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Abstract 

 

Chukchi Sea Environmental Data Management in a Relational 

Database 

Fengyan Yang, M.S.E. 

The University of Texas at Austin, 2013 

Supervisor:  David R. Maidment 

 

Environmental data hold important information regarding humanity’s past, 

present, and future, and are managed in various ways. The database structure most 

commonly used in contemporary applications is the relational database. Its usage in the 

scientific world for managing environmental data is not as popular as in businesses 

enterprises. Attention is caught by the diverse nature and rapidly growing volume of 

environmental data that has been increasing substantially in recent. Environmental data 

for the Chukchi Sea, with its embedded potential oil resources, have become important 

for characterizing the physical, chemical, and biological environment. Substantive data 

have been collected recently by researchers from the Chukchi Sea Offshore Monitoring in 

the Drilling Area: Chemical and Benthos (COMIDA CAB) project. A modified 

Observations Data Model was employed for storing, retrieving, visualizing and sharing 

data. Throughout the project-based study, the processes of environmental data 

heterogeneity reconciliation and relational database model modification and 

implementation were carried out. Data were transformed into shareable information, 

which improves data interoperability between different software applications (e.g. 
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ArcGIS and SQL server). The results confirm the feasibility and extendibility of 

employing relational databases for environmental data management. 
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Chapter 1:  Introduction 

“Where is the wisdom? 

Lost in the knowledge. 

Where is the knowledge? 

Lost in the information.” 

—T. S. Eliot 

“Where is the information? 

Lost in the data. 

Where is the data? 

Lost in the database!” 

—Joe Celko 

Insightful poetry introduces discussion. Data refers to facts regarding objects and 

events that are recorded and stored on medium (Hoffer et al., 2010), while information is 

the distillation of data. Data also is an interpretable representation of information in 

various formats suitable for communication, interpretation, or processing. Examples of 

data include sequences of race records, tables of monthly-income numbers, series of 

photos of oneself, seasons of popular television shows that have watched, or marks 

parents make on a door frame to children’s heights. Data seamlessly and invisibly 

permeate into everyday lives and environments, delivering services adapted to people 

within the context of their use. Over the past decade there has been an explosion of data, 

which should not be a surprise to anyone immersed in modern technologies. Sullivan 

(2001) quotes a study by the University of California at Berkeley that states that humans 

have generated 12 exabytes (an exabyte is over 1 million terabytes, or a million trillion 

bytes) of data since the start of time, and should double this in the next two and a half 
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years. Data matter. Within a modern world, increasing in complexity, people and 

organizations that collect, manage, and interpret information effectively will acquire an 

advantage.  

Environmental data indicate the state of the environment and impacts on that 

environment. These data also have significant social, economic, and scientific value. In 

this project-based study, environmental data mainly include site (point) observations 

which comprise information regarding physical, chemical and biological samples, as well 

as sensor data. Environmental point observations may vary through space, and may also 

vary through time. 

1.1 WHAT IS DATA MANAGEMENT AND WHAT IS IMPORTANT FOR IT? 

A collection of raw data does not help make decisions until it is reduced to a 

higher-level abstraction (Celko, 1999) that is the valuable information. This process is 

known as data management. The data management definition provided by the Data 

Management Association (DAMA) is, “the development, execution and supervision of 

plans, policies, programs and practices that control, protect, deliver and enhance the value 

of data and information assets”. Dodd (1969) posits that data management problems are 

what the Internal Revenue Service has when it receives 65 million income tax returns 

every April 15. Why do data need to be managed? One clear answer is that it is critical 

for data management to occur before a successful system can be implemented. Generally 

speaking, data management comprises all the disciplines related to managing data as a 

valuable resource. Consequently, the ultimate goal of data management is to transform 

data into information and facilitate its publication or sharing which will help scientists or 

others make decisions. 

The data management work flow, shown in Figure 1, includes:  
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 Data Acquisition: Raw data assembly and familiarization with data structure; 

 Conceptual Database Modification: The sketching out of some main tables in 

a database in consideration of the requirements of the relevant organizations;  

 Logical Database Modeling: The transformation of the conceptual database 

model into the logical schema or diagram of the relational database; 

 Physical Database Modification: The creation of the relational tables that 

follow the logical models in the relational database management systems, 

such as SQL Server Management studio; 

 Data Processing: The reorganization of data within the CUASHI-HIS 

(Hydrologic Information System of the Consortium of Universities for the 

Advancement of Hydrologic Science, Inc.) Controlled Vocabulary Registry to 

reduce data semantic heterogeneity and the use of VBA to reconcile data 

syntactic heterogeneity; 

 Database Implementation: The loading of data into the physical database 

using SQL INSERT INTO statement or using the modified data loader; 

 Data Visualization: The visualization of data views in ArcGIS; 

 Data Publication: Sharing the data. 
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Figure 1: The Data Management Work Flow.  

One of the most important factors of data management is the decision of how to 

format the data storage. With various data-analysis purposes, different digital data 

storages have been invented, such as the commonly-used comma separated value (CSV) 

files, space or tab separated text files, spreadsheets, flat files and database systems. A 

relational database was chosen for data management in this project. 

1.2 WHAT IS A RELATIONAL DATABASE? 

A database is a collection of data objects that are organized in a way that supports 

effective searching and manipulation. A database stores all sorts of data, such as blob 

data (binary files), XML data, and geographic data. A database serves the needs of 

multiple users within one or more organizations, improves the availability of data to a 
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diverse set of users, integrates data to aid in complex transactions, and lessens 

redundancy of data. Technically, a database is an information base since it contains 

related facts. Semantically, however, people still call it a database.  

A relational database is a special type of database with relationships that link 

tables together. A relation is usually described as a table, which is organized into rows 

and columns. Tables with relationships not only organize data, but also facilitate 

information retrieval at a later time. The main construct for representing data in the 

relational database model is a relation. When two tables have a common column, the 

tables are said to have a relationship between them. The actual number of occurrences 

between them is the cardinality of a relationship, which includes one-to-many, one-to-

one, and many-to-many relationships. To clarify, it is useful to add a label or name with a 

verb on the relationship line. For instance, in Figure 2 “Locate” illustrates a relation 

between the Sites and DataValues table, the cardinality of this relationship is one-to-

many, which clearly states one site in the Sites table may have many or zero DataValues 

and one data in DataValues must be located at one site and only one site. PK (in the curly 

brackets) indicates SiteID, a primary key, uniquely identifying data within Sites table. FK 

(also in the curly brackets) stands for the foreign key, e.g. SiteID, in DataValues that 

links the Sites and DataValues tables together. 
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Figure 2: Associative Sites and DataValues Tables that Resolve one-to-many and one-

to-zero Relationships. 1…1(one only one); 0…*(zero or many) 

Compared to Excel spreadsheets and text files, some of the advantages of a 

relational database are:  

 Reduced data redundancy. In Excel spreadsheets, a row or several rows of data 

can be inadvertently duplicated. In a well-designed database, data redundancy is 

already prevented in the first normal form (1NF), where a primary key has been 

defined to uniquely identify each row in the relation;  

 Improved data consistency. By eliminating data redundancy, the opportunities for 

inconsistency are greatly reduced. For example, if a unique site (shown in Figure 

2) is stored only once, when the longitude and latitude of site change, updating the 

site information is greatly simplified because the site is stored in a single place. It 

avoids the wasted storage space that results from redundant data storage. 

 Improved data quality. Both the processes of reduction of data redundancy and 

improvement of data consistency can improve data quality. In addition, the 
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database approach provides some tools to improve data quality. Database 

designers can specify integrity constraints that are enforced by the database 

management systems (described in Chapter 2). A constraint (“business rule”) is a 

rule that cannot be violated by database users. For instance, the SiteID is 

controlled by a constraint, PK, so this value is mandatory (M) which means it 

cannot be null (no value). Constraints also maintain the integrity of data when 

they are manipulated. 

 Improved data sharing. A well designed database improves data sharing either by 

sharing the entire database to different users or by sharing user views. A user 

view logically presents some portion of the database that is required by a user to 

perform some task.  

1.3 ENVIRONMENTAL DATA MANAGEMENT SYSTEM  

In the environmental data management system, there are six main components:  

① Users are in charge of requesting and compiling data, 

② Data are originally stored in Excel spreadsheets, 

③ Database is designed after users familiarization with the data structure, 

④  SQL Server Management Studio is a platform for implementing the 

relational database,  

⑤ SQL Server provides a database engine and is administered by the SQL 

Server Management Studio, 

⑥ Data Loader is a software for checking compiled data and summiting data 

into the relational database. 

Relationships between these components are mapped out in Figure 3. 
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Figure 3: Relationship Mapping between Components in the Data Management 

System. 

1.4 OBJECTIVES AND CHAPTER OUTLINE 

The ultimate goal of this study is to transform environmental data into 

information through data archiving and sharing. The objectives of this thesis are to 

answer the following questions: 

 What are the components of a data management system and how are they 

related to each other? 

 What are the operating procedures for data management? 

 Can a relational database model leverage environmental observations data 

management and publication? How can this model be implemented? 



9 

 What is data heterogeneity? How is it generated? And how is it reconciled? 

Chapter 2 of this thesis is a literature and technology review for topics and 

technologies relating to data management and relational databases. This chapter covers 

technologies related to both relational databases and relational database management 

systems. 

Chapter 3 introduces the Chukchi Sea environmental data collection and data 

online acquisition. This chapter also states detailed reasons for the collection of data in 

the Chukchi Sea area. 

Chapter 4 describes the conceptual, logical and physical modeling of the 

relational database. 

Chapter 5 contains the processes of data heterogeneity reconciliation and 

transformation from an Excel file to a relational database in the SQL server managed by 

the Relational Database Management System (RDBMS)-SQL server management studio. 

Data are converted to information that is easy to archive, visualize, and share. 

Chapter 6 presents implications of this research and areas of future investigation. 
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Chapter 2:  Literature and Technology Review 

2.1 ENVIRONMENTAL DATA MANAGEMENT 

Environmental research and education have recently become increasingly data-

intensive as a result of the proliferation of digital technologies, automated measuring 

instrumentation, and pervasive networks through which data are collected, generated, 

shared, and analyzed (National Science Foundation, 2007). In addition, the data volume 

growth rates are continuously increasing. Carter and Diamondstone (1990) recognized 

the challenge generated by tons of data. They pointed out that it is important to assure 

sufficient data uniformity and compatibility and to implement data quality measures so 

that these data will be useful for integrative environmental problem solving. Maidment 

(2008) further indicated that vast quantities of time are spent searching, collecting, and 

preparing data for more insightful analysis. Moreover, in the next decade, it is likely that 

science and engineering research will produce more scientific data than has been created 

over the whole of human history (Cox, 2006). Therefore, effective environmental data 

management is required. Practically, the goal of data management mentioned is to 

support data organization by improving data analysis efficiency, maximizing data quality, 

and minimizing cost (Rich, 2002). Environmental data management consists of several 

tasks including data acquisition, quality control, quality assurance, data manipulation, 

analysis, interpretation, archiving and publication (Brunt, 2000). Environmental decision 

support systems (Guariso and Werthner, 1989; Poch et al., 2004) as well as participatory 

environmental decision making (Mustajoki et al., 2004) also require a database which 

incorporates and allows dynamic incorporation of interdisciplinary expert knowledge 

(Bianconi et al., 2004). Because results from local research projects can be aggregated 

across sites and times, in many cases by investigators other than those who originally 

collected the data, the potential exists to advance science and research significantly 
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through the publication of research data (Borgman et al., 2007). “The needs to manage 

the “data deluge” cannot wait for standardized and robust methods that can be discovered 

and used for scientific analysis to organize and manage environmental observations data 

as resources” (Horsburgh et al., 2009). Environmental data are fundamental to hydrology 

and water resources, and the way these data are organized and manipulated either enables 

or inhibits the analyses that can be performed (Horsburgh et al., 2008).  

