With the datasets being very large in climatology, it is useful for users to get a glimpse of the sample
dataset before downloading the whole dataset. This will avoid unnecessary downloads and reduce
loads on the server while the user gets a clear idea of the dataset before downloading it. AVISTED
supports this feature by displaying the data on the webpage using the HTML table element. In the
future, this functionality can be greatly improved by incorporating additional functionalities such
as filtering, sorting, and searching the data based on the variables of the dataset using the JavaScript

libraries such as List.js [63].

3.1.5 Data Upload

Data upload is an essential operation of a data analysis and visualization toolset. It gives users the
flexibility of digging into the data of their interest. Unlike many other tools in the field of
climatology, AVISTED allows data upload. But as AVISTED is a web-based application, it uses
Hypertext Transfer ProtocdHTTP) [64] protocol for the data transfer. Since the HTTP protocol
was not originally designed for file transfer, there is a limitation on the size of the files it can upload.
For AVISTED, we have limited uploads to 3GB, but this does not stop researchers from using this
functionality. Users can request the administrator of AVISTED to upload the data using File
Transfer Protoco(FTP) [65] by specifying the IP address of the FTP server. Users can also request
the data upload from a location in the cloud. Apart from the datasets, for a quick visualization
AVISTED also allows users to upload a CSV file. After a successful upload, users will be directly

led to the visualization tool to create graphs and charts.
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3.1.6 Data Conversion

Very few tools in the field of environmental science allow data conversion, but this feature is
needed because of the limitations of the toolsets in the field; most of them only support a few data
formats. With the ability to convert a dataset to a different format, the usability of the dataset
increases. AVISTED supports data conversion by letting users download the whole dataset, or a
part of it, in a different data format. To do this, AVISTED changes the dataset into a common data
format before changing it to the target format. This functionality is done using the RESTful web
API. The API uses a modular approach that supports conversion of the dataset to a new data format
independent of the existing conversions. Also, the API can be used by other web applications by

sending a request and providing corresponding input data that is AVISTEDs common data format.

3.1.7 Interactive Visualizations

As we have seen in Chapter 2 of this dissertation, many data visualization tools in the field of
climatology support only static visualizations. Static visualizations do not allow users to interact
with data. With research needs changing from user to user, interactive visualizations are very useful
because users can explore the data per their requirement. AVISTED supports this functionality by
implementing the data visualization logic on the client side using the JavaScript libraries such as
C3 and D3. Users of AVISTED can get an overview of the visualization, get details on demand by
placing the mouse over it, zoom in, and filter based on a particular month or year. Users can also
compare the values of the parameters from a dataset using the time series charts. Several
visualization options, including line chart, bar chart, area chart, and scatter chart, are available. The
functions used for creating these graphs are designed in a modular way, which allows the easy

addition of new types of visualizations to the application in future.
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3.1.8 User Management

If users frequently work on multiple computers, it is hard for them to transfer their work from one
computer to the other. Allowing them to create a user account and save work such as charts, graphs
and extracted data will help users access these items from anywhere. Meanwhile, the administrator
of the application will have an idea of who is using the application. The functionality of data upload
is only available for authenticated users in AVISTED. This stops anonymous users from uploading
irrelevant files and misusing the system. It is not very common to have this feature in the field of
climatology, but AVISTED allows user subscriptions because of the convenience it provides to
users. This functionality is provided by a feature called “Archives of Visualization and Download.”
For now, graphs or data saved by a user are only visible to him or her, but in the future we could

easily modify this feature to allow sharing with all users or a specified group of users.

3.1.9 Open Source

The source code of AVISTED is made available in GitHub. Anyone can access, download, inspect,
run, or enhance it. The researchers and developers in the field of environmental sciences who need
a toolset with similar functionality may use the existing AVISTED toolset instead of having to
reinvent the wheel. This will also allow the community to enhance the toolset by adding new
features to it. Also, to keep the toolset as an open-source project, we have used openly available
libraries such as HDF5DotNet library and Scientific Dataset Library on the server side and C3 and

D3 on the client side, thus making the application reusable and extensible.
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3.1.10 Platform Independent

The main supporting toolset of the AVISTED approach is developed using MVC framework in
ASP.NET Core. This technology is platform independent, which means applications developed
using this technology can be deployed on any operating system, including Windows, Linux, and
macOS [66]. Likewise, the web interface of the application is built using HTML5, which is
supported by most browsers, making the application cross-browser compatible. The only exception
is that the web APIs, which are built for uploading, converting, and extracting the datasets, need to

be hosted on 1S Server which is dependent on the Windows operating system.

3.2 Novelty of the Approach

The main goal of this research work is to provide a new approach and the supporting toolset called
AVISTED, a generic way of providing data extraction, data conversion, data analysis, and data
visualization for large climate datasets coded in different climate data formats. To make the
application generic, we introduced new concepts such as Model Management and Model Output.
The concept of Model Management enabled the execution of operations related to the management
of the datasets in a highly sophisticated manner. These operations included providing an interface
for the dataset upload, dataset deletion, dataset information, and dataset authorization. The concept
of Model Output enable interaction with the dataset by listing the options available to extract and

perform statistics on the extracted data.

The novelty of the proposed approach lies primarily in its (a) combination of its features which
include data upload, data extraction, data conversion, and data visualization; (b) support for

different data formats including CSV, NetCDF, HDF5, and ASCII; (c) straightforward procedure
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which allows easy analysis of large datasets; (d) extensibility in terms of datasets and data

processing features; (e) adoptability in other fields which work with geospatial data.

In the later chapters of the dissertation, we present the details of the AVISTED design and
architecture (Chapter 4) and the capabilities of the AVISTED approach (Chapter 5). We will also
illustrate the approach using three application scenarios (Chapter 6). The first scenario focuses on
a guest user trying to convert a dataset in NetCDF format to CSV and HDF5 format. The second
scenario illustrates an administrator of the AVISTED uploading a CSV file and comparing the
variables in the CSV file using several visualization options available in AVISTED. And the last
scenario shows the activities of a regular user uploading a HDF5 dataset, extracting the data, and

converting it into the NETCDF and ASCII formats.

3.3 High Level View of the Approach

AVISTED operates in six modes, as shown in Figure 3.1. The modes of the operation are based on
the state of the data. The data configuration phase adds a new dataset to AVISTED. If a new dataset
is uploaded, it will be configured using the XML file which is provided by the user or using the
metadata provided in the dataset [67]. If the dataset is functional, it will be registered in the
AVISTED and provided to the user for exploration. Or, if the dataset is not in a valid state it will
be deleted and user will have to upload it again after making necessary changes requested by the
administrator. All the available datasets in the AVISTED are managed in the dataset management
mode. The details of the dataset can viewed by a user. The author of the dataset or the administrator
can edit the details of a dataset or delete a dataset. If user selects a dataset, he will be allowed to

extract it in the data extraction phase. Also, the extracted data can be either viewed or converted to
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a different data format or visualized in the data view, data conversion and data presentation phases

respectively.

1 Dataset Configuration: Allows users to upload a dataset by providing the details of the
dataset, including name, description, format, and the name of the author. Users can also
upload an XML file that describes the details of the dataset and the actual files of the
dataset.

1 Dataset Management: After a successful upload, the dataset is added to the list of
available datasets, but users can work with it only after the approval of the administrator.
At this stage, users can either add, view, delete, or modify the data set. After the
administrator’s approval, users can select and work with it.

1 Dataset Extraction: Once the dataset is approved by the administrator, the user selects the
dataset. Users are provided with the details of the datasets and can now select the

parameters, date range, location, statistics, and output data format for conversion.

1 Data View: Users can view the extracted data in the browser before downloading or
visualizing it.
1 Dataset Conversion: As per the user’s selection, data is extracted from the dataset and

transformed into AVISTED’s common data format. After the conversion, the appropriate
web APl is called to further convert it into the user-requested data format. The result is sent
back to the main application for the user to download it.

1 Dataset Presentation: Apart from the conversion, the user can also choose to visualize the
extracted data. The extracted data can be visualized with several visualization techniques.
Users have the flexibility of choosing a specific set of parameters and filtering the graphs

based on month and year.
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Chapter 4

AVISTED Requirements and
Architecture

Summary

The objective of this chapter is to provide the concept, specification, and architectural design of
AVISTED. The first part of this chapter presents the interviews that have been conducted to elicit
the requirements for the tool. The gathered functional and non-functional requirements are listed,
and a use case diagram depicting the user interaction with AVISTED is designed using Unified
Modeling Language (UML). To map the use cases with the functional requirements, a requirement
traceability matrix has been provided. The second part of the chapter presents the high-level layered
architectural diagram showing the components of AVISTED, a medium-level class diagram
depicting the structure of AVISTED, the data model, and some of the detailed design presenting
the work flow of AVISTED. Also, we introduce a new approach of software design that links the
GUI Enhanced UML activity diagrams to user interface snapshots. A tool called “GUI-Enhanced
Activity Diagrams” (GEAD) was proposed to support the new approach. Applying GEAD to
AVISTED improved usability and efficiency in the development of AVISTED. And finally, the

initial prototype, including the user interface of the tool, is presented.
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4.1 Introduction

Anything involved with data is getting huge importance these days. According to a recent survey
conducted by IBM, about 2.5 quintillion bytes of data are recorded every day. Another interesting
fact is that 90% of the world’s existing data has been created just in the last few years [68]. This
shows the major changes we are making to the outcomes of data analysis and the growing demand
for data processing, data analysis, and data visualization. These developments are also common in
the field of environmental sciences. Climate researchers have been working on finding the impacts
of climate change on human beings and ecosystems. There is a lot of research going on in this field
in the hope of minimizing the damage that climate change could cause to ecosystems. For this
reason, climate-related data is collected all over the world. These datasets are analyzed using
numerous climate models to predict future climate. But analyzing the large terabytes of datasets to
make critical decisions is quite time consuming without visualizations. Analysis and data
visualization helps climate researchers in identifying the trends, patterns, and outliers quickly. The
main goal of AVISTED is to help climate researchers in analyzing and visualizing datasets and also
giving them flexibility in choosing the data of their interest. The users of this tool are researchers,

educators, students, and the public.

Many visualization tools, such as ArcGIS, AVS/Express, R, VisTrails, Vislt, VTK, and Integrated
Data Viewer, are presently available for climate scientists. Apart from these standalone
applications, there are some web-based tools that allow users to upload their own dataset to the
server and visualize them over the web. Many Eyes and Cal-Adapt are similar web-based
applications for visualizing datasets. Cal-Adapt has climate datasets from several decades. The
decadal climate data of locations in California are visualized on a map, and a time series line chart

is also provided on their website [69]. This is exactly what this research work is aiming to
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accomplish. In addition, AVISTED allows users to extract data of his or her choice from the

repository and visualize the selected data using several visualization techniques. This gives a lot of

flexibility to the user as they can visualize the data of their choice based on his or her research

question instead of having to analyze data only based on the visualizations that are provided by the

website.

The features of the AVISTED are data extraction, data download, data conversion, data analysis,

and data visualization. The web interface of AVISTED was built using C#, HTMLS5, jQuery, and

CSS5. Visual Studio 2017 was used to put all the files of the project together. SQL Server 2016

has been used for storing the backend data.

4.2 Requirements Elicitation

To get an overview of user requirements, Dr. John Mejia, the assistant research professor at the

division of Atmospheric Sciences, DRI, was interviewed. He is one of the end users of AVISTED.

Also, Eric Fritzinger, software engineer at the University of Nevada, Reno, was interviewed. He is

currently working fulltime on developing the cyber infrastructure for the Nevada Climate Change

Project. Also, Dr. Sergiu Dascalu, professor at the University of Nevada, Reno, has given some

valuable suggestions and has helped with the interview process. The interview questions below

were answered by Dr. John Megjia.

1

1

How big is the dataset?
Currently, the dataset is of size 20 terabytes.
Whatdoes the actual dataset with terabytes of size have apart from the summary of the

dataset provided in the website?
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The actual dataset has many variables compared to the summary of dataset which only has

the variables that most of the climate researchers would be interested in.

Whatvariables does the summary dataset have?
There are two types of variables in the dataset. Variables leveldim, latdim, londim, timedim
are states and dimensions of the climate variables. And precip, tmin, tmax, tmean, gmean

ulOmean, vlOmean, swdownmasaclimate variables.

What does leveldim and gmeanin the dataset used for?
The variable “leveldini represents the vertical coordinate layer and “gmeari represents

the humidity.

How do we see the hourly data from the doaded dataset we only have one file for each
day?

The datasets only have daily data. Hourly data is not provided.

What is the format of the datasets? Have you tried to convert the data into CSV file format
before?
Currently, the datasets are in NetCDF format. But we can provide data to CSV, ASCII and

binary formats if needed.

Have you used any visualization tools before to analyze the model data? If yes, what are
they? Did you face any problems with the visualization tool?
We have been using tools such as RIP (Read/Interpolate/Plot), NCL (NCAR command line

language), and IDL (Interactive Data Language). They work well but they are generic tools
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and used across disciplines. Climate researcher’s needs are always changing. We need a

customizable tool.

What are the climate researchers trying to analyze from the data visualizations? Do you
have any specific research questions?

We are basically trying to find any trends or patterns in the climate.

What features do you need in theuailization tool?
We would like to extract the data of certain time period, variable at a particular location
and download it. Also, we should be able to visualize the extracted data using several

possible visualization techniques.

In what formats wouldau like to download the extracted data?

NetCDF, ASCII, and binary are the formats we are looking for.

What kind of visualizationgechniques are you looking for (the basic ones are bar chart
andline chart)?

We are looking for the basic time series charts and maps.

Are you looking for data interaction or just static images?

Data interaction is very useful.

Do you need to compare variables or compare a variable at differens?iMénat
visualization techniques are you looking for to compare variables?y@arngive some

examples?
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Yeah, we would like to compare variables. A basic line chart is good enough. Please visit
Cal-Adapt website and check the decadal average map for examples [69].

Below are the interview questions for Eric Fritzinger and his answers.

1 Have you worked with NetCDF data before? If yas) you say some basic things about
it?
It is just another way of representing data similar to an XML representation. It is mostly

used in environmental sciences.

1 Whattechnologies are you using to build the current infrastructure?
We are using HTML5, CSS and JavaScript for the frontend. And, SQL Server 2008 is

being used for the backend.

1 NetCDF have data of a single location in different files, how can we deal with it?
To visualize the data at a particular location, it is very time consuming if we pull data from

several files. Instead it is much more efficient to connect to the repository of the datasets.

4.3 Software Requirements

The below requirements have been noted down based on the interviews conducted.

4.3.1 Functional Requirements

Functional requirements define the functions of the software system [70]. Table 4.1 provides the

functional requirements of AVISTED. Each requirement is given a unique 1D, level and



description. The requirements of levels “01” and “02” are implemented in AVISTED, and the

requirements of level “03” will be implemented in the future.

Table 4.1: Functional requirements of AVISTED
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Requirements | Level Description

RO1 [01] | AVISTED shall allow user to select a climate variable for
extraction.

R02 [01] | AVISTED shall allow user to select a combination of
climate variables for extraction.

R03 [01] | AVISTED shall allow user to select a time period .

R04 [01] | AVISTED shall allow user to select a particular location.

R05 [01] | AVISTED shall accept input dataset in NetCDF format.

R06 [01] | AVISTED shall allow user to download data in NetCDF
format.

R0O7 [01] | AVISTED shall accept input dataset in CSV format.

R08 [01] | AVISTED shall allow user to download data in CSV
format.

R09 [01] | AVISTED shall accept input dataset in ASCII format.

R10 [01] | AVISTED shall allow user to download data in ASCII
format.

R11 [01] | AVISTED shall accept input dataset in HDF5 format.

R12 [01] | AVISTED shall allow user to download data in HDF5
format.

R13 [01] | AVISTED shall allow user to view the extracted data.

R14 [01] | AVISTED shall provide the links for the navigation across
the website.

R15 [01] | AVISTED shall provide some sample visualizations to the
users.

R16 [01] | AVISTED shall allow user to choose a visualization
technique.

R17 [01] | AVISTED shall allow user to analyze climate variables
using time series graphs.

R18 [01] | AVISTED allows users to compare two or more variables
using the graphs.

R19 [01] | AVISTED allows user to select a year for visualizing the
extracted data.

R20 [01] | AVISTED allows user to select a month for visualizing
from the selected data.

R21 [01] | AVISTED allows user to select several variables for a
particular year or month to compare.

R22 [01] | AVISTED allows user to select a bar chart.

R23 [01] | AVISTED allows user to select an area chart.

R24 [01] | AVISTED allows user to select a line chart.
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R25 [01] | AVISTED allows user to select a scatter plot.

R26 [01] | AVISTED allows user to upload a csv file for a quick
analysis.

R27 [01] | AVISTED allows user to visualize the uploaded csv file.

R28 [01] | AVISTED allows authenticated user to view the list of
available datasets.

R29 [01] | AVISTED user can request an administrator for a dataset
upload from external repository.

R30 [01] | AVISTED allows administrator to change a status of
dataset to ready state.

R31 [01] | AVISTED allows the administrator and author of the
dataset to edit and save the details of the dataset.

R32 [01] | AVISTED allows authenticated user to select a specific
dataset from the available datasets.

R33 [01] | AVISTED authenticated users can view the details of a
datasets.

R34 [01] | AVISTED allows administrator and author of the dataset
to delete the dataset.

R35 [01] | AVISTED users can register in the website.

R36 [01] | AVISTED registered users can login and logoff the
website.

R37 [01] | AVISTED prominent users shall be an administrator.

R38 [01] | AVISTED provides authenticated users with additional
features.

R39 [01] | AVISTED authenticated users can save the generated
graphs in their accounts.

R40 [01] | AVISTED authenticated users can download the generated
graphs from their account.

