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Slide 2 BDCP Surveys 

This presentation is based on an environmental surveys effort carried out by the California 
Department of Water Resources as part of the environmental review process for the Bay Delta 
Conservation Plan. The BDCP is a long term conservation strategy that focuses on ecosystem 
restoration and water supply reliability in the Sacramento-San Joaquin Delta (Bay Delta).  The Bay 
Delta stretches between Sacramento and Tracey and is approximately 700,000 acres in size.  

Slide 3 Project Background  
This is just a graphic showing the options for water conveyance which is part of the BDCP.  It 

was not our intent to survey the entire Delta but to focus on the potential areas of impact due to the 
proposed options of conveyance and potential restoration actions. Our environmental surveys focus on 
finding species of concern or potential cultural resources. Knowing the locations of these resources is 
important when looking at the potential effects of the proposed project. Due to the size of the project 
constraints of time and access to conduct surveys we have needed up to 60 surveyors in the field. This 
of course calls for extensive coordination and planning. 

Slide 4 Purpose of Presentation 

We are focusing on the processes that were developed to collect and manage the data for this 
large survey effort. There is lots of information about the use of individual GIS tools; the challenge is 
how to bring these tools together into a workflow that works for your unique situation. This is why we 
are here. For smaller survey efforts there is less of a need for intense planning efforts as data collection 
can be left flexible to accommodate the whims of what works best at any given time. However for an 
effort as large as this project, which has been conducted over 3 years so far, a detailed, well 
communicated, well thought out, and rigorous workflow is absolutely required. 

Slide 5 Building Data Support Structure for Surveys 

 There are a number of things we needed to consider to build an effective data support structure 
for the surveys.  We needed a medium for collecting the information; that is we needed hardware. We 
needed to be able to determine location and extent of field survey features.  We needed to collect the 
information in a consistent manner. We needed to protect the information from ourselves, that is put 
checks and balances in place to ensure the data would not be intentionally edited or lost once collected. 
We needed a QC process that ensured the data was collected correctly to begin with and to make sure 
data was not omitted. Finally, we needed a rigorous and structured work flow that was well defined and 
properly documented and communicated to all those involved with the surveys.



Slide 6 Data Collection Hardware 

For this project the medium or hardware chosen for entering the data as well as the equipment   
for determining location and extent of survey features was the Trimble 2008 GeoXM.  The GIS 
software used on the unit was ArcPad.  The GeoXM is accurate to 3-5 meters with real-time differential 
correction from WAAS.  With post differential correction the accuracy can be improved to 1-3 meters.  
On a full charge and by employing power management settings that would put the unit to sleep after 5 
minutes of not being used the units would last for a full day of surveys.  The biggest difficulty we had 
with the units was insufficient memory to run all the data and imagery we required while in the field. 

Slide 7 Data Collection Interface 

It is quite common for surveyors to record the information of what they find on hard copy data 
sheets like the one shown here.  This is a datasheet for recording vernal pool invertebrate survey 
findings.  There are a number of disadvantages to doing it this way, however.  First, a data sheet can be 
easily damaged by spilling something on it or being crumpled up or torn.  A data sheet can be lost or 
misplaced among another stack of papers somewhere.  You can't query a stack of data sheets without 
physically going through each and looking for the information.  Therefore, you're likely going to 
digitize that information anyway which means you'll double the time it takes you to do the survey 
versus putting it in digitally to begin with.

Slide 8 Data Collection Interface 

This is an example of mapping vernal pools using the GPS and then recording information 
about those pools.  Using ArcPad we were able to not only map the outline of the pools as you can see 
here but also record the information in digital data entry forms.  We developed programming in the 
background of the forms to automatically record the date and time of the survey and to automatically 
populate certain redundant fields. The programming we developed required that the surveyor record 
the redundant information for the first entry of the day and then it will auto-populate those fields from 
then on for the rest of the day. There were multiple forms which used many of the same fields so 
redundant information entered in the first form would also auto-populate in another form used latter.   
Some examples of redundant information are things like the names of the surveyors, the parcel being 
surveyed, the general name of the location, and the GPS ID.  If say for example part way through the 
day they start surveying a different parcel.  They can change the parcel number from what's auto-
populated in the parcel APN field and from then on it auto-populate based on the new parcel APN.   
 We also included a QC checkbox which if not checked off would not allow the surveyor to 
finish the form and complete the survey data recording.

