Central Valley Riparian Vegetation Inventory
Project History

Riparian mapping in the Sacramento Valley has been an ongoing process.  The California Resources Agency=s  Sacramento River Atlas project began in 1975 and was published by the Department of Water Resources in 1978.  "The Central Valley Riparian Mapping Project,"  presented at the California Riparian Systems Conference, University of California Davis, September 1981 (published in "California Riparian Systems: Ecology, Conservation, and Productive Management," edited by Richard E. Warner and Kathleen M. Hendrix, University of California Press, Berkeley, 1984), was the first attempt at large-scale mapping of riparian vegetation for the entire Central Valley.  Since 1991,  the focus has been on tracking riparian loss along the mainstem of the Sacramento River.

The Sacramento River Stream Corridor Protection Program (stream corridor mapping) began in 1991 as an effort to work cooperatively with local governments and state resources agencies to develop a mechanism to protect the biological and water quality values associated with riparian habitats.  Specific objectives for the mapping project included:

a.
identifying resources needing protection,

b.
identifying the location of critical resources by mapping riparian vegetation, 

c.
creating a pro-active process within existing planning and building departments of local governments to inform local developers of requirements in order to protect resources along stream corridors, and

d.
providing adequate information that would enable developers to incorporate protection measures into proposed developments.

The stream corridor mapping effort began in southern Shasta County using Sacramento River Fisheries and Riparian Habitat Management Program (SB 1086) funds.  Ultimately, using a multitude of funding sources from agencies including the California Department of Water Resources, California Department of Fish and Game, U.S. Bureau of Reclamation, and CALFED, this effort included all major riparian streams in the Sacramento Valley.  

The stream corridor mapping effort was the first Sacramento River effort to take advantage of geographical information system (GIS) technology.  Maps were digitized at large scale so that local government and watershed planning groups could utilize the information.  Using advanced technologies as they became available, the goal of the stream corridor project program was to develop a baseline GIS on the river that could be utilized and overlaid with future mapping efforts.  The riparian vegetation coverage developed in this program is an integral part of the Sacramento River GIS developed by the California Department of Water Resources.  It is also included as a foundation layer in virtually all locally based watershed-planning efforts in the northern Sacramento Valley.  

The mapping process developed by the Geographical Information Center at California State University, Chico for the stream corridor mapping effort should be used as a model baseline for any Central Valley monitoring effort.  While the mapping was a seven-year effort and only covered areas in the Sacramento Valley, it is the first time that large-scale riparian mapping has been attempted along such a large extent of the Sacramento River watershed.  

Mapping efforts in the stream corridor mapping project include all tributary streams in the northern Sacramento Valley.  While these efforts capture 100% of the riparian resource, they also require a large expenditure of funds and result in a large number of unusable aerial photographs.  Future efforts should concentrate on flying individual streams.  This will be extremely important in the San Joaquin Valley areas. 

Interpretation of Riparian Vegetation

Riparian mapping is dependent on the availability of high quality, large-scale aerial photography.  The identification of representative natural communities requires that the interpreter become familiar with known features on many photographs, so that the characteristic clues of shape, size, tone, pattern, shadow and texture become automatically associated with a particular natural community type.  With practice, the interpretor can use key characteristics from known regions to determine chracteristics in unknown areas.

While the stream corridor maps were developed using false color infrared aerial photography, the current film of choice is true color.  Interpreters tend to prefer the greens found in traditional color film to the magenta hues found in the infrared format. 

Stream corridor mapping will be done with color aerial photography flown at the scale of 1@=1000= (RF 1:12,000).  These scales enable interpretation using the California Native Plant Society=s (CNPS) classification system, which is currently the most commonly used system in the state.  

Photography will be flown with a 60% forward overlap and 30% sidelap.  This enables the interpreter to make accurate interpretations of riparian vegetation by viewing aerials in 3D using a stereoscope.

While riparian boundaries are discernable on stereo pairs using a stereoscope, mapping will be done over digital orthophotographs.  Digital orthophotographs are developed using scanned aerial photography and ground control points.  Orthophotography software packages use a series of carefully spaced camera and ground control measurements to three dimensionally stretch the image into an orthophoto.  

Digital images have map coordinates as do any map overlays produced from the data.  As a result, interpreted riparian information can be overlaid with a base map to add road and place locations. 

Survey control data is collected for the orthophoto conversion process using a global positioning system (GPS).  A minimum of three reference points (typically six) per air photo are needed, evenly distributed throughout the mapped area.  Repetition is allowed given the fact that photography has a substantial overlap.

Digital orthophotographs will be developed using software that can be exported as controlled TIFF=s into ArcView 3.1 GIS software.   Mapping overlays will be developed as overlays to the controlled orthophotos.  Because they are photomaps, maps created on the orthos become maps that will stand alone as riparian overlays.

