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1. INTRODUCTION

Aerial Information Systems (AIS) was contracted by the Midpeninsula Regional Open Space District (MROSD) to create a vegetation map covering approximately 55 square miles of open space land in the Sierra Azul Open Space Preserve.  MROSD contracted field ecologist Tamara Kan for support in the field effort and quality assurance of the final product.

Sierra Azul represents one of the MROSD’s 23 preserves that range along the Santa Cruz Mountains from just south of the Crystal Springs Reservoir to the Almaden Quicksilver County Park.  The areas mapped for this study include all of the Sierra Azul preserve and several areas that extend beyond the boundaries of the actual preserve.  The following areas have been mapped for this effort:

· Sierra Azul OSP (Kennedy-Limekiln Area)

· Portions of Lexington Reservoir County Park

· Sierra Azul OSP (Saint Joseph’s Hill Area)

· Portions of the newly acquired Sanborn Skyline Park Area

· Sierra Azul OSP (Cathedral Oaks Area)

· Sierra Azul OSP (Rancho de Guadalupe Area)

· Sierra Azul OSP (Mt. Umunhum Area)

· Portions of the SJWC

· Portions of the Almaden Park & MROSD Easement

· Newly acquired land south of Loma Prieta Peak

· Conservation Easements and other Private Lands within and surrounding the general area of the Preserve.

· Bear Creek Redwoods OSP (Completed October 2002)

Areas in the general vicinity of the Sierra Azul Open Space Preserve that were not part of the mapping effort include:

· El Sereno Open Space Preserve

· Almaden County Park

· Sanborn Skyline County Park


Sierra Azul Open Space Preserve and adjacent areas comprise the southeastern most portion of the MROSD lands and includes the highest peaks within the Santa Cruz Mountains.  The preserve is unique in that it contains the only significant stands of blue oak woodland within the district’s boundaries.  It is also unique because of its inland location in relation to the other open space preserves.  This creates an environment that enables various chaparral (sclerophyll type shrubs) communities to dominate instead of the microphyllous scrub communities found closer to the coast.  Precipitation is substantial enough to support stands of Douglas-fir and coast redwood in riparian corridors mainly in the western third of the Preserve.  Several species of shrubs more commonly found in the sage-scrub habitats of southern California inhabit drier south facing slopes within the preserve.

2. SIERRA AZUL OPEN SPACE PRESERVE – REGIONAL DESCRIPTION

Sanborn – Skyline Park

Newly acquired land west of highway 17 along the Lyndon Canyon Creek drainage includes significant stands of coast redwood and Douglas-fir stands.  Much of this region contains vegetation communities that are compromised by disturbance and proximity to built up areas.  The area contains some of the most extensive stands of broom and coyote brush in the study.

Saint Joseph’s Hill

This region lies to the north of the Lexington Reservoir Dam and includes the Jones, Rango and Manzanita Trail.  Several oak restoration projects are included in this region, in addition to fairly significant stands of broom.

Lexington Reservoir County Park

Located primarily northeast of the Lexington Reservoir, this area contains some of the most extensive stands of eucalyptus (blue gum) in the study.  Several trails within the Preserve start here, including the Priest Rock Trail, the Limekiln Trail and Soda Springs Road.  Elevations are for the most part below 1500 feet, and southwesterly slopes often support communities of California sagebrush or pure stands of Chamise.  Coast live oak is dominant on several hillsides; in concavities, draws and protected north facing slopes, a mixed community containing California bay, coast live oak and madrone occurs.

Kennedy Limekiln Area

This area encompasses extensive stands of mixed broad-leaved forests and chaparral communities at elevations ranging from approximately 1100 to 2800 feet.  Extensive stands of leather oak, mixing with manzanita are found on and adjacent to ridgelines along the Limekiln and Priest Rock Trails.  Several large private in-holdings exist in the southern portion of this area off of Wood Road and Soda Springs Road.

Cathedral Oaks Area

This region is mostly private land and occupies an area east of the Lexington Reservoir.  Land to the north of Hendrys Creek is owned by MROSD; to the south the area is generally private in-holdings with the exception of a large tract of Preserve land north of Lake Elsman.  South of the Lexington Reservoir, significant riparian stands of white alder occur along the Los Gatos Creek.  Much of the region is lower elevation chaparral communities, with chamise the dominant species.

SJWC In-holdings

Extensive lands have been mapped as a buffer around the preserve that include land owned by the city of San Jose.  They include some of the most extensive stands of coast redwood and Douglas-fir in the study.  Included in this region are lands along Hooker Gulch, Los Gatos Creek, Lake Elsman and private lands east of Summit Road.  