Slide 9 Related Tables 

On this related table you can see that we have some drop down menus developed to speed up 
the data entry.  The idea is to limit as much as possible the need to type anything in.  We put in many 
drop down menus throughout the forms that were created.  The related table support in ArcPad was 
really useful for vernal pools.  As part of the vernal pool survey requirements for this project the vernal 
pools had to be revisited multiple times.  With related table support provided by ArcPad the pool only 
had to be mapped the first time.  For subsequent visits the surveyor would select the pool in the ArcPad 
screen, open up its attributes, go to the related table and add a new record.  Without related table 
support the surveyor would have to remap the pool or overwrite previous findings in the attributes of 
the pool. 



Slide 10 The AXF File 

The new file format recently made available in ArcPad called the AXF file allows for more 
functionality than the typical shapefile.  The shapefile as all of you know is the most well known GIS 
file format and ArcPad has supported it from the beginning and continues to do so.  If I had a shapefile 
of previously recorded data and wanted as one person to go out and add to or modify that file while out 
in the field with ArcPad it would be a simple matter to transfer that shapefile to my mobile device 
running ArcPad, go out into the field and make my edits and then return to the office and save over the 
shapefile stored on my office computer or network share drive with a copy of the file I updated in the 
field.  However if there are multiple people going out to the field to update the same shapefile at the 
same time it is much more difficult to merge everyone's changes back into one shapefile back at the 
office after the surveys. Using the new AXF file type it is easy for one person to update the file but it's 
just as easy for multiple people to take a copy of the AXF into the field, make changes to the data, and 
merge everyone's changes back into one file back at the office.  Most importantly the AXF file comes 
from and goes back to a GDB or geodatabase.  A geodatabase is a single file that can hold multiple 
feature types and supports complex behavior unlike the shapefile which is made up of multiple files 
and can only represent one feature type and does not support complex behavior.  An example of 
complex behavior is the related table mentioned in the previous slide.   As you know Esri is moving 
everything toward geodatabases and away from shapefiles. So the AXF file is the way you can use 
geodatabase functionality in ArcPad. 

Slide 13 Work Flow  

 Due to the size of our project it was necessary to develop a strictly defined work flow to enable 
the processes to flow efficiently and this is an example of the complexity of our workflow.  

Slide 14 Creation of the .axf 

The work flow began with the Data Steward meeting with the Survey Lead to discuss the data 
they would be collecting and how to best capture that data in an electronic data entry form.  Typically 
this started with an already existing hard copy data entry form.  The database schemas would then be 
designed to support the data entry forms.  These schemas were created in a geodatabase which later 
allowed us to export the schema to an AXF file at which point the data entry forms were created and 
stored in the AXF which would then be loaded onto the GPS device. Another advantage of having 
GIS/GPS mobile device is the ability to have reference information like parcel boundaries and aerial 
imagery in a dynamic map.  

Slide 14 File Accessibility 

Once the AXF files and reference data were ready they needed to be provided to the surveyors.
We had surveyors from multiple agencies and consulting firms helping with these surveys.  We needed 
a file transfer system that was accessible to all of these entities. An elaborate ftp site which was already 
being used on other aspects of the project was used as the medium of sharing data between the data 
steward and the surveyors.  This ftp site was called PCE for Project Collaboration Environment. The 
system would allow the uploading of a file, the ability to check out that file letting others know it was 
being edited, and then allowing the re-uploading of the file as a new version.  Automatic emails would 
be sent out to participants whenever any of these actions took place.   



Slide 15 Full or Empty 

Some of the surveys found it useful or even necessary to have previously collected data.  For 
instances where previously mapped vernal pools needed to be revisited it was a must to have that data.  
Otherwise the data was collected in empty AXF files, that is the schema or structure of the database as 
well as the data entry form for that survey was checked out without any data in it.  That AXF would 
then get filled up during a week of surveys.  An empty AXF would then be used again when starting the 
following week's surveys.  Empty AXFs were used when possible to ensure previously collected data 
was not unintentionally edited or edited in an inappropriate manner.  Having the surveyors always start 
out their survey with the same empty AXF meant less work for the data steward as the empty AXF only 
had to be created once whereas the AXFs with previously collected field data were re-created weekly 
so every GPS for that survey resource (birds, mammals, etc.) had all the data collected the previous 
week by the other GPSs for that resource. 

Slide 15 Data Collection 

The surveyors would download an empty AXF file or an updated AXF containing previously 
collected data from the PCE at the beginning of every survey week, upload it to the GPS unit and then 
go about collecting their data. At the end of every day the surveyors would upload the data and photos 
they collected to the PCE.  If access to an internet connection was not possible the surveyors would 
backup their data on an SD Card to ensure data would not be lost. 

