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Abstract 

 

Water Policy Informatics: A Topic and Time Series Analysis of the 

Texas State Water Plans 

 

Jenifer Elizabeth Wehner, MA 
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Supervisor:  Suzanne Pierce 

 

Abstract:  The disciplines of informatics and information visualization have 

developed in response to societal needs to find new insight in complex datasets and have 

been enabled by technological advancements.  Joint application of these fields can 

demonstrate themes and connections that are otherwise not apparent.  Methodological 

approaches, such as direct network analysis, can be applied to policy documents to 

determine if action or policy recommendations match the goals or objectives stated in the 

within the same documents.  Informatics and information visualization can also be used 

to analyze changes of themes found within the documents over time.  This paper seeks to 

leverage informatics and information visualization methodologies as a novel approach to 

policy analysis.  In particular, directed network and time burst techniques are used to 

analyze water management policy documents for the State of Texas.  The congruency 

between the stated goals or objectives and recommendations sections is evaluated at a 



vii 
 

topical level within each planning document and possible changes in important water 

policy concepts over time are highlighted by comparing among multiple planning 

documents.  Although there limitations to the process at the time of publication due to the 

newness of the software utilized, this paper demonstrates that the products still lead to 

unique and insightful conclusions. 
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Water Policy Informatics: A Topic and Time Series Analysis of 

the Texas State Water Plans 

Chapter 1: Introduction 

BACKGROUND 

 Every organism‟s individual demand for water includes not only a minimum or 

maximum amount but also the presence, or lack thereof, of particular biochemicals in 

specific ranges and sometimes certain flow rates or seasonal patterns.  Humans possess 

the ability to alter the quality and quantity of the water accessible to them, a trait unique 

to the species.  This technological capability sometimes causes harm to other water users 

because human induced shifts in water chemistry and availability have concomitant 

implications and impacts.  Recently humans have come to realize that their various uses 

of water and land may also lead to conflict with demand for the limited resource by other 

organisms.  With this realization has come the acknowledgment that actions taken to 

change water availability or quality should incorporate decision making, planning, and 

consideration of the various tradeoffs to minimize harm.   

Tradeoffs that dominated past political discussion regarding water management 

mostly focused on financial and spatial considerations, as water management efforts 

require both money and land that could be used for multiple alternative purposes or water 

that could be used for multiple other objectives.  Over time water resource planning has 

shifted to incorporate social and environmental considerations as well.  Additionally, it 

has become general knowledge that hydrological decision making must reoccur 

frequently in light of changes in technology, scientific knowledge, social values, and 
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overall supplies.  This concept of changing plans in response to evolving information and 

needs is known as adaptive management, a concept that has been used in natural resource 

management since the late 1970‟s, but has been integrated with water management in 

several different forms (Pahl-Wostl, Transitions Towards Adaptive Management of 

Water Facing Climate and Global Change, 2007) (Pahl-Wostl & Sendzimir, NeWATER 

Working Paper 3, 2005).   

Regional, state, and federal agencies responsible for water management must 

consider all of these factors when creating or updating documents relating to plans or 

projections for water supply or conditions, and the distribution of future rights for use.  

Planning documents created by the water management agencies are important as they 

reflect not only the current hydrological situations within the relevant jurisdictions, but 

also influence funding for water projects and may recommend water policy changes to 

legislative, regulatory, and management agencies. Given the potential magnitude of 

impact of planning and management documents, it is vital that the policy and action 

recommendations address the same subject matter as the stated goals in order to achieve 

the desired objectives.  The documents should reflect strategies to address current 

concerns and possible future problems via employment of the best available science, 

technology, and public policy methods. 

Informatics 

Informatics is the academic discipline that uses engineering and scientific 

research methods to investigate or demonstrate how people learn information from data, 

and how technology plays into that process (Neapolitan & Jiang, 2007, pp. 4-5).  Other 
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scholars expand on the data component of the field, including in their definitions that 

informatics is the discipline relating to how information is structured, stored, processed, 

communicated or transformed in response to previously held knowledge, changing the 

data into knowledge during these processes.  The term “informatics” was first used in 

1967, when the field dealt exclusively with organizing and analyzing information about 

science but within the context of computer science technologies and methodologies 

(Oxford English Dictionary, 2010).  Interdisciplinary use of informatics did not start until 

the 1980‟s when the medical field began using informatics‟ tools and analysis 

methodologies as a way to bridge medical practices and emerging information 

technology (IT).  Other disciplines, such as biology, social sciences and hydrology, have 

since applied informatics techniques to meet their evolving technological based data 

needs as well, but to a limited degree (Cushman & Huettmann, 2010, p. 13).  Ultimately, 

informatics can be combined with an infinite number of other areas to create specialized 

subfields that adapt to their individual technology and information needs.  As a result, 

informatics has been characterized as “a bridge connecting IT to a particular field of 

study” (Indiana University - Purdue University Indianapolis School of Informatics, 

2010).   

One field that has significantly increased the incorporation of informatics into its 

investigation methodologies is social psychology, resulting in the evolution of the 

subfield known as social informatics.  Social informatics is defined as “the 

interdisciplinary study of the design, uses and consequences of information technologies 

that takes into account their interaction with institutional and cultural contexts” (Kling, 
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1999).  One aspect of work done in this subfield is intended to aide in the design of new 

technological devices or information systems and their related techniques to meet the 

needs of the user society or organization.  The underlying processes require 

communication between users and developers in order to increase usability of 

technological devices and processes by enabling fuller comprehension of need or how to 

use the technologies, generating more overall “friendly” designs and effective workflows.  

As a result, not only are devices easier to understand or use, but technology is 

incorporated into more everyday devices and achieving greater relevance to users.   

Another component of social informatics is the examination of how technology 

and media use can impact the social structure of the user societies or organizations.  The 

use of technology and media to communicate has changed drastically in recent years, 

which impacts how people interact with each other.  These changes have also increased 

the speed at which information can be shared with people, the total number of people that 

can access records, data and ideas, and allow for greater ease of finding information 

relevant to the user.   

Environmental informatics, or the application of information science to study 

environmental problems, differs greatly from social informatics in that it focuses on the 

use of information systems to analyze data rather than on the users of information 

systems.  According to Avouris and Page, environmental informatics also differs from 

other information processes and studies due to the heterogeneous information 

investigated, the complexity of the data objectives, and the way in which the data has 

overlapping subject matter (1995, p. x).  The data sets utilized in environmental studies 
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are generally considered heterogeneous because they often consist of different data types, 

such as geographic dimensions, text, measurements, and chemical compositions that are 

not always easily represented and/or analyzed even when using computer based models.  

Information systems and databases, however, are useful in generating predictions and 

modeling otherwise unknown possible future conditions when relevant data can be 

quantified and modeled.  Specifically, environmental informatics research focuses 

heavily on improving computer based models to predict future ecological and 

environmental conditions, such as the state of a particular environment or population 

counts of different species given varying input parameters.  It is expected that as 

technology improves and becomes more specialized for environmental concerns, 

information technology will aid in gaining a better understanding of the conditions at 

remote locations via telemetric data collection, and provide increased capabilities for 

monitoring in regards to pollution control.  Technological advancements will also enable 

better environmental management decisions by generating more accurate simulations and 

optimization models (Hilty, Page, Radermacher, & Riekert, 1995, pp. 4-5).  Lacking in 

these definitions, predictions, and foci are mentions of how to increase the effectiveness 

of the underlying policies, some of which can alter human impact parameters.  For 

example, it could be beneficial to determine if previous policies indicated concerns 

regarding certain pollutants and if so, what were the actions suggested or required in 

response and the impact of these actions.  Identifying previous failures or oversights 

could guide future policy makers to make more beneficial and effective decisions.  What 

would be ideal would be a way to combine the development of computer models related 
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to environmental concerns and relevant policy decision options so decision makers and 

modelers can work together to ensure the best course of action.   

It is important to recognize that although informatics subfields have unique and 

specialized foci, significant overlap still exists.  In regards to the use of informatics for 

investigations of water related concerns, according to the Institute for Water Education 

“hydroinformatics uses simulation modeling and information and communication 

technology to help in solving problems of hydraulics, hydrology, and environmental 

engineering for better management of water-based systems” (UNESCO-IHE, No Date).  

The definition of hydroinformatics also incorporates the investigation of the impact of 

shifting natural cycles and human decisions or actions on water conditions.  One 

important consideration when making water management decisions is the variability of 

water supplies for reasons outside of human control, such as flooding, precipitation or 

snow melt, although humans can take actions to minimize the  impact of these events.  As 

such, it could be said that hydroinformatics focuses on the interaction of water with 

various users and naturally occurring factors.  The Venn diagram shown in Figure 1 

depicts the most commonly studied interactions analyzed and researched in 

hydroinformatics.  A more thorough explanation and discussion of the factors depicted 

follows the diagram. 
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Figure 1: Venn diagram identifying systems affected by the water cycle (modifed 

from Kumar, 2006, p. 2). 

As the Venn diagram indicates, there are four major factors that can impact water 

quality and quantity, and vice versa.  What is not demonstrated in the diagram is how the 

systems can affect each other as well.  The physical systems are naturally occurring or 

manmade water storing bodies such as oceans, atmosphere, lakes and rivers, soils, 

aquifers, and reservoirs.  Ecological systems refers to the various life cycles of organism, 

habitats, vegetation, variability and disturbance regimes or other biologically based 

sometimes cyclical environmental factors.  Due to the temporal element of components 

of the ecological systems, the impact different parts of the ecological systems on water 

quality or quantity will vary throughout time.  Similar to ecological systems, 
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biogeochemical systems also incorporate a temporal element, but as the name suggests, 

are chemical in nature.  Commonly discussed components of biogeochemical systems 

include nutrient cycles, carbon cycles, and contaminants.  In contrast to the other 

systems, human systems do not include naturally occurring phenomenon.  Instead these 

systems are comprised of the different ways humans can change water in terms of quality 

and quantity, such as with water resource management, engineering processes, or using 

water for any variety of purposes including industrial purposes, power generation and 

recreational services.   

Similar to environmental informatics, hydroinformatics was initially developed in 

the late 1980‟s when computational technology first allowed for the integration of 

numerical modeling, data collection and large data processing, but this time for data sets 

pertaining to water issues (Abbott, 2008, p. 4).  Hydroinformatics analyses tend to rely 

solely on utilizing geographical information systems (GIS) programs or other similar 

computer-based tools to model and predict the flow of water based on different policy or 

social input factors, but with a greater consideration to the outcome of the model, not the 

input factors.  GIS information is also used to visualize areas of risks and hazards, in 

relation to contamination, pollution dispersion, and changes in the supply of water at a 

particular location.  These studies in hydroinformatics have primarily focused on the use 

of GIS information to identify the location of water sources, systems, and users.  As 

technology to gather information and models for simulation or optimization become more 

sophisticated, hydroinformaticians hope to enable hydrologists or water managers to be 

better able to incorporate different influential biochemical and ecological cycles within 
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the models to create more accurate and complete predictions regarding quality and 

quantity issues.  Missing from the hydroinformatics literature is discussion regarding 

computational links between the policies and documents underlying water allocation 

decisions and the roles humans play in water availability and quality issues. 

One of the overarching objectives for the field of informatics is to evaluate how 

people share information, including via different policy and management documents.  

The use of informatics in this paper is similar to hydroinformatics and environmental 

informatics in subject matter, but also draws from social informatics in terms of the social 

context of the documents.  It is assumed that informatics‟ methodological processes will 

illuminate some of the major concepts and patterns in the texts that might not have been 

otherwise visible.  It is also hypothesized that the incorporation or appearance of specific 

terms reflects the concepts authors wish to convey or capture in text.  For this particular 

investigation it was hypothesized that the terms included in the documents with multiple 

volumes over time will reflect shifts or transformations due to changes in technology, 

information skills or sets and social concerns. 

Informatics analysis and information visualizations can aid in identifying and 

displaying what concepts occurred when, and if shifts in areas of focus represented by the 

presence of specific words changed over time.  A backwards looking, or a priori, 

approach can also aid analysts in determining why certain outcomes transpired, such as 

the application of a certain theory or technique, or if there was a breakdown in 

effectiveness because the goals and recommendations for future policy and actions stated 

within a document address different issues or concerns. 
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Ultimately, it is suggested that lawmakers and policy analysts use a similar 

process when creating policy, especially for matters as vital to wellbeing and the 

economy as water policy and planning, to ensure that the goals and recommendations 

sections of policy documents address the same issues.  More specifically, these 

procedures can be used to ensure that the policy recommendations aid in achieving the 

goals laid out in the objectives statements, and that the problems are discussed to the 

degree to which each problem warrants.  These processes can also provide decision 

makers insight into what was done before so they can either replicate or avoid completing 

the same procedures again. 

Information Visualization 

An important component of this investigation was the use of information 

visualization as a part of the overall informatics approach.  Information visualization is 

defined as “a process of transforming data and information that are not inherently spatial 

into a visual form allowing the user to observe and understand the information” (NIST, 

1996, p.151).  The visual products used in the analyses of this study were generated using 

an information visualization tool called Science of Science (Sci2).  The Sci2 software 

enables analysis and visualization of bodies of text and bibliographic information both at 

a specific point in time and over a time frame of interest.  With the evolution of 

computers, information science visualizations have become more complex, in that they 

can display increasingly large data sets, and use more advanced algorithms to 

demonstrate characteristics about the data.  In doing so, further connections within 
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portions of texts, and the degree of these relationships can become apparent or easier to 

understand, aiding in the overall study of informatics. 

The two types of information visualization outputs created during this 

investigation were directed networks and temporal bursts.  A directed network is a 

visualization in which concepts are represented by nodes, or circles, and connected by 

edges if the concepts are related according to the input parameters and applied 

algorithms.  An important theory of semantic analysis regarding nodes is the clustering 

coefficient, which is based on the idea that the space or the distance between two or more 

nodes inversely indicates the amount of similarity between those nodes.  In other words, 

nodes indicating concepts that are similar will be found closer together, if not 

overlapping, while nodes representing very different concepts will be further apart.  

Directed networks can be weighted, or that there is a value to the degree that the nodes 

are connected, or unweighted, where the nodes are simply connected without 

consideration to their degree of similarity.  The width of the edges can be altered to 

indicate the weight of a directed network.  Due to the content of the data set and the 

parameters of the program, all directed networks generated for this paper were 

unweighted. 

In Sci2, directed networks can be visualized in a variety of layouts with each 

layout produced by a different algorithm or workflow for determining the connection 

between nodes.  The default layout in Sci2 is the “GUESS” layout, but the “GEM” layout 

was determined to be the most beneficial for this investigation.  GUESS is an analysis and 

visualization tool for graphs and networks, based on the Gython language, that can offer 
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static image outputs (Adar, 2007).  Gython is a Jynthon derived language, which is the 

Java expansion of Python.  GEM, or General Expectation Maximization, is an algorithm 

for finding the maximum likelihood estimates of parameters in a statistical model with 

unobserved, missing variables that alternate between expectation and maximization steps 

for finding an unknown parameter. 

In addition to the network analysis, this research used a temporal burst 

visualization technique.  Temporal burst analysis creates a visualization that illustrates 

how a data set changes over a certain time period (Mane & Börner, 2004).  The time 

intervals are usually “cut” into years, although Sci2 does allow for smaller time “slices.”  

These slices can be cumulative, so that previous events are included in later intervals, or 

“fully sliced” so that events in each time interval are considered as part of another time 

interval (Weingart, et al., 2010, pp. 33-34).  For this investigation, the resulting image of 

the temporal analysis is a graph with a series of horizontal lines, where each line 

represents a variable of interest, the length of the line indicates the length of time that 

variable was found, and the width represents another value of interest of the investigator.  

The values used in this type of analysis are explained in the temporal analysis component 

of this paper. 

DATA SOURCE: TEXAS STATE WATER PLANNING PROCESS AND 

DOCUMENTS 

The Texas Water Development Board (TWDB) is the Texas state agency created 

to ensure sufficient water quality and quantity to meet the various needs of the residents 

of Texas.  The agency was formed by lawmakers in response to the drought of the 1950‟s 
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as a way to prepare for possible future extreme weather conditions to mitigate or prevent 

harm, and to promote sustainable water use to ensure future economic development.  In 

order to achieve its goals, the agency creates education and information sharing 

programs, generates plans for water supplies in the future, provides financial assistance 

for water projects and recommends policy changes to the state legislature.  It does not 

have the authority to create, change or enforce state legislation, nor the budget to finance 

every water project.  The TWDB can only recommend water allocations or strategies; the 

Texas Commission on Environmental Quality (TCEQ) is the official permit governing 

body for surface water and the rule of capture applies for groundwater unless local 

groundwater conservation districts (GCDs) govern otherwise. 

The current approach for creating water management plans in Texas is considered 

a “bottom up” process because the decision making starts at the local level.  The Regional 

Water Planning Groups (RWPGs) and GCDs are the primary regional water decision 

makers, although smaller political subdivisions have been known to make water decisions 

as well.  The state of Texas is divided up into 16 regional planning areas, Figure 2, and 

each area has the opportunity to publish a plan reviewing current water supplies and 

quality, and projecting the future needs of that area.  As the map indicates, these regions 

are primarily divided along political boundaries, with some consideration given for the 

natural sources of water within that political territory. 



14 
 

 

Figure 2: Composite Map of All Regional Water Planning Areas in Texas (Texas Water 

Development Board, 2010) 

According to Senate Bill 1 (SB1), signed into effect in 1997, each RWPG is 

allowed to generate a Regional Water Plan (RWP) for the respective area.  Each RWP is 

required by Rule 357.5 of Title 31, Part 10 of the Texas Administration code to be made 

“in preparation for and response to drought conditions,” with water management 

strategies with respect to a “drought of record,” or specifically for rainfall averages 

similar to that which happened in  Texas between 1950 and 1957.  This particular drought 
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remains the most severe on record for the state.  Water management plans for each region 

are generated and agreed upon by a board of members that is intended to represent the 

eleven different statewide identified major water users or interests.  Each RWPG is also 

required to allow the public to participate by providing input what they would the like the 

planning document to address, partake in public meetings, and review or comment on the 

final draft.  All RWPs must receive a consensus approval by the administrative board 

prior to being submitted to the TWDB.  If a political subdivision of a RWPG responsible 

for receiving or supplying water finds part of a relevant RWP objectionable, that section 

of the plan will removed given that the political subdivision provides sufficient and 

persuasive reasoning for its objections.  Even after receiving regional consensus, RWPs 

lack legislative enforcement, and do not change existing water laws, rights or contracts.  

If a RWPG chooses not to update their plan, the TWDB will use the area‟s most current 

information and plans when generating the state wide report described below.  Each RWP 

must meet certain guidelines established by the TWDB and the state legislature, such as 

forecasting future water availability and needs, or explaining how proposed water 

management projects will be financed.  The TWDB retains the right to reject any regional 

plan for various reasons, such as insufficient information or disagreement with proposed 

actions to provide water.   

The Texas State Water Plan (TSWP), prepared by the TWDB, is the primary 

water resource management document for the state of Texas. It also acts as an 

aggregation of the 16 individual RWPs, an update on water resources and demands for 

the entire state, projections of future demands and supply, and a repository of policy 
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recommendations by water management experts to ensure that future demands will be 

met with projected future supplies.  The state water plan has many different audiences, 

including Texas state legislators, national governmental decision makers, individual 

regional water districts, and state residents concerned with state water quality and 

quantity.  Although the TWDB was established in 1958, it was not until 1968 that the 

agency wrote its first plan.  Instead, the agency first adopted a report similar in focus 

written by the Texas Board of Water Engineers in 1961 as the state water plan and used 

this document as a model for the documents to follow.  Initially the state water plans 

were released at irregular intervals, but since 1997 TWDB has successfully strived to 

release an updated version every five years.  This investigation incorporates all of the 

state water plans either written or adopted by the TWDB.  These documents were 

published in 1961, 1968, 1984, 1990, 1992, 1997, 2002 and 2007, and will be referred to 

by their year of publication.  All of the state water plans, except 1961, can be found 

online via the TWDB‟s website, but some of the older listings are incomplete.  The 

TWDB‟s website does not include the 1961 plan because it was created by the Texas 

Board of Water Engineers.  Later editions of the state water plan are available for 

download from the website in their entirety, as are each region‟s individual plans. 

 Given that one of the purposes of the Texas State Water Plan is to inform 

decision makers and stakeholders of the current and possible future water conditions 

throughout the state, it was deemed appropriate to apply informatics to evaluate the 

documents.  Although the review of the stated water conditions in each publication could 

be illuminating in several different facets, it was decided to focus the investigation‟s 
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analysis on the goals or objectives and policy recommendations sections of each volume 

of the water plan both individually and over time.  These sections were chosen because 

they are supposed to indicate what the document writers considered genuine concerns and 

important goals for the state at that moment in time.  Comparing goals and 

recommendations across time can also indicate changes in information and technology.  

Information can influence which options are deemed viable or make aware the potential 

for certain problems while technology impacts what can be done or learned about any 

issue.  The goals and recommendations sections were included in every state water plan, 

with varying degrees of size and subject matter.  Comparing goals and recommendations 

within a specific timeframe can indicate if the writers of the water plan were addressing 

the state‟s stated goals with their recommendations, or a condition called coherence in 

this investigation.   

For the remainder of the paper, the word “section” will refer to the parts of the 

document entitled “Objectives” or “Goals,” and “Policy Recommendations.”  The section 

stating the goals or the objectives of the document were not labeled uniformly, but this 

paper will refer to the section as “Objectives section,” regardless of its title in the 

corresponding volume.  Each edition of the Texas State Water Plan will be referred to as 

a “volume.”  When a word appears by itself, it will be referred to as a “term,” “word,” or 

“concept,” but when it is analyzed in conjunction with other words adjacent in the text, 

known as a string, the words found together will be known as a “word string.”   
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METHODOLOGY 

After obtaining the texts of interests, the next step in this investigation was to 

become familiar with the set of “off the shelf” informatics tools that would be used.  For 

the purpose of this paper the programs Lexical Analysis, Science of Science (Sci2), and 

common software tools such as Microsoft Excel and Microsoft Word were employed for 

data preparation, data analysis, or information visualization purposes.  

Overall, there were six types of tables, charts and visualizations created during 

this investigation.  The image on the next page illustrates the entire workflow process.  

Boxes with the name of a particular software program at the top also list the step or steps 

involving that particular program below the name of the software.  The steps involved 

will be discussed in detail in the relevant sections.  Some of the products will be end 

results, while others will be intermediary products to be used in other processes to create 

final products.  The end products will be used in the analyses of this investigation, and 

will be discussed in the results section of each chapter. 

 

 

 

 

 

 

 

 



19 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Workflow, Software applications and end products of investigation. 
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Text and Word Processing 

Before the text could be analyzed or visualized with the software programs, each 

section first needed to be converted to a compatible format, specifically the “.txt” format, 

for use with the software chosen for this investigation.  All Texas State Water Plans 

created by the TWDB are available from the TWDB‟s website in PDF format.  As 

previously stated the 1961 document was not available online but was provided by that 

agency for this investigation.  Early volumes available via the TWDB website were 

scanned, not initially generated, into PDF format therefore it was not possible to do a 

simple copy and paste of the text into a word document to then be saved into the “.txt” 

format.  As a result, the investigator had to retyped the relevant sections of the older plans 

by hand into Microsoft Word.  Microsoft Word was chosen over a simple notepad 

program in order to utilize the spell check feature, and thus reduce the possibility of 

miscounting words because they did not exactly match.  It is important to note that minor 

errors may have been introduced during the transcription process; the lists of terms 

produced later indicate that there were several misspelled words, but their influence on 

final analyses is not expected to be important because the spellcheck precaution was 

taken.  Another source of textual errors exists within one of the processes involving 

Lexical Analysis, as will be discussed later. 

