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NASA/BLM APT: PHASE I1I

FINAL REPORT

VOLUME III: TECHNOLOGY TRANSFER

1. INTRODUCTION.

1.1 Overview of Objectives.

The primary objective in Phase 11 was the demonstraticn
of the integration of remote sensing technology with existing
techniques for producing a vegetation type map and vegetation
productivity estimates. A parallel objective was the transfer
of this technology to BLM personnel to promote the implementa-
tion and utilization of the procedures and techniques within the
BLM operations framework. The technology being demonstrated
emphasized the integration of gquantitatively-based remote sensing
data while maintaining consideration of cost-efficiency in the
impiementation of the overall design. The technology transfer
expanded on this emphasis with particular aticntion on further
developing the understanding, on the part of BLM, of approaches
to inventories that integrate multiple data sources given various
resource information objectives. Specifically, any considerations
based on the candidate approaches were focused on sampling
strategies and analyses of the costs of data collection as
spe.rified by those strategies.

Information requ.:.nents and the timing and precision
required for that information were the major elements to be
considered in developing sampling strategies. The cost analyses
examined fixed budget vs. precision desired and also fixed
budget vs. allocation of eifort for single or multiple parameter
inventories. Combining sampling stratec’es with cost information,
the following factors needed to be optimized to achieve cost
efficiency of inventory design: plot size, number of plots,




1.1 -= Continued.

cluster size, numbur of levels of data and sample selection
methods. The technology transfer activities during Phase Il
were focused on developing an understanding of these concepts
within BLM as well as keeping project participants informed on
the progress of the technology demonstration of these concepts
(ree Volume II of this final report).

1.2 Overview of Approach.

The technology transfer portion of Phase II was
divided into three parts consgsisting of a planning session,
workshops (two) and project status reviews (four). The planning
session was held at the outset of the project to familiarize
project participants with the full scope of the work to be
performed and to establish a milestone schedule (Section 2.0).
The two workshops were held to provide "hands-on" instruction
for project participants in specific Phase II technology areas
and utilized actual project data (Section 3.0). The four
project status reviews were held periodically through the life
of the project to maintain continuity in reporting on interim
results, to resolve any problems that occurred and to update
the project schedule as necessary (Section 4.0).

The remainder of this document contains materials
presented at the various sessions described above and memos
describing significant results from each. (A complete training
syllabus covering project planning, data collection and data
analysis as it relates tn the technology demonstrated during
this APT is scheduled to be produced under Phase III of this
program and should be available in mid-1981.)
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2. PLANNING SESSION.

.The objective of this session was to familiarize all

project participants with the expecced flow of tasks over the

life of the Phase 1I effortr The project flow chart in

Appendix I, Vol, I of the final report was presented at this

time. Also, the two training courses were discussed and finalized
as to scope, content and dates., A preliminary set of milestone
dates was established to be used in monitoring progress on the
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numerous aspects of the Phase Il effort.
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5% ainutes of the Phase II Planning Session, Otober 3-4, 1978, at ESL ;i

The meeting was cheired vy Brien Fine, ESL Project lansger. See enclosed atlerdence
roster. He introd.ced the ESL team members and made a trief siatemeni ablout ine
3

effort followed by BL)/Arizona, BLY/DSC, and NASA/JISC., i1l Berner merntlicrned

a goneral note of interest in that at the BL Stete Aszociate Direcicrs meeiins

last month, a decisicn was mede to meke a recormendalicn to the BUI W 0. trat lenisss
te uscd for stratification to satisfly the BL! SVD! menucl requirements., Furtler
BLY/D3C was asked to provide a plan for a 10-million acre plaming unit ror ar
eperational phase bty the end of FId0.
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ttizirsted Ground Duta/lerre Sccle Phote Requirerents

Brien gave the anticipsted LSP/ground requirementis: 135 range ground pleis; 3
45 forest/wcodland plots; end a mazimum of 200 fiight lines (each with 10-12 rods j
plcts ) vaced on 10-15 strata levels a*t Levels 1I/III. Thiz conirusts with an 1
esiimated €075-1000 ground plots without LSP in the rance sirsie w0 get 2G/7. &S ]
rer the ESL original proposal trensmittel letter, ;
UCE Fisznnine lcdel
Randy Thomas discuzzed the Plenning Model atv UCE whler detlernines nuster c¢f ;
serles, sample size and samples per siratum., The Plennirg lizdel heg soltwere :
documer.itation (FORTRA); however, the user docuventaticn is inecmplete but usarle ]
by an experienced operator. These will be provided uncder the contreei. [
4
Techrniology Transfer g?
The discussion centered on the two training courses, field and date analyeis, %;
and the high cost of users How-To llanuals., As for the treinirng, Bill Bonner s=zi3 is
consideration should be given to three points: gf

1. Cen Arizona support the treining?
. 2 Is it worth the cest and comud tment? 7
3 1Isi ~ quate? ]

b e

Lt e 6 | INCEEASED PRODUCTIVITY = 1.335F COST Teacever—_t .
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e
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Ken Moore made the decicion that the training should occur as plarned with
instructor notes and handouts as the only documentation. Attendees will be:

4 from Apizona; 2 from Denver Service Center and 1 from JSC with 2 ESL irstrystizrs,
Documentatiion will be considered for Phase 7II with a Jccision 4o te reached fur
either instructor manuals or user How-To Manuals, The field training course wil1l
be held at St. George, Utah from June 11-15, 1979, The Data Analysic coirse will
be conducted at the ESL facility from November 12-16, 1979, recognizing that liov-
ember 12 is a holiday,

Output Products

CGary Cnauck opened vith a discussion on the possibility of ESL providirg
the output products as color off-set prints at an additional expcnse of approxzi-
mately $2-3K for each product (3 required). This is an option and not & scheduled
product.