Mount Umunhum Area – Loma Prieta Peak 

This area contains several peaks over 3000 feet including Loma Prieta Peak, Mt Thayer, and Mt. Umunhum.  Chaparral communities in this region are extremely diverse and difficult to classify.  The eastern portion of this region is relatively dry, with fairly extensive stands of foothill pine as a sparse emergent tree canopy to big berry manzanita.  The western portion of the area contains stands of Douglas-fir and coast redwood especially in protect canyons and draws.  On north facing slopes and concavities, extensive stands of tanoak in addition to mixed broad-leaved communities where canyon oak is a co-dominant with interior live oak and California bay occur.

Rancho de Guadalupe & Easement lands adjoining Almaden County Park

This area is ecologically more similar to the Coast Ranges east of San Jose, containing some extensive stands of blue oak woodland and savannas.  Several valley oaks are also found in this region, adjacent to California annual grasslands along Hicks Road.  Most of the native grassland species are found in this area also, including purple needlegrass.  Several stands of black oak were also verified in areas near Almaden County Park.

Bear Creek Redwoods OSP

A portion of land was added to the study area in October of 2002 to take in to consideration the entire Bear Creek OSP.  Several stands of nearly pure black oak were noted along higher elevation slopes and gentle ridges in the southern portion of the region along with some extensive stands of coast redwood, Douglas-fir and tanoak.  A majority of the extension falls into the mix category of Douglas-fir – coast redwood community.

3. SUMMARY OF THE MAPPING EFFORT AT SIERRA AZUL

Brief Outline:

· October 1999 – MROSP data layers delivered to AIS
· October 1999 – Aerial Photography delivered to AIS
· November 1999 – Preliminary classification created
· December 1999 – Review & comments to classification by Tamara Kan
· January 2000 – Formal approval of the contract

· January 6-7, 2000 – Two-day field reconnaissance with Tamara Kan & Kathy Lyons

· January 11, 2000 – Updated classification sent for review

· January 14, 2000 – Six photo overlays of preliminary delineations sent to Tamara for initial ground truthing efforts

· January 29, 2000 – Photos returned with comments & changes

· February 2000 – Seven photo overlays of preliminary delineations in the south eastern portion of the study sent for initial ground truthing efforts

· February 2000 – Photos returned with comments & changes

· March 2000 – Photo interpretation, geo-referencing, scanning & polygon attribute assignment efforts complete

· March 9, 2000 – Draft vegetation maps delivered to Matt Freeman & Tamara Kan

· March 2000 – Ground truthing effort by Tamara Kan, Dennis Dart & Matt Freeman

· April 2000 – Updates to polygon attributes based on ground truthing effort

· April 2000 – Final maps and classifications delivered

· October 2002 – Bear Creek Redwoods OSP extension interpreted

4. VEGETATION MAPPING CRITERIA & METHODOLOGIES

The normal procedures in vegetation mapping include first conducting an initial field reconnaissance that establishes relationships between plant communities and bio-physical attributes. In addition, signatures (color-tone-texture combinations) on the aerial photography are keyed to their corresponding plant communities. Vegetation units are then delineated onto mylar overlays with preliminary labels assigned.  A final field verification is then conducted to substantiate the calls made in-house.  Final corrections are made; the data is rectified to a base and finally input into a geographic information system.  

Vegetation mapping at Sierra Azul in general followed these procedures with one major exception:

A final field verification was not conducted by AIS.  Instead, comprehensive field efforts that reviewed initial delineations and calls along with addressing questions from photo interpreters was conducted by field ecologist Tamara Kan.

Aerial Photography

Approximately thirty five 1:24000 natural color dia-positive 9x9 aerial photographs were used in interpreting vegetation within the study.  The photography was flown in April of 1999 following a higher than average rainfall year.  Conditions were transitional (leaf flush) with several species in leaf on conditions (willow, bay, alder) and several in leaf off conditions (maple).  The photography was excellent for interpreting many communities to a sub alliance level, with obvious exceptions within the herbaceous types.

Minimum Mapping Unit – Vegetation Complexing & Inclusions

A general guideline of ½ hectare was used as a minimum polygon size for delineating a visible alliance, association or vegetation mapping unit.  Exceptions to this minimum mapping unit (MMU) are noted in the following areas:

· Native grasslands substantiated by field efforts

· Broom stands 

· Small farm ponds and associated wetlands

· Land use within the study

· Linear wetlands including maple & alder

It is important to note that small inclusions of vegetation communities that may exceed ½ hectare when ecotones and gradations are included are a normal part of any vegetation map.  The vegetation boundaries delineated on the aerial photography represent the photo interpreters estimate at defining the modal break point between two communities, whether at a detailed association level of mapping or at a more general habitat level.  When assessing the accuracy of a vegetation polygon, it is important to review the entire polygon for its accuracy, not just a small sample within that unit.

