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CHAPTER 1

INTRODUCT I ON

The primary goal of virtually all of the remote sensing-related research
that is being conducted in California at the present time is that of gaining
the acceptance and use of modern remote sensing technology by the managers
of California's natural resources. Consistent with the goal, the overall
objective of work done under this grant is to demonstrate, by means of
specific case studies, that information derived from the use of modern remote
sensing techniques can lead to the development and implementation of more
intelligent resource management measures than would otherwise be possible.
All of our case studies deal with applications that can be made of remote
sensing in California, while not excluding their application, with suitable
modi fication, in other states as well.

There are two responsibilities commonly assigned to those who manage
the natural resources of the state of California: (1) that of producing,

within the area for which they have management responsibility, the maximum

amount of various goods and services (food, fiber, recreation, etc.) and

(2) that of enhancing, on that same area, the quality of the environment,
including its overall aesthetic appeal, and the quality of its water, atmo-
sphere, wildlife habitat, etc. There is.an increasing demand that this
two-fold responsibility be fully met in California, and it is in this respect
that the use of modern remote sensing technology can play a vital part.

As a first step toward the more detailed defining of the resource

manager's two-fold responsibility, policy decisions usually must be arrived
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at relative to the uses that should be made of the natural resources in

any given area. Thereafter, laws usually are made at the municipal,

county, state, and federal levels that will be in consonance with those
policy decisions. Next, and also in keeping with those policy decisions,
resource management plans must be developed and implemented. The making

of these plans requires, in turn, the acquiring of information about the
resources that are to be managed -- usually in the form of resource inter-
vals, so that the resource manager will know at all times, suitable fre-
quent intervals, so that the resource manager will know at all times, both
the amount and the condition of each kind of resource that is present within
each portion of the area for which he has management responsibility. As
will be apparent from the studies dealt with in this report, it usually is
through the use;of modern remote sensing technology that the required resource-
related information can best be derived.

In many cases, there is insufficient knowledge on the part of the resource
managers of how remote sensing might be applied, but they have stated that,
given one or more appropriate demonstrations of such applications, they would
then hope to make remote sensing an integral part of their overall resource
management process. From among the many possible cases fitting this descrip-
tion, only a few are dealt with in this progress report. These '‘case studies"
are being performed by our remote sensing scientists on the Berkeley, Santa
Barbara, and Riverside campuses, respectively, of the University of California.
A description of progress made to date on these case studies will be found
in Chapters 2, 3, and 4, respectively, of the present Progress Report.

As will be apparent from a reading of this document our integrated pro-

ject continues to entail two major but inter-related categories of activity:
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(1) Basic research, as necessary to develop, in each problem-oriented

situation, a remote sensing-derivable classification scheme that will
enable us to help the resource manager solve the particular resource
inventory/management problem that is being addressed, and (2) Applied
research, as necessary to ensure that the resource manager with whom
we are cooperating in any given instance is in full agreement that our
resource classification shceme provides him with the information that he
needs in order to solve his particular resource management probiem. The
applied aspect of our research is further designed, in each instance, to
ensure the transfer of this technology to the user. We consider ourselves
to have been successful in this endeavor when the user not only understands
the technology that we have helped to develop but also accepts it to the
extent that henceforth in all appropriate instances, he actually uses it,
(instead of his previously-used methods), as the information base from which
to arrive at and implement resource management decisions.

The map of the state of California, comprising Figure 1, on the follow-
ing page, has been annotated in order to indicate the specific remote sensing

sites, both past and proposed, of our 3-campus project.



| Research sites for the
Berkeley Campus, as described
in Chapter 2.

I1. Research Sites for
the Santa Barbara Campus,
as described in
Chapter 3

It1. Research Sites for the
Riverside Campus, as described
in Chapter 4.

Figure 1. Map of the State of Claifornia showing general locations of study
areas for remote sensing scientists of the Berkeley Campus (1);
the Santa Barbara Campus (2); and the Riverside Campus (3) of the
University of California.

1-4




fn the Table of Contents for Chapters 2, 3, and 4 at the beginning

of this Progress Report, a clear indication is given of the specific

Case Studies that we have engaged in during the past year on the Berkeley,
Santa Barbara and Riverside campuses, respectively. It should be emphasized
that the true acceptance of modern remote sensing technology is a primary
goal of each of the projects listed there. Chapter 5 is included because

it summarizes tle activities that our group has been pursuing recently with
funds other than those provided under this NASA-funded grant. Those
activities are included because work that we have done under the grant has

made it more feasible for us to do this ancillary work.
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CHAPTER 2

NORTHERN CALIFORNIA STUDIES

INTRODUCT ION

Throughout the past year, personnel from the Remote Sensing Research
Program (RSRP), University of California, Berkeley, have been working
closely with personnel from wildland management and county planning agencies
in rorthern- California. The objective of this research has been to demon-
strate the proper integrafion of remote sensing and ancillary data to meet
the information needs of those who manage natural resourcés. Only after
these information needs have been met can the land managers develop and
implement plans for the wise use of all wildlands and associated natural
resources under their jurisdiction.

The key to our success in conducting this research has been the
active participation of the land managers themselves in the analysis of
the remote sensing and ancillary data. Because of this participation
we are finding that the field personnel are not only acknowledging the

potential usefulness of modern remote sensing technology, but are also

~ T making extensive-use-of-the fact- that-remotely-sensed data_can_ fulfill ___

and/or supplement many of their information needs iﬁ a cost-effective
manner, thereby enabling them to make and implement resources management
decisions more intelligently than would otherwise be possible.

The following sections document the work being conducted in Mendocino,
Colusa, Shasta and Santa Cruz Counties, California (see Figure 1), through

the cooperative efforts of resource managers and personnel of our Remote
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Figure 1.

SHASTA

MENDOCINO

UCOLUSA

SANTA CRUZ

Location of Mendocino, Colusa, Shasta and Santa Cruz Counties
in northern California. Investigations are being conducted
here by personnel of the Remote Sensing Research Program,
University of California, Berkeley, to demonstrate the use-
fulness of remote sensing-derived information for planning and
implementing wildland management programs in selected sites
within these counties.
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Sensing Research Program (RSRP). Part | describes preliminary studies
designed to quantify wildland fuels in Mendocino County, California.

This work is being conducted jointly with fuel management personnel of

the Forest Service's Covelo Ranger District. Part Il describes the first
computer-assisted application of Landsat and ancillary data for general
planning in Mendocino County, California. This project will be completed
by mid-summer 1981. Part 11! descriSes the application of Landsat and
ancillary data for coordinated resource planning within the Stonyford
Resource Conservation District, Colusa County, California. This project
will be completed also by mid-summer 1981. Part IV describes preliminary
investigations for the application of a State-wide Landsat data set to
assess the hazardous buildup of fuels in wildland areas of Shasta County,
California. Finally, Part lV describes the construction of a multiband
digital data bank for 8ig Basin State Park, Santa Cruz County, California.
Partial funding for the latter project has been made available by the
California Department of Parks and Recreation. This past year, our research
efforts have concentrated on Parts Il, 11}, and V. The scope of the pro-
jects outlined in Parts | and 1V is being redefined because of new federal

and state funding limitations.

Aft;r read{ng fﬁése fivgrséctions, the readééiQ}ilméee that the common
goal of these studies is not just the mapping of various wildland resources,
but the quantification of these resources as well. The process of quanti-
fying map produéts which have been derived from remote sensing data

requires extensive field work. In order to make this ground data collection
effort more efficient, we have developed, or will develop, digital inform-

mation systems for each study area. These systems can be used for (1)
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allocating ground samples in a statistically valid manner, and (2) expand
the limited ground sample data in a logical process throughout the area
of interest. We feel strongly that any remote sensing studies that are
being conducted in wildland environments must use this information systems
approach if the current information requirements of wildland managers are

to be met in a cost effective manner.
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PART |

QUANTIFICATION OF WILDLAND FUELS

IN MENDOCINO COUNTY, CALIFORNIA

Andrew S. Benson
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PART |

QUANTLFICATION OF WILDLAND FUELS [IN MENDOCINO COUNTY, CALIFORNIA

1.0 Introéduction

During the past four years, personnel from the Remote Sensing Research
Program have worked closely with fuel specialists in Mendocino County in
order to provide Landsat-Based maps of wildland fuel hazards within the
County. While the knowledge of where these hazards exists is vital to fire
control personnel for allocating fire suppression resources the quantifi-
cation in terms of tons/acre is also of primary interest so that these
fuels can be managed in an intelligent manner. These data provide the
information needed to determine whether or not a fuel type should be
modified, and if so, how it should be modififed. In addition, these data
may prove to be useful for studies that are not being carried out through-
out California in which investigators are seeking to determine the possi-
bility of using wildland 'waste' products, such as brush, hardwoods, and
logging slash, as an alternative to energy derived from fossil fuels.
Therefore, the quantification of Landsat fuel-classes in terms of tons of

material/acre is a subject of increasing interest to fuel management

Specialf;té iﬁ Mendécino Countf.
Regardless of the fuel management objective -- reducing fire hazards

or harvesting energy resources -- the data from which the needed informa-

tion is derived must be collected in a timely and cost effective manner.

The data must be current in order to meet changing policy decisions and to

account for the constant change in vegetation composition; the data must

be collected inexpensively because the intrinsic value of the fuel is either

negative, as in the case of fire hazards, or low, as in the case of an
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energy resource, Our work to date on this project prompts us to predict

that Landsat data used in conjunction with large scale aerial photos and

a limited ground sample soon will prove to be an ideal data source in rela~

tion to these requirements.

2.0 Procedure for Quantification of Wildland Fuels

The procedure that was originally proposed to be used in quantifying

the fuels in northeastern Mendocino County is as follows:

I,

Define ground sampling frame. The sample frame is limited to
the National Fire Danger Rating System fuel class F (chamise,
manzanita, and chaparral) as defined on classified Landsat
data.

Procure large scale sample photography. The U.S.Forest Service
will obtain large scale (1:1000) 35 mm photography of a number
of transects which represent Class F., These photos will be
used to define ground sample plots, to quantify ground cover,
and to assist in field operatiohs.

Collect ground data. Field crews from the U.S. Forest Service
will collect ground data from a sample of the large-scale
photo plots. These ground data will be used to estimate fuel
loads in tons/acre.

Correlate ground, photo and Landsat spectral classified data.
Statistical relationships will be developed between the three
sample stages.

Expand fuel loading estimates to management units. {f valid
statistical relationships can be developed in (4) above, the
fuel loading estimates will be expanded to applicable fuel

management units such as the Watershed Management Units and the
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Covelo Ranger District.

6. Implement final modification plans. Based in part on the
information from the fuel loading maps produced in (5), fuel
modification programs will be impleﬁented by personnel of the
U.S. Forest Service and the California Departmént of Forestry

in northeastern Mendocino County.

3.0 Results to Date

During the past reporting period, our research efforts have concentrated
on items é and 3 above. Four flight lines of large scale photos were flown
both in large scale/stereo triplets, to provide-ground sample points, and
in small scale complete coverage for field navigation purposes. On the
center photo of the stero triplet, a .10 acre circular plot was annotated.
O0f the 36 plots so annotated, 15 have been visited in the field where various
field measurements were recorded. In addition, the standing brush on two
.001 acre circular "mini'" plots was clipped for subsequent lab measurements.

Based on these measurements, tons/acre figures are calculated. The draft

for both the field and lab procedures is given in Appendix A along with

a letter from Andrew Benson (RSRP) to Gary Biehl (USFS Covelo Ranger District)

regarding suggested changes in the draft.

Unfortunately, personnel cuts on the Forest Service staff have ef-
fectively halted the lab work that is needed to make the quantification
between .001 acre plots énd the .10 acre photo plots. Such data must, in
turn be correlated with the Landsat classes. Personnel are expected to

be available this summer, to continue this work.



L, 0 Work To Be Done During the Coming Year

At the time of this writing, the scope of the fuels quantification
work outlined in section 2 will be reduced., Instead of expanding sample
data to the entire Covelo Ranger District, we must concentrate our research
to a 3000 acre management compartment. The Forest Service will obtain 100
percent large scale photo coverage of the compartment with their 35mm
camera system. Ground samples will be allocated, based on the lLandsat
claSSTfied vegetation-fuels map for the compartment, and ground measure-=

ments will be collected and correlated with the Landsat spectral data.



APPENDIX A

BRUSH INVENTORY (Draft)

Field and Laboratory Procedures



BRUSH INVENTORY

FIELD PROCEDURES

by

Gary Biehl
Covelo Ranger District
Mendocino National Forest

Establishing 10th Acre Plot Centers:

Use the provided aerial photography to locate the plot center.
Mark the location of the plot center on the ground with a survey
stake. The plot center is shown as a pinprick through the aerial
photograph.

Establishing Sample Line:

Select a plot direction from the random compass bearing chart.
Starting from the plot center, proceed at the selected compass
bearing for 37 feet, 3 inches, and establish the outside edge
of the plot. Mark this point on the ground with a wooden stake
and with a small black dot on the aerial photograph of the plot.

Stem Count:

Establish the borders of the plot by using a tape or cord 37 feet,
3 inches long and walking around the circumference of the plot.
While doing so, tally all of the basal stems within this area by
species and record in the field report.

Establishing 1000th Acre Mini Plots:

Establish the mini plot centers by measuring 16 feet, 7 inches,
from the plot center along the plot directional line, and 3 feet,
9 inches, from the outside edge of the plot toward the plot center
along the directional line.

Mark each plot center with a survey stake. The center of mini
plot A will be 3 feet, 9 inches, from the outside edge that was
previously marked on the aerial photo (see Figure A-1). Starting
with plot A and ending with plot E, proceed as follows:

Determining Crown Volumes:

Use a nail with a 3 foot, 9 inch cord attached to outline the
circumference of the mini plot. Within this mini plot area,
determine by each species group the crown diameter and crown
height. Assign a crown number to each group of basal stems
that form a crown group. Crown diameters are determined by
averaging two diameters taken at rignt angles (90°) to each
other. |If the crown is too irregular to sample by this method,
imagine two or more circles over the crown and find the average
diameter of each.
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Figure A-1.
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The crown height is measured from the ground to the top of the
crown group as shown in figure A-2. Record on the field report
the mini plot letter, crown group #, species, crown diameter, and
crown height for each crown group within the mini plot.

Collection of Samples:

Clip all basal stems that fall within the boundary of mini plots

A and E. If no vegetation occurs, move to the adjacent plot until
a vegetation sample is available from 2 mini plots. For each crown
group, measure the diameter of a basal stem 2 cm, above the cut

and record on the field report. Mark this stem with a piece of
flagging. Group the cut materials into sacks by crown group. Be
sure to include the plot # and mini plot c¢crown #, and number of
bags containing this crown # (example, bag 3 of 4) on the sack.

Remarks:
Note if the plot has been disturbed by skid trails, roads, burns
or other activities. Also note any natural condition that might

affect the stand (e.g. slides) or anything unique to the site.

Since this is a pilot study, we are trying to keep a record of the
time involved. Record this information here.

Other Information:

While the stakes are still in place take a picture of the plot.
include the range pole as a guide to scale. Be sure in so doing,
to make the photo representative of the plot and try to photo-
graph along the line containing the mini plots. Mark an (<) on
the aerial photograph showing the location and direction of the
photograph.

Before leaving the plot record the siope of the 10th acre plot
and its aspect on the field report.




Figure A-2. Field methods for determining brush crown surface area. (From:
A technique for sampling low shrub vegetation by crown volume
classes by Jay R. Bentley, Donald W. Seegrist, and David A.
Blakeman. Forest Service Research Note PSW-215, 1970.)



BRUSH INVENTORY FIELD REPORT

Assign a unique plot number starting from one and continuing as
needed for each plot.

Record a short written statement of the general area within which
the plot is located. Example: ''Horse Pasture Ridge'l.

Record the Government Land 0ffice Survey, Township, Range, and
Section numbers. Example: '"T2IN, RIIW, S12', would read
"Township 21 Morth, Range 11 West, Section 12",

Record the Universal Transverse Mercator grid coordinates for the
plot center. Example: 1IN 21E.

Record the flightline number followed by the aerial photo number from
the low leve! photography, on which the plot center can be found.
Example: 'F12, P13', would read '"flightline 12, aserial photo number
13",

Record the elevation above sea level for the plot center,
Record the average slope in percent for the 10th acre plot.

Record the aspect on which the plot rests, using the following compass
points: (N, NE, E, SE, S, SW, W, NW).

Record the distance measured from the plot center to the outside
edge of the plot as marked on the aerial photo.

Record the random compass direction in which the plot transect will
run, and record this to the nearest degree.

Enter the month, day, and year, on which the plot was first visited.

Record the species encountered within the 10th acre plot. Use a 2
or 3 letter abbreviation. Examples:

CH for Chamise
LOK for Live 0Qak
MZ for Manzanita
BB for Buck Brush

Record the total basal stem count for each species found in the 10th
acre plot.

Record the mini plot letter (A, B, C, D, E) and assign a number
starting with 1 to each group of shrubs by species within the mini
plot.
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Record the species of the crown group using the same abbreviation as
in section L.

Record the average crown diameter of the crown group. Enter in inches.
Record the average crown height for each crown group. Enter in inches.

Record the basal stem diameter of a selected primary stem. Mark the
stem with flagging to determine in the lab the amount of shrinkage
that will occur when dried.

Record any remarks pertinent to the growth characteristics of the plot.
This might include such items as a history of the area, fire damage,
mechanical treatment, etc..



UNIVERSITY OF CALIFORNIA, BERKELEY

BERKELEY * DAVIS * TRVINE ¢ LOS ANGELES * RIVERSIDE * SAN DIEGO * SAN FRANCISCO SANTA BARBARA * SANTA CRUZ

SPACE SCIENCES LABORATORY c
TWX. UG SPACE BERK BERKELEY, CALIFORNIA 94720

(910) 3687945
24 March 1981

Mr. Gary Biehl

U.S. Forest Service

Rt. 1, Box 62C

Covelo, California 95428

Dear Gary:

I have read the draft of the Brush Inventory Procedure. Here are a few comments.

1. The .10 acre photo plots must be defined on the photo, not on the ground. 1In
other words, we will try to draw a circle that has a reaius of 37.25 feet ground dis-
tance on the photo., Just how close this radius is to true ground distance will be

a function of how well we can estimate scale. This is an important step,because in

an operational mode we will have many more photo plots than we can visit on the ground.
Therefore, we must establise the error involved with estimating scale on the photos

if we are to derive the per acre estimates.

The Procedure could be rewriten as follows:

Establishing the .1 acre plot. Locate the center of the .1 acre circular plot,
as annotated on the large scale aerial photo, on the ground; mark the plot center,
as designated by a pin prick through the center of the photo, with a survey stake.
Determine the average radius of the circular photo plot on the ground and record on
the plot sheet. (The expected radius is 37..25 feet, but if the terrain is steep,
the true plot radius may vary from 10-15 percent.,) Tape the radius up-slope,
down-slope, and cross-slope; average the measurements.

2. Since we have no guarantee that the photo plot has a 37.25 foot radius, the center
of the mil acre mini plots should be redefined as follows:

Establishing the .00l acre mini plot. Locate the circulat ,001 acre mini plot
centers along the random sample line as follows:

(1) plot A and E located 3.75 feet from the outside edges of the photo plot;

{(2) plot C located at the center of the .l acre photo plot; and

(3) plot B and D at half the distance between centers CA and CE respectively.

3. The actual stem measurement techniques look good. However, using 1/64 inch
increments will make all subsequent calculations clumsy. Could we convert to either
the metric system or to tenths of an inch?

4, Re: Collection of Samples.I note that we are clipping all stems that fall within
the mini plots A and E for subsequent diameter, length, and weight measurements.

This approach could, therefore, include some crown materials that fall outside the

.001 acre plot. This would inflate our per acre estimates unless there is a compensatin
error caused by stems which fall outside the plot and have their crown fall partially
within the plot. Any thoughts on the problem? Personally, I think the errors will

be compensating.




Everything else looks good. Perhaps we should get together soon and try some
calculations.

Sincerely,

i

;o
N PR S
LN
LAl 4

Andrew S. Benson
Remote Sensing Research Program



PART 11
FORSYTHE PLANNING EXPERIMENT

APPLICATION OF LANDSAT AND GEOGRAPHIC INFORMATION SYSTEMS

TO PLANMING PROCESSES [N MENDOCINO COUNTY, CALIFORNIA

by

Charles E. Henderson
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PART 11

FORSYTHE PLANNING EXPERIMENT

].0.0 Introduction

As part of ongoing research and demonstrations entitled the Appli-
cation of Remote Sensing to Selected Problems within the State of California
(NASA Grant NSG 7220) personnel at the Remote Sensing Research Program (RSRP),
U. C. Berkeley, have developed a resource information data base for a 37,000
acre wildland area in Mendocino County, California. The development of
this data base and the subsequent utilization of the DIANA (Digital Image
ANAlysis) System at the RSRP facility (Space Science Laboratory) have com-
prised the 'Forsythe Planning Experiment'.

‘The Forsythe Experiment has focused on three overlapping study areas
(see Figure 2). A grid file data base has been built for each area to
demonstrate the applicability of variable resolutions and degrees of

accuracy. These include:

Forsythe Creek Watershed 1.1 acre resolution
Willits SE 7%' quadrangle 30m2 resolution
Jack Smith Creek Watershed lOm2 resolution

The majority of work has utilized 30m2 resolution and has been

applied to the Willits SE quadrangle.

The Forsythe area was chosen because of development pressures, sensi-
tive soil types, relatively steep slopes and a diverse pattern of vege-
tation. The vegetation pattern was representative of other areas through-
out the country.

Five major tasks have been addressed by the Forsythe Experiment:

(1) The normalization of Landsat MSS data using digital

elevation models,

(2) The Vegetation Classification of the normalized MSS data set.

2-23




CALIFORNIA

MENDOCINO COUNTY

Figure 1.

FORSYTHE
PLANNING
EXPERIMENT
STUDY AREAS

The Forsythe Planning Experiment Study areas are located be-
tween the cities of Ukiah and Willits in Mendocino County.
Rapid population growth and resultant land development are
taking place in the study area. Pressures on timber produc-
tion capability, rangeland productivity, fire suppression
capabilities and the self support of the County are increasing

~as development continues. The Forsythe Planning Experiment

is a demonstration of remote sensing and geographic information
system applications to the difficult problems of general and
site-specific planning.
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Figure 2,

Wittt

(Scudy Area 1.)

RALDIT oy i LT M £ s L DR S

JACK SMITH WATEASHED

SILLITS SE 7% tuadrancle

(Study Ares 1.}

FORSYTHE
WATERSHED
MANAGEMENT
ARZA
{Study Ares 1.)

Three study areas, each to be portrayed by different types
of information, and overlays of data, are addressed by the

experiment.
Management Unit,

is comprised of seven sub-watersheds.

Study-area 1, the 45,000 acre Forsythe Watershed

Study

area 2 is the area covered by the Willits SE 73' quadrangle

map.
coverage.

This area was selected for Digital Elevation Model
Study area 3 is the Jack Smith Watershed.
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(3) A report to the supervisors of Mendocino County, outlining
the advantages and resource requirements of an operational
GIS system - with example products from the Forsythe
Experiment.

(4) An evaluation of the slope component of soil descriptions
prepared by the USDA Soil Conservation Service mapping
team in Mendocino County,

(5) The development of a variety of special map products for
integration with the existing manual mapping system currently
in use in Mendocino Country,

Throughout the course of this work emphasis has been placed on the

development of products which could tie directly into the information

gathering and utilization systems already operative in the County. Clearly,

there is an accepted need to bring the variqps resource information users
and providers in the County into an information sharing system. Recent
creation of the EPl (Environmental Planning Information) Center in the
County Planning Department addressed this need by creating a document
library. The mapping section of the planning department has initiated a
manual overlay system based on professionally prepared composite mylars
for every 7%' quadrangle in the county.

County officials are agreed that eventually a computer system will
be implemented to organize and process all geographic {(map) information.
However, there is disagreement on the appropriate time frame within which
to initiate an automated system.

The demonstration of Landsat classified data in contro! burning pro-
grams in northeastern Mendocino County first opened the door for large
area resource data collection in the county (Cosentino, et al., 1977).

Subsequently, the California Department of Forestry initiated a program
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of manual overlay mapping and successfully utilized a number of resource
data types to determine the appropriate placement of fire-breaks and
control burns, and to develop a strategy to encourage property owner
cooperation in a multi-agency coordinated resource management plan (Benson,
Beck, Henderson, 1979). The success of these efforts is evidenced by their
continuation in the southeast portion of the county.

Bringing the technology into Mendocino has not beeﬁ an '"overnight
success''. For institutional and cultural reasons the county has moved
incrementally in the direction of satellite utilization and GIS implemen-
tation. The limited resolution of Landsat data and questions about the
Federal Government's commitment to an earth satellite program have not
helped matters. Demonstration, assurances of consistency, and the develop-
ment of professional relationships will all shape the success of tHis attempt
at technology gransfer in the future. For the present, a capability has
been demonstrated. It will be up to future projects and county persbnne]
to pick up where the Forsythe Experiment will leave off, and to use the
products and methodologies demonstrated here for the overall advancement

of resource management in the county.

__ _The maps which appear in this report are examples of the final

products now being prepared for the Mendocino County data base. B; }Até;-
facing the image processing and GIS capability at RSRP with an electrosta-
tic plotting peripheral, maps at a variety of scales have been produced
and integrated with the base map material. Several base map-computer

map combinations are included in this report.
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2.0.0 Normalization of Landsat MSS Data Using Digital Elevation Models

2.1.0 Introduction

A major task of the Forsythe Experiment has addressed the problem of
variable solar illumination of mountainous terrain and its effects on the
spectral fidelity of Landsat MSS data. As discussed in previous reports,
a 'normalization' procedure has been developed. A final description of
the normalization procedure is included here.

Recent attempts to utilize Landsat data in wildland environments have
incorporated ancilliary (collateral) data. These are typically formatted
to a common computer file or 'data base' and often include Landsat, eleva-
tion, slope, aspect, soils parameters, and other types of resource data.

if a resource data base includes an accurate description of the
topography (digital terrain model) and if the exact sun position at the
time of Landsat image acquisition is known, it may be possible to model
the variable illumination at the time of data acquisistion. With such an
illumination model (see Figure 3), it is reasonable to suppose that a method
exists to reduce the spectral variability of the Landsat data by adjusting
for the variability of solar illumination at the time of image acquisition
(Holben & Justice, 1980). Such a process would yield a 'normalized’
image--- that is, an image for which the variability in pixel values is
determined by the ground cover alone. The resulting image would then
represent a flattened topography, the spectral effects of vertical relief

having been essentially removed.

2.2.0 Scope of Work

In this section a methodology to 'normalize' Landsat MSS raw data
using Digital Elevation Models (DEM) to correct for the effects of

variable illumination is discussed.
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Study Area

The test area included the entire Willits SE 7% minute quadrangle
in Mendocino County, California., This area is comprised of a well
developed dendritic stream pattern with elevations ranging from 900-3000'.
Slopes range from 9% to 75%, and aspect values are distributed in all
directions with a slight bias to the southeast. The ground cover is well
split between native grassland, conifer (predominantly douglas fir),
hardwoods (predominantly tan oak, valley oak, and black oak), and brush
(predominantly chamise). The area also includes several small lakes and
a relatively flat va]ley (Walker Valley), which is partially irrigated.

Data Base Formulation

Landsat MSS raw data acquired 27 June 1976 was reformatted to
overlay the UTM 30m grid structure of the DEM for the same area. A 30m2
grid cell data base was compiled containing these and all subsequent image
overlays. Image processing was conducted on the DIANA (Digital‘lmage
Analysis) system developed at RSRP.

" Selection of DEM

Figure b compares two transects of an imaginary terrain as it is
modeled by both Digital Terrain Tapes (DTT) and Digital Elevation Models
(DEM). DTT data (used extensively in wildland resource investigations)
was first developed by the Defense Mapping Agency from 1:250,000 2°X1°
USGS map quads. The ETT grid file supports 8Om2 resolution. By contrast,
the DEM date is re-compiled from orthophotoquad original quad centered
photography to support 30m2 resolution. Figure 2 clearly shows the
accuracy limitations of the DTT product; the interpolation algorithm
tends to fill valleys and truncate mountain tops when they fall less than

200' from the nearest 200! contour_interval.
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Figure k. DTT vs. DEM terrain models shown over an imaginary transe
Note that the DTT's interpolation algorithm in some cases
truncates mountain tops and fills valleys. By contrast,

terrain models represent the real terrain with excellent
accuracy,
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For the purposes of this work, the DEM product was chosen for its

superior topographic fidelity.

2.3.0 Variable Solar I1lumination and Landsat

The sun-synchronous orbits of the Landsat series satellites are con-
figured such that imagery of North America is always acquired in the mid-
morning hours when, even on acquisition dates near the summer solstice
June 21), the sun never reaches elevations greater than 60° above the
horizon. As a consequence, variability of the spectral data received for
mountainous terrain and other areas of variable relief consist predominant-
ly of variability introduced by differential solar illumination of the
surface topography.

[t has been shown that there is a significant decrease in classifi-
cation performance due to the influence of variable illumination (Sadowski
and Malila, 1977).

Holben and Justice (1980) have quantified the variability in Landsat
sensor response for similar ground cover types over variable terrain,
Their study showed a variation of as much as 50 counts for pixel values
in the red channel (MS$S 5) for a 40° solar elevatiﬁn. The investigation
concludes: "... a wide range of pixel values can be expected for a given
cover type in mountainous areas and that, unless the topographic effect
is eliminated prior to or during classification, discrimination is
likely to be undertaken with poor results."

In recent years a variety of attempts have been made to integrate
terrain information into Landsat classification procedures.

Echert and Campbell (1979) have quantified the variability of
spectral data for a continuous vegetation complex over variable terrain,
These researchers have further proposed a method for reducing classifi-
cation error using ground slope and sun elevation. The advantage to
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this method appears to be the application of selected ground measurements
(point source) to correct for variable solar illumination over an area for
which synoptic slope and aspect data is not available.

Strahler and Maynard (1980) have shown that slope and aspect values
can be utilized in the timer species probability classification of a
forest environment. These investigators contrasted the cool, moist grow-
ing environment of northeast facing slopes with the hot and relatively dry
environments of southwest facing slopes (as suggested by Hartung and
Lloyd, 1969). This model! was calibrated using some 73 ground samples,
i.e. the coefficients for the model were fitted by an optimization algo-
rithm. The resulting species probability distribution maps were then used
as collateral data in the classification of vegetation using Landsat MSS

data.

2.4.0 The Mormalization 'Procedure'’

The normalization procedure described here provides estimates for the
relative total solar illumination (direct and scattered components) of the
topographic surface area represented by each DEM picture element (pixel

surface) at the time of Landsat image acquisition. This estimate is sub-

sequently used to adjust the raw data values for each MSS band and to create

a 'normalized' data set.

The total illumination of each pixel surface derives from a combina-

tion of sources including the following:

Direct Solar Illumination - derives directly from the sun without

attenuation from the atmosphere.

Indirect Sky I[llumination - sunlight which has been scattered

(Rayleigh and Mie scattering) by molecular interaction with
the atmosphere. Subsequent light impinging on a pixel surface

is predominantly blue and accounts for approximately 12% of
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total illumination (Smith, et al., 1980).

Ground Scattering !llumination - reflected direct and indirect

illumination from adjacent ground surfaces (e.g., high albedo
exposed soils).

Direct Solar Illumination Component

The direct solar illumination component for each pixel is defined
as the amount of sclar flux which passes through the atmosphere without
major atmospheric attenuation and which is reflected from the ground of
a sing]é pixel and subsequently sensed by the satellite instrumentation.
Assuming the ground surface is a perfect diffuse reflector (Lambertian
surface), an expression for direct solar illumination can he derived.

Under stable atmospheric conditions the direct solar illumination
impinging on variable terrain of different slopes and aspects is a
function of the angle of incidence (8). The angle of incidence is the angle
between the solar beam and the normal vector of the topographic surfac;.

8 can be calculated for a given pixel if the slope angle, aspect
'(direction in which a slope faces), solar zenith angle, and solar
azimuth angle are known (Holben and Justice, 1980). Many investigators
have demonstrated the derivation of'slope and aspect values from raster
elevation data, (e.g., the slope and aspect values for each pixel are com-
monly determined by retrieving the elevation values for the four or eight
immediately adjacent pixels and determining the elevation {slope) and
azimuth (aspect) values for a normal! vector to the plane which 'best fits'
these four elevations - see Figure 5). The solar zenith angle (90° -
solar elevation) and solar azimuth angle are annotated on all Landsat

scene images processed by the EROS data center.
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As previously stated, the normalization process is aimed at the

reduction of total variability through the reduction of differential

illumination on mountainous terrain. Therefore, if a normalization pro-

cess is successful, it is reasonable to assume that the overall variabi-

lity of the normalized data set, as expressed by the CV, will be less

than the CV of the raw data.