2.2 RELATIONAL DATABASES 

“Scientists are facing a deluge of data beyond what can be captured, managed, or 

interpreted with traditional tools” (Borgman et al., 2007). The concern with poor quality 

data is a common theme in strategic planning and database administration. A recent 

report by The Data Warehousing Institute (TDWI) estimated that data quality problems 

currently cost U.S. businesses more than $600 billion each year
1
. The relational database 

model and the network database model are the most common database models. To decide 

which logical model was the best one, a great debate occurred in 1975 at the first annual 

Association for Computing Machinery's Special Interest Group on Management of Data 

(ACM SIGMOD) meeting. This debate, between Ted Codd (the creator of the relational 

database model) and Charlie Bachman (the technical creative mind behind the network 

database model), had contributed to the academic journals and trade magazines for 

almost 30 years. By 2001, about 20% of the world’s data was contained in relational 

databases (Rich, 2002). Lightstone et al. (2007) indicated that since the original debate, 

many database systems have been built to support each of these models, although the 

relational model eventually dominated the database industry. Candan and Sapino (2010) 

also stated that, in present times, relational databases dominate in the Database 

                                                 
1
http://tdwi.org/articles/2012/05/22/5-tips-cleaning-data.aspx 
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Management Systems (DBMS) market due to their suitability for many application 

domains (e.g. banking), clear theory, declarative language support, algebraic formulation 

that enables query execution, and that enables effective query optimization. The 

relational model is close to being a physical model: the tabular form of the relations 

commonly dictates how the relations are stored on the disk, that is, one row at a time, 

though other storage schemes are also possible. For example, column-oriented storage 

(Abadi et al., 2008; Stonebraker et al., 2005) may be more desirable in data analysis 

applications where people commonly fetch entire columns of large relations. 

Furthermore, some of the principles of logical database design for the relational model 

apply to other logical models as well. 

In the 1980s, the relational model consolidated its position as the dominant 

DBMS paradigm, and database systems continued to gain widespread use. The SQL 

query language for relational databases, developed as part of IBM's System R project, is 

now the standard query language. SQL was standardized in the late 1980s, and the 

current standard, SQL-92, was adopted by the American National Standards Institute 

(ANSI) and International Standards Organization (ISO). Arguably, the most widely used 

form of concurrent programming is the concurrent execution of database programs 

(called transactions). Today, more than ever, the success of an organization depends on 

its ability to acquire accurate and timely data about its operations, to manage this data 

effectively, and to use it to analyze and guide its activities. 

2.2.1 Observations Data Model Database 

A relational database model for observations data was developed to support 

hydrologic science by the Consortium of Universities for the Advancement of Hydrologic 

Science Inc. (CUAHSI) Hydrologic Information System (HIS). CUASHI is an 
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organization representing more than 125 universities and is sponsored by the National 

Science Foundation to provide infrastructure and services to advance the development of 

hydrologic science and education in the United States. “A model is a simplified view of 

the real world” (Maidment, 2005). This observations data model (ODM) is a prototype 

specifically for the storage of hydrologic and environmental observations and sufficient 

ancillary information (metadata) about the data values. It is also for the optimization data 

retrieval of integrated analysis of information collected by multiple investigators 

(Horsburgh et al., 2008). Because of the sufficient flexibility, scalability, and 

adaptability, this model is also intended to provide a standard format to aid in the 

effective sharing of information between investigators and to allow analysis of 

information from disparate sources both within a single study area or hydrologic 

observatory and across hydrologic observatories and regions.  

2.3 DATABASE SUPPORT-MICROSOFT SQL SERVER 

Generally speaking, relational databases are supported by each of these products: 

Microsoft SQL Server, DB2, Informix, and Oracle. Microsoft SQL Server is a user- and 

business-friendly database platform (Chapple, 2008), and is populated in personal, 

departmental, and enterprise use. In our research group, a version of SQL Server 2008 

Release 2 (R2) is employed, which is centered by a high-performance, highly available 

database engine. It also consists of series of tools and components that support designing, 

managing, maintaining, and programming its associated data. SQL Server 2008 R2 

supports the Structured Query Language (SQL) which, in fact, is the main language that 

SQL Server uses. In the SQL Server, the database is the highest-level container that is 

used to group all the objects and code that serve a common purpose. 
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SQL (pronounced “sequel”, originally called “System R”) is an acronym for 

Structured Query Language, which is a standardized language developed by IBM and is 

used to access and manipulate data within relational databases (Watt, 2006). SQL is a 

flexible language that is used in a variety of ways. It is the most widely used tool for 

communicating with a relational database (Taylor, 2010). 

The history of SQL corresponds closely with the development of a relational 

databases concept posited by Codd (1970) at IBM. He applied mathematical concepts to 

the specification of a method for data storage and access; this specification, which 

became the basis for relational databases, was intended to overcome the physical 

dependencies of the then-available database systems. In 1979 Oracle, then called 

Relational Software, Inc., introduced the first commercially available implementation of 

a relational database incorporating the SQL language. SQL provides the worldwide 

standard method for storing data in a highly structured fashion. The structure enables 

users to maintain data storage of a wide range of sizes and to efficiently extract the 

information they want from those data stores. 

SQL is not a procedural language, as are BASIC, C, FORTRAN and Java, which 

require a written procedure — a sequence of commands that performs one specific 

operation after another until the task is complete. A procedure is a process by which users 

are telling the system how to get what they want. SQL, in contrast, is nonprocedural 

solving a problem by simply telling SQL what you want (Taylor, 2010). For example, 

users want to retrieve the sites in the DataValues table (shown in Figure 2) that 

correspond to the data value higher than 0.08. The desired retrieval could be completed 

by executing the following query: 
SELECT SiteID 

FROM [COMIDA].[dbo].[DataValues] 

Where DataValue>0.08 
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2.4 RELATIONAL DATABASE MANAGEMENT SYSTEMS (RDBMS) 

A database management system (DBMS) is a generalized software system 

designed to develop database applications and to help create, maintain, and provide 

controlled access to user databases (Carney et al., 2002; Prescott et al., 2005); the need 

for such systems is growing rapidly (Ramakrishnan and Gehrke, 2003). The database 

management system (DBMS) determines the best way to get users what they request. 

The first general-purpose DBMS was designed by Charles Bachman at General 

Electric in the early 1960s and was originally called the Integrated Data Store. The same 

DBMS may handle many different databases. Relational Database Management Systems 

(RDBMS) are the DBMS dealing with relational databases. RDBMS are robust and 

technically mature, having many different commercial implementations and having long 

ago demonstrated their reliability, scalability, and performance (Connolly and Begg, 

2005). Database management systems provide an impressive list of capabilities; they can 

answer complex declarative questions over large data sets, exhibit well defined behaviors 

over mixed workloads of queries and updates, and present a consistent interface in the 

context of many changes to how or where data is being stored (Paton, 2007). 

2.4.1 SQL Server Management Studio 

As a RDBMS applied in the data management system, SQL Server Management 

Studio (SSMS) is a software application first launched with the Microsoft SQL Server 

that is used for configuring, managing, and administering all components within 

Microsoft SQL Server. SSMS is the main tool that is able to be used to manage SQL 

Server (Watt, 2006) and to administer SQL Server 2008 databases, 2005 databases or 

2000 databases. However, it cannot be used to administer SQL Server 7.0 databases. 

SSMS can connect to Database Engine (Chapple, 2008) while simultaneously 

administering SQL Server Compact, Analysis Services instances, Integration Services 
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instances, and Reporting Services instances (shown in Figure 4). No database 

management system should be built unless it satisfies one or more significant business or 

technical goals (Rich, 2002). As mentioned earlier, to meet various objectives, SQL 

Server application is required for maintenance and retrieval of large amounts of data, and 

a SSMS executes tasks and controls entire processes.  

 

Figure 4: The Components in SQL Server 2008 R2 that SSMS Connects to or 

Administers. 
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Chapter 3:  The Chukchi Sea Environmental Data 

3.1 THE CHUKCHI SEA ENVIRONMENTAL DATA 

Scientific data can be grouped into the categories of observations, computations, 

experiments, and recordkeeping. Data, in this study, are observations data collected in the 

Chukchi Sea offshore area. The Chukchi Sea is a southern marginal sea of the Arctic 

Ocean shown in Figure 5.  

 

Figure 5: Map of the Chukchi Sea2. 

In two periods of 2009 and 2010 (7/27/2009 – 8/16/2009 and 7/25/2010 – 

8/16/2010), teams of seven principal investigators (listed in Table 2), carried by a vessel 

named “Alpha Helix”, went to the Chukchi Sea for data collection. The vessel stopped at 

65 sites (shown in Figure 6) in the northeastern Chukchi Sea offshore of the Arctic 

Ocean. Among these sites, 48 were visited in 2009 and 44 were occupied in 2010, which 

is indicated by the site map shown in Figure 6. Point data observations were collected in 

sea water, sea sediments, and biota (e.g. fish). The data were originally stored in 20 

environmental datasets including 300 variables. In these datasets, 36,000 data values 

                                                 
2http://en.wikipedia.org/wiki/Chukchi_Sea. 

http://en.wikipedia.org/wiki/Chukchi_Sea
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came from samples, and 474,000 data values came from sensor recording. A data 

summary is listed in Table 1. 

 

Item     

Total 

Number 

DataValues 

  

510000 

Variables 

  

300 

Sites 

  

65 

DataSources     7 

Table 1:  Chukchi Sea Environmental Data Information Summary 

 

Figure 6: Maps showing sampling stations for 2009 and 2010 voyages for the 

COMIDA CAB Project. Lower inset blue-box map shows stations to the south of those 

shown on the larger map, and the upper inset red-box map is an overhead view of the 

location of study area off the northwest coast of Alaska. 
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Table 2: COMIDA CAB Principal Investigators and Science Tasks (Kenneth H. 

Dunton et al. 2012).  