Alliance / Association / Mapping Unit Assignments

The assignment of alliance and associations to the vegetation is based on the California Native Plant Society’s Manual of California Vegetation.  In the case of Sierra Azul, photo interpreters and ecologists decided which communities were mappable at either an alliance or association level.  Mapping units were derived for types that could not be distinguished on the photography or that were not separable in the field because they did not fit into the current definitions of any of the alliances.  These mapping units were often noted as two or more alliances or “super alliances”  Chaparral areas in elevations above 2500 feet were especially difficult to classify.

MROSP Specific Mapping Criteria

Every effort was made to delineate invasive stands of broom and yellow star thistle well below the MMU.  In addition, native grasslands and small farm ponds were delineated below MMU when visible on the photography, or substantiated with field efforts.  Linear wetlands that were often extremely narrow were also delineated when visible on the photography.  Small draws containing big leaf maple or white alder were usually visible on the photography due to the “flush” condition of the new leaf.

Unknown -Value Data

Approximately 30 of the more than 3400 polygons coded contain 9999 (unknown) values primarily because they yield a photo signature that could not be substantiated in the field reconnaissance or ground truthing efforts.  Every effort should be made to address these polygons by field ecologists to make sure no new types within the region will be missed.

Vegetation Mapping Study Area

Every effort was made to delineate beyond the required study area boundaries into adjacent public owned lands and private in-holdings.  This was done in order to facilitate GIS analysis without gaps and to ensure a complete map without “doughnut holes” of non-mapped data.  A comprehensive administrative boundary was provided in both hard copy and digital formats to aid in placing the study area boundary.

A general flight line index was created on an 8 ½” by 11” sheet of paper to show the location of the aerial photography used in the project.  The index was used for a quick reference to photo locations and as a status tool showing work completed on various portions of the project.

Field Reconnaissance

A two-day photo interpretation field reconnaissance effort was conducted in January of 2000 (see section 3).  The field crew consisted of Tamara Kan – Vegetation Ecologist, Kathy Lyons - Vegetation Ecologist from Biotic Resources Group, Kumi Rattenbury and John Menke - AIS Photo Interpreters.

Prior to the field reconnaissance, several in-house preparations were performed in order to facilitate a more organized trip.  Each photo was prepared with a separate field overlay.  Registration and navigation features (roads, buildings, etc) were drafted onto the overlays.  Each photo was reviewed and field transect sites were chosen representing different signature types, geographic variables (% slope, aspect, shape of the slope, elevation), and other abiotic variables noted on the photography.  These sites were drafted onto the field overlays with notations to each site as needed.  Multiple sites were chosen to provide alternatives if one or more sites proved inaccessible.

The field crew conducted on-site investigations over the two-day period.  During the field visit, the photo interpreters worked with the field biologists to identify the plant species, preliminary vegetation communities, and their photo signature throughout the study.  Field site numbers were annotated directly onto the photo field overlay, thereby correlating the field site to a specific location and photo signature.  Several ground photos were taken at selected locations that were later tied back to the aerial photographs and the field sites.  Sites not previously identified on the aerial photos were also visited.  These sites included areas between initially selected sites, areas of noteworthy or unusual significance as determined by field ecologist, and areas the photo interpreter deemed important in transit from site to site.

Preliminary Photo Interpretation

Photo interpretation is the process of identifying map units based on their photo signature.  All land cover features have a photo signature.  These signatures are defined by the color, texture, tone and pattern they represent on the aerial photography.  By observing the context and extent of the photo signatures associated with specific vegetation types, the photo interpreter is able to identify and delineate the boundaries between plant communities or signature units.  Additional collateral sources (existing vegetation maps, supplemental photography, soil data, etc.) can be of great utility to the photo interpreter.  Understanding the relationship between the vegetation and the context in which they appear is useful in the interpretation process.  Familiarity with regional differences also aids interpretation by establishing a context for a specific area.

A total of 35 aerial photographs were needed to provide full photo coverage of the study area. Because of steep terrain and difficulty in photo parallax, it was determined that interpretation would be done on every photograph, using the center of the photo where distortion is less.

