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Designing a Geodatabase for Your Project:
A Wetlands Delineation Example

Naomi B. Kalman, Ingrid B. Hogle, Joshua H. Viers, James F. Quinn
Information Center for the Environment
Department of Environmental Science and Policy
University of California, Davis
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. Abstract

The key to successful geodatabase design in ArcGIS 8.3 islaying out the project
objectives before you begin. Our team at the Information Center for the Environment at
UC Davisis mapping for the US Fish and Wildlife Service, as part of the National
Wetlands Inventory (NWI). Our geodatabase must facilitate heads-up digitizing by
multiple people and integrate seamlessly with the rest of the national inventory. We
delineate wetlands using DOQQs combined with ancillary information such as hydric
soils and topography. A personal geodatabase contains our wetlands polygonsin a
feature dataset and other geodata as stand-alone feature classes. Wetlands are exclusively
a polygon feature class, as per nationa standards. We use atopological rule set within



the feature dataset to maintain feature integrity, and an existing NWI tool manages
attribution and error checking. We assigned geographic work areas and outlined
procedures for synchronizing the data and creating backups.

[l. Introduction

The Information Center for the Environment (ICE), an information brokerage within
the Department of Environmental Sciences & Policy at the University of California,
Davis, is currently engaged in the devel opment of environmental data, analysis
techniques, and innovative communication mediato support informed natural resource
decision making. ICE has undertaken a partnership with the National Wetlands Inventory
(NWI) —asignificant natural resource management program within the United States
Fish and Wildlife Service (USFWS) of the United States Department of the Interior —to
update a portion of their inventory in California. Asan integral part of our program, we
have considered a number of design criteriain theinitiation of our National Wetlands
Inventory North Coast Update. Foremost in our design criteriais the clear formulation of
our project objectives and our resource needs. A primary consideration in our project
initiation is determining relevant components of successful environmental data creation.
These components include methods for ensuring data integrity and accuracy, addressing
existing attribution standards, and maintaining archival and portability requirements.

We approached the process of geodatabase design in three steps. First, we
conceptualized the database by identifying our data creation goals, data standards, and
necessary ancillary data. Next, we used the internal logic of the geodatabase to guide the
organization of our data and create the editing environment. Finally, we refined our
database and workflow process as the project progressed.

lll.Conceptualizing the Geodatabase

The National Wetlands Inventory provides a convenient framework to discuss
geodatabase devel opment and the use of geodatabase technology as an integral part of
geospatial data creation and analysis. The needs of the Inventory, with respect to wetland
feature geometry and attribute complexity, are simple by most standards. However,
successful implementation of geodatabase technology requires thoughtful
implementation. To design a geodatabase that would meet the needs of our project, we
considered our data creation goals, reviewed the USFWS standards, inventoried our
datasets, chose a projection, then organized our new database to hold the existing data
and provide an appropriate environment for data creation. This process should serve as a
framework from which to expand other environmental data creation activitiesinto more
complex geodatabase configurations.

A. Data Creation Goals

Our project isto facilitate the delineation and attribute update for wetland features
along California s North Coast (see Figure 1 for amap of the study region). ICE is



currently addressing the update needs of approximately 50 quadrangles (1:24000 scale)
located in Sonoma, Mendocino, and Humboldt Counties.

Figure 1 : Map of study area
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Wetland features documented as part of NWI include Palustrine, Estuarine, Riverine,
and Marine types, with numerous subtypes and modifiers. This classification system,
developed by Lewis M. Cowardin (1979), is a Federal Geographic Data Committee
national standard for cataloging wetlands of the United States. The process we employed
involves using stereo-pairs of color infrared aerial photos (1:58000) to identify the
wetlands using a stereoscope, which are then located and digitized on-screen using
Digital Orthophoto Quarter Quadrangles (DOQQSs) as a background. Figure 2 shows an
example of polygons digitized over DOQQs in a part of our study area.