For later versions of the Texas State Water Plan the investigator was able to copy 

and paste the text into a word processing program, such as Microsoft Word.  This time 

the process was conducted using Microsoft Word only because of the user‟s familiarity 

with Microsoft Word, not as a way to reduce spelling errors.  Each “.txt” document had 
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to be saved within the folder specifically created for Lexical Analysis so that the program 

would be able to find it for the next step in this investigation. 

Lexical Analysis 

Lexical Analysis is a Microsoft Access based program that allows for quantitative 

review and comparison of different texts through the use of several different analytical 

functions and outputs in spreadsheet form.  One quantitative product of this program was 

a table of overall occurrences and relative frequencies within the document, known as a 

thesaurus (Appendix A).  According to Moens, the importance of a word in a document 

increases proportionally to the number of times that word appears in the body of text, but 

this importance can be diminished by the total volume, or length, of the document (2000, 

91-93).  Lexical Analysis was also used to normalize the text, which is the process that 

removes punctuation and numerical characters from an imported and specified data set.  

The outputs from Lexical Analysis were then converted the data into a format recognized 

by Sci2, as will be discussed next.   

The first action preformed with Lexical Analysis was to use a function called 

“normalize,” which removes non-alpha characters from the text set, and creates a table 

with each word of the text analyzed placed within a unique cell of a specific column.  The 

word is given an identification number indicating its location in the text, allowing the 

same word to be listed more than once.  This step allows for later analysis as it reflects 

only the words within a body of text, not punctuation or numbers.  The texts within the 

Lexical Analysis folder mentioned above chosen from a drop down menu once the 

“Normalize” function is run.  Each time the “Normalize” function is performed a new 
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table is generated and saved within the Lexical Analysis program.  All resulting tables are 

available in a list on the left hand side of the Access program window under the section 

heading “Tables.”  It was found after the fact that the normalization process occasionally 

creates textual errors if any of the words from the text were hyphenated.  After the text 

was “normalized,” a frequency count function, called “Frequency,” was run.  The 

“Frequency” function creates a new table that displays the term, the number of times the 

term appears in the text of interest and the term‟s relative frequency for that particular 

portion of text.  The frequency table can be re-sorted so that the terms are displayed in 

alphabetical order or in order of reoccurrence order, so that the terms that appear more or 

least frequently are at the top or bottom of the table specifically for this paper.  

Understanding which terms appeared most frequently gives insight into what the TWDB 

might have considered an important topic based simply upon its relative appearance in 

the document.   

After the “Frequency” function was run, the “Locution” function in Lexical 

Analysis was utilized.  This function identifies strings of words, dependent on user‟s 

input regarding the desired length of the string.  “Locution” can only be run after the 

“Frequency” function was run.  For this investigation, strings of two, three and four word 

string lengths were initially identified, although the strings can be up to five words long.  

Once the strings were identified, the “Frequency” function could be run again to count 

how frequently each word string appeared in each text.  It was assumed that utilizing the 

“Locution” and “Frequency” functions together to create strings of words, instead of just 

“Frequency” on single words, would enable analysts to better ignore “filler” terms such 
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as “a,” “the,” and “of.”  Although it was determined that the three word strings captured 

the majority of the terms but contained fewer “filler phrases” than the other string 

lengths, it was ultimately decided that looking at word strings would not lead to useful 

analysis.  Two important factors in this decision were that the user was unable to actually 

remove common grammatical terms from the strings in the resulting locution tables so 

there were many word strings of only grammatical terms.  Secondly, even if it were 

possible to remove grammatical terms from the word strings, doing so would change 

several of the listings that were as large as four word strings to as little as one word. In 

response it was decided that this investigation would direct focus solely on analysis based 

the appearance of individual terms.  

Although it was decided not use the word strings for this paper, they were still 

recorded and saved for possible use in the future.  Using Microsoft Excel, a spreadsheet 

was created to record the one, two, three and four word strings from each document for 

each volume of the Texas State Water Plan as generated by Lexical Analysis.  These 

spreadsheets were saved as “[Year] Word Strings” in the CSV (Comma delimited), or the 

“.csv” format to retain consistency with spreadsheets used for single words.  In these 

spreadsheets, the first column identifies the section where the word string was found, 

specifically “policy” or “objective.”   The second, third and fourth columns indicate word 

strings of two, three and four words respectively.  The table on the next page provides a 

sample of the table from 1961.   
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Section One Words Two Words Three Words Four Words 

Objectives-goals accomplishing the_plan the_plan_the the_plan_the 

Objectives-goals accurately plan_the plan_the_objectives plan_the_objectives 

Objectives-goals acre the_objectives the_objectives_of the_objectives_of 

Objectives-goals actual objectives_of objectives_of_a objectives_of_a 

Objectives-goals addition of_a of_a_water of_a_water 

 

Table 1: Section of Word String Table from 1961 Document 

 

As previously mentioned, Lexical Analysis enables users to remove grammatical 

terms from tables of single words, typically by using a function called “GrammEn” that 

removes terms from a prebuilt table from a normalized table of the user‟s choice.  Per 

Krauthammer and Nenadic the process of separating grammatical, or non-terms in the 

literature, from desired terms with meaning is called term recognition, (2004).  This 

process is comparable to removing outliers from quantitative experiments because doing 

so allows for analysis of only relevant information or data without being negatively 

impacted by “noise.”  There was a slight problem within this step of the investigation; 

Lexical Analysis and the 2007 version of Microsoft Access did not appear to be fully 

compatible, specifically in that running the “GrammEn” function would cause Microsoft 

Access to crash.  To overcome this obstacle, the prebuilt table “GrammEn” was exported 

into Microsoft Excel using the basic Microsoft Access function for that purpose, found in 

the “Export” section of the “External” tab.  The resulting table was then re-imported into 

Lexical Analysis as the name “GrammEn1” using the basic Microsoft Access function for 

that very purpose, found in the “Import” section of the “External” tab, and normalized via 

the Lexical Analysis function “Normalize.”  Lexical Analysis requires all tables to be 
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normalized before any other function can be performed with them. Lexical Analysis 

treated the imported table with grammatical terms as a user inputted table, not part of the 

“GrammaEn” function.  At this point in the workflow the function “A-B” was run, which 

subtracts the content of the table listed last (“B”) from the table listed first (“A”).  The 

result was the name of the section of interest, minus the name of the name of the second 

table, or in this instance “[Name of section and year] – GrammaEn1.” 

One of the ultimate goals of using Lexical Analysis was to create a thesaurus, 

which in this investigation was a spreadsheet displaying all of the terms used in the 

document, that particular word‟s occurrence within a document or documents, and the 

term‟s relative frequency.  Within the Lexical Analysis database the resulting table was 

automatically titled “Th_Thesaurus_freq.”  The process of creating this table was 

conducted by utilizing the “AThesaurus” function, which allows the user to choose 

which normalized table they would like to add the thesaurus.  Only the terms not already 

found in the thesaurus were added to the thesaurus table, but the recurrence and 

frequencies were added for the terms already in the spreadsheet.  The thesaurus table 

updated the recorded terms, the aggregated counts of how frequently the terms appear 

within all of the tables in the thesaurus, and the frequency of the aggregated recurrences.  

Another table was also generated as result of the “AThesaurus” function, called 

“Th_Thesaurus_list.”  This table displayed the names of the tables that were added to the 

thesaurus, the total number of words located within that table, the number of terms from 

that table that were added to the thesaurus, and the day when the table was added to the 

thesaurus.  Lexical Analysis allowed for tables to be removed from the thesaurus with the 
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function “ARestore.”  If this function was utilized, the “Th_Thesaurus_list” table was 

updated to record not only when the table was initially added, but also when it was 

removed from the thesaurus.  All of these tables could be exported into Microsoft Excel 

using the basic Microsoft Access function for that very purpose, found in the “Export” 

section of the “External” tab.  This process was conducted because the list of terms 

generated in the thesaurus table would be utilized in some of the following procedures.  

The final spreadsheet created was built off of the word list from “Th_Thesaurus_freq.”  

The purpose of this spreadsheet was to record the counts of every word in each section of 

each state water plan to aid in comparing the change in the use of specific words across 

time, such as the bar graphs that will be discuss later.  Each section for each year was 

represented by an individual column.  The master word list was copied and pasted into a 

new Excel spreadsheet.  The spreadsheet for each year published was then opened up and 

the count for each word in each section was recorded by hand in the new “master” 

spreadsheet.  If the word was found in the thesaurus list but not for that year, the value 

zero (0) was entered into the new spreadsheet.  This spreadsheet was saved as “TWSP All 

Sections Thesaurus By Hand with Word Count.” 

Microsoft Excel 

Microsoft Excel was utilized to create the majority of the spreadsheets that were 

used in this paper, not just the spreadsheets with the list of words and their relative 

counts.  In order to compare how many sections a particular term is found in, a 

spreadsheet format different than the one created in the previous section was needed.  

Ultimately three new spreadsheets were created, one for each section type (Objectives or 
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Recommendations), and one for the combination of the sections.  The first column of 

these spreadsheets indicates both the year and the section the term is found in, then a 

column for each term in that particular year and section, a column with the number of 

times that word appeared in that year and section, and a final column for the term‟s 

relative frequency for that year and section.  These spreadsheets were saved as “[Section] 

To Be Aggregated,” or “All Words All Sections To Be Aggregated.”  All three of these 

spreadsheets were saved in the CSV (Comma delimited), or “.csv” format. 

Science to Science (Sci2) 

After the tables were built, the visualization program could be used.  As 

previously mentioned, Sci2 was the visualization tool used for this paper‟s investigation.  

Sci2 is an informatics and visualization tool developed by the Informatics Department at 

Indiana University.  This freestanding program was chosen based off of 

recommendations and the ability of the tool to handle large data sets.  Sci2 was designed 

to analyze mostly bibliographic information formats, such as output from Web of 

Science, Google Scholar or Endnotes.  It also recognizes text delimited format, allowing 

it to be used for this research project.  Most importantly, the program possesses the 

ability to display information using several different modeling and visualization formats.   

The reason why the name for the files in the preceding section incorporated the 

phrase “To Be Aggregated” is due to the capability of Sci2 to create spreadsheets of 

aggregations based on a specific column within a particular spreadsheet.  This process 

was repeated for the individual years by using the “[Year] One Word Section Counts and 

Frequencies” files.  The aggregation process is conducted by choosing “Aggregate Data” 
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from the drop down menu in Sci2 next to “General” under the “Preprocessing” menu.  

Choosing this option will once again result in the appearance of a popup menu with 

processing inputs.  In this investigation, the files mentioned in the preceding paragraph 

were aggregated based on both the “Section” and “Word” columns, each at a separate 

time.  All other input options were left as the default values.  The resulting spreadsheets 

were saved by right clicking the file name, and then “Save” from drop down menu.  The 

files are then saved as “Aggregated TWSP [Section Name] All Sections” or “Aggregated 

[Year] Both Sections,” depending on the content aggregated.  The information was then 

used for analyses of when words appeared.  

To aid in analyzing the documents for coherence of themes within each volume, 

the words were broken down into the following categories: Name, Use, Geographic, 

Authority, Method, Filler, Uncertain, and Concern.  The categories represent the possible 

use of the word within the document, or the concept the author is trying to convey.  This 

process called term classification, is a rules-based approach that has been deemed valid in 

other term identification processes (Krauthammer & Nenadic, 2004).  It is interesting to 

note that different endings of the same word could affect their interpreted meanings and 

resulting categorizations.  To create a master categorization table, the word list from the 

Thesaurus was copied and pasted into a new spreadsheet.  Each word was then given a 

classification, placed in the column next to the word.  The new classification table was 

then saved as “Categorization Of All TSWP Terms.” 

The category Name refers to words that are part of the name of the document.  It 

was expected that all of the words with this classification would appear within all of the 
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documents and their related sections, given that these words represent the main focus of 

the documents.  Use refers to words indicating who is using water, or for what purposes.  

All geographic and geological terms were categorized under Geographic.  Authority was 

used to represent words indicating decision making or action implementation actors.  

Words in the Method category indicate how water will be provided, including policy, 

action and science based plans.  Filler words were those that were assumed to lack 

meanings on their own, or were adjectives that would only emphasize words in other 

categories.  Similar to the ambiguousness of this category was the Uncertain designation, 

which was used for words whose categorization depended on their contextual usage, but 

unlike “Filler” words, they clearly had meaning.  Finally, words related to the concepts of 

quality and quantity, or methods that could affect either of these concepts, were labeled 

as Concern.   This information is repeated in the table on the next page: 
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Word Category Explanation 

Name Word is found in the name of the document 

Uses Who is using water or for what purpose 

Geographic Geographic terms, either generic (ie “coast”) or specific (ie 

“Houston”) 

Authority Who is making the management decisions or implementing them 

Method How water will be provided; includes policy, action and science 

based plans 

Filler Does not aid to overall meaning of the text 

Uncertain Categorization depends on the context of the word within the 

sentence 

Concern Terms is deemed related to a concept pertaining to water quality or 

quantity issues 

 

Table 2: Word Categories and Related Explanations 

 

The labeling in “Categorization Of All TSWP Terms” was then used to create 

classification tables for each of the individual years.  Both of the word lists of the 

individual years from the table created via the aggregation process and “Categorization 

Of All TSWP Terms” were copied and pasted into a new workbook in Microsoft Excel, 

but on separate sheets within the workbook. Classification of the terms within each 

individual year was conducted using the Microsoft Excel “VLOOKUP” function, with 

the first value inside the parenthesis indicating the word to be classified, the next 

indicating all of the values on the following spreadsheet with the classification with all 
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terms, the third value indicating the numerical value of the column the classification is 

found in on the spreadsheet with the classification for all terms, and finally the word 

“FALSE,” which requires that the word being categorized match the categorization list 

exactly.  An example of this would be the expression “=VLOOKUP(B3, 

Sheet1!A3:C2712, 3, FALSE).”  After the VLOOKUP function was completed for all of 

the terms within the year, the spreadsheet was saved as “[Year] Word Categorizations” in 

the default Excel Workbook format because the Comma Delimited format cannot handle 

workbooks with multiple spreadsheets.  This process was conducted for all volumes of 

the Texas state water plan. 

The classification tables created in the previous step are not easy to read and 

analyze quickly.  As such, new tables were created in a Microsoft Word document, which 

was saved as “TSWP Word Classifications.”  A four column by nine row table for each 

volume of the Texas state water plan was made in a word document.  In the first column 

was the different classifications selected earlier, the second column contained the terms 

found only in the Objectives section, the third column contained terms found only in the 

Recommendation Section and the fourth column contained words shared by both 

sections.  Each cell was then populated with the corresponding information found in the 

related Excel classification table for that year.   

THESAURUS RESULTS 

As described in the previous section Lexical Analysis was used to create several 

different thesauruses.  Only the top ten percent of words found in aggregations of the 

recommendation sections over time and the aggregation of both sections for all time 
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periods were analyzed due to the magnitude of the data sets.  Looking at thesauruses 

gives some indication of what the writers deemed important, assuming that importance is 

related to overall inclusion in a document, and how the two sections compare to each 

other in terms in content. 

Aggregated Sections 

The first thesaurus generated was an aggregation of all of the sections normalized 

earlier in this chapter.  There were a total of 2701 unique words encapsulated within 

the aggregation, but over 1000 of these terms were only found once in the data set.  

In contrast, all of 271 words that make up the top ten percent of most frequently 

found words were found at least 14 times, making this sample of the overall data set 

more illustrative of the terms deemed important.  The table on the next page ( 

Table 3) only shows the top ten most frequently found words but the rest of the top 

ten percent can be found in  

Table 7 in Appendix B.  As both tables indicate, the most frequently found word 

was unsurprisingly “water,” which was mentioned 1163 times.  The seven next most 

frequently words in an aggregation of all the sections are “state,” “conservation,” 

“planning,” “funding,” “provide,” and “management,” in that order.  Although these 

words were frequently mentioned, their recurrence counts were only a fraction of the 

recurrence of the term “water.”  It could be assumed that the high number of appearances 

of the word “conservation” indicates that the TWDB is very sensitive to the fact that the 

supply of water is finite and thus should not be wasted.  The large number of times that 

the word “funding” appears seems to emphasize the tension between the financial 

responsibilities and limitations of the TWDB for both administrative functions and aiding 

in water management efforts.  In other words, although efforts must be made to ensure 

that there is sufficient water, these efforts come with financial considerations as well. 
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Rank Terms Recurrence Frequencies 

1 Water 1190 0.06152 

2 State 399 0.02063 

3 Texas 298 0.01541 

4 Conservation 232 0.01200 

5 Planning 232 0.01200 

6 Funding 174 0.00899 

7 Regional 166 0.00781 

8 Plan 151 0.00765 

9 Fund 148 0.00739 

10 Provide 143 0.00724 

 

Table 3: Top Ten Words Found in Aggregation for Water Planning documents, including 

both Objectives and Recommentation Sections Over Time. 

Recommendations Sections Only 

There were a total of 2521 words found in an aggregation of all eight of the 

Recommendations sections.  As a result the investigation focused on only the top ten 

percent of words, ranked on how many total times the word appeared in the 

aggregation.  As  

Table 8 in Appendix B indicates, the top ten percent of the aggregation included 251 

unique words.  All of the top 21 words appeared over 100 times.  The last word of 

this sample set, “basis,” appeared 13 times.  As both Table  

Table 7 

Table 8 and  
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Table 4 illustrate the most frequently found word for the aggregation of the 

recommendation section, “water,” appeared 890 times.  The second most frequently 

found word, “state,” appeared only 338 times, emphasizing the degree to which “water” 

is discussed in relation to other words.  The rest of the top ten words, as seen with relative 

frequencies and recurrence counts in the table below, seem to lack a coherent theme.  It is 

interesting to note that both “funding” and “fund” are mentioned to such a high degree in 

the recommendation section, indicating that the TWDB acknowledges the role financial 

constraints should play when making water management decisions. 

Rank Terms Recurrence Frequencies 

1 water 890 5.21E-02 

2 state 338 1.98E-02 

3 Texas 267 1.56E-02 

4 conservation 225 1.32E-02 

5 funding 171 1.00E-02 

6 fund 148 8.67E-03 

7 planning 138 8.09E-03 

8 regions 131 7.68E-03 

9 board 127 7.44E-03 

10 commission 122 7.15E-03 

 

Table 4: Top Ten Most Frequently Found Words in Recommendation Section Over Time 

Objectives Sections Only 

There were a total of 737 words found in the aggregation of all of the Objectives 

sections.  It is interesting to note that were roughly one-third as many words in the 

Objectives sections as in the Recommendations section, possibly indicating that the 

goals stated in the documents remained essentially the same while the methods 

taken to resolve these issues varied greatly over time.  Once again only the top ten 

percent of all words were examined, and are found in  

Table 9 in Appendix B. 
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As  

Table 9 in Appendix B indicate “water” is the most frequently found word in an 

aggregation of all of the Objectives sections.  The other words comprising the top ten 

most frequently found words almost seem to mirror that of the top ten most frequently 

found words overall, but with the word “policy” replacing “fund.”  It is worthy of note 

that there is not an economic term until the word “economically,” which is ranked 48
th

, 

and is only found six times in all of the objectives sections over time.  This is a surprising 

find, given the perceived importance of water for economic purposes and the role of 

financial considerations as a constraint on water resource management decisions.   

 below and  

Table 9 in Appendix B indicate “water” is the most frequently found word in an 

aggregation of all of the Objectives sections.  The other words comprising the top ten 

most frequently found words almost seem to mirror that of the top ten most frequently 

found words overall, but with the word “policy” replacing “fund.”  It is worthy of note 

that there is not an economic term until the word “economically,” which is ranked 48
th

, 

and is only found six times in all of the objectives sections over time.  This is a surprising 

find, given the perceived importance of water for economic purposes and the role of 

financial considerations as a constraint on water resource management decisions.   

Rank Term Recurrence Frequencies 

1 Water 141 7.60928 

2 State 61 3.29196 
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3 Plan 47 2.53643 

4 Texas 31 1.67296 

5 Planning 27 1.45709 

6 Provide 24 1.29519 

7 Needs 22 1.18726 

8 Regional 19 1.02536 

9 Local 15 8.09498 

10 Policy 15 8.09498 

 

Table 5: Top Ten Most Frequently Found Words in the Objectives Section Over Time 
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CHAPTER 2: Topical Analysis 

Topical analysis consisted of comparing the Objectives and Policy 

Recommendations sections of each individual Texas State Water Plan.  The intent of this 

process was to determine if there was consistency or coherence within each of the 

documents, or that the goals and the policy recommendations addressed the same issues.  

It was assumed that the two sections should mention the same topics, and each concept 

should occur with roughly the same frequency in both sections for a given publication.  

As the visualizations of the topical analyses indicate (see Appendix B), the relative 

degree of similarity of each document varied.  The results for each publication will be 

detailed later in this chapter. 

METHODOLOGY 

Several different spreadsheets were required to complete the comparative 

analyses of the sections within a single document, or the inter-document analyses.  For 

the initial step of this process, the sections of interest for each document were imported 

into Lexical Analysis as individual entries, and normalized via the process described in 

the methodology for creating the Thesauruses.  “Frequency” was then performed for each 

resulting table, followed by the removal of grammatical terms following the same process 

as described earlier.  The end product was an overall word count for each particular 

section in a unique table, titled “[the name of the section loaded] – „GrammEn1‟.”  All 

three columns of each final table were then copied and pasted into one Excel spreadsheet 

under the column “All [Section Name].”  The spreadsheet was saved at this point as 
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“[Year] One Word Section Counts Master Table” in the CSV (Comma separated 

delimited), or “.csv” format.   

After each section was “normalized” and copied into the “master” Excel table for 

that year overall, one section was “subtracted” from the other using the “A-B” function 

described earlier and the relevant document sections.  The resulting tables generated 

indicated the words found only in that section of that particular document.  The content of 

these tables was then copied and pasted into the “[Year] One Word Section Counts 

Master Table” under the column name “[Section Name] Only.”  In order to review the 

frequencies and recurrences of terms for the entire document, the two sections were 

aggregated using the “A+B” function, and then the grammatical terms were subtracted 

from the resulting aggregated table using the “A-B” function as described earlier in this 

paragraph.  The “A+B” function combines two selected tables, resulting in a new table 

indicating which words were found in the two selected texts and how many times those 

words appeared altogether between the two texts.  The resulting table was once again 

copied into the “[Year] One Word Section Counts Master Table” under the column name 

“All Terms.”  This process was repeated for each volume of the state water plan.  The 

word “year” in the tables‟ names refers to the year that the particular State Water Plan 

was published by the TWDB.   

From the master list table created in the first chapter, a new spreadsheet of term 

counts was created in Microsoft Excel for each year.  The format of these spreadsheets 

mirrored that of the “All Years All Sections Master Counts Table,” except without the 

year identifier.  Instead, in this particular table format, the first column identified the 
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section where the word is found, either “policy” or “objective,” the second column 

contained the terms, the third column recorded the ordinal frequency of the word in each 

section of that volume, and the final column indicated the term‟s relative frequency in the 

relevant section of the volume.  Spreadsheets with this format were then saved as “[Year] 

One Word Section Counts and Frequencies.”  All of these spreadsheets need to be saved 

in the CSV (Comma delimited), or .”csv” format. 