3.2 REASONS FOR ENVIRONMENTAL DATA COLLECTION 

Generally speaking, data exploration starts with identifying a need in its 

“marketplace” that can be met profitably. Environmental Data collection in the Chukchi 

Sea was driven by several reasons. The first reason is that oil and gas companies consider 

the Chukchi Sea offshore area a possible rich oil and gas resource and are highly 

interested in drilling throughout the area. However, oil drilling influences the sea 

environment and needs environmental examination. Hence, prior to any drilling, the 

Bureau of Ocean Energy and Management, Regulation and Enforcement (BOEMRE), an 

organization responsible for managing environmentally and economically responsible 

development of the nation’s offshore resources, funded a project to explore and 

characterize the physical, chemical and biological environment of the northeastern 

offshore of Chukchi Sea. This funded project is the Chukchi Sea Offshore Monitoring in 

Drilling Area: Chemical and Benthos (COMIDA CAB) project that has a large team from 

different universities and research institutions. Another reason for Chukchi Sea 

environmental data collection is the critical climate in the Arctic Ocean. Concerns for the 

environment, especially climate change, have been on the rise for many years; surface 

and satellite-based observations show a decrease in Northern Hemisphere sea ice extent 

during the past 46 years (Vinnikov et al., 1999). Because of enhanced Arctic warming 

Name Science  Tasks

Kenneth H.Dunton Food Web Structure, Infaunal Species Diversity and Abundance,Nutrient Fluxes

Lee Cooper Sediment Chlorophyll,Water Column Chlorophyll,Sediment Tracers

Jacqueline Grebmeier Infaunal Biodiversity,Infaunal Respiration,Sediment Grain Size

H. Rodger Harvey Hydrocarbon Extraction,Sediment Screening

Brenda Konar Epifaunal Composition and Abundance

David Maidment GIS and Data Management
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and a retreating sea ice cover data collection in the Arctic Ocean provides baseline data 

studies. Also, from a historical point of view, it is important to document the character of 

the seabed before any significant loss of sea ice occurs in the Arctic Ocean. 

3.3 DATA ONLINE ACQUISITION 

A COMIDA CAB webpage http://www.comidacab.org/Data.aspx was built for 

this COMIDA CAB project as a place that data can be downloaded from. In particular, 

under the “DATA” catalog (see Figure 7), the “Data Uploads” folder is the place for 

principle investigators submitting raw Excel data. Each principle investigator has a 

folder. Besides data, some project maps, documents, and the COMIDA team information 

are available on this webpage.  

 

Figure 7: The Contents of COMIDA CAB Website.  

http://www.comidacab.org/Data.aspx
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Chapter 4:  Relational Database Modification 

4.1 RELATIONAL DATABASE ANALYSIS 

A relational database usually consists of a conceptual model, logical model and 

physical model. Conceptual database modeling is about understanding the organization 

and getting the right requirements. Logical database modeling maps the conceptual 

requirements into the database model, creating stable database structures by defining the 

data relationships and tables, and correctly expressing the requirements in a technical 

language associated with a specific database management system. Physical database 

modeling transforms the logical database model into physical tables using the basic SQL 

data definition language (DDL), (e.g. CREATE TABLE), and decides data types, such as 

integer, string, number and date. Other basic definitions for SQL objects (tables and 

views) are ALTER TABLE (which inserts columns, drops or modifies existing columns), 

and CREATE/DROP VIEW (which defines or deletes a view in a database). 

The logical model prototype (called “database schema”) of the relational database 

used in this study has been published by CUASHI-HIS (Tarboton et al., 2008). The blank 

physical database model (ODM 1.1 Blank SQL Server Schema Database) can be 

downloaded at the following website: http://his.cuahsi.org/odmdatabases.html. Its 

conceptual model is simplified as shown in Figure 8, which outlines the main tables for 

accommodating hydrological data. 

http://his.cuahsi.org/odmdatabases.html
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Sites Sources

DataValues
Variables

Samples

Methods
Qualifier

Offsets

Groups

 

Figure 8: ODM Conceptual Model. 

4.2 RELATIONAL DATABASE UML DIAGRAM MODIFICATION 

The relational model allows database users to separately design the database 

conceptual, logical, and physical model. Usually, the conceptual database modeling is 

always addressed first, because it is the origin of other two models. The fundamental 

principle of conceptual database modeling is to distribute the data from one table into 

several tables for reducing information repeating. As known, taxonomy is the academic 

discipline of defining groups of biological organisms on the basis of shared 

characteristics and giving names to those groups. It is crucial to have a taxonomy table in 

the database to accommodate biological information. However, the original ODM 

database has no such table as seen in Figure 8. To build a suitable database model based 

on the ODM prototype, the first task is to add a “Taxonomy” table in the conceptual 

model (shown in Figure 9). 
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Offsets

Groups

Taxonomy

 

Figure 9: Modification of ODM Conceptual Model by Adding Taxonomy Table 

The modified conceptual model can then be translated into an efficient logical 

database model. This translation process requires specifying all attributes, assign primary 

key (PK) or foreign key (FK) in each table, as well as to determine relationships between 

tables. An example is shown in Figure 10, where the Taxonomy table has 15 attributes 

among which the PK is TaxaID, and the DataValues table has 18 attributes with one PK 

and 9 FK. The relationship between DataValues and Taxonomy is described as “Group”, 

and the cardinalities are indicated as 1…* and 0…1, which represents one data in 

DataValues may belong to one or zero Taxonomy. However, one data in Taxonomy can 

group at least one or many DataValues. For example, four samples are collected on one 

fish for different tests the cardinality of the relationship between the two tables is many-

to-one, which means four rows of DataValues have the same Taxonomy value. In another 

situation, if four samples were collected on different fish species then the cardinality is 

one-to-one. The four samples also might be collected in water instead of on fish, and the 

cardinality is clearly one-to-zero. 
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(M) ValueID {PK}

(M) DataValue

(O) ValueAccuracy

(M) LocalDateTime

(M) UTCOffset

(M) DateTimeUTC

(M) SiteID {FK}

(M) VariableID {FK}

(O) OffsetValue

(O) OffsetTypeID {FK}

(M) CensorCode

(O) QualifierID {FK}

(M) MethodID {FK}

(M) SourceID {FK}

(O) SampleID {FK}

(O) DerivedFromID

(M) QualityControlLevelID {FK}

(O)TaxaID {FK}

DataValues

1..*

0..1

3 Group

(M)TaxaID {PK}

(M)TSN

(O)Kingdom

(O)Phylum

(O)Class

(O)[Order]

(O)Suborder

(O)Infraorder

(O)Family

(O)Genus

(O)Species

(O)Subspecies

(O)CommonName

(O)Synonyms

(O)TaxaLink

Taxanomy

 

Figure 10: Logical Model of the DataValues Table and the Taxonomy Table. 

A logical database model is usually called a “schema”. Because it contains 

detailed database table information, it can be compared to a blueprint of a building. It is 

tremendously helpful in perceiving relationships among different tables and guiding the 

physical database creation and implementation. A “schema” is developed using models in 

Microsoft Visio such as the Unified Modeling Language (UML) model or Entity–

relationship (ER) Model. These are arguably the most popular ones in use today, due to 

their simplicity and readability. In this study, the UML model is employed. Schemas play 

a large part of database design and modification, not only because they segregate objects 

but also because the segregation into schemas allows researchers to control access to the 
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data and to restrict permissions, if necessary, to only a certain subset of the implemented 

database.  
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Figure 11: The COMIDA Relational Database Logical Model.  
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4.3 PHYSICAL DATABASE MODEL MODIFICATION 

A platform is essential for efficiently transforming the logical database model into 

a physical database. Usually, relational database management systems (RDBMSs) are 

used as such platforms to implement relational databases in SQL Server. As one of the 

RDBMSs, SQL Server Management Studio (SSMS) version 2008 R2 is used in this 

study. SSMS supports the structured query language (SQL). One of the subsets of SQL is 

the data definition language (DDL), such as CREATE TABLE and DROP TABLE. These 

subsets can be used to create a new database table, as well as to establish constraints. 

4.3.1 SQL Server Management Studio  

To launch SSMS, click on WindowsAll ProgramsMicrosoft SQL Server 2008 

R2SQL Server Management Studio. Then the Server type, Server name, Authentication, 

Login, and Password are required to be filled in the login window (see Figure 12). For 

database management, the database engine is selected as Server type. In this study, the 

SQL Server is installed on a local machine consequently the server name is “(local)”. 

Authentication has two choices: Windows Authentication, which does not require a login 

and password, and SQL Server Authentication, which requires a pre-built login and 

password. The latter is chosen in this study for security consideration. 



28 

 

Figure 12: The Interface of SQL Server Management Studio Connected to SQL Server. 

 

Figure 13: SQL Server Management Studio User Interface. 
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4.3.2 Relational Database Attachment in the SQL Server 

In the SSMS a physical database can be attached to the SQL Server. As a blank 

ODM database from CUASHI-HIS web is downloaded, composed of an OD.mdf and an 

OD_log.ldf file, it is ready to get attached to the server. A method is to right click the 

Databases folder in the SSMS Object ExplorerAttachAdd OD.mdfOK (see Figure 

14). The attachment of the blank database is succeeded. 

 

Figure 14: Database Attachment in SSMS Procedure. 

Based on a categorization of data modeling constructs and a set of mapping rules, 

each relationship and its associated entities are transformed into a set of SSMS relational 

tables. 

4.3.3 Taxonomy Table Creation 

The SQL CREATE TABLE statements are executed to create Taxonomy table, 

define data types (e.g. TaxaID (int), Kingdom (nvarchar)), as well as add constraints such 

as “NOT NULL” and “PRIMARY KEY”. The relational data model (Codd, 1970) 

describes the constraints underlying the database in terms of a set of first-order 

predicates, defined over a finite set of predicate variables. 

 
CREATE TABLE [dbo].[Taxonomy]( 
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 [TaxaID] [int] IDENTITY(1,1) NOT NULL, 

 [TSN] [int] NOT NULL, 

 [Kingdom] [nvarchar](50) NULL, 

 [Phylum] [nvarchar](50) NULL, 

 [Class] [nvarchar](50) NULL, 

 [Order] [nvarchar](50) NULL, 

 [Suborder] [nvarchar](50) NULL, 

 [Infraorder] [nvarchar](50) NULL, 

 [Family] [nvarchar](50) NULL, 

 [Genus] [nvarchar](50) NULL, 

 [Species] [nvarchar](100) NULL, 

 [Subspecies] [nvarchar](150) NULL, 

 [CommonName] [nvarchar](500) NULL, 

 [Synonyms] [nvarchar](max) NULL, 

 [TaxaLink] [nvarchar](500) NULL, 

 [TaxaComments] [nvarchar](max) NULL, 

CONSTRAINT [PK_Taxonomy] PRIMARY KEY CLUSTERED  

([TaxaID] ASC)WITH (PAD_INDEX  = OFF, STATISTICS_NORECOMPUTE  = 

OFF, IGNORE_DUP_KEY = OFF, ALLOW_ROW_LOCKS  = ON, ALLOW_PAGE_LOCKS  

= ON) ON [PRIMARY]) ON [PRIMARY] 

GO. 

Up to this point, the well-thought-out relational database is completed, which has 

30 relational tables. It is ready to be loaded with data and allow for further 

implementation. 

 

 

Figure 15: COMIDA Database Tables.  
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Chapter 5:  Data Processing and Relational Database Implementation 

“Information is data endowed with relevance and purpose. Converting data into 

information thus requires knowledge. And knowledge, by definition, is specialized. In 

fact, truly knowledgeable people tend toward overspecialization, whatever their field, 

precisely because there is always so much more to know.” 