In addition to the DOQQs, data layers such as soils, topography, major roads, and the
coastline serve as ancillary information to aid delineation. Photo-interpretation is
supplemented by field work to verify wetland locations and signatures. We delineate
wetlands as polygonsin a solitary polygon feature class without a background polygon.
Each feature is attributed with both a Cowardin Classification code (Cowardin 1979) and
a hydrogeomorphic (HGM) code, developed by Sutulaet a. (2003) for California. NWI
subsequently integrates these data into their seamless geodatabase repository after in
internal quality assurance and control process.

After considering several options for spatial data format, we chose the Environmental
Systems Research Institute (ESRI) Personal Geodatabase as our format and repository.
Geodatabases are the newest ESRI data storage format available, and with the
introduction of topology modification tools, they more closely match the capabilities of
the older ‘coverage’ data storage format. The ArcGIS8.3 desktop plaform provides a
convenient graphical user interface, as well astools for maintaining data integrity.
Domains make it possible to create a controlled attribute list, which reduces the potential
for typographical errors and incorrect attributes, especially when data creation is
distributed among seveal users. A geodatabase provides a single-container framework to
organize al project and ancillary data, enabling transfer of the project and inherent data
asadiscrete unit. Transitioning to the geodatabase data storage format also keeps our
project in step with advances in GIS technology.



B. Standards

Our final project deliverables - wetland features for 53 quadrangles in the North
Coast region - will be integrated into a national dataset. Therefore, we created feature
geometry and attributes in accordance with classification and digitizing conventions. The
USFWS is making new digital data and data updates available in personal geodatabase
format. NWI no longer supports vector lines and points to delineate streams and springs,
respectively. Instead, al wetland features are delineated as polygons. Features, such as
streams, thatwere previously represented by lines have a standard buffer applied instead.
There are also standards for the attribute table definition, including field name, length,
and format.

C. Dataset Inventory

Delineating wetlands, like many natural features, is greatly aided by existing datasets
that describe the natural landscape. There are many of these datasets available; an initial
project step was to create an inventory of each dataset, noting its scale and spatial extent.
We chose ancillary datasets based on information content, geographic coverage, effective
scale, latest update, and relevance. Vegetation, soils, and hydrography are just afew
examples of the datasets we considered.

We used California Department of Forestry and Fire Protection (CDF) hydrography
(2001) at the 1:24000 scale to guide initial placement of stream and river features within
NWI. These data served as our primary base because they are current, detailed, and
largely complete for our study area. We buffered CDF vector hydrography linesat a
2.5m radius to create Riverine wetland features (Cowardin Classes R3/R4) within our
master NWI Feature Class.

Hydric soils can be another physical indicator of wetlands. We used the Natural
Resource Conservation Service Soil Survey Geographic (SSURGO) Database (see
Appendix A) for Mendocino and Sonoma counties to derive alayer representing hydric
soils. In areas that have an indeterminate photographic signature, hydric soils provide
interpreters with another spatial data reference for classifying wetlands. Unfortunately
the SSURGO datais not available Humboldt County, which isalarge part of our study
area, and we also identified afew discrepancies between the published soil survey and
our field observations. For example, based on our field surveys and examining the
published soil survey for Mendocino County (U.S. Department of Agriculture 2003) we
determined that the river valley adjacent to Fort Bragg was mislabeled as a non-hydric
soil type. The soil surveys nonetheless proved a valuable resource in the field.

Framework datasets are of the utmost necessity when undertaking regional planning
projects (California Resources Agency 2002). We used the following datasets as
frameworks for geographic reference, coding procedures, and advanced planning: USGS
guadrangles, roads, county boundaries, city point locatons, and the coastline. See
Appendix A for adescription of these data.

Of obvious import to heads-up digitizing isimagery. We used the Digital Orthophoto
Quarter Quadrangles from the USGS, and imagery representing the scanned Digital
Raster Graphics (DRGs) from USGS Topographic Maps. See Appendix A for a
description of these data.