In the first round of evaluating with Sci2, the terms found in the Policy 

Recommendations and the Objective sections within the same document were visualized 

simultaneously using the unweighted directed network format.  This process was 

conducted by using the “[Year] One Word Section Counts and Frequencies” tables 

created earlier in this chapter.  Each spreadsheet was uploaded into Sci2 in the “Standard 

csv format,” which is one of the options for loading files into the program.  The two other 

input file options are either National Science Foundation (NSF) or Scopus “csv” formats, 

but these formats tend to be used for more traditional bibliographic data set outputs, and 

thus were not used for this investigation.  “Extract Directed Network” was then chosen 

from the dropdown menu next to “Text Files” under the “Data Preparation” menu.  

Choosing this option resulted in the appearance of a popup menu with processing inputs.  

From the options, “Section” was chosen from the dropdown menu next to “Source 

Column” and “Word” from the dropdown menu next to “Target Column.”  The other 

values in the window were left as the defaults.  To view the network, “GUESS” was 

chosen from the “Networks” file option, which was found under the “Visualization” 

menu. 
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Running the “GUESS” visualization function in Sci2 creates a new separate 

window, the main component of which will be an image with many red circles and lines 

connecting some of these circles.  These circles are called nodes, and represent individual 

concepts as explained earlier.  By trial and error, it was found that changing to the 

“GEM” layout provided the most insight to the degree of similarity between and within 

the two sections.  This was achieved by choosing the “GEM” layout from the “Layout” 

menu at the top of the GUESS visualization window.  From here, individual nodes could 

be identified by moving the mouse pointer over a node until text appears indicating the 

node‟s label.  The label could remain visible if the node was “right clicked” and “Toggle 

Label” was chosen from the resulting menu.  The color of the node could also be changed 

by right clicking the node of interest and choosing “Color…” from the drop down menu.  

A new color could then be chosen from a multitude of options.  Due to difficulties using 

the visualization options in batch processes or from writing code in the “input tab” at the 

bottom of the visualization window, very little was done with the visualizations beyond 

this point.  As a result, most of the analysis involved with the visualizations was 

performed by simply looking at the overall number, connections and space between 

nodes in the GEM layout, and by moving the cursor over the nodes to see their individual 

labels.  The final step conducted for the image visualization was saving the image by 

choosing “Export Image…” from the “File” menu.  The image was saved as “[Year] 

Section to One Word.jpg” in the appropriate location.   

From the charts, lists and topical visualizations created during the previously 

detailed processes, generalizations regarding themes or important concepts were 
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generated for each section of each document, each document overall, and finally changes 

between the documents over time.  The results were reviewed to determine if the 

documents had internal coherence.  Internal coherence was the phrase used for the 

concept that any actions outlined in the Recommendations section would seek to resolve 

the goals established in the Objectives section, or at least would not inhibit the ability to 

meet the stated goals.  It should be noted that for this investigation the determination of 

coherence was subjectively based on the total number and classification of the various 

words. 

RESULTS 

The results of the analysis of each publication of the Texas State Water Plan are 

found below.  The documents were not analyzed against each other at this step; instead 

the two sections of each volume are compared and analyzed against each other.  The 

image visualization, word categories and overall counts for each section generated in the 

methodology of either this or the previous chapter will used for the analyses.  These 

analyses will refer to the visualizations, categorization and word counts tables.  At this 

point, there was not a way to quantify the distance between nodes, so all assumptions 

made from the visualizations are purely subjective. 

1961 Analysis 

In the 1961 document, after normalization and removal of grammatical terms 

functions were conducted on the text, there were 196 words in the Objectives section, 123 

words in the Recommendations section, and 48 terms shared between the two sections.  

The word counts were for unique terms, and thus included variations of the same word, 
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such as “ideas” and “idea,” which are considered two separate words.  Looking at the 

resulting visualization (see Figure 5 in Appendix C), and assuming that the theory behind 

the clustering coefficient is accurate, it appeared that the words that are shared between 

the two documents are much more alike than those that are unique to each section.  In 

fact, the nodes for the Objectives section appeared spaced rather far apart indicating that 

the words pertaining to the goals for the document produced that year were not very 

similar to each other.  The image also illustrated that there were more words found 

exclusively in each segment than there were shared between the two sections. 

In contrast to the visualization, the actual words themselves seemed to indicate a 

great amount of similarity between the two sections.  For example, although only 

“municipal” was shared between the two sections, other variations such as “city” and 

“town” were found in the Objectives and Recommendation sections respectively.  This 

implies that the creators were concerned about providing water for human consumption 

in more densely populated areas.  In fact, there were more words that were categorized as 

Concern and Method that appeared in the Objectives section than for any other category.  

It is important to remember that these words were labeled prior to looking at the content 

of each section, not while the sections were being analyzed.  Based solely on the number 

of words with these labels, it could be assumed that this plan focused on identifying 

potential future problems and ways to address these issues but not necessarily what 

specific areas would have these troubles.  Looking more closely at the categories it 

seemed that the planners gave great consideration to the meeting future water demands, 

based on the terms labeled Concern, such as “adequate,” “amount,” “available,” 
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“quantities,” and “usage.”  The words deemed Method in nature that are shared and are 

unique to the Recommendations section stress the need for creating a plan, while the 

words that were unique to the Objectives section emphasized the use of infrastructure, 

flexibility and information.  There were only four words that were originally labeled as 

Name for this volume, specifically “plan,” “state,” “Texas,” and “water,” and all four of 

these words were found in both sections.  There did not appear to be a theme amongst the 

words labeled Uncertain.  The Use categorized terms unique to the two sections dealt 

with human uses, but words unique to the individual sections and that were shared 

stressed different economic uses. 

Categorization and creating visualizations of their connections are not the only 

systematic methods that can generate interesting analytical results.  Illustrating how often 

a word appears within one or both sections may also reveal its overall importance to the 

document, even without knowing the specific context in which it was utilized.  For the 

1961 State Water Plan, the term found most frequently in both sections was “water,” 

which appeared 23 times in the Objectives section and 14 times in the Recommendations 

section or 37 times altogether (see Table 11 in Appendix B).  The remaining words in the 

top ten most frequently found list for the Objectives section included “needs,” “future,” 

“state,” “plan,” “projects,” “reservoirs,” “planning,” “reservoir,” and “meet.”  These 

terms were surprising given that they seemed more like management strategies rather 

than goals.  It was also interesting that “reservoir” and “reservoirs” were mentioned very 

frequently and in the Objectives section.  The possible reason for this will be discussed 

later. 
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The top ten most frequently found words in the Recommendations section were 

“water,” “planning,” “projects,” “groups,” “state,” “development,” “financial,” “local,” 

“plan,” and “agencies.”  It was concluded that these words indicated that the creators of 

the document highly valued the inclusion of multiple agents working together, as 

demonstrated by the word “groups” and “agencies,” to generate plans for water use and 

allocation, based on the use of “development,” “financial,” and “local.”  The planning 

and projects component of this section matched the discussion of reservoirs and planning 

in the Objectives section, although the Recommendations seemed vague in terms of what 

strategy to take for achieving optimal water conditions than what would be expected for 

this section. 

Although the word location and counts reflected the opposite of what was 

expected in terms of content and specificity, the top ten words of the two sections 

appeared to be coherent.  The topics covered by the terms found exclusively in each 

section, and shared between the two, labeled as Concern and/or Method, indicated that 

not only did the planners identify possible future water problems, but also ways to 

address these issues.  Again, it seemed that the writers of the document thought that the 

best course of action was for different groups or actors work together to create the plans 

to meet the future water needs of humans.  As such, it was determined that the document 

was coherent. 

1968 Analysis 

In the 1968 state water plan there were 262 words in the Objectives section, 408 

words in the Recommendations section, and 105 words shared between the two sections.  
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A roughly an equivalent number of words were unique to the Objectives section and were 

shared between the Objectives and Recommendations section.  The topical directed 

network image  (see 

 Figure 6 

in Appendix C) not only confirmed the numbers visually, indicating that a  larger 

percentage of words found in the Recommendations section were unique to that section 

rather than shared with the Objectives section, but also gave insight into the degree of 

similarity between the concepts found within each section.  Again, this assumption is 

based on the theory underlying the node clustering coefficient.  For example, the nodes in 

the Objectives section were all fairly close together.  According to the image there was 

also a fair amount of diversity of topics covered in the Recommendation section, as some 

words were very similar, while others were very different than the rest.   

Based on the shared words alone, the two sections for 1968 were in agreement 

regarding the ability of man to use technologies to control water supply and quantity, as 
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reflected in both the Method and the Concern labeled words.  For example, the words 

“adequate,” “available,” “fresh,” “levels,” “preserve,” “sewage,” and “supply,” which 

were both shared and categorized as Concern, all deal with quantity or quality.  Method 

classified words shared include “actions,” “control,” “generate,” “import,” 

“modifications,” “planning,” “program,” “protection,” “reclamation,” “scientific,” and 

“treatment.”  These words just listed all are ways that man can control his water levels or 

quality.   

In contrast to these shared values, the Recommendations section emphasized 

public participation and the Objectives section concentrated on reclaiming water by 

removing contaminants.  There were many more distinct words for both the 

Recommendations and Objectives section that were categorized as Concern and Method 

than any other classification, although the Recommendation section contained a greater 

number of words categorized as Authority as well.  The concerns for the 

Recommendations section mostly addressed financial matters, as demonstrated by the 

inclusion of the words “cost,” “credit,” and “fund”, while the Objectives‟ concerns dealt 

more with naturally occurring issues, such as “hurricane,” “saline,” “erosion,” and 

“floodwater.” The words found in Recommendations labeled as Method were 

characteristically legislative, indicated by the words “appropriate,” “authorize,” “bonds,” 

“contract,” “fees,” “grant,” “law,” “lease,” “regulations,” “rules,” and “taxes.”  The 

words labeled as Method found in the Objective section emphasized dealing with 

uncertainty, as demonstrated by the words “flexible,” “adjustment,” “means,” 

“projected,” and “estimates.”  Between the words labeled Methods and Concern of the 
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Objective section one can conclude based on this portion of 1968 document that the 

writers sought to minimize the harm and uncertainties associated with natural disasters.  

The words categorized with those same labels in the Recommendations section seem to 

indicate that the writers believed that humans could use laws to acquire enough water, but 

fear about the cost associated with doing so.  

Looking at the recurrences of words in the different sections can also be 

informative.  The top ten words when the sections are combined were either authority or 

plan theme oriented words, except the most frequently found word “water” (see Table 12 

in Appendix B).  The Authority words were also spread across the levels, from “federal” 

to “local,” perhaps indicating that the writers of the 1968 document believed that 

decisions should be made by both local stakeholders and larger governmental bodies.  

The other theme, planning, included the words “plan,” “development,” and “provide.” 

The top ten words found only in the Objectives and the top ten words found in the 

Objectives section overall were quite different.  When considering words that were also 

found in the Recommendations section, the top ten most frequently found words in the 

Objectives section indicated a concern about quantity, best demonstrated with the terms 

“necessary” and “resources.”  The 11
th
 most common word in this set, “available,” also 

fit into this theme.  The words found only in Objectives section were less indicative of 

quantity.  In fact, the words “needs” and “requirements” were both found, as were 

“action” and develop,” which gave a sense of the necessity for humans to act to meet 

their needs.  The words “acre,” “feet,” and “thousand” express the magnitude to which 
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humans seek to meet their demands.  In summary, the objectives for this document were 

to address the large amount of water Texans needed by all levels of government. 

The lists of the top most frequent words in the Recommendation section overall 

and the top ten words combined were almost exactly the same.  The words found only in 

the Recommendation section, however, were quite different.  These terms seemed to be 

divided into three sections: financial - “costs,” “funds”; strategies - “project,” “lands,” 

and “contracts;” groups - “system,” “states,” “board,” and “united.”   Overall, it could be 

concluded from the top ten most frequently used words in the Recommendations section 

and the overall document that the 1968 document recommended creating plans, with a 

consideration to cost, and incorporating various decision making bodies.   

From the specific words utilized and their recurrences, conclusions can be drawn 

that there did not appear to be any contradiction between the two sections, although they 

did have other unique emphasizes, and the words they share appeared to be a way to 

achieve goals through the policy recommendations.  Thus, this particular volume of the 

Texas State Water Plan has internal consistency or coherence. 

1984 Analysis 

In the document from 1984, there were 115 words in the Objectives section, 825 

words in the Recommendations section, and 78 words shared between the two sections.  

The image for this document was quite dramatic (see Figure 7 in Appendix C).  In 

contrast to the few, widely spaced nodes in the Goals section, the Recommendations 

section had many nodes, most of which were located close together on the edge of the 
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cluster encircling the “recommendations” node, while a few were located closer to the 

center. 

Looking at the makeup of the categorizations for this particular volume can also 

reveal interesting trends.  The shared words were mostly classified as Concern and 

Method oriented.  The concepts classified as Concern were mostly fiscally oriented, 

although “quality,” “supply,” “protect” and “flooding” were also mentioned, which do 

not refer to financial issues.  The Method centric words emphasized the use of allocation 

to ensure future supplies.  The words “alternative,” “information” and “technical” gave 

the impression that allocation amounts would most likely be set on factual based criteria.  

The word “construction” was also classified as a Method word, but was not coherent with 

the rest of the shared words categorized as Method. 

The only words categorized as Name for the 1984 document were shared, and 

included the terms “department,” “plan,” “state,” and “water.”  Thus, overall, it appeared 

that the words shared between the two sections were more about what humans could do 

about their water considerations, while acknowledging financial parameters. 

Given that the Recommendations section shared less than one-tenth of its overall 

count, and the sheer size of the section, it was not a surprise that the section encompassed 

a large number of unique and noteworthy words or concepts.  Those found under the 

Authority label indicated a tension between the private landowner, governmental figures 

and scientific experts.  Based on the fact that there were more words indicating the 

government, it was assumed that the government remained the primary decision maker.  

Some of these words included “director” and “executive.”  However, like previously 
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mentioned, the local level still played a part in the Authority section, signified by the 

inclusion of the words “owners,” “domain,” and “representative.”   

The role of scientists could also be seen in the words labeled as Concern, 

specifically by the inclusion of “brackish,” “brush,” “saline,” “sediments” and 

“subsidence.”  Scientists can not only identify the extent of damage caused by some of 

these aforementioned words but they can also find ways to mitigate or reduce the 

problems.  Finances continued to remain an interest, as demonstrated by words such as 

“costs,” “credit,” “dollars,” “finance,” “price,” and “treasury.”   

There were 19 words in the Recommendations section that were geographic in 

nature, but varied in level of specificity.  They referred to water above ground, such as 

“streams” and “channels,” and water below ground, such as “underground” and 

“aquifer.”  There were general area terms, such as “channels,” “coast,” “land” and 

“underground.”  Others related to more precise areas, like “Gulf,” “Ogallala,” and “Rio.”  

Given Texas‟ location, it is assumed that “gulf” referred to the Gulf of Mexico.   

Much like the words labeled Authority, Method related words found in the 

Recommendations section indicated a fusion of science and law.  More technically driven 

words included “analyze,” “data,” “desalinization,” “hydrologically,” “laboratory,” 

“methodologically,” “research,” and “science.”  Governmental or legal words included 

“application,” “code,” “constitution” “contracts,” “law,” “permit,” and “tax.”  Another 

interesting component found in the Method words seemed to be an educational outreach 

approach, demonstrated by the words “brochure,” “education,” “disseminate,” 

“pamphlets,” and “promote.” 
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Through the process for this investigation described earlier, it was determined that 

there were 27 words found only in the Recommendation section that related specifically 

to what water could be used for or by whom.  Not all of the users mentioned were human 

in nature.  The users or uses that were anthropocentric were “agriculture,” “cities,” 

“business,” “farm,” “industrial,” “irrigation,” “manufacturing,” “residential,” and 

“urban.”  Non human users of water included “biological,” “ecological,” and “parks,” by 

the users “wildlife,” “shellfish,” “fish,” “organisms” and “habitat.”  In summary, the 

Recommendation section appeared to cover a wide range of different users, their 

concerns, and ways to address their needs. 

Although the Objectives section was much smaller than the Recommendations 

section and shared most of its words with the Recommendations section, it still contained 

a few interesting and unique terms.  For example the Objectives section only contained 

the words “achievable” and “feasible,” which were labeled Concern words.  While the 

shared words and the words found only in the Recommendations section indicated what 

should be done, the words unique to the Objectives section seemed to question what was 

feasible.  This questioning phase is important as it leads to investigations revealing 

answers that then could be suggested, such as in the Recommendations section.   

Two other interesting words found only in the 1984 Objectives section were 

“human” and “welfare,” both of which were categorized under Use.  Although the first 

word “human,” seemed obvious given both the writers and the audience of the document, 

the second word, “welfare,” was slightly unexpected.  Although quality and quantity can 
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impact the wellbeing of others, the word itself seemed an odd way to describe the health 

and or happiness of an organism.   

One point that should be considered when reviewing texts is the total times words 

appeared within the sections.  The word “water” was the most frequently utilized word 

for both sections, appearing 18 times in the Objectives section and 176 times in the 

Recommendation section, or 194 times altogether between the two sections (Table 13 in 

Appendix B).  The top ten most frequently found words overall were essentially the 

same, indicating that the two sections place emphasis on similar subjects.  As previously 

mentioned, the term “water” is most frequently utilized in both sections.  The rest of the 

top ten words for the Objectives section were “state,” “private,” “agencies,” “local,” 

“quality,” “provide,” “plan,” “protection,” and “governments,” respectively.  From this 

ranking one can be assum that the TWDB strived to work with other authorities, such as 

agencies and landowners, to provide and protect water.  The rest of the top ten list for the 

Recommendations section were as follows: “conservation,” “Texas,” “state,” 

“department,” “development,” “local,” “public,” “programs,” and “legislation,” 

respectively.  Mirroring the Objectives section, the Recommendation section seemed to 

suggest working with other stakeholders in order to achieve the goal of protecting water 

supplies. 

There was a considerable difference between the top ten most frequent words 

overall and the top ten most frequently mentioned unique words for both sections.  This 

further indicated that the two sections place emphasis on similar subjects because their 

most overall frequent words were essentially the same.  The top ten most frequently 
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utilized terms exclusively in the Objectives section seem to provide guidance on desirable 

traits of the State Water Plan, as indicated by the words “flexible,” “guide,” “feasible,” 

“identify,” “works,” “solve,” “comprehensive,” and “detailed.”  The only other word, 

“damage,” did not seem to fit with these plan characteristics, other than a perhaps that a 

goal for the plan would be to minimize or prevent harm to the environment.  None of 

these words appeared more than three times in the entire section. 

The top ten more frequently found terms that occur only in the Recommendations 

section did not provide nearly the same cohesive theme as that found in the Objectives 

section.  Instead, there appeared to be three subtopics within the ten words.  The first 

assumed idea is the reason for the legislation, based upon the words “future” and 

“million.”  The word “million” could also indicate the magnitude of the need or available 

supply.  The second idea that seemed to be expressed were ways to meet the need for 

water, as demonstrated by the words “legislation,” “reservoir,” “enacted,” and “projects,” 

respectively.  The final concept conveyed in the top ten most frequently reoccurring 

terms was that of space, specifically “areas” and “districts.”   These subtopics seemed to 

be a condensed version of the overall State Water Plan, identifying why the plan exists, 

who were the stakeholders, and what the TWDB recommended should be done.  This 

condensed version, however, obviously did not indicate some of the topics of concern.  

More importantly was that it did not contradict the goals stated in the Objectives section.  

Instead, the two sections seemed to work together, with the Objectives section being 

more specific in what the TWDB should achieve with the State Water Plan, and the 

Recommendation section being more specific about what the plan actually incorporated. 
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Based upon the image visualization, the word categorizations and the recurrence 

result analysis, it appeared that the two sections were similar to one another and thus 

there was coherence.  Although there was more text overall in the Recommendation 

section, those methods suggested seem to reinforce the goals outlined in the Objectives 

section without conflict or contradiction.  Furthermore, the Recommendation section 

seemed to suggest ways in which to incorporate various stakeholders and authorities to 

create a more efficient and environmentally sound plan. 

1990  Analysis 

The 1990 plan, as Figure 8 in Appendix C indicates, was significantly different 

than the three documents that preceded it.  There were 1313 words in the 

Recommendations section, and of the 93 words in Objectives section, 71 were also found 

in the Recommendations section.  The image illustrated the degree to which the two 

sections differed in overall unique and shared content size.  It also illuminated that most 

of the shared words were closely related, while the terms found in either section varied in 

similarity, again assuming that the distance between nodes indicates how much the terms 

have in common. 

Most of the shared words were labeled either Concern or Method.  Of the 21 

words labeled as Concern, three addressed having a sufficient amount of water, while 

three others dealt with financial issues.  With the exception of “flood,” “flooding,” and 

“ground,” which are clearly outside the control of man, all of the shared words identified 

as Concern have a human element to them, either as a concern about quality and quantity 

for human use, or as actions humans could take to improve their water condition.  A few 
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of these words, however, could have environmental implications, such as “conditions,” 

“damage,” “factors,” and “improve.” 

The 21 shared words that were labeled as Method appeared to be policy action 

oriented, best demonstrated by the terms “allocate,” “program,” “appropriate,” “goals,” 

“protection,” and “strategies.”  Four other words from the same category indicated a 

recognition for the need for adaptive measures via the words “assessment,” “alternative,” 

“change,” and “flexible.”  “Conservation” and “protection,” also labeled Method, 

indicated concerns about either water or the overall environment, depending upon the 

context.  The only clear sign of the inclusion of science in the words labeled Method is 

the word “technically,” leading one to assume that both sections did not necessarily view 

the field‟s role as vital to the water planning process. 

There were three and five terms categorized as Uses and Uncertain, respectively, 

which were shared between the two sections in the 1990 volume.  The words categorized 

as Uncertain were divided between Concern like words, specifically “issues” and 

“resources” and Method, “approaches,” “current,” and “sources.”  All of the Uses words, 

“development,” “economic,” and “environmental,” mirror those labeled as Concern.  

While the first two were similar to the financial theme explicitly stated earlier in the 

document, the latter was only implied.  The only other time “environment” was found in 

the document was in the Recommendations section.  This leads one to assume that 

changing or ensuring certain environmental conditions were not considered primary 

objectives or goals at the time the document was written.  Overall the shared words 

seemed to address the need to have flexible plans when dealing with water issues. 
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There were only few words found exclusively in this particular Objectives 

section, and most of those were categorized as Concern.   Of the four words labeled 

Concern, one dealt with quantity, and one dealt with quality.  Another, “reuse” could be a 

Method word in certain contexts but given that the procedure comes with a certain 

amount of fears about the safety of the water produced, it was initially labeled as 

Concern.  The words found only in the Objectives section seem to match the theme of the 

shared words in that there is an explicit human concern, but an implicit environmental 

concern for both water quantity and quality.  

The majority of the Recommendations section was classified as Method words.  

Some of these words appeared to advocate an understanding viewpoint, as suggested by 

the words “advice,” “agreement,” “consensus,” “consult,” “cooperate,” and “survey,” 

while other words were more imposing, such as the words “authorize,” “control,” 

“designate,” and “rules.”  The TWDB wanted plans to be created via guidelines, implied 

by the words “based,” “clarification,” “criteria,” “evaluate,” “information,” and 

“quantify.”  Specific actions recommended include “desalinization,” “dam,” “education,” 

“inform,” “importation,” and “incentives.”  There were several words that dealt with 

financial issues as well.  Overall the Method labeled words covered both a wide range of 

actors and the actions that they could take to ensure adequate water quality and quantity. 

The Recommendation words labeled Authority addressed several different layers 

of decision making, ranging from “local” and “irrigators” up to “governor.”  The number 

of participants mentioned also varied from singular actors, such as “engineer” or “owner” 

to many actors, such as “commission” and “representatives.”  Legislative bodies were 
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mentioned in several different ways, as were technical workers.  These words appeared to 

stress all the different types of stakeholders, while continuing to emphasize the 

dominance of legal actors in terms of authority. 