Taking this assumption to be true, the following methodology for

determining the relative value of indirect i]lumination_(c) was utilized.

1)

2)

3)

4)

a 1% sample of the entire data set was systematically
selected using one pixel in ten for every row and
column,

a normalization procedure was employed using

P..
P'I_j= ij
cos + c
where pt,. = norma?izéd pixel value for the

') ith pixel in the jth band
Pij = raw data pixel value

for the sample area repetitively using a variety of values
for c. (c = .1 to 6.0).
The coefficient of variation (CV) for each value of c in
each band was calculated for the resulting 'test' normali-
zations. The results of these repetitive tests are tabu-
lated in table 1 and graphed in figure 6.

It was then postulated that the 'c' value for each band
which had the correspondingly lowest CV values best approxi-
mated the proportional indirect solar illumination component

for each band of the sample set. Thus the appropriate values

for ¢ were determined.
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The angle of incidence 8 can then be calculated using {Robinson, 1966)

cos 8 = cos s cos z + sin s sin z cos(As - Ap)

where s = slope of terrain (pixelAin question)
A = aspect of terrain (pixel in question)
z = zenith angle of sun

A = azimuth of sun

If the solar flux impinging upon a surface area normal to the incident
solar beam (8 = zero) is taken as unit value, the relative solar flux

impinging on a surface with incident angle 6 is

Ed= cos 6

where Ed= incident solar energy received per unit area for a pixel

surface with incidence angle 6.

Assuming that the ground surface approximates a perfect diffuse reflector
(Lambertian surface), light reflected toward the satellite sensor per
unit area is a function of the slope (s) of the ground surface such that

(Slater, 1975)

Er= cos (s) cos 8

where Er= solar energy per ground surface unit area reflected toward

a vertical sensor,

However, the total area seen as a single pixel varies with the slope of
— ~————the—ground-surface—as—1/cos(s)-— The total -direct-sunlight received by__ .__ .

the sensor for one pixel is therefore

£ - _Cos (s) cos B
t cos (s)

= cos B

where E = total direct illumination component for a single pixel
where the direct solar component for a pixel surface

normal to the sun is unit value.

Indirect and Ground Scattering Illumination Component

Modeling for the indirect illumination component of total illumina-

tion is a more difficult task. Skylight illumination varies with the

2-37



moisture (haze) content of the atmosphere and for any one pixel is depen-
dent on the portion of the total sky hemisphere which is unimpeded by
mounfains and other nearby relief. The effect of nearby relief blocking
portions of the diffuse skylight can be considerable since the quantity
of incoming diffuse illumination is upwards af 5 times as great for the
near-horizon portions of the hemisphere as compared to near zenith por-
tions (Fraser, 1975). Accurate modeling of the indirect skylight compo-
nent alone wou]d'therefore require intense topographic analysis for each
pixel and was considered to be infeasible.

The same is true for scattered light from nearby surfaces which
might impinge upon any one pixel. The effective modeling of this com-
ponent was likewise considered to be too complex.

Despite the complexities of calculating the precise indirect illumi-
nation component, it was apparent that an indirect illumination contri-
bution to the entire study area should be included in a successful norma-
lization process. It appeared reasonable to assume that the indirect
illumination was uniform or nearly uniform, throughout the entire test
area. |If this were true, the total illumination for any one pixel could
be expressed as being proportional to

cos . = ¢
where ¢ = indirect illumination constant.

Determination of 'c!' / The CV Test

To measure the effectiveness of any 'normalization' process, the
coefficient of variation (CV) value for the entire normalized data set
can be compared with the CV value of the original raw data. In this
respect, the CV is defined as

cv _ standard deviation < 100
mean

and represents the relative variation of all the values for a data set.
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As can be seen in Figure 2, as the 'c' value increases from zero the
CV value drops dramatically for all four bands. As would be expected,
the resulting curves reach a minimum and then begin a slow ascent which
approaches the CV value of the raw data as c.

Another noteworthy aspect of the CV test is the simultaneous veri-
fication of the normalization process itself., As the direct solar com-
ponent is tempered by increasing values of 'c' the variability introduced
by the terrain is effectively removed and the relative variability of the

data set (or CV) is reduced below the CV of the raw data bands.

Normalization

Assuming the 1% sample was representative of. the entire raw data set,
the 'c' value with the lowest corresponding CV was selected for the final

normalization operation. By applying

Pl P
J cos 8 + cj

where c., = constant determined for band ] having the lowest CV value for
J the 1% sample tests, a 'normalized' data set for the entire
area was created. Figure 7 diagrams the processes leading to
the final normalized bands.

Evaluation of Normalization Procedure

Black and white renditions of the raw data set and the 'normalized'
data set can be compared by viewing Figure 5. Further, evaluation of the
topography for the same area can be made by comparing these renditions
with the direct solar illumination image shown.

In Figure 8 an area densely populated with conifer (Douglas fir) of
variable age and density can be seen in the SW quadrant for both images.
For this relatively homogeneous area the variability introduced by direct

solar illumination at the time of Landsat MSS image acquisition is readily

apparent.
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‘Normalized Stat (bands 4,5,7)

Figure 8. Comparison of MSS raw data vs. 'Normalized' data.
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Likewise, the effects of the normalization procedure are apparent
in the normalized image to the right of figure 8. The same change can
be seen in the extreme NE corner of both images. - In this area a hard-
wood complex occupies both west and east facing slopes. Areas which have
little or no relief (e.g. the valley areas in the center and extreme SE
corner) show no change in relative spectral value.

Figure 9 graphs the relative change in MSS 7 spectral values along
a 25 pixel transect after the application of the normalization procedure.
In this figure the relative values of the solar illumination band are
also shown. As can be seen, the change is minimal for areas of little
or no relief, The spectral values for areas in steep terrain are changed
in proportion fo their relative direct solar illumination values.

2.4.1. Preliminary Unsupervised Classification

A preliminary unsupervised classification of the normalized data set
has been performed using CLUSTER.(from lsoclas) at the RSRP DIANA (Digital
Image Analysis) interactive graphics system. A simplified vegetation map
derived from the resulting data set is shown in figure 10. Initial evalua-
tions indicate that an improved classification with fewer iterations and
fewer final classes (before re-numbering) may be possible using the 'nor-
malization' procedure as a pre-classification process.

2.5.0 Conclusion

A method for reducing the spectral variability of Landsat MSS data
caused by variable solar illumination in mountainous terrain has been
demonstrated. A relatively easy and fast technique for determining the
indirect solar illumination component of total illumination has also been
shown. Both techniques are dependent upon accurate digital terrain
models, the formation of a registered data base (including Landsat raw

data, slope, and aspect) and knowledge of the position of the sun at the
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time of Landsat image acquisition.

The applicability of this approach to the classification of Landsat
MSS data in a variety of mountainous areas can only be determined by
further testing and evaluations. It is suggested that such investigations
be undertaken in a research project where a substantial large-scale inter-
pretation and ground data collection capability can support the quantita-
tive evaluation of the normalization procedure.

3.0.0 Evaluation of the Slope Component of Soil Descriptions in Mendocino
County

3.1.0 Introduction

Soils maps and inventories include descriptions (attributes) which
define the soil. Two major attributes contained in these descriptions
are the slope and aspect values. Slope and aspect values indicate the
drainage, erosion, hazard, weathering, and a number of other significant
soil properties. Slope data is especially vital to the users of soils
maps; for it is upon the élope data that the suitability and capability
of the soil are determined.

In most instances the slope and aspect values associated with a
soil or mapping unit are determined by spot field checks and estimates
made from map measurements. With the availability of digital terrain
models (e.g., digital elevation models - DEM - see section 2.2.0), sys-
tematic and comprehensive slope and aspect values can be determined for
each soil.

In this investigation the slope values (as determined by the adjacent
pixel - best-fitting plant algorithm, see section 2.4.0) were compared

with standard field measurements as reported in the soil descriptions.
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3.2.0 Background

The Soil Conservations Service (USDA) is the federal agency respon-
sible for the inventory of soils and mensuration of soils capabilities
throughout the United States. Classification is determined by scientific
teams operating in rotation throughout state or multi-state regions. These
inventories are performed at various orders of detail depending on the
potential productivity of the soil (i.e., agricultural soils are generally
mapped in greater detail).

For wildland areas a third order survey is generally performed. The

level of detail-and number of ground samples which support a third order
survey reflect the lowest level soil survey (first order being the highest).
A third order survey is currently in progress for all participating con-
servation district lands in Mendocino County. Using aerial photography
(U-2 BeW and color IR) polygons depicting vegetation complexes with spectral
and textural similarity are plotted. Soil scientists then take samples of
the soil and define the soil types which are found in each polygonal area.
Each polygon (although appearing uniform on aerial photography) is
very often a conglomerate or aggregate of several distinctly divergent soil
types (soil series). Based on the samples, a relative percentage of each
present soil series is attached to each polygon. Typically there are from
one to three primary soils series in one polygonal area and often several
other soils, called inclusions, which make up as much as 20% of the re-
maining polygonal area.
Whéré polygons have the same constituent soils series, they are

defined as belonging to the same mapping unit. Each mapping unit is

therefore a group of mapped polygons for which the constituent soils

and their relative percentages are treated as being identical.
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3.3.0 Slope and Aspect Test

Slope and aspect attributes are generalized for each soil and
generally are the same for each mapping unit. A typical description
includes a general slope description. Foriexamp]e: .

'""Bearwallow-Hellman complex, 15 to 30 percent slopes.'

This slope value is estimated for each mapping unit based on ground
samples and the soils scientists' familiarity with the area.

The task of this investigation was to compare.the slope estimates
from the SCS soils survey wifh slope values derived from digital elevation
models. |
3.4.0 Methodology

The data base prepared as part of the Forsythe experiment included
the SCS soils series map (interpolated to a 30m pixel grid file) and a
digital elevation model (also interpolated to a 30m pixel grid file).
These two overlays were registered to one another using a standard linear
coordinate transform with under ¥ 1.0 pixel position errors throughout
the mapped area.

Using the DIANA (Digital Image Analysis) interactive graphics system
at RSRP, each mapping unit in the soils overlay was isolated by masking
out all but the specific soil in question. The mask then isolated the
slope values for each singular mapping unit and a histogram of the slope
values was generated for analysis. The histograms then were compared
with SCS slope estimates.

Figures 11-15 show the resulting histograms and comparisons with

SCs slope estimates for five soils in the Willits SE qﬁadrangle.

3.5.0 Conclusions and Recommendations

Although the results of this comparison are preliminary, there is
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a significant discrepancy between the two methods of calculation. Most
urgently needed is a careful ground sample measurement program to verify
one or neither of the methodologies. Spot measurements on USGS topo-
graphic maps indicate a high degree of accuracy for the DEM-derived slope
values. Overall, it is highly unlikely that the DEM slope values vary
significantly from actual ground values since they are derived from known
control points with verified elevations.

If the DEM-derived slope values for each soils mapping unit are
found to be accurate, a significant reevaluation of the SCS soils data
will be indicated. It is probable that DEM-derived products will play
a major role in the preliminary mapping of soils and all subsequent
classifications. Preliminary roéd engineering, development planning,
reservoir design, pipeline suitability analysis, and a host of other
uses of soils data would benefit from the new DEM slope data. Further,
if the results of the DEM slope values are verified, it should not signal
a grievous error on the part of past SCS efforts. Rather, it should
indicate a new potential for soils survey accuracy and usefulness.

A ground check will be performed during the final phase of the
Forsythe project. Tabulations ana a final analysis will be included in
the final report.

4L.0.0 Data Base Development

The foundation task of the Forsythe Experiment has been the develop-
ment of a computer-based geographic information data base. Attention has
been given to prototyping a system for the Willits SE quadrangle and buil-
ding a data base that could (1) meet the primary information needs of major

county agencies and (2) provide this information at a reasonable cost.



Three primary information needs were isolated:

Vegetation/Ground Cover - the isolation of current land use,

vegetation and ground cover types;
Soils Data - the availability of soils information covering
a wide variety of attributes;

Terrain Models - the availability of slope, aspect, elevation,

watershed boundary, drainage network, solar illumination, and

other models developed from topographic data.

In addition, network data (i.e., roads, section boundaries, and
1000m UTM.grid, etc.) were found to be of general importance.

Figure 16 outlines the various elements included in the final
data base. Now that it is in place, this information is inexpensively
accessible at any scale to any agency.

To develop a data base of this calibre for the entire county would
be a significant investment. Table 2 estimates the costs which can be

anticipated to develop a similar data base for additional 7%' quadrangles

at the 30m? resolution level. These estimates have been made using 1981
commercial computer vendor prices. However, it is reasonable to assume
that these prices will remain reasonably consistent.

Total cost, for developing a comparative data base for every quad
covering Mendocino, approaches $240,000.00. This assumes a unit cost of
$3,179.00, where a unit is defined as

An expenditure of a quarter million dollars for a county-wide data
base must be carefully weighed against the benefits of readily available
resource data. Further, the costs of such a data base should not be borne
by any one resource agency, since a great many agencies can benefit from

the same data.
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Table 2. Estimated Costs for 73%' Quadrangle Data Base

The costs involved in the generation of a data base for each 73%' minute
quad are listed below. These costs were estimated based on the Willits
WE quadrangle and apply more accurately where urbanization is not con-

sidered in detail.

SCS Scils Data

12 hours initial digitizing @ $20/hr $240.00
Construction of raster file @ $80/hr 80.00
Erosion Hazard 6.50
Soil Depth 6.50
Available Water Capacity 6.50
Permeability ‘ 6.50
Prime Use 6.50
Effective Rooting Depth : 6.50

Subtotal 359.00

Digital Elevation Model (DEM) from USGS

Initial 30m Grid Model (this cost assumes a cost

sharing agreement with USGS) : $1000.00
Slope and Aspect Model . 50.00
Solar Illumination Model 25.00
Viewshed Models (per model) 35.00
1110.00

Vegetation Models (Landsat satellite)

Vegetation Classification (wildland) 737.00
Fire Hazard Danger Rating 1 150.00
Subtotal 887.00

Drafting of Land Net

Section Lines 20.00
UTM 1000m Grid 10.00
Subtotal 30.00

Drafting of Network Data

Roads (approximate and wildland only) 30.00
Drainage 200.00
Powerlines 10.00
Pipelines 3.00

Subtotal 243.00
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Table 2. (continued)

Drafting of Watershed Boundaries 100.00

Drafting of Archaeological Data 150.00

Drafting of Property Boundaries

(assumes property boundary maps, a 1:24,000 has

already been prepared by the county assessor) 300.00
TOTAL COST $3179.00
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If the county-wide data base were developed over a five-year period,
and if the project were supported'by five agencies (e.g., County Planning,
California Department of Forestry, U.S. Forest Service, Bureau of Land
Management, County Public Works, County Assessor, State Department of
Water Resources, etc.), the total cost/year/agency would be less than
$10,000.00. These per-agency costs could, of course, be reduced even
more if other agencies were to contribute. |1t is felt that only through
an integrated and inter-agency approach, as described above, can a data
base become affordable and successfully developed.

It will be recommended to the Mendocino County Supervisors that a
geographic information system (G!S) be established. The GIS would in;
clude the development of the data base described above. Such a system
should incorporate the participation of all major users of geographic
information within the county and become the common clearinghouse for all
geographic information. The initial step toward a GIS should be the
vigorous reinstitution of the County Mapping Committee (first established
in 1978). This group should take a lead role in coordinating GIS forma-
tion, major data development tasks, and subsequent mapping in Mendocino
County. This committee should be comprised of representatives from state,
federal, and county agencies who develop and/or utilize geographic data.
The committee should have decision-making authority as to the sequence in
which quadrangle data bases are developed and the dispersal of funds for
this purpose.

It will also be recommended that any G!S which becomes operative
within the county utilize existing computer facilities in the region and

a telecommunications network to access and manipulate the data base.
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Under this plan, the county will avoid the overhead and front-end costs
of additional computer acquisition and will be able to utilize software
packages which reside within a number of service vendor systems. The
key to a successful, functioning GIS will be maximizing the flexibility
and adaptability of the data base to a variety of computer systems
(i.e., if BLM is to participate, the data base will need to be compatible
with the GIS hardwgre and software packages this agency is currently
implementing). By taking advantage of the proximity of the San Francisco
Bay area computer industry, Mendocino County can inexpensively communicate
with vendors, request maps, perform suitability analyses, and interactively
edit and update the data base. It will also be recommended that a G!S be
established which is driven by telecommunication ports to remote systems,
and a cost estimate for total system implementation will be prepared. For
the initial phases of GIS development, digitizing chores, plotting, and
other 1/0 activities can be subcontracted also. As the system expands,
the committee will perhaps recommend purchase or lease of plotters, digi-
tizers and other peripherals. A final report cutlining GIS options for
Mendocino County will be prepared as a portion of this project and deliv-
ered to the Mendocino County Board of Supervisors by the end of summer, 1981.
The following maps are greatly reduced renditions of the computer-
generated map products being prepared for inclusion in the Planning Depart-
ment manual data base. Final plots of each map will be overlayed with a
controlled base map for accurate ground location. Figure 10 is an example

of such a combined product.

2-60




Figure 16. Data layers in Forsythe Experiment
: data base (30m? grid)
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Slope Classes

Figure 18. Slope Class Map developed from Digital Elevation Model.

Approximate scale = 1:58,000 or 1" = .9 miles




Figure 19. Rooting Depth from SCS soils data

Approximate scale = 1:58,000 or 1" = .9 miles
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5.0.0 Follow-on Work/Project Completion

The Forsythe Experiment. is nearly completed. Remaining tasks
include the preparation and delivery of a final report to the
Mendocino County B8oard of Supervisors, the Planning Commission, and
a variety of other interested groups. A final report will also be
prepared and included in next year's annual report. |In addition, the
final maps and suitability models described in the annual report

(1 May 1981) will be completed and final maps generated.
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PART |11

DEVELOPMENT AND EVALUATION OF A DIGITAL SPECTRAL/TERRAIN DATA SET

FOR COORDINATED RESOURCE PLANNING N COLUSA COUNTY, CALIFORNIA

by

Louisa H. Beck
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PART 111

DEVELOPMENT AND EVALUATION OF A DIGITAL SPECTRAL/TERRAIN DATA SET
FOR COORDINATED RESOURCE PLANNING IN COLUSA COUNTY, CALIFORN!A

1.0 Introduction
1.1 Historic Background

Coordinated Resource Planning‘is a process by which the cooperative
efforts of land owners and public agencies improve the management of the
tand and its resources in a given area. This approach to land management
has many positive aspects:

1. Cooperative planning avoids duplicative and/or conflicting actions
between neighboring tand owners, and provides far more comprehen-
sive and efficient management.

2. This comprehensive approach reduces the chance of overlooking
potential multiple use benefits.

3. The cooperative nature of the process provides for private as well
as public agency input into land management actions, making this
type of planning a participatory and educational process.

L. Building upon (3), the interchange between public agencies and the
private owners provides a base of understanding, so that the agencies
are cognizant of the owners' needs, while the landowners may come to
understand why some seemingly valuable ideas cannot be implemented.

The process itself exploits the knowledge and expertise special to

each of the concerned participants. The participants, as a committee, in-
ventory the area of mutual concern, analyze the data, identify and agree
upon common management objectives, and then evaluate and select among the
various alternatives in order to achieve those objectives. Through this

approach, the committee structures its management alternatives in accordance

b

Coordinated Resource Planning is the term applied to certain cooperative
efforts of land owners and public agencies in order to improve the manage-
ment of the land and its resources in a given geographic area. This type
of planning is mandated by the 1975 Memorandum of Understanding (see Ap-
pendix A).
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with both the resource base itself and the mutual objectives of the group.
It also takes into account the dynamic nature of the land resource, as the
committee meets on a regﬁlar basis in order to monitor all actions and to
amend any portion of the coordinated resource plan.

Coordinated Resource Planning, therefore, is a mechanism by which the
goals of private land owners and public agencies can-be combined in order
to provide more efficient and responsive management schemes, which will
maximize multiple use benefits with limited monetary funds. It also en-
sures that no single agency is responsible for all land use planning efforts.

In order for Coordinated Resource Planning to be successful, the plan-
ning committees must acquire and analyze timely inventory data, and evaluate
the impact and cost-effectiveness of each feasible management action in
relation to proposed land use. Although management costs are shared be-
tween private owners and public agencies, the extensive data requirements
still make it difficult for responsible groups to keep abreast of the dynamic
changes in the environment. ‘

In Colusa County, California, the Stonyford Resource Conservation Dis-
trict (RCD) has recognized that such changes are occurring. Specifically,
large stands of decadent chamise have been encroaching on neighboring agri-
cultural areas, resulting in reduction of rangeland and productive ecotone
environments for wildlife. The increasing brush has also adversely affected
water yield, and poses a considerable fire danger to both wildlife and cul-
tural activities in the area.

In 1977, the Stonyford RCD initiated the Grapevine Coordinated Resource
Plan. (See Figure 1 for the location of the Grapevine study area in Colusa
County.) The purpose of the plan was to address the concerns expressed
above. The agencies involved included the California Department of Forestry
(cDF), California Department of Fish and Game (CDF&G), USDA Soi} Conserva-
tion Service (SCS), USDA Forest Service, USDA Agricultural Stabilization
and Conservation Service (ASCS), UC Cooperative Extension Service, and
USD! Bureau of Land Management (BLM). Cooperating with these public agencies
are 27 p}ivate land owners, the Colusa County Board of Supervisors, and

the Indian Valley Fire Protection District.
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Each participant's concern stems in part from the extensive and con-
tinuous stands of decadent chamise located along the western ridges of the
Grapevine area. Although these brush stands represent many potential nega-
tive impacts for the area (e.g., lower water yield, reduced wildlife and
domestic forage), the primary concern is that the continuous coverage of
chamise represents an extreme fire hazard. The resulting loss of plant
cover from a wildfire would create serious erosion problems on the upland
soils, and eventually bring about serious sedimentation problems in the
productive alluvial valleys below. This would have severe repercussions
on both wildlife habitat and agricultural resources in the resource district.

To manage the Grapevine area and to achieve the RCD's planning goals,
the RCD committee has had to collect extensive data on the areal extent of
brush, as well as information concerning brush stand condition, scils, slope,
and surrounding vegetation conditions. Unfortunately, the majority of the
Grapévine area is roadless. Slopes in the area are generally steep and-
soils are susceptible to erosion and to damage from vehicular use. Yet
some timely and cost-effective method for collecting data was needed so
that the RCD committee could make specific management recommendations for
the resource district.  This method had to be comprehensive and provide
for ongoing input, so that an accurate inventory base could be maintained.

Towards this end, the RCD committee has been considering the value of
using remotely-sensed data to meet in part their information needs. The
first demonstration of remote sensing applications in the Stonyford RCD
came in June, 1978, when personnel from UC's Remote Sensing Research Pro-
gram (RSRP) provided the personnel of the Colusa Field Office of the SCS
with training in the use of high-flight* color infrared photography as a
tool for resource inventory. Largely because of this training, SCS per-
sonnel were able to locate 100 new spring sites within the Grapevine area
using this photography. The discovery of these spring sites has aided

ranchers in the area by facilitating the location of cattle watering ponds.

"The term '"high-flight' pertains to a flight altitude of approximately
65,000 feet above the terrain -- the altitude from which aerial photo-
graphy is routinely taken by NASA's U-2 aircraft in support of projects
such as the one dealt with in this report.
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By use of this small-scale photography, SCS personnel were thus able to in-
expensively and quickly locate a resource that would have taken many months
of arduous field work.

The goals of the Grapevine Coordinated Resource Plan require much data
that would be both expensive and laborious to collect in the field, as well
as cumbersome to correlate and combine into a useful format for resource
management applications. Added to the problems associated with developing
a voluminous data base, the density and extent of the brush community makes
field access for the collection of information needed for brush management
nearly impossible.

The usual manual techniques for building a geographic information sys-<
tem involve digitizing (encoding) soils and vegetation data, along with other
terrain attributes, from conventional photography and topographic maps. These
data sources are often at different scales, which necessitate scale adjust-
ments in order to create a series of thematic maps that overlay accurately.
The digitization process is a tedious one, and requires special equipment.
Once the so0ils and vegetation parameters are encoded, the user must also de-
cide What type of topographic information is needed, and how best to integrate
it with the other data. Manual calculation of slope is perhaps the most time-
consuming process a user faces, although there are several methods by which
slope can be derived. Unfortunately, some areas of the State, including the
Grapevine area, do not have the 7%-minute topographic coverage needed for
slope determination at a useful scale; the alternative is to use 15-minute
topographic maps for slope derivation.

Because of the quantity of data needed and the impenetrable nature of the
brush fields, certain members of the RCD committee felt that an inventory sys-
~ tem that employs remotely-sensed data would help meet their information needs.
This type of data helps alleviate the tedious process of digitizing vegetation
and terrain information from photography and topographic sheets, and the digi-
tal format makes resource data easier to store, reference, analyze, and manip-
ulate. The SCS personnel arranged with UC Berkeley's RSRP for assistance in
developing a Landsat-based data set for the Grapevine area. Digital Landsat

data were chosen because, when used in conjunction with other forms of an-
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cillary data (e.g., digital terrain data), they provide a solid data set
with which to achieve the RCD's objectives.

In 1979, personnel from the RSRP demonstrated that the application of
remote sehsing-derived information, and its associated technology, could
provide a cost-effective means for inventorying and analyzing large areas
for resource planning in Mendocino County, California (Benson and Beck,
1979). Although that study was conducted for a much larger area, some of
the goals of the RCD plan could be realized in the 43,000-acre site using
Landsat-derived data and technology, with appropriate modifications.

Initial funding for this work was provided through a program of the
California Space Institute (''Calspace') in order to evaluate and apply
remote sensing-derived information to Coordinated Resource Planning in
Colusa County, California. The result of this study was evaluation of two
basic spectral and terrain data sets already in existence and currently
available to Coordinated Resource Planning groups throughout California.
As research in this aréa is of ongoing concern throughout the State, ad-
ditional funding has been granted for pursuit of this work under NASA
Grant NSG 7220, NASA Office of Space and Terrestrial Applications, through
its University Applications Program.

1.2 Objectives

The objectives of this project were fourfold. Our primary goal was
to acquaint the Stonyford RCD committee with the applications that might
be made of existing digital satellite-derived spectral data and terrain
data to the planning process. As the committee consists of representatives
of various State and federal agencies, this small demonstration viould ex-
pand the knowledge of remote sensing techniques and applications to other
agencies.

The second objective was to investigate the applicability of California's
statewide digitally-mosaicked Landsat data set for Coordinated Resource
Planning in a relatively small wildland area. The statewide spectral data
set used was developed in cooperation between the NASA-Ames Research Center,
the Jet Propulsion Laboratory, and the California Department of Forestry,

and is hereafter referred to as the CDF data set. As Coordinated Resource



Planning is generally limited to localized areas, we felt it necessary

to investigate the usefulness of satellite-derived data systems for the
smaller wildland area. This objective has application beyond Coordinated
Resource Planning in that many federal and State agencies administer
small holdings that are not currently considered amenable to spacecraft
remote sensing applications.

The third objective was to develop a methodology whereby the general
vegetation classes of the CDF data set could be refined to more pertinent
classes for brush management purposes in Colusa County. This objective
was based on the desire of SCS personnel to distinguish the more decadent
stands of chamise from the younger and less flammable stands. |If a cor-
relation could be found between spectral characteristics and age class/
stand condition, substantial advances in brush management throughout
California's wildlands could occur.

The fourth objective was to promote use of the refined satellite-
derived information, along with digital terrain information, by resource
managers in Colusa County for formulating and implementing various resource
management decisions of the RCD plan. Use of this type of data should
assist in the efficient allocation of management resources. As areas of
concern for fuel management are located by management personnel oﬁ the
image products, both terrain and acreage information can be derived from
the data set that would expedite management activities.

1.3 The Grapevine Coordinated Resource Plan Area

The Grapevine Coordinated Resource Plan Area is located twenty miles
west of Colusa. |t encompasses 43,000 acres of parallel ridges trending
north-south (Figure 1). The upland areas are composed of tilted sedimen-
tary formations; elevations in the study area range from 350' at the town
of Sites, to approximately 2400' at Lodoga Peak. Soils are sedimentary in
origin, and are generally shallow and erosive. Vegetation consists of
pure stands of chamise (Aqenostoma fasciculatum), manzanita (Arctostaphylos
sp.), ceanothus (Ceanothus sp.), buckeye (Aesculus californicus), mountain
mohogany (Cercocarpus betuloides), and yerba santa (Eriodictyon califor-

nicum), with digger pine (Pinus sabiniana) dispersed throughout the steep




slopes, and blue ocak (Quercus Douglasii), valley oak (Q. lobata), and
live oak (Q. wislizenii) in the woodland areas.
The Grapevine Coordinated Resource Plan {(1979) lists the vegetative

components, and their respective proportion of the study area, as follows:

annual grass/blue oak 13.0%
chamise 26.5%
blue oak woodland 39.0%
annual grassland 17.0%
mixed chaparral 4.0%
riparian woodland 0.5%

The current management goals of the Grapevine Resource Plan reflect

the concern over the expanding coverage of decadent chamise in the area.

There are basically two types of brush management techniques employed in

areas of this kind throughout California: type conversion and fuel modi-

fication. Type conversion involves the complete removal of brush, followed

by reseeding with varieties of grass or planting of trees. Thus, the area

is not only converted to a more valuable resource in terms of wildlife

habitat and/or commercial activities, but fire hazards are reducea sub-

stantially. This technique can take place only where soils and slopes

permit long term conversion to grass or trees, as they cannot successfully

compete with brush on poorer soils. A final consideration for type con-

version is one of areal extent; generally speaking, areas of less than

five acres are not considered economically feasible for this option.
Because the soils in the Grapevine area are often too thin or poér to

support type conversion, fuel modification is the preferred management option

for extensijve brush fields. The modification objective in Colusa County

is to establish a mosaic of age classes throughout the brush community,

as each age class has a different fire response which reflects the ratio

of live to dead material. Modification techniques include chaining, burn-

ing, crushing, or any combination of the three. Generally, the older,

more decadent brush stands are identified, chained and crushed, and then

burned. The chamise that sprouts in the burned area will resist burning
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due to its high proportion of live, green material and low density. By
developing a scheme of planned rotational burns, a mixture of age classes
can be maintained, thereby inhibiting the spread of fire. As a supple-
mental measure, fire breaks are constructed on kep ridges to keep fire
outbreaks localized.

In order to dévelop a fuel modification scheme for the Grapevine
aréa, information concerning age class and stand condition must be ob-
tained. Due to the impenetrable nature of the brush fields, which are
quite extensive, these data requirements have been difficult to obtain.
The Colusa field personnel of the SCS have been employing aerial photog-
raphy to determine the location and extent of the various age and stand
conditions in the inaccessible portions of the study area.

1.4 The Existing Data Sources

To meet the objectives stated in 1.2, the CDF spectral data set was
combined with the Defense Mapping Agency's digital terrain data set in
order to build a Grapevine geographic information system; this new data
set could be used by the RCD committee for management purposes. A data
bank of this type could serve a multiplicity of purposes, as the combina-
tion of the digital spectral data with the digital terrain data would
enable a user to determine a real extent of evgetation types as well as
the topographic characteristics associated with them. The digital terrain
information was also of interest due to the current lack of USGS 73-minute
topographic coverage of the area. The land manager could therefore deter-
mine percent slope in areas of interest more readily and accurately than
would be poséible on the smaller scale 15-minute topographic map sheet.
The data set would organize several layers of information more efficiently,
and would be available for use on a real-time basis as well as for data
bank applications.

Two data sets were chosen for the study: the CDF spectral data set
and the digital terrain data set produced by the Defense Mapping Agency.
They were selected because of their availability and relatively low cost.
Both the COF and terrain data sets are part of the public domain, and are -
currently being used to some extent by planning and resource agencies

throughout the State. The costs associated with data acquisition are
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relatively low for these data sets because they have already been pro-
cessed; therefore, those agencies purchasing data are essentially paying
the cost of the magnetic tape to which the data are written.

1.4.1 The CDF Data Set

The primary Landsat data set that was used to meet the objectives
of this project covered the CDF's 1° x 1° Ukiah East quadrangle (Figure 2).
The quadrangle was part of the data set developed by NASA's Jet Propulsion
Laboratory (JPL), Pasadena, California, and NASA-Ames Research Center,
Moffett Field, California, for the California Department of Forestry (CDF).
Using the VICARS system at JPL, August 1976 Landsat-1 MSS scenes covering
the entire State were digitally mosaicked, resampled to produce 80-meter?
picture elements, or pixels, and registered to a Lambert Conic Conformal
projection (Newland, Peterson,'and Norman, 1980).