D. Coordinate Systems

Before constructing the geodatabase we had to choose a coordinate system to
represent the data. Although ArcGIS 8.3 is capable of coordinate projection on-the-fly, it
does not record projection and transformation proceduresin alog file, reducing our
confidence in spatial accuracy. To minimize the potential to introduce errors, we
converted al of our data to the same coordinate system before we commenced digitizing.
Universal Transverse Mercator (UTM) with a North American Datum (1983) isthe
standard Coordinate Projection for both NWI and our DOQQs, making this the best
choice for our project. Our study areaisin UTM Zone 10 North.

Ancillary data came in a variety of native formats and coordinate systems. Compiling
each ancillary dataset into one geodatabase with one uniform projection required
advanced planning. Whileit is possible to simultaneously convert data types and project
coordinate systems, ArcGIS does not preserve step-wise documentation of the processin
alog file, makingthese data difficult to recreate if necessary. Instead, we used an
explicit, step-wise procedure of data conversion to ensure data integrity and our ability to
catalog processing techniques for metadata generation. The procedureis as follows: we
created an intermedi ate geodatabase representing each coordinate system, imported each
dataset into geodatabase format, then projected from the intermediate geodatabase to the
final one. This procedure allowed usto control any necessary settings for Datum
transformations, and enabled creation of allfuture datasets following the same procedure.

Imagery representing the scanned Digital Raster Graphics (DRGs) from USGS
Topographic Maps (1:24000) isin Albers Equal-Area Projection with a North American
Datum (1927). We therefore projected each 1 degree image for our study areainto the
correct projection using ArcINFO GRID commands.

IV. Creating the Geodatabase

After assembling all of our data, deciding on what projection to use and what we
generaly wanted from the database, we organized the layers so as to create the best
possible editing environment. A productive editing environment allows us to create new
datawith topological integrity, attribute the new data with ease and minimum potential
for error, and have any necessary ancillary data at our convenient disposal.

A. New Data

In order to use GIS data properly for querying and analysis, it must be clean and
integral —that is, the features must not have duplications, gaps, overlaps, or other flaws.
Overlapping polygons will cause errors when converting the data layer into raster format,
and small gaps between polygons can cause holes that perpetuate through an analysis.
Topology rules were created to guard against these kinds of dataflaws.

All newly created data should have atopological reference. The rulesfor setting up
an ArcGIS topology in a geodatabase therefore dictated how we organized our spatial
data. An ArcGIStopology can only exist within afeature dataset, which is a group of
feature classes that all have the same projection and extent (Environmental Research
Systems Institute 2003). Therefore, we created the feature class that represents our
wetlands within afeature dataset. This allows us both to develop rules that maintain



feature integrity and keep the most important feature class separate and easily accessible.
Figure 3 provides a schematic example of our database setup, with the wetlands feature
classin afeature dataset and the ancillary data as stand-al one feature classes.

Figure 3: Schematic of geodatabase organization

T e T T T (T
o e Fataloo—tocinfo—D Wi WetHandsmdbEnewr wetlands i

File Edit Yiew Go Tools Help

|
!
acation: iD:".N\'.""."'!_\.""."'Et!aﬂd&.r!'!db“.ﬂe'.*.'_'.“.'erl:"!dS -l

il o il Elmv_Topology Fersonal Geodatabase Topology
my_wetland @my_wetiands Personal Geodatabase Feature Class
--[&] Buffer_Lines
-] L.
-3 counties
@ hedric_soils
major_roads
K rivers
@ Lkiah doga. b -

- G -|
4 | =il

A

Our wetlands all have polygon feature geometry, so we chose from the ‘ polygon-to-
polygon’ rule options. The rules we used are: polygons must not overlap and polygons
must not have gaps. That is, two wetlands types cannot exist in the same place at the
same time, and features must share a complete edge with other features. The combined
rules require that each feature must touch and only touch the other features around it,
creating a seamless representation in two dimensions over a surface.

After creating the wetlands feature class, we created attribute fields. The standard
NWI method of storing the Cowardin classesis atext field named ‘ Attribute’. We also
added fields to document hydrogeomorphic modifiers and for general comments about
confusing or difficult feature interpretation. Because we have multipletechnicians
creating wetland features, we added a field to indicate who created each feature.