 The Concern words from this section addressed both quality and quantity 

concerns. Quality words included “chemicals,” “affect,” “chloride,” and “fertilizer.”  

Two interesting words were “balance” and “balancing,” which suggested that the writers 

felt that readers of the document needed to understand that tradeoffs were inevitable, but 

that the situation did not necessarily have to be an “all or nothing” type of circumstance.  

Financial considerations also appeared in the form of “debt, „developable,” “funds,” and 

“monetary.”  The words “damage” or “harm” also appeared in several different forms, 

representing specific types of hazards.  Overall, the Concerns category appeared to be a 

very detailed in its list of problems that worried the writers of the State Water Plan. 

There were many words that were deemed geographic in nature, including 

vocabulary relating to specific locations such as “Arkansas,” “Grande,” “Harris,” and 

“Houston.”  There were alsowords that referred to nonspecific locations, such as 

“aquifers,” “basins,” and “canals.”  The words labeled Geographic seemed to cover most 

major water areas found in Texas, both specifically and generically. 

In regards to Uses, the Recommendation section mentioned a wide variety of 

users and possible applications for water.  These users were not only different economic 

actors, but also implicit natural consumers as well.  Overall the Recommendation sections 

seemed to address specific and generic issues, areas and methods.   
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Once again, looking at the recurrences can provide insight into topics that were 

important, based on how frequently they were discussed within the sections (see Table 14 

in Appendix B).  The ten most commonly listed words in order for an aggregation of both 

sections were unsurprising, except for the inclusion of “conservation.”  The top ten words 

for the Recommendation section overall were essentially the same as the list for the 

aggregation.  The top ten most frequently used words for the Recommendation section 

exclusively were almost entirely authority groups.  The list for the top ten most 

frequently utilized words for both the Objectives section overall and the Objectives 

section exclusively, however, were very different.  The top ten words for the Objectives 

section overall gave a greater environmental, economic and quality foci.  The words 

found exclusively in the Objectives section were all utilized either only one or two times 

and thus were difficult to rank based on their appearances, nor derive any sort of theme.   

Given the wide range of topics covered and methods suggested in the 

Recommendations section, it does not appear to conflict with the Objectives section.  The 

word counts, however, reconfirmed that the two sections address subjects with different 

frequency rates.  As such, it was deemed that there was not internal coherence for the 

1990 State Water Plan.   

1992 Analysis 

The 1992 plan contained 58 words in the Objectives section and 333 in the 

Recommendations section.  45 of the words were shared, so there were only 13 words 

unique to the Objectives section and 288 terms found exclusively in the 

Recommendations section for this particular State Water Plan.  This difference in word 
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volumes was clearly visible in the visualization of the directed network (see Figure 9 in 

Appendix C), linking the two sections and the words found in those portions of the 

document.  The image also illustrated that the majority of the words were not very 

similar, as most of the nodes were not close together, even in the shared section. 

The majority of the shared words were labeled as either Method or Concern.  The 

Concern words covered several different topics, although three of the 16 related to cost.  

With the exception of “flood,” the rest are anthropogenic in the sense that they are either 

about actions man can take, or about water use, which usually relates to man.  In contrast, 

the word “environmental,” which was identified under the Use categorization, was shared 

by both sections of the 1992 document.  The Method words seemed to emphasize the 

need for options, based on the appearance of the words “alternative,” “flexible,” 

“strategies,” and “change.”  The words “implementation” and “promotes” gave the sense 

that efforts in the past were deemed as not as successful as desired due to a lack of follow 

through or full participation.  The appearance of the words “goals” and “future” indicated 

that the planners felt that the methods utilized needed to identify possible desired 

conditions. 

The only three words that were shared and labeled Geographic were “areas,” 

“floodplains,” and “local.”  These words were very vague, perhaps indicating a hesitation 

on the part of the TWDB to act as an authority for specific areas.  It could also reflect that 

the document writers did not feel that any defined regions needed more attention in the 

1992 document, given that the document was simply to be an update of the 1990 
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publication.  There were only four shared words that were identified as being Name 

oriented: “plan,” “state,” “Texas,” and “water.”   

As previously stated, the Recommendations section contained a large number of 

words, both shared and found exclusively in that portion of the State Water Plans.  The 

words that were labeled Authority focused on individual authorities, such as “attorneys” 

and “governor,” and groups, such as “districts,” “committees,” and “legislature.”  The 

words labeled Concern addressed the commonly listed quality and quality worries as well 

as financial limitations.  Two other interesting words from this category include 

“climate,” perhaps relating to global climate change, and “downstream,” which 

acknowledges the connection that water provides from one area to another.   

Similar to the shared words, the terms found in the Recommendation section 

exclusively with the Geographic label were vague, although several different water types 

were listed.  There was also only one word listed as Name for this particular section, 

“department,” which is another indistinct term. 

The Method labeled words found solely in the Recommendations section covered 

several different approaches to dealing with water issues.  Some included public 

participation, while others relied more on legislative apparatuses.  Overall there was a 

need for information gathering.  “Universities” was labeled as Uncertain, although it 

could tie into either the education or investigation components of the Methods listings. 

The various uses of water identified in the Recommendation section appeared to 

be both environmental and municipal in nature, thus indicating an overlap with the shared 

word “environmental.”  Overall, the categorizations of the Recommendation section 
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seemed to be vague in what areas needed to work on issues, but had more specific 

suggestions on what to do. 

Due to the small size of the Objectives section, and an even smaller amount of 

words found only in this portion of the 1992 document, there were not many interesting 

trends or patterns.  For example, the Objectives section did not contain any exclusive 

words with the labels Authority, Concern, Name, or Geographic.  The category with the 

most words for the Objectives section exclusively was the Method label.  The words 

within this category indicated a need to change plans.  The only word in the Use 

category, “addition” also could be contextualized as a way to alter an existing plan.   

Based on the categorizations alone, there did not seem to be much overlap 

between to the two sections, both in terms of shared words and similarity between words 

found only in one section.  Looking at the word counts or the top ten most frequently 

found words can either confirm or deny these findings.   

The top four words for the aggregation were all words that were also found in the 

name of the document, which was unsurprising given the purpose of the document.  The 

next six words, however, were not as expected, especially the words “management,” and 

“data.”  The appearance of these words possibly indicated a balanced and criteria based 

approach to dealing with water concerns by the TWDB.  The words “plan” and 

“planning” both were mentioned very frequently in this document, which both implied 

the purpose of the document and the need to anticipate future problems now.    

The top ten words for the Objectives section overall was similar to the 

aggregation list, but instead of mentioning “planning” and “funding” the section instead 
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focuses on altering documents as needed, as recognized by the words “update” and 

“amendment.”  This theme of alteration was more heavily emphasized in the top ten 

words found only in the Objectives section as well.  In this case, four of the ten terms 

deal with changing a document.  The other words do not indicate a theme.  However, 

there were only 13 words that were found exclusively in the Objectives section, and only 

one, “update,” that was listed more than once.  Adding the remaining words “reflects,” 

“updating,” and “years,” to the analysis made it even more evident that the goal of the 

objectives section was to update the preexisting document. 

The top ten most frequently occurring terms in the Recommendations section 

looked essentially the same as the aggregated list, with the only difference besides 

ranking being the substitution of the word “legislature” for “plan.”  There appeared to be 

a theme of aid, continuance and group decision making when looking at the words found 

only in this section.  All three of these themes did not necessarily conflict with those 

found in the aggregation of the sections, nor with the Objectives section, but also did not 

seem to address the goals of the Objectives section as well.  As a result of the analysis of 

the three different products described in this subsection of the investigation, it was 

deemed that there was not internal coherence in the 1992 State Water Plan. 

1997 Analysis 

The 1997 plan contained 110 words in the Objectives section and the 30 words in 

the Recommendations section.  As the figure of the directed network illustrates (Figure 

10 in Appendix C), there were only seven words shared between the two, but the 

concepts that the nodes conveyed must have been very similar as the nodes appeared to 
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overlap each other.  In the sections individually most of the nodes were spaced far apart 

as well.  One interesting characteristic about the 1997 document‟s directed network 

visualization is the slight loop found at the “Recommendations” node.  Typically this sort 

link indicates that the node refers back to itself.  However, in this investigation, the loop 

signifies that the word “Recommendations” was found in the Recommendations section.   

There were seven shared words: “actions,” “legislation,” “plan,” “policy,” 

“section,” “update” and “water.”  Three of the seven, “actions,” “policy,” and “update” 

were labeled Method, while both “plan” and “water” were categorized as Name oriented.  

Of the seven terms, only the words “legislation,” “plan,” and “policy” seemed to indicate 

a theme, and that was of creating guidelines or rules for future behavior. 

The words labeled as Authority for within only one of the two sections and shared 

between the two further emphasized a regulatory approach.  The term “legislation” is 

shared between the sections, and is found again as “legislative” in the Recommendation 

section.  The Objectives section also stresses the use of agencies, as seen by the presence 

of the words “agencies,” “commission,” “tnrcc” and “twdb.”  “tnrcc” stands for Texas 

Natural Resource Conservation Commission, and was the previous name for the Texas 

Commission on Environmental Quality.  At the time of publication this agency is 

responsible for issuing a variety of permits for water use and pollution.  As previously 

stated, “twdb” is Texas Water Development Board, and is the agency both responsible for 

creating the Texas State Water Plan and ensuring that there is enough water for Texas to 

meet most of the state‟s needs. 
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Altogether, the Recommendation section contains 22 words not found in the 

Objectives section, including the two words labeled Authority.  The majority of the 

remaining terms were labeled as Filler or Method.  The terms from the Recommendations 

section categorized as Filler indicated a goal to direct attention, as demonstrated by the 

words “focus,” “implications,” and “necessary.”  The words deemed Method related 

suggest that the writers desired to assess information more thoroughly, as indicated by the 

words “analyses,” “detailed,” “report,” “review,” and “summary.”  The words 

categorized with the other labels, specifically the terms “develop,” “sb,” “affect,” and 

“major,” failed to indicate a cohesive theme.  In conclusion, it appears that the major 

recommendation by the TWDB in the 1997 document is to conduct more thorough 

analysis.  There is no guidance or indication, however, of when or how frequently these 

reviews should be conducted.  The section also does not specify what these reports 

should necessarily contain or review. 

In contrast to the few words found exclusively in the Recommendations section, 

there were over 100 words that occurred only in the Objectives section of the 1997 State 

Water Plan.  Just like the Recommendations section, however, the majority of the words 

in the Objectives section were labeled either Filler or Method.  Some of the terms 

categorized as Filler could be characterized as traits that are found in effective policies, 

such as “broad,” “consistent,” “context,” “perspective,” “reasonable,” “related,” and 

“vital.”  Two words labeled Filler, “eye” and “vacuum,” were interesting because 

without context it is unclear as to why they were mentioned.  The Method related 

Objective section words seem to outline a process of creating a plan and then applying 



65 
 

the process.  This assumption is based on the following workflow; a “plan” is generated 

via “formulating”, with “goal” of “conservation,” and based on a “projected” amount, 

“flexible” “policies” were then established to “meet” the needs of water users, and 

involves “applications” for use or “assistance” that require “approval.”  “Periodically” 

“studies” are conducted, and the plans are “updated” “based” upon the “findings.”  This 

assumption seems in line with both the tasks charged of the TWDB, as well as the current 

planning and policy process for water use in Texas.   

As previously stated, there were over 100 words in the Objectives section of the 

1997 State Water Plan and thus not all of them were labeled Method or Filler.  The stated 

goals that were labeled as Concern reflect some of the different tasks the TWDB is 

charged with covering, such as “availability,” “clean,” “health,” “financial,” “supply,” 

and “viability.”  It is interesting to note that none of these goals have an explicit scientific 

or environmental implication.  The words deemed as Geographic list “estuaries,” “lakes,” 

and “rivers,” as well as “statewide,” leading one to assume that the TWDB was taking a 

more general approach to water issues, and leaving more specific, regional problems to 

be dealt with by the individual regional water districts.  Interestingly enough, the words 

“individual,” “issues,” “places” were all labeled Uncertain although one could assume 

that in this particular section reflects the TWDB overall goal of transitioning to a bottom 

up approach, or that specific problems at particular locations were addressed by the 

administrator responsible for that region, not the TWDB.  Finally, in contrast the 

vagueness found in the words labeled as Geographic and Uncertain, the words 

categorized as Use were very specific.  For example, the specific activities of “boating,” 
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“fishing,” and “swimming” were listed.  Other human uses were also identified, 

specifically “economic,” “development,” and “human.”   In contrast to the concern terms, 

biological users were explicitly identified, specifically “environmental,” “ecological,” 

and “life.” 

To verify that there was coherence between the two sections, an analysis was 

conducted on the table of counts of recurrences and frequencies for the 1997 State Water 

Plan (Table 16 in Appendix B).  The top ten words for an aggregation of the two sections 

talk about planning, reviewing, and procedures.  The top ten words for the 

Recommendation section match this list exactly, except in ranking.  When the words in 

the Recommendation section exclusively were reviewed, only one word was utilized 

more than once, making it difficult to derive any valid conclusion from the ten words.   

In contrast, lists for both the Objectives section overall and terms found only in 

the Objectives section had more substance in regard to themes and concepts expressed.  

For the Objectives section overall, the first four of the top ten words were the usual 

“water,” “plan” “state” and “Texas.”  The other six either are terms usually associated 

with water management decisions, such as “based,” “supply,” “regional,” and “actions.”  

The only exception is the word “currently,” which implies that the writers of the state 

water plan might have been basing forecasts about the future on existing supplies and 

trends.  When looking at the words found just in the Objectives section, the trend found 

in the overall Objectives was still present, even though the words “goal,” and “local,” 

replaced “plan” and “water.” 
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Overall, the two sections of the 1997 State Water Plan included in this 

investigation appeared to have the goal of ensuring enough clean water for a variety of 

purposes through detailed process, but through a bottom up approach.  Furthermore, the 

two sections do not seem to be in conflict with each other, although the Recommendation 

section places a greater emphasis on the need to focus studies and reviews, but without 

the time element found only in the Objectives section. 

2002 Analysis 

The overall word count was much greater for the 2002 State Water Plan than the 

1997 version.  Specifically, there were 211 words in the Objectives section and 38 in the 

Recommendations section.  There were 20 words shared between the two sections, so the 

majority of the words in the Recommendations shared were also shared with the other 

section examined.  Based on these numbers, one would assume that there would be 

substantial coherence within the document, or that the methods suggested sought to 

achieve the goals stated within the same State Water Plan. 

According to the illustration (Figure 11 in Appendix D), most of the nodes were 

evenly distributed in the individual sections and those representing terms that were 

shared.  Although almost all of the nodes were evenly distributed, the shared nodes were 

much closer together than the nodes in either section.  Furthermore, there were some 

nodes in the Objectives section that were much closer or further away, but overall the 

spacing is essentially even.  The visualization also demonstrates the degree to which there 

was a difference in word volume amounts between the two sections, in that there were 
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many more terms found in the Objectives section than in the Recommendation section 

even without accounting for shared words. 

An analysis of the words within the different classifications for the texts can 

provide more insight into the magnitude of similarity between the two sections.  Most of 

the shared words were labeled either Authority or Method.  There was at least one word 

found in both sections of the 2002 State Water Plan for each label, although there was 

only term, “work,” labeled as Uncertain.  The Authority terms shared between the two 

sections stressed the participation of stakeholders, as seen by the words “public” and 

management,” but maintained the power of the government, as demonstrated by the 

words “administrative,” “legislative,” “management,” and “regulatory.”  The seven 

shared terms assigned the Method label refer to the creation or updating of policies.  In 

contrast to these two labels, there is only one word for the categories Concern, Filler, and 

Uncertain.  The term “current,” labeled as Uncertain, illustrates how context and time 

can change the definition of a word.  Although the term can reflect the concept of being 

contemporary or modern, it can also indicate the speed of water flow within a given area.  

This concept has been given increasing consideration in river management in recent 

years.  The categories Use and Name were only assigned to two words each.  It is 

interesting that the only shared words associated with Name, specifically “plan” and 

“water,” did not mention the name of the state, although this does not necessarily imply 

anything in particular.  The terms “needs” and “required” were labeled as Use and 

indicated the demand for water, not who is using the water or for what purposes.  Overall, 
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the terms that were shared give a sense that the TWDB thought creating procedures for 

the future was important. 

Looking at these sections individually, the categorization with the most terms for 

both sections was Method.  For the Recommendations section specifically, there were 

seven terms that were assigned this label.  These terms had two themes: a theme of 

looking at what already exists, as seen by the words “evaluating,” “identifying,” and 

“quantifying;” and a theme of preparation for the future, as demonstrated by “adopting,” 

“preparing,” “projected” and “tasks.”  There were no terms found exclusively within the 

Recommendations section with the label Name.  The only Uses word found only in the 

Recommendations section was “population,” and as previously stated the two sections 

share the terms “needs” and “required.”  All three of these words have an implication that 

water is needed for groups, although not necessarily for humans.   

As previously stated, the terms labeled as Method gave a greater sense of the 

purpose than any other categorizations for the Objectives section.  The category Filler 

was associated with more words overall but these words were rather random as will be 

discussed later.  Within the 42 terms with the former label there were three separate but 

harmonious themes.  The first is public participation, which is best represented by the 

terms “consensus,” “discussions,” “forum,” “groups,” “grassroots,” and “roundtables.”  

There is also another theme of enactment, as demonstrated by the words “action,” 

“adopted,” “approved,” “change,” “enact,” and “implementation.”  There was a final 

theme of comprehension of the situation, as captured by the words “believes,” 

“reviewed” and “understanding.”  From the terms with this label found in this section, 



70 
 

and the themes these words exhibit, seem to give an overall implication that the writers of 

the 2002 State Water Plan felt that public participation, engagement and comprehension 

were all important goals for achieving effective water management. 

The Filler label was linked with a total of 73 words from only the Objectives 

section of the document.  There was not a coherent theme throughout the category, except 

that several of the other words refer to numbers, such as “eighty,” “four,” and “six.”  

Otherwise, there were two or three words that referred to a specific idea, such as “focus” 

and “highlight,” but given the total number of terms for this category there was not 

enough for these words to be considered a theme.  Overall the numerical words and the 

majority of the rest of the terms categorized Filler seem to be grammatical terms that aid 

in the understanding the concepts being conveyed in the relevant section of text.   

The only terms labeled Geographic for this document were found exclusively in 

the Objectives section.  The four terms, “body,” “local,” “miles” and “stream,” were also 

very vague, indicating a possible deference of site specific problems to the regional water 

district responsible for that area.  There were, however, many water areas that were 

completely ignored by the two sections, such as bays, coasts, swamps, and aquifers.  The 

words with the Uses label found only in the Objectives section mostly addressed human 

uses, with only one word, “environmental,” addressing nonhuman water utilization.   

Based solely on the terms with the label Use in the Objectives section, one could 

conclude that the writers of the 2002 State Water Plan were more focused on human 

water use, rather than environmental needs or conditions.  When expanding the analysis 

to include all categorizations from both sections, it becomes apparent that this particular 
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Texas State Water Plan focused on the process of creating and updating water policies, 

including what the goals should be and who to involve. 

Another interesting component of looking at the words within the documents is 

reviewing how many times words actually appear, or what is the most frequently found 

words.  Given that the purpose of the document is water management topics, it is 

unsurprising that the most frequent word overall is “water,” found 30 times in the 

Objectives section, 159 times in the Recommendations section and thus 189 times 

overall.  The next most frequently found word in an aggregation of the two sections is the 

word “planning,” which only appears 79 times, or 110 times less than “water.”  In 

summary, the top ten words of an aggregation of hits the major points of the water 

planning process in Texas as of the creation of the Regional Water Districts: regional 

groups working together to create a plan with a recognition of financial considerations.  

For the individual sections, the Recommendations section overall seemed to mirror the 

aggregate top ten list, with the exception of mentioning “groundwater” instead of “plan.”  

The Objectives list of top ten words largely focused more on planning, with the 

derivation of the word appearing three times in the list.  When looking at the words that 

only appeared in the relative sections, the Recommendation section places a greater 

emphasis on the recognition of finite resources, such as “groundwater,” “reservoir,” 

“conservation,” and “availability.”  The terms found exclusively in the Objectives section 

lacked a coherent theme.   

In summary, based on all three types of informatics generated products used in the 

analysis of this particular State Water Plan, it appeared that there was coherency and 
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congruency in the 2002 document.  There was a general theme of planning for the future 

based on public and regional participation, as well as an acknowledgement of limited 

resources and non human users. 

2007 Analysis 

The 2007 State Water Plan is the most recent edition of the plan, and thus has the 

possibility of having the greatest impact on current day water management because not 

only can each plan undo the previous, but also there has been at least one legislative 

session since the 2007 plan was created, giving the Texas legislature a sufficient period 

of time to respond to the document‟s policy recommendations.  Looking at the 

composition of the two sections analyzed in this investigation (see Figure 12 in Appendix 

C), there was a tremendous difference in the size of the two portions of the document.  

Specifically, the Objectives section was very small, containing only 38 words total.  

There were 33 total words shared between the two, which was the majority of the 

Objectives section.  However, there were many more words in the Recommendations 

section than in the Objectives section, which increases the likelihood that the two sections 

may not be coherent. 

According the to the illustration, the five terms found only in the Objectives 

section were very similar, based on the fact those five nodes were all so close that they 

either touched or overlaped.  The nodes that represented the shared terms were also very 

close or overlaped for certain terms.  This similarity was not seen to the same extent in 

the Recommendations section of the illustration, although this was not surprising given 

the large number of words found in that portion of the document.  Furthermore, even 
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though not all of the Recommendations nodes were close, or even touching, the majority 

were.  Assuming that the degree of similarity represented by the visualization of the 

directed network was accurate, there should be a fair amount of coherence between the 

two sections.  There should also be a great degree of similarity in the themes found 

within the individual sections and in the shared terms. 

The only words that existed exclusively in the Objectives section were “consists,” 

“describing,” “preparing,” “recommending” and “surpluses.” As will be explored later, 

the 2007 plan contained many unique words that were not found in other documents. 

According to the categorization process, the words found only in the Objectives section 

were spread among the different categories.  Looking at the words themselves, there did 

not appear to be a coherent focus. 

In regards to the 33 words found in both sections of the 2007 State Water Plan, 

most of those terms were labeled Method.  Most of this subsection also deals with the 

process of creating and updating plans, not with specific water resource management 

strategies.  The shared terms labeled Authority addressed both centralized and 

decentralized decision makers, as would be expected from a document during an era of 

bottom up policy planning.  The rest of the words found in both sections of the State 

Water Plan did not indicate a particular motif. 

Given that the Recommendation section had over 1000 unique terms, it was 

decided that it would be as difficult to ascertain a line of focus as if there were only a few 

words.  The words labeled Authority appeared to cover relevant private and public 

stakeholders, and included technical participations, such as “engineers” and “scientists.”  
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Identified Concerns included water contaminants of various types, economic or fiscal 

considerations, and problems related with quantity. The contaminants listed included both 

naturally occurring chemicals, like “chloride” and “salinity,” and manmade issues, such 

as “radioactive” and “radium.”  Some of the words that were labeled Filler appeared to 

be series of words that should be separated, or segments of words that were incorrectly 

separated.  As to be expected with a section so large, words pertaining to Geographic 

regions ranged from very specific “balcones,” to very broad “bays.”  The concepts related 

to methods appeared to advocate a strategy of detailed assessments and updating plans 

through a collaborative group process, science and technological models.  In regards to 

specific water strategies, dams and desalination were specifically mentioned and 

categorized as Method.  “Reservoir” and “reservoirs” were mentioned but were identified 

as Uncertain.  “Fees” and “fines,” both of which were labeled as Method, were also 

mentioned, which could have been in reference to paying for projects, or for enforcement 

of policies.  There were few legal approaches mentioned, or were not labeled as Method.   