The multiband spectral data set contained the four bands of trans-
formed Landsat MSS data, with a fifth band of classified data. The four
raw data bands consisted of the following: Band 1 -- YMSS™ (green),

Band 2 -- ¥MSS 2 (red), Band 3 -- VMSS 3 (near reflectance infrared), and
Band 4 -- UMSS 4 (far reflectance infrared). The fifth band represented
an unsupervised classification of the first four bands, i.e., a classifi-
cation which resulted in the sorting of the pixels into natural groups
based on their multiband spectral brightness values.

To simplify the classification task, the State had been divided into
32 ecozones, and the resulting COF classification was based on the statis-
tics generated from each ecozone. Each cluster was then labeled as one
of the ground cover classes as defined by the field personnel from the CDF.
(For a complete discussion of the CDF data set, see Benson and Beck, 1979,
and Newland, et al., 1980.)

The advantages of using this data set are its statewide availability
and low cost. The classified portion would be of considerable value to
those user agencies without access to an in-house computer system with

classification capabilities.

*UMSS refers to Landsat MSS data bands that have been reformatted using
the VICARS software at JPL.
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1.4.2 The Digital Terrain Data Set

The terrain data set used in this project was produced by the Defense
Mapping Agency Topographic Center, and was made available in tape format
from the National Cartographic iInformation Center. Digital terrain tapes
(DTTs) have been produced for the entire United States, and were digitized
off the USGS 1:250,000-scale topographic series maps. The data are in
1° x 2° quadrangle format, and consist of elevation values that have been
digitized and interpolated to a 200-foot contour interval. Each pixel re-
presents an area of approximately 63-metersz. The terrain data for the
Grapevine area were extracted from the Ukiah East DTT. As in the case of
the spectral data, this form of terrain information was chosen because of
its ready availability and Jow cost. Both of these factors are important
considerations if this type of data base is to be utilized by the smaller
RCDs throughout the State.

2.0 Processing Procedure

In order for the analyst (and thereafter, field personnel) to reference
the spectral data and the terrain data sets to a ground coordinate system,
registration of both data sets to a common gecgraphic base was necessary.
Figure 3 graphically represents the steps by which the data set registra-
tion was achieved. The ground coordinate system chosen was the UTM grid
system, which is based on a 1000-meter square grid. The UTM system was
selected because (a) it is represented as a system of squares on map sheets,
and (b) it is found on most current USGS maps.*

Neither the spectral nor the topographic data sets could be directly
related to a common map base without some form of coordinate transformation
step. While the CDF data set had been mapped to a Lambert Conic Conformal
projection, the digital terrain data had been mapped originaily to a UTM

projection. Both of these projections have their attendant degrees of dis-

RNote: The UTM grid can, by appropriate dimensional correction, be overlain
on any map projection. It should not be confused with the UTM pro-

jection.
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tortion. The task of determining the relationships between the two data
sets and the UTM grid required the calculation of regression coefficients
between (a) CDF point and UTM east, and CDF line and UTM north, and (b)
DTT point and UTM east, and DTT line and UTM north. After the regression
coefficients were determined, the two data sets could then be registered
to a common UTM grid.

The processing phase, Huring which the data sets were reformatted and
overlaid, is generally described below. Specific details of the geographic
control and labeling phases are provided in Appendices A and B, respectively.
These details are included in order to clearly outline important processing
steps which should be performed by remote sensing and data processing spe-
cialists before the data can be utilized. Such details are important, and
potential users of the CDF data set, or any data set, should understand the
complexities involved when generating a data set and then transforming that

data into useful resource management information.
2.1 Data Preparation

2.1.1 Reformat the CDF Data Set

The CDF spectral data were received from NASA-Ames on computer com-
patible tape (CCT) and were converted to the RSRP compatible format. The
CCT was organized into five separate files, each 1450 points-by-1600 lines.
The first four files corresponded to the four VICAR-modified Landsat MSS
bands, while the fifth file corresponded to the unsupervised c]assffication
of the first four bands. In order to simplify all subsequent processing
and display procedures, ali five files were reorganized into one file with
five bands. The single file was also reduced in size by extracting a
rectangular file 263 points-by-365 lines containing the Grapevine area.
2.1.2 Generate the Digital Mask

Using the RSRP interactive display system, an outline of the study
area was digitized, and a mask produced. This mask was applied to the
bands of the rectangular file, and effectively deleted all data values
falling outside the study area. The mask not only allowed the analyst to
quickly grasp the configuration of the study area, but also reduced the

amount of extraneous data that are both time-consuming and costly to process.
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2.1.3 Reformat the Digital Terrain Data

The digital terrain data covering the study area also had to be ex-
tracted from a CCT and converted to the RSRP compatible format. The DTT
covered the entire 1° Ukiah East quadrangle, and consisted of approximate-
ly 1747 points-by-1364 lines of elevation data, with one pixel equivalent
to approximately 60-meters>. The coordinates of the 1° quadrangle were
provided with the DTT data in one-hundredth-of-an-inch units (1 pixel =
.01"). The study area (a rectangle drawn around the Grapevine area) was
simply measured on the 1:250,000 base map with a scale, and the coordinate
pairs of the four corners recorded as .01" increments from the origin.
These coordinate pairs were then .used to extract a portion from the DTT
that encompassed the Grapevine area. The resulting rectangle consisted
of 390 points-by=-310 lines. The 16-bit elevation data were then refor-
matted to a single band file on the RSRP system for use and display pur-
poses.
2.1.4 Generate Slope and Aspect Values

In order to enhance the topographic data set, the slope and aspect
values of each DTT pixel were generated from the elevation data. The
elevation values of a pixel's four adjoining neighbors are used to cal-
culate a normal vector representing a plane that corresponds best to the
four elevation values (Figure 4). The slope of the central pixel is de-
fined by the minimum angle between the normal vector and the horizontal
plane; the corresponding aspect value is defined by the rotation angle
from north of the horizontal projection of the normal vector. The ter-
rain data set, after processing, contained three bands of information
(slope, aspect, and elevation), or three "features' for every 6O-métér2
pixel.
2.2 Geographic Control

Geographic control was required in order to establish the relationship
between the CDF data set coordinate system of 'point and line'', the terrain
coordinate system of ''point and line', and the ground coordinate system of
UTM east and north for use in the field. With the establishment of these
relationships, a discrete coordinate set, as read off a USGS topographic
sheet, could be tied directly to the corresponding coordinate sets in the
COF and OTT data, and vice versa.

The process by which the spectral and terrain data were transformed

to common coordinate grid involved the development of a set of regression
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models which were tested with a set of 52 control points using a linear least-
squares curve fitting program described by Daniel (1977). A detailed account
of this process can be found in Appendix B. The regression fits for CDOF point
and line using UTM east and north as independent variables can be found in
Table 1. Table 2 contains the regression fits for OTT point and line, again
based on UTM east and north.
2.2.1 Determine Common Pixel Size

Before the transformation coefficients could be applied to the spectral and
terrain data, selection of a common pixel size to which the respective data sets
could be registered was necessary. If an 80-meter? pixel size were chosen, the
resolution of the CDF data set would be unchanged, while the resolution of the DTT
data set would become more degraded due to data compression during the resampling
process. If a 60-meter? pixel size were chosen, however, the resolution of the
DTT data set would be unchanged, while the resolution of the CDF data would become
more generalized due to data repetition during the resampling process. Therefore,
the 60-meter? pixel size was selected, because the repetition of spectral data
was preferred to the degradation of the already gross DTT data.
2.2,2 Transform Data Sets to a Single File

Using the regression coefficients established above, additional regression
transformations were performed on the spectral and the terrain data. These re-
gressions created new bands of data by resampling the original data sets using
the first set of coefficients. The transformed bands were then written to a new
file, thus becoming the new data set. This new file consisted of nine bands of
terrain and spectral data, each 250 points-by=-330 lines. Once the transformations
were completed, all the data had both a common origin and a common pixel size.
An analyst could then examine the topographic and spectral features for any pixel
within the study area (see Figure 3). ‘
2.3 Reference Grid

As a final step in the preparation of the Grapevine Coordinated Resource
Plan data set, a 2000-meter? grid was superimposed on the raw and classified
data bands. Figure 5 shows the grid's approximate location with respect to the
Grapevine study area. This grid was positioned such that it corresponded to
the actual UTM grid for the area, as determined from the orthophoto map sheets.
The reasons for applying this grid were threefold: (1) to provide a common
ground reference system for field crews; (2) for graphic display purposes; and

(3) as a sampling frame for use during the labeling phase.
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Figure 5. Location of the 2000-meter2 UTH grid in relation to the Grapevine
study area; numbers within each block refer to the block's row
and column ID number. The distribution of spectral clusters in
Block 63 is shown in Figure 8.
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3.0 Labeling Procedure

The labeling phase of the project involved the relabeling of the COF
classified data so as to provide vegetation classes that would be more
meaningful for brush management decisions in the Grapevine area. The CDF
vegetation classes, arranged in clusters of similar spectral brightness,
were derived from a classification algorithm used by the NASA-Ames Research
Center on the Center's ILLIAC IV computer system. The resulting clusters
were initially labeled by field personnel of the CDF. A description of the
original CDF cluster labels can be found in Table 3; the frequency of their
occurrence throughout the study area is listed in Table 4. These labels were
initially selected with forestry and range applications in mind, and were
assigned to clusters within broad ecozones. Figure 6 shows the location of
these ecozones throughout California. The labeled clusters were not applica-
ble to the smaller Grapevine area, which makes up only a small portion of the
North Central Interior ecozone, as they were found to be too general for our
objectives. Therefore, personnel from the RSRP, in cooperation with personnel
from the Colusa County SCS field office, met and defined a classification scheme
that would be more appropriate for brush management in the Grapevine area. At
the meeting it was concluded that refinement of the broad brush classes, as well
as the general hardwood classes, was required. The resulting brush management
classes are listed in Table 5.

In order to facilitate labeling, several ancillary products were prepared
and referenced.throughout the labeling procedure. The spectral aids included
ratios of band means (Band 4/Band 2, and Band 1/Band2), and Euclidean Brightness
Values for each cluster. Other interpretation aids included orthophoto and U-2
coverage.

The clusters were then labeled by 2000-meter? grid block. The actual
labeling procedure, which incorporates the ancillary data and line printer maps,
is fully described in Appendix C.

Each cluster type was labeled in at least five blocks in order to ascertain
the cluster's integrity throughout the study area; that is, the cluster should
represent the same vegetation type and condition .in every spectral block that it
occurs. As was often the case, clusters did not represent pure vegetation types.
Therefore, the analyst had to decide which brush management label described the

cluster best in the majority of the sample.
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Table 3.

O M m O O o P

Class descriptions used by CDF personnel to label the spectral
clusters from the unsupervised classification of the statewide
Landsat digital mosaic.

CLASS DESCRIPTIONS

Bare rock

Water

Agriculture (pattern recognition)

Urban {(may be residential énd/or commercial)

Alkali flats

Barren (predominantly bare soil, less than 5% vegetative cover)

Grassland - Vegetation predominantly grass.. Cover greater than 5%. May
be annual or perennial grasslands. Less than 10% tree cover. May in-
clude herbaceous vegetation.

Desert shrub - Vegetation consists of xeric shrubs, generally open with
much bare soil and desert pavement exposed. However, dense stands may
occur, Vegetation ranges from .5 to 3 meters tall. Less than 10% tree
canopy. Generally found on flat or sltightly sloping terrain.

Brush -~ Open to dense (greater than 5% ground cover) evergreen or decidu-
ous shrubs, rarely more than 5 meters tall (usually 1-3 meters). May
have herbaceous understory. Less than 10% tree canopy. This includes
‘riparian vegetation along waterways.

Hardwood-woodland - Scattered hardwoods (deciduous and evergreen), 10-25%
canopy closure. May have grass or brush understory. '

Conifer-woodland - Scattered conifers, 10-25% canopy closure, often with
an herbaceous or brush understory.

Hardwood - Greater than 25% canopy closure of hardwood species. Less than
20% conifer in the stand. May have an herbaceous or brush understory.

Hardwood-conifer - Greater than 25% canopy closure, with hardwoods compris-
ing greater than 50% but less than 80% of the stand. Conifers comprise
20-50% of the stand. There may be an herbaceous or shrub understory.

Conifer-hardwood - Greater than 25% canopy closure, with conifer species
comprising greater than 50% but less than 80% of the stand. Hardwood
species comprise 20-40% of the stand. There may be an herbaceous or
shrub understory.

Conifer - greater than 25% crown closure of conifer species. Less than
20% hardwood in the stand. There may be an herbaceous or brush under-
story. .
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Table 4. CDF data set cluster counts for the Grapevine study area.

GRAPEVINE COORDINATED RESOURCE PLAMN AREA

UKIAH EAST QUADRANGLE

CLUSTER SAMPLE CDF
NUMBER COUNT LABEL

53 0 water

59 369 brush

60 5622 hard woodland

61 2610 brush

62 1643 brush

63 0 hardwood conifer
64 0 hardwood conifer
65 3177 hard woodland

66 32 brush

67 0 hardwood conifer
63 4276 hard woodland

69 0 hardwood conifer
70 0 hardwood .

71 2698 hard woodland

72 0 + conifer woodland
73 175 brush

7h 2907 hard woodland

75 0 hardwood

76 29738 hard woodland

77 0 hard woodland

78 3879 grass

79 0 hardwood

80 17 grass

81 0 agriculture

82 1451 grass

83 2512 grass

84 2847 grass

85 0 agriculture

86 587 grass

87 813 grass

88 2843 grass

89 4o grass

90 132 barren

g1 1444 barren’

g2 61 barren
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Once the analyst attached brush management labels to all the vegetation
classes, the classified band in the data sef was color-coded to reflect the
_ new labels. Figure 7 shows the results of the labeling procedure, and the
distribution of the brush management c]asses.throughout the study area.

Table 6 offers a comparison between the original CDF labels and the modified
brush management labels that were assigned to the 35 clusters in the study
area.

4L.0 Evaluation of the Grapevine Data Set

4.1 The Spectral Portion

The most time-consuhing step of the Grapevine data set preparation
phase involved the labeling procedure. During this procedure, the analyst
noted that many seemingly pure stands of chamise, which in all likelihood
would have been lumped together in homogeneous groups, had instead been
broken out into five or six spectral classes. Conversely, predominantly
west ridges, with chamise on the south aspect and a brush/hardwood mixture
on the north aspect, did not reflect this floral patchwork; instead, this
situation was frequently represented by a single vegetation class. The fact
that the same CDF cluster label was applied to several different combinations
of vegetation and aspect made the labeling procedure ambiguous at times, and
the inconsistencies provoked much discussion concerning the merits of the
spectral classification. Unfortunately, the algorithm used to classify the .
spectral data often had to cluster spectral data whose values were very close;
as a result, theclassifier frequently split data that may have been pure
vegetation classes. There were also a maximum number of classes allowed per
ecozone, which may have resulted in the mixture of vegetation types that had
close spectral means. The analyst could'only examine each cluster in a variety
of locations and label the cluster according to the predominant vegetation type
found to be represented by that cluster.

As the classification algorithm was aﬁplied by ecozone, it is understand-
able that many types of vegetation would necessarily be generalized into only
a few classes. Of concern in this report is the integrity of the few (35)
classes that the classifier delineated in the Grapevine area. In addition to
the classification problems stated above, the anomalies found arelprobably due

to the high degree of dissection found within the Grapevine area: eighty-meter2
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brush -- light yellow

chamise -- red

brush/hardwood mix -- orange
chamise/oak -- purple

oak woodland -- blue

grass, bare soil -- yellow

other (outside ecozone) -- white

Figure 7- Distribution of brush management classes in the Grapevine study
area. The image was photographed of f the RSRP color monitor.
See Table 5 for a description of the vegetation classes by species.
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Table 6.

A comparison of the CDF and brush management labels that were
assigned to the 35 clusters in the Grapevine study area.

CLUSTER
NUMBER  SYMBOL  CDF LABEL

58
59
60
61
62
63
64
65
66
67
63
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
8L
85
86
87
88
89
90
93
92

e
w

water
brush
ha rdwood
brush
brush
ha rdwood
hardwood
ha rdwood
brush
hardwood
hardwood
hardwood
hardwood
hardwood

brush
hardwood
hardwood
hardwood
hardwood
grass
ha rdwood
grass

grass
grass
grass

grass
grass
grass
grass
barren
barren
barren

N XY EICCCANMDOUOZIXICrRNC—-—TXTOMMOO W W0~V W PN

woodland

conifer
conifer
woodland

conifer
woodland

conifer

wood!and

conifer woodland

woodland

woodland
woodland

agriculture

agriculture

BRUSH MANAGEMENT CLASS

o
xR

brush

chamise

chamise

brush/hardwood mixture

wls
3%

chamise/oak
brush with digger pine

brush/hardwood mixture

whe
W

o
<

oak woodland

brush
chamise/oak

oak woodland

grassland

oL
W

grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
barren

barren

barren

indicates that cluster did not appear in the study area.




pixel resolution is not adequate for the drainage density of the area, and
leads to severe generalization where ridges are too close together to permit
spectral representation of both north- and south-facing slopes.

Aside from topographic dissection, error may be attributed to the slight
misregistration between Landsat bands that occurred during the mosaicking of
the CDF data set. This misregistration, which looks about one or two pixels,
can be detected around the swathed small grain fields located to the west
of the study area. Slight band misregistration is difficult - if not impossi-
bie - to avoid, and generally is a fact remote sensing specialists accept.
Unfortunately, misregistration of spectral data in a heavily dissected area
(such as the Grapevine area) results in degradation of spectral clarity,
especially around shédows. Obviously, the misregistration of pixels also
affects the spectral classification of the data, as the clustering algorithm
uses the spectral values of all four bands for a given pixel in order to
determine cluster means and standard deviations. Any misregistration would
result in a spectral shift in one of the four bands, causing the classifier
to cluster pixels which contain band values from a neighboring pixel. The
effects of misregistration can be alleviated somewhat by assigning labels
according to relative cluster ranking, rather than the absolute values.

One can theorize that the class fragmentation of 'pure' chamise stands
could be attributed to the presence of different age classes or conditions
within those stands, rather than to band misregistration. |In order to test
this theory, further clustering was performed on the classified data using an
algorithm that is part of the RSRP software package. The means and standard
deviations between bands for each of the original brush and hardwood classes
were used as a seed, and by adjusting the minimum threshold values permitted
between bands, it was theoretically possible to divide and/or recombine the
classes further. |If the fragmentation really represented varying stand con-
ditions, it was hoped that by refining the clusters, more discrete patterns of
vegetation could be discerned. The least we could hope for would be the abil-
ity to differentiate the north- and south-facing vegetative types.

Unfortunately, the clusters exhibited low variability; that is, the dis-
tance between cluster means was very small. Therefore, the resulting classi-

fication was very similar to the original CDF product and did not provide a
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more informative pattern of clusters. Figure 8 shows (a) the original COF

class map for Block 63, and (b) the results of the additional clustering.

There was no significant advantage noted by the analyst to the re-clustered
data, and no aspect-related vegetative component could be discerned on the

refined cluster map.

With assistance from the Soil Conservation Service Field Office in Colusa,
RSRP personnel spent several days in the field, collecting ground data points.
These ground truth samples, which were selected randomly, roughly traversed a
cross-section through the most rugged brush stands. The ground crew located
the points on aerial photography, and then transferred the points to ortho-
photo sheets; the latter were used to derive UTM coordinates for the ground
samples. Later in the office, the UTM coordinate pairs were converted to the
computer file coordinates. Once the file coordinates were determined, the
analyst keyed in the coordinate pairs, and was able to retrieve the vegetative,
topographic, and spectral values for each point.

In all, 55 ground samples were taken. The first step in tHe analysis was
to compare the brush management cluster labels with what the field crew ob-
served. Table 7 shows the distribution of the observed versus the classified
cluster labels., No conclusive results can be made from only 55 points; how-
ever, some general ovservations can be made, as indicated below.

0f the major brush classes, the chamise and brush/hardwood mixture classes
were most frequently at odds with the ground observations. This was not un-
expected, as it had been noted during the labeling phase that clusters often
represented a variety of vegetation types; the analyst resolved this by assign-
ing a label to each cluster that was most frequently correct. The error asso-
ciated with the chamise and brush/hardwood classes could be partly attributed
to mislabeling, as mentioned above. Another confounding effect could be
topographic - specifically, aspect-related. Labeling accuracy was then exam-
ined in terms of aspect. |In the majority of cases, chamise was most frequently
mislabeled on west aspects; the brush/hardwood class was most often mislabeled
on the northwest and west aspects. The brush/digger pine class tended to be
labeled as chamise on northwest aspects, and the brush/hardwood class was often
called chamise on the northwest and west aspects.

Although there was little agreement between the classified labels and the
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Table 7. Observed vegetation types versus classified vegetation
labels for 55 ground reference points.
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8 brush 1 1
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observed vegetation types, the difference was seldom extreme; digger pine
was often called. cak, and chamise was frequently confused with brush. There
were few cases in which ocak-woodland and chamise were confused. |t was also
noted that small areas with a hardwood component tended to be missed by the
clustering if surrounded by chamise; this effect was pronounced on the steeper
slopes.
4.2 The Terrain Portion

Preliminary analysis made it clear early on in the research that the DTT
data would not be of use in the Grapevine area. The DTT tapes were modeled
on USGS topographic sheets at the base scale of 1:250,000, with elevation
values digitized and inperpolated at 200-foot contour intervals. The slope
and aspect data used in the Grapevine data set were derived from DTT elevation
values. Obviously, the accuracy of the elevation, slope; and aspect models is
dependent on the accuracy of the original map base itself, with further degra-
dation of detail caused by the 200-foot contour interpolation algorithm used.

The Grapevine study area, which consists of many steep, parallel-trending
ridges, proved to be too finely dissected for accurate representation by the
DTT interpolation algorithm. As a result, most of the ridge lines were trun-
cated because the algorithm assigned elevation values to individual pixels
that were the average of the elevations of the two nearest (200-foot) contour
lines. Figure 9 shows how a transect might be represented by the DTT terrain
model. .

The 200-foot contour interval also proved to be inadequate for representing
a meaningful net of elevation values upon which to base the slope and aspect
models. The aspect values, which reflect the direction of slope, were very
inaccurate as the ridges were often truncated, thereby creating ''flat'' aspects
in lieu of junctions of north- and south-facing slopes. One can readily see
the difference between the DEM and DTT aspect data in Figure 10. The fine de-
tail of the DEM aspect coverage makes the photograph seem almost three dimen-
sional. The lack of detail in the DTT data would jeopardize the ability to
discriminate vegetation types by aspect, an important factor with such aspect-
related vegetation as chamise. The slope values, which would normally be
useful for erosion control purposes and to determine where to use the appro=

priate type of mechanized brush modification, were inadequate for these purposes.
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Figure 9,

2y . .
A Real Terrain
600*
»
RERRRERRERR

' DTIT Model Terrain :
1_ 1 mile rl
Transect illustrating the topographic representation of the DTT

versus actual ‘terrain; note that the DTT's interpolation algorithm
in some cases truncates ridge tops and fills valleys.
(after: Henderson, 1980)
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As an alternative to the DTT data, Digital Elevation Madel (DEM) data
were purchased from USGS. The DEM data have a distinct advantage over the
DTT data in terms of accuracy, as the DEM data are digitized directly from
stereo photography to produce a 30-meter? pixel base (versus the DTT's

60-meter?

pixel size). Figure 11 graphically demonstrates how the DTT and
DEM data would represent the same transect. The horizontal control of the
DEM data is also very good: for the Lodoga SW quadrangle (which contains
most of the Grapevine study area), the root mean square (RMS) error averaged
4.8 meters. Horizontal control for the DTT data was virtually nonexistent.

The terrain data were also analyzed, but not in the same manner as the
spectral portion. Field checking of the DEM's 30-meter? elevation, slope,
and aspect values would have been too costly to perform, assuming it could
have been done without 7%-minute topographic coverage of the area. Instead,
it was assumed that the DEM data, with the low RMS error, were as accurate
as field measurement, and more accurate than topographic map measurement on
a 15-minute map base.

The DEM data became the primary terrain data set, and were added to the
Grapevine information system. These data were used in chi-square analysis
that was performed on aspect and vegetation classes. |In addition, the DEM
data were used as input into an RSRP algorithm that calculates true acreage
using slope values. Table 8 shows the conversion factors needed to derive
true acreage from planimetric pixels. This information could help resource
managers deploy personnel and equipment, as the true acreage of a proposed
brush modification plan may entail more area than one would estimate using
a planimetric map. The difference in area may be significant in terms of
equipment costs, as bulldozers and other large equipment used for chaining
and crushing brush are very expensive to operate.

The DEM data were also used to evaluate the DTT data set. Tables 9,
10, and 11 represent scatter plots that compare DEM versus DTT elevation,
DEM versus DTT slope, and DEM versus DTT aspect, respectively. Although
there is little correlation between the two data types, a few observations
can be made concerning the comparison. For example, it can be seen in
Table § that the DTT elevation data correlate somewhat with the DEM data at cer-
tain step intervals. These intervals correspond to the DTT 200-foot contour

intervals to which the elevation values were interpolated during the creation
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A Real Terrain

e e o o o B B B B B B R B

DTT Model Terrain
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Figure 11. DTT versus DEM terrain models shown over an imaginary transect.
Note that the DTT's interpolation algorithm in some cases
truncates ridge tops and fills valleys. By contrast, DEM ter-
rain models represent the real terrain with excellent accuracy.
(after: Henderson, 1980)
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Table 8.

Acreage conversion chart based on pixel slope values. Using these
values, one can easily convert planimetric area to actual acreage.

Percent
Slope

Multiplication
Factor

1.
i,
1.
1.‘
1.
1.
1.
L
i,
1,

00306
00605
002290
00245
007386
0125
00182
00-45
0019
30494

1.,00499

1.
1.
i,
1.
1.
1.'

00&03
00717
003241
00%75
01:19
01272

1.01435

1.
L,
1,
i
1.
i,
4
1.
1.
1.
1,
1.
1.
i

01207
01 °89
02:81
02391
02311
024349
$3:78
03.25
03581
33146
04:20
04403
04495

1,24395

L,
1.
i,
1.
i,
1.
i.
i
1.
1.
1.
1.
1.
1.

05304
05522
05348
36233
06725
06577
07536
07703
0879
08162
08:53
097252
09459
10073

1.19494

1.
1.
1.

10723
11369
11503

1,12:54

1.

1212

1.13177

1.
1.
,18412

1

1.
1.

135 49
14127

15:04
15203

1,16.08

1.
1,
1.'
1.

1619
17:37
17660
18:990

1.13727
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Percent
Slope

65
8¢
57
68
59
70
73
7z
73
74
7z
7¢
77
78
75
a0
31

Multiplication
Factor

1.19269
1,19¢16
1.,205790
1,20330
1,21495
1.22.65
1,22:.42
1,23723
1,23519
1,24403
1,2550%
1.25402
1.25621¢
1,26:23
1,27449
1,28:62
1,28289

1,2932:
1.29558
1.30599
1,31244¢
1,31:294
1,32543
1.33207
1.33369.
1,34536
1,35287
1,35:82
1.36%61
1,37.:446
1,37231
1,38:.22
1,59;16
1,40514
1,40%16
1,41421
1.,42:30
1,582:242
1,43758
1,44277
1,45:00
1,45726
1,46:55
1.,47.87
1,47»22
1.48561
1,49402
1,50:46
1,50:94

1,51544

1.52397

1.53:53
1,53312
1,54:74

1,55438

1.562195

1,56974

1,57747

1,58%21

1.59:98

1,66°78

1,4050

1,681¢45
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of the DTT data. |In Table 10, the correlation between DEM and DTT slope classes
is slightly better at the lower slope values. There are also very few outliers,
indicating that the DTT data have a certain amount of accuracy associated with
them. A brief examination of Table 11 indicates that the correlation between
DEM and DTT aspect values is best on northeast, east, and west aspects.

As the terrain data and spectral data exist together in the Grapevine data
set, it is easy to combine the two types of data in order to learn more about
the study area. For example, in order to test a theory that vegetation is
correlated with aspect, a chi-square analysis was performed using the spectral
and DEM terrain data. Table 12 contains the output from the chi-square run.
The expected value is that which one would expect given the distribution was
purely random. The larger the difference between the observed and expected,
the better the chances that the distribution of vegetation classes is related
to aspect, and not a function of randomness. -

5.0 Recommendations

Coordinated Resource Planning, which was federally mandated in a 13875
Memorandum of Understanding (see Appendix A), requires the processing and
utilization of resource information for each conservation district. We felt
that it was important to evaluate the utility and application feasibility
of existing data sets in order to expedite planning while keeping costs at
a minimum. Despite the rather conditional success we had using these data
sets in the Grapevine area, we still feel that this type of data set can
work, provided the user is cognizant of the shortcomings inherent in this
type of data.

5.1 The CDF Data Set

The CDF data set seems to have been adequate for the Grapevine study, as
there was little actual disagreement between the CDF labeéls and the analyst-
assigned brush management labels. The CDF-defined 'hardwood woodland'' classes
were often identified by the analyst as brush or chaparral classes, but this
was due to some extent to differences in the way the classes were defined,
rather than to erroneous labeling.

Prior to final evaluation, our initial reaction is that the CDF spectral
data set will be satisfactory for Coordinated Resource Planning in Colusa
County; preliminary field checking of the RSRP image products by SCS personnel
has shown the data to be promising. It is important, however, to point out
some strengths and weaknesses of the CDF data set so that a potential user

can decide if this data set would be effective for his purposes.
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Strengths:

1. Data already processed; transformed; registered; rotated to
north-south orientation.

2. Contains a band of classified data, thereby eliminating costly
clustering procedures for user; makes relabeling of large areas
easy, as user need only relabel a subsample of each vegetation
class, rather than resample the entire ecozone.

3. Available at low cost.

Coverage includes the entire State of California.

5. Comes with tabular statistical summaries of the raw and

classified data.
Limitations:

1. Vegetation labels very broad, due to clustering by ecozone; the
more closely the study area corresponds to ecozone size the

_ better.

2. Misregistration of bands possible; data also contains a few
"seams'' where Landsat scenes were inadequately mosaicked.

3. Data are Landsat 1 from August 1976, and cannot be updated
without building a new data set; also, August date may rnot
be optimal for intended use.

L. Because agricultﬁre, urban areas, and clouds were not masked
prior to the application of the clustering algorithm, the
classified data contains some classes that the usér might find
extraneous.

General recommendations:

If the interested user has limited funding and a relatfvely large
study area (i.e., greater than 50,000 acres), the CDF spectral data set
is worth considering. The fact that the data are four years old may not
matter for most wildland applications, as vegetation changes in those
areas are more gradual. If updating is required (to keep track of fuel
modification, timber removal, etc.), the alternative is to purchase Land-
sat scenes directly from EROS Data Center. Such scenes, though not

mosaicked, will have accurate multiband registration. The classified
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data available with the CDF data set are a real advantage to the user

interested in large areas, as the gross classes will not be a problem.

i f thé user picks an adequate subsample of observation points within

each class, he will be able to alter or refine the class labels for each

ecozone by relabeling only his subset. The data also come with

tabular summaries of the means and standard deviations between bands

and vegetation classes, as well as scatterplots of the clustered data.
5.2 The DTT Data Set

The DTT data set proved to be wholly inappropriate for the Grapevine
area, for reasons fully describéd above in Section 4. It is important to
emphasize, however, that these data may be more than adequate in most parts
of the United States where topographic relief is more moderate than in the
California Coast Range. Some considerations concerning the use of this data
set are listed below.

Strengths:

1. Low cost: $30 for the first 1° x 1° quadrangle, $15 for
additional quadrangles. '

2. As coverage is by 1° x 1° quadrangle, it is very ine%pensive
to acquire data for large areas.

3. Available for the entire United States.

Easily used, as one can extract areas of interest by simply
measuring in .0l'" increments from the quadrangle corner.
Limitations:

1. The USGS does not guarantee accuracy of its 1:250,000-scale
topographic serieé, from which the DTT data were digitized;
hence, the accuracy of the DTT data is uncertain.

2. The 200-foot elevation contours, and interpolation algorithm
used during digitization, provide gross generalization of
topographic relief.

3. Horizontal geographic control is poor, so it is difficult to
confidently locate accurate control points even after data are
registered to a geographic coordinate system.

L., West located at the top, so data must be rotated.
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The advantage obtained by use of the dEM data should be coasidered
in light of the data's drawbacks, however. The cost of the DEM data may
preclude their use in large areas, as the costs run between $400 and
$600 per 7i-minute quadranglé, depending on the level of accuracy desired.
If the quadrangle has already been processed, the cost drops to between
$15 and $30 per quadrangle, or essentially the price of the magnetic
tape to which the data are written. |f a mile overlap is desired in
order to facilitate mosaicking two quadrangles together, the cost is
increased by $100.