—Peter Drucker 

Prior to loading data into a database, careful attention should be paid to 

familiarize with the data feature and structure and to ensure high productivity and 

accuracy. Data are the heart of a RDBMS and can be broadly classified into two types 

(Sumathi and Esakkirajan, 2007): the collection of operational data needed by the 

organization and “metadata” which describe the properties or characteristics of the 

operational data and the database. Metadata are essential for data management. Some of 

the properties typically described include data names, definitions, length (or size), and 

allowable values. The primary mechanism of metadata is for providing context for data, 

which includes data source, data storage location, ownership (or stewardship), and usage. 

(Hoffer et al., 2010). Data need to be processed prior to being loaded into a relational 

database in a RDBMS.  

5.1 DATA HETEROGENEITY RECONCILIATION 

Generally speaking, data processing refers to the process of performing specific 

operations on a set of data or a database. In this study, data processing particularly refers 

to data heterogeneity reconciliation in Excel files (see Figure 16), through which 

heterogeneous data are transformed to homogeneous data. 
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Figure 16: Schematic Diagram of Data Processing.  

Data heterogeneity is, to some degree, generated once the data sources are 

different, which usually includes syntactic and semantic heterogeneity. In Excel 

spreadsheets, syntactic heterogeneity refers to the difference between ways how data and 

metadata are organized in rows and columns, while semantic heterogeneity refers to the 

inconsistency in terminology used to describe data and metadata. Semantic heterogeneity 

occurs when there is disagreement on the meaning, interpretation, or intended use of the 

same or related data (Sheth and Larson, 1990). However, data heterogeneity 

reconciliation, which may be required both within and across research sites, is a complex 

problem that has a long history in information science (Bergamaschi et al., 2001).  

Fortunately, CUASHI-HIS has developed a Controlled Vocabulary Registry 

containing 13 vocabulary tables (shown in Figure 17) for hydrological and environmental 

observations data. Based on this Controlled Vocabulary Registry, data managers not only 

can use existing vocabularies to reconcile their data but also can request new 

vocabularies. In this study, raw environmental data are reconciled with 10 vocabulary 

tables: CensorCodeCV, DataTypeCV, GeneralCategoryCV, SampleMediumCV, 

SampleTypeCV, SiteTypeCV, Spacialrefernces, SpeciationCV, Units, and 

VariableNameCV. Meanwhile, vocabularies are updated, which resulted in 125 terms in 

the VariableNamesCV table, 4 terms in the SpeciationCV table, 2 terms in the 
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SampleMediumCV table, 3 terms in the SampleTypeCV table, and 16 terms in the Units 

table.  

 

Figure 17: CUASHI-HIS Controlled Vocabularies. 

(http://his.cuahsi.org/mastercvreg/cv11.aspx). 

To perform data syntactic heterogeneity reconciliation, instructed by the logical 

database model, first, data in one spreadsheet are distributed into separate worksheets 

named after Methods, Offsets, Sites, Sources, Taxonomy, Units, and DataValues. Second, 

all the field headers in each of these worksheets are integrated with table attributes of the 

logical database model. To do so, all the small-size worksheets (see Table 3) were 

compiled manually except for DataValues. In the study, 65 locations were specified for 

data collection and were identified by SiteCode (Appendix A).The Sites worksheet was 

compiled from the cruise event logs of both years. A total of 300 variables were compiled 

into the Variables worksheet, and were identified by VariableCode from a range of 1 to 

300. Meanwhile, variable names were reconciled with VariableNameCV from the 

controlled vocabularies. Methods for data collection and lab test extracted from the final 

project report are saved in the Methods worksheet and identified by MethodID. 

http://his.cuahsi.org/mastercvreg/cv11.aspx
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Information describing data sources is also combined into the Methods worksheet. 

Biological classification information such as kingdom, phylum, class, order, family, 

genus and species is collected in Taxonomy worksheet, which is identified by TSN 

(Taxonomic Serial Number). Units worksheet collects unit information for variables and 

offset values. Compiled worksheets are then saved as CSV files having the same names 

as worksheets. Because of the large data quantity, Visual Basic for Applications (VBA) is 

employed to accelerate the DataValues worksheet data compilation. 
 

Table 

Name       

Total 

Number 

Methods 

   

119 

Offsets 

   

4 

Qualifiers 

   

156 

Sites 

   

65 

Sources 

   

26 

Taxonomy 

   

519 

Variables       301 
 

Table 3: Summary of Volumes of DataValues Parent Tables. 

VBA is a programming language, or a macro language, created by Microsoft that 

can be built into main Microsoft applications, such as Word, Excel, PowerPoint, Outlook, 

and Access. VBA is based on Visual Basic, which is a stand-alone program that runs 

independently. Even though VBA is highly compatible with VB, VBA is part of an 

Office application, and therefore cannot work without the Office application. For 

instance, VBA for Excel cannot run without Excel, since it is part of the Excel program. 

VBA helps computer users significantly enhance the power of the world’s most popular 

spreadsheet. 
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Data from different principal investigators (PIs) are formatted differently in Excel 

spreadsheets, and are not provided with clear metadata. To efficiently finish the task, 

VBA was chosen. These metadata should include information about the location where 

the observations were made, the variable that was observed or measured, the source or 

organization that created the data, the procedures used to create the data, data qualifying 

comments, quality assurance and quality control information, time support, spacing, 

extent, and other important attributes (Horsburgh et al., 2008).  

5.1.1 Sediment Sample Data Compilation 

To demonstrate the data compilation process using VBA, an example is given 

using sediment data. A large water volume nutrients and particulate matter is driven by 

ocean current through the Chukchi Shelf. A significant portion of the particulate matter is 

deposited in the sediments, which reflects a mixture of both natural and anthropogenic 

sources of hydrocarbons and trace metals. Harvey et al. (see Table 2) determined 

concentrations of organic contaminants (aliphatic hydrocarbon and polycyclic aromatic 

hydrocarbons, PAHs) in sediments throughout the study area. An example of the raw 

Excel file is shown in Figure 18, which has PAHs in sediment surface, sediment cores, 

and whelks distributed in the PAHs_Surface_Sediment, PAHs_Sediment Cores, and 

PAHs_Alkanes_Whelks worksheets. The PAHs_Surface_Sediment worksheet is taken as 

an example to demonstrate the data compilation procedure. In this worksheet, “year” and 

other metadata are randomly put both on the top and bottom of this spreadsheet. 

Meanwhile, SiteCode is described as “Station Code”. Data collecting dates and methods, 

however, are not clarified, therefore, such information has to be acquired by tracing back 

to the Sites CSV file compiled earlier. 
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Figure 18: Part of a Worksheet of Raw Data Recording PAHs in the Ocean Sediment 

Surface. 

To compile this worksheet, data were firstly transposed to a new worksheet 

named PAHs_Surface_Sediment_m (see Figure 19). Hersh (2012) highlighted those data 

(in Excel worksheets) that are needed to be transferred into the relational database. 

According to “SiteCode”, dates were collected into this new worksheet. The 

VariableCode row was inserted on the top of each variable name. The Methods row 

extracted from the COMIDA CAB final report3 is added in this new sheet. Qualifiers are 

inserted into a column. SourceFile, QC Level, UTCOffset, and Units reconciled with the 

controlled vocabularies are compiled into another new worksheet Metadata.  

 

                                                 
3http://www.comidacab.org/Documents/COMIDA%20CAB%20Final%20Report%203-26-12.pdf. 
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Figure 19: PAHs Data in part of a New Worksheet after Reconciling Sematic 

Heterogeneity. 

Finally, data in the PAHs_Surface_Sediment_m worksheet are transformed in to a 

blank worksheet—DataValues. To do so, VBA is applied based on the input data 

requirements of the modified version of database data loader. The data loader was 

originally developed by CUASHI-HIS and was recoded, in this study, to handle 

additional biological data. As the data loader input, CSV files are required to have filed 

headers consistent with attributes of each table in the database model. 

One way to start the VBA is to use the Developer tab; however, by default the 

Developer tab is not displayed in Excel. Hence, several steps need to be performed (in 

MS Excel 2010):  

1. Open a new workbook in Excel. 

2. On the File tab, choose Options to open the Excel Options dialog box 

3. Click the Customize Ribbon on the left side of the dialog box. 

4. Under the Choose commands on the left side of the dialog box, select Popular 

Commands. 
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5. Under the Customize ribbon like above on the right side of the dialog box and 

then select the Developer check box. 

6. Click OK. 

After Excel displays the Developer tab (see Figure 20), click on the Visual Basic 

button on the tab, the VBA environment window is open (see Figure 21). 

 

Figure 20: Developer tab in Excel 2010. 

Alternatively, the VBA environment window can be opened by using the 

keyboard combination <Alt + F11>. Click the drop button on the left side of the save, and 

choose Module. A new module is built on the right side of the window (see Figure 21). A 

module is a separate file that contains one or more macros and can be edited by Visual 

Basic Editor. The module name could be changed based on users’ preferences. Option 

Explicit is shown on the top of the MyModule window in Figure 21, which indicates that 

each variable needs to be explicitly defined before usage.  
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Figure 21: The Visual Basic Editor Window.  

A module is created and saved as “Untils”, which contains two public functions to 

find the last used row and last occupied column in the worksheets.  
 

Public Function get_last_used_row() As Long 

    ' Get the DataValues worksheet 

    Dim ws As Worksheet 

    Set ws = Worksheets("DataValues") 

    Dim c As Range 

    Set c = ws.Cells 

    get_last_used_row = c.Find("*", SearchOrder:=xlByRows, SearchDirection:=xlPrevious).Row 

End Function 

 

Public Function get_last_used_column(ws As Worksheet) As Long 

get_last_used_column = ws.Cells.Find("*", SearchOrder:=xlByColumns, 

SearchDirection:=xlPrevious).Column 

End Function 

Another module called “write_PAHs_Surface_Sediment_values” is created in a 

sub-procedure: 
 

Properties

Window 

ToolBar 

MenuTab 

Project

Window 

Code Window 
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Option Explicit 

 

Sub write_PAHs_Surface_Sediment_values() 

‘First, to activate and define the “Metadata” worksheet; 

    Dim meta_ws As Worksheet 

    Set meta_ws = Worksheets("Metadata") 

    Dim meta_cells As Range 

Set meta_cells = meta_ws.Cells 

‘Second,to define new variables to read all the information in that worksheet; 

    Dim utc_offset As Integer ' UTC offset 

    utc_offset = meta_cells(1, 2) 

    Dim source_file As String ' Source file 

    source_file = meta_cells(2, 2) 

    Dim qc_level As Integer ' QC level 

qc_level = meta_cells(3, 2) 

‘Define varaibles for the modified “PAHs Surface Sediment_m” worksheet 

    Dim source_ws As Worksheet 

    Set source_ws = Worksheets("PAHs_Surface Sediment_m") 

    Dim source_cells As Range 

Set source_cells = source_ws.Cells 

‘Define a new worksheet--“DataValues” that data will transferred into 

    Dim ws As Worksheet 

    Set ws = Worksheets("DataValues") 

    Dim c As Range 

Set c = ws.Cells 

‘Defined the rest of variables in “DataValues” workshet with appropariate datatypes  

    Dim site As String, qualifier As String, datetime As String, variable As String, method As String 

Dim, data_value As String, censor_code As String, i As Long, j As Long 

‘Using for loop to loop through all the data and write them into the “DataValues” worksheet. 