Domains provide an easy way to control attribute values and reduce typographical
errors. Although we considered creating domains for attributing the polygons with
Cowardin classes, a set of custom NWI tools made it unnecessary. Developed by the
United States Geologica Survey (USGS), the tools attribute polygons with standard
Cowardin classification codes and check for attribution errors. For the hydrogeomorphic
notation, a domain became an ideal way to create a uniform list of attribute codes and
decrease the potentia for data entry error. We downloaded a utility from the ESRI
developer sample website (Environmental Research Systems Institute 2004) that reads
values from atable into the domain, making it possible to create a master list of codes
and distribute it to each technician. Figure 4 illustrates the use of domain attribute pick-
listsin the ArcGIS editing environment.

Figure 4: Using domains to assign HGM attributes



B. Existing and Supporting Data

The ancillary data reside as stand-alone feature classes in the geodatabase. As
mentioned before, each dataset was first imported into feature class format, and
subsequently projected into the master database. A description of these data can be found
in see Appendix A for a description of these data.

Small seasonal streams, previoudly represented as lines, are delineatedy a buffering
aline feature to awidth of 5 meters. Where available and accurate, the CDF vector
hydrography lines (California Department of Forestry and Fire Protection 2001) were
used for this purpose. Although these data do not require topological reference rules, we
stored them in their own feature dataset for ease of organization.

In some instances we created our own linear hydrographyfeatures which we stored in
a separate feature class. Because these intermediate lines do not require any topological
reference rules, we stored them as a standal one feature class to keep our feature dataset
uncluttered.

Images cannot be stored in a persona geodatabase in ArcGIS version 8.3. To keep
them organized and easily accessible, we collected the images into the same directory as
the geodatabase and organized them by 250k quadrangle. We stored DRGs in asimilar
manner.

V.Using the Geodatabase



After constructing the geodatabase, we encountered new challenges with work flow
patterns and with our production tools. We found many ways of setting up the editing
environment to streamline our digitizing process, and we envisioned some potential
avenues for future customization. The following section describes some of these issues
and the ways that we adapted our methodology to meet new challenges.

A. Digitizing

ArcMap 8.3 introduced a new suite of digitizing tools and options, and there was an
initial period of navigating through the menus and toolbars to learn the new functionality.
Two ESRI virtual campus courses were helpful understanding this environment:
“ Creating and Editing Geodatabase Features (for ArcEditor and Arclnfo)”
(Environmental Research Systems Institute 2003), and “ Creating and Editing
Geodatabase Topology (for ArcEditor and Arcinfo)” (Environmental Research Systems
Institute 2003).

1. Setting up the Editing Environment

The ArcGIS graphical user interface provides many built-in avenues for
customi zation, and a thoughtful setup of the editing environment can streamline the
digitizing process. Display and organization of key buttons and thoughtful symbolizing
features helps maintain visual organization and easy access. In particular, we utilized the
ability to group layers, create and save symbol sets, change transparency, add buttons to
toolbars, and display and dock toolbars such as snapping and topology for ready and
convenient access.

The Data Frame setup provided a solution to a particular work-flow issue. The aeria
photographs are oriented relative to flight direction, and the flight lines were flown north
to south. Therefore, the photographs can only be oriented along this north-south axis for
use with the stereoscope. We rotated the dataframe in ArcMap so that our features were
oriented in the same direction as our aeria photographs.

Keyboard shortcuts are an indispensable tool to streamline digitizing; we used them
to zoom in (key z), zoom out (key x), pan (key c), show vertices for snapping (key v) and
to isolate topology nodes for selection (key n).

2. Creating New Data

Choosing the correct data editing tool requires an understanding of how the features
relate to each other within the ArcGIS topological framework. Thetools are organized as
feature tasks and topology tasks. The feature tasks operate on the individual spatial
objects, while the topology tasks modify the boundaries between objects.

For example, there are two methods for creating new polygons: ‘ Create New Feature’
and * Auto-Complete Polygon’. ‘Create New Feature’ is afeature task, and it creates a
new, autonomous spatial object; ‘ Aute Complete Polygon’ is atopology task, and
incorporates the edges of existing polygons into the new polygon. Similarly, the * Edit
Tool’ edits asingle polygon feature, while the * Topology Edit Tool’ edits the edge that
two features share. The *Aute Complete Polygon’ tool was the most appropriate in
almost all cases, and became virtually indispensable to our work.




