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ABSTRACT 

Wetland delineations require time consuming field work. The goal for this project is to automate the 
administrative documentation associated with routine wetland determinations. Specifically, the aim is to 
collect the appropriate data in the field, manipulate the data only once, and create reports and forms 
directly from field data with no additional transcription. Today, some scientists manually complete a draft 
of the routine wetland determination form in the field and later finalize it in the office prior to submission 
to the United States Army Corps of Engineers (USACE). The approach presented here automates this 
process using custom designed computer forms installed on handheld smart phones. Automated data 
collection tools allow personnel to quickly collect data in the field using software customized for the 
specific project. With automated data collection forms, scientists reduce the time spent in the office 
correcting sometimes hard to read field notes, minimize the time required to quality control field data, and 
eliminate the time spent retyping final reports from field notes. The custom form software uses 
streamlined data collection tools, auto-complete fields, lookup tables, and pick lists to populate a standard 
wetland database with the required information needed to complete the USACE forms. Once 
synchronized with the scientist’s computer, the software is automatically integrated with reporting tools 
and geographic information systems software to create documentation and maps suitable for USACE 
review. The automated wetland forms are more accurate, reduce administrative project time by 20% (a 
conservative estimate), and produce a higher quality submittal through real-time field data validation. 
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PROBLEM STATEMENT 

Wetland delineations require time-consuming field work. Field scientists must collect several pieces of 
ecological data to satisfy United States Army Corps of Engineers (USACE) wetland determination 
requirements. As the national approval authority for wetland determinations in the United States, all field 
work must be documented on USACE-approved forms derived from the 1987 Wetlands Delineation 
Manual. Today, some scientists manually complete a draft of the routine wetland determination form in 
the field and later retype the form in the office for submission to the USACE. The paperless approach 
presented here automates the determination process using custom designed forms installed on handheld 
smart phones. 

OBJECTIVE 

The goal for this project is to automate the administrative documentation associated with routine wetland 
determinations. Specifically, the project’s aim is to collect the appropriate data in the field, validate the 
data onsite, manually enter the data only once, and create USACE-required reports and forms directly 
from field notes stored on a smart phone with no additional transcription or typing. 

METHODOLOGY 

Creative developers have designed custom applications to collect housing condition surveys (University 
of Oregon), data collection tools to generate Environmental Impact Statement documentation (Haas 
2005), inspecting wastewater discharges (Zucchero and Sagami 2004) and electric power transmission 
lines (Southern Company 2004), and Phase I Environmental Site Assessments (Bell 2003). 
Environmental Systems Research Institute (ESRI) produced Figure 1 below to highlight the many 
possible applications for mobile data collection solutions. Practically, the number of applications for 
mobile data collection tools is endless.  

Robust, inexpensive mobile data collection tools are not readily available for performing wetland 
determinations in Iowa. A flexible software application that is easily tailored to the unique soil types, 
vegetation, and hydrologic characteristics of Iowa is needed to automate the data collection efforts for 
wetland determinations in Iowa. 

The software and hardware tools discussed in this paper are based on off-the-shelf technology, 
customized to the unique characteristics of Iowa’s wetlands. There are two major components to this 
mobile data collection application: hardware and software. 

The platform selected for this application is developed and sold by Hewlett-Packard.  The device is the 
iPaq hw-6495 smart phone. This device is unique because it encapsulates an onboard global positioning 
system (GPS) receiver, a digital camera, a cellular phone capable of wireless data services, and an 
operating system compatible with Microsoft Windows.
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Figure 1. Possible applications for mobile data collection tools 

Software installed on this device includes ArcPad 7.1 (ESRI 2007) and Pendragon Forms 5.0.  Each 
software application is customized to reflect the unique soil types, vegetation, and hydrologic 
characteristics of Iowa.  

According to Ishara Kotiah (2004), senior analyst with Spatial Vision, “ESRI’s ArcPad software is an 
easy-to-use, low-cost mobile mapping tool that can be integrated with a corporate geographic information 
system (GIS) deployment. ArcPad provides intuitive mapping, basic GIS query tools and GPS 
functionality for recording locations. ArcPad can make field data collection and verification fast, easy, 
and accurate. ArcPad can be deployed on a range of handheld PDA devices and tablet PC’s.” 