Each photo was prepared with a 9” x 9” frosted mylar overlay for the photo signature delineations.  Photo overlays were then pin-registered to the photos; project labels were affixed to each overlay identifying the photo number, status of work (Initial PI, QC), and photo interpreters responsible for that task.  Study area boundaries were drafted onto each photo overlay, defining the area within the photograph to be interpreted.  The study area boundaries were edge matched to adjacent photos to ensure full coverage.

Using a mirror stereoscope, with a 3X0 lens, photo signature units were delineated onto the mylar overlays.  These initial photo delineations were based on a number of signature characteristics including color, tone, texture, relative height and density.  The signature units were then edge matched to the adjoining photo before it was to be interpreted.

Photo interpretation did not begin until the initial field reconnaissance visit.    Photo interpreters must use the reconnaissance trip as a tool to train on the signatures that are pertinent either to the special interests of the MROSP, or to differentiating the communities and alliances.  Without this fundamental knowledge, photo interpreters will either miss what is suppose to be a meaningful distinction between two communities, or delineate areas which may be of no significant ecological interest, but may yield a difference in signature on the photos.  One obvious example is a signature difference reflecting the varying health (greenness) of vegetation within the same community.

Ground Truthing and Quality Control

Ground truthing efforts were conducted primarily by Tamara Kan, with help from Matt Freeman and Dennis Dart.  Feedback in the form of hard copy notes taken on overlays of the aerial photography replaced the normal verification efforts used in the mapping procedures.

After the quality control effort, AIS proceeded with the final revisions to the photo interpretation linework and labels.  Other polygons with similar signatures that may have needed changing were also reviewed based on QC notes.  Photos were also checked for completeness, consistency, and adherence to the mapping criteria and guidelines.

A separate ground truthing effort performed by MROSD biologists aided the photo interpreters in developing training sites for the Bear Creek Redwoods extension area.  No reconnaissance work was done by the PI staff for this extension and therefore training sites were necessary in completing the photo interpretation.

5. DATA CONVERSION PROCEDURES

Converting the vegetation delineations to a digital format involved several steps that fall within four main procedures:

· Geo-referencing (rectifying) photo overlay linework to the USGS Topo Quads

· Creating manuscript (digital quality) overlays and related attribute files

· Input of spatial data into digital format (scanning)

· Linking the spatial data with the fields from the attribute files

Basemap Production

In order to begin the data conversion process, hardcopy versions of the base maps were needed.  The designated base was the USGS 7.5 minute topo quadrangle maps – Loma Prieta, Castle Rock Ridge, Santa Teresa Hills, Los Gatos, and Laurel.  

Clear mylar copies of each base map were created at the mapping input scale of approximately 1:24000.  To facilitate the geo-referencing of the polygon data, it was determined that the average (nominal) scale of the aerial photography was also approximately 1:24000.

Manual Rectification Procedures

The first step in geo-referencing the vegetation polygons delineated on the photo overlays involves manually fitting the linework to the mylar copies of the USGS topos.  This is a highly labor intensive procedure that must account for distortion in the aerial photography caused mainly by elevation changes and distance from the photo nadir.

Manual rectification is conducted by attaching a new mylar overlay to the hard copy topo map.  The photo signature delineations are transferred to the overlays through local registration of the photos with the attached photo signature delineation overlay.  A small area of the photo is registered to the base at a time.  By matching photo image to topo, the delineations were transferred to the base overlay.  Because the parallax of the photo differs from that of the topo base, care was required in transfer.  Inconsistent stretching or shortening was common from the photo to the base.  When one area was completed, the photo was shifted to register another small area.  The process continued until the manual rectification and transfer of polygons was complete. 

A quality control step was performed in order to assure accuracy of the rectification and delineation, and transfer of the codes.  A senior interpreter reviewed the overlays for accuracy and completeness of transfer and made the appropriate changes where needed.  

Manuscript Map Preparation
A manuscript map was created to input the spatial component of the vegetation mapping units.  This manuscript was produced by pin-registering a clean sheet of mylar to the base.  The vegetation delineations from the manually rectified overlays were transferred to the manuscript using black P2 Pentel lead suitable for scanning.  The manuscript map was carefully edited to ensure completeness and correctness.  The editing included comparing the manuscript with the original delineations on the aerial photos.

Quality Assurance of the Manuscript Map 
The final manuscript map underwent a quality assurance review.  The manuscript map was compared to geo referenced (rectified) overlays to ensure that all line-work was transferred correctly.  Particular attention was given to the quality of the line delineations with respect to gaps and other irregularities.  

Sequence Number Assignment 
A sequential identification number overlay was produced for the manuscript map.  A clean sheet of mylar was pin-registered to the manuscript, and each polygon was labeled with a unique sequence number.  These sequence numbers were used to tie the spatial files to the keypunched attribute files.  