    Dim current_row As Long 

    current_row = Utils.get_last_used_row() + 1 

    For i = 4 To 57 ' Loop through each data value row 

        For j = 4 To 40 ' Loop through each data value column 

            data_value = source_cells(i, j).Text 

            If data_value <> "" And (IsNumeric(data_value)) Then 

                variable = source_cells(2, j) 

                method = source_cells(1, j) 

                site = source_cells(i, 1) 

                datetime = source_cells(i, 3) 

                censor_code = "nc" 

                c(current_row, 1) = data_value 

                c(current_row, 2) = datetime 

                c(current_row, 3) = utc_offset 

                c(current_row, 4) = site 

                c(current_row, 5) = variable 

                c(current_row, 6) = "" 'offset 

                c(current_row, 7) = "" 'offset_description 

                c(current_row, 8) = "" 'offset_units 

                c(current_row, 9) = censor_code 

                c(current_row, 11) = method 

                c(current_row, 12) = source_file 

                c(current_row, 13) = qc_level 
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                current_row = current_row + 1 

            End If 

        Next 
Next 

 

With this subprocedure, data in the PAHs_Surface_Sediment_m worksheet and 

Metadata worksheet are transferred into DataValues worksheet (Figure 22). Following 

the same procedure, PAHs data in other two worksheets can be transferred to the 

DataValues worksheet.  
 

 

Figure 22: A DataValues Worksheet Containing VBA-Transformed Data.  

Following the same procedure, data heterogeneity was eliminated from 20 

datasets and transformed to the DataValues worksheet which was saved as a CSV file 

before data loading.  
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5.2 RELATIONAL DATABASE IMPLEMENTATION 

5.2.1 The Table Order during the Data Loading Operation 

In a relational database, the relationships among tables are generally not 

bidirectional, which means one table is usually dependent on others. For instance, a 

location has to be found in the Sites table before a data value is entered for the 

DataValues table. A data value, however, cannot enter into the DataValues table unless 

the corresponding location has made an entry in the Sites table. The DataValues is 

dependent on the Sites table. This kind of arrangement is often called a parent-child 

relationship, where Sites is the parent table and DataValues is the child table. The child is 

dependent on the parent. Parent tables have primary key values that must be established 

before they can be used as foreign keys, so the order in which the data and its associated 

metadata are loaded matters. 

Using the schematic logical database model diagram as a guide, 10 tables with red 

table tags (shown in Figure 23) must be completed with data first, since as parent tables 

they predefine the attribute terms used in child tables with grey tags. 

 SampleTypeCV (Samples) defines the way samples are collected, such as 

“grab” and “trawl”. 

 CensorCodeCV (DataValues) lists all the censors that are used in the 

DataValues, such as “lt” stands for less than and “nd” is nondetected. 

 GeneralCategoryCV (Variables) integrates the variables into groups. The 

main categories in our study are biota and water quality. 

 SpeciationCV (Variables) defines the species of the variables. 

 VariableNameCV (Variables) is the definition or explanation of the variables. 

 ValueTypeCV (Variables) actually states where data are from, such as 

observation or simulation. 
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 DataTypeCV (Variables) is the characteristic of the data, such as continuous, 

sporadic, or cumulative. 

 SpatialReferences (Sites) usually has two main components: a coordinate 

system and a spatial reference domain. Here the spatial reference mainly 

means the coordinate system. For example, WGS84 is employed in the study. 

 VerticalDatumCV (Sites) is a base measurement point from which all 

elevations are determined, such as National Geodetic Vertical Datum of 1929 

(NGVD29). 

 Units (Offsets &Variables) stores all the unit properties, such as unit name, 

unit type, and unit abbreviation. 

(M) Term

(O) Definition

GerneralCategoryCV

(M) Term

(O) Definition

CensorCodeCV

(M) Term

(O) Definition

SampleMediumCV

(M) Term

(O) Definition

SampleTypeCV

(M) Term

(O) Definition

SpeciationCV

(M) SpatialReferenceID {PK}

(O) SRSID

(M) SRSName

(O) IsGeographic

(O) Notes

SpatialReferences

(M) Term

(O) Definition

TopicCategoryCV

(M) Term

(O) Definition

ValueTypeCV

(M) Term

(O) Definition

VariableNameCV

(M) Term

(O) Definition

VerticalDatumCV

(M) UnitsID {PK}

(M) UnitsName

(M) UnitsType

(M) UnitsAbbreviation

Units

Sites Sources

DataValues

Variables

Samples

Methods

Qualifiers

Offsets

Taxonomy

(M) Term

(O) Definition

DataTypeCV

Groups

 

Figure 23: A Schematic Diagram of Controlled Vocabularies (in red name tag) 

Predefining Child Table Attributes in the Relational Database. 
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DataValues table is the child table of parent tables: Sites, Offsets, Variables, 

Qualifiers, Methods, Taxonomy, Samples, and Sources. Therefore, all these parent tables 

need to be established in the second group. However, there are no relationships between 

each parent table, so their establishments need no order arrangement. DataValues is the 

third group and also the last group. 

5.2.2 Data Loading Approaches and Procedure 

At least two approaches known could be used to do data loading in SQL server 

relational database: SQL scripts and Data Loader. 

An INSERT INTO SQL manipulation syntax inserts a row into a database table 

corresponding to column names. The execution of the following codes could insert a row 

of data into the Sites table in the COMIDA relational database. The Sites table column 

names are: DataValue, ValueAccuracy, LocalDateTime, UTCOffset, DateTimeUTC, 

SiteID, VariableID, OffsetValue, OffsetTypeID, CensorCode, QualifierID, MethodID, 

SourceID, SampleID, DerivedFromID, QualityControlLevelID, and TaxaID. 
 

INSERT INTO [COMIDA].[dbo].[DataValues]  

([DataValue],[ValueAccuracy],[LocalDateTime],[UTCOffset],[DateTimeUTC],[

SiteID],[VariableID],[OffsetValue],[OffsetTypeID],[CensorCode],[QualifierID],[

MethodID],[SourceID],[SampleID],[DerivedFromID],[QualityControlLevelID],[

TaxaID]) 

VALUES    (0.18,NULL,2009-07-29,-9,2009-07-29,63,179,NULL,NULL,nc,   

1,6,15,NULL,NULL,1,582) 

GO. 

However, the disadvantage of the SQL DML is that the number of INSERT 

INTO….VALUES…has to be equal to the number of the sites. Due to large volume of 

data, it would be time consuming to type all the syntax. CUASHI-HIS has developed an 

ODM Data Loader (ODMDL), with which data can be quickly processed and stored in 

databases, and many data errors can be avoided by automatic integrity checking. For a 
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more detailed description of the ODMDL and its features, one can refer to the ODM Data 

loader software manual document (Horsburgh et al., 2007), which is available on the 

CUAHSI-HIS website (http://his.cuahsi.org).This ODMDL was designed for the original 

ODM database; however, since the database has been altered by adding the Taxonomy 

table already, the ODMDL needs to be modified accordingly. After modification it is 

named specifically as COMIDA ODM Data Loader. 

To launch this new version of Data Loader by clicking on the shortcut  

symbol on the desktop, the connection window pops up (see Figure 24) requiring 

information--the same User ID and Server Password as launching SSMS previously--for 

accessing the relational database. “Connection Successful” pops out after clicking the 

Test Connection button, and the Data Loader simple interface (see Figure 25) can be 

accessed by clicking on the Save Changes button.  

 

 Figure 24:  Connection between Data Loader and SQL Server Relational Database. 

http://his.cuahsi.org/
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Figure 25: COMIDA ODM Data Loader Simple User Interface 

With previous data processing procedure, data have been well formatted in Excel 

spreadsheets and have been saved in CSV files. Data are ready to be loaded following the 

loading order. First, click on “Open” (shown in Figure 26) to open one CSV file at a time 

in the Data Loader. Once data show up in the data loader window, data formats can be 

checked by this software. Second, hit the “Commit file” button to send data over to the 

corresponding table in COMIDA database. The first group of files is listed as: 

 

The second group includes 7 parent tables of DataValues and is listed as: 
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Finally, as long as the DataValues.csv is successfully submitted (see Figure 26), the 

COMIDA relational database is completed and the database can be used for data analysis 

and sharing. 

 

Figure 26: Data Loading Using COMIDA ODM Data Loader. 
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5.2.3 Data Visualization 

SQL and the relational database model are based on sets and logic. This makes it 

easy to find set relations by using executing queries. A query is a question users ask to 

the database. Data in a relational database can be queried out to form certain information 

by creating views. A view is a virtual table that consists of columns and rows like a 

physical table, which is an execution result of the SQL SELECT…FROM…WHERE 

statement that may reference one or multiple tables, in particular, the WHERE clause can 

be applied to constrain the view to display specific row(s). One of the advantages using 

view is that view does not take up any computer space, so users can create as many as 

they need without worrying about running out of disk space. Another advantage of using 

view is that view protects data in the database from undesired changing by users.  

Generally, to create a view, one approach is to use the SELECT statements. 

Within SSMS, however, the easiest way to create a view is to: right click on Views in the 

Object Explorer  New View Add Table Tables  Units Add Variables Add 

(shown in Figure 27). Along with this approach, the SELECT statement is also generated 

automatically in the query window (shown in Figure 29). Tables selected would 

automatically join together using LEFT/ RIGHT OUTER JOIN or INNER JOIN, if 

relationships exist. The process of view creation is actually the process of database 

denormalization. A SQL join combines fields from two or more tables in a database 

based on common values. Inner join creates a new result table by combining column 

values of two tables (A and B) based upon the join-predicate. The result of a left outer 

join for table A and B always contains all records of the "left" table (A), while the right 

outer join would keep all the columns of table B. After table selection is done, attributes 

could be filtered by clicking the boxes in front of them (the same function as WHERE 

clause). 
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Figure 27: Creating a View in SSMS 

 

 

Figure 28: A View Diagram in SQL Server Management Studio. 
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Figure 29: The SELECT Statement for View Creation. 

After executing a SELECT statement, the view result is shown in Figure 30 and is 

saved as DNA_View in SSMS.  

 

Figure 30:  The View Result in SSMS. 
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A geographical information system (GIS) allows for the management and 

organization of geospatial information by representing data in themes or layers of 

different classes of information that describe landscape (Maidment, 2008). Latitude and 

longitude information enables environmental data visualization in GIS. Hence, this 

DNA_View, as a query layer, is added into GIS through connecting COMIDA database 

residing in SQL Server with GIS. To do so, click the shortcut of ArcMap on the desktop 

and then click FileAdd Data  Add Query Layer  Connections  New  Database 

Connection  Database Platform  SQL Server  Instance  (Local)  Database 

Authentication  User Name  Password  COMIDA  OK (see Figure 31). 