3. Tools and Customization

The USFWS provided a suite of tools designed by the USGS (2002) to help us
conform to digitizng and attributing standards. The tools work inside the ArcMap
environment, and are accessed via a custom menu. The Attribution Tool aids attribution
by allowing the user to select from the Cowardin classes hierarchically. The Favorites
Tool alowsthe user to enter their most frequently used codes for quick accessin a pull-
down menu. The Verification Tool performs a quality review of the data, checking for
invalid codes, mislabeled lakes, and adjacent polygons with the same attribute, among
other things.

The custom tools have many advantages, although some minor improvements would
make them even better. For example, the Favorites Tool was exceptionally helpful, and it
would be even more so if we could sort and organize the entries, and if the toolbar was
dockable instead of floating — it hides behind the application every time you click awvay
from it.

Aswe digitized, some other avenues for customization became apparent. Many of
the digitizing functions require multiple mouse-clicks to execute — for example, to create
anew polygon it is necessary to select the edit task and the edittool. To cut apolygonis
afour-step process of activating the selection tool, selecting the polygon, selecting the
“cut feature” edit task, and then selecting the tool. These processes could be streamlined
with the use of buttons that combine some of these functions. For example, with the click
of one button you could select “ auto-complete polygon” and “draw tool” at the same
time. Or you could create atwo-step button for cutting polygons; thefirst step is
selecting and then you automatically move to the next step which is to draw the cutting
line.

B. Topology

The addition of ArcGIS topology to the geodatabase framework was the most
compelling reason to adopt the new data storage format. There are severa differences
between ArcGIS topological rules and the rules from previous software versions. As
opposed to earlier topological rule setsin ArcINFO - where polygons are a connection of
arcs, vertices and nodes - in ArcGIS geodatabase topology each feature is considered a
separate spatia object and has topological relationships with other features
(Environmental Research Systems Institute 2003).

One very inconvenient aspect of ArcGIS topology isthat island features are
considered gaps under the “must not have gaps” rule, as none of the feature edges touch
another feature. Since many wetland features, such as ponds, do in fact exist in isolation,
it is necessary to mark these features as exceptionsin order to find the true problem gaps
in the dataset. Figure5 illustrates the difference between the gaps that must be
eliminated and the acceptable island polygons.

Figure 5 : Different types of polygon "gaps"
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It would be equally, if not more, inconvenient to have a“world” polygon to represent
all the non-wetland space because we would then have to “cut” each new wetland out of
this polygon. This cutting process would be exceptionally tedious when creating new
buffered features from lines. Our best solution isto check the topology in small sections
and mark the exceptions as we go along.

Besides finding errors within a dataset, we used ArcGI S topology rulesto reduce
errors when merging datasets together. When combining features from two
geographically separate areas, the edges necessarily meet in places and need to be cleanly
matched for the final dataset. The process of pasting the two sets of features together
creates alarge number of small polygons where the edges overlap. These small polygons
are impossible reconstruct as whole features with proper attributes. To reduce this
problem, we performed a preliminary edge-matching step using the ArcGI S polygon-to-
polygon topology rule “features from Dataset A cannot overlap with features from
Dataset B.” Each type of error was color coded and sorted, making it easy to identify and
diagnose each problem quickly. Figure 6 depicts an areawhere two datasets meet, with
their errors color coded to ease edge-matching.

Figure 6 : Using ArcGIS topology rules to edge-match datasets
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This process alowed us to mend any overlaps and gaps between the two datasets
while the features were still whole, separate, and obvioudly attributed. Once these
changes were made, it was possible to paste the two datasets together with very few
errors.