Polygon Attribute Encoding

To expedite the encoding of the vegetation attributes for each polygon, a Quattro Pro spreadsheet file was created for each sheet.  A separate field was created for the polygon sequence number.  The manuscript map, sequence number overlay and attribute overlay was pin-registered together on a light table.  The coder, following the numbers on the sequence number overlay, entered the vegetation attributes for each polygon.  During this task, the coder verified the accuracy of the sequence number labels.  Any errors found on the sequence number overlay were corrected to ensure that each polygon had a unique identifier.

Spatial Data Input/Scanning 
The manuscript map was scanned and converted into ARC/INFO coverages.  Prior to any production scanning, test scans of small areas of the data map were conducted to determine the optimum raster to vector conversion settings.  The critical settings that determine the output resolution and completeness are the TOLERANCE and THRESHOLD.  The TOLERANCE, which governs the output resolution and is comparable to fuzzy tolerance, would be set to .01 inches (10 feet at 1:12,000 scale).  The THRESHOLD is a reflectance measure. It is dependent on the physical characteristics of the data maps and their contents and is determined through testing.  Once the THRESHOLD was derived, production scanning of manuscript map began.

Assigning Polygon Identifiers
In an earlier step, the vegetation polygons were assigned a unique identifier.  The numbers were sequenced 1 through "n" (4-digit item width) and were drawn on the sequence number overlay.  The manuscript map and the sequence number overlay were registered together on the digitizing board.  The polygon identifiers were sequentially input as label points.  To ensure that all labels points were entered, the processor marked off each label as it was digitized.

Creation of Topology
Topology is the mathematical procedure for explicit​ly defining spatial relationships.  In the case of maps, topology defines connections between features, identifies adjacent polygons, and can define one feature such as an area, as a set of other feature types (i.e., lines).  A topological database has several advantages: efficient data storage, faster processing, and the ability to perform analysis, such as modeling transportation networks or overlaying geographic features on one another.

Once the manuscript map's polygon boundaries and label points had been input into the computer, the ARC/INFO software CLEAN command was used to create the "coverage topology."  The CLEAN fuzzy tolerance was set to .002 inches to preserve the required data resolution.  When other coordinate edits were made to a coverage after the CLEAN command was run, topology was recreated utilizing the BUILD command.

Label Entry Error Processing
Label errors were identified by using the LABELERRORS command in ARC.  Using ARCEDIT, any label errors identified were corrected by entering the missing label number and placing it within the correct polygon.  Once all the errors were corrected, the coverages were joined with the attribute files.

Joining of Attribute and Spatial Data

The Quattro Pro code file created during the polygon attribute encoding task was converted into an INFO file.  Once converted it was related to the feature attribute table by the sequence number found in both files.  An INFO item, named "SEQNO" was added to the feature attribute table.  The sequence number for each polygon was calculated to equal its coverage I.D. number.  The ARC/INFO command JOINITEM was used to join the code file to the feature attribute table.  The spreadsheet file was joined with its corresponding coverage.  Each variable interpreted from the aerial photography was assigned a unique item (field).

Code Verification and Edit Plot Quality Assurance

Code verification involved running each coverage attribute file through a series of ARC/INFO commands that checked for invalid codes.  These commands produced listings that aided in identifying abnormal codes.  The errors were checked against the vegetation delineation and attribute overlays.  Corrections were made to the listings and input into the database. 

A plot of the converted spatial data and sequence numbers (label I.D.s) for each manuscript was then produced.  The plot was checked for cartographic quality of the arcs defining the polygon features and the accuracy of the label I.D. assignments.  The plots were overlaid to the manuscript maps to verify that the scanned data had not been distorted during the vectorization process.  Other problems were noted on the plots, including line overshoots and undershoots, missing lines, premature convergence of polygon boundary lines that intersected arcs at acute angles, and incorrect sequence number assignments.  All errors were then corrected in the database.

Note:  These procedures were for the most part repeated for the Bear Creek Extension in October 2002 adding approximately 100 polygons to the total study area.

PRELIMINARY DATA DICTIONARY – SIERRA AZUL

Data Format Outline:
Variable Structure:

Coverage Related Variables:

Area


8
18
F

Perimeter

8
18 
F

Sierrafnl#

4
  5
B

Sierrafnl-id

4
  5
B



Defined variable:




Code


8
10
F


Data Dictionary:


Code:  Defines the Vegetation Code (Alliance-Association-Mapping Unit)


Note:  See the classification for numeric values.


File Specifications: 


Coordinate System:  NAD27 UTM projection - Meters
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