 

Figure 31:  Connection GIS with SQL Server Database  

Once GIS is connected with the COMIDA database, the 

COMIDA.dbo.DNA_View shows up in the table list. With a double click, a query is 

generated in the query window named “DNA_Damage”. Lastly, click on Validate to 

validate this query and Finish.  
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Figure 32: DNA Query Layer in GIS. 

The query process is part of information retrieval, which is important in many 

application domains where results need to be precisely presented to users to meet their 

purposes. After adding the query layer into GIS, a feature layer can be created on it. 

 

Figure 33: A Map for DNA.  
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An animated GIS time-enabled layer can show that DNA sample data are 

sporadic, while some sensor data are continuous. Visualization in GIS shows data 

patterns and trends that guide further data analysis. 

5.2.4 Data Publication 

Data publication is sharing data with others who neither collected the data nor are 

involved in the data management. The methods of publishing data include sharing an 

entire database, sharing views created based on different objects, and sharing Excel files 

exported from the loaded database.  

To copy a database out from the SSMS, the first task is to enable database copy 

by starting the SQL Server Agent in SSMS under the object explorer window. To start 

SSMS, right click the SQL Server Agent and choose start. A destination folder needs to 

be located for the database copy. With a Success showing up in a copy database wizard 

window, the database is successfully copied and saved as COMIDA_new.mdf file. The 

COMIDA_new_log.LDF file is a log file that documents all the transactions. If users want 

to copy COMIDA database into their local machine, only the .mdf file needs to be 

attached to SSMS. 
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Figure 34: Database Copy in the SSMS. 
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Chapter 6:  Conclusions 

6.1 IMPLICATIONS OF THIS DEMONSTRATION 

Environmental data hold important information that needs to be managed 

effectively. Data management systems can protect environmental data integrity, ensure 

environmental data security, and facilitate environmental data analysis and publication. In 

this study, the data management system includes six components: data, users, a data 

loader, a relational database, SQL Server, and SSMS. Data are converted into information 

in the data management system, so to some degree, it is equivalent to an information 

system. In the system, data can be downloaded in MS Excel format from the COMIDA 

project website and then be compiled into CSV files. As a platform SSMS is connected 

with the SQL Server to manage the modified relational database; and homogeneous data 

are loaded into this relational database. Furthermore, a connection can be built between 

this data information system and GIS. By adding query layers in GIS, data stored in the 

relational database can be visualized. 

This study also demonstrates the detailed operating procedures of the data 

management system. A relational database is the most commonly-used database, which 

allows database designers to build its conceptual, logical, and physical database model 

separately. In the process of conceptual database modeling, database tables with only 

table names are sketched out regarding data properties and data distribution. To include 

biological data, a Taxonomy table is added into an existing observations data model 

(ODM) created by the CUASHI-HIS. The logical database model is built upon the 

conceptual model with additional detailed information about database tables. In this 

process, tables are filled with attributes; relationships between tables are mapped out; and 

cardinalities of relationships are assigned. Both the conceptual and logical database 

modeling are developed using the UML model in Microsoft Visio. The logical database 
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model is actually a “schema” that guides designers to build the physical database model 

that is implemented in a relational database management system—SSMS. Conceptual 

tables in the “schema” are created in SSMS using SQL syntax and are ready for data 

insertion. Prior to data loading, data are compiled to get rid of data heterogeneity that 

includes semantic and syntactic heterogeneity generated by different data sources. The 

semantic data heterogeneity was reconciled with Controlled vocabularies listed on the 

CUASHI-HIS web site, while the syntactic data heterogeneity is unified by executing 

VBA syntax referring to the logical database model. Formatted data are then easily 

loaded into the blank relational database with a modified data loader which is also very 

helpful for data checking. After data are all committed to the relational database, data can 

be analyzed by querying out information according to various purposes. In addition, data 

can be shared through exporting the entire database. Furthermore, data can be visualized 

in the GIS by adding views created in SSMS as query layers.   

The relational database in the data management system has accommodated about 

a half million of the Chukchi Sea environmental observations data which proved the 

feasibility and extendibility of enforcing relational databases for environmental data 

management. The relational database provides consistent data storage (a critical part of 

data publication system) and better communication of data to users, both of which 

facilitate data publication. During the study, difficulties are conquered and efficient 

approaches are employed for accomplishing the relational database modification and 

implementation. New vocabularies were submitted to CUASHI-HIS Master Controlled 

Vocabulary Registry, which will enhance vocabulary consistent in environmental study.  

Built from the success of COMIDA CAB project, a new project with a focus on 

the region Hanna Shoal has been carried out in the summer of 2012. Its similarity to the 

COMIDA CAB project makes this study and results benefit the new project significantly. 
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For instance, besides physical and chemical data, the biological data were also collected 

in the new project. Hence, data could be inserted into this relational database without 

further database model modification. Meanwhile, updated vocabularies for the COMIDA 

CAB project could be directly employed to the data management system of the new 

project. 

 

Term  

Number of 

Submission 

SampleMediumCV  2 

VariableNameCV  125 

Units  16 

SpeciationCV  4 

SampleTypeCV  3 

Table 4: The Numbers of Controlled Vocabularies Edition to the Master Controlled 

Vocabulary Registry 

Utilizing the extended capabilities of the relational database, this thesis has 

provided insights and demonstrated the procedures for managing environmental data, 

specifically environmental data containing biological information. 

6.2 FUTURE RESEARCH AND RECOMMENDATIONS 

 Even though significant advances have been made in managing environmental 

data through the relational database, improvements are still needed if scientists are to 

utilize this database efficiently. To enhance the user experience from both the data 

provider’s and data user’s perspective, a medium including four components needs to be 

implemented: data storage, data delivery, data discovery, and data access. Currently, a 

framework for hydrologic information publication has been developed by CUAHSI-HIS, 

in which hydrological point observations data are stored in an Observations Data Model 
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(ODM) which is a specific relational database, delivered through internet-based water 

data web services, discovered through a national water metadata catalog, and accessed 

and analyzed through a client application (HydroDesktop).  

Further research is recommended as the following: 

 To publish this relational database using web service for accelerating data 

delivery, 

 To develop a metadata catalog for data discovery, and 

 To continue on controlled vocabularies submission to CUASHI-HIS master 

web. As shown in Table 5, the submitted new vocabularies are only part of 

those used in the database, which did not exist in the master registry.  

 

Term 

No. of Nonexisted 

Online No. of Submission 

SampleMediumCV 8 2 

VariableNameCV 295 125 

Units 46 16 

SpeciationCV 46 4 

SampleTypeCV 3 3 

Table 5: Comparison of New Vocabularies Used and Submitted.  
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Appendices 

APPENDIX A: SITES 

 

 

SiteCode SiteName Occupied 2009 Occupied 2010 Latitude Longitude LatLongDatumSRSName

1 CBL1 7/27/2009 7/28/2010 69.03946 -166.603175 WGS84

2 CBL2 7/27/2009 69.50278 -167.6830292 WGS84

3 CBL3 7/28/2009 69.83459 -165.5003852 WGS84

4 CBL5 7/28/2009 7/29/2010 70.02248 -163.7590667 WGS84

5 CBL6 7/28/2009 7/29/2010 70.40845 -164.477975 WGS84

6 UTX29 7/29/2009 7/30/2010 70.34727 -165.4499438 WGS84

7 UTX28 7/29/2009 70.47072 -166.0909667 WGS84

8 UTX30 7/29/2009 70.28984 -167.4471333 WGS84

9 CBL4 7/29/2009 7/31/2010 70.83263 -167.7932458 WGS84

10 UTX27 7/30/2009 7/31/2010 70.67524 -167.0857875 WGS84

11 CBL7 7/30/2009 7/30/2010 70.73411 -165.9929967 WGS84

12 UTX26 7/30/2009 70.69987 -165.4385467 WGS84

13 UTX24 7/31/2009 70.75305 -164.1508857 WGS84

14 CBL9 7/31/2009 8/16/2010 70.63981 -162.2699333 WGS84

15 UTX19 7/31/2009 8/1/2010 71.01766 -164.2489458 WGS84

16 UTX22 8/1/2009 70.91808 -165.4212214 WGS84

17 UTX20 8/1/2009 71.07739 -166.1757333 WGS84

18 UTX25 8/1/2009 70.93647 -166.4750667 WGS84

19 UTX23 8/1/2009 7/30/2010 71.0283 -166.9533708 WGS84

20 UTX21 8/6/2009 8/8/2010 71.20964 -168.3267972 WGS84

21 CBL8 8/6/2009 8/7/2010 71.4864 -167.7844833 WGS84

22 UTX17 8/5/2009 7/31/2010 71.27363 -167.0194 WGS84

23 UTX13 8/5/2009 71.38877 -166.2750433 WGS84

24 UTX16 8/5/2009 8/1/2010 71.24732 -165.4513521 WGS84

25 UTX15 8/3/2009 71.2439 -163.9654 WGS84

26 UTX18 8/4/2009 71.07797 -162.5414389 WGS84

27 CBL12 8/4/2009 8/16/2010 70.90884 -160.7255976 WGS84

28 UTX14 8/3/2009 71.20938 -161.877175 WGS84

29 CBL13 8/3/2009 8/11/2010 71.29733 -161.6549071 WGS84

30 UTX11 8/11/2009 8/5/2010 71.45616 -162.6142405 WGS84

31 CBL10 8/9/2009 71.37955 -164.7082167 WGS84

32 UTX5 8/9/2009 71.37611 -164.1090333 WGS84

33 UTX9 8/7/2009 71.57084 -165.7686357 WGS84

34 UTX6 8/7/2009 71.67596 -166.4381375 WGS84

35 UTX10 8/6/2009 8/7/2010 71.67096 -166.9163083 WGS84

36 UTX3 8/6/2009 8/7/2010 71.9317 -167.38665 WGS84

37 CBL11 8/7/2009 8/7/2010 72.04685 -166.3382444 WGS84

38 UTX2 8/8/2009 8/6/2010 71.9269 -165.1608333 WGS84

39 UTX5 8/9/2009 8/6/2010 71.70107 -164.5145958 WGS84
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SiteCode SiteName Occupied 2009 Occupied 2010 Latitude Longitude LatLongDatumSRSName