C. Workflow

At the outset of the digitizing process, we had only two technicians creating
polygons. We choseto use a personal geodatabase and divide the work into
geographically separate areas. Wetland feature data within the geographically separated
areas could then be merged into the master geodatabase. Initially, we chose to divide the
project area by quadrangle because that is the unit by which NWI catal ogs the wetland
inventory. However, we quickly realized that the quadrangle boundaries cut across many
natural features which later had to be reconstructed during the merging process. We
therefore redistributed the work areas by watershed, defined by the CDF hydrography,
since watersheds are inherently non-overlapping. Figure 7 diagrams our initial work-
flow setup.

Figure 7 : Initial workflow setup
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A few months into the project we added two student interns to our digitizing team.
Their work required review and quality control before being incorporated into the master
geodatabase. The workflow was easy to modify: the students put their work in a central
location where the technicians could access it as needed and incorporate it into their
respective datasets to perform the review. Figure 8 shows our modified workflow
including the two interns.

Figure 8 : Workflow including student interns
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Our work flow includes areview process by NWI staff. After completing each
guadrangle, we send our datato the NWI regional headquarters for review and
comments. Documenting revisions to the original feature creation efforts is necessary for
avariety of reasons, including genera effort tracking, point-in-time snapshots, and
evauating benchmarks for quality and accuracy. Modifying original data eliminates the
possibility of comparing different versions of the data, and such a comparison could be
useful for reporting, analysis, or review for future efforts. Our solution has been to take
weekly ‘snapshots’, or permanent back-ups, of the database which could be compared to
each other if the need should arise. Figure 9 shows our complete work flow, including
the NWI review process.

Figure 9 : Quality Control work flow
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VI. Conclusion

Although more complex than the shapefile data storage format, an ArcGIS
geodatabase has an inherent structure that guides its own organization. There are many
advantages to transitioning to the new data format; primarily, thisincludes storing and
organizing allvector data relevant to the project. The ArcGIS8.3 desktop platform
provides a convenient graphical user interface, as well as tools for maintaining data
integrity. Domains make it possible to create a controlled attribute list, which reduces the
potential for typographical errors and incorrect attributes, especially when data creation is
distributed among seveal users. A geodatabase provides a single-container framework to
organize al project and ancillary data, enabling transfer of the project and inherent data
asadiscrete unit. Transitioning to the geodatabase data storage format also keeps our
project in step with advancesin GIS technol ogy.

Geodatabase development is an iterative process, and the design may need
modification as work progresses, but we found that advance planning can minimize this
necessity. This process should serve as aframework from which to expand other
environmental data creation activitiesinto more complex geodatabase configurations.

VIl. Appendix A

Data Inventory

Hydrography:
Watershed Assessment 1:24,000 Hydrography

California Department of Forestry and Fire Protection (CDF)
http://frap.cdf.ca.gov/data/frapgisdata/sel ect.asp
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Sails.
Sail Survey Geographic (SSURGO) database for Mendocino County, Western Part,
Cdlifornia
Soil Survey Geographic (SSURGO) database for Sonoma County, California
Natural Resource Conservation Service Soil Survey Geographic (SSURGO) Database
http://www.ncgc.nrcs.usda.gov/branch/ssb/products/ssurgo/

Quadrangles:
Map Grid
CaSIL <http://gis.ca.gov/index.epl> vector data: http://gis.ca.gov/BrowseCatal og.epl

Cities.
Geographic Names (GNIS)
CaSIL <http://gis.ca.gov/index.epl> vector data: http://gis.ca.gov/BrowseCatal og.epl

Counties:
County Boundaries (1:24000)
CaSIL <http://gis.ca.gov/index.epl> vector data: http://gis.ca.gov/BrowseCatal og.epl

Roads:
Major Roads
CaSIL <http://gis.ca.gov/index.epl> vector data: http://gis.ca.gov/BrowseCatal og.epl

Coastline:
Cdlifornia State Lands Commission
http://www.sl c.ca.gov/

Imagery:
Digital Orthophoto Quadrangle GeoTiff (DOQQ)

CaSIL Data Collections: http://gis.ca.qov/data.epl

Topography:
CdiforniaDigital Raster Graphics

CaSIL Data Collections: http://gis.ca.qov/data.epl
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