As with the 2002 document, the users of water identified in the 2007 state water plan 

included both various human actors or their uses that require water, and environmental or 

ecosystem users. 

Given the sheer breadth of the Recommendations section, it is unsurprising that 

the words listed would cover the goals stated in the Objectives section, for shared terms 

and words found exclusively in the Objectives section.  This was another instance where 

words counts can aid to the understanding of the document from an informatics 

perspective.  The ten most frequently utilized words in an aggregation of the two sections 
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emphasized financial concerns, locality, and conservation.  The top ten words in the 

Recommendation section overall and in the Recommendation section exclusively 

mirrored this theme.  The Objectives section, in contrast, addresses the need to 

understand the current availability.  As previously mentioned, there was only five words 

found only in the Objectives section and these terms did not appear to follow a theme.  

Based on the word counts, the image visualization and the categorization of the contents, 

the sections of the words the two sections are coherent as they address the same subject, 

but they are not congruent as they emphasize different water issues without conflicting. 

Topical Analysis Coherency Results Summary  

  The table on the next page summarizes the coherency analyses of this chapter.  

With the exception of the 1992 volume, the state water plans displayed coherency.  The 

state water plans did not display the same amount of congruency, although this was not 

captured in 

Table 6 on the next page.   Congruency refers to the difference in the number of words 

captured within a particular section, while coherency refers to the degree of similarity of 

subjects covered within each section.  It is interesting to note that the earlier documents 

were more equal in terms of the number of terms found in each section and shared, while 

the later editions were very unbalanced.  Future analyses will do a more thorough job of 

comparing contents over time. 
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Year  Counts  Visualization  Categorizations  Coherency  

1961  Equal unique, few 

shared  

Not a lot of similarity  Great amount of 

similarity  

Yes  

1968  Equal shared and 

Objectives,  not with 

Recommendations  

Objectives nodes 

close, diverse in 

Recommendations 

Agree for part, 

different concerns  and 

methods  

Yes  

1984  More words in 

Recommendations, 

Objectives shared 

most  

Uneven spacing and 

counts  

Both  cover wide range 

of users and uses  

Yes, but 

Objectives 

less specific  

1990  Overwhelming more 

nodes in 

Recommendations 

section than in rest of 

the image 

Shared close, unique 

for both far apart  

Objectives more 

environmental, 

Recommendation more 

about balance  

Yes  

1992  More words in 

Recommendations 

than Objectives  

All spaced apart, even 

shared  

Objectives  emphasize 

change, 

Recommendations 

No  
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state what to do  

1997  Few cases of overlap 

between sections 

Unique terms spread 

apart, shared terms 

overlap  

Both sections focus on 

creating and updating 

policies  

Yes  

2002  Most 

Recommendation 

terms shared,  many 

unique Objectives 

terms 

Unique terms evenly 

spaced, while shared 

terms overlap  

Both sections focus 

who should be  

planning, and uses of 

water  

Yes  

2007  Most of Objectives 

shared, more than 

1000 unique 

Recommendations 

terms  

Objectives section is 

very similar, 

Recommendations 

vary in difference  

Recommendations 

covered terms in 

Objectives section and 

more, but not a lot of 

legal  

Yes, but not 

congruent  

 

Table 6: Summary of Topical Analysis  
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CHAPTER 3: Time Series Analysis  

 

Directed network visualizations provide insight into the concepts in the individual 

documents at a point in time.  Analyses of the set of State Water Plans offers a view to 

shifts and changes of key topics over time.  This type of analysis is called a temporal 

burst, and allows viewers to quickly understand how long certain topics appear in 

consecutive documents.  For this investigation temporal analysis was conducted on the 

assumption that as science, culture, and planning methods change over time the words 

that are mentioned in the plans will differ to reflect these shifts in ideology, scientific 

knowledge, or technological capabilities.  Results of the analysis are presented using a 

bar graph where the thickness of the line indicates how frequently the term was used, so 

the thicker the line the more times the word was found.  The length of the line indicates 

the length of time that the word was found in consecutive volumes.  The timeline at the 

bottom of the graph was altered to display only relevant years.  The bar graph for the 

temporal burst analysis over all of the recommendation sections illuminates several 

interesting features of the documents (see Appendix).  For instance, according to the 

graph there were only two words that were found in all of the documents.   

There are a few benefits to using this type of analysis.  One of the primary 

benefits is that it enables viewers to easily ascertain the start and end dates of the 

appearance of words.  It also allows for one to determine the overall relative importance 

of a word based on the number of times it appears over time.  Unfortunately, there are 

several drawbacks to using this type of analysis as well, such as it can only produce 

limited results because it can only be applied to data sets with consecutive start and end 
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dates.  Also, the appearance counts are aggregated, which means that the bar graph does 

not illustrate the amount of usage of the word in different years.  Instead, the width of the 

bar displays an average, which is not as informative.  For example, a particular word may 

have a sudden spike in use, or gradually increase or decrease in appearance.  These usage 

trends, however, would not be apparent in the image visualization of the temporal burst.  

Another constraint when using horizontal bar graph topical bursts is that for large data 

sets the font for the resulting image is too small to read.  Different approaches could be 

used to make ease readability such as visualizing only the most frequent, the longest 

appearing or the shortest appearing words were visualized, but these methods prohibit a 

full understanding of word and topic trends.  

METHODOLOGY 

In order conduct a temporal analysis, three new spreadsheets were created by 

hand, one for each section and then one for both sections combined.  The new 

spreadsheets indicated the term, the first year that word appeared in a document, the last 

year the word appeared, as long as there were no gaps in appearance over time, the 

number of times the word appeared during that continuous time span, and the number of 

years in the time span.  For example, a term would be recorded in the spreadsheet if it 

appeared in the 1961 and the 1966 State Water Plans, but the term would not be recorded 

if it first appeared in the 1961 State Water Plan, was not found in the 1968 State Water 

Plan, but then again appeared in the 1984 State Water Plan.  “All Years All Sections 

Master Counts Table” was sorted in alphabetical order by the column “Words,” which 

contains all of the terms within all of the documents.  The column for the first date of 
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appearance was titled “Start,” and the column for the last year of continuous appearance 

was titled “End.”  The third column was titled “Total Occurrences” and was generated by 

adding the counts from the main spreadsheet the years of publication captured between 

the “start” and “end” dates.  The final column was created by subtracting the first column 

from the second, and was titled “Length of Time.”  The spreadsheet was then saved as 

either “[Section Name] All Years Temporal Burst” or “All Years All Words Temporal 

Burst” depending on the content of the spreadsheet.  Each spreadsheet was saved in the 

CSV (Comma delimited), or .”csv” format. 

 Due to the large data set and the limited capabilities of the horizontal bar graph 

viewer, only the top ten percent of the words found in the recommendations and overall 

sets were visualized, based on their total number of occurrences in each respective 

continuous time interval.  However, because there were so few entries in the objectives 

section, all of the words from this data set were visualized.  If only the top ten percent of 

the objectives were visualized, the graph would only contain 15 entries, and only 

capturing information through 1997.  This is problematic given that the entire data set 

contained dates through 2007.   

To create the horizontal bar graphs, the “Temporal Bursts” spreadsheets created 

earlier in this methodology section were loaded into Sci2 using the same process as 

described in the preceding paragraphs.  For the sections were only the top ten percent of 

words were used, “Extract Top N% Records” was chosen from “General” under the 

“Preprocessing” drop down menu, located at the top of the Sci2 Tool window.  “10” was 

entered into the box to the right of “Percentage of rows to keep (N%),” and “Total 
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Occurrences” was chosen from the drop down selection menu found to the right of the 

“Column to sort by.”  After this optional step was completed, the tables needed to be 

“sliced” into time intervals.  This process was conducted by choosing “Slice Table by 

Time” from “Temporal” under the “Preprocessing” drop down menu, located at the top of 

the Sci2 Tool window.  This also concludes the preprocessing steps necessary to conduct 

the temporal burst analysis. 

The horizontal bar graphs were then created by selecting “Horizontal Bar Graph” 

from “Temporal” under the “Visualizations” drop down menu.  A window with several 

input options for the resulting image would then appear.  “Word” was chosen from the 

dropdown menu next to “Label,” “Start” was chosen for the option next to “Start Date,” 

“End” was chosen for the option next to “End Date.”  There were two options for “Size 

Bars By,” either by the length of time the word appeared, indicated by the value in the 

“Length of Time” column, or the total number of times the word appeared in the 

respective time period, found in the “Total Occurrences” column.  The rest of the values 

were left as the default setting.  In order to view the graph, the resulting file must be 

highlighted in the “Data Manager” list on the right side of the program window.  The 

process also requires the latest version of GSView, or Ghost Script View, to be 

downloaded onto the computer.  Details for downloading the most current edition of 

GSView are detailed in the User Manual of Sci2.  Once these conditions are met, the user 

may then choose “Image Viewer” from “General” under the “Visualization” file menu at 

the top of the image window.  The resulting horizontal bar graph was then saved as a 

.”jpeg” image by choosing “Save” from the dropdown window that appears after right 
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clicking the resulting graph‟s file in the Data Manager list on the right side of the 

program window.  These images would be used for temporal analyses, with the results 

listed below. 

RESULTS 

As previously stated, the temporal burst analysis was conducted three separate 

times; for an aggregated of all the Recommendation sections, for an aggregate of all the 

Objectives sections and for an aggregate of all of both sections over time.  It is assumed 

that the results of the Recommendations and Objectives will differ greatly, and that there 

will be clear shifts in word usage over time in all three visuals. 

Recommendations over Time 

As predicted, there were clear shifts in changes in words used over the span of the 

documents.  Given the purpose of the document, it was not a surprise that the words 

“water” and “plan” were found in all of the documents.  They were the only words, 

however, that were found consecutively in all of the Recommendation sections for the top 

ten percent of words based on occurrence.  The words “recommendations” and “policy” 

were the only other words that are found in a significant number of consecutive 

documents, appearing in publications from 1968 through 2007 (see Figure 14 in 

Appendix D).  Almost all the terms that first appeared in 1961 and 1968 were not found 

in the publications following either 1990 or 1992.  The only exceptions are the words 

already mentioned in this paragraph, and “conservation,” “Texas,” and “state.”  Other 

concepts that first appear in 1961 include “conservation,” “local,” “development,” 
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“projects” “rights,” “future,” and “financial.”  There are not words introduce in 1992 and 

1997 that lasted more than one section, at least based on the rankings of this analysis.  

Some of these words include “groundwater,” “quality,” and “regional.”  Interestingly, the 

word “review” is the only word that first appears in 1990 that not only is found in later 

documents, but also is found in all documents through 2007.  There are almost 50 unique 

words that are found in 2002 and 2007 that are not found consecutively prior to 2002.  

Some of these words include “fund,” “management,” “districts,” “research,” “resources,” 

and “information.”  It is important to remember that for some of the words, such as 

“districts” and “resources,” there was a re-emergence in the years 2002 through 2007 

after not appearing for at least one publication.  Other words, such as “twdb” and 

“aquifer” did not appear, at least in the visual, prior to 2002.   

Given the purpose of the section, it was assumed that the section would mention 

words relating to specific water management strategies or infrastructure types.  In terms 

of strategies, the terms “legislation,” “management,” “projects,” and “information” were 

all found prior to 1992.  Public was mentioned both from 1968 to 1992, and from 2002 

through 2007.  It is not certain, however, if this word refers to public participation or 

educating the public.  For 2002 and beyond, the words “information,” “reservoir,” 

“aquifer,” “twdb,” and “programs” were all mentioned.  Missing was the suggestion of 

specific structures, such as canals, dams, irrigation, and importation.   

The width of the horizontal bars did not prove to be informative, as due to the 

effect of averaging all of the bars for 2002 through 2007 were much thicker than the rest 
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of the lines.  It also was impossible to quantify the widths so any statements made about 

widths would be highly subjective and thus open to a great amount of false conclusions. 

Based on the horizontal bar graph image, and the words found for the different 

length of times for this sample set, it appears that there a gap in most of the words 

between 1992 and 2002, indicating a possible shift in 1992 and 1997 that then shifted 

back in 1992.  Looking at the words themselves, it did not appear that there was a shift in 

recommendations over time though. 

Objectives Over Time 

Altogether there were 145 entries used for the temporal analysis of the Objectives 

section, 139 of which are unique entries (Figure 15 in Appendix D).  This was not the 

total amount of words that appeared in all objectives sections, but rather the number of 

words that appeared in at least two successive volumes.  There were only two words, 

“water” and “plan," that were found in all documents consecutively.  There were 32 

words, or approximately 22 percent of all words identified in this analysis, that only 

appeared in the 1961 and 1968 documents, and ten that ran from 1961 to 1984.  None of 

the words that started in 1968 were found in consecutive documents through 2007.  The 

closest was “action”, which appeared in all documents from 1968 through 2002.   Only 

two words, “future” and “recommendations,” were found in the 1990 and 1992 

documents.  There were no other words that were found in the 1990 document that ran 

consecutively past the 1992 document. Furthermore, many of the words starting in 1984 

were also found in only 1990, not 1992 as well.  In contrast, many of the words 

originating in 1968 ended their “runs” in 1990 and 1992.  Only two words, “update” and 
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“consider” were found only in the 1992 and 1997 documents.  There were four words 

found in the 1992, 1997 and 2002 documents.  Fifteen words were found only in 1997 

and 2002, but not in 2007.  Finally, there are nine words that were found in both the 2002 

and 2007 documents.   

Based on these visual and quantified trends alone, it appeared that there were 

several changes in the goals or objectives over time.  First, it seemed that there was a 

shift between the 1968 and 1984 documents.  This could be in part due to the 16 years 

between the two documents, which is a long time in the resource management field.  

There also appeared to be a different set of objectives for the 1984 and 1990 documents 

than any of the documents preceding or following these two volumes.  Although the 2002 

document shared objectives with both the 1997 and 2007 publications, there did not seem 

to be as much similarity between 1997 and 2007.  This may actually represent a transition 

and not a shift.  Finally, with the exception of “water” and “plan,” the lack of continuous 

words throughout all of the objectives sections over time indicated that the goals of the 

planners most likely have changed.  This could be as a result of changing physical needs 

of the state due to growth of industry or population, new information gathering 

techniques or general knowledge overall, or shifting social values. 

Looking at the words themselves, not just the counts of words, can also indicate 

trends.  The words shared between 1961 and 1968 seemed to cover a wide range of 

human needs and concerns, such as “municipal,” “industrial,” “storage,” and “meet.”  

Some of the words could also be applied to meeting the needs of the environment, but the 

word “environment” did not actually appear in that time frame.  The terms closest to 
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referring to physical need concerns found in the years 1961 and 1968 specifically were 

“streams,” “and “watershed.”  “Flood” was found continuously from 1961 through 1990, 

but then not again after that.  This was interesting because that flooding remains a 

concern for different parts of the state, even into present day, and efforts are still being 

taken to reduce its occurrence in metropolitan areas.  The 1984 and 1990 documents 

mentioned the words “population,” “life,” “improve,” “human,” “economy,” and 

“welfare,” indicating a greater concern about the well being of humans than reflected in 

the other documents.  However, in 1984 the words “environmental” and “conservation” 

appeared indicating that other interests as well.  Both of these words however continued 

only to 2002, not 2007.  Words that were not seen that might be expected include 

“aquifer,” “preservation,” “wildlife,” “ecosystem,” and “nature.” 

As previously stated the primary planning authority has changed over time, 

moving from a centralized, top down approach to a bottom up strategy that involves both 

public participation and regional decision making.  The words “agencies,” “federal” and 

“planning” were found in 1961.   “TWDB” was only found consecutively in 1997, and 

2002, but in the other documents the name of the agency may only appear as individual 

words, and not as the acronym.  The word “public” was found consecutively in 1997 and 

2002, which is when the regional planning groups were first signed into law via Senate 

Bill 1.  Interestingly, “participation” did not appear in the analysis until 2002, but 

“regional” first appears in 1992.  In 2002 and 2007, “legislative” and “administrative” are 

included, which is surprising considering that the plans were meant to be bottom up but 

these words indicate a top down decision making procedure.  However, this analysis was 
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being conducted for terms are found in the Objectives or Goals section of the plan, which 

did not necessarily need to describe the planning process. 

One of the key responsibilities for the TWDB is not only to provide an adequate 

amount of clean water, but to do so in light of a limited fiscal budget.  However, there 

was not a constantly used term in the objectives section over time to refer to cost 

concerns.  In fact there were no shared economic, fiscal or financial terms shared 

between: the 1961 and 1968 plans, the 1990 and 1992 plans, the 1992 and 1997 plans, the 

1997 and 2002 plans, and the 2002 and 2007 plans.  The lack of shared financial words 

between the first two documents may have been because the writers of the 1961 plan 

were engineers and thus assumedly more interested in the most effective water 

management plans rather than their costs.   In 1968 and 1984, when the document was 

generated by an agency charged with taking costs into consideration, the term used was 

“financial.”  In 1984 and 1990, financial concerns were addressed in the terms “cost,” 

“economy” and “economic.”  The lack of appearance of financial words shared between 

documents after 1990 though is contradictory to what one would assume given that it is 

one of the key tasks of the TWDB it would be considered a goal or consideration when 

setting the objectives of the State Water Plan. 

There are several water protection or supply method related words used over the 

years in the Objectives section, although that portion of the document did not seem to be 

the ideal place to list specific strategies suggestions.  Specifically, the word “importation” 

was found in the 1961, 1968 and 1984 documents, but then not again after that.  This 

term may have been replaced by the phrase “interbasin transfer” in later documents. 
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“Storage” and “reservoir” were also mentioned in the 1961 and 1968 documents, which 

was the time frame when dams and reservoirs were supposedly most popular.  “Quality” 

was in mentioned in the 1968, 1984, 1990 and 1992 documents.  Finally, the word supply 

appeared as “supplied” “adequate” in the 1961 and the 1968 water plans, “supply” in the 

1961, the 1968, the 1984, the 1990, the 1992 and the 1997 document, and “supplies” in 

the 2002 and 2007 volumes. 

In summary, the horizontal bar graph demonstrated that there were shifts in the 

Objectives section over time.  There were clear changes in words utilized depending on 

the year of publication, with major changes at certain publications.  Looking at the words 

used there were clear shifts and transitions in themes. 

Aggregation of Sections over Time  

Looking at the horizontal bar graph of the top ten most frequently occurring 

words for an aggregate of the two sections clearly indicates two major shifts in the words 

that were discussed over time (Figure 16 in Appendix D).  The first resulted in a drop off 

the use of many words at 1990, and the second resulted in a major drop off of word usage 

at 1992.  Just like for the individual sections, there were a significant number of words 

that either appeared for the first or reappeared in 2002 and then were seen again in 2007.   

For example, “conservation” was mentioned from 1961 through 1997, and then again 

from 2002 through 2007.  “Provide,” on the other hand, only appears in the 2002 and 

2007 State Water Plans.  In contrast to the obvious shifts in word usage due to the length 

of the horizontal bars, there was not such a clear shift in themes when looking at the 

words utilized.  



89 
 

Chapter 4: Topical-Time Series Hybrid 

 

Topical analysis was completed for the entire set of State Water Planning 

documents, including both Objectives and Recommendations sections.  The resultant 

visualization highlights topics that were part of nonconsecutive publications.  Particular 

attention was focused on the difference between the 1992 and the 2007 volumes to 

determine if the appearance of groundwater conservation districts and the rise of 

technology aided scientific modeling resulted in a change in the goals and/or policy 

recommendations sections.  Based on the results of the thesaurus in terms of content and 

size, it was surmised that the goals stated in the water planning documents remained 

essentially the same while the methods for solving the problems changed greatly over 

time.  Additionally, generalizations were derived from the temporal analysis and topical 

analysis between sections regarding possible trends in subject matter over time, and to 

determine if these trends matched the shifts as stated in a historical review of the plans 

found in the 2007 State Water Plan. 

METHODOLOGY  

The next round of visualizations created with Sci2 also illuminated the temporal 

changes of the Texas State Water Plan, but unlike the previous attempt, this phase 

utilized the directed network processes again for all volumes of the Texas State Water 

Plan.  The “Objectives To Be Aggregated,” “Recommendations To Be Aggregated” and 

“All Words All Sections To Be Aggregated” spreadsheets used earlier were imported into 
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Sci2.  The directed network process was repeated for the spreadsheets just mentioned 

using the same process as the topical analyses performed earlier in the investigation.  

One of the drawbacks of both the visualizations used in the previous chapters was 

that although they indicated which words were found in each state water plan, they failed 

to indicate the magnitude of occurrences at specific points in time.  As previously 

mentioned, the width of the horizontal bars in the temporal analysis was merely an 

indication of some trait over a time frame, not at particular points within that time period, 

thus failing to indicate any change in its overall use.  To overcome this, bar graphs were 

generated in Excel based on the information found in the “TWSP All Sections Thesaurus 

By Hand with Word Count” spreadsheet.  The height of each vertical bar indicates the 

number of times that a specific word was found in a particular section of a specific 

volume.  In graphs simultaneously examining the use of several words, the color of the 

vertical bar corresponds with a specific word as identified in the key.  The bar graphs 

were first generated to reflect the recurrences of words tied with concepts identified by 

the TWDB in the 2007 State Water Plan as being more prevalent in certain time frames.  

Due to the ease of creating these graphs, and the large number of vertical bar graphs 

generated, individual bar graphs were not saved.  Instead, after the initial analysis was 

derived for a specific word or a set of similar words, the graph produced for the analysis 

was copied and pasted directly into Appendix E of the thesis document.   
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RESULTS  

There were only two words, “plan” and “water,” that were found in all sections 

and all documents throughout the years.  Given that the purpose of the document is to 

provide a plan about for ensure water the state of Texas, it was assumed that these terms 

would appear throughout all of the data texts.  The word “Texas,” however, only 

appeared in 14 of the 16 data texts; the word was absent from the Recommendations 

section of the 1997 document and the Goals section of the 2007 document.  Simply 

looking through the list, many of the words found in more than one document were also 

found in the first two state water plans, the plans published in 1961 and 1968.  The two 

sections lacking the most terms that the other sections contained were the 1997 

Recommendation and the 2007 Goals sections.  There were, however, several words that 

appeared exclusively in one or both the 2002 and 2007 state water plan.  

The first shift specifically mentioned in the 2007 State Water Plan followed the 

1961 and 1968 plans.  According to the TWDB, these documents were created during the 

middle of America‟s dam and reservoir building era, a period which ended around 1980.  

The plans, however, should still continue to mention the words “dams” and “reservoirs,” 

or their singular counterparts, because the structures are still recommended as a water 

management strategy, but with much greater frequency.  Looking at only where the terms 

were mentioned, the word “dams” was mentioned in the 1961, 1990 and 2007 editions.  

The singular form, “dam” was only found in the Recommendation section in 1990.  The 

terms “reservoir” and “reservoirs” both appeared in many of the documents, specifically 

all of those except 1992 and 1997.  Interestingly, looking at the total number of times 
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these words appeared, the greatest occurrences of “dam” and “reservoirs” happened in 

the 1990 Recommendations section, “reservoir” in the 2002 Recommendations section, 

and “dams” in the 2007 Recommendations section (see 

 

 Figure 17 in Appendix).  What makes these occurrences interesting is the fact 

that the overall number of dams and reservoirs recommended to build has decreased over 

time, as demonstrated by the figure below, which was reprinted on page 113 of the 2007 

State Water Plan.  
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Figure 4: The Number of Reservoirs Built in the United States by Time Period, (Texas 

Water Development Board, January 2007, p. 113) (Glieck 2000) 

 

Again, this may be in part due other concerns or recommendations regarding the use of 

dams or reservoirs.  Another point to consider is that these are total counts, not relative 

frequency, which means that although the word was mentioned more frequently in a later 

document, it could represent a smaller portion of the overall document. 