R41 [01] | AVISTED authenticated users can save the extracted data
in their account.

R42 [01] | AVISTED authenticated users can download the saved
extracted data from their account.

R43 [01] | AVISTED allows authenticated users to delete the saved
archives.

R44 [01] | AVISTED allows user to extract dataset after the selection
of a dataset.

R45 [01] | AVISTED allows user to perform statistics on the selected
data.

R46 [02] | AVISTED shall allow user to pick a location from the
map.

R47 [02] | AVISTED shall provide users with frequently asked
questions and answers.

R48 [03] | AVISTED shall allow user to search for a dataset from the
available list of datasets.

R49 [03] | AVISTED shall allow user to edit a visualization.

R50 [03] | AVISTED shall allow user to edit the uploaded dataset.

R51 [03] | AVISTED shall allow users to upload tools.
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Non-functional requirements specify the constraints and/or standards that are used in evaluating

the functionalities of the system [70]. Table 4.2 shows the list of non-functional requirements of

AVISTED.

Table 4.2: Non-functional requirements of AVISTED

Requirements Description

TO1 AVISTED shall be platform independent.

T02 AVISTED shall support different browsers

T03 AVISTEI? shall be developed using competitive technologies like
HTMLYS5, jQuery, and CSS3.

TO4 AVISTED shall be extensible and reusable.

TO5 AVISTED shall be fault tolerant.

TO6 AVISTED shall support devices like desktops, laptops, tablets and
mobile phones.

TO7 AVISTED shall be scalable.

To8 AVISTED shall have high performance.

T09 AVISTED shall have high reliability.

4.4 Design

Software design is one of the most important steps in the process of software development. It helps

the developers, testers, users, and stakeholders in understanding the functions of the software

system thoroughly [71]. It also helps in planning a solution and approach for the software system.
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Software systems are composed of components, subsystems, modules, design patterns, interfaces,
and activities. These individual elements and their interdependencies can be shown through UML
Diagrams. There are two types of UML diagrams: static and behavior diagrams. A static diagram
depicts the structure of the software system, whereas the behavior diagrams show the dynamic
behavior of the components in the system [72]. Examples of static diagrams include class diagrams,
object diagrams, system level diagrams, and user interface snapshots. Examples of behavior
diagrams include use-case diagrams, sequence diagrams, and activity diagrams. In the following
sections we present the designs of AVISTED using the UML diagrams. We also present the new

concept of GEAD, which incorporates a link between the static and behavior UML diagrams.

4.4.1 A New SE Design Notation (GEAD)

GEAD [17] is a new software engineering technique that we propose to allow connections between
actions in the activity diagrams and their corresponding GUI designs of the user interface. Linking
the GUI designs to the actions of the activity diagram will allow the team to check the related
designs quickly. It also helps the developers in identifying the actions that are common between
the GUIs and actions that are specific to a GUI in a software system. If an action has more than one
GUI design linked to it, it can be considered as a common task for those designs. The
implementation for such actions can be placed in a global scope for reuse. In an MVC architecture,
all the common actions are placed in a common controller and the actions that are specific to a GUI

are placed in the controller of that view. This saves a lot of development time for the developers.

The purpose of GEAD is to provide a more comprehensive view of the software model for
developers and testers. It provides them with a user interface view for each significant activity. This

helps in identifying activities that belong to a single view and activities that are common in a group



51

of views. These connections are very helpful in software systems that are implemented using MVC
architecture. GEAD can also identify missing activity diagrams when significant designs have not

been linked to any actions.

In large organizations, GEAD could allow the development team to plan the development
effectively and improves collaboration within the team. For instance, a backend developer can
easily find the frontend developer who is working on the view related to the actions he is working
on at the backend. A manager can easily divide tasks among the team members without any
duplication in actions. Also, while using the traditional activity diagrams, it is time consuming for
the team to search for the related designs associated with the activity diagram. It should be noted
that all actions may not have links to their corresponding GUI designs, and the user interface

designs may not look exactly like the GUIs that will be developed.

This technique will also help users and stakeholders in getting a straightforward link between the
execution and the interface. GEAD is applicable in many fields, such as web development, video
game development, and mobile/desktop apps. The next section will walk through the design aspects

of AVISTED by leveraging the concepts of GEAD.

4.4.2 Applying GEAD in the Development of AVISTED

To illustrate the GEAD approach, we present some activity diagrams of AVISTED with their
corresponding web user interface designs. Figure 4.1 shows the activity diagram of the model
output management page. The small rectangular box at the bottom of each action has a link to the
corresponding GUI design of the application. The actions Select ModelEdit Mode| Create Model

View Detailsand Delete Modeére linked to the same design, “201,” which is shown in Figure 4.2.
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Figure 4.1: Activity diagram of AVISTED Model Output Management page with GEAD approach

Since AVISTED has a Model-View-Controller framework [73] the tasks that are related are placed
in the same controller and view. The actions that are linked to a different GUI, for example, the

action ModelOutputis linked to design “203,” will have a different view and a different controller.

AVISTED [e=
Home | Logout

Model Output Management Hello Admin!
Upload New Dataset D
Models Author pate Format Size Description Actions
Model1 John  10/1/2011 NetcDF 76B Descriptionl  Select/Delete/Edit/Details
Model2 Eic  17/232013 JSON  9mB Description2  Select/Delete/Edit/Details
Model3 John  12/12/2015 sV 1568 Description3  Select/Delete/Edit/Details

Figure 4.2: GUI of AVISTED Model Output Management page
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Display Main Menu
Page with User/
Admin Setting

\d \ Y A
Model Output Archives and
[ Management [ Model Output [ Tools Upload [ Download
105 105 105
\ 4

Display Model
Output with default

Model

Admin Admin

Admin

Display Model
Output

Management with

Admin Settings

Display Archives
and Download with
Admin Setting

Tools Upload with
Admin Setting

A4
Display Model
Output
Management with
User Settings

A4
Tools Upload with
User Settings

Display Archives
and Download
with User Setting

OO O ®

Figure 4.3: Activity diagram showing the features of AVISTED

Similarly, Figure 4.3 shows the activity diagram of AVISTED with all the features. In this activity
diagram, all of the features Model Output Managememflodel OutputTools Uploadand Archives
and Downloadhre linked to the same user interface design, “105,” which is shown in Figure 4.4.
This makes them correlated to each other, and all the other actions will have links to different user

interface designs that make them independent of each other.
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- ™awisTED (=

Hello User/Admin!

Figure 4.4: Design of homepage for logged-in user

4.4.3 Similar Tools

At present, there are many tools available for designing software applications. They can be
classified into categories based on their features, like general purpose, special purpose, specific
language, code generation, executable UML, desktop application, mobile application, online

application, open source, commercial, and freeware [74] [75].

Here are some prevalent UML drawing tools: Rational Rose, SmartDraw, Microsoft Visio,
LucidDraw, and ArgoUML. Some have support for activity diagrams and GUI builders; some have
support for GUI builder; and some have support for both, like Visio, but they are static. To the best
of our knowledge none of them provide links between activity diagrams and GUI. These links are
possible by building an HMTL-based UML tool which allows drawing UML diagrams, GUIs and
providing HTML links between them. A similar HTML web application that allows drawing UML
diagrams online is Diagramo [76]. It allows building UML designs online, but it does not support

links. Tools such as Dreamweaver, Sublime, Coda 2, and Brackets [77] are used in building such
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web applications. Tenzer [78] developed an interactive game to improve UML designs. The user
of the game is allowed to explore several variations of the designs while playing. This allows the

users to improve their designs interactively.

Although we have defined the concepts of the GEAD by illustrating it through the design aspects
of AVISTED, a tool which incorporates all the features of GEAD would be very useful. So, in the

future, the concepts of GEAD can be refined and expanded. Also, a supporting tool can developed.

4.5 Use Case Diagram

A use case diagram depicts the user interaction with the software system. The use case diagram of

AVISTED is shown in Figure 4.5.

«subsystem»
Model Output Management
pr—— N = e «subsystem»
(\ UCO1:Register ) é\'/UC(ﬂ:De!ete\\) Conversion
. — = -y I Dataset
e (" Uco4:upioad e P .y
( cozitogin ) g ( uctenetcor )
S = S P iz =0 \‘\\ _
oz ~ =
(,/ \~~> £ . > ucoe:Edit 7 =
UCO3:Logoff < TN ! Dataset ) 4 2
S ,/ @D — Details (" uciz:vors )
— S < > A -
S o e s
> S
> - & S
) \ = ucos:view ( ucts:conversion ) >
. < Dataset S A ucisascn )
N _— N . Detalls — < >
= i 55 UCo8:Select R =
Y UC09:Archives ( ¢ ) =
Actort - //> s Do ~
= — = = ( ucocsvy )
N 5
/,}* B -
( UC10:Download )
. o
5 <subsystem» | «subsystem»
( UC26:See ‘> Model O“‘P"“ Visualization
<D Samples = /‘y\\ e -
LR - e o -
< UC11:Select ) /~ UC22:Select )
N . Parameters ( . Variables 5
(”/uc27:Navigauon \‘\) S—— TV L —
_ Links J L (" Ucsiselect ™
T SE— - ( uc23:select \) Visualization
N T \_ Year 8 Syt =
N . X >( UC14:Download < = i
s B ( UC12:Extract . Data > AV
UC28:FAQ ) _ Dataset Y =y — P 4
: - = = UC24:Select
g o Do Month
( uC0:viewData ) S 3
S .
( uczi:visualize )

Figure 4.5: Use case diagram of AVISTED



The description of each use case is given in Table 4.3 below.

Use case
Number

uCo1

uco2

ucCo3

uco4

uCo5

uCO06

ucCo7

uCo8

ucCo9

UC10

UCl11

Table 4.3: Descriptions of use cases

Use case

Register

Login

Logoff

Upload Dataset

View Dataset
Details

Edit Dataset
Details

Delete Dataset

Select Dataset

Archives

Download

Select Parameters

Description

New users of AVISTED are allowed to register to the
system. Registered users are provided with additional
features.

Registered users can login into the system. By
logging in they can utilize the additional
functionalities.

User is logged off the application.

AVISTED allows authenticated users to upload a
dataset for the data analysis. Users can input data in
different formats such as ASCII, CSV, HD5 and
NetCDF.

Authenticated users are allowed to view the details of
a dataset.

An administrator and author of a dataset can edit the
details of the dataset.

Authenticated users and the author of the dataset are
allowed to delete a dataset.

Authenticated users can select a dataset for data
analysis, unlike guest users who are only with a
default dataset.

Authenticated users can download any of the saved
graphs.

Authenticated users can download the saved
extracted data.

Users select the options for data extraction, including
the variable/variables, time period, location of choice
to view, visualization, or downloading data.
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UC12

UC13

uC14

UC15

UC16

ucC17

uCis

uC19

uc20

uC21

ucz2z2

ucCza3

ucC24

uc25

Extract Dataset

List Datasets

Download Dataset

Conversion

NetCDF

HDF5

ASCII

Csv

View Dataset

Visualize

Select Variables

Select Year

Select Month

Select
Visualization

After the user selections on the Model Output form
the data is extracted from the datasets.

Authenticated users are provided with a list of all the
available datasets.

Users will be able to download the extracted data.
The download formats are NetCDF ASCII, CSV, and
HDF5.

The extracted data will be converted to a different
format for the user to download.

The extracted data will be converted to NetCDF
format.

The extracted data will be converted to HDF5
format.

The extracted data will be converted to ASCII
format.

The extracted data will be converted to CSV format.

The extracted dataset can be viewed in the web
browser. A separate window will be displaced with
the extracted data in tabular format.

The extracted dataset can be visualized in the web
application. Many options such as bar charts and line
charts are provided.

User can select a set of variables for which a
visualization is needed.

User can select the year of the variables he or she
wants to visualize.

User can select the month of the variables he or she
wants to visualize.

User is provided with visualization options like line
chart, bar chart, and area chart. He or she can choose
the one which best suits his or her needs.
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UC26 See Samples | User can see some sample graphs and charts before
using the toolset. This gives an idea of how the
visualizations are made and what are available.

uc27 Navigation Links = Navigation links are provided for navigation within
the website.

ucC28 FAQ Answers to “Frequently Asked Questions” are
provided to help users with common questions.

4.5.1 Detailed Use Cases

Detailed descriptions of the use cases “ Login’ and “SelectVisualizatidhare given below for

illustration purposes.

UseCase : Login

ID

Actors
Precondition(s)
Flow of events

PostCondition(s)

E R B

UCl11

User
User wants to log in.

User visits the home page of AVISTED.

User clicks the login button on the home page.
AVISTED navigates to the login page.

User enters the username.

User enters the password.

User hits the login button.

AVISTED verifies the login details.

If user credentials are valid user will be logged in.
On an unsuccessful login, user will be navigated
to login page again. User will renter credentials. If
user is not sure about his or her credentials, they
can select ‘Forgot me’ option.

User input is valid. He or she will be navigated to
the home page with the navigation links to the
Model Output Management, Model Output, and
Archives and Download.

User is logged in.
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UseCase: SelectVisualization

ID ucCos

Actors User
Precondition(s) User wants to visualize data.
Flow of events

User clicks the login button on the home page.
AVISTED displays the login popup box.

User enters username and password.

User hits the login button.

AVISTED verifies the login details.

If user credentials are valid, the user will be logged
in.

AVISTED provides all the menus for the logged in
user.

User goes to Model Management Page. A list of
all the available datasets is displayed.

User checks the description and details of all the
datasets.

User selects a dataset from the list.

User is navigated to the Model Output page with
the details of selected model.

User selects all the required parameters.

User selects the date.

User selects the location.

User selects the statistics.

User hits the visualize button.

If user submission is valid, he or she will be
navigated to the visualization page.

User selects a variable or variables from the
extracted dataset.

User selects a year, month, and visualization type.
User hits visualize button.

PostCondition(s) User will be provided with available options for
visualization.

= = = =A =4 -8 -4 -8 -1 = = = = = = = = = = =

4.4.2 Requirement Traceability Matrix

A mapping between use cases and functional requirements is shown in Figure 4.6. The columns
represent the use cases and the rows represent the requirements. For example, the requirement

“R1,” “AVISTED shall allow user to select a climate variable is mapped to the use case “UC11,”
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which is “Select Parameters.” Both illustrate the same functionality of the user selecting a

parameter on the Model Output page.

A I N N I I
X X X
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X X X
1t 1 11 ! (' /1 |/ | | [ [ | [ | |
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----------E-----------------
R ----------E-----------------
2 N N I

x

o) | ] ]/ | [/ /| | /| [ | || [ [ |||

x

SN N N N v I

Figure 4.6: Requirement traceability matrix of AVISTED
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4.6 High-Level and Medium-Level Design

The high-level diagram showing the architecture that was used in developing AVISTED and the

medium-level class diagrams are provided in this section.

4.6.1 System-Level Diagram

AVISTED is a web application that uses three-tier client server architecture in which the first tier
holds the presentation logic, the second tier the business logic, and the third tier the data services
of the application. This architecture makes the application easily manageable and scalable. Figure
4.7 is the system level block diagram of AVISTED. The system block diagram gives the description

of how a software system is organized [79].

Web user Intorface

Application Programming
Interface

Data '| Data || Data
Up!cad | :Couvcr‘:.ion, | Extraction

Y

.'R T it e P
(CRepasiton—]

‘I\S( " ’( SV r~.||m( DF Ml)a,
| |

Figure 4.7: System level diagram of AVISTED
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The top layer is the Web User Interface. It serves the frontend logic. The frontend logic of the
application presents users with the webpages, which allows interaction with the web application
via web browser by sending the requests from client to the server. It also handles the operations for
data visualization using the JavaScript libraries such as C3 [14] and D3 [15]. This layer is
implemented using HTML5, ASP.NET Razor Pages, and JavaScript. These cutting-edge

technologies are supported by most of the modern web browsers.

The next layer is Application Programming Interface. It provides the business logic for the
application. The business logic provides the communication between the client requests and the
database server. This communication is handled through libraries, functions, objects, and variables.
It is implemented using C# and the ASP.NET Core MVC Framework. The logic for operations
such as data conversion and data extraction is provided in this layer. These functionalities and the
statistical computations on the data are handled by the web services, which are implemented using
ASP.NET 4.5 framework. These services provide the interaction with the CSV, ASCII, HDF5, and
NetCDF files. The C# libraries such as HDF5DotNet Library [80] and Scientific Dataset Library

(SDS) [81] are used for working with the HDF5 and NetCDF files respectively.

And the last layer is the Repository. It holds all the data needed for the application. All the files of
the large datasets are stored in the repository. These files usually have a naming convention which
helps the application in retrieving the user-requested data from the files more efficiently. For saving

the information related to users, the models, and the archives, SQL Server 2016 has been used.

All the libraries and frameworks used for building AVISTED are open source, and the source code
of the AVISTED application is available for the public in the GitHub repository [82]. This makes

the application extensible and reusable. And as we used the ASP.Net Core framework and HTMLY5,
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the application is platform independent and supports several devices. Also, AVISTED is hosted

using the 1S server, making the application scalable.

4.6.2 Class Diagram

The class diagram of NetCDF file format of AVISTED is shown in Figure 4.8. It shows the different
static entities in the data and their relationships to each other. The structure is adopted from

Unidata’s common data model [83].

Class Descriptions

The descriptions of the classes shown in Figure 4.8 are given below.

1 Dataset: Dataset is the collection of files in CSV and NetCDF formats. The method Open()
is used to open the files.

T  EnumTypedef: EnumTypedef objects the integer values of distinct integer string pairs.
The method lookupEnumString() returns the string value of the integer.

9 Attribute: An attribute associates with the variables of the dataset. It holds the name, value
and the data type of the variable.