Pendragon describes its Form 5.0 software as “the smart solution for today's mobile worker. Create 
custom forms that meet your business data collection needs. Take your forms with you on Pocket PC and 
collect data where you work. Get more accurate data, and get it faster. Data from handhelds is 
automatically transferred into Microsoft Access or your enterprise database each time you synchronize 
and without tedious and error-prone retyping.” 
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The Pendragon Forms 5.0 software works by creating a Microsoft Access database and associated tables 
for each custom form. The software provides two development scenarios.  In the basic development 
environment, the user does not need to manually create the database relationships or field mappings. The 
forms software creates the database tables and automatically creates the links between the required data 
fields in the form and the underlying database. The database synchronization conduit is installed 
automatically during the installation process. The user simply synchronizes the handheld computer with 
the desktop or laptop computer. During the synchronization process, new records on the handheld are sent 
to the PC, and new or changed records on the PC are sent to the handheld. In the advanced development 
environment, more experienced users have the flexibility to synchronize a custom designed form to an 
external Microsoft Access database or other open database connectivity data source. The advanced form 
integration process is illustrated in Figure 2. 

   
Figure 2. Form software integration with external data sources (http://www.pendragon-

software.com/) 

The process of converting paper forms into electronic ones is relatively simple using Pendragon Forms 
software.  Each paper form is manually converted into a series of database tables and associated fields.  
The user has the ability to customize the look and feel of the form application to make it user-friendly and 
intelligent. The software intelligence is created by integrating a list of meaningful attribute domain 
choices in a pull-down menu to reduce the time needed for entering field data attributes. These 
standardized pick lists reduce data entry error and eliminate the need for interpreting muddy or sloppy 
field notes back at the office. Figure 3 illustrates the custom designed, menu-driven format of the wetland 
form application.  
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Figure 3. Wetland software screen shot 

When the data conversion process is finished, the end result is a database that contains each question or 
required entry from the paper-based form. This electronic database is the basic building block for more 
advanced automation tools like custom designed reports or integration with GIS mapping applications 
that draw their input datasets from the underlying wetland form database. Figure 4 illustrates the final 
USACE Routine Wetland Determination form as an example of automated reporting. This custom 
designed reporting tool is built inside the Pendragon Forms database using standard Microsoft Access 
reporting tools. This reporting tool integrates the data collected on the smart phone’s form software (and 
underlying database) into the appropriate layout and format for USACE submission.   

With the appropriate data collected in the field, the user can develop numerous reports to pull information 
from the form database. The only prerequisite is the form must have a field in the database to store the 
information. Custom reports could link photos captured in the field of sensitive habitats, unique 
hydrologic conditions, or rare soil characteristics for later analysis in the office or for inclusion with the 
USACE wetland form submittal.   
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Figure 4.  USACE Routine Wetland Determination form 

IMPLEMENTATION OBSTACLES 

Although many benefits of customized data collection forms exist for routine wetland determinations, 
developing an automated data collection software solution is not without obstacles. The software 
development process requires a significant investment in time and in technology. Complex form 
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development and integration with an existing database design could require between 70 and 100 hours 
designing, coding, and testing the application prior to deployment. The software and hardware 
investments could easily cost $2,000 or more depending on the user’s specific database performance and 
storage requirements.  

CONCLUSIONS 

The automated wetland forms are more accurate, reduce administrative project time by at least 20% (a 
conservative estimate), and produce a higher quality submittal through real-time field data validation. 
Other mobile data collection solutions have created similar results. According to a study completed by the 
Air Force, automated mobile data collection tools helped create a 90% reduction in the number of man-
hours required to monitor solid waste infrastructure on a combat air base (Houston, Sinclair, and 
Robertson 2005). Similarly, Bell noted other observed strengths of a mobile data collection solution 
including the following: 

• Reduction of time spent in field 
• Reduction of time spent performing manual data input 
• Reduction of time required to quality control the data 
• Field data may be uploaded directly to a PC. This reduces the time necessary to transcribe 

handwritten field notes and also reduces error in transcription. 
• Reduction of time spent to create final reports 
• Custom forms may include validation that may allow or disallow data entry. 

 
Mobile data collection using form software deployed to handheld smart phones reduces administrative 
documentation associated with routine wetland determinations and produces a higher quality submittal 
through real-time field data validation. With automated data collection forms, scientists reduce the time 
spent in the office correcting sometimes hard to read field notes, minimize the time required to quality 
control field data, and eliminate the time spent re-typing final reports from field notes. The flexible 
software application presented in this paper is easily tailored to local wetland conditions and is needed to 
automate the data collection efforts for wetland determinations in Iowa. 
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