There are two main reasons why these words may have appeared in greater 

amounts after the era when the majority of the building occurred.  One reason is the need 

to maintain or upkeep the massive and influential structures.  The other possible reason 

was the benefits these structures provide.  Per the TWDB, dams control flooding and 

provide hydroelectric power, while reservoirs ensure water for consumptive and 

recreational purposes (2007, p. 112).  Looking for words associated with these benefits, 

however, “hydroelectric,” “flood,” “consumption,” and “recreation,” would not provide 

additional insight as to the reason for the increased mention of structures because the 

words are also associated with other concepts or actions. 

Per TWDB from 1980 to 1990, planners shifted their focus from building large 

structures to better water management strategies, such as the specifically mentioned 

concepts of “conservation” and “reuse” (2007, p. 113).  Other approaches mentioned in 

the text from the 2007 detailing the Plans‟ history include “desalination” and “alternative 

sources.”  According to the 2007 State Water Plan, the plans starting with and following 

after 1984 were meant to recommend these concepts more frequently, but with the 

greatest emphasis in 1997 and 2002.  Based on this assessment, the words 



94 
 

“conservation,” “desalination,” “reuse” and “management” were examined using the 

processes detailed in the Methodology section above, and illustrated in 

 

 Figure 18 (see Appendix E).  The word “reuse” appeared the first time in the 

1984 State Water Plan, and then again in 1990, 1992, 2002 and 2007 documents.  The 

word “conservation,” however, appeared in both sections of every document, indicating 

that the concept was discussed prior to 1980, which was when water management 

methods were initially implemented, or when the 2007 State Water Plan stated that the 

concept was first considered a priority.  The word “desalination” was found in the 

Recommendation section of the 2002 and 2007 State Water Plans, while the alternative 

spelling, “desalinization,” was found in the 1984 and 1990 Recommendation sections.  

The word “management” was found in both sections of the 1968, 1984, 1990, 1992, 2002 

and 2007 plans, although it was not in the 1997 document, as was expected based on the 
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TWDB historical timeline of the State Plans.  In fact, only the appearance of the word 

“desalination” agrees with the agency‟s review of the plans.   

Once again, looking at the actual number of times the words appeared in the 

documents mentioned can indicate whether the plans actually placed greater emphasis on 

these concepts.  According to the frequency records, the word “conservation” had two 

spikes in use, first in 1990 and then again in 2007.  Both spikes occurred in the 

Recommendation section of the respective year‟s Water Plan, indicating that although the 

writers thought that it should be a priority, it was not necessarily a goal.  It also indicates 

that conservation was not a major topic of discussion until 1990, and then relatively 

ignored until 2007.  The word “reuse” had its greatest appearance in the 

Recommendations section of the 2007 State Water Plan.  It first appeared, however, in 

1984, supporting the statement that there was a shift in 1984 in water management 

strategies that included using water again.  The word “management” first appeared in the 

Recommendations section in 1984, but the greatest number of appearances happened in 

the 1990 Recommendations section.  There were also a high number of occurrences of 

the word “management” in the 2002 and 2007 state water plans.  In contrast to the words 

“conservation” and “reuse,” the number of occurrences of the word “management” over 

time supports the statement by TWDB regarding the focus of this time frame.  It also 

indicates that although it was determined by 1984 that water management strategies were 

needed, it may not have been clear what these plan of actions should entail, or that 

specific strategies were not mentioned to avoid forcing the state to adopt any particular 

tactic(s).   
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According to the 2007 State Water Plans, greater emphasis was placed on public 

participation starting in 1992 in the Texas State Water Plans (p. 114).  One would assume 

that if this was true, there would be a rise in the words “public” and “participation” 

around this time.  The word “public” appears in all of the State Water Plans except the 

first in 1961 while the word “participation” appears in all of the State Water Plans with 

no exceptions.  These words are vague, however, and simply noting when they were 

found does not indicate whether they actually were considered more serious following 

1992.  When the overall reoccurrence counts were examined, they did not confirm the 

assumption (

  

Figure 19 in Appendix E).  The word “public” actually had its first spike in use in 

the 1984 State Water Plan Recommendation section, with a slight decrease in 1990, 1992, 

and 1997, respectively.  It was then found in both sections of the documents from 2002 

and 2007, though more significantly in the Recommendation section of the latter.  The 

word “participation” was never highly used, although its most frequent occurrence was in 
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2002 in both sections of that document.  Based on these findings, one could conclude that 

public participation either was considered at a different time, or the documents used 

words other than “public” and “participation” to indicate those concepts. 

The 1997 plan followed a drought in 1996, and the bottom up planning process 

was first outlined in that document.  As previously explained the bottom up approach 

involves planning first at the local level and, in Texas water management decisions, 

requires regional consensus before being submitted to the state for administrative 

approval.  It was assumed that the 1997 State Water Plan would include the words 

“administrative,” “bottom,” “up,” “local,” and “regional.”  The word “administrate” is 

not found in any of the documents, but “administrative” is found in the 1984, 1990, 2002, 

and 2007 State Water Plans.  Its greatest use, however, was in the 2002 and 2007 plans 

(Error! Reference source not found. in Appendix).  The word “bottom” is only found in the 

ontext of “bottomland” for any of the documents, and the word “up” was never found by 

itself in any of the state water plans.  The word “local” was found in all documents, so it 

was not a new concept in 1997.  Finally, the word “regional” was found in every 

document except the one published in 1961.  The word “regional” had three periods of 

higher usage, specifically in the Recommendation sections of the 1990, 2002 and 2007 

State Water Plans (Figure 20 in Appendix E). 

Year 2002 marked the beginning of the use of regional water plans prepared by 

the 16 regional water districts.  It was assumed that the word “district” would first appear 

around this time, but this assumption was incorrect.  Instead, the term first appeared in 

1968, followed by occurrences in 1984, 1990, and 1992.  It is also found most frequently 
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in 1990 (

  

Figure 21 in Appendix).  The word “districts” was found in the Recommendation 

section of the 1968, 1984, 1990, and 2007 State Water Plans.  It was most frequently used 

in the 1990 Recommendation section, but also had a high number of occurrences in the 

2007 Recommendation section (
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Figure 21 in Appendix).  Although the appearances in 2007 followed what was 

expected based on the timeline presented by the TWDB, the 1990 usage does not. 

The TWDB stated that the 2007 State Water Plan was meant to be very similar to 

the 2002 State Water Plan in terms of reflecting the importance of public participation in 

the planning process (2007, p. 116).  When the terms and sections were aggregated as 

described earlier in the Methodology section of this paper, it was found that there were 19 

words found in both the Recommendation and the Objective sections of both documents, 

or all four sections altogether.  When comparing just the two sections with each other 

across time, such as the goals of 2002 and 2007, it was found that there was more terms 

shared between the Recommendations sections than the Objectives sections.  

Specifically, there were 32 terms found in both Recommendation sections and 20 terms 

in both Objectives sections. In total, there were 123 words shared between the two 

documents.  Interestingly enough, the only times words were found in both objectives 

sections the words were also found in both Recommendation sections.  There were 105 

words unique to the 2002 State Water Plan, but there were 893 words unique to the 2007 

document. As such, it appears that the 2007 document either used new terms for the 

concepts that it shares with the 2002 document, or there was a shift in goals in the latter 

text.   

The 2007 State Water Plan was also meant to incorporate a greater emphasis on 

conservation strategies, increased citizen participation and the need for further 

investigation of impacts of water use on agriculture and natural resources (Texas Water 

Development Board, January 2007, p. 116).  In agreement to these assertions, although 
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the word “conservation” appeared in all volumes, there was a spike in use in the 1990 and 

2007 Recommendation sections (

 

 Figure 22 in Appendix).  These spikes were significant as well, jumping from 5 

to 58 times and 19 to 89 times, respectively.  The jump was much greater in the latter 

case, which was expected based upon the increase in attention of this goal reported by the 

TWDB.  As previously stated, the word “participation” appeared in all volumes of the 
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State Water Plans and its greatest use was in 2002, not 2007 (

  

Figure 19 in Appendix B and earlier in this same section).  Finally, the word 

“impact” appeared as three different variations: “impact,” “impacts,” and “impacting.”  

There were four spikes in use of the words “impacts” and “impact” but the word 

“impacting” only appeared one time in the Recommendation section of the 1990 
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document (

 

Figure 23 in Appendix).  The words “impacts” and “impact” both appeared only 

in the 1984, 1990, 2002 and 2007 Recommendation sections.  The word “impacts” 

appeared most frequently and equally for a total of six times each in both the 1984 and 

the 2007 documents, but term “impact” appeared most frequently only in the 2007 State 

Water Plan.  In fact, the word “impact” appeared two times in 1984, 1990, and 2002, but 

then five times in 2007.  It is interesting that only the Recommendation sections 

addresses the concept of what effect various actions could have on different environments 

or users, but that the Objectives sections fail to do the same.  Regardless, the spike of the 
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words “impacts” and “impact” appeared to be in agreement with the shift in focus 

reported by the TWDB. 

There were only two words that are found in all sections of all documents: “state” 

and “water” for a total of 246 and 1163 times respectively.  There are 1132 words that 

only appeared once throughout time. 

As previously stated, there were 288 words found exclusively in the 2007 State 

Water Plans that were not found in any of the other State Water Plans.  Although topical 

analysis is meant to focus on connections between different texts, it is important to also 

note when words are not shared. For example, there were 1435 terms that were only 

found within one section when looking at all documents and their relative sections.  

Surprisingly, it was the 1990 Recommendations section that has the most unique terms of 

all of the sections.  Counts within the aggregation table of all sections for all years 

created within Sci2 reconfirm this observation; the Recommendations section from 1990 

had 424 unique terms.  In contrast the section with the smallest number of unique terms 

was the 1997 Goals section, which only has one unique term, but all sections have at least 

one unique term.  

There was partial agreement between what the TWDB stated were changes in the 

documents and changes in the number of time words appeared.  Looking at the 

aggregation tables gave some indication that there were changes within the documents 

over time.  Unfortunately, given the large number of terms in the data set and the 

limitations of the topical analysis and directed network visualization, it was deemed 

impossible to conduct a full analysis for trends in word usage.  
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CHAPTER 5: Conclusions 

While the methodology holds great promise for creative applications there were 

several steps that did not go as expected or desired due to the relative newness of the 

workflow processes and related programs.  The following sections describe some of the 

key challenges and opportunities encountered during implementation of the process used 

for analysis for this research.  This chapter will also contain a discussion of possible areas 

of further research. 

OPPORTUNITIES AND INSIGHTS GAINED THROUGH TOPICAL ANALYSIS 

Regardless of the limitations and capability of different methods of data analysis, 

this investigation successfully demonstrates the usefulness of informatics and information 

visualizations for policy makers and analysts.  Although there are only two main benefits 

to using the methodologies detailed in this paper, the gains from this process far outweigh 

the limitations and difficulties that may arise. 

1) Policy effectiveness: Utilizing informatics and information visualization 

makes it possible to improve the effectiveness of the plan to reach the desired 

goals by ensuring that the two areas discuss the same subjects.  Using 

temporal bursts also allows policy makers to understand what methods were 

used in the past.  Doing so can guide decision makers as to what to do or not 

do based on the results of past attempts. 

2) Increased communication capabilities: Images and graphs display intricacies 

of information, even data derived from documents, in a manner that is 
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understood more fully and faster than text or charts.  Information visualization 

products can also indicate links within data sets that would not be captured in 

other methodologies. 

CHALLENGES FOR COMPLETING INFORMATICS ANALYSIS FOR LARGE 

BODIES OF TEXT  

Completing topical analysis requires selection and preparation of large bodies of 

text prior to analysis.  Eight specific challenges were encountered in the course of 

completing this work.   

1) Lack of expected information in core texts:  Initially the first step of the 

workflow was to obtain a list of references included in each of the state water 

plans to analyze underlying science and changes in source data, ideas and 

concepts.  Unfortunately the earlier publications of the State Water Plan did 

not include a list of references.   

2) Availability of electronic versions for older documents:  The next obstacle 

appeared in the initial stages of converting the text into an electronic format 

when only a hardcopy of the document was available.  These documents had 

to be typed by hand, but word lists indicate that there some of the words were 

misspelled in the retyping process.   

3) The inclusion of word strings and grammatical terms:  It was first assumed 

that after the most common word strings were identified, it would not be 

difficult to remove words that add only to the grammatical correctness, not to 
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the context of the document.  Common examples would be “of the” and “that 

the.”  Attempts to model the information for the 15 most frequent phrases 

without removing the phrases produced failed to illuminate any concepts.  It 

was decided that removing the phrases by hand after compiling the list of the 

most frequent phrases led to the possibility of error due to its subjective 

nature.  As a result, it was deemed that most of the word strings were not 

useful representations of important word combinations. 

4) Software application version issues and usability:  Another issue with the 

overall process is that Lexicon Analysis is not a perfect tool for lexical, or text 

based, analysis.  Some of the problems stem from using a different version of 

Microsoft Access than in which the functions were built.  This could explain 

why the investigator could not get program to do “text-GrammEn” function.  

The program also frequently experienced a error when trying to build the 

thesaurus.  According to the error message, the program had run out of 

sufficient space to run, but there was no mention of how to fix this problem.  

Additionally, Lexicon Analysis would generate misspelled words when 

normalizing the text if a word contained a hyphen, resulting in several partial 

words being incorrectly considered unique and real words when they are not.   

5) Contextual uncertainty and multiple meanings:  Lexicon Analysis identifies 

individual words, but these words may have different meanings depending on 

their context.  Krauthammer and Nenadic identify this as one several problems 

common to term identification (2004).  Other problems identified include 
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when a single term has multiple meanings, such as the terms labeled as 

Uncertain in this investigation, and when a term has several different 

variations within the same text. 

6) Feeder spreadsheet formatting: Most of the structuring the data into a format 

required by the visualization program had to be done by hand because the 

method used.  Although this approach was considered the most time efficient 

for the analyses, it also opened the process up to human based error. However, 

given the vast amount of data available, it is likely that any human error was 

so great that it made any conclusions reached thus far invalid. 

7) Limitations and difficulties of directed networks: There were several 

components of the visualization program that did not respond in the manner 

desired and or expected.  Directed networks, such as those used in the topical 

analyses, can only demonstrate the connection between words, but do not 

illuminate anything else about the information, such as the weight of the 

connections.  For situations where there are not a lot of unique or shared 

words, or where one section is much larger than another, identifying key 

words is not as informative.  This process also does not give contextual 

meaning nor allow for easy identification of similar words that may also be 

present in the document but mentioned in on only one of the two sections.   

Labels for nodes cannot be moved in increase readability of the label, and can 

simultaneously hide nodes with text.  The inability to read text in any form of 

analysis reduces the applicability and reliability of that analysis.  A glitch in 
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the temporal analysis visualization program prevented individual nodes from 

being altered based on their label, as the modifications would attribute to the 

nodes to incorrect labels. Other issues with the visualization program, as 

previously discussed, include that the temporal bursts could only be produced 

for consecutive documents sharing a term of interest, severely limiting insight 

if a particular word associated a specific concept appeared in one year but was 

replaced with a different word still associated with the same concept.   

8) Limitations and difficulties of the horizontal bar graphs: The horizontal bar 

graph resulting from the temporal burst analysis has very few customizable 

inputs reducing the amount of information or conclusions that can be derived 

of this visual aid.  There were also several areas of readability issues that 

include both the labels for the individual bars and the time scale at the bottom 

of the graph can be illegible due to their small size.  This can be overcome by 

trying to make the font size larger or magnifying the image, but both of these 

reduce the ability to derive conclusions from the image.  The table to use for 

generating temporal burst had to be generated by hand.  Human derived errors 

in regards to identifying years of appearance or total appearances could have 

resulted, but given the large data set would most likely not have greatly 

thrown off overall results and conclusions.  Also, when the temporal burst 

table was created the creator looked for only exact matches, and ignored close 

matches (i.e. “community” was not considered the same thing as 

“communities”) due to lack of context in which those words were used.   
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These counts also ignore the appearance of words of similar meaning, such as 

“community” and “local,” once again because the lack of context could alter 

the meaning of the term.  As a result, it could erroneously appear that certain 

concepts were not discussed at a specific point in time, when all that truly 

happened was a similar meaning but different word was used instead. 

AREAS OF POSSIBLE FUTURE RESEARCH  

Further analysis in the future might reveal other conclusions regarding the same 

data set.  For example, it would be informative to identify the words or phrases deemed 

important by doing an extensive survey of subject matter experts and water management 

practioners.  This survey should most likely consist of both individual terms and word 

phrases of two, three, four and five word strings, as that is the maximum capability of 

Lexicon Analysis to identify locutions.  The rankings resulting from this survey could 

then be compared with the occurrence of the words or terms in the documents analyzed in 

this paper.  The same bodies could also be utilized to create better categorization of the 

words.  This process would need to be repeated among several different authorities in 

order to improve the validity of the categorization, or to bring the discrepancy to an 

acceptable percentage of disagreement. 

It is important to remember that this paper was looking at data modeling as an 

“intermediate representation of knowledge.”  As such, it is not meant to be an end result 

of unto itself, but instead a starting point for discovering knowledge and instigating 

conversations about it.  Furthermore, the results from this analysis are clearly only the 

being for looking at the water management documents.  This process could be repeated 
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for other important policy documents.  Although this research examined eight policy 

documents based on technology and science based water modeling, the process could be 

applied further to ensure that science and policy have the same recommendations and 

overall objectives for water or for any other scientific and technology predictions based 

management system. 

KEY CONCLUSIONS  

The result of the methodologies used in this paper indicate the usefulness of 

informatics and information visualization in understanding and analyzing natural 

resource management documents in manner that has not been previously explored.  The 

data indicated congruency within the majority of the Texas State Water Plans, which 

means that the documents tended to have policy recommendations that aligned in focus 

with the goals set forth in the Objectives section.  Thus, any problems with meeting water 

demands for quantity or quality were not the result of the document‟s set up.   

As predicted there were obvious changes in the topics discussed within the 

documents over time, but the shifts were not exactly as expected.  This conclusion 

provides a starting point for discussion of what methods were actually used in the past, 

not just those that were assumed to be in place.  Furthermore, based on previous shifts in 

word usage over time, one can assume that science will continue to play an increasing 

role in predicting water use, and that stakeholder input will become more entrenched in 

the planning process.  Although stakeholders were mentioned as early as the 1961 

document, the inclusion of other words indicate a shift toward participation by the public.   
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It should be noted that further technological advancements in information 

visualization, as well as increased user interaction capabilities with the programs used, 

will only amplify the information that can be gathered from these types of analyses.  

Validity of this type of analysis will only increase as the capabilities of the programs are 

enhanced and more water management documents are analyzed using these methods. 
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APPENDICES 

Appendix A - Thesaurus 

  