9 Variable: Variable holds the array shape of the variable. The read() method is used to read
the shape of the variable.

9 Structure: The object of the structure contains many variables. The readStructure()
methods is used to read the variables associated with the structure class.

91 Array: The array contains the actual data that is retrieved from the repository.

1 Group: It holds the attributes, variables, dimensions, and nested groups of the dataset.
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1 Sequence: It is the one-dimensional structure of the dataset. The method getlterator() is

used to read the a structure instance at a time.

-Location:5tring

EnumTypedef +0pen()

-name

HookupEnumString{int):String

-name

-name

-dataType -name -memberMName

value shape -shape
~dataType -dataType
+read()

Structure Sequence

-members:Variable
+readStructure|) +petiterator])

Figure 4.8: The class diagram of NetCDF datatype [83]

The class diagram of the classes Datasetand Extractinfoused for representing and extracting a

dataset respectively is shown in Figure 4.9.



Dataset

= Attributes
+ author
+ description
+ format
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+ parameters
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+ status
+ uploadDate
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+ Create()
+ Delete()
+ Details()
+ Edit()
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ExtractInfo

= Attributes

+ endDate
+ format
+id

+ latmax

+ latmin

+ lonmax

+ lonmin

+ outFormat
+ parameters
+ path

+ startDate
+ stat

= QOperations

Figure 4.9: Class diagram of a dataset and extractinfo in AVISTED

Class Descriptions

The descriptions of the classes shown in Figure 4.9 are given below.

9 Dataset: The class Dataset provides the information of all the datasets available in

AVISTED. The Create() method is used in adding a new dataset to AVISTED. Delete()

method is used to delete a dataset from AVISTED. Edit() method is used in editing the

information of a dataset. Index() method is used in finding the index of a dataset.

9 Extractinfo: The Extractinfo is used in storing the user-requested extraction information

of a dataset.
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4.7 Data Design

Several database tables are used to accommodate the different features AVISTED provides. Figure

4.10 shows the database tables used in AVISTED.

= | 3§ AVISTED

#= [ Database Diagrams

= [ Tables
il System Tables
FileTables
dbo.__EFMigrationsHistory
dbo.AspNetRoleClaims
dbo.AspNetRoles
dbo.AspNetUserClaims
dbo.AspNetUserLogins
dbo.AspNetUserRoles
dbo.AspNetUsers
dbo.AspNetUserTockens
=] oo Datesct
3 Columns

¢ ID (PK int, not null)

Author (nvarchar(max), null)
Description (nvarchar(max), null)
Format (nvarchar(max), null)
Name (nvarchar(max), null)
Parameters (nvarchar(max), null)
Size (nvarchar(max), null)
StartDate (datetime2(7), not null)
Status (nvarchar(max), null)
UploadDate (datetime2(7), not null)

(0 # & # & & &EE KR
odpooooooaly

HEHEEEEEE

Figure 4.10: Database tables of AVISTED

9 The table dbo_EFMigrationsHistoryis used for storing the details of the entity code first
migrations that have been applied to the database.
9 The database tables dboAspNetRoleClaimsdbo.AspNetRoleare used in storing the

details of the roles assigned to each user, such as Admin, User, and Author.
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T The database tables dbo.AspNetUserClaims  dbo.AspNetUserLogins
dbo.AspNetUserRolesdbo.AspNetUsersand dbo.AspNetUseidkens are used for
authentication and authorization of the resources provided by AVISTED.

9 The database table dbo.Datasets used for storing the details of the datasets such as Author,

Description, Format, Name, Parameters, Size, StartDate, Status, and UploadDate.

4.8 Sample Detailed Design

The activities involved in the process of registering, logging in, selecting the dataset, visualizing,
downloading, and viewing data by the user of AVISTED are shown in Figure 4.11 through Figure
4.16.

® : User visits AVISTED | > ( > Redirect to default |
| home page | [ - | | model Output Page | >

gl e

Is he/she a new

user? .
v %. Register
ol y |
; Login

\L [Ne]

Succesful Login

\ [Yes]

Redirect to Model
QOutput Management

Page
> .)

Figure 4.11: Activity diagram of the user from AVISTED home page
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Figure 4.11 shows the activity diagram when the user is on the home page of AVISTED. The user
can either use the web application as a guest user or they can register and login. If the user wants
to use the application as a guest, he or she will be navigated to the Model Output Page, otherwise

on a successful login her or she will be navigated to the Model Output Management page.

Figure 4.12 shows the activity diagram when the user is on the Model Output Management Page.
The user can either Upload, Select, Edit, and View Details of a Dataset using this feature. Once the

user selects a dataset, he or she will be navigated to the Model Output page.

User |5 on Model
management page

I

Is User an Author or
Adminstrator?

J,[Yﬁ]

A W ‘\L’ A4
Upload Model Select Model Edit/Delete Model View Details

o —>

Figure 4.12: Activity diagram of the user on AVISTED Model Management page

Figure 4.13 shows the flowchart of the Model Output Page. The user fills the web form to choose
the parameters, location, and the time period of the dataset. If the user fills a valid input the data

is extracted and data will be either viewed, visualized, or downloaded.
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Model Qutput Page

|
[Mew User]

EYES]
[Me]
[
Page
—1
Web Form
[Validllnpul]
{No] » Error Page
[Yes]
[Data Exists]

Download
Page

&

Yes
ll Visualization View
Pages Data Page

Figure 4.13: Flowchart of Model Output page

Figures 4.14, 4.15, and 4.16 show the activity diagrams of users visualizing, downloading, and

viewing a dataset. Once a valid input is provided by the user, data is extracted from the dataset

and will be used for viewing, visualization, and download.

After the data extraction, a user can visualize data over the years or months using a bar chart.
Data is aggregated either yearly or monthly based on user selection. Since the visualization tools

do not have this capability, we are doing it in the Application Programming Interface.
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Users fill the webform

and requests for [Valid Input]
visualization
Na] Error Iessage
to the user

[Yes]

}

Extract data from the
repository

[Data Exists]

Error IWessage
to the user

[No] -

[Data within an Year]

l—:Yes: ND]_l

Average the data monthwise Average the data yearwise

Display the data using
the visualization
technique requested
by the user

Figure 4.14: Flowchart of user visualizing data using AVISTED



Users fill the webform
and requests for [Valid Input]
download
Error Messzge
Nol to the user

[ves]

Extract data from the
repository

[Data Exists]

Error Meszage
to the user

[Mo] '=

Yes

create the file in user
requested format

send the link for the file
download

Figure 4.15: Flowchart of user downloading data using AVISTED
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Users fill the webform

and requests for [valid Input]
download
Noj Error IMessags
to the user

[ves]

'

Extract data from the
repository

[Data Exists]

Error Messzge
to the user

es

Create a table and fill it
with the extracted data

Display the table on the
webpage

Figure 4.16: Flowchart of user viewing data using AVISTED

72



73

4.9 User Interface Design

The snapshots of the user interface of AVISTED are shown in Figures 4.17 — 4.21. Figure 4.17
shows the home page of AVISTED. In the top left is the logo of AVISTED, designed using
Microsoft paint. Below the logo is the description of the web application. On the top right,
navigation links to the sample visualizations, frequently asked questions, register, and login are

provided.

—‘MSTED Home  Samples FAQ  Register  Login

AVISTED helps the climate researchers in identifying the trends,
patterns and outliers quickly. The main goal of AVISTED is to help

the climate researchers in visualizing the datasets of their choice
over the web.

(TS0 [Limited Options]

Figure 4.17: Home page of AVISTED

The buttons, links, and text of the web application are styled and designed using CSS stylesheets

and Bootstrap. Adopting these styles allows AVISTED to be responsive to many devices, such as
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desktop, mobile phones, and tablets. The webpage styles and layout are spontaneously adjusted

based on the device.

The buttons on the middle of the page will allow users to login, register and be a guest. When the
user clicks on the Login button he or she will be navigated to the login screen shown in Figure 4.18.

Users of AVISTED will login to the application using the Log in form.

AVISTED

Log in.

Use a local account to log in.

Email likhitha. ravid@gmail.com
Fassword FEEEEEEEE
Remember me?

Log in

Register as a new user?

Forgot your password?

Figure 4.18: Login page of AVISTED

After a successful login, users will be navigated to the Model Output Management page shown in
Figure 4.19. All the models provided by the application are displayed on this page. To perform this

functionality, the information about the models is extracted from the database and displayed on the
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webpage using the Entity Framework provided by ASP.Net. The user selects a model from this

page and will be navigated to the Model Output page as shown in Figure 4.20.

AVISTED

Model Management Output

Create New
| Upload |
Author StartDate
Dr. John Mejia 1/1/0001
12:00:00
AM

Goddard Earth Sciences 1/1/0001
Data and Information 12:00:00
Services Center AM

National Renewable Energy  1/1/0001

Laboratory 12:00:00
AM

DrJ Scott Hosking 1/1/0001
12:00:00
AM

Figure 4.19: Model Management page of AVISTED

UploadDate Description

1/1/0001 Description
120000
AM

11/0001 Description
o000

AM

1/1/0001 Description
120000
AM

1/1/0001 Description
120000
AM

Format

NetCDF

HDF5

csv

ASCIl

Name

NCCP
Climate
Modeling
Data

Precipitation
Processing
System

National Solar
Radiation
Database

Amundsen
Sea Low
(ASL) index

Parameters

Parameters
| |

Parameters
J

Parameters
| J

Parameters
| J

Size

GGB

669
MB

369
MB

971
KB

Status

READY

READY

MODEL-
UNDER-

Edit

Details
|Delete
|Select

Edit

Details
|Delete
|Select

Edit
Details

VALIDATION  |Delete

MODEL-
UNDER-

Edit
Details

VALIDATION  |Delete

On the Model Output Page, information about the selected model will be displayed. Users submit

the request by filling in the form using instructions provided on the page. The checkboxes, radio

buttons, dropdowns, and the input button help the user in filling in the input data. The map on the

page is displayed using Google Maps. Users submit the form after selecting the required

parameters, date range, location, and statistics. AVISTED now checks if the user input is valid. If

it is valid, the desired output is provided; if not, the user will be prompted to correct the errors.

Operations such as data extraction, data conversion, and the aggregation on the extracted data are

performed using the appropriate Web APIs, which were developed as a part of AVISTED’s toolset.
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PN VN
AV' STED Home Samples FAQ  Hello likhitharavi@gmail.com!  Log off

Please follow the below steps to visualize the data.

©  Select the parameters

¥ precip ¥itmin [ tmax ['tmean [ gmean [ ufOmean ['vi0mean [ swdownmean

© Select the time period

*Select start date |10/01/2005
* Select end date |12/31/2009

© Select the latitude and longitude

[Note: Select a point from the highlighted region]

Map  Sateliite I \ . ;‘
e ()
T \ »

Clicked location: P
3411333230784053+118.128

Alla

o mmm - o ——

Google
* Latitude min: 341133323978
* Longitude min: |-118.125

0 “Select the required statistics

O Maximum @ Minimum © Mean © Variance © Standard Deviation

© Select an output format

®CSV  © NetCDF  ASCH  HD5
EEED

Figure 4.20: Model Output page of AVISTED displaying modeling output from NCCP

The AVISTEDDataExtractor API sends the extracted data to the main application. AVISTED then

displays the results to the user as shown in Figure 4.21.



T AVISTED

View Results

date tmin precip
2005-10-01 2705438 0
2005-10-02 2692068 0
2005-10-03 2695122 0
2005-10-04 2691505 0
2005-10-05 2621202 0
2005-10-06 2622656 0
2005-10-07 2679014 0
2005-10-08 2686348 0
2005-10-09 2642039 0
2005-10-10 2676568 0
2005-10-11 2676445 0
2005-10-12 2674412 0
2005-10-13 2692985 0
2005-10-14 2710188 0
2005-10-15 2739593 0
2005-10-16 2700269 0
2005-1017 2715424 0
2005-10-18 2703474 0
2005-10-19 2708846 0
2005-10-20 2703327 0
2005-10-21 2681526 0
2005-10-22 2681592 0
2005-10-23 2663482 0
2005-10-24 2697095 0
2005-10-25 2715736 0
2005-10-26 2712861 0
2005-10-27 2673178 0
2005-10-28 2705677 0
2005-10-29 2647643 0
2005-10-30 265553 0

Figure 4.21: Results from AVISTED
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Chapter 5

AVISTED Capabilities

Summary

The objective of this chapter is to present the capabilities of the AVISTED toolset. We mainly
emphasize the core features of AVISTED. First, User Management provides functionalities such
as user authentication and authorization to AVISTED users. Next, the Model Output Management
allows the authenticated users to create, edit, view details, delete, and select a model/dataset. Third,
the selected model is displayed using a web form for getting the users’ input using the Model
Output. The extracted data can also be downloaded, viewed, or visualized using this feature. Lastly,
the archives of the extracted data and the graphs created by the users are saved in the users’ account
using Archives and Download. Each of these features is described using the corresponding user

interface, user interactions, and functions involved in implementing the feature.



79

The main features of the AVISTED toolset are User Management, Model Output Management,
Model Output, and Archives of Download and Visualization. In the following sections, we discuss

the functions involved in implementing these features.

5.1 User Management

The AVISTED toolset provides many features to users based on user type. The four types of
AVISTED users are new userloggedin user guest userand admin userThe user management
feature lets the users of AVISTED register, login, and log off the application. To use this feature,
users need to visit the home page of the AVISTED web application shown in Figure 5.1.0n the
home page, there is a navigation bar at the top right that has links to the pages Home Samples
FAQ, RegisteyrLogin, and Log out This navigation bar is available from all the pages of the web
application. In the middle of the home page, the purpose of AVISTED is displayed, and the other
buttons for User Login, NewUser, and GuestLogin are provided. Depending on the users’ needs

he or she will choose to be a either logged-in user or guest user of the application.

SVISTED

Figure 5.1: Home page of the AVISTED application



80
5.1.1 User Registration

When a new user visits AVISTED, he or she will click on the Register link or New User button on
the home page and will be navigated to the Register page shown in Figure 5.2. Since AVISTED is
implemented using ASP.NET MVC framework, all the requests received by the application are
directed to the appropriate controllers. The controller will then return an appropriate razor view to
the user. Here, to perform this functionality, the user’s request for registration is forwarded to the
Account controller, which handles the functionalities of Login, Logoff Register and Forgot
PasswordSince the user requested registration, the Accounts controller will return the view of the
Registempage shown in Figure 5.2. Using the form provided on this page, the user enters his or her

personal details and submits the web form to the Registe() method of the Account controller. In

0 A — | s
[ Register - AWVISTED -
< (= () Mot secure nrdcstudentweb.rd.unr.edu.. @, o “a
S Apps W& Bookmarks Uniwversity of Nevads D3 > Other bookmarks

AVISTED

Register

Create a new account.

First Mame

Last Hame

Email

Fassword
Confirmm password

Organization

Figure 5.2: Register page of the AVISTED
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the Register()method the user input is validated and the user account is created by adding the
details of the user in the database.If all of these operations are successful, the user will be logged

into the application. Otherwise, the appropriate error message is displayed to the user.

5.1.2 User Authentication

The user authentication feature allows a returning registered user to use the application by logging
into the application. When the user clicks on the Log in link or User Loginbutton on the Home
Page, the request is handled by the Login() function of the Account Controller. The controller
returns the view of the Login() method, which is the Login page (Login.cshtmj shown in Figure
5.3. Now the user enters the email 1D and password and hits the Log in button. The login details
are posted to the Login() function. Here the login details entered by the user are verified with the
values in the database. If the user entered the correct information, he or she will be logged into the
application; otherwise an error message stating the reason for the failed login will be presented to

the user.

VISTED

Log in

Use a local account to log in. Use another service to log in.

Email There are no external suthentication services configured. Ses this aricle
for details on setting up this ASF.MNET application te support lopging in via

testuserAVISTED@gmail com external services.

Password

Remember me?

Login

& 2017 - AVISTED

Figure 5.3: Login page of AVISTED



82

5.1.3 User Authorization

Once the users of AVISTED are authenticated, the user authorization provides the control of access
to the specific features of AVISTED. When a user registers to the AVISTED, he or she will be
assigned with a role of either an admin or user. Unlike the regular users and guest users,
administrators will have access to all the features provided by AVISTED. For example,
administrators can edit and delete all the available models of the AVISTED application, as shown
in Figure 5.4. A regular user can only select and view the details of the model, as shown in Figure
5.5. A guest cannot access the Model Output Management at all. Additionally, all the regular users
can upload, edit, delete, view, or select the datasets that they have uploaded. The restrictions on the

access to these resources are provided through the user authorization feature of AVISTED.

AVISTED

Model Management Output

C New

Upload
Author StartDate UploadDate Description  Format DatasetMame Parameters  Size Status
Dr. Jehn Mejia 11/0001 1/11/0001 Description | MetCOF - MNCCF Climate Parameters | 3GB READY
12:00:00 12:00:00 AM Modeling Data
A
Goddard Eanh Sciences Data  1/1/0001 1110001 Description | HDF3 Parameters | 00%
and Information Services 12:00:00 12:00:00 AM MB
Center AN
hational Renewakle Energy 110001 1110001 Description | 3V Mational Salar Parameters | 0.8 READY
Laboratory 12:00:00 12:00:00 AM Radiatian MB
AN Datzbase
Dr J. Scott Hosking 110001 1110001 Description | ASC ndszn 223 | Parameters | 97.1 READY
12:00:00 12:00:00 AM KB
AM %
© 2017 - AVISTED

Figure 5.4: Model Output Management page with admin privileges
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By default, all the registered users of the AVISTED are regular users at first. After registration,

users need to communicate with the current administrator via email or in person to get

administrative privileges. Alternatively, we can implement this feature using a token system where

the user enters a token number during the registration process for getting administrative privileges.