The resolution of the air photo scanning effort affects the final outcome and enlargement capability of the digital orthophotographs.  Scans with high resolutions (25 microns) are preferred because picture element (pixel) sizes go down (a pixel is the size of the smallest visible unit on a digital  photograph).  A 25-micron (approximately 1,000 dpi) scan of a properly scaled aerial photograph will result in a nominal pixel size of 1 foot or smaller.  A pixel size of 1 foot means that each dot on the scanned image represents a 1 square foot area on the ground.  This means that the image can be enlarged significantly on screen before resolution is lost ( i.e., more detail). 

Working digitally on-screen gives the interpreter the ability to zoom in and out in order to obtain fine detail or obtain a more regional perspective where needed.  As pixel sizes go down file sizes go up. Therefore, the advantages of high resolution have to be weighed against the processing delays that will be experienced when using digital orthophotography.  Also, large file size means that only people with large processors and lots of computer RAM have access to scans and final products (orthophotos).  

A compromise would be to do the original scanning at higher resolutions but provide degraded orthophoto images in the 400 dpi range for general distribution.  The difference between files of 40 and 300 megabytes can represent significant timesaving in processing large images and will provide access to most anyone with an off-the-shelf personal computer.  

Riparian Mapping

While interpreted natural community and riparian boundaries will be identified on digitized orthophotography, the actual photo interpretation will be done on-screen using overlays in ArcView, a state-of-the-art GIS software developed by Earth Systems Research Institute (ESRI) of Redlands, California.  The advantages of digital output are:

a.
digital maps can be plotted in quantity and at any time,

b.
digital information can be easily updated and changed as conditions change, and

c.
using GIS software, digital information can be overlaid and compared with future mapping efforts. 

ArcView files are convertible to any standardized GIS or AutoCAD file format.  Because digital orthophotos have registered ground control, overlaid riparian polygons also have map coordinates.  Because these map coordinates have scale, it is possible to generate area statistics on polygoned riparian areas.  Additionally, overlays can be brought into other registered GIS map coverages.

Mapping units should include developing a set of base data (roads, place locations, etc.).  To date, the best overall data available includes a combination of enhanced 1==2000= (RF 1:24,000) U.S. Census TIGER road files and U.S.G.S. digital line graph base information.  Information is projected to Universal Transverse Mercator (UTM) Bmeters.  Due to file sizes, roads are separated and edited by hierarchical need.

Polygons
For the purposes of this project, a polygon is a multi-sided figure representing an area on a map. Polygon mapping involves drawing lines completely around a feature; hence, a polygon has an area associated with it.  Polygons are the preferred method of delineating natural community classes because areas can more easily be divided into aerial units and measured for quantitative purposes.  Disadvantages of using polygons occur when features are very small (approaching or exceeding minimum mapping areas) or very narrow such as may occur on some reaches of smaller tributaries included in this program. 

While line and point mapping can be used effectively to delineate features which are very narrow (lines) or very small points, both of these techniques suffer from the inability to assign areas to them within the polygon.  For this reason, in certain instances, vegetation classification may need to be generalized and grouped as opposed to showing all communities present along these narrow stretches.  

The narrow nature of the plant communities being mapped here presents some special cartographic difficulties.  While most vegetation mapping establishes a minimum polygon size that reflects the space needed to place an identifying symbol within the polygon, it is expected that symbols identifying long narrow natural communities will need to be placed outside of the polygon in a few areas. 


Combining Attributes 
Polygons will be labeled using the California Native Plant Society=s classification system. However, the interpretation process will allow for the classification of riparian vegetation types based on an older system developed within the California Department of Fish and Game=s Nongame Heritage Program (Preliminary Description of the Terrestrial Natural Community of California prepared by Robert Holland) and the CNPS system. Therefore, natural communities designations using the CNPS system can be Across walked@ into the previous classification system.  This dual classification process is essential to maintain continuity with previous surveys.

Ground Truthing
Throughout the project, it is important to ascertain the classification accuracy.  To make certain that proper vegetation classification will be made throughout the study area, training sites need to be selected in order to correlate color, patterns and tones of specific sites on the color infrared photos and the vegetation on the ground.  This ground verification or Aground truthing@ is used to test the accuracy of the classification done by the photo interpretation team for the various types of vegetation.  Specific classification types that create difficulties from a photo interpretation viewpoint need to be identified and special efforts made to address these accurately.  Remote sensing and photo interpretation techniques can only provide accurate map data when coupled with suitable ground data.  Consequently, ground truthing checks will be conducted periodically using randomly chosen sites to confirm mapping accuracy.

Using Riparian Maps - A Process
This project is a planning effort whose goal is to protect the remaining riparian resources in the Central Valley from the loss that has been historically occurring as development continues to occur within the area.  The final products will be incorporated into future planning documents and used as a gauge to monitor recent restoration projects and track riparian loss.  

Aerial flights and riparian mapping will continue over time and are scheduled to occur at five-year intervals.  This will enable agencies to monitor reclamation and restoration efforts.   Exceptions include event driven mapping, which would be triggered by a one-in-ten or greater magnitude flood event.

Orthophotos and riparian maps aid in watershed mapping efforts.  Maps give an inventory of the remaining resource over time.  Digital orthophotos become a photographic record at a particular time and offer many uses to watershed planners.
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