Even if the DEM guadrangle has previously been proceésed, the user
should be aware that the DTT's coverage (1° x 1° ) is equivalent to 16
DEM 7%-minute quadrangles. Therefore, if the study area involves more
than a few 7%-minute sheets, the user may find it more affordable to go
with DTT coverage.

A final consideration is that associated with in-house data handling

2 as opposed to the

costs. The DTT data's resolution is about 60-meters
DEM's 30-meter? resolution. Therefore, the DEM data requires four times

the computer space per pixel per band, or 2% times as much space. (See

diagram below.)

o

T
|
I S ——
L

! Lo -

30 meters |

60 meters - - ——7— - -

Obviously, computer costs will increase accordingly. For large areas,
these costs could prove to be quite prohibitive.
In summary, both the DTT and DEM data have their attendent

advantages and limitations. Table 13 briefly compares the two data sets.
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oTT

Table 13,

Covarage

1° x 1°

Quadrangle

7¥-minute
Quadrangle

Comparative advantages/disadvantages associated with DEM and DTT data.

Geographic

Resolution Fidelity Format Costs Acquisition In-house
60-meter? Undefined cCT $30 for first quad; 60-meter?
. thereafter $15 pixel size
apiece vs.
+
30-meter? Excellent: T $400 to $600 per 30-meter? pixel
RMS error quadrangle, depending size, so 2" the
5-15 meters on desired aMS error; cost of
if already processed, processing OTT
cost between $15 and
$30
2-118
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immediate if qua
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weeks for pro-
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6.0 Future Activities

Now that the Grapevine data set has been constructed and analyzed,
efforts are underway to utilize the data set for brush management work
in the coordinated resource plan area. One example of this effort in-
volves a 350-acre site within the plan area which is scheduled for chain-
ing and brush removal later on this year. Using the Grapevine data set,
RSRP personnel were able to provide the RCD with information concerning
the range of slope, elevation, and aspect the field crew can expect to
encounter. The data set also provided information about the vegetation

types within the proposed site, as well as information related to the

surrounding vegetation types.
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286 MAZ 1A7S
-INTERA-7 (Rev. 2)

Attachment
UNITED STATES UNITED STATES UNITED STATES
DEPARTMENT OF AGRICULTURE  DEPARTMENT OF AGRICULTURE DEPARTMENT OF INTERIGR
Soil Conservation Service Forest Service Bureau of Land Management

Washington, 0. C. 20250 Wasnhington, D. C. 20250 Washington, B, C. 20240

I. PURPOSE

This Memorandum of Understanding, developed in consultation with the
National Association of Conservation Districts, estadblishes policy and
general guidelines for use by the Burecau of Land Management (BLM), Forest
Service (FS), and Soil Conservation Service {SCS).for coordinating certain
of their activities in resource planning and for working with Conservation
Districts, State and Local agencies, private landowners who are conservation
district cooperators, and other in developing and implementing sound resource
management and conservation programs.

The Mey 19, 1971, agreement between BLM and SCS is hereby superseded.

IT. POLICY

The Bureau of Land Management, Forest Service, and Soil Conservation
Service will cooperate to the fullest deqgree possible in preparing and
implementing resource management plans on operating units, allotments
and other resource areas made up of intermingled or adjacent 8LM and FS
administered lands (hereinafter called public lands) and lands controlled
by Conservation District (CD) cooperators (hereinafter called private lands).

The agencies cooperating on particular operating units or allotments
will vary depending upon the landownership pattern within the planning area.
The signatory agencies will seek to cooperate with all owners or managers
of land and resources within each specific area -- including states, counties,
or private owners. Other agencies and organizations will be involved as neeced
and appropriate. ’ : ’

I11. AUTHORITY

BLM, FS, and SCS operate under separate legislative authorities and
departmental policies including the following: .

A. Soil Conservation Act, Public Law 45, 74th Congress, 1935, as
amended, and Reorganization Plan Mo. IV, 1940, (16 U.S.C. 540a-f)
and Comptroller General's Decision - B-115665 (33C.G. 133),
Octoter 1, 1953,

B. The Taylor Grazing Act of June 28, 1934 (48 stat. 1269; 43 US
Code 315 as amcnded).

C. MNational Environmental Policy Act of 1369, Public Law 91-190,
91st Congress, January 1, 1970.

"D. Memorandum of Understanding betweeon USDA and USOI dated April 20, 1942

E. Joint BLM-SCS Memorandua of April 10, 1944,
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F. The Organic Act of June 4, 1897 (30 Stat. 35, as amended; 76 Stat.
1157, 16 U. S. C. 551)

G. The Multiple Use-Sustained Yield Act of June 12, 1960, (74 Stat. 215,
16 U. S. C. 528-531)

H, Title IIl, Bankhead-Jones Farm Tenant Act of July 22, 1937 (50 Stat.
525) as amended 76 Stat. 745), 7 U. S. C. 1010-1012.

I. Memorandum of Understanding between the Forest Service and Bureau
_of Land Management datcd October 26, 1966.

J. Wild free-Roaming Horses and Burros Act - P.L. 92-195 (85 Stat. 649,
16 U. S. C. 1331-1340) ,

K. All other appliceble statutes and regulaticons not specifically

referred to above relating to BLM, FS, and SCS programs.

RE SPO‘SIBILITY

A.

The BLM and FS plan and conduct multiple-use resource management
and conservation programs on lands under their jurisdiction. FS
also has responsibilities to demonstrate and promote sound grass-
lands agriculture and conservation practices on the National
Grasslands and areas of which they are a part.

The SCS provides technical and financial assistance to conservation

district cocperators and participants in USDA cost-share programs

for planning and applying authorized conservation programs on
privately controlled lands.

The Conservation Districts, which are legal subdivisions of state
government, develop annual and long-range programs, secure and
coordinate assistance from appropriate agencies and organization,
encourage and enter into cooperative agreements to assist individuais,
groups, and units of government in conservation planning and appli-
cation, provide means for determining local attitudes and objectives,
and serve as catalysts to develop and maintain local interests in

-and support for conservation and development of resources.

0BJECTIVES

The objectives of coordinated resource planning are:

A.

To proumote cooperation hetween agencies and individuals to improve
management and compatible use of the resources for which each is

_responsible,

To implement resource management plans to achieve compatible
resource uses based on sound ecological relationships for logical
management areas such as operating units, grazing allotments, and
subwatersheds,
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To optimize a sustained flow of food, fibre, and other coods,
services and benefits from such lands while at the same time
protecting and enhancing environmental qualities,

GENERAL COHSIDERATIONS

A.

Interagency reimbursement will not be made for planning and
application assistance done under this memorandum.

BLM and FS will contact users of the public lands that are

included in planning areas under their jurisdictions, and will
retain responsibility for meeting all requirements of the laws
and requlations pertaining to the use and management of thsse

~lands.

Cooperator contacts and followup assiétance will ncrmally te
made by the agency having primary planning responsidility or
will be mutually agreed upon before the onset of .planning.

When any practices, structures, or projects are to be appliad
to or installed upon public lands under the jurisdiction of the
BLM or FS, authorization must be obtained from the abpropriate
agency prior to initiation of the action.

The priorities and management objsctives for BLM and FS admin-
istered lands will be determined through the responsidble acsncy's
planning system. However, special consideration normally will be
given to resource areas presenting opportunities for coordinated
resource planning,

Conservation districts will be encouraged to have memoranda of
understanding with BLM, FS and/or other appropriate public land
agencies at the local leve]

When requested by the administering agency, SCS may provide
technical assistance on public land intermingled or adjacent-
to private lands covered by a resource management plan wnhen
results benefit the private land.

Where State and private forests and related lands are involved
the forest Service will discharge its responsibilities througn
the appropriate State organization.

STATE COQROINATION

A.

STATE EXECUTIVE GROUP - The State Director (BLM), State
Conservationist (S£S}, and Regional Forester and/or Area
Director (FS) will comprise this group. The chairman, State

-Conservation Commission, Committee, or Board, as appropriate,

will be invited and encouraged to become a member. This group
will develop and put into effect supplemental agreements, as
needed, to meet the objectives of this memorandum, including
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procedure for specific programs to achieve agency coordination
and cooperation throughout the State. They will meet annually
to review progress, ocutline a course of action with appropriate
followup, and otherwise facilitate coordination of agency
procedures and orograms. Representatives of the State Associa-
tion of CD's and other appropriate State and Federal zgencies
such as State land, forestry, and wildlife agencies will be
invited to participate in this meeting.

B. STATE TASK GROUP - Thic group will follow through with imple-
mentation of coordinated planning in the state., It shall be
small in number but include representatives of major land and
resource agencies including 8LM, SCS, FS. and appropriate state
agencies. .

C. Conservation District Mestings - Nhen 1nv1ted by the CD, the BLM,

- SCS, and FS, as aporopriate, will presant reviews of propcsed resourcs
activities of concern to Lne District. Other agencies involved
in the coordinated approach will be.encouraged to do the szme. The
CD's will be encouraged to give due consideration to such activities
when developing long-range programs and assigning priorities and
work schedules for inclusion in their annual work plan.

VIIT, INITIATING, PLANNING AND SCHEDULING

A. Initiation - The State Exeocutive Group will arrange to accuaint
field personnel with this memorandum to assure mutual underst and1ng
and interpretaticn.

B. Planning - Active participation by all key participants, from
inception to comcletion of the planning process, is essential,
The planning team shculd include representatives from all land-
owners and resource administering agencies within the operating
unit, allotment, or resource arsa. A team leader snhould be +
designated for each planning unit considering sSuch items as
landownership pa“tern, lccation of the area, time and manpower
needs and resources involved. VWhere full-time agency participa-
tion is not warranted, suitable review of the arrangements should
be made at the local level so interagency coordinated planning

can proceed with reasonabTe assurancp that the final plan will

be acceptable to all.

C. SCHEQULING - Each agency and group has its own program of
activities for which priorities are established. Coordinated
resource planning should be made to dovetail with each agency's
activity schedule. This requires a reasonable amount of give-
and-take between agencies and with conservation districts in
the selection and assiynment of priority to requests for coorg-
inated plans. The State Exccutive Group will jointly prepere
guidelines useful at the county and local levels in determining
priorities, assigning responsibilities, and scheduling needed
assistance.
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IX. MODIFICATICH

This agreement shall remain 1n effect until modified by the partiss
in writing; and is renegotiable at the option of any one of the parties,

ENDORSEMENT APPROVALS

.l~g/0',@ dZ//r///( ‘\/; [7%46144% 5 s

resident] National hssactgt.cn of Director, Bureau o7 Land Panageﬁen.
C0nser23ulon Districts

-/ >

- j (/«/
/{c’/g/t,,/l/&(f?f c <, i
Administrator, Soil ConservaLIOjkfe vy

\1 j' JAN 141975

;74«/ ﬁ3nr, FOTDSL Service
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APPENDIX B: Coordinate Transformation Procedure for
Establishing Geographic Control
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The following steps were used to transform the spectral and terrain
data to a common coordinate grid. This process basically involves the
determination and application of regression coefficients to predict point
and line coordinates.

B.1.1 Spectral Data

Select control points. Control points were located on 73-minute

orthophoto map* sheets for the Grapevine study area; in all, three
orthophoto map sheets were required to cover the entire area. These
control points had to correspond to features that could be accurately
located on both the orthophoto map sheet and the spectral (DF image

as displayed on the RSRP color monitor. This restriction limited the
number of control points that could be located because, in this region
of considerable topographic dissection, the ridges could not be accu-

rately represented by the spectral data due to the large pixel size of

the CDF data (80-meters?). In all, 52 control points were initially
selected.

Calculate regression coefficients. Coordinate transformation can

be achieved on the RSRP computer system by either (a) rotation and scale
correction of the data to a UTM grid, or (b) linear transformation based
‘on regression coefficients. The RSRP personnel generally use the latter
for coordinate transformation, as this method tends to simulate map pro-
jections more accurately within small geographic areas. Four regression
models were tested with the set of 52 control points using a linear least-
squares curve fitting program described by Daniel (1977). The four models
are listed in Table Bi(a). A series of iterations was performed on the
data points in order to screen those points whose residuals (i.e., the
difference between the observed and the predicted values for the same
point) were deemed excessive. |If the residuals were excessive (i.e.,
greater than two pixels), the point was rechecked on the color monitor

and on the orthophoto map sheet in order to determine if a simple meas-

urement error was the cause for ‘the difference. This screening process

7"Orthophoto map: a black-and-white photograph in which image displacement
from camera tilt and terrain relief have been removed by simple or dif-
ferential rectification.
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went through several iterations until the analyst was confident that
all-measurement errors had been corrected, and that any residuals
present were due to the geometric properties of the Lambert Conic
Conformal projection to which the CDF data set was mapped.

Based on their respective residuals and root mean square (RMS)
errors, Equation 4 was chosen as the optimum model for predicting
both CDF point-UTM east and CDF line-UTM north. The actual regres-
sion fits for CDF point and line are given in Table B2.

B.2.2 Terrain Data

Select control points. Establishment of horizontal geographic

control of the DTT data had to be conducted differently than the
procedure for the spectral data outlined above. Although the DTT
data were initially digitized off a 1:250,000-scale USGS topographic
quadrangle, the projection upon which the map was based contains in-
herent distortion. |In order to account for that distortion, the four
coordinate pairs repfesenting the corner points of the 1° quadrangle
were used in lieu of visually-located internal control points. These
four coordinate pairs were supplied with the DTT, and were the most
accurate points upon which to establish a set of regression coeffi-
cients between map bases.

Calculate regression coefficients. The linear least-squares

regression algorithm was performed on the DTT data, using the four
coordinate pairs. The number of regression models that could be
tested was limited,‘as there were only four control points. The
equations used to predict DTT point-UTM east and DTT line-UTM north
are listed in Table B1(b). Table B3 listé the actual regression
fits for DTT point and line.

Because only four observations were used to calculate the three
regression coefficients, the resulting prediction equation provided
an exact fit between observed and predicted values. Therefore, in
order to provide a check on the validity of the prediction equation,
the expected center coordinates of the 1° quadrangle, based on ana-
lytic geometry, were calculated in terms of DTT units and UTM meters.

The expected UTM east and north coordinates of the center point were
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subsequently input into the prediction equations (Table B3). The
predicted DTT point and line coordinates were then compared with
the DTT point and line coordinates as calculated using analytic
geometry. As can be seen in Table B4, the differences between the
predicted and the calculated DTT points and lines were within a
fraction of the 63-meter pixel size of the DTT data. Based on the
results of this check, it was concluded that the regression equa-
tions listed in Table B3 would provide good registration between

the DTT data and the UTM geographic base.
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APPENDIX C: Labeling Procedure
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The steps required to relabel the CDF clusters are outlined in thé
following paragraphs, and are graphically represented in the flow chart
found in Figure C1.

C.1 Generate Ancillary Spectral Data

As an interpretation aid, three types of ancillary spectral
values were calculated using the CDF data: (1) mean Band 4/mean

Band 2 ratio; (2) mean Band 1/mean Band 2 ratio; and (3) Euclidean

brightness (EB). Based on a cluster's relative ranking to other

clusters in one or more of these data types, plus the original COF
label, the image analyst was able to set her expectations as to
the probable brush management label that could be ‘assigned to that
cluster. The mean brightness values from which these ancillary

data were calculated are given in Table Cl; the ranked clusters

and ancillary data are given in Table C2.

The ratio of the mean of Band 4 (far reflectance infrared) to
the mean of Band 2 (red) is an indicator of general vegetation con-
dition. The ratio contains most of the spectral information regard-
ing vegetation development while tending to normalize the influence

of such confounding factors as solar radiation and topography (Nalepka,

et al., 1977). This ratio is also valuable for establishing the ''soil
line". Generally speaking, 4/2 ratios that are greater than 1.09 (the
"'soil line') indicate the presence of vegetation, while ratios below

1.09 indicate bare soil, water, snow, and other nonvegetated surfaces.
The ratio of the mean of Band 1 (green) to the mean of Band 2 (red)
is an indicator of visual 'yellow-greenness''. This ratio is useful for
labeling the annual grass classes which tend to have higher amounts of
accumulated dried 'yellow'" vegetation along with green vegetation during
and subsequent to senescence. This means that the 1/2 ratio tends to
be lower for senescent grass classes than for other natural vegetation
classes (Hay and Thomas, 1978).

The Euclidean brightness (EB) value is the sum of the Euclidean
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Select a
2000-meter
grid block

Select clusters to
be labeled, using
the distribution
shest for blocks

Find groupings of de-
sired clusters on line
printer output maps,
each group with at
least six pixels

Transfer cluster
boundaries to
raw COF imagery

Label, using aerial
photos; ancillary
spectral and ground
data

Do labels
agree with ratio
anking and CDE
label?

yes

[Recheck labelinggk—_—‘——

agreement due to
analyst error?

yes

Retain label, noting
any spectral anomalies

More blocks
to ‘interpret?

STOP

Figure C1. Stepwise procedure used to relabel the CDF clusters.
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Table C1. Mean brightness values for the CDF clusters.

CDF DATA SET: NORTH CENTRAL INTERIOR ECOZONE

CLUSTER SYMBOL BAND MEAN
NUMBER ] 2 3 4
58 ] 23.38 12.66 6.93 2.54
59 2 19.37 12.89 13.50 10.82
60 3 21:39 16.60 21.30 19.68
61 I 19.88 14.58 18.07 16.02
62 5 22.62 18.96 17.40 13.61
63 6 17.04 10.03 17.82 17.49
64 7 17.97 11.04 21.61 22.38
65 8 23.87 21.68 21.45 18.15
66 9 20.92 15.58 24.3L4 24,33
67 A 18.93 11.93 27.88 30.54
68 B 23.31 19.62 24.18 22.37
69 C 19.30 13.03 25.64 26.99
70 D 21.24 15,70 29.42 31.39
71 E 26.46 24,95 24,90 "21.45
72 F 19.57 - 13.04 30.89 34.4b4
73 G 23.86 19.99 29.62 30.03
74 H 24 .53 21.40 26.80 25.08
75 ! 21.04 14.95 34,41 38.68
76 J 26.59 24.58 28.51 26.30
77 K 22.67 17.81 31.95 3L4.44
78 L 28.57 27.72 29,10 25.86
79 M 20.74 14.05 38.35 44,31
80 N 25.84 22.61 34.97 136.60
81 0 26.14 21.62 L40.25 43.37
82 P 27.85 26.67 31.49 30.14
83 Q 30.08 29.95 32.34 29.85
84 R 30.95 30.97 30.54 25.96
85 S 23.89 16.52 L6.19 53.83
86 T 28.68 27.16 34.31 33.82
87 U 31.75 32.14 35.71 33.51
88 v 32.87 -33.72 33.30 28.76
89 W 30.71 29.84 39.39 38.72
90 X . 36.25 30.09 40.80 36.12
91 Y 34.85 36.57 36.60 31.76
92 z 4L1.70 47.91 46.98 L41.04
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distances between the band means, and is calculated as .follows:
EB = [(mean Band 1)2 + (mean Band 2)2 + (mean Band 3)2 + mean Band 4)2]%

This value is a measure of the cluster's albedo, and is useful for
making distinctions between brush subclasses (i.e., manzanita and
chamise).

it is significant that the relative rankings of the clusters
within each ancillary data set are more important than the critical
analysis of the ancillary data values that have been calculated for
each spectral cluster. The actual values associated with vegetation
types will vary among geographic regions of California. (See Benson
and Beck, 1979, for an example of how an image analyst might use
these ancillary data in a labeling procedure.)
€C.2 Label Clusters by Block

In order to facilitate the interpretation of clusters, a line
printer map showing the distribution of the spectral clusters was
produced for each 2000-meter? grid block. An example of this type
of output is shown in Figure C2. These cluster maps were used by
the image analyst to visually determine the location of clusters on
the raw CDF data, and subsecuently on the color infrared U-2 imagery.
Line printer maps were considered superior to color-coded photographic
products because (1) they could be reproduced inexpensively, and
.(2) the alpha-numeric characters were found to be unambiguous identi-
fiers for each of the 35 potential clusters in each 2000-meter? block.

The following three values were calculated for each cluster in
order to aid in interpretation: (1) the pixel count present in each
2000-meter? block; (2) the percent of the block that the cluster re-
presented; and (3) the percent of the cluster sample total that was
represented in the 2000-meter? block.

Select spectral sample block.

The pertinent U-2 photography, orthophoto map sheets, and ancillary

data were assembled, and the 2000-meter? grid was overlaid on the
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Figure C2. Line printer map showing the distribution of spectral clusters
in Block 63. This area, as imaged on raw CDF data, orthophoto
map sheets, and U-2 aerial photography, is shown in Figure C3a,
b, and c, respectively.
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U-2 photography and the orthophoto sheets. The CDF spectral image
for Block 63 and associated ancillary image products are shown in
Figure C3.

Select clusters to be labeled.

By referring to the line printer maps and their associated spectral
counts, the analyst determined which classes were best represented
within the selected block. To facilitate the choice, a master sheet
was compiled for each cluster on which was listed the blocks in which
the largest population of each cluster could be found (Table C3).

If the selected block contained a relatively large proportion of a
certain cluster, the analyst made sure that she labeled that cluster
in the block.

‘Locate groupings of desired clusters on line printer maps.

Large groupings of spectral clusters were outlined on the line printer

output. Each cluster group consisted of at least six pixels. Con-

sidering the large number of clusters that were normally represented
in a block, the line printer output was superior to color-coded photo-
graphic products in that it was easier to differentiate groupings of
symbols than to locate groupings of subtle colors.

Transfer cluster group boundaries to raw CDF imagery.

The analyst transferred the cluster outlines to either a photo of the
raw CDF image or to the interactive color display monitor. The anno-
tated image was used as a visual link between the line printer output,
the U-2 photography and the orthophoto map sheet.

Label clusters in block.

Each cluster group was located and identified on the U-2 imagery. The
ancillary data, e.g., the orthophoto coverage, the 4/2 ratio, the 1/2
ratio, EB, and COF labels, assisted in this labeling process by helping
the analyst set her expectations as to the most probable label. 1In some
cases, the analyst had access to ground data and personal knowledge of
the sample block area.

Check labels against the ratio rankings and the original CDF labels.

I f the brush management labels were in general agreement with those of

the CDF, the analyst then proceeded to another block. If there was
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. Table (3. Master chart showing cluster populations per ZOOO—meter2 block
' in the Grapevine study area.

COF DATA SET: NORTH CENTPAL I1MTERICA ECOIONE
® .
BLOCX cLes -
NunaeR NU=JER f5yrsgy)
$3(2)  63(3)  61(u)  62(S) 6S(3) 65(9) 63(2) 7t(€) 73(c) I&(®)
. 13 32 . 9 18 20 . 22 19 11
1 18 3 36 2§ 63
15 i ]
16 2
22 1 %
23 15 \73 57 nt 179 195 83 100
2% \ 59 6 17 116 .. 2n 133 172
25 1 36 17 29 83 38 104 [} L2
26 - 9 ’ 9 70 23
33 24 176 Vs . 81 133 87 39 - 55
34 242 3 18 129 To323. us 153
35 12 164 70 59 64 1 95. 62 143
36 24 18 8s 3 53
e 37 8 3
42 1 127 57 L3} 103 b4 65 50
43 39 261 139 102 221 127 54 61
44 n 322 75 53 139 361 - 18 92
. 48 4 207 . 39 62 103 1 158 44 20 103
hé 53 T on 4 57 74 93 1 55
47 8 32 : 1
LED
‘ 51
T : 52 3 56 33 68 110 20 160 8
' 53 30 429 312 1o 69 109 16 ' 25
Sh 19 324 164 62 73 6 276 26 [ 130
55 S 319 kg 57 103 217 58 2 - 197
. 56 40 8 5 21 2 S4 13 32 97
57 4 L] 26 3 17
58
61
. 62 A ] 3 1h 14 S5 3
63 32 16 243 131 105 1 63 48 R
1 64 85 301 170 107 72 ] 117 13 104
: 65 . 2 38 27 25 81 1 284 63 3 17
: 66 S 72 27 24 62 2 712 81 22 109
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disagreement (e.g., CDF label '"hardwood'' versus analyst label
""chamise''}, the labels within the block were rechecked for
possible analyst error. The most common sources for analyst
error were: (1) inaccurate transfer of cluster group bound-
aries to the raw CDF image and subsequently to the aerial
phofography, and (2) improper interpretation of ground con-
ditions from the supporting aerial photography and ancillary
data. |[f, after rechecking the label, the analyst did not
change the brush management label, the ambiguity between the
labels was attributed to either (1) incorrect CDF labeling,

(2) incompatibility between the definitions of the CDF and fuel
management classes, or (3) spectral anomalies within the block.
C.3 Compare Cluster Labels for All Blocks.

Each cluster was labeled in at least five blocks in order
to ascertain the cluster's integrity throughout the study area;
that is, the cluster should have represented the same type and
condition of vegetation regardless of location within each of the
spectral blocks. |f a cluster was consistently identified as a
certain vegetation type, that label was assigned to the cluster,

whether or not there was agreement with the original CDF label.
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PART IV

MAPPING WILDLAND FUEL HAZARDS IN SHASTA COUNTY, CALIFORNIA

1.0 Introduction

In October 1979 the first meeting of the Shasta County Fuel Break
Planning Committee was held in Redding, California. The membership of
this committee was composed of interested persons from County, State,
and Federal agencies, along with local advocacy groups and private
citizens. The primary objective of this committee has been to develop
and implement an agressive brush management program in eastern Shasta
County. The expected benefits of such a program would be to reduce
fuel loadings, increase water yield, increase livestock production,
improve wildlife habitat, increase forest productivity, reduce soil

erosion, and improve esthetic values.

The involvement of our RSRP personnel with the Shasta County
Vegetation Management Committee (VMC) has been in an advisory capacity
during the past 18 months. In this period we have developed a pre-
liminary data bank covering the 196,000-acre study area (see Figure 1).
The following sections briefly describe the results to date of this

effort.

2.0 Results to Date

A digital data bank has been constructed for the VMC study site in
Shasta County. (A complete description of the procedures used to
construct this data bank is given in Part V.) The cell size of the grid
used for the data bank is 63.5 meters by 63.5 meters (one acre). The

primary components for this bank are (1) raw Landsat data from the state-
wide Landsat digital mosaic (see Part III for additional details about

this digital mosaic), (2) a ten-class thematic map produced from (1) above,
and (3) hypsographic data derived from the Defense Mapping Agency digital
terrain data. A listing of the components comprising the data bank as it
is now configured is given in Table 1.

A number of tabular and graphic output products have been made from
this data bank and given to members of the VMC for their inspection.
Examples of these products are given in Figure 2 and Table 2. Figure 2

includes the following items for the 196,000-acre study area: raw and
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Figure 1.

SHASTA COUNTY

25 miles

Location of the 196,000-acre vegetation management study site
(cross-hatched area) in Shasta County, California. Personnel
from the Remote Sensing Research Program, University of Cali-
fornia, Berkeley, have been providing support to the County
Vegetation Management Committee which is initiating aggressive
fuel management actions in the central third of the County.
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classified Landsat data, plus thematic maps of aspect, elevation, and
slope. Table 2 provedes tabular information giving the distribution

of the vegetation resources with respect to aspect and elevation. This
type of information is useful if more detailed vegetation labels are
needed. For example, the higher elevation conifer types may be labeled
as ponderosa pine, while the lower elevation types may be labeled as

digger pine.

3.0 Work to be Completed During 1981-1982
It is difficult to speculate on the extent of the work that will

be conducted during this time period until the levels of Federal and
State programs have been finally determined. At the very least, with
the assistance of VMC personnel, we will try to refine the vegetation

labels and to provide area summaries for smaller management units.
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(a) Raw data:
Landsat MSS bands 4, 5 and 7
unmasked and masked

(b) Classified data:

dark blue = water
green = conifer
light green = brush
light blue = barren
. olive green = conifer/woodland
brown = hardwood/woodland
yellow = grassland
red = hardwood
gold = open shrub

Figure 2. The 196,000-acre vegetation management study area in eastern Shasta
County, Claifornia. These images are output products from the Landsat
MSS component of a digital data bank that was constructed for the area
and subsequently displayed on the RSRP interactive color monitor. For
| these figures, only every fourth picture element was displayed.
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(c) Aspect:

blue = flat
green = north
violet = east
red = south
yellow = west

(d) Elevation above sea level:
blue-gray = 600-1000 feet

violet = 1000-1400 feet
green = 1400-1800 feet
red = 1800-2200 feet
yellow = 2200-2600 feet
% light green = 3000-3400 feet
blue = 3400-3800 feet
white = 3800-4200 feet

Figure 2. (continued)
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(e) National Fire Danger Rating System
Slope Classes:

violet = 0-25%
blue = 26-40%
white = 40-55%

Figure 2. (concluded.)
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PART V

CONSTRUCTION AND PRELIMINARY ANALYSIS
OF THE BIG BASIN STATE PARK DIGITAL DATA BANK

1.0 Introduction

" During the past yvear, a multiband digital data bank has been con-
structed for Big Basin State Park, California by personnel from the
Remote Sensing Research Program (RSRP), University of California,
Berkeley, and Department of Botany, University of California, Santa
Cruz, for the California Department of Parks and Recreation. The
input components to this bank include Landsat spectral and classified
data, hypsographic data, and soils data. The resulting bands have been
evaluated using chi-square tests and an analysis of multidimensional
histograms to determine whether systematic fe]ationships exist among
the bands. Based on the results of these tests, a single band has been
used to represent the frame from which ground samples were allocated.
The data collected from these ground samples will be used to quantify
the distribution of the natural vegetation within the Park for predicting
wildfire and prescribed fire behavior.

2.0 The Big Basin Digital Data Bank

2.1 General Description

The data bank structure used at the RSRP is a three-dimensional
array. Each array entry, or cell, is referenced by a set of X, Y, and
Z coordinates representing column, row, and band number respectively.
An X-Y coordinate pair refers to the center of a cell and represents a
square or rectangular area on the ground. A Z-coordinate, or band, con-
tains coded information which represents a particular ground parameter,
such as elevation or soil type, for every pair of X-Y coordinates.

Based on the ground sampling criteria and available data sources,
the Big Basin data bank was designed to be aligned to the Universal
Transverse Mercator grid system (UTM) and to have a ground cell size of
60-by-60 meters. The UTM grid system was selected because (1) it is
present on most USGS map sheets, and (2) it is represented as a square
on these maps. These characteristics allow easy conversion between

the X-Y coordinate pairs of cells within the data bank and the corres-
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ponding UTM east and north coordinate pairs on the ground. The 60-by-60
meter cell size was selected because it closely matched the nominal cell
size of the hypsographic input component.

2.2 Input Components to the Big Basin Data Bank

To date, four input components have been used to construct the
Z-coordinates, or bands, of the Big Basin digital data bank: spectral
and classified digital data from a statewide Landsat mosaic, digital
terrain data, soil maps, and a boundary map.

2.2.1 The spectral and classified component represented a portion of

the statewide Landsat-1 mosaic created by NASA at the Jet Propulsion
Laboratory and the Ames Research Center, and by the California Department
of Forestry (CDF). This data set, hereafter referred to as the CDF data
set, was constructed from Landsat-1 scenes that were mosaicked together
digitally, resampled to an 80-by-80 meter cell size, and mapped by 1°-by-1°
quadrangles to a Lambert Conic Conformal projection and an orientation of

N 13°E. The raw spectral bands included VMSSM(I) = green, YMSS5 = red,

LY YN o E ol AN
3356 = near-ref)

<

tance infrared, and VMSS7 = far-reflectance infrared.
The classified band consisted of 36 spectral ground condition types that
resulted from an unsupervised classification of the four raw spectral
bands. Each spectral class was assigned a ground condition label by CDF
field personnel on a quadrangle-by-quadrangle basis. A complete descrip-
tion of the CDF data set cam be found in Benson and Beck (1979).

A rectangle comprised of 550-by-450 CDOF cells was extracted from the
San Francisco West quadrangle. This rectangle encompassed the irregularly
shaped Park and included a considerable area surrounding it.
2.2.2 The hypsographic component was a portion of the San Francisco West
quadrangle of the U.S. Geological Service digital terrain data (DTT) set.
These data represent the actual or interpolated elevation values for .01
inch (approximately 60 meters ground distance) on the USGS 1:250,000
quadrangles. These quadrangles, mapped to the UTM projection, are digi-
tized in 1°-by~1° blocks with an orientation of N 90°W.

A rectangle of 250-by-300 cells was extracted from the San Francisco
West quadrangle which encompassed the Park. The rectangle was rotated 90°

to form a 300-by-250 cell reétangle with an orientation of north.

1 VMSS refers to Landsat multispectral scanner data that have been re-

formatted on the VICARS {(Video lnformation Communication and Retrieval)
software system at the Jet Propulsion Laboratory.
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2.2.3 The soil component was compiled from the relevant 7:-minute soil
series quadrangles for Santa Cruz County. These quadrangles were mapped
to a polyconic projection. A composite of these quadrangles is shown

in Figure 1.