) ([eiiie
[ Maodel Management Our X
< C | @ nrdcstudentweb.rd.unr.edu/likhitha/AVISTED/MdIOpthMngmt
iiZ Apps W Bookmarks University of Nevad: D3 R SE »
Model Management Output
Create Mew
Upload
Author StartDate UploadDate Description Format Dataset Name  Parameters Size
Dir. John Majs 1410001 1/1/0001 Description | MetCDF  NCCP Climate Earameters | 5GE2
— = 1 | S— )
12:00:00 12:00:00 AN Modeling Data
AN
Goddard Earth Scisnces 1M1/0001 110001 Description HOFS Precipitation Ssrametsrs 669
. =
Drata and Information 12:00:00 12:00:00 AN Frocessing ME
Semnices Center AN System
Maticnal Renewable Energy 17170001 1110001 Description CaW Mational Solar Earametsrc 36.8
— = 1 - | S——— o
Laboratory 12:00:00 12:00:00 AN Radiation ME
A Database
Dr J. Scott Hosking 11150001 1110001 Description ASCIH Amundsen Sea FErametsrs a7.1
. .
12:00:00 12:00:00 AN Low {ASL) KB
Al index
& 2017 - ASISTED

Q4| N

Other bookmarks

Status

READY

READY

READY

READY

O >

Figure 5.5: Model Output Management with user privileges

5.2 Model Output Management

The Model Output Management feature of AVISTED provides users with the list of available

datasets, as shown in Figure 5.5. The details of the author, start date, upload date, description,

format, dataset name, parameters, size, and the status of the dataset are provided. Users can click

on the description or parameters button to get the details of the description and parameters as shown
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in Figure 5.6 and Figure 5.7, respectively. Moreover, to look closely into the details of a dataset,
users can select the view detailsbutton of the dataset he or she is interested in. The MdIOptMngmt
controller of AVISTED handles all the functionalities of this feature. It gets the information of all
the datasets from the database and checks the role of the user before listing the information and

operations of the dataset to the user.

i . €3 (T — — >
A M model Management Ous > 5
< > & | @ nrdestudentwebordunreduslikhithasawi... S ¥ | 99
£5 Apps W Bookmarks [l University of Mevads > COther bookmarks
= ANVISTED —

Regsonal Chimate Model based on the Veathers and Research Forecasting Modsl

Figure 5.6: Model Output Management page showing the description of the dataset

The functionalities of creating/uploading a dataset, deleting a dataset, viewing the details of a
dataset, and editing the details of a dataset are handled separately using different functions and
different views in the MdIOptMngmtcontroller. Any alterations done to a dataset by the user are

updated in the database. Any new dataset uploads are also recorded in the database.

L2 e — — =

[ model Management Cul > %
_

-— = | (& mrdcecstudentweb.ordounr.edusdikhith... &0 =% | =

222 Apps i Bookmarks o COther bookmarks

TTTAAVIS TED —

(Mean:manimummmEsinu )

Figure 5.7 Model Output Management page showing the parameters of the dataset
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Models or datasets can be uploaded to AVISTED by users. Users can either upload a single CSV

file for a quick analysis or upload a dataset to investigate it after an administrator’s approval.

5.2.1.1 Upload Dataset

Users of AVISTED can upload the files and related details of the dataset using the form provided

by the Model Output Management as shown in Figure 5.8. After entering the details and attaching

the files, users hit the create button. Now, the data is posted onto the Creatd) function of the

MdIOptMngmtcontroller. In this function, a directory is created with the name containing the

details of the dataset, username, current date, and time. Also, the size of the dataset is checked to

make sure it is under 3GB. If the entered information is valid, the dataset is uploaded on the server.

<

[} G mrdostudentweb.ord.unr.eduslikh
Apps i Bookmarks [[EE] University of Mevads
Create

Dataset

Dataset Mame

Format

[ Create - AWISTED g

LD A=

>

STE.-.

—_ — =

= s = =
Cther bookmarks

Figure 5.8: Create a dataset
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Once the dataset is uploaded on the server, the dataset is given a unique identifier and the details
of the dataset, such as directory path and user ID, are added in the database and the status of the
dataset is set to “Model-under-review.” The user has to wait until the status of the dataset is
“Ready.” In order to change the status of the dataset to “Ready,” the administrator of the dataset
will check the files of the dataset for any missing data or inconsistencies. If everything looks good
he or she creates an XML file with the details of the dataset, such as parameter list, date range, and
location boundaries, which the Model Output page uses to display the controls on the form for
displaying the dataset information and getting the user input. This feature can be fully automated

in future, but as of now we are doing it manually.

5.2.1.2 Upload CSV

A CSV can be quickly uploaded using the Uploadbutton on the Model Output Management page.
Uploading a CSV file does not need an administrator’s approval. Users can upload the file and start
using the data visualization tool to analyze the data in the CSV file. To do this, all the parameters
and the date range will be extracted from the CSV file before using the visualization tool. The

Upload() function in the MdIOptMngmtcontroller handles this feature.

O3 i — | pad
™ Model Management Ou >

~— —=> = |®nrdcstudentweb.rd.unr.eduflikhi‘thafAVl... =, 'ﬁ'l b ]

2% Apps W& Bookmarks Uniwversity of Nevads Ed Other bookmarks

AVISTED —

Choosas File resultsb21f2. . 20fZcE1.csv
Ugtoad

Figure 5.9: Upload a CSV file
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5.2.2 Edit Details

After uploading a dataset, the uploader of the dataset or an administrator of AVISTED can edit the
details of a dataset. To do this, the user clicks on the Edit link on the Model Output Management
page and will be navigated to the Edit page as shown in Figure 5.10. The Edit functionality is
supported in the Edit() function of the MdIOptMngmtcontroller. It first checks if the edited
information is valid, and if it is valid, it checks if the dataset exists in the database; if it exists, it
updates it and redirects the user to the Model Output Management page with the updated

information. Otherwise, an error message stating the error will be displayed to the user.

) (i — [ =

[ Edit- >

- C | @ nrdcstuden... @ ¥ | 99

E3E Apps > Cther bookmarks

[ ]
AVISTED

Edit

Dataset

Dataset Name
MCCP Climate Modeling Data
Description

Regional Climate Maode|

bas=d on the We
Format
Me=tCDF
Size
6G8
Author
Dr. John Msjia
StartDate
01/01/0001 12:00 AM
Parameters

Precipitation. Tempersture {mesn;minimu

Figure 5.10: Edit a Dataset
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5.2.3 View Details

This feature of AVISTED displays all the details of a dataset. To view the details, the user clicks
on the view button of the dataset on the Model Output Management page. Once the request is
received, the Details() method of the MdIOptMngmtcontroller gets the details of the dataset that
the user has requested from the database and displays the information to the user upon a successful

retrieval, as shown in Figure 5.11.

) (M _ O Y
[ Details - AVISTED x

&« C | @ nrdcstudentweb.rdunredu/i.. S | B8 :

Apps W Bookmarks » Cther bookmarks

AVISTED —

Details

Dataset

Dataset Hame

MCCF Climate Modsling Data

Description

Regienal Climate Mode! based on the Weather and Research Forecasting Mods
Farmat

MNetCDF

Size

3GB

Author

Dr. Jehn Mejis

StartDate

1/1/0001 12:00:00 AM

UploadDate

1/1/0001 12:00:00 AM

Parameters

Frecipitation, Temperature (mean; minimum;maximuem}, surfsce winds, solar radistion
Status

READY

Edit | Back to List

& 2017 - AVISTED

Figure 5.11: Details of a Dataset
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5.2.4 Data Deletion

An administrator or a user who uploaded a dataset can choose to delete the dataset. To do this, the
user clicks on the delete button of the dataset on the Model Output Management page and then he
or she will be redirected to a confirmation page, shown in Figure 5.12. Once the user clicks on the
Deletebutton the request is sent to the MdlOptMngmtcontroller. The Deletd) function of the
MdIOptMngmtcontroller handles the request and deletes the dataset from the database, and any

other associated files are also deleted from the disk.

) (M — O e

[ Delete - AVISTED x
“« & | (D nrdestudentweb.rd.unredu/li.. & ¢ | &
iif Apps W Bookmarks » Cther bookmarks

AVISTED ]

Delete

Are you sure you want to delete this?
Dataset

Dataset MName

MC.CF Climate Mod=ling Dats

Description

Regional Climate Model based on the Weather and Research Forecasting Mode
Format

MetCDF

Size

Author

Or. John Mejis

StartDate

11/0001 12:00:00 AM

UploadDate

11/0001 12:00:00 AM

Farameters

Frecipitation, Temperature (mean; minimum;maximum}, surface winds, solar radiation
Status

READY

Oelete Back to List

Figure 5.12: Deletion of a dataset
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5.3 Model Output

The Model Output feature of AVISTED displays the information of the dataset selected by the user
using a web form. This feature is available for all kinds of users. The user can select the Model
Output feature from the Home page to select a default dataset. The user selects the required
parameters, time period, and location using the web form provided on the Model Output page and
chooses to either view the extracted data, convert it to a different format and download, or visualize

it using the visualization tool of AVISTED.

5.3.1 Data Selection

The information of the dataset to be displayed to the user is retrieved from the XML file which is
generated by the administrator during the data upload step. The XML file is used in configuring
and customizing the details of the dataset for the data extraction. For example, the user might be
only interested in analyzing five of eleven parameters provided by the dataset. In this case, the
XML provides the details of those five parameters to the Model output, and the Model output page
displays only those five parameters on the page for user selection. In addition to the parameters,
the XML also provides the date range of the dataset and the geographical boundaries which are
used in selecting a location on the map within the boundaries. The creation of entire XML can be
automated by allowing the user to select the required parameters and the date range needed for

analysis during the data upload phase, but for now this will be a future improvement.

Users of AVISTED use the web form provided on the Model Output page for data extraction as
shown in Figure 5.13. The user selects the parametersdaterange location and the statistics for

extracting the data. After the selection, the user chooses either to download viewor visualizethe
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extracted data. If the user chooses to download or save the extracted data on the server, he or she
will also select the outputformatand the save ile on the serveoption. After making the selections,
the user will submit the form. The ModelOutputontroller of AVISTED handles this request. First,
the Extract() method validates the posted data. If the user entered a valid input, the
AVISTEDDataExtrator Web API will be called, and the data will be extracted and sent to the next

module, which is the Data View, Data Download, or Data Visualization.

AVISTED

Please follow the below steps to visualize the data.

© * Select the parameters

ASLSector® AciCenPres RelCenPres

©® Select the time period
“Select start date |07 g7e

312015

* Select end date |12/

© Select the latitude and longitude

e Select 3 poinf from the hig hted region]

Urnes mates

N
Go gle Zeons

* Latitude min

MEo dats S2017  TermaofUze

* Longitude min

© *Select the required statistics

Maximum Minimum Mean Variance Standard Dewiation

©® Select an output format
® CsVv NetCDF ASCI HDF5

Save fie on the server

Figure 5.13: Model Output of AVISTED showing Amundsen dataset [60]
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5.3.2 Data View

The extracted data is displayed to the user on the web page as shown in Figure 5.14. The user can
use this feature before downloading or visualizing the data to get an idea of the data it is going to
work on. The viewDatq) function of the ModelOutputontroller handles this functionality. It gets

the extracted data and displays the data on the webpage in tabular format.

) Mg _ O %

O =
<« C | @ nrdcstuden... € | &
It Apps » Cther bookmarks

-
AVISTED

View Results

date ASL SectorP  ActCenPres RelCenPres
1978-0101 9855580 932.3804 -3.1875
1978-02-01 932.34880 973.9967 -8.1432
930.1348 4722888 -7.8051
O78.9855 967.5408 -11.3248
937.2488 a77.4553 -8.793E
477.5154 9533985 -10.8158
9303084 972.8921 -7.B173
937.1345 a72.4135 -14.7210
932.4315 a72.7733 -8.7182
a32.8127 4723484 -8 2882
938.5074 9721384 -7.3890
9932988 935.0984 -7.1985
1980-0101 991.8050 937.5380 -4 2570
1980-02-01 992.7803 938.3388 -5.8414
1980-03-01 992.5485 938.0212 -5.6273
1980-04-01 9933384 435.1828 -3.1755
1980-05-01 987.4803 a979.3580 -3.1013
1980-05-01 9887918 a77.9123 -10.3785
1980-0701 9950184 9329841 -12.0544
1980-08-01 983.0140 a78.0738 -5.9401
1980-09-01 98B.6815 931.4545 -T.22T1
1980-1001 973.6908 9563.8130 -10.0778
1980-11-01  991.1974 934.2485 -§.9428
1980-12-01 989.6574 934.7585 -£.8018
1981-0101 987.1750 930.9985 -5.4755
1981-02-01 933.9478 4789044 -7 0435
1981-03-01 985.2883 9732.24085 -12.0247
1981-04-01 9940578 9381757 -5.8780
1981-0501 989.53085 4729385 -8.5320
1981-06-01 9243085 a71.8480 -12.4588
1981-07-01 987.5352 a78.2960 -8.3402 -

Figure 5.14: View extracted data
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5.3.3 Data Download

AVISTED allows data download in CSV, NetCDF, HDF5, and ASCII formats. The extracted data
is first converted to AVISTED’s common data format, which is a list of comma-separated strings.
If a user requested for downloading the extracted data, the appropriate webAPI is called and the
data is converted and sent back to the client machine for download. The downloaded data can be
further analyzed using other data analysis and visualization tools, which are discussed in Chapter
2. For example, the ASCII dataset displayed using the Model Output in Figure 5.13 is converted
into the NetCDF format, downloaded on the client’s machine, and then visualized using a desktop

Dataset Viewer, as shown in Figure 5.15.

File Data Figure View Help
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< > E ® o 98
; ey % &2 e PO ‘ees o
Plots | Gallery E @ %#‘ o,
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X: date (100-nanosecon ¥ 104 Yo & @, *®
AR b \ _E :‘ ..’: ..' .:3@“’ . e
- / (change) E ¢ (']
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Figure 5.15: Download dataset analyzed in Dataset Viewer
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5.3.4 Data Visualization

The data visualization feature of AVISTED provides users with several options to visualize the
extracted data. After the data extraction, users are navigated to the visualization page. Initially,
when the tool is loaded, a line chart of the first parameter from the parameter list is presented as
shown in Figure 5.16. After this, users can select the parameters, years, months, or visualization
types to visualize the data using the dropdowns provided on the visualization page. Users makes
the multiple selections for the parameter or year or month using the checkboxes in the dropdowns
and hits the view button. Now, the request is sent to the visualizecontroller of AVISTED, where
the data is further extracted and sent to the client side JavaScript functions in the JSON format,

where the logic for displaying the graphs is implemented in a modular way.

AVISTED

fear Meanth: Wisualization Type
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© 2017 - AVISTED 1955

Figure 5.16: Visualization tool of AVISTED



95

User can choose to compare a single parameter in two different years or compare the parameter in
two different months. Alternatively, the users can compare two or all the parameters of the dataset
during a month or year or over several years. Users can choose a line chart, area chart, bar chart, or
scatter chart. In Chapter 6, these options are illustrated in detail using an application scenario
designed to compare variables from a CSV file. To do this, the extracted data is sent to the Visualize
controller. In this controller, the input data is validated. If the data is valid and all the user selections
are valid, data is formatted as per the user’s request. For example, the values of the parameters are
aggregated and then the average value of each year/month is calculated when a bar chart is selected
and the resultant data are sent in the JSON format to the JavaScript modules, where the functionality

of drawing the bar chart on the web page is handled on the client side.

5.4 Archives and Download

The extracted data and visualizations can be saved on the server by the authenticated user using the
Archives of download and visualization feature. As of now, the files or images saved by a user are

visible only to that user.

© 2017 - AVISTED

Figure 5.17: Home page of the logged-in user
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If the user chooses to share them with others, he or she will login, go to the Archives and download
shown in Figure 5.17, save them on the local machine, and send it over via other means of
communication. This feature is available to logged-in users; guests cannot save any of their work.
The ArchivesDwndsControllecontroller handles this functionality by listing all the available

archives saved by the current user.

5.4.1 Archives of Data

The extracted data is saved on the server if users choose the savethe data on the servaption
provided on the Model Output Page. This allows them to quickly access the extracted data in the
future. If a user does not need the data anymore, he or she can delete them using the Deletebutton

that is displayed on the side of the file name on the Archives and Download page.

AVISTED

Archives and Download

Please select a file to download

Enter the File

Hame Date FileType

Saws122617 272872017 3:58:05 Y Delzte
:'\.l_1

Meardown 12256 1272872017 4:00:57 5w Del=te
:'\.l_1

savHDOF 1225 1272872017 4:02:35 HDF5 Del=te
:'\.l_1

22017 - AVISTED

Figure 5.18: Archives of data
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To create the archive, the Creatd) function of the ArchivesDwndsontroller gets the information
about the extracted data to save, such as the name of the current user, name of the file, file path,
and file type. After getting these details, if any conversion is required, the appropriate WebAPI is
called and the converted data is saved on the disk and the details of the file location is saved in the
database. Now, the user will be redirected to the Archives and Download page with the new file
added in the list, as shown in Figure 5.18. The user will then click on the file name to download

the file.

5.4.2 Archives of Visualization

The images of interactive charts and graphs developed by users can also be saved in AVISTED.
After creating the visualization, all logged-in users can implement this feature by clicking on the
Savelmagebutton on the visualization page. All of the saved images can be accessed by selecting

the Archives and Downloabutton on the Home page of a logged-in user.

AVISTED

Archives and Download

You don't have any Archives yetl

S 2017 - ANISTED

Figure 5.19: Archives and Download page with no archives

If there are no archives, users will be presented with a message reading, “You don’t have any

archives yet!” as shown in Figure 5.19. Otherwise, the list of all the images is displayed with other
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downloadable files, as shown in Figure 5.20. Users can choose to delete any unwanted images from

the server. If he or she chooses to delete, the image is deleted from the server and the information

related to the image in the database is also deleted.