40 UTX8 8/10/2009 8/6/2010 71.72528 -163.45395 WGS84

41 UTX4 8/5/2010 71.70409 -162.4839306 WGS84

42 UTX9 8/10/2009 71.73886 -162.10602 WGS84

43 UTX1 8/8/2009 72.06284 -164.1320567 WGS84

44 CBL20 8/8/2009 72.41883 -164.9865354 WGS84

45 CBL19 8/10/2009 72.28305 -163.2876767 WGS84

46 CBL18 8/10/2009 8/5/2010 72.11721 -162.0404595 WGS84

47 CBL15 8/11/2009 8/4/2010 71.72794 -160.7193633 WGS84

48 CBL14 8/11/2009 8/3/2010 71.37502 -159.4734 WGS84

49 CBL17 8/4/2010 71.7663 -159.4303472 WGS84

50 CBL16 8/12/2009 8/2/2010 71.41219 -157.4912028 WGS84

101 BRS0 7/25/2010 65.65 -168.2120833 WGS84

102 BRS5 7/25/2010 65.71633 -168.8873333 WGS84

103 DBO-UTN5 7/26/2010 67.67983 -168.9185 WGS84

104 Red Dog Mine 7/27/2010 67.57125 -164.2245833 WGS84

105 detritus 7/27/2010 68.96208 -168.9314583 WGS84

106 CBL2-8 7/28/2010 69.88067 -167.711 WGS84

107 CBL8-3 7/29/2010 70.08259 -166.4548148 WGS84

108 HSH1 8/5/2010 72.10034 -162.9743533 WGS84

109 HS2 8/4/2010 72.09274 -161.2099 WGS84

1010 WR1 8/10/2010 71.26535 -160.7111375 WGS84

1013 HS3 8/5/2010 71.93932 -162.5715194 WGS84

1014 ICP1 8/1/2010 70.80236 -163.2158083 WGS84

1015 B12 8/11/2010 71.2506 -163.1903714 WGS84

1016 K3 7/30/2010 70.706 -165.2499297 WGS84

1030 n/a 8/6/2010 72.11579 -165.4732208 WGS84
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APPENDIX B: VARIABLES 

 

VariableCode VariableName VariableUnitsName SampleMedium

1 Silver, total micrograms per gram Sediment

2 Aluminum, total percent Sediment

3 Arsenic, total micrograms per gram Sediment

4 Barium, total micrograms per gram Sediment

5 Beryllium, total micrograms per gram Sediment

6 Cadmium, total micrograms per gram Sediment

7 Chromium, total micrograms per gram Sediment

8 Copper, total micrograms per gram Sediment

9 Iron, total percent Sediment

10 Mercury, total micrograms per gram Sediment

11 Manganese, total micrograms per gram Sediment

12 Nickel, total micrograms per gram Sediment

13 Lead, total micrograms per gram Sediment

14 Antimony, total micrograms per gram Sediment

15 Selenium, total micrograms per gram Sediment

16 Tin, total micrograms per gram Sediment

17 Thallium, total micrograms per gram Sediment

18 Vanadium, total micrograms per gram Sediment

19 Zinc, total micrograms per gram Sediment

20 Aluminum, particulate micrograms per gram Suspended particulate matter

21 Iron, particulate micrograms per gram Suspended particulate matter

22 Arsenic, particulate micrograms per gram Suspended particulate matter

23 Barium, particulate micrograms per gram Suspended particulate matter

24 Cadmium, particulate micrograms per gram Suspended particulate matter

25 Chromium, particulate micrograms per gram Suspended particulate matter

26 Copper, particulate micrograms per gram Suspended particulate matter

27 Nickel, particulate micrograms per gram Suspended particulate matter

28 Lead, particulate micrograms per gram Suspended particulate matter

29 Antimony, particulate micrograms per gram Suspended particulate matter

30 Selenium, particulate micrograms per gram Suspended particulate matter

31 Manganese, particulate micrograms per gram Suspended particulate matter

32 Thallium, particulate micrograms per gram Suspended particulate matter

33 Zinc, particulate micrograms per gram Suspended particulate matter

36 Silver, dissolved micrograms per liter Surface Water

38 Arsenic, dissolved micrograms per liter Surface Water

39 Barium, dissolved micrograms per liter Surface Water

41 Cadmium, dissolved micrograms per liter Surface Water

42 Chromium, dissolved micrograms per liter Surface Water

43 Copper, dissolved micrograms per liter Surface Water

47 Nickel, dissolved micrograms per liter Surface Water

48 Lead, dissolved micrograms per liter Surface Water

49 Antimony, dissolved micrograms per liter Surface Water
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VariableCode VariableName VariableUnitsName SampleMedium

50 Selenium, dissolved micrograms per liter Surface Water

52 Thallium, dissolved micrograms per liter Surface Water

54 Zinc, dissolved micrograms per liter Surface Water

55 Arsenic, particulate percent Surface Water

56 Barium, particulate percent Surface Water

57 Cadmium, particulate percent Surface Water

58 Chromium, particulate percent Surface Water

59 Copper, particulate percent Surface Water

60 Nickel, particulate percent Surface Water

61 Lead, particulate percent Surface Water

62 Antimony, particulate percent Surface Water

63 Selenium, particulate percent Surface Water

64 Thallium, particulate percent Surface Water

65 Zinc, particulate percent Surface Water

66 Arsenic, dissolved percent Surface Water

67 Barium, dissolved percent Surface Water

68 Cadmium, dissolved percent Surface Water

69 Chromium, dissolved percent Surface Water

70 Copper, dissolved percent Surface Water

71 Nickel, dissolved percent Surface Water

72 Lead, dissolved percent Surface Water

73 Antimony, dissolved percent Surface Water

74 Selenium, dissolved percent Surface Water

75 Thallium, dissolved percent Surface Water

76 Zinc, dissolved percent Surface Water

77 Water Content percent Tissue

78 Silver, total micrograms per gram Tissue

79 Aluminum, total micrograms per gram Tissue

80 Arsenic, total micrograms per gram Tissue

81 Barium, total micrograms per gram Tissue

82 Beryllium, total micrograms per gram Tissue

83 Cadmium, total micrograms per gram Tissue

84 Chromium, total micrograms per gram Tissue

85 Copper, total micrograms per gram Tissue

86 Iron, total micrograms per gram Tissue

87 Mercury, total micrograms per gram Tissue

88 Manganese, total micrograms per gram Tissue

89 Nickel, total micrograms per gram Tissue

90 Lead, total micrograms per gram Tissue

91 Antimony, total micrograms per gram Tissue

92 Selenium, total micrograms per gram Tissue

93 Tin, total micrograms per gram Tissue

94 Thallium, total micrograms per gram Tissue

95 Vanadium, total micrograms per gram Tissue

96 Zinc, total micrograms per gram Tissue
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VariableCode VariableName VariableUnitsName SampleMedium

97 Methylmercury nanograms per gram Tissue

98 Mercury, total nanograms per gram Tissue

99 Solids, total suspended milligrams per liter Surface Water

100 Carbon, particulate organic percent Surface Water

101 Carbon, particulate organic micrograms per liter Surface Water

102 Temperature degree celsius Surface Water

103 Specific conductance millisiemens per centimeter Surface Water

105 Salinity dimensionless Surface Water

106 Oxygen, dissolved percent of saturation percent Surface Water

107 Oxygen, dissolved milligrams per liter Surface Water

109 Battery voltage volts Other

110 Mercury, dissolved nanograms per liter Surface Water

111 Vanadium, particulate micrograms per gram Suspended particulate matter

112 Arsenic, particulate micrograms per liter Surface Water

113 Barium, particulate micrograms per liter Surface Water

114 Cadmium, particulate micrograms per liter Surface Water

115 Chromium, particulate micrograms per liter Surface Water

116 Copper, particulate micrograms per liter Surface Water

117 Nickel, particulate micrograms per liter Surface Water

118 Lead, particulate micrograms per liter Surface Water

119 Antimony, particulate micrograms per liter Surface Water

120 Selenium, particulate micrograms per liter Surface Water

121 Thallium, particulate micrograms per liter Surface Water

122 Zinc, particulate micrograms per liter Surface Water

123 Arsenic, distribution coefficient dimensionless Surface Water

124 Barium, distribution coefficient dimensionless Surface Water

125 Cadmium, distribution coefficient dimensionless Surface Water

126 Chromium, distribution coefficient dimensionless Surface Water

127 Copper, distribution coefficient dimensionless Surface Water

128 Nickel, distribution coefficient dimensionless Surface Water

129 Lead, distribution coefficient dimensionless Surface Water

130 Antimony, distribution coefficient dimensionless Surface Water

131 Selenium, distribution coefficient dimensionless Surface Water

132 Thallium, distribution coefficient dimensionless Surface Water

133 Zinc, distribution coefficient dimensionless Surface Water

134 Arsenic, distribution coefficient milliliters per gram Surface Water

135 Barium, distribution coefficient milliliters per gram Surface Water

136 Cadmium, distribution coefficient milliliters per gram Surface Water

137 Chromium, distribution coefficient milliliters per gram Surface Water

138 Copper, distribution coefficient milliliters per gram Surface Water

139 Nickel, distribution coefficient milliliters per gram Surface Water

140 Lead, distribution coefficient milliliters per gram Surface Water

141 Antimony, distribution coefficient milliliters per gram Surface Water

142 Selenium, distribution coefficient milliliters per gram Surface Water

143 Thallium, distribution coefficient milliliters per gram Surface Water

144 Zinc, distribution coefficient milliliters per gram Surface Water

145 Nitrogen, NH4 micromoles per liter Sediment

146 Nitrogen, NH4 micromoles per liter Surface Water

147 Phosphorus, phosphate (PO4) micromoles per liter Surface Water

148 Nitrogen, nitrite (NO2) + nitrate (NO3) micromoles per liter Surface Water
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VariableCode VariableName VariableUnitsName SampleMedium

149 Silicate micromoles per liter Surface Water

150 Carbon, total micromoles Tissue

151 Carbon-13, stable isotope ratio delta per mille Tissue

152 Nitrogen, total micromoles Tissue

153 Nitrogen-15, stable isotope ratio delta per mille Tissue

154 Carbon to nitrogen molar ratio dimensionless Sediment

155 Carbon-13, stable isotope ratio delta per mille Sediment

156 Nitrogen-15, stable isotope ratio delta per mille Sediment

157 Carbon-13, stable isotope ratio delta per mille Surface Water

158 Nitrogen-15, stable isotope ratio delta per mille Surface Water

159 Abundance number of organisms per 0.1 square meter Sediment

160 Biomass grams per 0.1 square meter Sediment

161 2-Methylnaphthalene nanograms per gram Sediment

162 1-Methylnaphthalene nanograms per gram Sediment

163 Biphenyl nanograms per gram Sediment

164 2,7-Dimethylnaphthalene nanograms per gram Sediment

165 1,3-Dimethylnaphthalene nanograms per gram Sediment

166 1,6-Dimethylnaphthalene nanograms per gram Sediment

167 1,5-Dimethylnaphthalene nanograms per gram Sediment

168 1,4-Dimethylnaphthalene nanograms per gram Sediment

169 1,2-Dimethylnaphthalene nanograms per gram Sediment

170 1,8-Dimethylnaphthalene nanograms per gram Sediment

171 Fluorene nanograms per gram Sediment

172 2,3,5-Trimethylnaphthalene nanograms per gram Sediment

173 1-Methylfluorene nanograms per gram Sediment

174 1,4,5,8-Tetramethylnaphthalene nanograms per gram Sediment

175 Dibenzothiophene nanograms per gram Sediment

176 Phenanthrene nanograms per gram Sediment

177 2-Methyldibenzothiophene nanograms per gram Sediment

178 4-Methyldibenzothiophene nanograms per gram Sediment

179 2-Methylphenanthrene nanograms per gram Sediment

180 2-Methylanthracene nanograms per gram Sediment

181 1-Methylanthracene nanograms per gram Sediment

182 1-Methylphenanthrene nanograms per gram Sediment

183 3,6-Dimethylphenanthrene nanograms per gram Sediment

184 9,10-Dimethylanthracene nanograms per gram Sediment

185 Fluoranthene nanograms per gram Sediment

186 Pyrene nanograms per gram Sediment

187 Retene nanograms per gram Sediment

188 Benzo[b]fluorene nanograms per gram Sediment

189 Benz[a]anthracene nanograms per gram Sediment

190 Chrysene nanograms per gram Sediment

191 Tetracene nanograms per gram Sediment

192 4-Methylchrysene nanograms per gram Sediment

193 Benzo[a]pyrene nanograms per gram Sediment

194 Perylene nanograms per gram Sediment

195 Polycyclic aromatic hydrocarbon, total nanograms per gram Sediment

196 Polycyclic aromatic hydrocarbon, parent nanograms per gram Sediment

197 Polycyclic aromatic hydrocarbon, alkyl nanograms per gram Sediment

198 n-alkane, C15 micrograms per gram Sediment

199 n-alkane, C16 micrograms per gram Sediment

200 n-alkane, C17 micrograms per gram Sediment
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VariableCode VariableName VariableUnitsName SampleMedium