2.2.4 The boundary component was visually transferred from an uncon-
trolled Department of Parks and Recreation visitor's map (projection
unknown) to the 7%-minute quadrangle (polyconic projection). The trans-
fer procedure was accomplished easily because most of the Park boundaries
coincided with section lines present on the quadrangles.

2.3 Transformation and Registration of Components to the Data Base

Because the four input components differed with respect to format,
‘scale, and orientation, each was registered separately to the 60-by-60
meter UTM data base. The registration process was achieved through the
application of specific regression coefficients to the coordinate pairs
associated with each input component.

2.3.1 The regression coefficients applied to the Landsat component were
determined from a set of 23 highly visible control points that appeared

on both the raw CDF image (VMSS bands 4, 5, and 7) and the orthophoto map
sheets of the area. The CDF image was displayed on the RSRP display sys-
tem's color monitor, and the row and column number for each control point
were recorded. These points were located on orthophoto map sheets, and
the UTM east and north coordinates were measured. The general form of the
regression equation used to develop the UTM-to-CDFf coordinate transform

was as follows:

=a + by (UTH__ ) + by (UTH )

Fcolumn ast north

COF c + dl(UTMeast) + do (UTM )

row north

A more complex regression form was not required because the data had been
previously resampled to the 80-by-80 meter grid system.

Based on the regression coefficients developed above, the coordinate
transformation program, '"COTRAN,'" resampled the cells in the CDF data set
to the UTM base. For each 60-by-60 meter cell in the UTM data base, COTRAN
calculated the respective CDF row-column coordinate pair and transferred
the data value for that cell to the UTM cell. All five bands of the CDF

data set were registered to the UTM data base in this manner.
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Figure 1. This soil map was mosaicked together from existing Soil
- Conservation Service maps for the Santa Cruz, California
area. The map was digitized and input to the Big Basin
State Park data bank.
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2.3.2 The hypsographic component was registered to the UTM data base
using a procedure similar to that described in 2.3.1. The regression
coefficients input to COTRAN, however, were based on a set of four

control points that referenced the corners of the 1°-by-1° San Francisco
West quadrangle. The digitized coordinate pairs were measured from the
map sheet. ‘

2.3.3 The soil component was initially transformed from a map format to

a digital format. Each soil type boundary was outlined on a Talos co-
ordinate digitizing table and was transformed to a series of X-Y coordinate
strings. Three control points on the map were also digitized, and the
Talos X-Y coordinates of these points were compared to their respective
UTM coordinates. The regression coefficients were calculated between
Talos and UTM coordinate systems. The coefficients were input to the
general data handling program, "MAPIT", which converted the Talos coordi-
nate strings to UTM coordinate strings. The closed UTM coordinate strings
were further transformed to a grid format of 60-by-60 meters in which each
cell of the grid represented one of the 36 soil series present on the map.
2.3.4 The boundary component map was transformed to a series of X-Y
coordinates using a procedure similar to that described in 2.3.3. Re-
gression coefficients were calculated between the Talos and CDF coordinate
systems through the intermediary UTM-CDF regression transformation de-
veloped in 2.3.1. In this way, the boundary component map could be over-
laid on the CDF data set prior to its rotation. The resulting CDF co-
ordinate strings were input to MAPIT to produce two mask bands. In the
first, all cells within the Park were coded "1, and all cells outside
were coded '"'0'". In the second, all cells falling along the edge of the
Park boundary were coded ''0'", and all other cells were coded ''"1''. The
digitized edge map is shown in Figure 2.

The two mask bands were overlaid on the CDF data set prior to its
rotation to the UTM data base. The first mask band was overlaid on the
classified CDF data. As a result, the total of 36 spectral classes
present in the rectangular area were reduced to 20 classes present within

' band was overlaid on the four bands

the Park boundary. The second ''edge
of raw spectral data in order to provide a visual check on the accuracy
of the overlay procedure and a display of the location of the Park within

the larger geographic area. It is important to emphasize that the two
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This line map, drawn by the CALCOMP plotter, represents the
boundary component input to the Big Basin State Park digital
data bank. The '"+'" symbols represent the 23 control points
used to overlay the Landsat data to the data bank coordinates.
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mask bands were overlaid on the CDF data prior to its rotation as
described in 2.3.1. In this way, the accuracy of the boundary over-
lay was verified before any confounding errors could be introduced
by the rotation process.

2.4 Generation of Data Bands

Once the four components had been registered to the UTM coordinate
grid, they were input as separate bands to the digital data bank. Ad-
ditional bands were created by either simple mathematical manipulation
or by aggregating the classes in the original bands. A listing of the
20-band data bank that has resulted from these operations is given in
Table 1.

2.4.1 The only modification performed on the CDF spectral component
(Bands 3, 4, 5, and 6) was to generate a vegetation indicator band (20).
This band was calculated by dividing the value of the reflectance infra-
red band (6) by the value of the visible red band (4) for each cell in
the Park. After sufficient ground data have been collected, it may be
possible to establish a correlation between this ratio and the fuel
loads within the Park, since the ratio is a good indicator of general
vegetation density and condition. The ratio retains most of the spec-
tral information regarding vegetation development while tending to
normalize the influence of such confounding factors as solar radiation
and topography. Generally speaking, if the calculated ratio exceed
-1.09, the cell represents actively metabolizing vegetation; if the cal-
culated ratio is less than 1.09, the cell represents such conditions as
snow, water, dried vegetation, or bare soil.

The 36-class CDF classified component (Band 2) was aggregated to
produce a six-class generalized vegetation band (10) and a 20-class band
(19) in which like vegetation classes were numbered in consecutive order

"other'' classes

and the grassland classes and the barren, water, and
were combined. The listing of these three bands is given in Table 2a,
and a description of the band labels is given in Table 2b.

2.4.2 The digitized elevation values of the hypsographic component were
manipulated with the general data handling program, MAPIT, to produce a
66-class contour band (9), a 49-class aspect band (8), and a 26-class

slope band (7).
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Table 2a. The vegetation component and aggregated bands of the Big Basin
State Park digital data bank.

2
Class BAND 2 VEGS36' Class  BAND 10 VEGS6
—— Number Description
Number Description

0 fill 0] fill

1 conifer-1 1 conifer(3)

2 brush-1 2 brush(3)

4 grassland-1 4 hardwood (3)

5 conifer-3 5 hardwood/woodland(7)

6 conifer/hardwood-1 6 grassland(6)

7 brush-1 2

8 hardwood/woodland-1 Class BAND 19 VEGS20

9 hardwood/woodland-2 Number Description

10 conifer/hardwood-2

11 hardwood/woodland-3 0 fill

12 hardwood/woodland~4 1 conifer-1

13 hardwood/conifer-1 2 conifer-2

14 hardwood/woodland-5 3 conifer-3
15 hardwood-1 4 hardwood-1
16 hardwood-2 5 hardwood-2
"17 hardwood-3 6 hardwood-3

18 hardwood/woodland-6 7 brush-1

19 grassland-2 3 brush-2

20 shrub-1 9 shrub-1

21 grassland-3 10 grassland(9)

22 grassland-4 11 conifer/hardwood~-1
23 grassland-5 12 conifer/hardwood-2
24 ‘grassland-6 13 hardwood/conifer-1
25 grassland-7 14 hardwood/woodland-1
26 barren-1 15 hardwood/woodland-2
27 water-1 16 hardwood/woodland-3
28 water-2 17 hardwood/woodland-4
29 grassland-8 18 hardwood/woodland-5
30 grassland-9 19 hardwood/woodland-6
31 barren-2 20 other(9)

32 barren-3

33 barren-4

34 other

35 other

36 other

lInput component from the CDF data set

2Aggregated band from the CDF data set input component
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Table 2b. Class Descriptions for Table 2a.

CLASS DESCRIPTIONS

Bare Rock

Water

Agriculture (pattern recognition)

Urban (may be residential and/or commercial)

Alkali Flats

Barren (predominantly bare soil, less than 5% vegetative cover)

Grassland - Vegetation predominantly grass. Cover greater than 5%.
May be annual or perennial grasslands. Less than 10% tree
cover. May include herbaceous vegetation.

Desert Shrub - Vegetation consists of xeric shrubs, generally open
with much bare soil and desert pavement exposed. However, dense

stands may occur. Vegetation ranges from .5 to 3 meters tall.

“Less than 10% tree canopv closure. Generally found on flat or
slightly sloping terrain.

Brush - Open to dense (greater than 5% ground cover) evergreen or
deciduous shrubs, rarely more than 5 meters tall (usually 1-3 m.).
May have herbaceocus understory. Less than 10% tree canopy closure.
This includes riparian vegetation along waterways.

Hardwood-Woodland - Scattered hardwoods (deciduous and¢ evergreen) ,
10-25% canopy closure. May have grass or brush understory.

Conifer-Woodland - Scattered conifers, 10-25% canopy closure, often
with an herbaceous or brush understory.

Hardwood - Greater than 25% canopy closure of hardwood species. Less
than 20% conifer in the stand. May have an herbaceous or brush
understory.

Hardwood-Conifer - Greater than 25% canopy closure, with hardwoods
comprising greater than 50% but less than 80% of the stand.
Conifers comprise 20-50% of the stand. There may be an herbaceous
or shrub understory.

Conifer-Hardwood - Greater than 25% canopy closure, with conifer species
comprising greater than 50%, but less than 80% of the stand. Hard-
wood species comprise 20-40% of the stand. There may be an herba-
ceous or brush understory.

Conifer - Greater than 25% crown closure of conifer species. Less than 20%

hardwood in the stand. There may be an herbaceous or brush understory.
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The contour band was produced by simply combining the original
digital classes into a sea-level class and 40-foot contour interval
classes which resulted in a total of 66 classes. This band was sub-
sequently aggregated to produce a 400-foot contour interval band (18). .

A listing of contour bands 9 and 18 is given in Table 3.

Through the application of MAPIT, the slope and aspect bands were
produced as follows. For each cell a normal vector was calculated
which represented the ''best fit' plane as defined by the DTT elevation
values from the four adjacent cells. The slope of the center cell was
defined by the minimum angle between the normal vector and the horizon-
tal plane; the corresponding aspect was defined by the rotation angle
of the horizontal projection of the normal vector.

The primary aspect band (8) was produced by combining the calculated
aspect classes into a flat class and 7%° interval classes (starting at
north and progress{ng eastward) which resulted in a total of 49 classes.
This band was subsequently‘aggregated to produce a 90°-aspect band (11)
and a L5°-aspect band (12). A listing of aspect bands 8, 11, and 12 is
given in Table 4. '

The primary slope band (7) was produced by combining the calculated
slope classes into a flat class and 5% interval classes which resulted in
a total of 26 classes. This band was subsequently aggregated to produce
a 20% slope interval band (16), a 25% slope interval band (17), a National
Fire Danger Rating System (NFDRS) slope class band (13), and fuel manage-
ment slope class band (14). A listing for slope bands 7, 16, 17, 13, and
14 is given in Table 5. The fuel management slope classes are those which
limit or preciude the use of tractors and tractor-towed implements for
fuel modification because of steepness of slope and/or soil stability.

The NFDRS slope classes are those which are input to fuel spread models
developed by Deeming, et al., (1976).

2.4.3 The 30-class soil subseries component (Band 1) was aggregated to
produce a 20-class soil series band (15) by combining those soil subseries
which differed only by the percent slope modifier. A listing of the soils
bands, 1 and 15, is given in Table 6.

2.4.4 The two-band boundary component was input as separate bands to the

data bank. As described in Section 2.3.L4, the edge band was overlaid on
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Table 3. The contour bands from the hypsographic component of the Big Basin
State Park digital data bank.

BAND 9 CONTS66 ' BAND 18 CONTS8
Class Contour Class Countour Class Contour Class Contour
Number Interval Number Interval Number Interval Number {nterval
? sea-level ” 1000 2000" 0] sea-level
51 ! 400"
4o 1040 2040!
2 27 52 2 800"
Ro! P 1080 2080
L 120! 29 1120 5l 2120 L
160" 1160 2160 1600
5 30 55 5 2000
200" 1200 ) 2200"
6 31 56 6 24,00
240 1240 2240°
7 32 > ] 7 2400+
R 280 33 1280 58 2280
9 320 34 1320 59 2320
10 360 35 1360 60 2360
1 L4oo! 36 1400 61 2400
12 LL40! 37 1440 62 2440
13 L80! 38 1480 63 2580
14 520¢ 39 1520 64 2520"
15 GAO! Lo 15601 65 2560
16 600" 41 - 1600 2600
17 640" 42 1640
18 680! 43 1680
19 720" L 1720
20 760" 45 1760
91 Ro0! L6 1800
22 840! 47 1840
23 230! L8 1880!
2l 920" 49 1920
25 960 50 1960
1000! 2000
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Table 4. The aspect portion of the hypsographic component of the Big Basin
State Park digital data bank.

BAND 8  ASPECTS$A49 BAND 11  ASPECTS5
Class Aspect Class Aspect Class Aspect
Number Interval Number Interval Number Interval
0 f]at 180-00 » 0 f]at
‘ 7.5° 25 875 O R
2 15.0° 26 195.0° 2(E) 45.0
3 22.5° 27 202.5° 3s) 1320
. 30.0° 28 210.0° I (W) 225.0
5 37.5° 29 217.5° 315.0
6 45.0° 30 225.0°
/ 52.5° 31 232.5°
8 60.0° 32 240.0°
9 67.5'0 33 2147.50
10 o 34 °
75.0 . 255.0 BAND 12  ASPECTS$Y
11 © 35 ©
12 82.5 36 262.5 Class Aspect
90.0° 270.0° Number Interval
3 97.5° 37 277.5° 0 Flat
11* ©° 38 o a
105.0 285.0 o
15 39 _ 337.5
112.5° 292.5° : 1(N) o
16 %0 22.5
120.0° 300.0° 2 (NE) 67.5°
17 127.5° ol 307.5° 3(E) 112.5°
18 L2 ’
135.0° 315.0° L(sE) 157.50
19 . 43 . 57-5
142.5 322.5 5(S) 202.5°
20 Ly )
150.0° 330.0° 6 (SW) °
21 L5 247.5
157.5° 337.5° ACI R
22 L6 )
165.0° 245.0° 8 (NW) o
23 o 47 o 337.5
172.5 352.5
2k 180.0° 48 360.0°
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Table 5. The slope bands of the hypsographic component of the Big Basin
State Park digital data bank

BAND 7 SLOPES26 BAND 13 SLPSNFDR! BAND 16 SLOPESS
Class Slope Class " Slope Class Slope
Number Interval Number Interval Number Interval
0 flat . 0 flat . 0 flat
1 1 1
2 5% 2 25% 2 20%
3 10% 3 Lo% 3 _ Lo%
4 15% L 55% L 60%
5 20% 5 . 75% 5 80%
6 25% 75+% 6 100%
7 30% 7 120%
8 35% 120+%
9 Lo%
10 L5y BAND 14 SLPSFMC2
11 50% Class Slope
12 55% Number Interval BAND 17 SLOPESH
13 60% 0 flat Class Slope
14 65% i Number Interval
15 70% 2 30% 0 flat
16 75% 3 50% 1
17 80% 4 65% 2 25%
18 85% 65+% 3 50%
19 90% 4 75%
20 95% 5 100%
21 100% 125%
29 105%
23 110%
o 115%
25 120% INational Fire Danger Rating System slope classes.

2Fuel management slope classes.
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the four spectral bands (3, 4, 5, and 6), and a mask band was applied
to the classified Landsat band (2). There was no need to permanently
overlay either the edge or mask band to the other bands because they
could be recalled from band 2, or from bands 3, 4, 5, or 6 in the bank,
as needed. For example, by applying the mask to the soils band (15),
the 20-class soils map was reduced to only eight soil series that were
present within the Park boundary; by applying the mask to the elevation
band (18), the sea level class was eliminated. _

3.0 Preliminary Analysis of the Big Basin Data Bank

3.1 The Chi Square Test

A number of contingency tables were constructed from scattergrams

which plotted the joint occurrence of given classes between pairs of

the bands listed in Table 1. An example of the contingency table for
bands 11 and 10 is shown in Table 7. Of the total possible tables that
could have been constructed from the data set, six were deemed more
appropriate to the project objective: bands 15 and 19, bands 15 and 10,
bands 12 and 10, bands 11 and 10, bands 18 and 2, and bands 13 and 19.
Chi-square analyses were performed on these six tables to test the
hypothesis of independence. The chi-square analysis performed on the
contingency table shown in Table 7 is given in Table 8. The results

of the six analyses are summarized in Table 9.

The hypothesis of independence states that the distribution of the
classes in one band is random, or independent of the distribution of
the classes in another band. |[f there is no independence, as evidenced
by a large calculated chi-square value, an interaction is said to be
present. This implies that the distribution of all or some of the
classes in one band is dependent upon all or some of the classes in the
other band.

For each cell of the contingency table, the chi-square statistic
is calculated as follows:

_ f{ob - EX)?

Chi-~square Ex
row column table
- £0b N z0b N Z0b
~ table table
z0b z0b
where: Ob = observed value of joint occurrence for that cell, and
Ex = expected random occurrence for that cell
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Table 8. The chi-square test as run on the contingency table for Vegetation (Band 10)
and Aspect (Band 11).

COMIFER ERUSH COMIFER/ HARDKOOD HARDMOOD/ GRASSLAMD RO SUM
HARDHOOD WOODLAND
FILAT 1zZ6 22 124 . 7z 155 21 €02
EXPECTED ’ 123 €21 33. Sz 1528, €46 184, S23 181, 25S 20. 52
CHI so 1. 2499 2. 865 4. @S54 9. 567 .212 4. 931 22. €68
HORTH 215 7e res 258 23 38 2x07
EXPECTED . 4c2. ece 14¢. 894 691, 4% 95, 502 &1l4. 145 759. 142
CHI =0 256. 558 33. 826 Se. 127 4. 4328 124. 165 20. 5417 S51. 475
EAST 334 227 737 125¢ 1158 111 2873
EXFECTED Ta7. 472 245. 282 1618. S49 ££5. 21c 1831, @28 132 . e71
CHI =0 254, 135 1. 358 43, 452 S23. 142 1S5. €37 3. €09 £54. 326
SOUTH 482 2 iG44 v 1€34 254 4423
EXFECTED £52. 3.1 2E0. a32 1154, 85S¢ 76Q. 262 1177, 443 151, 746
CHI =0 S. 6B S. 405 16. 495 . 244 177. 631 €3, 822 S31. 24
WEST 1542 35 1341 37e 243 122 4575
EXFPECTED oS58, S2g 255, 8659 1242, 282 8z egn 1244, 52¢ 1€08. 2235
CHI &2 358 B2l 12. 148 12. 641 234. 62% 72. 855 g. 714 78%. 918
COLUMM SUMS 2224 1655 414S 2731 4225 S4S
oL CHI SunMsz 11£2. 904 S5. 299 134. 4€3 815. 356 =36, 168 111 3532
TOTAL St =458835, DEGFEES OF FREEDOM = 20 CHI SCHJARED = . 2E8842E 64

SAMPLE CALCULATIONS: EAST-BRUSH

Row total - Eaii\N le:pn total - Brush
3873 1006

EXPECTED = TE88¢ * 75888 X 15886 = 245.262

Total observed
Observed

(227 - 245.262)2 _

CHI-SQUARE = 255,262

1.360

Expected
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Table 9.

State Park data bank.

Summary of preliminary chi-square analyses of the Big Basin

R No. Of Degrees 2
Nun Soil Component Vs, Vegetation Component Obser- of X
0. o ' vations Freedom
1 Band 15 (8 classes) vs. Band 19 (20 classes) 15632 126 5351
2 Band 15 (8 classes) vs. Band 10 (6 classes) 15632 35 2866
Aspect Band Vs. Vegetation Component
3  Band 12 (9 classes) vs. Band 10 (6 classes) 15928 40 2910
4 Band 11 (5 classes) vs. Band 10 (6 classes) 15928 20 2698
Contour Band Vs. Vegetation Component
5 Band 18 (6 classes) vs. Band 2 (19 classes) 15959 90 1996
NFDRS Slope Band Vs. Vegetation Component
6 Band 13 (5 classes) vs. Band 19 (19 classes) 15948 72 907
Run No. Of Degrees '2
No Soil Component Vs, Vegetation Component Obser- of X
. ~vations Freedom
1 Band 15 (8 classes) vs. Band 19 (20 classes) 15632 126 5351
2 Band 15 (8 classes) vs. Band 10 (6 classes) 15632 35 2866
Aspect Band Vs. Vegetation Component
3 Band 12 (9 classes) vs. Band 10 (6 classes) 15928 40 2910
4 Band 11 (5 classes) vs. Band 10 (6 classes) 15928 20 2698
Contour Band Vs. Vegetation Component
5 Band 18 (6 classes) vs. Band 2 (19 classes) 15959 90 1996
NFDRS Slope Band Vs. Vegetation Component
6 Band 13 (5 classes) vs. Band 19 (19 classes) 15948 72 907
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The chi-square values are summed for all cells to give the chi-square
value for the table with (row-1) (column-1) degrees of freedom.

In order for the chi-square test to be valid, the expected fre-
quencies in each cell should not be too small. Obviously, no cell
should have an expected frequency of less than 1; and Cochran (1954)
further recommends that no more than 20 percent of the cells should
have expected frequencies of less than 5. |n order to meet these con-
straints, some classes from a given band hay be combined with another
class, or eliminated from the table altoﬁether.

A large chi-square Qalue indicates dependence between the bands.
Critical chi-square values are available in most statistical text books.
[f these tables are not available, the following rule can be used to
determine the presence or absence of an.interaction between bands: |If
the calculated chi-square value for the contingency table is near the
number of degrees of freedom, the bands are distributed independently
" of each other. However, if the calculated chi-square value exceeds
three times the number of degrees of freedom, the distribution o
classes of one band with respect to those of another band cannot be
attributed to random variation.

For testing the hypothesis of independence between bands of the
Big Basin State Park data bank, the ''three times degrees of freedom'
rule may be a more appropriate measure of independence than the criti-
cal value extracted from a statistical table. The table values assume
that the measurement of joint occurrence has been made withour error.
Although we attempted to exactly overlay the different components of
the data bank to a common base, some mapping error was inevitably intro-
duced during the resampling procedures (see Section 2.3). While the
extent of this error was different for each input component, it never
exceeded one half of the 60-meter cell. However, because the overlay
error could cause misleadingly high chi-square values for individual
cells, the conservative "three times'' rule was used.

3.1.1 The Soil Component versus the Vegetation Component

Two sets of analysis were performed: run 1 -- Soil Series (8 classes)
versus Vegetation (19 classes), and run 2 -- Soil Series (8 classes) versus

Vegetation (6 classes). For both runs the original soil subseries classes
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(Band 1) were either lumped into the eight major soil series classes
present within the Park or eliminated from the analyses if they did
not occupy sufficient area to meet the chi-square constraints given
in Section 3.1. For run 1, six grassland subclasses were lumbed into
one class in order to prevent the occurrence of expected values of
less than 1.

Both runs 1 and 2 had large calculated chi-square values so that
we must conclude that the distribution of soil series classes and vege-
tation type classes is not independent within the Park. Also, we can
conclude that the distribution of some vegetation types is more influ-
enced by some soil types than by others as is evidenced by the chi-
square column totals. For example, by examining chi-square column totals
in run 1, it was clear that the distribution of conifer subclasses 1 and
3 was much more dependent on soil type than was that of conifer subclass 2
(chi-square 101.894 and 177.472>>35.406). Further, by examining the indi-
vidual cell chi-square values, it was clear that the presence of conifer-1
was more dependent on soil series 167-9 than was that of conifer-3 (chi-
square 43.798>>2.452), and conversely, the presence of conifer-3 was more
dependent on soil series 142-4 than was that of conifer-1 (chi-square
79.409>>12.432).

Based on the results of both run 1 and run 2, we would recommend that
either the soil component or the vegetation component be used in construct-
ing the final sampling frame. Since there is a high measure of dependence
between these two components, the use of both would be redundant. For the
purposes of constructing the frame, the vegetation component with its
inherent finer resolution (nominal pixel size = 1.6 acres) would be pre-
ferable to the soils component (nominal minimum mapping area = 10-20 acres).

3.1.2 The Aspect Band versus the Vegetation Component

Two sets of analyses were preformed: run 3 -- Aspect (9 classes)
versus Vegetation (6 classes) and run 4 -- Aspect (5 classes) versus
Vegetation (6 classes). Both runs 3 and 4 had large calculated chi-square
values, so we must conclude that the distribution of vegetation classes
was dependent on aspect within the Park. Again, by examining the chi-
square column totals in run 3, we further concluded that the distribution

of the pure conifer and hardwood vegetation classes was more influenced by
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aspect than was that of other types (chi-square 1259.506 and 935.419).
Also, by examining the chi-square row totals we concluded that the
distribution of the vegetation types was most heavily influenced on
the southeast and northwest aspects (chi-square 643.485 and 623.522).

3.1.3 The Contour Band versus the Vegetation Component

One analysis was performed: run 5 -- Contour (6 classes) versus
Vegetation (19 classes). The calculated chi-square was significant,
indicating that the distribution of vegetation within the Park was
correlated with elevation zones.

3.1.4 The Slope Band versus the Vegetation Component

One analysis was performed: run 6 -- National Fire Danger Rating

Slope (5 classes) versus Vegetation (19bclasses). The calculated chi-

square was significant, indicating that the distribution of the vegeta-
tion within the Park was correlated with slope.

3.1.5 Conclusions drawn from the Chi-square Analyses

None of the results described in these sections are startling.
Plant ecologists have known for many years that there is a ciose inter-
action between the distribution of soils, vegetation, aspect, elevation
and slope. However, based on these chi-square analyses, we can quantify
the degree of this interaction. Since all analyses indicated high corre-
lations, we can conclude that there is a great deal of redundancy between
these components. Therefore, we would recommend that the vegetation band
be used as the sampling frame for the Park. Since this band is correlated
highly with the other bands, by allocating samples proportionally to the
vegetation classes we should also account for the class ranges in the slope,
aspect, elevetion, and soil gradients.

3.2 Analysis of Multi-Dimensional Histograms

At the request of the Department of Parks and Recreation, personnel
from the RSRP developed the needed software so that multidimensional
histograms could be produced for selected bands from the Big Basin data
bank. It was hoped that the resulting histograms could be used to allo-
cate ground samples more efficiently than could be done from the results
of the pair-wise chi-square analyses.

Two multidimensional histograms were constructed for three and four

bands, respectively: Vegetation (19 classes) x Aspect (5 classes) x Ele-
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vation (7 classes); and Vegetation (19 classes) x Aspect (5 classes)

x Elevation (7 classes) x Soils (8 classes). An example of the output
for the three-band histogram which has been sorted for the three conifer
classes is shown in Table 10 and a summary of the three and four-band
histogram is given in Table 11a and 11b.

Based on the initial analysis of the two multidimensional histograms,
we concluded that neither would be useful for defining the ground sample
framework, because either histogram would require too large a ground sample
if multiple samples were to be allocated to each vector. Although the
histograms indicate correlation between the bands (the numbervof observed
vectors was less than the number of possibie vectofs), the correlation
should have been higher. Many of the uhique vectors had only one to five
ovservations which were probably noise that was caused by the inherent

errors of overlaying data from different components. Until the overlay

process can be done with less error, which may not be possible with the
quality of many sources of input data to data banks, the analysis of
multiband histograms may not be appropriate.

4.0 Results and Future Work

Based on the chi-square analyses, we decided to proportionally
allocate the ground sample based on the number of spectral vegetation
classes in Band 19. A random number generator was used to selex pixels
within each vegetation class to represent ground samples. A listing of
the pixels selected for the conifer-1 class, along with the associated
hypsographic, soil, and ground coordinate data, is given in Table 12.

A thematic map, represenfing the conifer-1 class and the selected ground
data points within that class, is given in Figure 3.

Throughout the summer and fall of 1981, personnel from the Santa
Cruz campus will be performing field work in the Big Basin State Park to
verify the accuracy of the data bank. |In order to carry out this effort,
the UTM east and north coordinates were plotted to orthophoto map sheets,
and these coordinate pairs were transferred in turn to large-scale aerial
photography. The annotated aerial photos will be used by personnel in

the field to navigate to each spot at which field observations must be made.
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Table 10. An example of the three-band histogram that was sorted on the
conifer classes of Band 19 of the Big Basin digi;al data bank.

Vegetation Aspect Elevation
Count # Label # Label # Label
7 1 OM-1 N OFLAT 1 0-400
y 1 <Nt 0 FLAT 2 400-ApD
1 1 LON-3 0 FLAT 3 RprL-1200
7 3 TON-% 1 N 1 0-200
P 1 (ON-1 1 N 2 ¢€0G-2ng
ne 1 JONN-1¢ 1 N 3 PFoU-1200
7 1 L0N-1 1 N 4 12-15p0
Lt 1 Zol-1 2 ¢ s 0-400
KRS 1 "ON-1 2 E 2 4p0~-800
5 1 CON-t 2 E 3 80G6-1200
oS 1 oM-y I s 1 0-200
b 1 UON-1 3 S 2 ¢plh-8np
3 1 0H-1 S s 3 Ego-1700
2 1 ©0H-1 3 s 4 12-1600
e 1 L0N-1 ¢ 1 0-4018
6? 1 M HES 4 v 2 400-AnD
) 1 n0u-1 4 3 £06-1200
1 1 L0n-y 4 U 4 12-1600
3 1 “0N-d 4 o 5 16-2000
9 2 L0h=2 0 FLAT 1 0-400
9 ? IN-2 N FLAT 2 20G6-8n0
é 2 -0l-2 N FLAT I eph-1o00
- B L] n O FLAT 4 12-16n0
ol bl VD=2 1 H 1 =400
4, 2 UON-2 1 N 2 630-Anp
i1 z JON-2 1N I gapg-1000
33 2 I0d-2 I N 4 12-1600
2 2 10ON-2 TN S 16-20n0
g 2 0K-2 2 FE 1 0-c00
To 2 0OK-2 ? 2 ¢pu-8no0
L 2 .0K-2 2 E 3 En0=~1200
? 2 ION-2 ? B "4 12-16n00
2 .2 .0M-2 2 F 5 36-20n0
b2 2 toH-2 3 s 1 0-400
43 ?._0N-2 3 s 2 40nh-gq0
w7 2 ION-2 3 s 3 FEOG~1o00
2. 2 L0N-2 3 s 4 12-16n0
‘ 2 ON-2 3 s 5 316-2000
S ? L0Li-2 4 W 1 0-400
143 2 1OH-2 4 W 2 40P-E&ng
2i P UnN-2 49 W 3 Pof-1o00
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Table 11.

(a)

Summary of three-band (a) and four-band (b) multiband histogram
for Big Basin State Park, California.

Three-band histogram: Vegetation (19 classes) x Aspect (5 classes)
x Elevation (7 classes)

Number of Pixels: 15,958
Total number of unique three-band vectors: 437
Total number of possible three-band vectors: 19 x 5 x 7 = 665

Range of vector counts: 1 to 330

Four-band histogram: Vegetation (19 classes) x Aspect (5 classes)
x Elevation (7 classes) x Soil (8 classes)

Number of Pixels: 15,958
Total number of unique four-band vectors: 1,67k
Total number of possible four-band vectors: 19 x 5 x 7 x 8 = 5,320

Range of vector counts: 1 to 283
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Table 12.
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ens

€15

23e .

23§
€40

A listing of the randomly selected Conifer-1 pixels which will
be verified in the field in the summer and fall of 1981. .The
distribution of these pixels with respect to the Conifer-1 class
within Big Basin State Park is shown in Figure 3.
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Figure 3.

Distribution of the Conifer-1 class (yellow) within the
Big Basin State Park (white). The blue pixels represent
those of the conifer-1 class which were randomly selected
for ground verification.

2-186




5.0 Literature Cited

Benson, Andrew S. and Louisa H. Beck, 1979. An investigation of the
uses of digitally mosaicked Landsat data for mapping wildland fuel
hazards in Mendocino County, California. Space Sciences Laboratory,
Series 21, lIssue 1. University of California, Berkeley.

Cochran, W.G., 1954. Some methods for strengthening the common
x2 tests. Biometrics, 10, 417-451.

Deeming, John E., Robert E. Burgan, and Jack D. Cohen, 1978. The
national fire-danger rating system -- 1978. USDA Forest Service
Technical Report INT-39, Intermountain Forest and Range Experiment
Station, Ogden, Utah 84401.