"AVISTED

Archives and Download

Please select a file to download

Enter the File

Hame Date

Sswel22817 1272872017
2:58:05 PM

Moardown 1226 1272872017
4:00:57 PM

sawvHDOF1225 127282017
4:02:35 PM

FileType

C5W Delste
CEN Delzwe
HOFS Del=te

Please =select an image to download

Date Enter the File Name

bar1223 1272872017 4:08:10 PM Del=te

compareprecipl1228 127282017 4:08:48 FM Delete

precipMayJuns 1272872017 4:10:25 FM Delzwe

S 2017 - AVISTED

Figure 5.20: Archives of visualization
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Chapter 6

Application Scenarios

Summary

This chapter presents sample application scenarios that demonstrate the capabilities of the
AVISTED toolset in action. The features and functions of the AVISTED toolset, discussed in
Chapter 5, are illustrated here in more detail using the application scenarios. The first scenario
illustrates a guest user working with the summary of a Nevada regional climate model dataset
provided by the Nevada Climate Change Portal. The steps involving the user in selecting the
NetCDF dataset and converting and downloading the dataset in CSV and HDF5 formats are
presented. The second scenario walks through an admin user registering, uploading a CSV file, and
using several available options of the visualization tool to compare the variables of the data. The
last scenario presents a logged-in user working with the Global Precipitation Measurement dataset
provided by the Goddard Earth Science Data. The process of uploading the HDF5 dataset, getting

the administrator approval, and converting it into NetCDF and ASCII formats is illustrated.
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6.1 Application Scenario: Converting the NetCDF Dataset to

HDF5 Data Format

In this section, we will walk through the first application scenario, which focuses on a guest user

selecting the NCCP modeling dataset and converting it to CSV and HDF5 format.

6.1.1 Application Description

The data used in this scenario is provided the Nevada Climate Change Portal [84]. It is the climate
model data that has been generated by applying regional climate models upon the historical data,
which is based on the NCAR reanalysis and CCSM3. The size of the NCAR/ WRF summary output
dataset is about 6.6GB. Each file in the dataset has a name that gives the details of the year, month
and date of the data it holds. For example, the file name “Daily_output_d01 1978-10-
01_00_00_00.daily.nc” holds data for the first day of October from 1978 to 2009. The summary of
the daily output is available from 1978 to file format, variables, and snapshot of the NetCDF file.
The climate variables such as precipitation, temperaturesurface windsand solar radiationare

provided in the dataset.

In this scenario, we will go through the steps performed by a researcher named “Ravi” while using
AVISTED to answer her research questions. Ravi wants to work with the NCAR summary output
dataset to analyze the effects of temperature on pressure, surface winds, and solar radiation in Reno,
Nevada from the years 2001 to 2009. To do this, Ravi visits the home page of the AVISTED web
application. She will select the “Guest Login” option on the home page of the application. Now,
Ravi will select the NCAR summary output dataset that is listed on the Model Management page.

After selecting it, the variables, date range, and the location details from the dataset will be available
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for selection on the Model Output Page. Ravi selects the appropriate values needed for her analysis
and clicks the download button. AVISTED will then extract the required details from the dataset

and convert the data to HDF5 format.

6.1.2 Data Selection

To select the NCAR dataset, users do not have to login to the system. The NCAR dataset is available

to all users. So, Ravi will go to the Home page of AVISTED, as shown in Figure 6.1.

©2017 - AVISTED

Figure 6.1: Home page of AVISTED

On this page Ravi can choose the registeroption, login option, or use the guestlogin option. Ravi
clicks on the Guest Login button to quickly access the NCAR dataset. The home page is refreshed

with the Model Output feature, as shown in Figure 6.2.
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©2017- AVISTED

Figure 6.2: Home Page for a guest

On the Home page, Ravi clicks on the Model Output button. Now, AVISTED gets the details of
the default dataset, which is NCAR, and displays them using the web form as shown in Figure 6.3.
First, Ravi selects the required parameters from the NCAR dataset, which are precip, tmin, tmax,
tmean, gmean, ulOmean, vl0mead,swdownmearusing the checkboxes. Then, she selects the
date range as “ 10/01/2000 and “ 12/31/2009 using the calendar and selects the location as Reno,
Nevadausing Google Maps. The latitude and longitude of the location are automatically updated
in the text boxes below the map. Now, Ravi selects the required statistics as “ standard deviatioh
based on which calculations are made on the extracted dataset. Before downloading the data, Ravi
wants to view the sample of the dataset. For this, Ravi chooses to view the data and clicks on the
‘View’ button on the Model output page. Now, the form is submitted to the server, and the server
performs the functionalities, including input validation and extraction using the
AVISTEDDataExtractor Web API, and converts the datatset to AVISTED common data format

and sends it back to Ravi.
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ANlSTED Home Samples FAQ  Register  Login

Please follow the below steps to visualize the data.

© * Select the parameters

Wprecp ¥tmn @imax @imean ¥qmean ¥ utOmean ¥ viOmean W swdownmean

© Select the time period
“Selectstart date
* Selectend dte
© Select the latitude and longitude

[Note: Select a point rom the highiighted region]

P
| Map Satelle

Clicked location:
40.17887331434696118.212890625

PR
xxxxx

* Longitude min: -118.21289062!

O *Select the required statistics

© Maximum  © Minimum  © Mean © Variance ® Standard Deviation

© Select an output format

@®csv ONetcoF O Ascll O HDF5

©2017 - AVISTED

Figure 6.3: Model Output page displaying the NCAR dataset
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6.1.3 Data View

AVISTED displays the extracted data in the tabular form on the webpage, as shown in Figure 6.4.
Ravi can examine the data before downloading it to her computer. She can view the complete data

by using the scrollbar on the right side of the webpage.

=]
e
@
2=
@
r
1=
=

“AVISTED

View Results

date swdownmean viOmean uiOmean gmean tmean  fmax trin precip
2000-10-01 19.52524 0712592 1043279 0.0009477607 1460166 1611132 1.845843 0.3303276
2000-10-02 12.1612 108215 1478801 00003143192 1895736 2074824 1.741004 0.04963863
2000-10-03 4616253 1007357 1704792 00002681614 2252536 282256 2278258 0O
2000-10-04 6297187 08203626 2294315 0.0001607461 2059005 2179592 2.221863
2000-10-05 6.589637 07191667 2068524 0.0003130096 2119349 2.383737 2617177
2000-10-06 5.549641 09221022 1267087 0.0001102921 2421093 2136884 2.767817
2000-10-07 539125 1252111 1312994 00001540721 1879206 1.822674  2.249907
2000-10-08 5592949 1371797 1615243 00001092029 1550606 1173481 2.438301
2000-10-09 31.99215 1513596 2089763 00002955738 1513231 123303 2010257 O
2000-10-10° 30.99076 2777147 1231283  0.0009336266 296877 2102369 3.511431  3.318507
2000-10-11 26.77437 2133908 1.21154  0.000206495 1733472 2.283393 2133303 7.70326
2000-10-12 43.03543 0998662 1301539 0.0004620488 1837131 1946605 2252626 4.03731
2000-10-13 4553385 1014046 1277911 00003545083 1556601 2036731 1591048 7.763669

1

1

1

1

1

1

- o o o o

2000-10-14 21.87674 1174431 1.399023  0.0003355253 1.933054 1695712 1644252 0.5221865
2000-10-13 £.936535 0.7858267 06909242 00005288501 133416 13348 1626368 05143812
2000-10-16 6.209391 09198472 1306235 0000296442 1280324 1.341014 1928034 0
2000-10-17 6.823376 1145748 1273473 0.000460204 1469554 1775727 191315 0
2000-10-18  29.08457 0.8759685 0.9965406 0.0005019301 1.394729 1.829326 1.8618%5 0.2478588
2000-10-19 13.26981 0572901 05350779 00002996274 1477204 1.575551 1771214 03326857
2000-10-20 27.44039 1245626 1260072 0.0002194341 1.388626 1.701338 1.864058 1.244659
2000-10-21 14.91039 07472801 0962189 00003414617 1717321 2269918 1803985 4.215214
2000-10-22 7172256 1741813 1906516 00001328732 1912605 2516201 1.571462 04065414
2000-10-23 12.33724 1962422 2.354801 00005192364 1629237 1662364 1.509 07431703
2000-10-24  30.19819 09534622 1206566 00007221853 1.819546 1.893324 1972504 2.420335
2000-10-25 20.31972 1254978 1.545578 0.0003319434 1472646 1832131 1.715159 1.239777E-06
2000-10-26 29.49899 2016179 1863424 00002290613 1698238 2163764 2022688 0.2501%6
2000-10-27 10.29555 1273783 0.676447 00003047048 1970603 2288057 2.014498 06303173
2000-10-28 22.42041 1244626 1.011071  0.0002427581 1725068 1.867201 1.983082 (0.09586266
2000-10-29 19.41626 1427206 1412298 00003151423 1728925 1.842303 1630132 2.91993
2000-10-30 19.16466 1042511 06346349 00002483456 1660866 202545  1.492702 2136426
2000-10-31 14.73009 1592559 1231945 00002588812 1605184 1.861905 1.252236 0.5358283
2000-11-01 7.482809 1180713  1.573486 0.0002943966 1.539586 1.813138 1.239262 0.4986604
2000-11-02 27.01341 1226683 1.052648 0.0002776753 1.552262 1.807116 1.721835 05013283
2000-11-03  28.5148 06189693 1314865 0000583362 1.876665 1.68371 2505786 0.849807
2000-11-04 74121 0974433 1357934 00004267724 1336349 1903232 1761333 00005243209

Figure 6.4: Data view of AVISTED



105

6.1.4 Data Download

To download the data, Ravi goes back to the Model Output page, selects the CSV data format, and
clicks on the “Download” button. A CSV file with the extracted dataset is displayed on Ravi’s
machine. Ravi opens it using Microsoft Excel, where she can do further analysis, as shown in Figure

6.5.

Insert Page Layout Formulas

‘hl__bl ‘_;E’C"'t Calibri -1 A A= == =F Wrap Text (
ER® Copy -

Pavste * Eormat Painter B I U - - A === Merge & Center ~

Clipboard ] Font ] Alignment =
M16 & 2
A B C D E F L] H |

1 |date swdownim vlomean wl0mean gmean trmean trax trmin precip

2 10/1,/2000 1952524 0.712592 1.043279 0.000943 1.460166 1.611132 1.845845 0.330328
3 10/ 2/2000 12.1612 1.08215 1.478301 0.000314 1.895738 2.074824 1.741004 0.049639
4 10/3/2000 4.616253 1.007357 1.704792 0.000268 2.252536 2.82258 2.278258 o
= 10/4,/2000 6.297187 0.820363 2.294315 0.000161 2.059005 2. 179592 2.221863 o
=3 10/5/2000 6.5896327 0.719167 2.068824 0.000318 2.119349 2.383737 2.617177 o
ri 10/6,/2000 5.549641 0922102 1.267037 0.00011 2421093 2.156884 2.7673817 o
8 10/ 7/2000 5.39125 1.252111 1.312994 0.000154 1.879206 1.822674 2.249907 o
9 10/8,/2000 5.592949 1.371797 1.815243 0.000109 1.550606 1.173431 2438301 o
10 10/9/2000 31.99215 1.513596 2.089763 0.000296 1.513231 1.23303 2.010257 o
11 10/10/2000 3I0.99076 2.777147 1.231283 0.000936 296877 2.102569 3.511431 3.318507
12 10/11,/2000 26.F77437 2.135908 1.21154 0.000506 1.733472 2.283593 2.133303 F. 70326
13 10/12/2000 43.03543 0.998682 1.301539 0.000462 1.837131 1.946605 2.252626 403731
14 10/13,/2000 45.53385 1.014046 1.277911 0000355 1.556601 2.036731 1.591048 7.765669
15 10/14/2000 21.87674 1.174431 1.599023 0.000336 1.533054 1.695712 1.644252 0.522187
16 10/15/2000 S8.936535 0.785827 0.655924 0.000529 1.33416 1.3348 1.626568 0.514581
17 10/16/2000 6.209391 0.9198347 1.306235 0.000296 1.290324 1.341014 1.928034 o
18 10/17,/2000 6.823376 1.145748 1.273473 0.00046 1.469554 1.775727 1.913315 o
19 10/18,/2000 29.08457 0.875969 0.956541 0.000502 1.594729 1.829326 1.861895 0.247859
20 10/19/2000 13.26931 0.572901 0.535078 0.0003 1.477204 1.575551 1.771214 0.332696
21 10/20/2000 27.44039 1.245626 1.260072 0.000219 1.3838826 1.701538 1864058 1.244659
22 10,/21,/2000 14.91039 0.74728 0.962189 0.000341 1.717321 2.269918 1.803985 4.215214
23 10/22,/2000 F.172256 1.741813 1.906516 0.000153 1.912605 2.516201 1.571462 0.406541
24 10/23/2000 15.33724 1.562422 2.354801 0.000519 1.629237 1.682364 1.559 0.74317
25 10/24,/2000 Z0.19319 0.953462 1.206566 0.000722 1.819546 1.893324 1972504 2.420335
26 10/25/2000 20.31972 1.254978 1.545578 0.000332 1472646 1.832131 1.715159 1.24E-06
2F 10/26/2000 2949399 2.018179 1.863424 0.000229 1.698238 2.163764 2.022683 0.250196
28 10/27/2000 10.29555 1.273733 0.876447 0.000505 1.970803 2.288057 2.014498 0.630317
29 10/28,/2000 22.42041 1.244626 1.011071 0.000243 1.725068 1.867201 1.983082 0.095863
30 10/29,/2000 1941626 1427206 1.412298 0000315 1.728925 1.842303 1.630132 2.91993
31 10/30,/2000 19.16466 1.042511 0.634635 0.000248 1.660866 2.02545 1.492702 2.136426
32 10/31,/2000 1473009 1.592559 1.231945 0.000259 1.605184 1.861905 1252236 0.535858
33 11/1/2000 7.482809 1.180713 1.573486 0.000294 1.539586 1.813138 1.239262 0.49866
34 11/2/2000 27.01341 1.226683 1.052348 0000273 1.552262 1.807116 1.721835 0.501328
35 11/3/2000 28.5149 0.618969 1.314865 0.000583 1.876665 1.65371 2.505786 0.849807
36 11/4/2000 7.11121 0.974453 1.357954 0.000427 1.536349 1.903232 1.761333 0.000525
37 11/5/2000 19.1138 0.F71982 1.159054 0.000493 1.362168 1.94094 1.6003806 O0.087718
38 11/6/2000 9.210782 0.794867 1.164893 0.000147 1.599606 2.171739 1.561606 0.277414

Figure 6.5: Downloaded CSV in Excel
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Ravi goes back to the Model Output page and changes the output data format to HDF5 and clicks
on the download button. The form is submitted and sent back to the server, the extracted data is
now converted into the HDF5 format using the AVISTEDHDF5Converter Web API, and the result
is sent to Ravi’s machine for download. The HDF5 file can be viewed in HDF5Viewer provided

by the HDF Group [85], as shown in Figure 6.6.

File Window Tools Help

2ld

Recent Files |C\Users\raviiDropbox\Dissertation\Architecure diagramsiresult (1).h5 V| CIearTextJ

3] result (1).n5 @ tmin at / [result (1).h5 in CiUsersiravi\DropboxiDissertation\Architecure diagrams] ::
date Ml Table
& precip
& gmean :
) swdownmean
@tmax 0 1.845845 | =]
B tmean 1 1741004 =
R tmin 2 2278258
3 2221863
8 u1omean ;; 4 |zsimTT
B vi0mean B 5 2767817
B 6 2.249907
7 24358301
8 2.010257
9 351143
10 2133303
11 2252626
12 1.591048
13 1.644252
14 1.626568
15 1.925034
16 1.813315
17 1.861895
18 1771214
19 1.864058
20 1.803985
21 1.571462
22 1.559
23 1.972504
24 1.715159
25 2022688
26 2.014498
27 1.953082
28 1.630132
29 1.492702
30 1.252236
il 1.239262
32 1.721835
33 2505786
34 1761333
35 1.600806
36 1.561606 |
7 1519132 =

Figure 6.6: HDF file extracted from AVISTED
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6.2 Application Scenario: Quickly Uploading and Visualizing

Data from a CSV File

This section will walk through the scenario in which an admin user uploads a CSV file and

compares the parameters of the dataset using the AVISTED visualization tool.

6.2.1 Application Description

We will use the data which has been downloaded from the AVISTED website in this scenario. It is
the same NCAR dataset that Ravi downloaded in the previous scenario. In the previous scenario,
Ravi used Excel to visualize the data, but this time she wanted to try AVISTED’s visualization
tool. As she already has the data in CSV format, she can upload it using the AVISTED data upload
feature. But to use this feature, Ravi needs to register and login. After logging in, Ravi can upload

the CSV file and start using the visualization tool.

Figure 6.7: Home page of AVISTED
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6.2.2 User Registration

In this scenario, Ravi wants to use the features of the application which are only permitted to
registered users. So, Ravi goes to the Home page of the application, as shown in Figure 6.7. On the
home page, she can either click on the “Register” button in the navigation bar at the top right of the
page or the “New User” button provided in the middle of the page. Either way, she will be navigated

to the Register page, which is shown in Figure 6.8.

Register - AVISTED b4
< C @ Secure https://localhost:44374/Account/Register
Register

Create a new account.