201 n-alkane, C18 micrograms per gram Sediment

202 n-alkane, C19 micrograms per gram Sediment

203 n-alkane, C20 micrograms per gram Sediment

204 n-alkane, C21 micrograms per gram Sediment

205 n-alkane, C22 micrograms per gram Sediment

206 n-alkane, C23 micrograms per gram Sediment

207 n-alkane, C24 micrograms per gram Sediment

208 n-alkane, C25 micrograms per gram Sediment

209 n-alkane, C26 micrograms per gram Sediment

210 n-alkane, C27 micrograms per gram Sediment

211 n-alkane, C28 micrograms per gram Sediment

212 n-alkane, C29 micrograms per gram Sediment

213 n-alkane, C30 micrograms per gram Sediment

214 n-alkane, C31 micrograms per gram Sediment

215 n-alkane, C32 micrograms per gram Sediment

216 n-alkane, C33 micrograms per gram Sediment

217 n-alkane, total micrograms per gram Sediment

218 n-alkane, short-chain micrograms per gram Sediment

219 n-alkane, long-chain micrograms per gram Sediment

220 2-Methylnaphthalene nanograms per gram Tissue

221 1-Methylnaphthalene nanograms per gram Tissue

222 Biphenyl nanograms per gram Tissue

223 2,7-Dimethylnaphthalene nanograms per gram Tissue

224 1,3-Dimethylnaphthalene nanograms per gram Tissue

225 1,6-Dimethylnaphthalene nanograms per gram Tissue

226 1,5-Dimethylnaphthalene nanograms per gram Tissue

227 1,4-Dimethylnaphthalene nanograms per gram Tissue

228 1,8-Dimethylnaphthalene nanograms per gram Tissue

229 Fluorene nanograms per gram Tissue

230 1-Methylfluorene nanograms per gram Tissue

231 Dibenzothiophene nanograms per gram Tissue

232 Phenanthrene nanograms per gram Tissue

233 2-Methyldibenzothiophene nanograms per gram Tissue

234 2-Methylphenanthrene nanograms per gram Tissue

235 2-Methylanthracene nanograms per gram Tissue

236 1-Methylanthracene nanograms per gram Tissue

237 1-Methylphenanthrene nanograms per gram Tissue

238 3,6-Dimethylphenanthrene nanograms per gram Tissue

239 9,10-Dimethylanthracene nanograms per gram Tissue

240 Pyrene nanograms per gram Tissue

241 Benzo[a]pyrene nanograms per gram Tissue

242 Polycyclic aromatic hydrocarbon, total nanograms per gram Tissue

243 Polycyclic aromatic hydrocarbon, parent nanograms per gram Tissue

244 Polycyclic aromatic hydrocarbon, alkyl nanograms per gram Tissue

245 n-alkane, C19 micrograms per gram Tissue

246 n-alkane, C20 micrograms per gram Tissue

247 n-alkane, C21 micrograms per gram Tissue

248 n-alkane, C22 micrograms per gram Tissue

249 n-alkane, C23 micrograms per gram Tissue

250 n-alkane, C24 micrograms per gram Tissue

251 n-alkane, C25 micrograms per gram Tissue

252 n-alkane, C26 micrograms per gram Tissue
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VariableCode VariableName VariableUnitsName SampleMedium

253 n-alkane, C27 micrograms per gram Tissue

254 n-alkane, C28 micrograms per gram Tissue

255 n-alkane, C29 micrograms per gram Tissue

256 n-alkane, C30 micrograms per gram Tissue

257 n-alkane, C31 micrograms per gram Tissue

258 n-alkane, C32 micrograms per gram Tissue

259 n-alkane, C33 micrograms per gram Tissue

260 n-alkane, total micrograms per gram Tissue

261 n-alkane, short-chain micrograms per gram Tissue

262 n-alkane, long-chain micrograms per gram Tissue

263 Chlorophyll a micrograms per liter Surface Water

264 Chlorophyll a microgram meter per liter Surface Water

265 Chlorophyll a micrograms per liter Sediment

266 Chlorophyll a milligrams per square meter Sediment

267 Abundance number of organisms per square meter Sediment

268 Biomass grams per square meter Sediment

269 Biomass grams per square meter Sediment

270 Abundance number of organisms per 1000 square meter Sediment

271 Biomass kilograms per 1000 square meter Sediment

273 Taxa count count Sediment

274 Shannon diversity index dimensionless Sediment

275 Shannon evenness index dimensionless Sediment

276 Sediment, passing sieve percent Sediment

277 Sediment, retained on sieve percent Sediment

278 Sediment, retained on sieve dimensionless Sediment

284 Carbon, total organic percent Sediment

285 Nitrogen, total organic percent Sediment

286 Body length millimeter Tissue

287 Body length millimeter Tissue

288 Body length centimeter Tissue

289 Ethoxyresorufin O-deethylase, activity picomoles per minute per milligram Tissue

290 Ethoxyresorufin O-deethylase, activity picomoles per minute per milligram Tissue

291 Ethoxyresorufin O-deethylase, activity picomoles per minute per milligram Tissue

292Cytochrome P450, family 1, subfamily A, polypeptide 1, delta cycle threshold PCR cycle Tissue

293Cytochrome P450, family 1, subfamily A, polypeptide 1, delta cycle threshold PCR cycle Tissue

294Cytochrome P450, family 1, subfamily A, polypeptide 1, delta cycle threshold PCR cycle Tissue

295 Glutathione S-transferase, activity nanomoles per minute per milligram Tissue

296 Glutathione S-transferase, activity nanomoles per minute per milligram Tissue

297 Glutathione S-transferase, activity nanomoles per minute per milligram Tissue

298 Glutathione S-transferase, delta cycle threshold PCR cycle Tissue

299 Glutathione S-transferase, delta cycle threshold PCR cycle Tissue

300 Glutathione S-transferase, delta cycle threshold PCR cycle Tissue

301 Superoxide dismutase, activity superoxide dismutase units per minute per milligram Tissue

302 Superoxide dismutase, activity superoxide dismutase units per minute per milligram Tissue

303 Superoxide dismutase, activity superoxide dismutase units per minute per milligram Tissue

304 Superoxide dismutase, delta cycle threshold PCR cycle Tissue

305 Superoxide dismutase, delta cycle threshold PCR cycle Tissue

306 Superoxide dismutase, delta cycle threshold PCR cycle Tissue

307 DNA damage, percent tail DNA percent Tissue

308 DNA damage, percent tail DNA percent Tissue

309 DNA damage, percent tail DNA percent Tissue

310 DNA damage, tail length micron Tissue

311 DNA damage, tail length micron Tissue

312 DNA damage, tail length micron Tissue

313 DNA damage, olive tail moment dimensionless Tissue

314 DNA damage, olive tail moment dimensionless Tissue

315 DNA damage, olive tail moment dimensionless Tissue

316 Cytosolic protein milligrams per milliliter Tissue

317 Microsomal protein milligrams per milliliter Tissue

318 Liver, mass milligram Tissue
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APPENDIX C: DATA FILES AND SOURCES 

 

 

 

 

 

 

 

 

 

 

 

 

  

ContactName SourceFile Organization

Brenda Konar COMIDA_Abundance Biomass 1000m2_2009 and 2010.xlsx University of Alaska Fairbanks School of Fisheries and Ocean Science

Jackie Grebmeier COMIDA09_MasterStn.xls Chesapeake Biological Laboratory

Jackie Grebmeier COMIDA09-FAM.txt Chesapeake Biological Laboratory

Jackie Grebmeier COMIDA10_CoreFluxes.xls Chesapeake Biological Laboratory

Jackie Grebmeier COMIDA10_MasterStn.xls Chesapeake Biological Laboratory

John H. Trefry Comida 2010 Organism Data - Final.xlsx Marine and Environmental Systems College of Engineering

John H. Trefry COMIDA SONDE 2010_Trefry.xls Marine and Environmental Systems College of Engineering

John H. Trefry MMS Comida 2009 Organism Data - 11-13-09.xls Marine and Environmental Systems College of Engineering

John H. Trefry MMS Comida 2009 TSS Data - 11-13-09.xls Marine and Environmental Systems College of Engineering

John H. Trefry MMS Comida 2010 Sediment Data - 3-3-11.xls Marine and Environmental Systems College of Engineering

John H. Trefry MMS Comida 2010 TSS - Final Data.xls Marine and Environmental Systems College of Engineering

John H. Trefry Trefry_2009_metals.xls Marine and Environmental Systems College of Engineering

John H. Trefry UT and FIT Sonde Data_Trefry.xls Marine and Environmental Systems College of Engineering

Ken Dunton COMIDA 2010_benthic fauna isotopes.xlsx The University of Texas at Austin Marine Science Institute

Ken Dunton COMIDA SONDE 2010_Dunton.xls The University of Texas at Austin Marine Science Institute

Ken Dunton COMIDA2010_sedamm.xlsx The University of Texas at Austin Marine Science Institute

Ken Dunton Dunton_2009_SedNH4.xls The University of Texas at Austin Marine Science Institute

Ken Dunton Stable Isotope_COMIDA.xlsx The University of Texas at Austin Marine Science Institute

Ken Dunton UT and FIT Sonde Data_Dunton.xls The University of Texas at Austin Marine Science Institute

Lee Cooper COMIDA09_Chl_results.xls Chesapeake Biological Laboratory

Lee Cooper COMIDA09_nuts_Mar2010.xlsx Chesapeake Biological Laboratory

Lee Cooper COMIDA10_Chl_results.xls Chesapeake Biological Laboratory

Lee Cooper COMIDA10_nuts.xls Chesapeake Biological Laboratory

Rodger Harvey Harvey Data for COMIDACAB.xlsx Marine Organic Geochemistry and Ecology Laboratory

Rodger Harvey Tox data_Arctic cod for comidacab.xlsx Marine Organic Geochemistry and Ecology Laboratory

Susan Schonberg COMIDA GRAB 2009-2010 SCHONBERG.xls The University of Texas at Austin Marine Science Institute
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