2-187




CENTRAL CALIFORNIA STUDIES

Co-investigator: John E. Estes

Scene Analysis for Wildiand Fire-Fuels Characteristics
Using Landsat and Collateral Data

by
Michael J. Cosentino, Curtis E. Woodcock and Jdanet Franklin

Determining the Feasibility of Using Remote Sens1no
Techniques to Detect Salinity Related
Cotton Canopy Reflectance Dirferences

by
Elaine Ezra

‘May, 1981

Geography Remote Sensing Unit
University of California
Santa Barbara, California 23106




TABLE OF CONTENTS

3.0 CENTRAL CALIFORNIA STUDIES . v v v v v v v v v v e e e v e 3-1

3.1 Scene Analysis for Wildland Fire-Fuel Characteristics

Using Landsat and Collateral Data . . ... ... . ... . . . 3-3
3.1.1 Introduction.. . . . . . . ¢ ¢ ¢ v v o o v v o e 3-3
3.1.2 Background . . . . . .. e e e e e . W e e e e e 3-5
3.1.3 Study Area . . & . . i i i e e e e e e e e e e e 3-5
3.1.4 Approach . . . . . & . . i i i i e e e e e e e e 3-5
3.1.4.1 Llandsat Processing. . . . . . . . . . .. 3-8
3.1.4.2 Incorporating Collateral Data . . . . . . 3-12
3.1.5 Conclusions and Recommendations. . . . . . . . . . 3-17
3.1.6 User Commitment. . . . . . . . . « v v ¢« v o o v 3-18
3.2 Determining the Feasibility of Using Remote Sensing
Techniques to Detect Salinity Related Cotton Canopy
Reflectance Differences . . . . . . . . « « « « v+ v . . 3-
3.2.1 Objectives . . . . « ¢ ¢ i 0 i i i e e e e e e 3-
3.2.2 Relevante. . . . v v v v v v e v v e e e e e e e 3-
3.2.3 Procedures and Expected Results. . . . . . . . .. 3-
3.2.4 Future Work. . . « . . . v ¢ o . . e e o v 3-




SCENE ANALYSIS FOR WILDLAND FIRE;FUEL CHARACTERISTICS
USING LANDSAT AND COLLATERAL DATA

Michael J. Cosentino, Curtis E; Woodcock, and Janet Franklin
Geography Remote Sensing Unit
University of California, Santa Barbara

3.1.1 Introduction

During'the dry summer and fall seasons, wildfires are-a threat to homes;-

lives, property, and natural resources in_Ca]ifornia. The perennial wildfire
problem in Southern California results from the combination of densely
populated areas scattered among broad expanses of highly flammable chaparral.
brushlands in rugged terrain, and hot, dry Santa Ana winds which often blow
"at speeds of from 100 to 160 km/hr. These conditions create an extremely = -
explosive wildfire potential. 4
In California, the annual cost of extinguishing wildfires regularly

exceeds $50 million. Damages directly attributable to wildfires can be
devastating and often reach $100 million per year. However, the damage

- resulting from the fires does not end with the fire itself. Damages causéd_
by erosion and flooding after a fire can be more severe and long lasting’
than -those caused during the fire. ~Thé “fire and flood cycle" is initiated :
when a wildfire destroys the vegetative cover that protects the soil. Heavy
winter rains cut deep into hillsides and ridges removing tons of topsoil.
Unimpeded by vegetative cover, the runoff accumulates as it moves through
the watershed. Not only can ft destroy communities and take lives, but this
mass of sediment-laden water and deb}is tan‘fill'reservoirs-wiﬁﬁhéilt; -
destroy streams and wildlife habitat, ruin grazing land, and cause mud-

slides that strike hqmeslroadﬁ, and other structures.




fm“#%ol1owidg a diéastrbdém%{}é';eéébﬁ {ﬁ“ié§b;ﬂdﬁéﬁ"w§§é¥€}é"dé§££oyééu
1,000 Homes, ki]]ed'14 peop]é, and burned over 200;000 hectares (500,000
‘acres) at a cost of $233 million for fire damage and suppression alone,
Céngress charged the U.S. Forest Service with development of a system for
coordinating wildfire attack by federal, state, county; and municipal fire-
fighting agencies in Southern California. The Congressional order resulted
in the establishment of a program in 1972 called FIRESCOPE (Firéfighting
Resources of Southern California Organized for Potential Emergencies). The
program serves 7 Southern California counties covering approximately 6.5 )
million hectares (16 million acres). The Operations Coordination Center

.in Riverside is staffed by Forest Service, California Department of

Forestry, and California Office of Emergency Services personnel. During -

éétuéim%%re'é§%uéfiéns, thééé'préfeésiona1s, along w{th cbunty and muni-
cipal fire chiefs, determine priorities for deployment of fire-fighting
resources,

A compuier.program called FIREMOD, which will be used to predict fire
spread rate and intensity, is currently being developed by FIRESCOPE. This
computer simulation model requires-data on vegetative fuel characteristics, - =+
térréin-Sfbgé,.wfnd speed énd.dfrectjon, and hUm{dity:  The'simulétion  N
"model predicts the location of fire perimeters in 6 to 12 hour burning =
periods, which can be used to assist in the allocation of firefighting
resources. To provide the data to drive this model, automated weather
towers have been installed along the Santa Ana wind channels to monitor
changes in winds, air‘ﬁempErafufe and humidity. The'étationé_traﬁsmit
- data via satellite to FIRESCOPEAin Riverside to help predjbt’the-efféét'
of imminent wind and weather changes on fire behavior. Digital terrain -

'models are also being developed for the FIRESCOPE area to provide data for




the FIREMOD computer mode]. Terrain slope angle exerts a significant
influence on fire spread rate, and this effecf has been QUantifiéd by

~ Rothermel (1972) and Albini (1976). Therefore, tWo of the three data sets
which dfive the FIREMOD computer model are in place (weather and.terrain)!
The third data set, which is site-specific information describing vegeta-
ltive fuel characteristics, has yet fo be developed. The pu}pose of this
paper is to present the findings of a research project (NSG-7220) funded

by NASA, Office of University Affairs and the U.S. Forest Service-FIRESCOPE

- Program, undertaken.to evaluate the potential of using remotely. sensed and
collateral data in a geographic information system framework to provide maps
of chaparra]hvegetation characteristics for input as a fuels database in

the FIREMOD computer modél. ™

3.1.2 Background

A fuels database, designed for use in fire spread simulation models,
should describe the veggtation in terms of its effect on fire behavior.

Rothermel.(i972) and A]Bini (1976), among others, have deVeToped"methpds' .

..fqrm¢§t1mqﬁing;fire pgﬁﬁyjquiqhterms of fire 1n;en§ity ahd rafe of spéeadﬂ _.4.4

Fuel parameters wich are either directly input to the fire spread/intensity
models, or considered in their construction, are those that describe pro- °

perties of the chaparral which influence fire behavior. The physical

characteristics of chaparral which affect fire behavior include spatial ¢on-

- tinuity, branching habit, size class distribution of the biomass, total.and. .. - - oo

standing biomass, and the ratio of 1iving to dead plant material (Philpot,

1977). Chaparral typically grows.in dense, spatially continuous stands. -
8réak§ in stand contindity wi]i géﬁefa!]y'é%fect the mqhentgm of .fire pro-
_.pagation. The branching pattern of chaparral brush species 15A5U9h_that.

--.ﬁuliip]é stéms-ofﬁginate from a Fbot crown.- Thﬁs~gronH§?6rh.feéﬂitéﬁih&:-u--




" a higher ;urface-area-to-vo]ume ratio than single, large stemmed plants,
which significantly impacts the heat release (intensity) and duration of
burning. Another characteristic of chaparral vegetation which contributes
to its flammability is the substantial increase in the amount of standing
dead woody material as the plant ages. This parameter affects fire behavior
because 1ive fuel requires heat to drive off moisture before combustion

can occur, and thus acts as a heat §igg, Dead fuel, on the other hand,

is readily ignited and available as a heat source (Rothermel and Philpot,

1973).

3.1.3 Study Area

The study area used in this research is a 7.5 minute quadrangle in the
inland foothills and mountains northeast of Los Angeles in the Angeles |
National Forest. The area is characterized by a Mediterranean climate with
warm-to-hot summers and mild winters, and a continuous marihe influence.
Winters are moderately moist (400 mm precipitation), summers are hot and

dry, and include long periods of hot sun. There is a wide diversity of

. drought-resistant cover types in the study area, which represents most of

the diversity in the Southern California fire prone areas. The vegetative
cover consists of mixes of severalitypes of chaparra],'grassland,_oaks,

scattered conifer stands, and riparian vegetation. The majority of soils
occur on steep slopes and are shallow and coarse-textured, with rocks and

gravel throughout the matrix.

3.1.4 Approach

The approach adopted in this initial study is to use remotely sensed
and collateral data to provide several types of spatial information abouf

vegetation characteristics. The Under1ying'assumption is that these vege- - ..
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tative characteristics are ré]ated to the parameters identified as important
because such barameters as size class distribution of the bfomass, 1ive/dead
ratio, and branching habit could not be directly ascertained from available
remotely sensed or collateral data sources.

Landsat data was used in an automated classification procedure to pro-
duce vegetation type and density labels. Landsat data has been shown to be
strongly related to the basic structure of vegetatioﬁ (Woodcock et al., 1980).
Thus, the vegetation types created in the Landsat classification are pri-
marily physiognomic, or structural in nature. This physiognomic classifi-
cation is expected to have significance for fire behavior because several

of the characteristics identified as important for fire behavior are pri-
marily structural. Branching habit and the size class distribution, though
not specified by the physioanomic classes, should be signif{cantly different
between classes. The dénsity component of the Landsat label can be used as
an indication of the spatial contiguity of the vegetation cover.

The information available in the Landsat-based type and density classes

can be enhanced by the use of collateral data. Fire history data can be

used to provide live/dead ratio information. The live/dead.ratio in chapar-. . . . -

.ra1 végetatipn is related to the age of the vegetation (Rothgrmel dnd
Philpot, 1973).. Using the time to the last burn as the.age of ;he vege-
tation, another paraﬁeter identified as significantly jnf]uencing fire
behavior.can be obtained. | |

Field observation has indicated that there are subtle variations in
several vegetétion characteristics that are important.for fire behavior
within the Landsat-based vegetation type and density classes. This varia-
fion éeems to be corre]ated‘with'changes fn the quality at the site fo}-

plant growth (Kittredge, 1939). Thus, a spatial ecological model predic-
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ting site quality could be used to reduce the effect of within class.varia-

tion in burn characteristics of the Landsat-based classes.

3.1.4.1 Llandsat .Processing

Registration. The first steb of the Landsat processing was to registgr a
sub-image of the Landsat data to the digital elevation model (DEM) terrain
data. The DEM data had an original spatial reso]ution of thirty neters,

but was resampled fo fifty meter grid cells. Al1l data layers were resampled
to fifty meters to match the grid cell size used by the FIRESCOPE project. |

‘The Landsat data was registéred to the digital terrain data because the

digital terrain data will eventually serve as the reference layer for the
FIRESCOPE database. The Landsat data was reg1stered to ‘the terrawn data
. through the use. of ground contro] po1nts and a_rubber sheet1ng algorithm.
A procedure was formulated to assist the difficult task of precisely loca-
ting ground control points on the terrain and Landsat images; Since the DEM
terrain data was derived from ortnophoLo quadrangle maps, the orthophotoduad
~of the study area was put on a coordinate d1g1t1z1ng tab]e and the four _
_corners of the orthophoto quad Ground conyrol po1nt ]ocatlon sxmply |
-~1nv01ved f1nd1ng correspond1ng p01nts on the Landsat Band 5 1mage and
_the orthophotoquad; determining the Landsat line and sample of that po1nt;
.on an enlargement of the study area; and digitizing that samé point on
-the orthophotoquad,Hwhergby the coondinate values which nere displayed
on'the digitizer were'those of the DEM terrain file. These two seté_of' -
) coordinates for each point were then used to precisely register the Landsat
to the terrain data. .The strong spectral cgrre}at{on nétnean,fne'dntndfl_;A»H

phdtoquad.and tné Landéat Bandus fmage éreatﬂy.faéd]itaiedafnﬁé:bkddéduré;n L




Texture Fo1]ow1ng reg1strat1on, a texture 1mage was created from the

Landsat Band 5 image. These two images are shown in ngures 1 and 2. Tex-

ture has been shown_to enhance differentiation of natura1 vegetation types

(Strahler et a].,'197§). Texture has long been identified as a major
source of information in manual image interpretation protesses, and should
also be included in automated classification procedures. The texture
channel used in this project fo11ows the suggestion of Logan et al. (1979).

To create the texture image, a moving window of three-by-three picture

elements (pixels) is passed over the image. For each three-by-three window .. ..

the standard deviation of the nine brightness values is computed, scaled,
and placed in the location of the center pixel. This value provides a

quantwtat1ve measure of the local tonal varlat1on wh1ch a1ds the d1fferen-

iation of vegetat.o” types that have s1m11ar soectra] responses but differ-
ing spatial occurrence patterns.
Past experience in manual interpretation of vegetation types in areas

with Mediterranean climates had- indicated that different types of chaparral - .

generally have associated textures. Soft chaparral.is typfca11y'Very'batcny -

o and 1rregu1ar in 1ts Spat1a1 d1str1but1on, resuTtxng in high’ texture va]ues T

| M1xed chaparra] is more homogeneous in spat1a] cover than soft chaparra]
and cou]d be associated with ]ower texture values o t -

) The.texture channe] was included with the Landsat data as.a pseudosoectrai
~one -in the c1assification procedures The Landsat and texture data-were
c]ass1f1ed into vegetation type and dens1ty c]asses using an unsuperv1sed

c]assf11cat1on approach f1rst reported 1n Strah]er et al. (1979). Unsuper—'”

- v1sed c1a551f1cat1on is particularly effective for natura1 vegetation classi- -

fication due to the continuum of variation found in natural vegetation
‘scenes.
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Classification. The first step in the unsupervised classification precedure
is clustering of the input data layers. In thie step, c0mmpn Tocations ih |
spectral measurement are identified and stored as means and variances‘for
future processing. These "clusters" are constrained to represent very small
portions pf measurement space.alThe undef]ying asspmption pf thié proeedpre
is that each cluster correspohds to only one vegetation type, and that some
vegefatiOn typeé may‘be comprised of several different clusters. Thus, a
large number of spectral clusters are created that‘hi]] eventually be_"'
merged .and edited into.a -greatly reduced number of finai.classest. This. ..

approach also helps reduce the impact of differential illumination due to

"high topographic relief and low sun ang1e at the time of the Landsat oyer-_
_ passf_ Ind1v1dua1 cover types that conta1n spectra] var1at1on due to A
illumination and ref]ect1on geometry, can be expressed as a 1arge numberA |
of classes with Tow variance rather than a smell number of classes with
high variance. - Even with this approach, haweper, confusions can still
arise when different vegetation types have the same- spectra] swgnature due
to changes in 111um1nat10n and ref]ect1on geometry. Th1s situation was
“tmThTmﬁzed"byfGSefbf“a“Léthét"fepé_wfth évréthiVe1y'high:SUthWeQaﬁfph;”;;;if;;p
ane was,nopufound to be a efgnifieant phob1em in this project.

- FoTlewing c]ustering of the image, the speetré1’c1ae§ee-hﬁéf be‘edited
~ into the final classes. This editing is accomplished in two phaSes;’a" e
spectral ed1t1ng phase pr1or to the c]assxfﬁcat1on of the- 1mage, and a L
‘spat1a1 -spectral ed1t1ng phase fo]]ow1ng 1mage c]ass1f1cat1on Ih‘the_;;
spectral editing phase, the spectra]»c]usters are 1hput to a comp1eteA
‘ 1inkage’gﬁpsteting a1gorithm“that'pperates‘qh;e sfendardjzedAdfstance T
matrix. In eésenee, this procedure amounts .to "elustering the clusters"

and produces a dendrogram of -the classes. The dendrogram ideniifies3spectra]_---




clusters that are similar and may be pooled with little risk that clusters
corresponding.to different vegetation types are being combined inte the.
same'cluster.

The clusters rehaihing'efter the spectral editing phase are used as -
input to a pare;;e;epipgg-uhaxihum likelihood classifier. In the parallele-
‘piped phase, "windows," measured as a user-specified number of standard

_deviations, are created around the heans for each class. Each pixel is then

compared to each c]usterAto see if the brightness value for each channel

results for each pixel. If the pixel's brightness values do not fall

:through alil Qf the windows for any one cluster, the_pixel is designated'

as unc]ass1f1ed If the pixel's brightness va1ues fall through ‘all the
Au;hdnws for any one c]uster, then the p1xe1 is ass;gned to the c1ass “

number corresponding to that cluster. If the pixel's brightness values fall
through the windows of two or more clusters, a maximum likelihood criterien‘

. is 1nvoked to determ1ne which cluster of the possible cand1dates the .

~jp1xe1 is most likely to be1ong to.

i

aggregation of spectral classes into vegetation types. This task is ‘
" accomplished through interactive viewing of spectra1 classes to determine
’ thEIY spatla] cont1gu1ty and surface cover type Th1s step of the class1- -

fication requires the most analyst 1nput and, to a major degree, determ1nes

" entiation of c]asses 1s determ1ned and the spectra1 classes to be comb1ned
into a s1ng1e vegetat1on type are 1dent1f1ed | R
Dur1ng the spatial-spectral ed1t1ng phase, it was not1ced that the
areas des1gnated as unc]ass1f1ed were characterized by several different

~ cover types Thus, it was impossible to provide an appropriate label to

BT b

..falls inside the windows for that_cluster. There are three possible. . . . _ . .

“The spatial-spectral ‘editing phase”of ‘the classification~involves—~ - === o

the qua]ity of the fina] c]assification. In this step, the 1eve1 of differ-



"~ to any original spectral class that was determined to include too wide a |

‘the unclassified pixels, which comprised approximately four percent of the
image. To alleviate this problem, a mask was created of zero's for classi-
fied areas and ones for unclassified. This mask and the raw spectral and
texture'data were multiplied, essentially eliminating the raw data in
areas'previous1y classified. Then, the modified spectral and texture data
were processed according to fhe classification scheme just described. The .
result was the divisioh of'the previously unclassified pixels into seveha}
classes that could be labeled indépendent]y, and merged into the appropriate

cover types. This approach allows the guarentee of full scene classification,

which is very important for this application. In the fire spread computer
s1mu1at1on mode]s, the fire has to spread through each pixel, -so the burn

character1st1cs of each pixel are important. Th1s procedure cou]d be app11ed.q-um

range of vegetat1on types '

The final Landsat- based classes are listed with their assoc1ated acraagee
:‘1n Table 1. Thehe are twelve final classes that ;orhe;gehd_to_ﬁhe_gifferf“;'
--entiation of six vegetation types with three density distinctjons for threef
: of»those'typesA(seevFigure 9) The dens1ty distinctions were_removed. to . _l_.,
-produce a more genera11zed c]asswf1cat1on map by aggregat1ng the c]asses S
into the six vegetation types. The resu1t1ng c1ass1f1cat1on.map may be ".." ‘
~useful for ffre mahagement»needs other-thah fhelcemputer simd]atioh models,'-.
.Fof exembie;-ihis généré]%zed Vegetafion,ﬁep,may.be helpfﬁi'io“bn;s%fe'f{fe; -

fighters in pre-attack planning.

‘>3.1.4.2" Ihcorperatfhgfce1iaterai Data
- Landsat-based classification is capable of providing basic vegetation
type and density distinctions. These distinctions contain.useful informa-.
tion concerning some of the characteristics of vegetation identified as.

~important for fire behavior.  However, processing of Land;at,data,alone ,
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Table I. Acreage Summary for 12 Vegetation Type/Dens1ty Classes

Class . P1xe1s Acres Percent Descr1pt1on

1 6900 4600 10.607 Mixed Chaparral/Low

2 11922 7948 18.327 Mixed Chaparral/Medium

3 43800 3200 7.379 Mixed Chaparral/High

4 3239 2159 4.979 Mixed Chaparral/High-w/0aks/Medium

5 1783 1189 2.740 Mixed Chaparral/Med-w/Mixed Trees/Low

6 1437 958 2.209 Mixed Chaparral/High-w/Mixed Trees/H1gh

7 3726 2484 5.728 Conifers/Medium

8 3602 2401 5.537 Soft Chaparral/High
-9 13446 8964 ~ 20.670 =~ Soft Chaparral/Medium "~ """ 7 7 7

10 2354 . 1569 3.619 Soft Chaparra]/Low

11 10597 7065 16.290 Grass

12 1246 830 1.915 Sparse/Barren

cannot be expected to prov1de 1nformatwon about all of the vegetatlon
characteristics influencing fire behavior. Thus, to provide 1nformat1on

about these other characteristics, collateral.data sources must be.used.

- Fire History. One collateral data source that was used to enhance the .

Landsat-derived information was fire history maps. Fire history determines

~ the time to the last burn of an area, and can be»used-as‘anvesttmate ot.the_
'age of the_vegetation. Chaparral specjes‘haveAfire'adapted reproductive _“

Al mechanisms,=so-most"areas are revegetated“in~short-periods-of-time followihg-v -
bu}ns. The age of the Qegetation-is re1ated to the.proportioh otAthe stahd;-”.” N

- ing biomass'thatvis dead, whick is one factor that directly inf]uehces fire_
" behavior: Thus, fire history maps “for the study area were d1g1t1zed and e

registered. to the:database The d1g1t1zed fire boundar1es were processed-itﬂ

- to produce a d1g1ta1 1mage where each p1xe1 was ass1gned a va]ue assoc1ated o

‘ w1th the time to theé last burn. The d1g1ta1 f1re history is shown in F1gure '
0ver1ay1ng the f1re h1story data on the Landsat der1ved vegetat1on type o
-and dens1ty classes a]]ows further part1t1on1ng of those c]asses based on -

the age of the vegetation. Based on .the s1gn1f1cance of the live-to-dead




ratio in fire behavior, this simple procedure may significanfiyAimprove the

quality of the information that can be provided.

Site Quality. 1In an attempt to provide information beyond the Landsat

classification and fire history data, a site quality model is being deve]oped
through the use of several collateral data sources. The site quality model
is expected to help within-class variation in total biomass of the Landsat
vegetation type density classes. Within vegetation types there are subtle
variations in growth rates that influence the'accumu1atfon of total bfomass; :
Distinctions of this kind within vegetation types cannot be otained through”
the use of Landsat data alone; but may have signifftant'jmpact on fire
behavior. Total biomess can be partitioned into_standing bfomass and_accumu-

lated- Titter or duff.. Both standing biomass and accumulated litter influence ... .

fire behavior and should increase with site quality. Site quality in the
FIRESCOPE area is-expected to be determined principally by water evai1abi1ity.
Since water availability is influenced by a large number of factors, the
site.quality‘ﬁodeT reduifes the écehmulation of many'data_1ayef§.: Tﬁe_
__attempt ﬁb qeveldp.augite;qpeljty_medej“bésed;on multiple input data layers
shifts the research from being primarily a remote seﬁs{ng abp1ieetion te.eﬂ-
geographic information system application using remofely_sensed deta.

The firs; impoqfant_stepAfn the deye1opment pf»a_gi?e;guejjty moeel
is” to accumulate data layers containing the variables that exhibit the bri-
mary effects on site quality. Since site quality is expected to Be related
primarily to water availability, the pertinent variables should explain- -
-the main factors influencing the local water budget. At the present time,
1the sééé quality model is still in the phase of demonstrating that fhe
variables necessany for the model can be expressed in a spatiel,.digitel

manner and included in the database.
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Precipitation data were obtained from the Angeles Netiona1 Forest in
the form of precipitation contours which were derived from rain gauge
point samples. Variations in the data are primarily due to orographic
effects. Theee data were digitized and registered to the database (see
Figure 4) and each 50 meter pixel contained data regarding the inches of
precipitation that occurred in the previous year. Since the site quality
model is intended to produce information about a phenomenon that has occurred
over a number'of years, namely accumulation of biomess, the absolute mag-
nitude of precipitation data is best viewed as a reletive precipitation

map.. These data provide a baseline indication of the moisture avai]ab]e

from precipitation. 'Modificatidns"to this baseline data'are'effectswresu14‘ T

t1ng “from slope form, 5011 types, and relative solar insolation.

'] ata were also obta1ned from the Angeles National Forest Compre-

So s d
hensive soil descriptions had not been fjna]ized by the USFS in time to be
“included in the final products of this paper. Only soil boundaries were
labeled as such. Ffor this reason, no detailed data were.produced wﬁich

relate areas wifhin.the_bounderies to actual soil classes. Eventually,

~ spil types could be aggregated according to their physical properties that - - -

influence water availability and included in the model as-categorical
treatment effects. The physical properties that are expected to affect
watér availability the most are depth and texture of the soil. Also, soil
types may influence site quelities in ways unrelated to water availability.
"In part1cu]ar effects on b1omass accumu]at1on due to tox1c 50113 may be )
included in the site qua11ty mode], outside the dom1nant water ava11ab111ty
: empha51s | - “ '

One important data layer for the water evaiiabi]ity mode1‘ié the

relative solar insolation received at the individual picture elements in
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the area. Incident solar irradiance provides the energy for evapotrans-
piration, which is the main desiccating force in Mediterranean climates.
Expected solar illumination can be calculated for individual pictufe elements,
at any given day and time if the slope angle and aspect, and latitude and
longitude are known. The slope angle and aspect data can be derived from
the digital elevation model. - A slope angle image is illustrated in Figure
6, and a shaded relief map, derived from the slope asﬁect image, is shown -
in Figure 7.-'The incident solar illumination can be integrated over a
single day and sdmmed for any number cf days to provide a relative expected
solar insolation image for a specified time period (Dozier, 1980). A solar
njllumination image for the study area is shown in Figure 8 for the t{me of ,
the Landsat overpass which was used in this research. | | |
Another factor thaf influences the water buddet at a given point is
the shape or form of the slope. Canyons, or coves which are concavé in
shape will accumulate water from overland %1ow and <oil throughflow, while
. ridges lose water by these same processes. Thus, a tocpographic positién
:(s1opé form) model is being developed, which measures the degree of curva-
ture of a slope‘fn two directions. In this model, a second order surface -
is fit to the elevation values for a three-by-three window surrounding each -
pixel using a least squares critérion. A primary axis is then estaﬁlished |
as “the direction of most rapid change in the surface. Thé physical inter-- -
pretation of this primary axis is the direction of the sfeepest slope from
the center pixel either up or down the slope. A secondary axis is defined
" that is perpendicular tovthe>primafyAaxis and éan be'intéfpretéd>és the  |
direcfion across theﬁélopé. -fhe.second derivative in the direction of
each axis is computed and sca]ed for output. AIf the second derivétive is
positive in both directions, the point is at the top of a hill or on a

ridge, and if it is negative in both directions, it is in a cove-shaped
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location, with all possible combinations-between these two extremes.

'The important step remaining in the development of the site quality
model is to determine the relative magnitude of thé influence on site qha]ity,
of the vatiables included in the dataSase. There are two fundamenta]
approaches to the solution of this prob]em;' One épproach is to weight the
contribution of the variables according to-some predetermined theoretical
mo@e].- The other approach involves estimating the contribution of the -
variables through the use of field samples and regression techniques. In

this approach, field samples that measure moisture availability for atil

ranges and combinations of the independent variables could be used in a
multiple regression ‘analysis. Measured water availability would serve as
- the dependent variable, while the resulting coefficients for the %ndependeﬁt

variables would determine their relative influence.

43.1.5' Concluéion
‘Landsat spectral data can be combinad with a syn%hesized fexture channel

in an unsupervised c1ass1f1cat1on procedure to provide a phy51ognom1c vege- -
tation classification. Although s or1g1na]1y deveYoped for forested areas,use
in a chaparral environment serves to further establish the v1ab111ty of
these techniques for natural vegetation classification. However, some
vegetative characteristics that influence fire behavior vary significantly
within.the Landsat-based classes. In order to reduce this wiiﬁih;c1a$s 

~ variation, collateral data sources must be used. Fire history maps,Awhen
ava11ab1e provxde an eas11y used source of vegetation age data, which is

-an 1mportant factor 1nf1uenc1ng f1re behavior. Another factor that varies
significantly with vegetation classes is to;q? bjomags. Differgnces in
local growth rates are due to variations in site quality and account for

this within class variation-in total biomass. Thus, a spatial site quality
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model could be used to explain that'Yéf%?t%SE: Development of a site -
quality model requires two fundamental steps. The first step is to demon-
strate that the main factors influencing site quality can be‘represented
digitallly in a spatial manner. This Step has been accomplished through

the registration'of precipitation, soil type, solar illumination, and slope .
form data. -The second step, whi;h requires further reéearchf i§ the devei-

opment of .a model that specifies. the magnitude of impact of the individual.

input data }ayers on site quality.

3.1.6 -User Commitment -

The results of this project have been very encouraging, and the Forest

~ Service has substantiated this by requesting that UCSB/GRSU submit a propo-

sal to the FIRCSCOPE Program. We have been asked to propose a coopérative
agreement between the USFS, the University of California at Santa Barbara,
and the 257 cooperating agencies in the FIRESCOPE Program area to further

- the development of a fuels database for the FIRESCOPE Program area.
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FIGURE 1. LANDSAT BAND 5 IMAGE.
This Band 5 image displays the Condor

Peak 7.5 minute quadrangle study area.

All other figures are registered to
this area in 50 meter square pixels.

FIGURE 3. FIRE HISTORY IMAGE.

This digital image snows the time to
the last fire. The data was digiti-ed
from U.S. Forest Service maps. Light
values indicate more recent burms.

FIGURE 2. STANDARD NDEVIATION IMAGE.
This "texture" image was derived from
Landsat Band 5. It quantifies local
tonal variations, where bright values
depict spatial variability in spectral
values. This image was also used in
the classification nrocess.

GURE &.

PRECIPITATION IMAGE.

|
-
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Y

11s imape was created by digitizing
sohyvetals derived from noint source
ain gauge data for a single vear. It
ndicates relative rainfall patterms.
ight values represent higher rainfall.
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FIGURE 5. SOIL TYPE BOUNDARIES.

This image was digitized from USFS
soil maps. When soil descriptioms

are finalized, grey values, correspon-
ding to these descriptions, will be as-

ggned to areas within the boundaries.

FIGURE 7. SHADED RELIEF IMAGE.

This image was derived from the DEM
terrain data. The image shows the
area as if it were illuminated from

i G\

the northwest at a 60 degree zenith
angle (typical of shaded relief maps).

FIGURE 6. SLOPE ANGLE IMAGE.

This image was derived from digital
elevation model (DEM) terrain data,
which will serve as the reference
layer in the FIRESCOPE database.
Bright values indicate steep slovpes.

FIGURE 8. SOLAR ILLUMINATION IMAGE.
This image disnlays the expected in-
cident irradiance at the time of the
Landsat overpass. Note the strong
relationship between this image and
the Landsat Band 5 image.




= lMixed Chaparral/Low
Mixed Chaparral/ifedium
Mixed ChaaparralfHigh
ilixed Chaparral/High-w/Oaiis/Medium
Mixed Chaparral/ifed-w/Mixed Trees/Low
Mixed Chaparral/High-w/¥ixed Trees/High
Conifers/ifedium
Soft Chaparral/High
Coft Chaparral/iledium
Soft Chaparral/Low
Grass
parse/barren

FIGURE 9. LAWDSAT FUELS CLASSIFICATION OF CONDOR PEAK 7.5 MINUTE OQUADRANGLE.
The spatial distribution of wildland fuels are depicted in this Landsat-based
classification. Enlarged area shows individual 50 meter scuare nixels dis-
plaved as DN-svmbols, and the legend identifies the associated vegetation tvoe
and density (relative crown closure). For use by firefighters, this classifi-
cation was output at a scale of 1:24,000 in transparency form for overlay with
orthophotcquads to allow for easy interpretation and navigation in the field.
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Determining the Feasibility of Using Remote Sensing.
Techniques to Detect Salinity Related
Cotton Canopy Reflectance Differences

by
Elaine Ezra

3.2.1 Objectives
The research described herein was designed to determine whether ground
based in situ hand-held spectral radiometer data (wave]eﬁgths coincident
with the Landsat multispectral scanner; 0.4 - 1.1 um) collected at near
weekly intervals, can be used to make qualitative and/or‘quantitative'assump—
tions about cotton grown under different salinity irrigation treatments.
Measurements were collected from experimental plots located in Lost Hills,
California, where on-going research is being conducted by the United States
Salinity Laboratory, a.branéh of the U.S. Department of'Agricu1ture based
at Riverside, California.
Specific objectives included:
o Collection of hand-held spectral radiometer data on a bi-
weekly basis throughout the cotton growing cycle (June-
November) for each of six salinity irrigation treatments.
o Analysis of the data to determine whether there exists a
significant difference in the reflectance characteristics
of cotton grown under various salinity irrigation treat-
ments, and, if so, attempt to quantify the relationship
between salinity content and ref]ectance/emittance.
Analysis of the data includes graphical representations of reflectance/

emittance values plotted against salinity content through time. Statistical

correlation and regression analyses were also performed on the data.