First Name

Likhitha

Last Name

Ravi

Email

likhitha_ravi@gmail.com

Password

Confirm password

Organization

UNR

Register

© 2017 - AVISTED

Figure 6.8: Register page of AVISTED



109

Now, she will enter her personal details including first name, last name, email 1D, password,
organization details, and then hit the register button. If she entered an invalid input, she will re-
enter her details and submit the form again, as shown in Figure 6.9. Here, Ravi did not match the
requirement of having at least one non-alphanumeric character in the password, so she has to enter
the password again and submit the form. So, she re-enters the appropriate password and hits the

Register button.

Register - AVISTED x

= C @ Secure | https:y//localhost:44374/Account/Register

Create a new account.

+ Passwords must have at least one non
alphanumeric character.

First Name

Likhitha

Last Name

Ravi

Email

likhitha. ravi@gmail.com

Password

Confirm password

Organization

UNR

Register

Figure 6.9: Register page with error message

Now, she will be registered and will be added as a new user in the database. Additionally, the

current administrator of AVISTED gives her the admin privileges. After the successful registration,
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she will be redirected to the home page with the available features as well as the admin privileges,

as shown in Figure 6.10.

7- AVISTED

Figure 6.10: Home page with features for a logged-in user

Now, Ravi selects the Model Output Management page and will be navigated to the same, as shown

in Figure 6.11.

6.2.3 Data Upload

On the Model Management page an admin user has the ability of approving, editing, and deleting
all the datasets, unlike a regular user who only has the option of selecting or viewing the details of
the dataset uploaded by other users. If the current user is an author or uploaded a dataset, he or she

can additionally edit or delete the dataset. Here, Ravi already has the data she wants to analyze in
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n ‘ ‘l STE D Home Samples FAQ Hello likhitha ravi@gmail com! Log out

Model Management Output

Create New
Upload
Author StartDate UploadDate Description Format Dataset Name Parameters Size Status
Dr John Mejia 10111978 1/1/2017 _Desmption NetCDF  NCCP Climate 6GB READY FEdit|
12:00:00 12:00:00 AM _ Modeling Data Details
AM |Delete
|Select
National Renewable Energy ~ 1/1/1981 3/111/2017 _Description [e53% National Solar 369 READY Edit|
Laboratory 12:00:00 12:00:00 AM _ Radiation MB Details
AM Database |Delete
|Select
Dr J. Scott Hosking 111979 51112017 _DesmmiOn ASCIl  Amundsen 971 READY Edit|
12:00:00 12:00:00 AM _ Sea Low (ASL) KB Details
AM index |Delete
|Select

© 2017 - AVISTED

Figure 6.11: Model management page of AVISTED with admin privileges.

a CSYV file, so she will upload them using the “Upload” button, which is available on the top left of
the Model Management page, as shown in Figure 6.12. Now, Ravi will be navigated to the

visualization page.

/| Model Management Ou' X Y\ ]

< C' @ Sewre | https;//localhost:44374/MdlOptMngmt

Choose Fle | esulsTelse Msa1oe cxv

=)

Figure 6.12: Upload a CSV file
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6.2.4 Data Visualization

Users can visualize the data in several ways based on parameter, year, and month. Users can choose
to compare different variables or a single variable over different years or different months. Here,
the parameter years are retrieved from the CSV file automatically and will be populated on the page
as shown in Figure 6.13. At first, a line chart with the first parameter from the parameter list will
be displayed by default on the page. Now, Ravi chooses to compare the variables viOmean
ulOmeanand gmeanduring all the years from 2000 to 2009 using a bar chart, as shown in Figure

6.14. Placing the mouse over the bar chart lets the user get the accurate values of each bar.

AVISTED

Select the below options:

Parameter. Year: Month: Visualization Type

Click here to search + | Click here to search v | Click here to search v | Click here to search v
t Line —

Select all Select none
¥ swdownmean

[ viOmean

| u1Omean

[ gmean

tmean i

I
tmin | ‘ ’ | ]
i / ‘ L 4 ’| ‘ i
i | ” i |u X | 1y | U“ f a1 | 1 ‘| H‘” :
| I ‘||< | ‘n ‘anl"‘ :’ ot & “‘. VI | II\ ‘
20 i “ fiky i

i it l‘, ‘ |w )
‘l"‘ll H"‘” ‘ \ l \”l|| ‘ ||| || i

tmax

[ precip

P

il ! Sl ( |
10 ”l"n g ! Y Ak i ”wI; B || I‘{H‘ N ri\r‘

T
2000-10-01 2001-00-04 2002-08-08 2003:07-12 2004-06-14 2005-05-18 2006-04-21 2007-03-25 2008-02-26 2000-01-20
W swdownmean

©2017 - AVISTED

Figure 6.13: Line chart of AVISTED
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- X
M| ST E D Home  Samples FAQ  Hello likhitharavi@gmail.com!  Log out

Select the below options:
Parameter: Year: Month: Visualization Type:
Click here to search ~ | Click here to search = | Click here to search « | Click here to search - =
x vilmean || x ul0mean Bar
* gmean

M u10mean | 1320859
B vi0mean | 1170752

Mqmean 03806731

2000 2002 2004 2008 2008
M viOmean M uiOmean M gmean

Figure 6.14: Bar chart of AVISTED for comparing variables

Now, Ravi compares other parameters, tmean, tmaxand tmin, during the month February, 2003
using the area chart, as shown in Figure 6.15. When a user places the mouse on the dots of the area

chart, it displays the values of the appropriate variables.

o M .
ml S T E D Home  Samples FAQ  Hello likhitha ravi@gmailcom!  Log out

Select the below options:

Parameter. Year: Month: Visualization Type:
Click here to search ~ | Click here to search ~ | Click here to search ~ | Click here to search - View
= tmean | = tmax = tmin = 2003 x February Area

3.5+

W tmean-2 M tmax-2 M tmin-2

© 2017 - AVISTED

Figure 6.15: Area chart of AVISTED for comparing variables



Next, Ravi selects the precipvariable and visualizes using a scatter chart, as shown in Figure

6.16.

AVISTED

Select the below options;

Parameter, Year Month: Visualization Type:
Click here to search ~ | Click here to search ~ | Click here to search ~ | Click here to search - |—|
x precip Scatter —_—

- :""':: "
— — — — — — —
T T T T T T T
™ precip

© 2017 - AVISTED

Figure 6.16: Scatter plot of AVISTED showing precipvariable
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Now, Ravi compares the precipduring the years 2002and 2003using the scatter chart as shown in

Figure 6.17. Each year is represented using a different color. In this plot, data from 2002 are

represented in blue and from 2003 in orange.

AVISTED

Select the below options

Parameter Year Month Visualization Ty pe

a — e — A el e et St e el it e et i

1751 oza7 Ly Saaz Ll o7-0 LEak ST 1024 130
W precip-2002 M pracip-2003

© 2017 - AVISTED

Figure 6.17: Scatter plot of AVISTED comparing precipvariable of different years
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Similarly, Ravi compares the precipof the months Januaryand Februaryof 2003using the scatter

chart as shown in Figure 6.18.

VISTED

Select the below options:
Parameter: Year Month: Visualization Type:
Click here to search ~ | Click here to search ~ | Click here fo search ~ | Click here fo search

* precip x 2003 x January | x February Scatter

T T T L — T T LI T T T U— T T T T U —
o1 04 o7 10 12 18 18 22 2 2

W precip-1 M precip-2

@ 2017 - AVISTED

Figure 6.18: Scatter plot of AVISTED comparing precipvariable of different months

6.2.5 Archives of Visualization

After getting the desired visualization, users can save the chart. To do this, Ravi clicks on the “Save
Image” button on the top of the chart. A PNG image will be downloaded to Ravi’s machine. Also,
she will then be navigated to the Create page, where the desired file name has to be entered, as
shown in Figure 6.19. Ravi enters the name “NCARScatter2003” and clicks on the “Create” button.
AVISTED will then create a downloadable SVG file of the scatter chart and save the information
in the database. Once the record is saved in the database, the user will be navigated to the Archives
and Download page, where all of the saved images and data will be listed for users to download or

delete.
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AVISTED

Create

ArchivesDwnd

Enter the File Name

NCARScatier2003

Create

Back to List

©2017 - AVISTED

Figure 6.19: Create a SVG of the AVISTED chart

Users can also go to the Archives and Download page shown in Figure 6.20 from the home page

of AVISTED.

AVISTED

Archives and Download

Please select an image to download
Date Enter the File Name

NCARScatter2003 1212212017 10:09:26 PM Delete

©2017 - AVISTED

Figure 6.20: Archives and download page of AVISTED

Ravi downloads the image onto her machine and views it on the browser, as in Figure 6.21, or she

can send it to any other person with whom she wants to share the results of her work.
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Figure 6.21: Downloaded SVG from AVISTED

6.3 Application Scenario: Uploading a HDF5 Dataset and

Converting it into NetCDF Format and ASCII format

This scenario will walk through how a user will upload an HDF5 dataset, convert and download it

into NetCDF format, and save it on the server in ASCII format.

6.3.1 Application Description

We will use the dataset provided by the Goddard Earth Science Data [86]. It provides measurements
of rain and snow over the tropical and subtropical oceans. Satellites carrying an advanced
radiometer system are deployed in space to measure the precipitation globally. The Global

Precipitation Measurment (GPM) mission is to find insights into the earth’s water cycle and its
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effects on climate change. For this application scenario, we are using the downloaded data from
the website during the years 2014 to 2016. The size of the dataset is about 669MB. The dataset has
parameters such as precipitation probabilityLiquidPreciptation guaugeRelativeWeightingnd
randomError. Each file of the dataset follows a naming convention that gives information about

the data it holds, including date range, location, and resolution.

In this scenario, a registered user named ‘“Matthew” is using AVISTED to work with a GPM
dataset. To do this, Matthew has to first login to the web application. After, logging-in, he uses the
Model Management page to upload the new dataset. After uploading, Matthew needs to wait for a
few days for the administrator to approve the dataset. Once the dataset is ready to use, he selects it
and uses the Model Output to enter his options for the conversion, downloads the dataset in NetCDF

format, saves it on the server using his credentials, and logs off the application.

© 2017 - AVISTED

Figure 6.22: Home page of AVISTED
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6.3.2 User Authentication

Matthew first visits the home page of AVISTED, as shown in Figure 6.22. Since he wants to upload
the dataset, he logs into AVISTED using the login screen. To go to the login screen, Matthew can
either use the “Log in” button on the top right or else use the “User Login” button in the middle of

the Home page. Matthew hits “User Login” and will be navigated to the Login page, as shown in

Figure 6.23.
Login
Use a local account to log in. Use another service to log in.
Email There are no external authentication services configured. See this arficle

for details on setting up this ASP.NET application to support legging in via

testuserAVISTED@gmail.com external services.

Password

Remember me?
Login

Forgot your password?

Register as a new user?

© 2017 - AVISTED

Figure 6.23: Login page of the AVISTED

If Matthew entered the correct username and password, he will be navigated back to the Home page
with all the available features listed on the page. Otherwise, AVISTED will present the login screen

with the errror details, as shown in Figure 6.24, where he has to reenter the incorrect fields.
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Log in
Use a local account to log in.
= The Password field is required.

Email

testuserAVISTED@gmail.com

Password
The Password field is required.

Remember me?
Log in

Forgot your password?

Register as a new user?

Figure 6.24: Login page with error details

Otherwise, if he does not remember his password, he clicks on the “Forgot your password?” button
provided in the bottom of the screen and navigates to the Forgot Password page, as shown in Figure
6.25. Here, he enters his email ID and hits the submit button. Now, AVISTED will create a new
password and send it to Matthew’s email. Matthew will use the login screen to enter the email ID
and password and login to the application. On the home page, he will select the Model Output

Management Page to upload the dataset.

Forgot your password?

Enter your email.

Email

testuserAVISTED@gmail.com

Submit

@ 2017 - AVISTED

Figure 6.25: Forgot Password page of AVISTED
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6.3.3 Data Upload

On the Model Output Management page, in the top left, there is a link, “Create New,” as shown in
Figure 6.26. This feature allows users to upload a dataset. Matthew clicks on the link and goes to
the create dataset page shown in Figure 6.27. On the Create dataset page, Matthew enters the details
of the dataset, including author, start data, description, format, dataset name, parameters, size, and
files pertaining to the dataset, and hits the create button. Now the input data is sent to the server,
and AVISTED checks if the user entered a valid input. If everything looks good, the dataset is
uploaded and will be in the “Model-Under-Validation” status shown in Figure 6.28. At this point,

Matthew and any other user can only view the details of the dataset.

Model Management Output

Create New

Upload

Author StartDate  UploadDate Description  Format DatasetName Parameters  Size Status

Dr. John Meﬂa 1/1/0001 1/1/0001 DESCHDHOH NetCDF  NCCP Climate Parameters 6GB READY Details
12:00:00 12:00:00 AM Modeling Data Select
AM

National Renewable Energy ~ 1/1/0001 11110001 Description | CSV National Solar Parameters | 36.9 READY Detalls

Laboratory 12:00:00 12:00:00 AM Radiation MB Select
AM Dalabase

Dr J. Scott Hosking 11/0001 111/0001 Description | ASCIl Amundsen Sea | parameters | 97.1 READY Detalls
12:00:00 12:00:00 AM Low (ASL) KB Select
AM index

©2017 - AVISTED

Figure 6.26: Model Management page with user settings
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AVISTED

Create

Dataset

Dataset Name

Precipitation Processing System

Description

The Global Precipitation Measurement (G

Format

HDFS

Size

569MB

Author

Goddard Earth Sciences Data and Inform

StartDate

01/01/20174 12:00 AM

Parameters

guageRelativeWWeighting, precipitation, Prc

Upload

Choose Files | 48 Tiles
Create

Back to List
© 2017 - AVISTED

Figure 6.27: Uploading a dataset in AVISTED

But on the other end, the administrators of AVISTED will be able to view the files and the detatils
of the dataset. If everything looks good, the adminstrator of the dataset will design an XML file for
AVISTED to use based on the parameters, start date, end date, and location details of the dataset

and change the status of the dataset to ‘Ready’. The XML will intially provide the details of the
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dataset to the Model Output module of AVISTED before the extraction of the dataset begins.
However, if the dataset is not well formatted or the data is irrelevant, the administrator will delete
the dataset from AVISTED and send a notification to the user via email, stating the reason for the
disapproval of the dataset. For any further assistance regarding formatting issues, users of

AVISTED can contact the adminstrators.

AVISTED

Mode! Management Output

Create New
Upload
Dataset
Author StartDate  UploadDate Descripfion Format Name Parameters  Size Status

Or. John Meji Migrs 112017 inti | \ ADY ils
i3 1011976 11120 Dgsmpﬂgn NetCDF ECCP Paramelers | 6GB  READY [')‘Etﬂﬂq
120000 1200:00 Climate Select

AN AN Modeling Dafa

Goddard Earth Sciences 112014 1112017 iotion | HOFS  Precipitation 669 MODEL-  Defail
& 5 - - Description p Parameters

Data and Information 120000 12:00:00 Processing ME  UNDER-

Services Center AN AM System VALIDATION

Mational Renewable 11891 3207 | Deseription | CSV Mafional Solar | parameters | 389 READY Details

Energy Labaratory 120000 120000 Radiation ME Select
AN A Dafabase

DrJ. Seolt Hosking 111979 52017 Description | ASCIl Amundsen Parameters | 971 READY Details
120000 120000 SeaLow KE Select
AN A (A3L) index

B2017- AVISTED

Figure 6.28: Model Management of AVISTED with model under validataion

As Matthew uploaded a valid dataset, the administrator for AVISTED has changed the status of the

dataset to “Ready,” as shown in Figure 6.29. Now, Matthew selects the GPM dataset, and he will

be navigated to the Model Output page.
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Model Management Output
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3 Syu!
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700,00 AM ASL)
!

Figure 6.29: Model Management of the AVISTED with ready status

6.3.4 Data Selection

On Model Output, Matthew selects the required parameters, time period, location from the map,
statistics, and output data format as NetCDF and hits the download button, as shown in Figure 6.30.
Now, the server gets the user request and extracts the data from the HDF5 files, applies the statistics,

converts it into the NetCDF format, and sends it to Matthew.
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‘ M' STE D Home Sampes FAQ  HellotestuserAVISTED@gmailcom! Lo out

Please follow the below steps to visualize the data.

© * Select the parameters

W precipitation ¥ probabilityLiquidPrecipitation [ quageRelativeWeighting  randomError

0 Select the time period
“Select start date
* Select end date

© Select the latitude and longitude

[Note: Select a point from the highlighted region]

Map Satellte

Clicked location: X
37.439974052270564,-119.794921875

* Latitude min: 37.43997405227

* Longitude min: |-119.79492187!

O *Select the required statistics

O Maximum  © Minimum  © Mean © Variance @ Standard Deviation

© Select an output format
Ocsv @NetcoF ©Ascll O HDF5

) Save file on the server

result (1).nc A

Figure 6.30: Model Output page with HDF5 dataset
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The downloaded data can be viewed using a dataset viewer provided by the Scientific Dataset

Library [87] or any other visualization tools that support NetCDF data format. Figure 6.31 shows

the scatter plot of precipitation from the downloaded NetCDF file.

1
File Data Figue View Help
msdsnc?openMade=readCnly8file=C\User

Data [ 1] (more...)

@ date (100-nanosecond intervals that have

@ precipitation

@ probabilityLiquidPrecipitation

Plots | Gallery
V] Mariers for precipitation on date
Add plot  Reset figure

A
Y

eela

X

msds:nc?openMode=readOnly8&file=C\Users\Iravi\Downloads\result (4).nc - DataSet Viewer

precipitation

0055+

005

0045

0.4+

00354

0.034

0025

0.02

0015

Figure 6.31: Scatter plot from the Dataset Viewer

6.3.6 Archives of Data

2016

Alternatively, a user can choose to convert the data to a desired format and save it on the server for

future use. Matthew wants to convert the data from the HDF5 format to the ASCII format and save
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them on the server. He changes the output format on the Model Output page to ASCII format,

selects the “save file on the server” option, and hits the download button, as shown in Figure 6.32.