Slide 16 Data Check-in 

At the end of the survey week the data steward would download the data and photos recorded 
that week. Vernal Pool Invertebrate surveys and botany surveys needed their data to be post-
differentially corrected in order to have the best location accuracy possible. All the data would then be 
checked-in to the master geodatabase repository and for those resources that needed previously 
collected data an updated AXF file would be created and provided on PCE.  Because the photos are 
part of the data collected, they too need to be referenced to a particular record. Thus the photos taken 
would also be imported directly into a geodatabase raster field.  The raster field was located in a related 
table that would allow for multiple photos for a single survey record.   

Slide 17 Other Parts of the workflow 

 In the first year of surveys there was some reluctance to go 100% digital so some of the 
surveyors stuck with their old ways and continued to collect their data on hard copy datasheets as well 
as use the GIS based electronic forms.  Thus, digitizing of the hard copy records was incorporated into 
the work flow.  One success of this effort was that we were able to reduce the amount of hard copy data 
recording to very little if at all by the end of the first year.  Which is a testament to the value of the 
technology, methodology, and work flow as the skeptical became convinced.   

Slide 18 Metadata 

Any good data steward knows you need metadata.  We knew that for the amount of data we 
were collecting and the potential for use by many entities that it was important to incorporate metadata 
into our workflow and make it a priority.  



Slide 19 QC 

 We developed multiple levels of QC.  The first level of QC was done by the surveyor out in the 
field at the time the data was recorded.  There was a checkbox in the last page of the data entry form 
which required them to check it before they could close the data entry form.  This was a reminder to 
them to double check what they had just entered in the form.  The level 2 QC was conducted back at 
the office by the surveyors.  They would ensure the data they had collected the previous week had been 
uploaded to PCE.  They would also check to make sure the data steward had checked their data into the 
master geodatabase.  The level 3 QC was performed by the data steward and was a double check of his 
or her work.  The final QC, the level 4, was done by the technical lead for each resource.  They would 
review the information a higher altitude, so to speak, ensuring comprehensive correctness of the data.
At any point along the way errors could be found and had to be corrected. Edits were performed by 
both data steward and surveyors. 

Slide 20 & 21 Security & Versioning 

We needed to focus on protecting the data from ourselves.  That is making sure there are checks 
and balances in place to protect individuals from messing up the data.   With SDE multiuser/editor 
technology we can take a single geodatabase and branch if off into separate versions and then very 
easily bring the edits made in the separate versions back together into one version at the end.  The part 
where security comes into play here is when Jo is making changes in his version and he’s ready to roll 
those changes back into the main version he can’t do that himself.  The data steward has to roll his 
changes up for him which gives the data steward the chance to review the edits first.  Only the data 
steward can alter the geodatabase schema like adding new tables or new fields which works well in an 
environment where your editors do not use GIS full-time and may not know all the ins and outs of how 
to construct a geodatabase.  All they want to do is make some simple edits to the values in the database.  
For this project the biologists were very successful at performing the edits and we felt secure knowing 
that only the data steward could alter the schema.   
 The Data Steward’s version was the Manager Edits and QC version through which all edits 
performed in versions created for each of the resources had to go through to make it to the parent 
version called DEFAULT.    So say for instance you were in charge of Botany.  You would make your 
edits in the Botany Edits version which would then be reviewed by the Data Steward to ensure that 
nothing that would jeopardize the functionality of the GIS was done or that just plain didn’t make 
sense.  The Data Steward would then role those edits into his version which would then be rolled up to 
the DEFAULT version.  Another good example of why the Data Steward would review the editor’s 
edits was to check to see if the editors added any new photo references.  If so the data steward would 
need to import those into the geodatabase.  It is good practice for the Data Steward to know which edits 
are being made and why—it’s not just about double checking other’s work. 
 Versions could also be restricted so that only certain people could edit them and then further 
restrictions could be placed on the geodatabase objects themselves like an object representing vernal 
pools—the vernal pools could be restricted so that only a certain person could edit vernal pools.
   
Slide 22 Conclusions 

For an optimum data collection effort we recommend: 

Digitizing from the start 
GIS from the start 



Documenting and communicating a data management plan that includes 
A well defined workflow 
A rigorous QC process 
And checks and balances in place to ensure continued data integrity 