3,2;2 Relevance

Soil salinity and asscciated drainage problems are becoming increasingly
important issues in many arid agricultural environments throughout the world.

‘The effects of these conditions result in reduced crop yields, and u]ti- 
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mately, the loss of highly productive lands. One such region of local
concern is the southern San Joaquin Valley, Ca]iforﬁia, where natural
drainage is inadequate to maintain high productivity in many of its areas.
Approximately 400,000 acres (160,000 Héctares) of irrigated farmland in
the San Joaquin Valley currently are affected by high brackish water tables
that pose a serious threat to proddctivify. About 1.1 million acres
(450,000 hectares) ultimately will become unproductive unless some type

of management action is taken (San Joaquin Valley Interagency Drainage
Program, 1979). .

Present methods of detecting anc monitoring soil salinity content and
problem areas are based upon costly and time;consuming ground based soil
sampling procedures. Remote sensing'techniques'offer the potential for
improvement of present sampling techniques through stratification using
vegetation and soil condition as surrogate measures of spatially variable
salinity levels. Sampling based onn stratification should reduce the num-
ber of samples required, and thus, the associéted costs. The preliminary.
steps towards developing a stratification methodology involves an under-
standing of the physical basis for interpretation of saline regions. This
requires knowledge regarding the plant/soil interactions (how the plant
responds to varying salinity concentrations) as well as the resultant
spectral and thermal characteristics exhibited by vegetation experiencing
different degrees of salinity stress.

It is becoming increasingly evident that accurate in situ ground
based data collection is necessary for measuring vegetation characteristfcs.
This is primarily to increase our understanding of the information available
in the spectral reflectance and vegetation interaction. Hand-held radio-

meters offer the potential to adequately cover the spatial variability
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required for such a task. They are light and portable and, therefore, can
be used to co11ectL'basi; data about vegetated surfaces in-a controlled
experimental settiéé. Such data could increase the knowledge about remote
sensing of soil salinity and remote sensing's potential role in improved
information extraction. The in situ data should also discourage or pre-
vent overly ambitious application of remote sensing where no causative
relationship can be shown to exist for the particular task at hand within
the 1imitations of the field measurement program employed (Tucker et al.,
197%9a). Thus, as a result of this research it should be possible to |
ascertain whether or not stratifying salinity affected areas in cotton
fields based upon spectral reflectance measurements is indeed valid.
Although it appears possible to develop hand-held radiometry into a
Qsefu} cperational tool fo? agricultural purposes, the scale at which
hand-held rédiohetry can be app]ied'is small and labor intensive. Conse-
quently, aircraft and satellite platforms will form an important element
for large scale stratification operations. A major objective of this
effort will be to test the potential to relate specifjc important agrono-
mic pafameters to spectral data in such a manner that the methodology can
be extrapolated for use with data provided by aircraft and satellite systems.
The need for rapid and accurate sa1fnity assessment techniques has
been expressed by the U.S. Salinity Laboratory as an area of definite
interest and concern (Suarez, 1980). Remote sensing techniques may be
" developed to provide information which can indicate where salinity problem.
areas exist, and where they are likely to develop. This data would be of

benefit to individual farmers, as well as water resource planners at the

local, state, and national levels.
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3.2.3 Procedures and Expected Results

This experiment has entailed the collection of measurements taken
with an Exotech Model 100A Landsat Ground Truth Radiometer, over thirty |
cotton fields grown under contro]]ed‘galinity irrigation treatments. This
radiometer is configureé to measure the same spectral radiances as those
presently found on Land%at series satellites 1, 2 and 3 (MSS 4, 5, 6, and
7). Hand-held radiometry is ideally suited to this experiment because of
portability, and too, as the experimental plots are too small-to be ade-
quately énalyzed from data typically acquired by high altitude aircraft or
satellite based sensors.

By the year 2000, the Interagency Drainage Program predicts that
facilities to dispese of 425,000 acre-feet of drainwater annually from the
San Joaquin Valley will be used to alleviate rising water tables in the
Valley trough (U.S. Salinity Laboratory, 1980). The U.S. Salinity Lab is
currently conducting a continuing experiment to test the hypothesis that
cotton can be profitably grown on a commercial scale with irrigation water
of quality anticipated'to be available as drainwater from Kern County
farms. Controlled field trials, using variable irrigatioﬁ management,
have been set up to test this hypothesis.

The experiménta] site where these tests are being conducted is located
approximately ten miles north of Lost Hills, California (T25N, R21E, S16)
on property owned and operated by Riverwest Far%ﬁ Inc. One reason for
thé selection of the location was that it is’an area with soii conditions
typical of those in which drainage problems are expected to arise within
the basin. Another reason is that it was near a well which delivers the
water quality typically anticipafed to be available in the future as drain-
age water. The location is also adjacent to a canal carrying the California

Aquaduct water.
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Sixty 40 by 100 feet plots were layed out in two rows. The experimental
plot layout and soil sample coding format is given in Figure 1. Pipes were
installed at the beginning of the experiment to bring aqueduct water with
an electrical conductivity of about 016 rmmho/cm and well Qatér with an
electrical conductivity of approximetely 9 mmho/cm a distance of one-
half mile to a mixing station at the head of the plots. Additional pipes
were installed to deliver eiéhef one or a mixture of the two waters to each
of the plots. Because diffefeht%é] leaching quantities were applied as
preirrigation, every plot received the same quantity of water at each |
irrigation during the arowing season. | |

Three variables are being tested in the Salinity Laboratory's experi--

1) irrigation water quality during germination; 2) irrigation water
quality during the growing season; and, 3) maximum salinity at the bottom
of the root zone. The treatment variablé assigned to each plot is given
in Table I; In the three letter designation, the first (either L or H)
represenf high or low leaching. ‘The absolute value of the leaching frac-
tion indicated by either L or H increases with increasing irrigation water
salinity to achieve an approximately equal salinity at the bottom of the
root zone. The second letter (either A, M, or W) represents the source
of the six inch pre-irrigation made ptior to germination whether-aqueduct,
well water, or a mixture. The third letter (A, M, or W) represents the
scurce of the water used for irrigation during the growing season.

Instruments to measure soil salinity, soil water potential, water
content, and soil temperature have been installed. Measurements of plant
height, leaf number and area, numbers of flowers and bolls, Teaf water
potential and canopy width have been recorded and samp]es'have been

collected for determinations of Tint weight and quality.
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The objectives of this research are primarily concerned with the
difference in spectral reflectances for the three salinity irrigation
treatments: aqueduct, mixture, and well waters. ‘Therefore, sampling will
only oecur in those fields in which both the pre-germination and crop
growth irrigation treatments are the same. These treatments include:

LAA, LMM, LWW, HAA, HMM, and wa; With six irrigation treatments and five
plots per treatment, there have been a total of thirty fie]dé sampled.

Each plot was sampled with measurements collected between 1000 and 1400

hours under sunny conditions; orlentlng the Lnstrument in a olane ac1ng the

sun such that shadows cast by the observer or other sources were avo1ded
Edge effects were minimal due to the careful uniformity of irrigation pro-
cedures employed. The fields were planted with flat beds, and flood
irrigetion water apb]ied to insnre the homogeneous appiication and
distribution of salinity. Measurements were collected from a truck-
mounted p]ank which allowed for the radiometer to be held approximately

3 meters above the ground surface, and extend into the field approximateiy
3 meters.

The measurements taken in each of the plots inc]uded.canopy radiance e
values in each of the four Landsat radiometer channels, ineoming radiance
values for each of the four channels by pointing the radiometer at the sun,
away from the sun, and directly perpendicular. Reflectance values are
being-ca]cu]ated using the ratio of incoming radiance to canopy reflectance
values.

Agronomic data'pentaining to crop development, such as the percentage
crop cover, have been recorded through field notes and color and color-
infrared photography. Ground based photographs also provide é means for

documenting general growth stages, canopy architecture, and visual symp-'
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EXPERIMENTAL TREATMENTS BY PLOT

Treatment Code

Leaching Water Quality Used During :

Fraction Precirrigation Irrigation Plots in Treatment

LV a2 a2 N 17 27 46 58

L M M 3 15 29 48 60
L X W 5 13 25 . 44 56
L A A 3 41 w0 18 52
H A A 43 59 4 20 36
H | M | M a7 57 2 28 34

H , y W 45 55 5 22 32
H A A 1 23 49 28 42

v Leaching fraction (L=low; H=high); Aqueduct water (0.03, 0.15),
Mixed water (0.08, 0.16), and Well water (0.15, 0.30)

2/ Irrigation water (A=aqueduct; M=mixed; W=well water)

TABLE 1 )
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toms of any type of disease or insect damage. Average plant heights have
been measured on a grid; percent canpoy cover by visuaﬁ estimafes of\the
percent of ground covered by the leaf canopy. All agronomic variables were
measured or estimated by the same observer throughout the study. |
Initial results show a general trend of decreased reflectance with
increasing salinity contents in the irrigation treatment. The relation
between the reflectance and the factors which affect the magnitude of
this property (salinity treatment, plant height, percent ground cover,
etc.) is being investigated using multiple regression and correlation
procedures.
This approach should closely monitor differences in cotton crop
growth and development under varying salinity conditions. This information
can thén‘be uséﬁ‘aé.a basis for determining whether fﬁere is a“véii&.;éigbh;
ale for strat%fying cotton fields based upon differences in spectral
reflectance signatures for saline and non-saline conditions. It is anti-

cipated that results from the analysis will be comp1e£e July 30, 1981.

3:2;4 Future Work

The U.S. Salinity Laboratory experiment is being conducted again
this year (May-November, 1981). le are presently expecting to conduct
additional field data collection efforts over this experimental test site.
In addition to radiance measurements, we will collect thermal emittance
data using a Teletemp thermal radiometer. |

‘Thermal infrared techniques also offer a potential in the assessment
of soil salinity. Saline soils tend to experience reduced thermodynamic
activity; thus, the soil water is less available for plant use. Therefore,
the plants transpiration rate is reduced (Ehlig et al., 1963). 1In addition

to moisture stress symptoms, plants grown in saline soils are generally
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retarded. Plants that suffer from moisture stress exhibit higher leaf
temperatures than those with an ample and readily avai]ab]e‘water supply
(Tanner, 1963).

An aerial thermal infrared survey conducted by Bartholic et al. (1972)
over cotton plots grown with a wide range of plant water stresses illus-
trates the potential temperature differences that could be expected for
crop canopies. The observed irradiances corresponded to cotton plant
temperature differences up to 6°C between the most and least water stressed
plants. The proposed research offers a unique potentiai to assess the
thermal characteristics for a cotton canopy grown under different salinity
~irrigation treatments in a controlled environment through an entire crop

growth cycle.

3-32



BIBLIOGRAPHY

Allen, W.A. and A.J. Richardson. 1958, "Interaction of LightWithin a Plant
Canopy.” Journal of the Optical Society of America, 58:1023-1028

Bartholic, J.F., L.M. Namken, and C.L. Wiegand. 1972. "Aerial Thermal
Scanner to Detern1ne Temperature of Soils and Crop Canopies Differing
in Water Stress". Agronomy Journal 64:603-608

Colwell, J.E. 1974. "Vegetation Canopy Reflectance.” Rémote Sensing of
the Environment, 3:175-183

Curran, P.J. 1879. "The Use of Polarized Panchromatic and False Color
Infrared Film in the Monitoring of Soil Surface Moisture." Remote
Sensing of Environmemt, 8:249-266.

Ehlig, C.F. and W.R. Gardner. 1963. "Relationship between Transpiration
?gg the Internal Water Relations of Plants." Agronomy Journal, 56:127-

Fritz, N.L. 1967, "Optimum Methods for Using In.rared Sers1t1ve Film."
' Pbotogrammetr1c Engineering, 33:1128- 1138

Gaussman, H.W.. W,A. Allen, R. Cardinas, and A.J. Richardson. 1969.
"Re]auion of Light Reflectance to Cotton Leaf Maturity." Proceedings
of the 6th International Symposium on Remote Sensing of the Environment,

-Ann Arbor, Michigan, Oct, 14-16

Gaussman, H.W., W.A. Allen, V.I. Myers, and R. Cardenas. 1969. "“Reflectance
and Internal Structure of Cotton Leaves." Agronomy Journal, 61:374-376

Hatfield, J.L., Reginato, R.J., Idso, S.B., and Jackson, R.D. 1978,
"Surface Temperature and Albedo Observations as Tools for Evapo-
transpiration and Crop-Yield Estimation.” 1In Cospar: the Contribution
of Space Observations to Global Food Information Systems, Edited by
E.A. Godby and J. Otterman, Pergamon Press, Oxford & New York. PP. 101-104

Hatfield, J.L., Reginato, R.J., Jackson, R.D., Idso, S.B., and Pinter, P.J.
Jr. 1979. "Remote Sensing of Surface Temperature and Soil Moisture,
Evapotranspiration and Yield Estimations.” Proc, of 5th Canadian
Remote Sensing Symp., Aug 28-31, Victoria, British Columbia. pp. 460-466

Idso, S.B., Pinter, P.J., Jr., Hatfield, J.L., Jackson, R.D. and Reginato,
R.J. 1979. “A Remote Sensing Model for the Prediction of Wheat Yields
Prior to Harvest." Journal of Theoretical Biology, 77:217-228

Idso, S.B., Reginato, R.J., Hatfield, J.L., Walker, G.K., Jackson, R.D., and
Pinter, P.J. Jr. 1980. "A Generalization of the Stress-Degree-Day
Concept of Yield Prediction to Accommodate a Diversity of Crops.,”
Agricultural Meteorology, 21:205-211

3-33




Jackson, R.D., S.B. Idso, Reginato, R.J., and Y.L. Ehrler. 1977.
"Crop Temperature Reveals Stress.” Crops and Soils, 29(8) 10 13

Jackson, R.D., P.J..Pinter Jdr., R.J. Reginato, and S.B. Idso. 1980
YHand-held Radiometry" A series.of note developed for use at the
SEA/AR Workshop on Hand-held radiometry, Phoenix, Arizona, 25-26 Feb.

Knipling E.B. 1970. "Physical and Physiological Basis for Reflectance
of Visible and Near-infrared Radiation from Vegetat1on " Remote
Sensing of Environment, 1(3):155-159

Millard, J.P., Jdackson, R.D., Goettelman, R.C., Reginato, R.J., Idso,
S$.B,, and Lapado, R.L. 1977. "Airborne Monitoring of Crop Canopy
Temperatures for Irrigation Scheduling and Yield Prediction." Proc.
11th Intl. Symp. on Remote Sensing of the Environment, Ann Arbor,
Michigan, Apr. 1977, pp. 1453-14561

Millard, J.P., Idso, S.B., Goettelman, R.C., Reginato, R.J., Jackson, R.D.,
and Ehrler, W.L. 1977. ‘“Airborne Thermography for Crop Water
Stress Assessmen‘ ". Proc. 6th Annu. Remote Sensing of Earth Resources
Conf., Tullahoma, TN. Mar. 1977

Millard, J.P., Jackson, R.D., Goettelman, R.C., Reginato, R.J., and Idso,
S.B. - 1978. "Crop water Stress Assessment Using an Airborne Thermal
Scanner." Photogrammetric Engineering and Remote Sensing, 44(1):77~85

Myers, V.I., D.L. Carter, and W.J. Rippert. 1966. "Remote Sensing for
Estimating Soil Salinity." Journal Irrigation Drainage Division,
Am. Society of Cijvil Enginears, 92 (IR4):59-68

Namken, L.N. 1964. "The Influence of Crop Environment on the Internal
Water Balance of Cotton." Soil Sci, Soc. Am. Proc., 28:12-15

National Academy of Sciences. 1970. Remote Sénsing with Special Emphasis
to Agriculture and_Forestry, Washington D.C.

Richards, L.A., ed. 1969. Diagnosis and Improvement of Saline and A]ka]1
"~ Soils, Un1ted States Salinity Lab, USDA

San Joaguin Valley Interagency Drainage Program. 1979. ‘“Agricultural
Drainage and Salt Management in the San Joaquin Valley." Preliminary
edition ' .

Suarez, D. (Private communication, March 14, 1980 at the U S. Sa11n1ty
Laboratory, vaers1de Ca11forn1a) A

Suits, G.H. 1950. "The MNature of Infrared Radiation and Ways to Photograph
It." Photogrammetric Engineering, 26:763-772

"

Tanner, C.B. 1963. "Plant Temperatures." Agronomy Journal, 55:210-211

Tarkington, R.G., and A.L. Sorem. 1963. "Color and False Color Films
for Aerial Photography." Photogrammetric Engineering, 29:88-95

3-34




Thomas, J.R., V.I. Myers, M.D. Heilman, C.L. Wiegand. 1966. “Factors
Affecting the Light Reflectance of Cotton." Proc. of the 4th Intl.
Symp. on Remote Sensing of Environment, Willow Run Lab, MI

Thomas, J.R., C.L. Wiegan, and V.I. Myers; 1967. "Reflectance of
Cotton and its Relation to Yield." Agronomy Journal, 59:551-554

Tucker, C.J. 1977. "Use of Near Infrared/Red Radiance Ratios for
Estimating Vegetation Biomass and Physiological Status." NASA-
TM-X-71388, NASA Goddard Space Flight Center, Greenbelt, MD

Tucker, C.Jd., C.J. Fan, J.H. Elgin Jr., J.E. McMurtry. 1978. "Hand-
Held Radiometer Red and Photographic Infrared Spectral Measurements
of Agricultural Crops," NASA Tech. Memorandum 78091, Goddard Space
Fl1ight Center, Greenbelt, MD

Tucker, €C.J3. 197%a. "RadandPhotographic Infrared Linear Combinations
for Monitoring Vegetation." Remote Sensing of Environment, 8:127-150

Tucker, C.J. 1979b. "“Hand-held Radiometer Studies cn Vegetation in
Situ: A New Approach and Promising Approach.” NASA Tech. Mem.
80273, Goddard Space Flight Center, Greenbelt, MD

Tucker, C.J., J.H. Elgin Jr. J.E. Mchurtrey III. 1979c. ¥Relationship
of Red and Photographic Infrared Spectral Radiances to Alfalfa
Biomass, Forage Water Content, Percentage Canopy Cover and Severity
of Drought Stress."” NASA Tech. Memorandum 80272, Coddard Space
Flight Center, Gresnbalt, MD

Tucker, C.Jd., J.H. Elgin Jr., J.E. McMurtrey III. 1979d. '"Temporal
Spactral Measurements of Corn and Soybean Crops." Photogrammetric
Engineering and Remote Sensing, 45(3):643-553

Tucker, C.J., J.H. Elgin Jr., J.E. McMurtrey III. 197%. '"Monitoring
Corn and Soybean Crop Development with Hand held Radiometer
Spectral Data." Remote Sensing of Environment, 8:237-248

U.S. Salinity Laboratory. 1980. "Use of Saline Drainage Water for
Irrigation: A Field Test in the Westside Project Kern County,
California." '

3-35




CHAPTER 4
SOUTHERN CALIFORNIA STUDIES

Remote Sensing Applied to Problems of the California Avocado
Industry and Improvement of California Crop and Livestock
Reporting Service Fruit and Nut Crop Surveys

Co-Investigator: Claude W. Johnson

Research Contributors: Frank Kuykendall
Robert Kelly (graduate)

Student Contributors: Graduates

Curtis August
David Brown
Richard Dulaney
Weldon Jackson
Kenneth Weinstock

Undergraduates

Linda Carr
Cindy Olivera
Katherine Smith

Geography Research Program

Earth Sciences Department

University of California
Riverside Campus

May 1, 1981



1.0

2'0

3.0

4.0

5.0

6.0

7.0

TABLE OF CONTENTS

Introduction

1.1 Summary

1.2 Objec;ives

1.3 The Nature of the Problem

Study Area

Discussion of Results

3.1 Summary of Results

3.2 Comparison of Results for San Diego and Ventura Counties
3.3 An Interpretation Problem

The Role of LANDSAT and U-2 Imagery

Project Completion

Conclusions

Future Studies

7.1 Completion of Avocado Acreage Survey

7.2 Development of Remote Sensing Techniques to Ilmprove

the California Fruit and Nut Crop Survey Program

4-25



CHAPTER 4
SOUTHERN CALIFORNIA STUDIES

1.0 INTRODUCTION

1.1 SUMMARY

During the current grant year the Riverside Campus investigators
have been concentrating on the completion of the study for developing
remote sensing techniques to provide improved methods for obtaining
avocado crop acreageldata. The techniques are also proving useful in
providing cost—effective surveys for the entire Califormia Fruit and Nut
Crop Inventory. This is the third and final year for the avocado
project, which has been jointly funded by NASA and the California Avocado
Commission. The methods developed in San Diego County have been improved
and are being tested in Ventﬁra County, with final testing to be
accomplished in Santa Barbara and Riverside Counties.

Completion of the research in San Diego and Ventura Counties show
that these t&o counties contain 72 percent of the total avocado acreage
in California. Table I shqws the UCR estimates of bearing and non-—
bearing acreage for the two counties completed and the latest California
Crop and Livestock Reporting Service (CRS) estimates for the other
counties in California. The total acreage of 71,137 acres exceeds the
latest CRS total by 15,685 acres! Most of the discrepancy has occurred
in San Diego County. Reasons for the large error in CRS data are given
in section 3,0, The investigation of the other five major counties is
expected to be completed by June 30, 1981 under the joint funding

provided by the California Avocado Commission.




Future work by the Riverside Campus group will include participation
with California Department of Food and Agriculture statisticians (CRS) in
the adaptation of the techniques developed for the avocado project to the
quintennial Fruit and Nut Crop Acreage Surveys. The success on the
avocado project has led to this request for a joint research and testing
effort to help the CRS obtain a more cost—effective survey methodology.
1.2 OBJECTIVES

The primary objective of the project has not been changed since its
inception. However, there have been considerable changes in the approach
as the investigation has proceeded. The research has been oriented
toward the development of techniques that would produce avocado acreage
inventories more efficiently, more rapidly, and with greater accuracy.
This objective included the establishment of an inventory of the number
of acres of each variety and the year of planting of each block. As the
research progressed it was found that remote sensing techniques were the
only method that would permit the detection of many inaccessable acres of
avocados, especially in northern San Diego County. However, it soon
became apparent that determination of the age and variety of avocados by
use of remote sensing data was not impossible, but would be extremely
costly. The sequence of tasks has evolved to the following:

1. Detect and map the location of avocado parcels by
remote sensing techniques.

2. Determine the County Assessor's Parcel Number (APN)
for the grove or ranch from public records.

3. Establish a list of grove or ranch owners from

existing public records.
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4, Establish the variety and age of each block of

avocados by contact with grower (or manager)

through mail survey, telephone, and if necessary

personal contact.
1.3 THE NATURE OF THE PROBLEM

A clearer picture of the problems that originally led to the study
has emerged as the investigation has unfolded. By 1978 the industry
began to realize the problems being caused by the planting of 5,000
additional acres of avocado annually since 1972. The statistics provided
by the normal reporting agencies became éuspect. Why couldn't the
California Crop and Livestock Reporting Service (CRS) maintain accurate
records? The following facts provide some explanation. The CRS
schedules complete Fruit and Nut Crop acreage surveys for each county
every 5 years. The CRS is dependent on County Agricultural Commissioners
to provide updating information during the interim years. The failure in
the system is two—fold. The state provides only $100,000 annually to
perform Fruit and Nut Crop Acreage Surveys for the 58 counties. Last
year it required $70,000 to conduct the survey in Tulare County utilizing
the traditional field survey methods. Simple mathematics show that 5
year surveys are now impossible. The reliability of updated information
from the County Agricultural Commissioners depends upon the emphasis
placed on agricultural surveys by each of the counties.
In San Diego County it is apparent, for whatever reasons, that

agricultural surveys are a low priority item. Unfortunately for the
avocado industry, San Diego County contains half of the state's avocado

acreage. If San Diego County statistics are unreliable, what about the



other counties? Preliminary results in Ventura, Riverside, Orange, and
Tulare Counties indicate that the reported avocado acreage data is
approximately correct. While the current research project may provide a
short—term answer in the form of more accurate statistics, the larger
problem in San Diego County will require a long-term solution.

2,0 STUDY AREA

The major avocado growing areas in California occur in the southern
coastal counties and the Central Valley eastern foothill counties of
Tulare, Fresno, and Kern. Figure 1 indicates the southern counties,
which contain avocado growing areas aloné the coastal plains, valleys,
and plateaus. With the exception of the Central Valley counties, the
‘local climates are mitigated by coastal influences. These influences,
which reach 10 to 20 miles inland, reduce the extreme effects of most
severe winter cold waves. Killing frosts along the coast are rare,
although temperatures will dip to the low 20's (degrées Fahrenheit) on
two or three nights during the winter. Likewise the eXtreme summer
temperatures are moderated by the afternoon sea breezes.

Our studies this past year have concentrated on Ventura County,
located 60 miles northwest of the city of Los AngeleQ. In Ventura County
the avocados are again primarily planted upslope of the valleys and most
recently have appeared on the Rincon Plateau overlooking the Pacific
Ocean and the Channel Islands as well as neighboring oil wells. Figure 2
shows the various local growing regions in Ventura County. The early
plantings were made in the Santa Clara River Valley on the south-facing
slopes north of ghe river from Saticoy to Fillmore. Landsat imagery

(Figure 4) provides an easy method of distinguishing the avocado groves
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on the higher slopes of the valley from the citrus grown om the lower
slopes and valley flood plains. Another area of recent large-scale
development has been the lower Simi Valley from Camarille to Moorparﬁ.
The ideal climatic conditions in this area haQe enabled the.area to
become the most intensive avocado development in the county, perhaps in
the entire state.

3.0 DISCUSSION OF RESULTS

3.1 SUMMARY OF RESULTS

Now that over 70% of the avocado écreage in California has been
detected by means of remote sensing techniques, it is possible to make
preliminary estimates of the total acreage. Obviously, these estimates
will not be final until we complete the entire survey in June 1981. The
avocado acreage that we héve‘detected in San Diege and Ventura Counties
from satellite, high—altitude, and low-altitude imagery is indicated in
Table I. To arrive at a preliminary state total we have added our
results to the latest CRS.reported acreage for the remaining counties.
The statewide avocado total == 71,282 acres ——- exceeds the CRS esfimate
for December 1979 of 51,995 acres by 37%! This increase raises the
immediate question: How valid are the results frpm remote sensing? If
the results are basically correct, then the increased acreage should be
reflected in the current production output and the Avocado Commission
should be vigorously pursuing all possible marketing techniques to
increase domestic sales and open new foreign markets.

-An inquiry to the Avocado Commission confirmed that greater—than-—
anticipated avocado production is occurring and that they are augmenting

their marketing efforts so that all fruit will be marketed with at least
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Table I. ESTIMATED CALIFORNIA AVOCADO ACREAGE
(by County as of July 1980)

COUNTY DATA 1 BEARING NON-BEARING TOTAL % OF
SOURCE ACRES ACRES ACRES TOTAL
SAN DIEGO UCR 27,145 10,000 37,145 52.,2%
(est)? (est) (est)?
VENTURA UCR 12,000 2,450 14,450 20.3
RIVERSIDE CRS 4,787 2,814 7,601 ‘ io. 7
SANTA BARBARA CRS | 4,784 1,072 5,856 8.2
TULARE CRS 1,263 623 1,886 2.7
ORANGE CRS 1,002 685 1,687 2.4
SAN LUIS OBISPO CRS 733 ' 240 973 . 1.4
LOS ANGELES CRS 985 _ 985 1.4
OTHER4 CRS 620 79 699 1.0
TOTALS 53,319 17,963 71,282 100.1
1. UCR source is is data derived from the current University of

California (UCR) Department of Earth Sciences Avocado Acreage Survey
Research. The CRS source is data from the 1979 California Fruit and
Nut Acreage Report dated June 1980 published by the California Crop
and Livestock Reporting Service.

The San Diego County estimate for July 1980 is based on the UCR data
derived from the August 1979 gurvey results which indicated a total
of 34,820 acres. One year's average increase has been added to the
1979 total to yield the 1980 estimate).

The CRS published data utilized above represents estimates as of
December 1979. Therefore the actual totals as of July 1980 are
greater (no more than 1,000 acres) than the total shown above.

OTHER counties include: Fresno, Kern, Madera, San Benito, San
Bernardino, Santa Clara, Santa Cruz, and Stanislaus.




a break-even price to the grower. When we notified the Commission last
summer that the San Diego county acreage was.approxiﬁately 20% greater
than their estimate they did increase their production forecast by 127%
from 340 million pounds of fruit to 380 million pounds. As the season
has progressed, the forecast has been increased to an official 441
million pounds. Unofficially, some production people are suggesting as
much as 500 million pounds of avocados will be produced and marketed by
the end of the season on October 31, 1981. Increased acreage accounts
for a large part of the increase, but the favorable climate during the
growing season also accounts for some of-the increase. However, climatic
factors were considered in the original Commission estimate. Therefore,
the low forecast figures can primarily be attributed to the 20% under—
estimate of the total avocado acreage. The increased production figures
are not sufficient in themselves to prove that our remote sensing
techniques are accurate. A comparison with past inventory history may be
helpful in determining the validity of results.

3.2 COMPARISON OF RESULTS FOR SAN DIEGO AND VENTURA COUNTIES

To help determine the validity of the statistics derived from the
remote sensing data, annual growth rates of avocado acreages for San
Diego ana Ventura Counties are presented in Table II.

The 1980 avocado acreage detected by remote sensing techniques in
Ventura County is in accord with the annual growth trend for the past 10
years. In discussing the results with us, the Ventura County Farm
Advisor and the CRS personnel have indicated that the Ventura County-
Agricultural Commissioner has been very careful to report changes in the

crop inventory, and that they are confident in our remote sensing data.
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Table II.

SAN DIEGO COUNTY

ANNUAL GROWTH RATES OF AVOCADO ACREAGE

VENTURA COUNTY

4-10

Year  Total %Z of Annual % of Annual
Acres Acres Total Increase Acres Total Increase
1955 23,163 13,712 59.2% 2,179 9.47%
1960 24,423 13,616 55.8 - 20 2,927 12.0
1965 21,079 11,981 56.8 ~ 346 2,720  12.9
1970 22,940 12,920 56.3 188 3,460 15.0
1976 44,156 19,815 44,9 1,150 9,877  22.4
1977 47,859 20,910 43,7 1,095 10,863  22.7
© 1978 51,137 21,967 43,0 1,057 12,000 23,5
1979 51,995 22,841 43,9 874 12,924 24,9
1980 71,282 37,145 52,2 12,102 14,450  20.3




The CRS will contact each of the growers for the parcels we have
identified to determine the age, number, and variety of avocado trees
that they have in production. This will provide a near 100% verification
and determination of error for the study in Ventura County.

The last actual survey of avocado acreage in San Diego County was
conducted in 1972. Since that time the acreage has been estimated by the
County Agricultural Commissioner. It is the opinion of the Farm Advisor,
the packing house owners, and the Avocado Commission that the average
annual increase in avocado acreage has been grossly underestimated. The
Deputy County Agricultural Commissioner for San Diego County has stated
to us that the county has not had sufficient monies to maintain accurate
records for any fruit and nut crop acreage including avocados. There-
fore, he will not claim any accuracy for their records. To comply with
state reporting requirements the Agricultural Commissioner’s office
obtained our 1980 estimate of the avocado acreage in San Diego County and
reported this to the CRS as their estimate. This does not make our
results any more accurate; however, it does show that the historical
reported growth rates in avocado acreage in San Diego County are not
correct. It appears that the increase shown for San Diego County over
the past eight years is unrealistically low. A statistical random sample
analysis needs to be undertaken in San Diego County to verify the
accuracy of the study. Our study for the next grant year will be in
cooperation with the CRS; a result of that investigation will be an
owner-by-owner survey by the CRS to obtain varietal information so that
an even more accurate survey of San Diego can be accomplished.

Lacking a statistically valid analysis of possible errors in our

research data, we can only point to the apparent accuracy of our work in
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Ventura County, the obviously incorrect data supplied by the San Diego
County Agricultural Commissioner, and most importantly the unaccounted-
for increase in the current production to verify that our remote sensing
procedures have resulted in a more accurate survey.