Now the user is redirected to the Create page of the Archives and Download page, where he needs

to enter the filename for the converted file.

TTAVISTED

© Select the latitude and longitude

[Note: Select a point from the highlighted region]

Map Satellite

Home  Samples FAQ  Hello testuserAVISTED@gmail.com!  Log out

Map data ©2017 Google,INEGI | Terms of Use:

* Latitude min: !35.4606699514

* Longitude min: w-118,91601562!1
bbb |

O *Select the required statistics

© Maximum  © Minimum © Mean © Variance ® Standard Deviation

© Select an output format
©OCSV UNetCDF @®ASCIl © HDF5

I Save file on the server

©2017 - AVISTED

Figure 6.32: Model output with ‘Save file on the server’ option

Matthew enters the filename “Goddard ASCIIL,” as shown in Figure 6.33. The file is now saved on

the server, and the details of the file are saved in the database. The user is then redirected to the

Archives of the Visualization and Download page, which displays a list of all saved files and

images, as shown in Figure 6.34.
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[ resultseecaceaz-fa..xt -~ [ resutt ¢12.nc ~ Show all x

Figure 6.33: Create file for archive

From this page, Matthew can download the files and images anytime from any other machine or

location. Or, he can choose to delete any unwanted files and images.

) Aadihe - O X
[% Archives and Download - X

&« C | ® nrdcstudentweb.rd.unr.eduylikhitha/AVISTED/ArchivesDwnds N

 Apps - Bookmarks University of Nevada D3 E HTMLS ArcGIS % Other bookmarks

VISTED

Home Samples FAQ Hello testuserAVISTED@amail.com Log out

S

Archives and Download

Please select a file to download

Enter the File Name Date FileType

GoddardASCI 12/23/12017 6:26:22 PM ASCII Delete

© 2017 - AVISTED

2l Goddardascilixt e 2 resultseecacear-fo..xt A | Show all X

Figure 6.34: Archives of the downloadable files
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Chapter 7

Comparison with Related Work

Summary

The objective of this chapter is to compare the AVISTED toolset with related web-based data
analysis and visualization approaches and/or toolsets. We mainly emphasize the features of data
upload, data download, and data visualization. There are many applications on the web supporting
one or more of these features, but in this chapter we will primarily consider the toolsets that provide
all or most of these features. The chapter first presents the details of the toolsets that are similar to
AVISTED. Next, a table showing the list of toolsets and the features they support is presented.
Finally, we conclude the chapter by providing a summary of results, strengths, and limitations of

AVISTED compared to related approaches.
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7.1 Related Work

With the increase in the volume of data collection in many fields, including science, medicine,
finance, environmental sciences, and computer networking, the need for data analysis and
visualization has also increased. There are many tools in the market for this purpose; some are
desktop tools (some of which were discussed in Chapter 2) and others are web-based applications.
As the supporting toolset of AVISTED is web-based, we have considered similar web-based
applications that do not need any programming knowledge in this comparison. The main features
of AVISTED include model management, model output, data visualization, and archives. We will
look for these functionalities in each tool and also look at any additional features the tools provide.
Work used for data visualization and processing similar or related to AVISTED include

InstantAtlas [88], Dygraphs [89], and DPT-VW [90].

InstantAtlas can visualize and analyze datasets by using different templates. The user needs to
choose a template and customize it based on their needs. The InstantAtlas official website provides
some datasets, and it is very convenient to choose one of them and display the analysis results. The
tool is very easy and intuitive to use and there are tutorials. However, if the user wants to visualize

and analyze a large dataset, the process will consume some time. Also, the tool is not free.

DPT-VW is mainly used to process environmental datasets and is implemented by our group at
UNR. The toolset is useful and some of the ideas contained in DPT-VW are used in AVISTED.
However, the toolset is not fully complete. For example, it does not support some useful file format
conversions, such as to ASCII and HDF5. Also, the visualization component is not very powerful.

These parts are improved in AVISTED.
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Next, we will look into some generic tools (7.1.1 — 7.1.5) and a few other tools that are specific to
environmental sciences (7.1.6 — 7.1.10). Below are some of the general purpose web-based tools

that are similar or related to AVISTED. We will discuss each tool in detail.

7.1.1 DataWrapper

DataWrapper [91] is a user-friendly data visualization tool over the web. It allows users to upload
a csv file, create simple interactive graphs, and embed them into their web applications through a
link. But before they can embed, users need to create a user account and login to save their work.
All the charts created by users are saved in the website. Users can access them anytime by logging
into the website. Another interesting feature of Data Wrapper is its wide variety of charts and maps.
It provides simple charts and many other options including split bars, bullet bars, grouped column
charts, stacked column charts, short tables, dot plots, range plots, arrow plots, and election donuts,
which are quite unique. Also, samples of charts already created by other users are available. This
feature helps users in choosing the appropriate chart based on their research questions in our view.
The best feature of DataWrapper is its data editing capability. It allows users to edit the csv file
before visualizing. Users can add columns and column values can be calculated using a formula
that users provide. It is similar to working with formulas in Excel. Users can also get the transpose

of a table.

Although, it has many interesting features, DataWrapper is not free to use, and it supports data
upload only in the CSV file format. This will limit its usage, as many datasets in the field of
climatology are in NetCDF or HDF5 formats. In order to use this tool, scientists have to convert
the datasets to CSV format. Moreover, the tool allows users to upload only a single csv file; this

will be make it hard for climatologists as climate data are usually large and distributed over several



132

files. So, it is not that easy for climate scientists to use this tool unless the complete data is in a
single csv file. But, this tool will be very good for blog writers and journalists who embed live
charts in their articles [92]. Also, it is good for users who do not have technical knowledge and do

not have to work with large datasets.

7.1.2 RAWGraphs

RAWGraphs [93] is an open source, intuitive tool for bridging the gap between spreadsheets and
data visualization. It is built on top of the d3.js library. It allows data upload in TSV, CSV, DSV,
and Excel files and provides about 21 different kinds of data visualization. First, users either upload
data from a file, paste it into the application, or get it from another application. Users can also give
a URL pointing to the data location, such a public API. After providing the data, users select a

u10mean tmin tmax v10mean
. p i 6.0

28] 50|
5.0-| 5.5

26

5.0

Figure 7.1: Parallel coordinates from RAWgraphs

visualization type from the available options. If the layouts are not as desired. Users can use the

RAW API to add new layouts, but this requires some programming knowledge of D3.js. After
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choosing the layout, users need to map the data variables to the X-Axis and Y-Axis of the
visualization. Users can also map the data variable to the color of the visualization. After mapping
the data variables, users can choose the width, height, and color scale of the visualization. If the
visualization is as desired, users can download the visualization as an SVG or PNG. Users also

have an option of downloading the data in JSON format.

At the time of this research, the tool doesn’t seem very promising for climate research. We were
not able to upload a csv file for testing purposes. Also, it is a little slow when mapping the
dimensions to the visualizations. The fascinating thing about this tool is the collection of complex
visualizations it supports. For example, Figure 7.1 shows the visualization of the variables
ulOmean, vl0mean, tmin, and tmax for the data extracted from the NCAR dataset using AVISTED.
Some of the other complex visualizations the tool provides include Convex Hull, Delaunay
Triangulation, Hexagonal Binning, Voronoi Tessellation, Circular Dendrogram, Sunburst, and
Streamgraph. Most of them are new and useful in fields such as computer networking but might

not be very relevant to the environmental sciences.

RAWGgraphs does all the processing of data and visualization functions on the client side. There are
no server-side operations performed on the data inserted by the user, so user data is always secure,
unlike other web applications that require user data to be public and does the processing on the
server. Though the tool has some very interesting features, it does not allow users to save their
work in the application. This might not be convenient for users who would like to come back and
work from where they have left off. Also, if a user is working on different machines, he or she
might have to transfer the visualizations back and forth between the machines because the

application does not provide archives.
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7.1.3 Infogram

Infogram [94] is a template-based data visualization tool. The look and feel of the application is
very pleasing. It resembles a desktop application because of features like dashboard, customization,
and drag and drop. All the basic charts and maps are available in the tool. Users can upload data
from an Excel file, Google Drive spreadsheet, Dropbox, OneDrive, or JSON feed. After uploading
the data, users can edit them, select a chart from the dashboard, and place them on the template.
Charts can be customized by changing the themes, editing the text, quotes, and title. Videos and
pictures can also be added to the template [95]. Once a user is done creating the template, it can be
posted to Pinterest, Facebook, or Twitter. Or, if the user wants to add the template to a website, a
link will be provided for embedding it. Also, users can download the template to their machines as
a JPG, PNG, or PDF file. The tool will automatically save projects in the user accounts of the
website, so users can access and edit them later. This will also let the user continue their work from

another machine.

Users of Infogram will surely have an exciting time customizing their templates, using different
themes, and choosing the charts with a single mouse click. But at the time of this research, the tool
is a little slow when changing the themes and settings of the charts. Figure 7.2 shows a chart with
a comparison of multiple climate variables from the NCAR dataset. While it has good color themes
and customization options, it is not very suitable for large datasets because it allows users to upload
only a single file. Also, not all features of the tool are free, and when using the free version, the
template created is kept public on the website. If users are working with private data, they have to
pay for registration in order to use it. So, this tool will be suitable for users like journalists and
bloggers, who do not mind sharing their information online. Students can also use this tool for

developing reports for presentations and visualizing any data that they might have collected during
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their research. The video tutorials provided in the website will help students in getting started with

the tool.
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Figure 7.2: Line chart from Infogram

7.1.4 Plotly

Plotly is a web-based data visualization tool with a collection of high-quality complex
visualizations and dashboards [96]. It provides free open-source libraries in JavaScript, Matlab,
Python, and R languages for further customization of the plots. Each API has reference material
for the installations and visualizations. Also, users can go through the tutorials and samples

provided on the website [97] for using the tool online. Different kinds of visualizations, including
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basic charts, statistical charts, scientific charts, maps, 3D charts, financial charts, and animations,

are provided. To start using the tool, users need to register, activate, and login to the website.

Plotly chart

70

swdownmean

swdawnmean

60

swdownmean

1992 1994 1996 1998 2000 2002 2004 2006 2008

date

Figure 7.3: Area chart from Plotly

Users can upload data from a single or multiple CSV files. If multiple files are uploaded, each file
is placed in a separate grid. Once the data is ready, charts can be created by selecting the grid and
chart type. Figure 7.3 shows the chart created from two grids. The data from the chart for the years
1992 to 2000 is pulled from grid1 and data for the years 2001 to 2010 is from grid2. Other features,
such as zoom in, zoom out, pan, auto scale, and reset axes, can be performed on the charts created.
Users can also style and change the layout of the chart with different options including color,
thickness, points, and dotted lines. Users can share the visualization through a link or embed it in a
blog or website or share it on social media websites like Twitter. The tool requires visualizations

to be saved on the website in order to share it online. Users using the free version will have to save
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their work publicly. The free version of the tool only provides 25 public charts and community
support; in this version users do not get any support from the Plotly team. A unique feature of Plotly
is that it allows users to collaborate with others who would like to view and edit the plots on their

work.
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Figure 7.4: Exporting methods in Plotly [97]

Plotly sends the user an email with a link to his or her plot. Once the user clicks the link, he or she
will be navigated to the plot on the Plotly website. Plotly provides users with the plot, data related
to the plot, code related to the plot, and the sources from which data was obtained. Now the user
can choose to edit the plot online, export the plot as an image, or download data or code related to
the plot. Figure 7.4 shows the export options for a plot on Plotly. Although the features of Plotly
are very promising for users, it is not very suitable for large datasets. Another limitation of Plotly

is that it allows data upload only in CSV and TSV formats.

7.1.5 ChartBlocks

ChartBlocks is a general purpose web-based data visualization tool. At present, it is still in beta
version. It has all the basic charts like line, bar, column, scatter, and pie charts. Users need to
register and login to use the tool. It allows users to quickly register by using their Google, Facebook

or Twitter accounts. Once a user logs in, he or she can type in the data or upload an Excel file,
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choose a visualization type, and customize the graph. Users can then share the graph on social
media, download it to the local machine, or embed it to a blog or website using the link provided

by the tool.

Similar to the other web-based tools which we have seen so far, this tool also has the limitation of
allowing users to upload only a single CSV file. Also, users have to pay for a subscription to avail
themselves all the features like exporting, keeping charts private, removing the brand name on the

chart footer, and accessing the API for further customization of the charts.

So far we have discussed tools used in diverse fields. Now, we will go through the tools that are

developed and used primarily in the field of environmental sciences.

7.1.6 Cal-Adapt

Cal-Adapt [98] is a comprehensive web application that provides climate change information from
California. The application showcases the research work done by the California state agencies.
Many datasets with climate projections for climate variables, such as snow pack, wildfires,
flooding, and temperatures, from 1950 through 2099 are available on the website [99]. The
projected climate data is based on 32 Global Climate Models [100]. The tool lets the user select a
scenario for a climate model. For example, in Figure 7.5, the scenarios for the temperature are “if
emissions peak around 2040 and then decline,” or “if emissions continue to rise until 2050 and
plateau around 2100.” Users can use the tools provided to visualize the projected data for each
model as well as compare the values of the climate variables between the models. Users can also
select a location on the map. The tool also allows users to calculate the statistics based on historical

annual mean or modeled projected annual mean.
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Figure 7.5: Annual averages of temperature from Cal-Adapt website [100]

After getting the desired visualization, users can download the chart as a PNG. Users can also
download data either by using the web interface or the Cal-Adapt APl [101]. The API provides a
data extraction feature to users. Instead of downloading the entire dataset, the API lets users select
a location on the map, climate variables, time period, model, and data format. Data can be
downloaded in JSON, GeoTIFF, and CSV formats. But to use the API, users need to have some

programming knowledge.

The application is mainly intended for the general public [102], students, researchers [103], and
educators in California. It provides many scenarios and uses different models for predicting the

climate change data of California. These functionalities make the toolset more unique and
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sophisticated than others, but all of Cal-Adapt’s impressive features would have been more
beneficial if it were an open source project. Since it is not an open-source project, it cannot be
reused or extended by other communities who are doing similar research. Also, some

functionalities, such as data upload and editing, are not supported by the toolset.

7.1.7 Science on Sphere

Science on Sphere (SOS) [104] is a very innovative way of depicting the weather of earth on a
rotating globe. It was developed by the researchers at NOAA [105] to illustrate weather patterns to
a wide audience. A 68” globe is suspended from a ceiling with the help of small wires. It does not
move, but images and data projected on the globe give an illusion that it is rotating. To get this
effect, data is sent to the globe seamlessly from computers and projectors mounted at the four
corners of the room. NOAA provides around 400 datasets to exhibit real-time information on the
ocean and atmosphere of the globe. This information is collected by the satellites operated by

NASA [106].

Visualizing the real-time data over a globe is a very attractive way of displaying complex scientific
concepts. Looking at information on a globe will help people from outside the environmental
sciences to easily understand weather patterns. These spheres are mostly placed in schools and
museums to display historical or real-time weather data. They can also be used for any other
research work displaying information across a spherical object, such as transportation using flights,
roads, and ships, or tracking wildlife. Though the visualization on the globe looks exciting, it is
expensive and needs the scientists to manipulate the images to fit them on a curved surface.
Moreover, the designers need to make sure there is no overlapping of the images displayed on the

globe. Finally, it exhibits data more like a video and does not allow users to interact with it.
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7.1.8 Climate Explorer

Climate Explorer [107] is a tool developed by Habitat Seven [108] and hosted by NOAA’s National
Centers for Environmental Information. The tool allows users to explore historical and projected
climate change data for all counties in the United States of America. Users can use the map to view
the data for all the counties or select a county by entering the county name, city, state, or zip code.
After selecting a county, users can explore that area or select other nearby weather stations using

the map. Temperature and precipitation information for the country is provided.

& Temperature Chart: Washoe County & v B e O

Figure 7.6: Annual temperature projections of Washoe County, NV, USA using Climate

Explorer [107]

Users have an option of selecting annual, monthly, or seasonal data. Users can also check charts
for days with temperature above 95°F, temperature below 32°F, precipitation above 1 inch, heating

degree days, or cooling degree days, as shown in Figure 7.6.


https://toolkit.climate.gov/climate-explorer2/location.php?county=Washoe+County&city=Reno,%20NV&fips=32031&lat=39.54246159999999&lon=-119.8410174
https://toolkit.climate.gov/climate-explorer2/location.php?county=Washoe+County&city=Reno,%20NV&fips=32031&lat=39.54246159999999&lon=-119.8410174
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To filter the data between 1950 and 2100, users can zoom in and out by using the bar provided at
the bottom of the chart. Users can also filter the map based on the modeled data, lower emissions,
higher emissions, and medians. After getting the desired chart, users can download the data used
in the chart. Users can download observed data, historical modeled data, projected modeled data,

and information for interpreting the data.

The Climate Explorer also provides data based on special topics such as how transportation is
affected by sea level rise or river flooding. Other topics include impacts on coastal wetlands and
sea level rise with the increase of pollution sources. This kind of information is very useful for the
general public in understanding the impacts of climate change on resources such as water, wetlands,
and tribal lands. In spite of all these attractive features, the usage of the tool is limited because it
does not allow data upload or data extraction, and the graphs provided by the tool are not
interactive. Users are only provided with a line chart or map. The application is not open source,

and there is no API for customizing or extending the visualizations.