72nd 

73rd 

75th 

77th 

abandoned 

abide 

abilities 

ability 

accelerate 

accelerated 

accept 

acceptable 

acceptance 

accepted 

access 

accessibility 

accessible 

accommodate 

accomplish 

accomplished 

accomplishing 

accomplishments 

according 

account 

accountability 

accounting 

accumulating 

accuracy 

accurate 

accurately 

achievable 

achieve 

achieved 

achievements 

achieves 

acidic 

acquire 

acquired 

acquiring 

acquisition  

Acre 

acreage 

acres 

act 

action 

actions 

activation 

active 

actively 

activities 

activity 

actual 

ad 

adaptive 

adding 

addition 

additional 

additionally 

additives 

address 

addressed 

addresses 

addressing 

adeaquate 

adequately 

adhere 

adjacent 

adjust 

adjustment 

adjustments 

administer 

administered 

administering 

administration 

administrative 

administrator 

adminstrators 

adopt 

adopted 

adopting 

adopts 

advance 

advanced 

advances 

advantage 

adverse 

advice 

advisory 

advocate 

advocated 

aesthetic 

affect 

affected 

affecting 

affiliation 

affilitations 

affordable 

age 

agencies 

agency 

agenda 

agent 

aging 

aggregate 

aggressive 
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aggressively 

agreed 

agreement 

agreements 

agricultural 

agriculture 

aid 

aided 

aimed 

allens 

alleviate 

allocate 

allocated 

allocation 

allow 

allowed 

allowing 

allows 

alter 

alternate 

alternative 

alternatively 

alternatives 

although 

alluvium 

alternate 

alternative 

although 

amend 

amended 

amending 

amendment 

amendments 

amistad 

amount 

amounts 

analyses 

analysis 

analytical 

analyze 

ancillary 

annual 

annually 

antonio 

anticipate 

appeal 

appealed 

appeared 

appendix 

appliances 

applicable 

applicabilty 

applicants 

application 

applications 

applied 

applies 

apply 

applying 

appoint 

appointed 

appreciation 

approach 

approaches 

appropriate 

appropriated 

appropriatenes 

appropriation 

appropriations 

approval 

approve 

approved 

approximately 

aquatic 

aquifer 

aquifers 

arc 

archeological 

architects 

architectural 

area 

areas 

areawide 

arise 

arkansas 

army 

arrange 

arrangements 

array 

arsenic 

article 

articulate 

ascertain 

asked 

aspects 

assess 

assessing 

assessment 

assessments 

assigned 

assigns 

assist 

assistance 

assisted 

assisting 

associated 

association 

assume 

assumption 

assurances 

assure 

atmospheric 

attempt 

attempting 

attempts 

attend 

attended 
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attention 

austin 

authoritative 

attorney 

attractive 

augmentation 

augmenting 

authorities 

authority 

authorization 

authorize 

authorized 

authorizes 

authorizing 

available 

availibility 

avoid 

avoidance 

await 

aware 

awareness 

backed 

balance 

balanced 

balancing 

balcones 

bank 

banks 

barkman 

barrier 

barriers 

base 

based 

baseflows 

bases 

basic 

basin 

basing 

basins 

basis 

bay 

bayou 

bays 

beauty 

became 

become 

becomes 

bedias 

beginning 

begins 

being 

believe 

believes 

bend 

beneficial 

beneficially 

beneficiaries 

benefit 

benefits 

beyond 

biennial 

biennially 

biennium 

big 

bill 

biodiversity 

biological 

block 

blue 

bluff 

board 

boating 

body 

bois 

bolson 

bon 

bond 

bonding 

bonds 

borne 

both 

bottled 

bottomland 

boundaries 

boundary 

bound 

brackish 

brazos 

breadth 

brewster 

brine 

brings 

broad 

broader 

broadly 

brochures 

brush 

budget 

buffers 

build 

building 

built 

burden 

burdens 

bureau 

burn 

business 

buttes 

butyl 

buyer 

buyers 

calculation 

call 

canadian 

canal 

canals 

cancelable 
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canceling 

cancellation 

candidate 

candidates 

capabilities 

capability 

capacity 

capita 

capital 

capitalize 

capitan 

capping 

capture 

carious 

carl 

carried 

carry 

carthage 

cartographic 

case 

cases 

catalog 

categories 

category 

cause 

caused 

causes 

cementing 

census 

center 

centers 

central 

centralized 

certification 

chaired 

chairman 

chalk 

challenges 

chance 

change 

changed 

changes 

changing 

channel 

channels 

chapter 

characteristics 

characterize 

characterized 

characterizing 

charge 

charged 

charges 

check 

chemicals 

chloride 

choices 

chose 

cir 

circulation 

circumstances 

cited 

cities 

citizens 

city 

claim 

clarification 

clarified 

clarify 

classified 

clean 

cleanup 

clearinghouse 

clearly 

climate 

closely 

coast 

coastal 

code 

codified 

codify 

coincide 

collab 

collaborate 

collaboration 

collect 

collected 

collection 

colorado 

combat 

combination 

combinations 

coming 

comment 

comments 

commerce 

commerical 

commission 

commissions 

commitment 

commitments 

commited 

committee 

committees 

commonly 

communication 

communities 

community 

compact 

comparable 

compatibles 

compensate 

compensation 

compensatory 

competing 

compiled 

complement 
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complete 

completed 

completely 

completing 

completion 

complex 

compliance 

complicated 

complimentary 

complying 

component 

comprehensive 

comprehensively 

compromising 

computer 

computerized 

computing 

concentrate 

concentrated 

concept 

concepts 

conceptual 

concern 

concerned 

concerning 

concerns 

concerted 

concho 

conclusion 

conclusions 

concurrent 

condition 

conditioned 

conditions 

conduct 

conducted 

conducting 

conducts 

conference 

conferences 

confidential 

confidentially 

conflict 

conflicting 

conflicts 

congress 

congressional 

conjunction 

conjunctive 

connected 

consensus 

consent 

consequences 

conservation 

conservationist 

conserve 

conserved 

conserving 

consider 

consideration 

considering 

considers 

consistency 

consistent 

consists 

constitute 

constitution 

constitutional 

constraining 

construct 

constructed 

constructing 

construction 

construed 

consult 

consultants 

consultation 

consulted 

consumption 

consumptive 

contact 

contain 

contained 

containment 

contaminant 

contaminantion 

contaminants 

contaminanted 

contents 

contested 

context 

contingency 

continuance 

continue 

continued 

continues 

continuing 

continuity 

continuous 

continuously 

contract 

contracted 

contracting 

contracts 

contractual 

contribute 

contribution 

contributions 

control 

controls 

convened 

conversion 

convert 

converting 

conveyance 

cooperate 

cooperating 
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cooperation 

cooperative 

cooperatively 

coordinate 

coordinated 

coordinating 

coordination 

coordinator 

copies 

corporations 

corps 

correspond 

correspondingly 

cost 

costly 

costs 

council 

councils 

counterpro 

counties 

country 

county 

coupon 

cover 

covered 

covering 

cow 

create 

created 

creates 

creation 

creating 

credible 

credit 

creek 

criteria 

critical 

criterion 

crop 

crops 

culates 

cultural 

current 

currently 

curricula 

customers 

cycle 

cypress 

dam 

damage 

damages 

dams 

data 

database 

databases 

date 

day 

deadlines 

debt 

decade 

decades 

december 

decision 

decisions 

declare 

decrease 

decreases 

dedicated 

deem 

deemed 

deficiencies 

deficient 

deficits 

define 

defined 

defining 

definition 

defintions 

defraying 

degradation 

degree 

delegation 

deliberations 

delineate 

delineation 

deliver 

delivered 

delivery 

dell 

demand 

demands 

demineralization 

demonstrated 

demonstrating 

demonstration 

demonstrations 

department 

depend 

dependable 

dependent 

depending 

depleted 

derive 

derived 

desalinization 

desalination 

describe 

described 

describes 

describing 

description 

design 

designate 

designated 

designating 

designation 

designed 
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desirability 

desirable 

desire 

desired 

desk 

detail 

detailed 

deterioration 

determina 

determination 

determinations 

determine 

determined 

determines 

determining 

detriment 

detrimental 

detriments 

develop 

developable 

developed 

developing 

development 

developments 

devices 

devise 

dewatering 

diablo 

differentiate 

differentiating 

differing 

difficulties 

difficulty 

dilemma 

direct 

directive 

directives 

directly 

director 

disadvantaged 

discharge 

discharger 

discharges 

disclosure 

discontinue 

discounted 

discuss 

discussion 

discussions 

display 

disposal 

disposing 

dispute 

disseminate 

disseminated 

disseminating 

dissemination 

dissolved 

distances 

distend 

distinct 

distressed 

distributing 

distribution 

distributor 

district 

districts 

diverse 

diversion 

diversity 

division 

divisions 

document 

documenting 

domain 

donate 

double 

downstream 

draft 

drainage 

drastic 

dredged 

drew 

drillers 

drilling 

drinking 

driving 

drop 

drought 

droughts 

dry 

ductive 

due 

duplication 

during 

duties 

dynamics 

ear 

earlier 

early 

easement 

easements 

easing 

east 

echoing 

ecological 

ecologically 

ecology 

economic 

economical 

economically 

economy 

ecosystem 

ecosystems 

educate 

education 

educational 
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edwards 

effect 

effective 

effectively 

effectiveness 

effectives 

effects 

efficiencies 

efficiency 

efficient 

efficiently 

effluent 

effort 

efforts 

eight 

eighty 

el 

elapse 

election 

electrical 

electronic 

elements 

eleven 

eligibility 

eligible 

eliminate 

elimination 

emerged 

emergence 

emergency 

emerging 

eminate 

eminent 

emphasis 

emphasized 

empower 

empowered 

empowering 

enable 

enabling 

enact 

enacted 

enacting 

encompassess 

encourage 

encouraged 

encouraging 

encroachment 

end 

endangered 

endeavor 

endowed 

energy 

enforce 

enforced 

enforcement 

enforcing 

engage 

engaged 

engineering 

engineers 

enhance 

enhanced 

enhancement 

enhancements 

enlargement 

ensure 

ensured 

ensures 

enter 

entire 

entities 

entity 

environ 

environment 

environmental 

environments 

equipment 

equipped 

equitable 

equitably 

equity 

equivalent 

eradicate 

eradication 

erection 

erosion 

escalates 

especially 

essential 

establish 

established 

establishes 

establishing 

establishments 

estate 

estes 

estimated 

estimates 

estimating 

estuaries 

estuarine 

estuary 

ether 

evaluate 

evaluated 

evaluates 

evaluating 

evaluation 

evaluations 

evapotranspiration 

event 

events 

eventually 

evident 

evolving 

ex 
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examine 

examiners 

examining 

example 

exceed 

exceeds 

exceptional 

exceptionally 

excess 

exchange 

exclude 

exclusively 

executed 

executive 

exemplary 

exempt 

exemptions 

exercise 

exhaustible 

exhibit 

exhibits 

exist 

existing 

expand 

expanded 

expanding 

expansion 

expected 

expedite 

expeditiously 

expend 

expenditures 

expenses 

experience 

experienced 

experiences 

experiment 

expertise 

explain 

exploration 

export 

exported 
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Appendix B – Thesaurus Tables 

 

Rank Terms Recurrence Frequencies 

1 water 1190 0.061524 

2 state 399 0.020629 

3 Texas 298 0.015407 

4 conservation 232 0.011995 

5 planning 232 0.011995 

6 funding 174 0.008996 

7 regional 166 0.008582 

8 plan 151 0.007807 

9 fund 148 0.007652 

10 provide 143 0.007393 

11 management 140 0.007238 

12 regions 133 0.006876 

13 board 132 0.006825 

14 programs 124 0.006411 

15 commission 123 0.006359 

16 local 123 0.006359 

17 development 121 0.006256 

18 agencies 114 0.005894 

19 supply 114 0.005894 

20 groundwater 112 0.005791 

21 program 109 0.005635 

22 projects 109 0.005635 

23 legislature 107 0.005532 

24 quality 102 0.005273 

25 federal 101 0.005222 

26 resources 99 0.005118 

27 recommendations 96 0.004963 

28 environmental 95 0.004912 

29 districts 88 0.00455 

30 needs 87 0.004498 

31 public 86 0.004446 

32 groups 82 0.004239 

33 support 80 0.004136 

34 information 78 0.004033 

35 plans 77 0.003981 



122 
 

36 reservoir 75 0.003878 

37 rights 75 0.003878 

38 data 74 0.003826 

39 assistance 72 0.003722 

40 encourage 71 0.003671 

41 ground 71 0.003671 

42 areas 70 0.003619 

43 develop 70 0.003619 

44 protection 65 0.003361 

45 appropriate 62 0.003205 

46 department 61 0.003154 

47 future 61 0.003154 

48 policy 59 0.00305 

49 research 59 0.00305 

50 availability 58 0.002999 

51 region 58 0.002999 

52 control 57 0.002947 

53 existing 57 0.002947 

54 surface 57 0.002947 

55 twdb 57 0.002947 

56 establish 55 0.002844 

57 process 55 0.002844 

58 system 52 0.002688 

59 available 51 0.002637 

60 funds 51 0.002637 

61 continue 50 0.002585 

62 systems 49 0.002533 

63 additional 48 0.002482 

64 facilities 48 0.002482 

65 increase 48 0.002482 

66 education 47 0.00243 

67 potential 47 0.00243 

68 requirements 47 0.00243 

69 consider 46 0.002378 

70 recommend 45 0.002327 

71 studies 44 0.002275 

72 financing 43 0.002223 

73 entities 41 0.00212 

74 agricultural 40 0.002068 
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75 flood 40 0.002068 

76 river 40 0.002068 

77 authority 39 0.002016 

78 strategies 39 0.002016 

79 study 39 0.002016 

80 financial 38 0.001965 

81 meet 38 0.001965 

82 reuse 38 0.001965 

83 allow 37 0.001913 

84 brush 37 0.001913 

85 land 37 0.001913 

86 legislation 37 0.001913 

87 project 37 0.001913 

88 recommended 37 0.001913 

89 reservoirs 37 0.001913 

90 wastewater 37 0.001913 

91 construction 36 0.001861 

92 ensure 36 0.001861 

93 include 36 0.001861 

94 necessary 36 0.001861 

95 require 36 0.001861 

96 supplies 36 0.001861 

97 activities 35 0.00181 

98 drought 35 0.00181 

99 efforts 35 0.00181 

100 irrigation 35 0.00181 

101 area 34 0.001758 

102 collection 34 0.001758 

103 service 34 0.001758 

104 sites 34 0.001758 

105 sources 34 0.001758 

106 aquifer 33 0.001706 

107 code 33 0.001706 

108 evaluate 32 0.001654 

109 related 32 0.001654 

110 basin 31 0.001603 

111 identified 31 0.001603 

112 technical 31 0.001603 

113 adequate 30 0.001551 
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114 cost 30 0.001551 

115 including 30 0.001551 

116 issues 30 0.001551 

117 one 30 0.001551 

118 purposes 30 0.001551 

119 review 30 0.001551 

120 wildlife 30 0.001551 

121 alternative 28 0.001448 

122 providing 28 0.001448 

123 two 28 0.001448 

124 unique 28 0.001448 

125 costs 27 0.001396 

126 expand 27 0.001396 

127 need 27 0.001396 

128 private 27 0.001396 

129 problems 27 0.001396 

130 protect 27 0.001396 

131 rules 27 0.001396 

132 site 27 0.001396 

133 stream 27 0.001396 

134 sufficient 27 0.001396 

135 group 26 0.001344 

136 statewide 26 0.001344 

137 identify 25 0.001293 

138 legislative 25 0.001293 

139 actions 24 0.001241 

140 current 24 0.001241 

141 designation 24 0.001241 

142 effects 24 0.001241 

143 modeling 24 0.001241 

144 implement 23 0.001189 

145 resource 23 0.001189 

146 transfers 23 0.001189 

147 within 23 0.001189 

148 work 23 0.001189 

149 agency 22 0.001137 

150 bill 22 0.001137 

151 determine 22 0.001137 

152 developing 22 0.001137 
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153 maintain 22 0.001137 

154 needed 22 0.001137 

155 proposed 22 0.001137 

156 provided 22 0.001137 

157 segments 22 0.001137 

158 senate 22 0.001137 

159 soil 22 0.001137 

160 standards 22 0.001137 

161 treatment 22 0.001137 

162 agriculture 21 0.001086 

163 considered 21 0.001086 

164 desalination 21 0.001086 

165 implementation 21 0.001086 

166 manage 21 0.001086 

167 storage 21 0.001086 

168 term 21 0.001086 

169 clarify 20 0.001034 

170 coordination 20 0.001034 

171 during 20 0.001034 

172 impacts 20 0.001034 

173 improve 20 0.001034 

174 increased 20 0.001034 

175 level 20 0.001034 

176 methods 20 0.001034 

177 recharge 20 0.001034 

178 address 19 0.000982 

179 amend 19 0.000982 

180 bays 19 0.000982 

181 both 19 0.000982 

182 create 19 0.000982 

183 direct 19 0.000982 

184 enacted 19 0.000982 

185 estuaries 19 0.000982 

186 incentives 19 0.000982 

187 interest 19 0.000982 

188 non 19 0.000982 

189 source 19 0.000982 

190 specific 19 0.000982 

191 states 19 0.000982 
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192 uses 19 0.000982 

193 committee 18 0.000931 

194 economic 18 0.000931 

195 lands 18 0.000931 

196 measures 18 0.000931 

197 models 18 0.000931 

198 municipal 18 0.000931 

199 participation 18 0.000931 

200 population 18 0.000931 

201 rural 18 0.000931 

202 comprehensive 17 0.000879 

203 conduct 17 0.000879 

204 consideration 17 0.000879 

205 district 17 0.000879 

206 expanded 17 0.000879 

207 flows 17 0.000879 

208 goals 17 0.000879 

209 health 17 0.000879 

210 instream 17 0.000879 

211 loan 17 0.000879 

212 million 17 0.000879 

213 mitigation 17 0.000879 

214 regulations 17 0.000879 

215 regulatory 17 0.000879 

216 required 17 0.000879 

217 associated 16 0.000827 

218 based 16 0.000827 

219 being 16 0.000827 

220 currently 16 0.000827 

221 developed 16 0.000827 

222 economically 16 0.000827 

223 enhancement 16 0.000827 

224 flow 16 0.000827 

225 maintenance 16 0.000827 

226 monitoring 16 0.000827 

227 oppose 16 0.000827 

228 practices 16 0.000827 

229 priority 16 0.000827 

230 section 16 0.000827 
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231 waste 16 0.000827 

232 aquifers 15 0.000776 

233 assist 15 0.000776 

234 basis 15 0.000776 

235 disposal 15 0.000776 

236 feasible 15 0.000776 

237 flexibility 15 0.000776 

238 funded 15 0.000776 

239 government 15 0.000776 

240 grande 15 0.000776 

241 included 15 0.000776 

242 infrastructure 15 0.000776 

243 order 15 0.000776 

244 parks 15 0.000776 

245 procedures 15 0.000776 

246 reasonable 15 0.000776 

247 recommendation 15 0.000776 

248 rio 15 0.000776 

249 significant 15 0.000776 

250 specifically 15 0.000776 

251 year 15 0.000776 

252 addition 14 0.000724 

253 authorities 14 0.000724 

254 beneficial 14 0.000724 

255 cancellation 14 0.000724 

256 conditions 14 0.000724 

257 consistency 14 0.000724 

258 contingency 14 0.000724 

259 contracts 14 0.000724 

260 coordinate 14 0.000724 

261 coordinated 14 0.000724 

262 demand 14 0.000724 

263 east 14 0.000724 

264 evaluation 14 0.000724 

265 fish 14 0.000724 

266 following 14 0.000724 

267 interagency 14 0.000724 

 

Table 7: Top Ten Percent of Words Found in Aggregation of Both Sections Over Time 
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Rank Terms Recurrence Frequencies 

1 water 890 5.21E-02 

2 state 338 1.98E-02 

3 Texas 267 1.56E-02 

4 conservation 225 1.32E-02 

5 funding 171 1.00E-02 

6 fund 148 8.67E-03 

7 planning 138 8.09E-03 

8 regions 131 7.68E-03 

9 board 127 7.44E-03 

10 commission 122 7.15E-03 

11 programs 119 6.97E-03 

12 provide 119 6.97E-03 

13 groundwater 112 6.56E-03 

14 local 108 6.33E-03 

15 development 107 6.27E-03 

16 program 107 6.27E-03 

17 management 106 6.21E-03 

18 regional 106 6.21E-03 

19 agencies 102 5.98E-03 

20 legislature 102 5.98E-03 

21 supply 102 5.98E-03 

22 projects 97 5.68E-03 

23 federal 94 5.51E-03 

24 environmental 89 5.21E-03 

25 quality 89 5.21E-03 

26 districts 88 5.16E-03 

27 resources 86 5.04E-03 

28 plan 81 4.75E-03 

29 recommendations 81 4.75E-03 

30 support 78 4.57E-03 

31 groups 74 4.34E-03 

32 information 74 4.34E-03 

33 encourage 71 4.16E-03 

34 data 70 4.10E-03 

35 rights 70 4.10E-03 

36 assistance 68 3.98E-03 
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37 reservoir 68 3.98E-03 

38 areas 67 3.93E-03 

39 ground 66 3.87E-03 

40 develop 64 3.75E-03 

41 public 62 3.63E-03 

42 appropriate 59 3.46E-03 

43 department 59 3.46E-03 

44 research 59 3.46E-03 

45 availability 56 3.28E-03 

46 protection 56 3.28E-03 

47 region 56 3.28E-03 

48 establish 55 3.22E-03 

49 surface 54 3.16E-03 

50 control 53 3.11E-03 

51 system 52 3.05E-03 

52 existing 51 2.99E-03 

53 plans 51 2.99E-03 

54 funds 50 2.93E-03 

55 needs 50 2.93E-03 

56 future 49 2.87E-03 

57 systems 48 2.81E-03 

58 twdb 48 2.81E-03 

59 continue 46 2.70E-03 

60 potential 46 2.70E-03 

61 education 45 2.64E-03 

62 recommend 45 2.64E-03 

63 available 44 2.58E-03 

64 increase 44 2.58E-03 

65 policy 44 2.58E-03 

66 consider 43 2.52E-03 

67 additional 42 2.46E-03 

68 financing 41 2.40E-03 

69 studies 41 2.40E-03 

70 entities 40 2.34E-03 

71 facilities 40 2.34E-03 

72 agricultural 39 2.29E-03 

73 river 39 2.29E-03 
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74 study 39 2.29E-03 

75 authority 38 2.23E-03 

76 requirements 38 2.23E-03 

77 brush 37 2.17E-03 

78 process 37 2.17E-03 

79 recommended 37 2.17E-03 

80 reuse 37 2.17E-03 

81 wastewater 37 2.17E-03 

82 allow 36 2.11E-03 

83 ensure 36 2.11E-03 

84 include 36 2.11E-03 

85 legislation 36 2.11E-03 

86 financial 35 2.05E-03 

87 land 35 2.05E-03 

88 project 35 2.05E-03 

89 require 34 1.99E-03 

90 service 34 1.99E-03 

91 activities 33 1.93E-03 

92 aquifer 33 1.93E-03 

93 efforts 33 1.93E-03 

94 flood 33 1.93E-03 

95 collection 32 1.87E-03 

96 sites 32 1.87E-03 

97 code 31 1.82E-03 

98 construction 31 1.82E-03 

99 evaluate 31 1.82E-03 

100 identified 31 1.82E-03 

101 irrigation 31 1.82E-03 

102 drought 30 1.76E-03 

103 technical 30 1.76E-03 

104 basin 29 1.70E-03 

105 reservoirs 29 1.70E-03 

106 review 29 1.70E-03 

107 cost 28 1.64E-03 

108 providing 28 1.64E-03 

109 sources 28 1.64E-03 

110 wildlife 28 1.64E-03 
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111 adequate 27 1.58E-03 

112 costs 27 1.58E-03 

113 related 27 1.58E-03 

114 rules 27 1.58E-03 

115 site 27 1.58E-03 

116 supplies 27 1.58E-03 

117 unique 27 1.58E-03 

118 expand 26 1.52E-03 

119 one 26 1.52E-03 

120 purposes 26 1.52E-03 

121 stream 26 1.52E-03 

122 two 26 1.52E-03 

123 alternative 25 1.46E-03 

124 necessary 25 1.46E-03 

125 need 25 1.46E-03 

126 problems 25 1.46E-03 

127 designation 24 1.41E-03 

128 modeling 24 1.41E-03 

129 statewide 24 1.41E-03 

130 strategies 24 1.41E-03 

131 sufficient 24 1.41E-03 

132 implement 23 1.35E-03 

133 issues 23 1.35E-03 

134 transfers 23 1.35E-03 

135 agency 22 1.29E-03 

136 developing 22 1.29E-03 

137 identify 22 1.29E-03 

138 soil 22 1.29E-03 

139 standards 22 1.29E-03 

140 within 22 1.29E-03 

141 considered 21 1.23E-03 

142 desalination 21 1.23E-03 

143 determine 21 1.23E-03 

144 effects 21 1.23E-03 

145 group 21 1.23E-03 

146 maintain 21 1.23E-03 

147 protect 21 1.23E-03 
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148 provided 21 1.23E-03 

149 segments 21 1.23E-03 

150 work 21 1.23E-03 

151 agriculture 20 1.17E-03 

152 area 20 1.17E-03 

153 impacts 20 1.17E-03 

154 manage 20 1.17E-03 

155 meet 20 1.17E-03 

156 methods 20 1.17E-03 

157 needed 20 1.17E-03 

158 recharge 20 1.17E-03 

159 resource 20 1.17E-03 

160 term 20 1.17E-03 

161 treatment 20 1.17E-03 

162 amend 19 1.11E-03 

163 clarify 19 1.11E-03 

164 create 19 1.11E-03 

165 incentives 19 1.11E-03 

166 including 19 1.11E-03 

167 source 19 1.11E-03 

168 storage 19 1.11E-03 

169 actions 18 1.05E-03 

170 bays 18 1.05E-03 

171 bill 18 1.05E-03 

172 committee 18 1.05E-03 

173 direct 18 1.05E-03 

174 enacted 18 1.05E-03 

175 implementation 18 1.05E-03 

176 improve 18 1.05E-03 

177 lands 18 1.05E-03 

178 level 18 1.05E-03 

179 models 18 1.05E-03 

180 non 18 1.05E-03 

181 private 18 1.05E-03 

182 proposed 18 1.05E-03 

183 rural 18 1.05E-03 

184 senate 18 1.05E-03 
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185 uses 18 1.05E-03 

186 address 17 9.96E-04 

187 conduct 17 9.96E-04 

188 coordination 17 9.96E-04 

189 district 17 9.96E-04 

190 estuaries 17 9.96E-04 

191 increased 17 9.96E-04 

192 instream 17 9.96E-04 

193 interest 17 9.96E-04 

194 legislative 17 9.96E-04 

195 loan 17 9.96E-04 

196 mitigation 17 9.96E-04 

197 regulations 17 9.96E-04 

198 specific 17 9.96E-04 

199 states 17 9.96E-04 

200 consideration 16 9.37E-04 

201 enhancement 16 9.37E-04 

202 expanded 16 9.37E-04 

203 health 16 9.37E-04 

204 measures 16 9.37E-04 

205 monitoring 16 9.37E-04 

206 oppose 16 9.37E-04 

207 practices 16 9.37E-04 

208 assist 15 8.79E-04 

209 associated 15 8.79E-04 

210 comprehensive 15 8.79E-04 

211 current 15 8.79E-04 

212 developed 15 8.79E-04 

213 flow 15 8.79E-04 

214 flows 15 8.79E-04 

215 funded 15 8.79E-04 

216 maintenance 15 8.79E-04 

217 parks 15 8.79E-04 

218 priority 15 8.79E-04 

219 waste 15 8.79E-04 

220 aquifers 14 8.20E-04 

221 authorities 14 8.20E-04 
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222 both 14 8.20E-04 