The remote sensing techniques developed for the avocado survey in
San Diego County were tested this past year in Ventura County. A
summarization of the data is shown in Table IIi. The significance of the
data is better understood when the distribution of the parcels by acreage
size is compared with the distribution of San Diego County data. In San
Diego County 58% of the parcels are five acres or less, while in Ventura
County only 50% of the parcels are less than five acres. The small
parcels in San Diegé County result from the historic development of
avocado growing by the small, part~time farmer and the increased
development of small parcels by people planning retirement who want a
small avocado grove to supplement their retirement income. Less than 1%
of the parcels in San Diego County are over 100 acres compared to 7.6% in
Ventura County. The statistics show that in San Diego County avocado
growing is still a small-farmer industry while in Ventura County it has
become “"agri-business” involving large corporations. One consequence is
that a county such as Ventura or Tulare can be surveyed by remote sensing
techniques and the data be verified much faster than in San Diego County.
Some of the small parcels in San Diego County are only one—-half acre with
a house, swimming pool, and perhaps 25 trees. Figure 3 shows the
distribution of avocado acreage by our second~level mapping unit, County

Assessor's books. The results support our earlier statements regarding
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Table III. SUMMARY STATISTICS FOR VENTURA COUNTY, CALIFORNIA
AVOCADO ACREAGE (as of July 15, 1980)

NUMBER OF  TOTAL AVERAGE AVG % AVG NET TOTAL NET
REGION* PARCELS  GROSS AC_ GROSS AC_ AVOCADO _AVO AC _AVO AC
CASITAS PASS 46 2,235 48.6 46.8 16.0 737
RINCON PLATEAU 12 1,127 93,9 23.3 35.8 429
0JAI 169 3,746 13.3 30.7 6.8 1,150
VENTURA-SATICOY 90 2,400 21.3 45,6 12.3 1,094
SANTA PAULA 196 9,386 313 29.0 14,7 2,886
FILLMORE 111 6,001 28.7 30.7 16.9 1,870
PIRU . 33 1,368 17.8 28.5 1.8 390
OXNARD PLAIN 32 1,125 10.7 30.5 10.6 252
CAMARILLO 724 6,529 15.6 56.9 5.3 3,715
MOORPARK 170 4,012 13.5 49.4 11.7 - 1,925
UPPER SIMI VALLEY . 3 9 0.5 43,3 1.0 2
TOTAL 1,586 38,028 24,0 38.2 9.1 14,450

(* Regions are grouped by topography, land use, and assessor's book criteria.
See Figure 2 for a map of the regions.)
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the study area. The predominant growing areas are Fhe Santa Clara River
Valley, Camarillo area, Moorpark, and Ojai. However, new ranches are
being developed in Casitas Pass and on the Rincon Plateau; these two
areas will become more important in the future.
3.3 AN INTERPRETATION PROBLEM

An interpretation problem that affects the final‘accuracy of our
results has been the difficulty in identifying mature avocado trees as
distinguished from mature Valencia orange trees. The primary feature in
distinguishing avocado trees from citrus trees has been the natural color
distinction. In most cases the citrus éolor is a much lighter tone or
shade of green == lemons are almost chartreuse on the imagery =-— than the
much darker tone of avocados. However, the mature Valencia orange tree
has the same color as avocado trees. This requires the interpreter to
seek other identifying features. The planting pattern is usually the
other most distinguishing feature between citrus and avocado groves.
Avocado trees usually are planted in a square pattern approximately 22
feet on a side. Citrus is most often planted in rows 20-24 ‘feet apart
and 11 feet between trees within the row =— about half the spacing of
avocado planting. We have found that many Valencia groves have been
planted in the same square pattern as avocados so that this identifying
feature is also lost. The next feature for distinguishing avocado trees
from Valencias is the scraggly appearance, viewed from above, of the
crown and the resulting shadow on the ground. Most citrus appears as a
uniform surface in a tight ball, whereas avocado trees support branches

in many configurations. The Valencia trees are usually kept trimmed and
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rounded, but there is at least one time during the season that we have
seen the Valencias in a sprouting stage which presents an appearance in
its shadow closely resembling an avocado tree. It is at this time of
year that it is most difficult to distinguish between the two trees.

" Consequently an error in interpretation can occur between these two
crops. Hopefully, the errors are in both directions and will offset each
other. The final resolution of these errors will be made when each
grower is contacted for a listing of his crop varieties.

4,0 THE ROLE OF LANDSAT AND U-2 IMAGERY

For remote sensing of avocado acreége to be a cost-effective method
of avocado inventory it is essential that all imagery platform levels be
utilized for their unique capabilities. LANDSAT imagery was used for the
initial identification of regions of agriculture and avocado production.
U-2 and low—altitude imagery was utilized after candidate regions were
located via LANDSAT. The actual avocado parcel inventory was accom—
plished by using the low—altitude natural color transpareﬁcies. Once the
inventory is complete, future LANDSAT imagery will be used for locating
deletions and additions to the 1980 base data. |

In the process of utilizing LANDSAT for the avocado inventory,
several inherent limitations of LANDSAT became apparent. Early fall
imagery proved to be the most useful in highlighting agricultural areas.
During the other moisture~surplus seasons, native chaparral is robust and
highly reflective-in the infrared wavelengths (bands 6, 7). By early
fall the dessicated chaparral no longer blends with the adjacent agri-
cultural plots on the imagery, fhereby allowing the segregation of crops

from natural vegetation.
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bnce the chaparral was eliminated, the freqqently cited problem of
pixel resolution became the next limitation. Characteristically, the
. size of avocado and citrus groves in San Diego County is less than the
1.1 acre optical and 4.4 acre sampling resolution of LANDSAT. And since
avocado and citrus trees are interspersed throughout the northgrn part §f
the county, only 4 generalized tree crop classification was used to
delineate potential avbcado acreage.

In Ventura County, LANDSAT's resolution was adequate.for accurately
identifying avocado versus citrus parcels due to larger parcei sizes and
their spatial segregation (see Figure 4). Avocado groves in Ventura
County are most common on southfacing foothills, whereas the greatest
concentrations of citrus are on the river bottom lands and the Oxnard
Plain. In areas of mixed parcels mature a&ocado trees have a con-
sistently brighter infrared returé than citfus and_are therefore
separable during classification. Field crops>and deciduous tree crops
are eliminated in the LANDSAT classification procedure on the basis of
‘seasonally varyiﬁg returns on sequential LANDSAT scenes.

The highest classification accuracy was possiSle only in large
parcels containing mature (bearing) avocad; or citrus trees. This is
because the bare soil between seedlings and non—bearing trees may lead to
the interpretation of some parcels as fallow or bare iand.

Presence of avocado groves through LANDSAT interpretation was
verified by superimposing several U-2 images on multi-date LANDSAT scenes
via a Zoom Transfer Scope. For large (5 acre) mature avocado groves, the
LANDSAT interpretations were generally accurate aﬁd easy to make. New or

non-bearing groves were not readily identified on LANDSAT, nor were they

distinguishable on U-2,
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The multi-date LANDSAT coverage of southern Califormia is ﬁore
comprehensive than the U-2 coverage available from NASA. Therefore, of
LANDSAT-derived avocado regions were mapped and segmented into flight-~
lines which were flown at low altitude for complete large-scale
(1:12,000) coverage of avocado-producing areas. Considering the exacting
specifications of the avocado inventory, LANﬁSAT was useful in locating
mature groves, but not adequate for highly detailed parcel mapping and
the inclusion of immature groves. The task and exponential cost of
saturated low—altitude coverage of possible avocado production areas was
significantly reduced by using LANDSAT>for initial identification of
areas of interest.

The utility of LANDSAT for identifying all ages and sizes of avocado
groves is beyond the sensor's inherent capgbilities. The shortcut that a
generalized LANDSAT classification provided has been an important step in
focusing upon avocado production areas with subsequent higher resolution
Sensors.

Since the baseline inventory of avocado production is almost
cqmplete it is now possible to rely upon LANDSAT for monitoring future
changes through several methods:

1) Pixels (digital data) and groves (LANDSAT photo data) which
contain avocados in 1981 can be relocated in future LANDSAT data and
evaluated as to whether the characteristic avocado tree signature is
still present. Absence of the high infrared reflectance would indicate
severe disease (and loss of production) or grove removal. Residential
development, for example‘in the Santa Clara River Valley, commonly

replaces avocado and citrus groves.
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2) Land which was formerly chaparral and subsequently has been
cleared constitutes potential regions for new avocado plantings. In
Riverside County in 1974, large areas of chaparral were cleared in
preparation of a large avocado low—density residential development
project called Rancho California. The objective of such a large-scale
reclamation of chaparral was not apparent in the LANDSAT imagery.
However the bright appearance in the LANDSAT imagery &rew our attention.
Subsequent field checks revealed the purpose and identity of the
development.

Similar chaparral-to—avocado grove conversion has been apparent via
LANDSAT in San Diego, Ventura, and Santa Barbara Counties. Future
LANDSAT monitoring of these conversions will demonstrate a shift in the
reflectance data from a high visib;e-to-IR ratio (bare soil) to low year-
round visible-to~IR ratio as the avocado crop matures. So far this
process has been observed in multi-date LANDSAT imagery (1974-1980)
covering‘Rancho California and is expected to be applicable to other
areas of avocado grove development.

3) Agricultural parcels which contain annual or seasonal (and
therefore non—avocado) crops in 1980 LANDSAT data may eventually be
planted with a perennial crop such as avocado or citrus trees. These
evergreen groves will not be detected until they mature. But the
comparison of cyclic chlorophyl reflectance (annual/seasonal crops),
followed by several years of fallow appearance (high visible-to-IR ratio)
and ultimately by a perennial crop will serve as a signal for LANDSAT

analysis and field enumerations.
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5.0 PROJECT COMPLETION

The project is targeted for completion by June 30, 1981. The
concluding activity will involve testing the procedures in the remaining
Southern California counties. The counties with estimated acreages are:
Riverside (10,000 -), Santa Barbara (8,000 +), San Luis Obispo (1,000),
Los Angeles (900 -). 1In addition, Tulare County data will be obtained
from the records of the Crop Reporting Service since they completed a
parallel survey of that county in 1980. Eight other counties with less
than 500 acres each, for a total of about 700 acres, will not be surveyed
by remote sensing. The data will be obtained from the Crop Reporting
Service. The two largest counties remaining (Santa Barbara and
Riverside) are more than half completed at this date.

When a complete growers list is obtained as a result of this
project, the list will be forwarded to the Avocado Commission for
comparison with their liéts. It was previously intended that a joint
mail survey would be conducted to obtain the detailed varietal data (age,
variety, and number of trees). However, since the CRS is now cooperating
in the study, it is going to perform a personal grower interview in both
Ventura and San Diego Counties during 1981. (It has already begun the
process in Ventura County). Also, the CRS just completed an extensive
parcel-by-parcel interview survey in Tulare County. Hence, it will not
be necessary for us or the Avocado Commission to conduct a mail survey
for over 75% of the total acreage. The status of the varietal infor-
mation in Riverside and Santa Barbara County will have to be determined
before any decision can be made on how to obtain the data in those two

counties.
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6.0 CONCLUSIONS

As a result of the three year project in cooperation with the
California Avocado Commission and the Crop Reporting Service, we have
arrived at the following conclusions:

1) The major problem with the California Avocado Survey data as
provided by the various local and state agencies appears to concern San
Diego County. It has become obvious that the San Diego County government
does not rank agricultural surveys in the county as a high priority item.
When the Crop Reporting Service conducts its quintennial survey the
statistics are accurate. Over the succéeding four years the statistics
deteriorate. In the current case the last survey in San Diego County was
in 1972; that was the year that new avocado developments began at an
annual rate of over 2,000 acres per year. The County Agricultural
Commissioner, however, only estimated an annual increase of 1,000 acres
per year. The existence of such problems in the reporting of agri-
cultural data should alert the other agencies (CRS and thé California
Avocado Commission) to make allowance in the statewide estimates based
upon other data évailable.

2) The other counties we are surveying appear to supply fairly
reliable statistical reporting to the CRS. In Ventura County our results
seem to be in accord with the annual growth rate of the county. Detailed
review by the Crop Reporting Service in obtaining the varietal infor-
mation will assist in the confirmation of this fact.

3) There are many areas in the state where the traditional ground
survey techniques are now impossible because of inaccessible road

networks in hilly country. Remote sensing not only appears to be the
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most cost-effective method of detecting parcels that contain avocados,
but may be in many cases the only method possible.

4) As a result of our investigation the California Avocado
Commission has increased its 1980-81 production forecast by at least 12%
initially. A second increase in the forecast resulted from the infor-
mation derived from the packing houses. Consequently, the Commission has
expanded its domestic advertising to increase sales and is vigorously
pursuing the export market so that no fruit need be destroyed.

7.0 FUTURE STUDIES

Since the inception of this research project a question has been:
Who will maintain the data once the project has been completed? As the
project has progressed we have sought the assistance of the CRS for much-
needed prior information in each of the counties. It has been through
this participation that the CRS has become actively interested in the
project and has been cooperating in the research. It is logical that the
CRS receive the data resulting from this project and thus be able to
update its files. Each agency will then be working from a common data
base. |

Another problem is to find a long-term solution for maintaining a
current avocado acreage inventory, especially in San Diego County. Two
solutions and possibly others need to be investigated. One solution is
the further development of the techniques achieved by the research on
this project and subsequent transferring of the techniques to the CRS.
The other possible solution is for industry to provide a subsidy to the

CRS to permit them to conduct a special avocado mail survey annually.
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This is presently being done by the grape industry with a considerable
degree of success at a reasonable cost. It is quite apparent that the
state is not likely to provide more money for Fruit and Nut Crop Surveys
than it has in the past.

To stretch the present survey money the Crop Reporting Service
through the State Department of Food and agriculture will be cooperating
with the UCR Agriculture Experiment Station remote sensing activities to
develop a modified remote sensing survey technique that will eliminate or
reduce the costly traditional Field Survey Program. The continuing NASA
grant will be utilized to provide additional funding to'transfer the
techniques developed/under the current avocado project to the CRS for use
with all fruit and nut crops.

7.1 COMPLETION OF AVOCADC ACREAGE SURVEY

The Califormia Avocado Commission's portion of the jointly funded
Avocado Production Potential Research Project is funded through June 30,
1980. (Details of this project are reported in the Summary of Work
Accomplished). Consequently the Riverside Campus researchers will be
working on the completion of the avocado project the first two months of
the new grant year.

In addition to encoding the data from the remaining counties to be
inventoried there will be on-going studies to determine the capabilities
of LANDSAT imagery for monitoring the expansion of avocado acreage. This
study will be coordinated with the LANDSAT imagery studies being con-
ducted for the CRS as described in the following paragraph. Image
processing techniques &ill be employed. This study will differ from the
CRS study in that an attempt will be made to discriminate avocado acreage

from citrus and deciduous tree acreage.
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7.2 DEVELOPMENT OF REMOTE SENSING TECHNIQUES TO IMPROVE THE CALIFORNIA

FRUIT AND NUT CROP SURVEY PROGRAM

As a result of the avocado production potential work to date, the
Riverside Campus group was approached by the CRS about the feasibility of
extending the techniques used in the avocado study to include fruit and
nut crops in general. This inquiry was motivated by the CRS's increasiné
difficulty in maintaining accurate fruit and nut acreage data in the face
of rising costs and budgetary limitations. Last year, as was mentioned
above, CRS spent $70,000 of its about S;O0,000 fruit and nut acreage
survey budget to inventory one county, Tulare County. Under such
circumstances, the likelihood of accomplishing an inventory of each of
California's 58 counties at least once every five years in indeed small.
Yet five years is the census interval CRS considers minimally acceptable.

Given this situation, the CRS has a vital interest in reducing
survey costs. It is hoped that remote sensing methods can be used to
identify fruit and nut acreage at a suitable level of detail. Addition-
ally, the possibility of monitoring acreage changes via imagery is very
attractive to the CRS. Such methods, if successful, could reduce ex-
penditures on costly "windshield” field surveys and follow-ups.

The State Department of Food and Agriculture (CRS) has provided for
a preliminary investigation of the remote sensing approach in Ventura
County. The success in Ventura County has prompted-ﬁhe CRS to provide an
additional $5,000 to further test the remote sensing techniques in San
Diego County where the parcels are much smaller. We will be identifying
all fruit and nut acreage in the county and providing the owner's name

for each parcel.
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In addition to performing the detection of each fruit and nut parcel
we propose to analyze six to eight sequential LANDSAT scenes in order to
establish a crop calendar that will permit the discrimination of tree
crops from each other and from other types of vegeéation. _Both manual
and automated interpretation techniques will be explored.

The minimum tree and vine crop parcel size that can be detected
reliably will also be investigated. This knowledge is essential to the
evaluation of LANDSAT imagery in terms of the CRS'é requirements.

Methods for correlating image data to ancillary information will
also be explored in light of the requirements of. the CRS. The experience
derived from the avocado study should be especially relevant to this
aspect of the project.

The ultimate result of this project will be a set of specific
recommendations, formulated in cooperation with the CRS, identifying the
most effective approach to the incorporation of remote sensing techniques
into the statewide quintennial Fruit and Nut Crop Surveys.

Should the Western Regional Applications Program at NASA-Ames be
willing to support a U-2 CIR or DMSS overflight, additional effort would
be directed at evaluating the merits of a high-altitude versus an orbital

source of crop inventory data.
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CHAPTER 5
SPECIAL STUDIES

ROBERT N. COLWELL

As previously mentioned in the present report, one of our team's
major objectives under this grant is to help bring about the acceptance of
modern remote sensing technology as a resotirce inventory and resource monitoring
aid by those who seek to manage California's wildland resources. It follows
that two measures of the success that we are achieving in this research at
any given time are to be found in the answers that can realistically be
given to the following two questions: (1) To what extent are various resource
management agencies in California (and elsewhere) willing to replace NASA as
the funders of our research? and (2) To what extent are such agencies converting
to the new remote sensing-based technology that we are developing? For the
period that is covered by this report some highly encouraging answers to these
two questions can be given when it is recognized'that one of the primary agencies
that we seek to serve is the U.S. Forest Service. Conseqﬁently in this chapter,
a brief description will be given of work that we are in the process of per-
forming under auspices of that agency's Nationwide Forestry Applications Program
(NFAP). All of the work can be considered to be a logical follow-on to work
that we have recently performed undér this NASA grant, as described in our

1979 and 1980 annual progress reports.

The primary study area within which we are conducting this Forest Service
sponsored research is the Plumas National Forest within California's Sierra

Nevada Mountains, but we have been told by Forest Service officials that they




intend to sponsor similar work by our group on two other National Forests also,
viz. Colorado's San Juan National Forest and ldaho's Payette National Forest.
The title of our NFAP-sponsored research is 'Evaluating Large Format Aerospace
Systems for Coordinated Resource Planning'. The term Coordinated Resource
Planning is applied to certain cooperative efforts that are undertakeh jointly
by landowners and public agencies in order to improve the management of the
land and its resources in a given geographic area. This type of planning is
mandated by a 1975 Memorandum of Understanding which states that '"'the Bureau

of Land Management, Forest Service and Soil. Conservation Service will cooperate to
the fullest degree possible in preparing and implementing resource management
plans on opefating units, allotments and other resource aréas made up of inter-
mingled or adjacent BLM and FS administered lands and privately-owned lands''.

Since a first step in developing such plans is that of obtaining suitably accurate

inventories, and at suitably frequent intervals, the question logica]lyA

arises as to whether the necessary inventorying and monitoring activities

might best be done through the use of modern remote sensing technology and,

if so, with what specific kinds of aerospace imagery. !t was with a desiré that
we help answer this latter question that the Forest Service fﬁndéd the stﬁdy

presently to be described.

The specific objective of our Forest Service-funded study was to determine
the relative interpretability of various aerospacé image type with réspect to
their usefulness for the identification and mapping of specific résoﬁrcé
categories on a representative tést aréa in California.\*The portion  of
California's Sierra Nevada Mountains within which thése tésts wére concentrated

is the NASA Bucks Lake Forestry test site in the Plumas National Forest, centered

around the town of Quincy, approximately 50 miles southeast of Mt, Lassen.




The interpretability of these images was evaluated using three different
kinds of photo interﬁretation tests: (1) non-stereoscopic study of 200 points on
each of the seven images, (2) stereoscopic study of 120 points on the first .7
six images, and (3) comparison of the delineations of resource boundaries as
annotated on the last six images to delinations as annotated on the aeroneg
color image. The interpreters used for these tests included; 28 students who were
at the time taking a course in forest photogrammetry and photo interpretation
in the Department of Forestry and Conservation at the University of California,

Berkeley.

Based on the results of the first two tests, oﬁr groﬁp conc]ﬁded that the
1argé-scale aeroneg color and black-and-white imgaes are significantly more in-
terpretabie than.the image types cbtainéd form the high alt?tﬁde platforms. With
the exception of the LFC color photography, which had an éxtremé blﬁish cast,
the intérpretability ratings of the various image typés obtained from the U-2
aircraft were not statistically différént, one from anothér, and could be used

interchangeably.

Although the overall percént correct values weré réquired'to rank the image
tyﬁes with respect to relative interpretability, the quality of the information
present on the respective imagé types is bést evaluatéd'by thé pérformance of
the ''best' photo interpréterﬂ Wé think that a skilled photo interpréter
who is familiar with a'particﬁlar forest environhént should bé able to idéntify
the resource present with an accﬁracéy of 80 to 90 pércént on any of thé six
aircraft image types and with an accﬁracy of 40 to 60 percent on thg Landsat

image type, depending upon the complexity of the classification systems employed.

Because of the significance of these findings the following additional details
are provided with respect to the test site that we selected and the imagery that

was acquired of it.
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There are three primary reasons why this geographic area was selected as a
NASA Test site nearly two decades ago, and why, therefore, personnel of our

Remote Sensing Research Program have so used it ever since:

(1) There is an unusually great variety of conditions encounterd
within the area in terms of vegetation, geology, soils and
hydrology.

(2) During a long period of time, ''ground truth' with respect
to all of these resource-related attributes has been
accumulated for this particular area to a most unusual extent.
This is occasioned by the fact that, for more than 50 years,
the Bucks Lake area has served as the instructional site
for the University of California's Forestry Summer Camp.
During that long span of time, each professor who has been
involved in providing instruction to forestry students has
first made his own observations in the field and in this
way has added his own bit. of authoritative information with
respect to certain attributes of the area, and

(3) It was evident, even from the outset, that most of the
area would be little altered by man's developmental
activites apart from his conduct of normal logging operations
and related forestry activities (including reforestation,
erosion control, etc.). This prediction proved to be correct.
Hence, unlike many other areas, this one remains relatively
undisturbed, with the result that earlier. photos and
associated ground truth still are highly useful.

Elevationally, the test area ranges from 3500 feet to 7200 feet above sea

level. It has an areal extent of approximately 400 square miles,

The following two important preliminary steps were taken as a result of
arrangements that were made with NASA by Dr, Frederick P. Weber, Manager of
the Nationwide Forestry Applications Program:

(1) Through the use of U-2 aircraft, flights were made from Moffett
Field (adjacent to the NASA Ames Research Center, California)
on August 26 and 28, 1980 to obtain representative high
altitude photographs with the Optical Bar Camera and with three
Large Format Cameras, respectively, of our test site and

(2) excellent reproductions of all of this photography, in opsgue
print form, were made at a scale of 1/24,000 by NASA's Marfed
Spacecraft Center in Houston, Texas. Three other image types
also were included in these interpretability tests, as summarized
in Table 1.
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TABLE 1. TABULAR SUMMARY WITH RESPECT TO THE SEVEN PRIMARY [IMAGE
TYPES THAT WERE USED IN THE PLUMAS NATIONAL FOREST
INTERPRETABILITY TESTS.

Kind of Camera
or sensor

Optical Bar

Large Format
(9|| X ]8u)

Large Format

(9n x ]8||)

Large Format

(9n X ]8n)

Zeiss, 8% f1
(9|| X 9!»)

Zeiss, 84" f1
(9|| X 9!1)

Landsat,
Multispectral
Scanner

Kind of Print
or Imagery

Color IR
(s0-131)
Color IR
(s0-127)

Natural Color:

(s0-242)

Panchromatic
Black & White
(PanX~3400) .
Aeronegative
Color

Aeronegative.
Black & White

Simulated Color

LR composite

*(Geopic-enhanced)

Approx. Flight Alt,
above the terrain

65,000 feet
65,000 feet
65,000 feet
65,000 féet
16;000 feét
16,000 feet

570 milés

Approx. scale at
which interpreted

1/24,000

1/24,000
1/24,000
1/24,000
1/24,000
1/24,000

1/100,000

Based on guidance provided by U.S. Forest personnel, both on the Plumas
National Forest.and within the NFAP, ten forest resource-related categories
were used in these tests, as summarized in Table 2.

TABLE 2. LISTING OF THE TEN CATEGORIES OF FOREST COVER OR OTHER
"'"LAND USE STATUS'' THAT WERE USED IN THE PRIMARY INTERPRETABILITY
TESTS THAT WERE CONDUCTED ON THE PLUMAS NATIONAL FOREST, CALIFORNIA

CATEGORY

Conifer
Conifer/Hardwood
Hardwood/Conifer
Hardwood

Shrub (Brush)

ABBREVIATION
C
C/H

H/C

5-5

CATEGORY
Grass

Rock

Water
Agricultﬁré
Othér

(rural, industrial
urban and bare ground)

ABBREVIATION

G




Finally, based on the results of our preliminary mapping study, we have
concluded that the high resolution aeroneg image types (both color and black-
and-white) are again best, in this instance for mapping the actual boundaries

of resource features.

As previously indicated, it is on the basis of their high degree of
satisfaction with our work that personnel of the NFAP of the U.S. Forest
Service have agreed to fund work of a similar nature by oﬁr groﬁp on two
other National Forests, viz. on Colorado's San Juan National Forest and
on ldaho's Payette National Forest. Already Forest Service personnel zze making
good use of our findings as théy proceed with théir varioﬁs inventory,
mapping and monitoring projects. For this reason we consider this to be a good
example of our having achieved cértain ”téchnology transfer' objectives of the

NASA-funded project that is dealt with in this report.
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CHAPTER 6
PROJECT SUMMARY
Robert N. Colwell

Note: Because of the lengthiness of this Annual Progress Report, it has been
deemed desirable to conclude it with a chapter-by-chapter summary. Even though
the present chapter is intended to be no mére than a summary, the highlighting
of certain relevant details is considered.necessary if the essence of each
phase of our multicampus work under the grant is to be adequately grasped.
Herein lies the explanation for the fact that even this summary chapter is

a rather lengthy one.

Chapter 1 of this progress report first sets forth the rationale for
applying modern remote sensing technology to selected problems in California.
Consideration is then given to the means by which research teams such as |
ours can help bring about the acceptance of such technology by those who
manage California's natural resources. Consistent with our goal of gaining
technology acceptance, the overall objective of work done under this NASA
grant is to demonstrate, by means of specific case studies, that inférmation
about natural resources as derived through the use of modern remote sensing
techniques can lead to the development and implementation of more intelligent

measures for resource management than would otherwise be possible. While all

of our case studies, ‘'already ﬁescribed in Chapters 2, 3, and 4) deal with
applications that can be made of remote sensing in California, virtually all

of our findings are considered to be applicable in many other geographic areas
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also. Chapter ! concludes with (1) the reminder that our primary goal under
this NASA grant is to bring about the acceptance and adoption of modern remote
sensing technology by California's resource managers and (2) the highlighting
of specific instances in which that goal is being achieved. |In each instance
emphasis is placed on the fact that action either is now being taken, or soon
will be, by the resource managers, themselves, based primarily upon the remote

sensing-derived information.

As indicated in Chapter 2, the Berke]éy Campus directed its research efforts

to the following 5 activities during the present reporting period: (1) The
FOuaﬁtification of Wildland Fuéls in Mendocino County, with a view to providing
rémote sensing-derived information that would lead to a substantial alleviation
of that county's wildland fire problem; (2) An experiment known as the
"Forsythe Planning Experiment' which is attempting to maximize the usefulness
of inputs from Landsat and from geographic information systems toAplanning
processes in Mendocino County; (3) The development and evaluation of a digital
spectral/terrain data set for ''Coordinated Resource Planning' in Colusa County;
(4) The Mapping of Wildland fuel hazards in Shasta County throﬁgh a suitable
modification of the remote sensing-based methods which personnel of the
Berkeley RSRP had developed previously for use in Mendocino County; and

(5) The construction and preliminary analysis of a ''‘Digital Data Bank'' for

California's Big Basin State Park in Santa Cruz County.

As documented in the 5 reports of Eh%éﬁé&ﬁ?“tﬁat deal, respectively,
with the above 5 topics, both oﬁr remote sensing scientists and the
agencies whom they seek to servé agree that they are, in each case, progressing
rapidly toward acceptance and adoption by those agencies of remote sensing

technology for the stated purposes.
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Chapter 3 documents the fact that the Santa Barbara campus concentrated

its research efforts on the following two activites during the present reporting
period: (1) Scene Analysis for Wildland Fire-Fuels Characteristics Using

Landsat and Collateral Data, and (2) Determining the Feasibility of Using

Remote Sensing Technigques to Detect Salinity-Related Cotton Canopy Reflectance

Differences.

The Scene Analysis studies entailed a cooperative effort by the UCSB

remote sensing scientists with personnel of (1) the California Department of
Forestry, (2) the California Office of Emergency Services, and (3) the

U.S. Forest Service under a federally mandated program known as Operation
FIRESCOPE, the acronym for Firefighting Resources of Southern California
Organized for Potential Emergencies. The study was concentrated on
chaparral vegetation within a 7%-minute quadrangle in the inland foothill

mountains northeast of Los Angeles in the Angelus National Forest.

In this study it was recognized at the outset that the réte of'spread
of a forest fire depends upon the integrated effects of fuel characteristics,
terrain attributes, wind speed, wind direction and atmospheric humidity.
Efforts were concentrated on the derivation of fuel characteristics froﬁ
remotely sensed data. Among these characteristics are spatial continuity,
branching habit, size class distribution of the biomass, total and standing
biomass and the ratio of living to dead plant material. Landsat MSS data
was used in an automated classification procedure to produce vegetation type

and density labels.

Because of the success already achieved in this effort, the Forest Service




has asked UCSB to propose a cooperative agreement to further develop a FQe]

data base for the entire 7~county FIRESCOPE area.

In the salinity-related Cotton Reflectance Studies one objective was to

determine whether ground-based in situ radiometer data, as obtained at weekly

intervals with a hand held spectral radiometer, could be used to make quali-
tative and/or quantitative assumptions about cotton grown under different
salinity irrigation treatments. (The test area was in California's San Joaquin
Va]ley) {f so, then presumably it would be possible to make similar vegetation
related inferences from multispectral aerospace acquired imagery. Initial
results show a general trend of decreased reflectance with increased salinity
contents in the irrigation treatment. The relation between vegetation
reflectance and the factors which affect it (salinity treatment, plant héight
per cent ground cover, etc.) currently is being investigated through the use

of multiple regression and correlation procedures.

As documented in Chapter 4, the Riverside campus continﬁed its efforts
during the present reporting period, to employ rémote sensing as an aid to
California's rapidly growing avocado indﬁstry; In addition it sbught to
improve methods currently being used by the California Crop and Livestock

Reporting Service in making its annual Fruit and Nut Crop Surveys.

In the Avocado Survey studies;, efforts have been concentrated upon the

completion of a study designed to develop remote sensing-aided techniques
for obtaining avocado crop acreagé data. That effort continues to be funded
in part, by the California Avocado Commission. Methods that thé Riversidé
remote sensing scientists had previoﬁsly devéﬁbped>for San Diego Coﬁnty are

now in the process of being tested in Ventura County, with final testing to
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be accomplished in Santa Barbara and Riverside Counties. It now is apparent
that conventional methods have been under-estimating avocado acreage by as
much as 30 per cent thereby accounting for the fact that efforts to market
the crop were offen inadequate in relation to the total size of the crop that

was to be marketed.

In the Fruit and Nut Crop Surveys, which have only recently been started,

the Riverside remote sensing scientists are using, with significant initial
success, essentially the same techniques as they previously had developed for

making avocado acreage surveys.

As in each of our previous annual progress reports under this grant

Chapter 5-of this report deals with "Special Studies' and describes work

that we are doing as a follow on to certain of our NASA-funded work, but

under different auspices. The Special Study that is dealt with in this year's
report features work that we have completed recently under auspices of the

U.S. Forest Service as a logfcal follow-on to work that we had previously
performed under this NASA grant on California's Plumas National Forést.

The follow-on work in this instance has been funded by the U.S. Forest

Service under its Nationwide Forestry Applications Program and is entitled
"Evaluating Large Format Aerospace Systems for Coordinated Resourcé Planning''.
The specific objective of this Forest Sérvice-funded project was to determine
the relative intérprétabilit; of various aerospacé imaée typés with_respéct

to their usefulness for the idéntification and mapping of specific résourcé;
categories on a représéntativé tést area in California. Based on our results to
date in performing this study, the Forest Sérvice has agrééd to fund work of

a similar naturé by our groups on two other National Forests, viz. on Colorado's

San Juan National Forest and on ldaho's Payette National Forest. Furthermore

6-5




Forest Service personnel already ‘are making good use of our findings as they
proceed with their various inventory, mapping and monitoring projects.

For this reason we consider this to be a good example of our having achieved
certain ''technology transfer' objectives of the NASA-funded project that is

dealt with in this report.

Work that we propose to perform during the coming year under this grant was

detailed in our semi-annual progress report dated December 31, 1980.
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