7.1.9 Ecawsoft

Ecawsoft stands for Enhancing Climate Change Adaptation in Agriculture and Water Resources in
the Greater Horn of Africa [109]. It is a web-based tool developed in Tanzania to visualize and
interact with climate data from several locations in Tanzania. It mainly visualizes the agricultural
model output data. It is developed using PHP, HTMLJ5, and JavaScript. The input data format to
the application is in the form of text files. Based on the user’s request, the database is dynamically

uploaded and the data are sent to the frontend, which uses the data to generate the graphs.
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Ecawsoft allows users to select up to six locations for data comparisons. All the available weather
stations are listed in the website. Users select the required parameters and the date range. A line
chart showing each parameter with a different color is displayed. Users can zoom in to a specific
year or a month to get a detailed view. Parameters such as rainfall are displayed using a bar chart.
The tool also allows users to compare the baseline weather data to the modeled data. With all these
features, the local farmers, and general public will easily understand the effects of climate change.
But, the tool would be even more useful if it supported other features such as data upload, data

download, and archives of the users’ work.

7.1.10 CCPviz

Common Climate Project Visualization (CCPviz) was developed by Hannah, Aizenman et al[110]
as part of a Google summer project. It is a deployable web application that lets users embed tools
for exploring and visualizing climate-related data to their web applications. The tool extracts data
from NetCDF files and displays them using time series charts and maps. The data extraction, data
processing, and data visualization are done on the server side using the Python programming
language. The Python scientific packages, such as NumPy, SciPy, and Matplotlib, are used for
implementing the server-side logic. The client side takes care of sending the user requests and

displaying the images using the web interface. It is implemented in HTML, CSS, and JavaScript.

The user’s input is sent to the web server using the URL, which the Python Pyramid web framework
interprets and sends as arguments to the CCPviz web service. The web service then returns a graph
to the client, which is displayed on the web page. The server-side and the client-side functions of
the CCPviz are modularized. This allows the individual components to be independent of each

other. New features can be easily added, thus making the application easily extendable. Also, the
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code of the application is open and can be found in GitHub [111]. The application seems to be
very impressive, but to embed it to another website, users need to have knowledge of web

development.

At present, users can only have a choice of selecting a simple line chart or a map, which are not
interactive. Interactive visualizations let the users dig deep into the data in order to find the answers
to their research questions. Another issue with CCPviz is that all the computations are done on the
server, and this is a burden on the server when there are many users using the application at the
same time, affecting response time. Also, the tool supports only datasets that are in NetCDF format.

This might limit the tool’s usability.

7.2 Comparison of AVISTED with Related Work

Although there are several other traditional tools which we discussed in Chapter 2, in this
comparison we have picked the tools that are mainly web-based and generally more recent. Figure
7.7 shows the comparison of AVISTED with the related approaches discussed in Section 7.1. The
purpose of this comparison is also to assess the strengths and limitations of the AVISTED toolset
based on similar or related toolsets in the field of data analysis and data visualization. By comparing
AVISTED with tools that run in similar environments, we have discovered some features that

AVISTED approach can incorporate realistically in the future.

We compared the tools based on the features shown in Table 7.1. We mainly emphasized features
which have an impact on the broader audience. The features are categorized based on the
similarities in their operation. A check mark indicated that the feature is supported by the tool,

either partially or completely.
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Features
Tools General &“t:i Model Output Visualization Archives
Management
01 |02 [03 (04 (05 |06 (07 (08 |09 (10 (11 |12 |13 |14 (15 |16 (17 (18 |19 |20 |21

Datawrapper v oYY VoY v oY oYY v
RAWGraphs '4 v | v v | v '4 v o |v Y Y Y Y Y

Infogram v v oY v VoY oY Y Y| Y v

Plotly oYY oY ¥ VoYY Y Y Y Y Y Y Y Y
ChartBlocks v | ¥ v oY 2 " I I VA I '4
Cal-Adapt v VoYY VoYY Y v VoY

S0S v oY '4 's
Climate Explorer | v v oY v v v v
Ecawsoft v VoY v v v v

CCPviz '4 " A A v '4 '4

AVISTED v oY oY Y Y Y '4 VoV Y Y Y Y Y v v Y Y

Figure 7.7: Comparison of AVISTED with related tools

All the generic tools used in the comparison were examined by the author of this dissertation using

the sample data extracted from AVISTED. Tools that do not allow data upload, such as Cal-Adapt,

SOS, and Climate Explorer, were analyzed based on the data provided on their websites. The

evaluations for the tools Ecawsoft and CCPviz are given based on publications and other

documentation. Finally, the reviews of the tools provided here are solely based on the experience

and opinions of the author of this dissertation, and might unintentionally be limited or even

incorrect.

After looking closely at the comparison table, we conclude that AVISTED fills the gap between

general purpose tools and climate-related tools. The benefits of AVISTED lie in its support for

datasets which are in climate data formats. Also, the flexibility it gives to users in selecting a

dataset, data variables, statistics, conversion, and visualizations is quite unique in climatology.
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Moreover, creating user accounts and giving users a choice of saving their visualizations and

dataset selections was also not observed in other related tools in this field.

Table 7.1: Comparison feature descriptions

Category ID Description
01 | Free of cost
02 | User subscription
— 03 | Open source
04 | Platform independent
05 | Support large datasets
06 | Support climate data formats
Model Output 07 | Edit dataset
Management | og | Upload dataset
09 | Export dataset
10 | Extract dataset
Model Output | 11 | Convert dataset
12 | Select dataset variables
13 | View dataset
14 | Export visualization as PNG/SVG
15 | Support several visualization types
16 | Edit visualization
Visualization
17 | Compare variables
18 | Interactive visualizations
19 | Select month/year
20 | Archive visualization
Archives
21 | Archive data
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On the other hand, AVISTED does not allow users to edit a dataset after uploading; with the large
amount of datasets it supports, this will be a very complex task. Furthermore, at present the toolset
does not support features such as editing visualizations, sharing visualizations on social media, or
embedding them into another web application. These features, however, can be added in the future
to the toolset with some add-ons to the client side JavaScript functions. Future work described in

the next chapter provides further details about various aspects of AVISTED that can be improved.
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Chapter 8

Future Work and Conclusions

Summary

This dissertation has presented the proposed AVISTED approach for data analysis and
visualization, aimed at supporting scientific research in environmental sciences. The web-
based AVISTED is a unique approach that combines the capabilities of data upload, data
extraction, data conversion, and data visualization. The AVISTED toolset’s features also
include user management, model output management, model output, and archives and
download. Also, a new software design technique that links the UML activity diagrams to

user interface designs has been proposed and demonstrated using the AVISTED design.

In this chapter we indicate several directions for future work with AVISTED and

summarize the contributions of this dissertation.
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8.1 Future Work

In this dissertation, we have proposed a new approach, AVISTED, and developed the associated
software toolset for user management, model output management, model output, and archives and
download in support of environmental sciences research. We have designed the AVISTED toolset
by adopting advanced principles of software engineering. Also, in the design phase, we proposed
a new software engineering technique, called GEAD, and demonstrated its usage by applying it to
AVISTED’s activity diagrams. The functionality of the AVISTED toolset has been illustrated using
three application scenarios that showcase the capabilities of AVISTED while operating with
different climate data formats. Although this research work meets the goal of supporting climate
researchers with a new approach for data analysis and visualization, the features of AVISTED can
be further improved to make it usable in other application domains. The main directions of future

work for AVISTED are as follows:

Additional functions and capabilities of User Management feature. AVISTED requires users
to enter a login ID and password while signing up and logging into the application. This
authentication feature can be improved by allowing users to signup and login using a Google,
Facebook, or Twitter accourAdditionally, the authorization feature can be improved by providing
the administrator with aiserinterfaceto manage tasks such as adding users, user roles, and user

groups; performing resource allocation; deleting users, and providing password resets.

Additional functions and capabilities of Model Output Management. Currently, the datasets
are accessed from AVISTED’s repository, but this can be enhanced by allowing access to datasets
from other applicationghrough external connections. Additionally, the administrator of AVISTED

conducts manual testing on the uploaded datasets for the unprocessed data. This testing can be
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performed automatically on the uploaded data by executing the various tests using special software.
The automated testingfthe uploaded datasetdll let the users work with the dataset immediately
without having to wait for the administrator’s approval. Another interesting addition is to allow
users to edit the uploadedCSV file This helps the users in applying any required formulas or
transformations on the uploaded data using a table view similar to the operations performed on data
in Microsoft Excel. Furthermore, the datasets displayed on the Model Output Management page
can be personalized based on the user. Showing datasets based usewill also provide privacy to
the datasets that cannot go public. Another enhancement is a search feature that would allow users

to searchor sort thedatases based on author, name, description, date, size, or data format.

Additional functions and capabilities of Model Output. After user selection and submission of
the request for data extraction using the Model Output, it will take some time to extract and convert
the datasets. Displayingthestatus information of the data extraction and conizgrasing a status
bar will provide the users with an estimation of the remaining time needed for the output without
leaving them in a dilemma. Additionally, the statistical functions are performed on the data after
the data extraction. This functionality can be enhanced by allowing users to apply models on the
extracted datausing the techniques of machine learning and data mining. Furthermore, the
extracted data is displayed to the user in a tabular form; adding more functions such as sorting and
searching the data based on the variables of the dataset would be useful. Also beneficial will be
providing aqueryable interface on the client sitteallow users to get further insights by filtering
the extracted data. Furthermore, the visualization feature can be greatly enhanced by adding more
visualization techniquethat are relevant to other research fields, such as government, astronomy,
and genomics, where data is stored in formats supported by AVISTED. Moreover, letting users
compare databetweentwo different modeled datasetsill help scientists in understanding the

differences in the modeling techniques. Also, providing the functionality of sharing the graphs and
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chartson social mediaor embeddinghe graphs to anotheapplicationthrough a hyper linkvill
increase the chances of showcasing the benefits of the user’s work to stakeholders, educators,
government officials and members of the general public who are involved with it. Lastly, allowing
users to collaborate on work by sharingthe dataor graphs using file sharing applicationsuch as

Dropbox and Google Drive will be time saving.

Additional functions and capabilities of Archives and Download. This feature can be enhanced
by letting a group of users or all of the users access the Archives devedopby other userddaking
the archives public will illustrate the capabilities of AVISTED to new users who are looking for

similar analysis and visualization capabilities.

Additional capabilities of the AVISTED. Providing an embeddable application for users to
embed AVISTEmBbolsetinto otherwebbased applicatioswill be another possible enhancement.
Also, designing it using a RESTful interface will give flexibility to users for any customizations
needed. Currently, AVISTED can be accessed through a web browser from any device such as
desktop, mobile computer, and tablet. Based on this, a standaloneanobileappof the AVISTERan
be developed by using the existing API’s of AVISTED for data extraction, data conversion, and
data visualization. Moreover, to improve the efficiency and the response time for user requests,
AVISTED can beun in parallel using the distributed architecture with a shared memory.
Furthermore, a supporting tool forthe GEAD techniqugwhich is used in designing the AVISTED,
could be built. Also, AVISTED can be enhanced to support more input data formats make it
applicable in other research fields. Finally, supporting the data cleaning and persisting capacities

on raw unprocessed dateould make AVISTED applicable to more datasets.



152

Refining the application scenarios. The three application scenarios presented in this dissertation
are our initial efforts to demonstrate the capabilities of AVISTED while illustrating different modes
of operation that work with different data formats. In the future, more application scenarios will be
added by a typical user of AVISTEDch as a data analyst, educator, or researcher in the field of

environmental sciences.

Testing and user feedback. After moving the AVISTED toolset to the NRDC server, we have
conducted functionality testing, usability testing, and interface testing to check if the application is
functioning as per its specifications, navigating across different pages, and connecting across the
application layers, respectively. Additionally, we intend to conduct more testing of the application
with the patrticipation of the end usdrsorder to get feedback and upgrade AVISTED based on

this feedback.

Finally, material from this dissertation will be submitted to peer-reviewed journals and conferences.
In fact, a recent journal submission has been accepted with revisions and will be finalized shortly

[112].

8.2 Conclusions

The main contribution of this dissertation is the proposal of a newapproach“ AVISTED for data
analysis and visualization of environmental dafde novelty of approach lies in: (a) the
combination of its key features which allows the extraction of the datasets based on the user request,
the conversion of the extracted datasets to another data format, a flexible user-friendly interface for
visualizing the extracted data with several visualization options including other options such as

zoom in and filter, capabilities to upload and manage model datasets which are in various data
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formats and facility to archive and download the work of authenticated users; (b) the flexibility of
the steps users can take for analyzing the datasets; (c) the support for several environmental data
formats such as NetCDF, HDF5, CSV and ASCII; (d) the extensibility of supporting environments,
both in terms of datasets and data processing features; and (e) the possibility for application in other

domains where geospatial information is represented using time series charts.

The AVISTED approach for investigating and processing the model output data addresses some of
the challenges faced in the environmental sciences. Providing a single tool for several
functionalities such as data upload, conversion, extraction, and visualization that do not require
computer programming knowledge will let user focus on his/her research problem. Moreover, the
flexible interactive visualizations allow users to compare the parameters over months or years to
find patterns, and outliers. And, saving the produced graphs and the extracted data on the server
will allow the users to access them from any device in the future. Additionally, the easily accessible
web-based interface can be accessed from a web browser using a desktop or other devices such as
mobile phones and tablets. Also, the support for various data formats makes the application
applicable in other fields. Furthermore, the source code of the supporting toolset is available in
GitHub for letting the community to use the existing features and extend them based on their

domain-specific needs.

AVISTED operates in six modes to support its approach. The modes of operation in AVISTED
include: (i) dataset configuration; (ii) dataset management; (iii) dataset extraction; (iv) data view;
(v) dataset conversion; and (vi) dataset presentation. Supporting software tools have been designed
and built in order to implement these modes of operations, specifically Model Output Management,
which handles the functionality for dataset upload, dataset configuration, and dataset management;

and the Model Output, which provides the functionality for data extraction, data conversion, data



154

view, and data presentation. Additionally, other components, namely Archives and Download, and
User Management, have been designed and developed to save and download the archives of the
user’s work, which are archived on the server under the user’s account. These tools collectively
allow the users of AVISTED to upload, manage, extract, convert, download, and visualize large
climate datasets. Also, the developed AVISTED toolset has been installed on and made available

through the NRDC.

In designing AVISTED’s tools, we adopted a new technique called “ GUI-Enhanced Activity
Diagrams ‘which links the UML activity diagrams to related user interface designs. This new
technique has greatly reduced development time by distinguishing the tasks which are related,
repetitive, or unique. Also, in developing the software tools for AVISTEDRve have leveraged the
latest concepts and trends in software engineering such as incorporating the MVC framework, and

using state-of-the-art technologies such as ASP.Net Core, C3 and D3.

To illustrate the capabilities and functionalities of AVISTED, three application scenariosave
been designed. The first scenario focused on a guest user working with the summary of the Nevada
regional climate model dataset provided by the Nevada Climate Change Portal. The second
scenario presented an admin user visualizing an uploaded CSV file. The last scenario showed a
logged-in user working with the Global Precipitation Measurement dataset provided by the

Goddard Earth Science Data. Each scenario has used a different kind of input data format.

Although the scenarios present the usage of AVISTED with climate datasets, the proposed
AVISTED approach and the supporting toolset can be used in other dawaires business or

healthcare.
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Furthermore, we have surveyed the existing tools for the analysis and visualizafidiata in the
field of environmental sciences. Consequently, we presented a comparison othe AVISTEDtoolset

with similaror relatedweb-basedoolsused in other fields and environmental sciences.

Finally, the directions of future work outlined are intended to enhance the AVISTED approach and

its supporting tools in terms of its features, functions, and usability.
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The American Standard Code for Information Interchange is a
character-encoding scheme originally based on the English alphabet.
ASCII codes represent text in computers, communications
equipment, and other devices that use text [1].

A long-term change in the earth's climate, especially a change due to
an increase in the average atmospheric temperature [2].

Cascading Style Sheets (CSS) is a style sheet language used for
describing the presentation semantics (the look and formatting) of a
document written in a markup language [3].

Comma-separated values (CSV) file stores tabular data (numbers
and text) in plain-text form [4].

D3.js is a JavaScript library for manipulating documents based on
data [5].

A dataset (or data set) is a collection of data, usually presented in
tabular form. Each column represents a particular variable. Each row
corresponds to a given member of the dataset in question [6].

Hierarchical Data Format (HDF5) is the name of a set of file formats
and libraries designed to store and organize large amounts of
numerical data [7].

HTMLS5 is a markup language for structuring and presenting content
for the World Wide Web and a core technology of the Internet [8].

An integrated development environment (IDE) is a software
application that provides comprehensive facilities to computer
programmers for software development [9].

Interactive Data Language is a programming language used for data
analysis [10].

JQuery is a multi-browser JavaScript library designed to simplify the
client-side scripting of HTML [11].

A logo is a graphic mark or emblem commonly used by commercial
enterprises, organizations and even individuals to aid and promote
instant public recognition [12].

National Center for Atmospheric Research [13].
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The NCAR Command Language (NCL) is a gratis interpreted
language designed by the National Center for Atmospheric Research
for scientific visualization and data processing. NCL has robust file
input and output [14].

NCL

NetCDF (Network Common Data Form) is a set of software libraries
and self-describing, machine-independent data formats that support
the creation, access, and sharing of array-oriented scientific data
[15].

NetCDF

Repositor Repository commonly refers to a location for storage, often for
P y safety or preservation [16].

The terabyte is a multiple of the unit byte digital information. 1

Terabytes terabyte in binary prefixes is 0.9095 tebibytes, or 931.32 gibibytes

[17].

The user interface is the space where interaction between humans
User Interface and machines occurs [18].

A document on the World Wide Web, consisting of an HTML file
and any related files for scripts and graphics, and often hyperlinked

Web page to other documents on the Web. The content of webpages is
normally accessed by using a browser [19].
Website A group of connected pages on the World Wide Web containing

information on a particular subject [20].
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