223 cancellation 14 8.20E-04 

224 consistency 14 8.20E-04 

225 contingency 14 8.20E-04 

226 contracts 14 8.20E-04 

227 currently 14 8.20E-04 

228 disposal 14 8.20E-04 

229 during 14 8.20E-04 

230 east 14 8.20E-04 

231 economic 14 8.20E-04 

232 evaluation 14 8.20E-04 

233 flexibility 14 8.20E-04 

234 goals 14 8.20E-04 

235 government 14 8.20E-04 

236 infrastructure 14 8.20E-04 

237 interagency 14 8.20E-04 

238 major 14 8.20E-04 

239 million 14 8.20E-04 

240 municipal 14 8.20E-04 

241 permit 14 8.20E-04 

242 procedures 14 8.20E-04 

243 quantify 14 8.20E-04 

244 railroad 14 8.20E-04 

245 reasonable 14 8.20E-04 

246 recommendation 14 8.20E-04 

247 responsibility 14 8.20E-04 

248 significant 14 8.20E-04 

249 specifically 14 8.20E-04 

250 utilities 14 8.20E-04 

251 ability 13 7.62E-04 

252 basis 13 7.62E-04 

 

Table 8: Top Ten Percent of Most Frequently Found Words in Recommendation 

Section Over Time 
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Rank Terms Recurrence Frequencies 

1 water 141 0.076092822 

2 state 61 0.03291959 

3 plan 47 0.025364274 

4 Texas 31 0.016729628 

5 planning 27 0.014570966 

6 provide 24 0.01295197 

7 needs 22 0.011872639 

8 regional 19 0.010253643 

9 local 15 0.008094981 

10 policy 15 0.008094981 

11 public 15 0.008094981 

12 recommendations 15 0.008094981 

13 development 14 0.007555316 

14 plans 14 0.007555316 

15 quality 13 0.00701565 

16 resources 13 0.00701565 

17 agencies 12 0.006475985 

18 future 12 0.006475985 

19 management 12 0.006475985 

20 meet 12 0.006475985 

21 projects 12 0.006475985 

22 supply 12 0.006475985 

23 necessary 11 0.005936319 

24 acre 9 0.004856989 

25 feet 9 0.004856989 

26 guide 9 0.004856989 

27 private 9 0.004856989 

28 protection 9 0.004856989 

29 requirements 9 0.004856989 

30 twdb 9 0.004856989 

31 area 8 0.004317323 

32 facilities 8 0.004317323 

33 feasible 8 0.004317323 

34 groups 8 0.004317323 

35 reservoirs 8 0.004317323 
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36 available 7 0.003777658 

37 conservation 7 0.003777658 

38 federal 7 0.003777658 

39 flexible 7 0.003777658 

40 flood 7 0.003777658 

41 issues 7 0.003777658 

42 process 7 0.003777658 

43 reservoir 7 0.003777658 

44 actions 6 0.003237992 

45 additional 6 0.003237992 

46 develop 6 0.003237992 

47 during 6 0.003237992 

48 economically 6 0.003237992 

49 environmental 6 0.003237992 

50 existing 6 0.003237992 

51 extent 6 0.003237992 

52 projected 6 0.003237992 

53 protect 6 0.003237992 

54 sources 6 0.003237992 

55 strategies 6 0.003237992 

56 based 5 0.002698327 

57 board 5 0.002698327 

58 both 5 0.002698327 

59 construction 5 0.002698327 

60 drought 5 0.002698327 

61 goal 5 0.002698327 

62 ground 5 0.002698327 

63 group 5 0.002698327 

64 industrial 5 0.002698327 

65 interests 5 0.002698327 

66 legislature 5 0.002698327 

67 objectives 5 0.002698327 

68 population 5 0.002698327 

69 present 5 0.002698327 

70 programs 5 0.002698327 

 

Table 9: Top Ten Percent Most Frequently Found Words in Objective Section Over Time 
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Section One Words 

Recurrence in 

Section Frequency 

Objectives-goals water 23 0.034848 

Recommendations water 14 0.034398 

Objectives-goals needs 11 0.016667 

Objectives-goals future 10 0.015152 

Objectives-goals state 9 0.013636 

Objectives-goals plan 7 0.010606 

Objectives-goals projects 7 0.010606 

Objectives-goals reservoirs 7 0.010606 

Objectives-goals existing 6 0.009091 

Objectives-goals planning 6 0.009091 

Recommendations planning 6 0.014742 

Recommendations projects 6 0.014742 

Objectives-goals reservoir 6 0.009091 

Recommendations groups 5 0.012285 

Objectives-goals meet 5 0.007576 

Objectives-goals requirements 5 0.007576 

Recommendations state 5 0.012285 

Objectives-goals construction 4 0.006061 

Recommendations development 4 0.009828 

Recommendations financial 4 0.009828 

 

Table 10: Top 20 Words of 1961 One Word Counts and Frequency Table 
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Combined  Objectives   Recommendation  Objectives Only  Recommendations Only 

Terms 
Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies 

water 37 
3.47E-

02  water 23 
3.48E-

02  water 14 
3.44E-

02  
reservo
ir 6 

9.09E-
03  groups 5 

1.23E-
02 

needs 14 
1.31E-

02  needs 11 
1.67E-

02  
plannin
g 6 

1.47E-
02  

constru
ction 4 

6.06E-
03  

financia
l 4 

9.83E-
03 

state 14 

1.31E-

02  future 10 

1.52E-

02  projects 6 

1.47E-

02  present 4 

6.06E-

03  board 3 

7.37E-

03 

projects 13 
1.22E-

02  state 9 
1.36E-

02  groups 5 
1.23E-

02  acre 3 
4.55E-

03  cost 2 
4.91E-

03 

future 12 
1.12E-

02  plan 7 
1.06E-

02  state 5 
1.23E-

02  
availabl
e 3 

4.55E-
03  effort 2 

4.91E-
03 

plannin
g 12 

1.12E-
02  

projec
ts 7 

1.06E-
02  

develop
ment 4 

9.83E-
03  during 3 

4.55E-
03  

functio
ns 2 

4.91E-
03 

plan 11 
1.03E-

02  
reserv
oirs 7 

1.06E-
02  

financia
l 4 

9.83E-
03  feet 3 

4.55E-
03  

interest
ed 2 

4.91E-
03 

existing 9 
8.43E-

03  
existi
ng 6 

9.09E-
03  local 4 

9.83E-
03  

increas
e 3 

4.55E-
03  

particip
ation 2 

4.91E-
03 

reservoi
rs 9 

8.43E-
03  

planni
ng 6 

9.09E-
03  plan 4 

9.83E-
03  

supplie
s 3 

4.55E-
03  

providi
ng 2 

4.91E-
03 

develop
ment 7 

6.56E-
03  

reserv
oir 6 

9.09E-
03  

agencie
s 3 

7.37E-
03  years 3 

4.55E-
03  

resourc
es 2 

4.91E-
03 

 

Table 11: Top Ten Words of Sections of 1961 Texas State Water Plan 
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Combined  Objectives   Recommendation  Objectives Only  Recommendations Only 

Terms 
Recurr
ence 

Freque
ncies  

Term
s 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies 

water 86 
3.60E-

02  water 29 
3.86E-

02  water 57 
3.48E-

02  acre 6 
7.99E-

03  system 16 
9.76E-

03 

Texas 49 
2.05E-

02  state 12 
1.60E-

02  Texas 42 
2.56E-

02  feet 6 
7.99E-

03  project 11 
6.71E-

03 

state 37 
1.55E-

02  
provi
de 11 

1.46E-
02  state 25 

1.52E-
02  

annuall
y 4 

5.33E-
03  

constru
ction 9 

5.49E-
03 

federal 21 
8.78E-

03  
neces
sary 7 

9.32E-
03  federal 20 

1.22E-
02  needs 4 

5.33E-
03  costs 7 

4.27E-
03 

provide 18 
7.53E-

03  Texas 7 
9.32E-

03  system 16 
9.76E-

03  
require
ments 4 

5.33E-
03  fund 7 

4.27E-
03 

develop
ment 17 

7.11E-
03  acre 6 

7.99E-
03  

develop
ment 14 

8.54E-
03  

thousan
d 4 

5.33E-
03  states 7 

4.27E-
03 

plan 17 
7.11E-

03  feet 6 
7.99E-

03  local 14 
8.54E-

03  
through
out 4 

5.33E-
03  board 6 

3.66E-
03 

local 16 
6.69E-

03  
feasib
le 5 

6.66E-
03  plan 13 

7.93E-
03  action 3 

3.99E-
03  lands 6 

3.66E-
03 

system 16 
6.69E-

03  
resour
ces 5 

6.66E-
03  

agencie
s 11 

6.71E-
03  develop 3 

3.99E-
03  united 6 

3.66E-
03 

agencie
s 14 

5.86E-
03  

annua
lly 4 

5.33E-
03  project 11 

6.71E-
03  extent 3 

3.99E-
03  

contrac
ts 5 

3.05E-
03 

 

Table 12: Top Ten Words of Sections of 1968 Texas State Water Plan 

 

 

 

 

 



140 
 

Combined  Objectives   Recommendation  Objectives Only  Recommendations Only 

Terms 
Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies 

water 194 
4.26E-

02  water 18 
5.23E-

02  water 176 
4.18E-

02  
flexibl
e 3 

8.72E-
03  

legisla
tion 20 

4.75E-
03 

conserv
ation 52 

1.14E-
02  state 11 

3.20E-
02  

conserv
ation 50 

1.19E-
02  guide 3 

8.72E-
03  areas 18 

4.28E-
03 

state 45 

9.88E-

03  

agencie

s 6 

1.74E-

02  Texas 39 

9.27E-

03  

feasibl

e 2 

5.81E-

03  

reserv

oir 18 

4.28E-

03 

Texas 43 
9.44E-

03  private 6 
1.74E-

02  state 34 
8.08E-

03  
identif
y 2 

5.81E-
03  

enacte
d 15 

3.56E-
03 

departm
ent 32 

7.03E-
03  local 5 

1.45E-
02  

departm
ent 30 

7.13E-
03  solve 2 

5.81E-
03  

projec
ts 15 

3.56E-
03 

develop
ment 30 

6.59E-
03  quality 5 

1.45E-
02  

develop
ment 28 

6.65E-
03  works 2 

5.81E-
03  

distric
ts 14 

3.33E-
03 

local 27 
5.93E-

03  
govern
ments 4 

1.16E-
02  local 22 

5.23E-
03  

accou
nt 1 

2.91E-
03  future 13 

3.09E-
03 

public 24 
5.27E-

03  plan 4 
1.16E-

02  public 21 
4.99E-

03  
achiev
able 1 

2.91E-
03  

millio
n 13 

3.09E-
03 

progra
ms 21 

4.61E-
03  

protecti
on 4 

1.16E-
02  

legislati
on 20 

4.75E-
03  

admini
ster 1 

2.91E-
03  

existin
g 12 

2.85E-
03 

resourc
es 21 

4.61E-
03  provide 4 

1.16E-
02  

progra
ms 20 

4.75E-
03  

adopte
d 1 

2.91E-
03  fund 12 

2.85E-
03 

 

Table 13: Top Ten Words of Sections of 1984 Texas State Water Plan 

 

 



141 
 

Combined  Objectives   Recommendation  Objectives Only  Recommendations Only 

Terms 
Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies 

water 374 
3.64E-

02  water 16 
6.53E-

02  water 358 
3.57E-

02  gives 2 
8.16E-

03  board 100 
9.97E-

03 

state 177 
1.72E-

02  state 7 
2.86E-

02  state 170 
1.70E-

02  
identifi
es 2 

8.16E-
03  

commi
ssion 76 

7.58E-
03 

Texas 102 
9.93E-

03  plan 5 
2.04E-

02  board 100 
9.97E-

03  
institut
ions 2 

8.16E-
03  

agencie
s 60 

5.98E-
03 

board 100 
9.73E-

03  provide 3 
1.22E-

02  Texas 100 
9.97E-

03  
accoun
t 1 

4.08E-
03  

legislat
ure 57 

5.68E-
03 

commis
sion 76 

7.40E-
03  quality 3 

1.22E-
02  

commis
sion 76 

7.58E-
03  

attempt
s 1 

4.08E-
03  local 48 

4.79E-
03 

agencie
s 60 

5.84E-
03  

resource
s 3 

1.22E-
02  

agencie
s 60 

5.98E-
03  

attentio
n 1 

4.08E-
03  

regiona
l 42 

4.19E-
03 

conserv
ation 60 

5.84E-
03  both 2 

8.16E-
03  

conserv
ation 58 

5.78E-
03  

consid
ers 1 

4.08E-
03  

inform
ation 36 

3.59E-
03 

legislat
ure 57 

5.55E-
03  

conserva
tion 2 

8.16E-
03  

legislat
ure 57 

5.68E-
03  

continu
ing 1 

4.08E-
03  

assista
nce 35 

3.49E-
03 

progra
m 50 

4.87E-
03  

develop
ment 2 

8.16E-
03  

progra
m 49 

4.89E-
03  

econo
my 1 

4.08E-
03  

district
s 34 

3.39E-
03 

local 48 
4.67E-

03  
environ
mental 2 

8.16E-
03  local 48 

4.79E-
03  

formul
ation 1 

4.08E-
03  federal 33 

3.29E-
03 

 

Table 14: Top Ten Words of Sections of 1990 Texas State Water Plan 
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Combined  Objectives   Recommendation  Objectives Only  Recommendations Only 

Terms 
Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies 

water 46 
4.09E-

02  water 7 
6.73E-

02  water 39 
3.82E-

02  update 2 
1.92E-

02  funding 9 
8.81E-

03 

state 18 
1.60E-

02  plan 4 
3.85E-

02  state 17 
1.67E-

02  actions 1 
9.62E-

03  
legislat
ure 7 

6.86E-
03 

board 13 
1.16E-

02  
manag
ement 3 

2.88E-
02  board 11 

1.08E-
02  

additio
n 1 

9.62E-
03  

providi
ng 7 

6.86E-
03 

Texas 13 
1.16E-

02  areas 2 
1.92E-

02  Texas 11 
1.08E-

02  
amend
ment 1 

9.62E-
03  

appropr
iate 6 

5.88E-
03 

recommen
dations 11 

9.78E-
03  board 2 

1.92E-
02  

recommen
dations 10 

9.79E-
03  

amend
ments 1 

9.62E-
03  

assistan
ce 6 

5.88E-
03 

managem
ent 10 

8.89E-
03  data 2 

1.92E-
02  funding 9 

8.81E-
03  

detaile
d 1 

9.62E-
03  needs 6 

5.88E-
03 

planning 10 
8.89E-

03  
plannin
g 2 

1.92E-
02  planning 8 

7.84E-
03  

dissem
ation 1 

9.62E-
03  

commi
ssion 5 

4.90E-
03 

data 9 
8.00E-

03  Texas 2 
1.92E-

02  data 7 
6.86E-

03  
emphas
izes 1 

9.62E-
03  

continu
e 5 

4.90E-
03 

funding 9 

8.00E-

03  update 2 

1.92E-

02  legislature 7 

6.86E-

03  

formatt

ed 1 

9.62E-

03  

develo

pment 5 

4.90E-

03 

plan 8 
7.11E-

03  
amend
ment 1 

9.62E-
03  

managem
ent 7 

6.86E-
03  

legisla
utre 1 

9.62E-
03  provide 5 

4.90E-
03 

 

Table 15:Top Ten Words of Sections of 1992 Texas State Water Plan 

 

 

 

 



143 
 

Combined  Objectives   Recommendation  Objectives Only  Recommendations Only 

Terms 
Recurr
ence 

Frequen
cies  

Term
s 

Recurr
ence 

Frequen
cies  Terms 

Recurr
ence 

Frequen
cies  Terms 

Recurr
ence 

Frequen
cies  Terms 

Recurr
ence 

Frequen
cies 

policy 4 
5.71E-

02  water 13 
4.25E-

02  policy 4 
5.71E-

02  state 9 
2.94E-

02  
revie
w 2 

2.86E-
02 

plan 2 
2.86E-

02  plan 10 
3.27E-

02  plan 2 
2.86E-

02  Texas 4 
1.31E-

02  action 1 
1.43E-

02 

revie
w 2 

2.86E-
02  state 9 

2.94E-
02  

revie
w 2 

2.86E-
02  provides 3 

9.80E-
03  affect 1 

1.43E-
02 

sectio
n 2 

2.86E-
02  Texas 4 

1.31E-
02  

sectio
n 2 

2.86E-
02  regional 3 

9.80E-
03  

analys
es 1 

1.43E-
02 

action 1 
1.43E-

02  
action
s 3 

9.80E-
03  action 1 

1.43E-
02  supply 3 

9.80E-
03  

contai
ned 1 

1.43E-
02 

action
s 1 

1.43E-
02  

provi
des 3 

9.80E-
03  

action
s 1 

1.43E-
02  based 2 

6.54E-
03  

deeme
d 1 

1.43E-
02 

affect 1 
1.43E-

02  
regio
nal 3 

9.80E-
03  affect 1 

1.43E-
02  

currentl
y 2 

6.54E-
03  

detaile
d 1 

1.43E-
02 

analys
es 1 

1.43E-
02  

suppl
y 3 

9.80E-
03  

analys
es 1 

1.43E-
02  

develop
ment 2 

6.54E-
03  

develo
p 1 

1.43E-
02 

contai
ned 1 

1.43E-
02  based 2 

6.54E-
03  

contai
ned 1 

1.43E-
02  goal 2 

6.54E-
03  

enacte
d 1 

1.43E-
02 

deeme
d 1 

1.43E-
02  

curre
ntly 2 

6.54E-
03  

deeme
d 1 

1.43E-
02  local 2 

6.54E-
03  focus 1 

1.43E-
02 

 

Table 16: Top Ten Words of Sections of 1997 Texas State Water Plan 
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Combined  Objectives   Recommendation  Objectives Only  Recommendations Only 

Term
s 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies 

wate
r 189 

3.39E-
02  water 30 

3.95E-
02  water 159 

3.30E-
02  

stakehol
der 4 

5.27E-
03  fund 32 

6.64E-
03 

plan
ning 79 

1.42E-
02  

recommen
dations 13 

1.71E-
02  

plannin
g 67 

1.39E-
02  goal 3 

3.95E-
03  region 31 

6.43E-
03 

regio

nal 53 

9.50E-

03  plan 12 

1.58E-

02  

regiona

l 41 

8.50E-

03  section 3 

3.95E-

03  

ground

water 30 

6.22E-

03 

state 46 
8.24E-

03  planning 12 
1.58E-

02  groups 37 
7.67E-

03  
approxi
mately 2 

2.64E-
03  regions 30 

6.22E-
03 

grou
ps 45 

8.06E-
03  regional 12 

1.58E-
02  state 34 

7.05E-
03  array 2 

2.64E-
03  

reservoi
r 23 

4.77E-
03 

Texa

s 42 

7.53E-

03  state 12 

1.58E-

02  funding 33 

6.84E-

03  

decision

s 2 

2.64E-

03  

designa

tion 21 

4.36E-

03 

fundi
ng 36 

6.45E-
03  plans 11 

1.45E-
02  fund 32 

6.64E-
03  guide 2 

2.64E-
03  sites 20 

4.15E-
03 

plan 35 
6.27E-

03  policy 10 
1.32E-

02  Texas 32 
6.64E-

03  
intereste
d 2 

2.64E-
03  

conserv
ation 19 

3.94E-
03 

fund 32 
5.73E-

03  Texas 10 
1.32E-

02  region 31 
6.43E-

03  persons 2 
2.64E-

03  
availabi
lity 17 

3.53E-
03 

regio
n 31 

5.55E-
03  groups 8 

1.05E-
02  

ground
water 30 

6.22E-
03  states 2 

2.64E-
03  

progra
ms 15 

3.11E-
03 

 

Table 17: Top Ten Words of Sections of 2002 Texas State Water Plan 
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Combined  Objectives   Recommendation  Objectives Only  Recommendations Only 

Terms 
Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies  Terms 

Recurr
ence 

Freque
ncies 

water 250 
3.43E-

02  water 5 
7.81E-

02  water 245 
3.39E-

02  consists 1 
1.56E-

02  regions 101 
1.40E-

02 

regions 101 
1.39E-

02  current 2 
3.13E-

02  regions 101 
1.40E-

02  
describin
g 1 

1.56E-
02  

conserva
tion 89 

1.23E-
02 

conserv
ation 89 

1.22E-
02  

evaluati
ng 2 

3.13E-
02  

conserv
ation 89 

1.23E-
02  

preparin
g 1 

1.56E-
02  fund 89 

1.23E-
02 

fund 89 
1.22E-

02  needs 2 
3.13E-

02  fund 89 
1.23E-

02  
recomme
nding 1 

1.56E-
02  funding 87 

1.21E-
02 

funding 87 

1.19E-

02  planning 2 

3.13E-

02  funding 87 

1.21E-

02  surpluses 1 

1.56E-

02  

groundw

ater 82 

1.14E-

02 

ground
water 82 

1.13E-
02  

quantify
ing 2 

3.13E-
02  

ground
water 82 

1.14E-
02      state 53 

7.34E-
03 

plannin
g 77 

1.06E-
02  regional 2 

3.13E-
02  

plannin
g 75 

1.04E-
02      

encoura
ge 43 

5.96E-
03 

state 53 
7.28E-

03  
administ
rative 1 

1.56E-
02  state 53 

7.34E-
03      

environ
mental 42 

5.82E-
03 

regiona
l 52 

7.14E-
03  adopting 1 

1.56E-
02  

regiona
l 50 

6.93E-
03      Texas 41 

5.68E-
03 

encoura
ge 43 

5.90E-
03  area 1 

1.56E-
02  

encoura
ge 43 

5.96E-
03      support 40 

5.54E-
03 

 

Table 18: Top Ten Words of Sections of 2007 Texas State Water Plan 
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Appendix C – Topical Bursts 

 

 

Figure 5: 1961 Directed Network of Section to Terms. 

 Figure 6: 

1968 Directed Network of Section to Terms. 
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Figure 7: 1984 Directed Network of Section to Terms. 

 

  

Figure 8: 1990 Directed Network of Section to Terms. 
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Figure 9: 1992 Directed Network of Section to Terms. 
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Figure 10: 1997 Directed Network of Section to Terms. 

 

Figure 11: 2002 Directed Network of Section to Terms. 
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Figure 12: 2007 Directed Network of Section to Terms. 

 
Figure 13: Directed Network of All Sections and All Documents with Key. 
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Appendix D – Horizontal Bar Graphs 

  

 

Figure 14: Top Ten Percent of Recommendations by Number of Occurrences Temporal 

Burst 
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Figure 15: All Objectives Temporal Burst 
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Figure 16: Top Ten Percent of Aggregation of Sections Based on Number of Occurrences 

Temporal Burst 
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Appendix D – Bar Graphs 

 

 

 Figure 17: Appearance of Counts of the Words "Dam, "Dams," "Reservoir," and 

"Reservoirs" Over Time. 

 

 

 Figure 18: Appearance of Counts of the Words "Reuse," “Management,” Desalination,” 

“Desalinization,” and "Conservation" Over Time. 
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Figure 19: Appearance of Counts of the Words "Public" and "Participation" Over Time.  

 

 

 Figure 20: Appearance of Counts of the Words "Administrative," "Local," and 

"Regional" Over Time. 
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Figure 21: Appearance of Counts of the Words "District" and "Districts" All Sections 

Over Time. 

 

 

 Figure 22: Appearance of Counts of the Word "Conservation" All Sections Over Time. 
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Figure 23: Appearance of Counts of the Words "Impact" "Impacts" and "Impacting" in 

All Sections Over Time. 
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