Ji 1s brought up the point about the scale eccuracy thot was reguesicd,
i.e., not a dictance between points but 27 positicnal error frcm the msn
position, 413 feet. This statement was provided to BL! by USGS. ESL has
the actio: ¢k on their cepebility to provide this eccuracy.

The ¢ n of imbedding the edmin boundaries in the negative wac dbrousht |
up by Mike v as 1t was inadvertently left out of the rewritien output Preduz-e
Section pro y BLM end used to price out the contract by ESL, BL.! will ecceje
a separate / sundaries overlay with grid tics for registration the same 2o
the negative ‘vill provide JSC with & description end are prepared to trorcicr
funds to NAS. ne cost, estimated by ESL to be about £1500 toiol coct incluiirg
GxA, overheac

Ken )'-~o1 ested estimates in acres and pounis ¢s well er heciares =rd
kilograms. Gt ich said ESL would provide this at no edditional cost altiioug
the RFP cal . ~d ctares and kilograms conly.

Changes to W

Sect <
Scen y 1 for classification will be the August 26, 1977, landsat,
the same ¢ e cessed for BLM by EROS Data Center. Add this scene to the is
Sect 3. |
Add ir or Admin boundaries overlay for 1:250,000 product only.
Statement ? by BM. This will be added as a change later.
Sectic 3. nge to read:
Tw¢ i3 tapes for the entire Arizona Test Site shall be previded
in a forr o1} > the equipment to be delivered to BIM.
. .nal spectral classification
. acre smoothed duta used to gererate the outrut product

jer 3.1.1.1 (1)

2-3
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Section 3.1.3 Change sentence to read:

."Statistical confidence statements wiil be made for these esiimatec us!ng

regression techniquec.” .

Axies delinitions are X: The proportion of LSP plots in 2ach flight line
in euch strata as determined from pixel by jixzel landsat grouped clacsificaticn,
: The proportion of LSP plots in each flight line in each strata as deternined
from phgto intarpretation/ground data collection. (Definitions provided by like
Gavratt).

Section 3.2.1.1 (1) Change to read:

Total ground vegetation cover (in % cover)

Secticn 3.2.1.1 (3) end (4)

Asterick and add: Point in time, not corrected for seasonsl or annual
variations.

" Section 3.2.2 (4) Define mortality:

Mortality is defined as the number of fallen and standing dead trees,
Mortality does not require confidence leveis,

Phase II Flow Chart

The flow chart events and dates were discussed in detzil, PBrian will tzve
the chart drefted and sent to BL! and JSC. He will also pick off the critical
events and these will “w used as rmilestones for the bironthly reports. (re
eritical issue to be resolved is the specs for the LSP 1o be contrzcted for bty
BLM. The Planning Model vwas to provide the specs in llarch 1979; hsvever, 3L
needs tnem for their RFP by Novemter 1978 %c assure a contract to fly the LIF
during the suraer of 1979, BL! will send ESL a set of the epecs used for the
1978 1SP and they will be revieved to see if they will suffice excep? for seczle
as the present thinking is that a larger scale (1:750) will be required. An
interim scale could be included in the RFP with the final scale to be negotistel,

Another criticel item was the Phase II Peer Review as to when it should te
held and what is tl.e purpose. Ken Hancock explained that plans vere to hold a
review along the tinec of the NFAP Ten-Ecosystem VWorkshop held at JSC in Septerrar
1978. The purpose is to brief outside technical personnel on the ASVT proced. =s
and techniques and get their reactions and inputs. This weould both edvise others
in the field of how the ASVT is being accomplished and get their inputs and
recommendations. The recommended date for the review ig December 1972,

2-4
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Phase Reviews and Training

‘Dates were established for the review: and training to be held at the

same time to reduce travel expenses, Revievs were scheduled ar follows: ’

Review 1 - January 8, 1979, at ES]. after thec classification is
completed and prior to running the Planning Model.

Review II - June 11, 1979, at St. George during the field trairing
(June 11-1%7) alter the LSP has been flown and while the first ground plots
are deing selected.

Review IIl - September 17, 1979, at St. George.

Reviaw IV - November 12, 1979, at ESL during the data analysls tralniny
(November 12-I57 and data screening of the LSP and ground data,

A Final Review was scheduled for February 1980 to be held at Denver an?
hosted by DSC with a majority of the rvview presented by the user, Arlzona,
and DSC.

Overall the Plarning Session was very successful and ESL is to be commenied
for the excelleat effort that was put forth to assure its success,

Distribution:
BL../DSC }!. Garratt
BIM/Arizona K. loore
ESL/B. Fine

HB/G. Nixon
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The following paragraphs are included in copies of the minutes to LIL
and BLY/DSC only.
L J

Monagement and Support

The Phare II contract was discussed i1 that it in reality it is a "fixed
price"” contract as there are no more funds available. ESL pointed out tlat
they wowld clcsely monitor the expenditures and there was no allowance for
changes as this would increase fund requirenents, JSC and BL! acknowledied
and ugreed that any changes affecting cost would be offset by eliminating

some other task.

The possibilities of another subcontractor for field data collectiun
and issuing a subcontract for LSP photointe pretation was discusced, The
present subcontractor for field data collection is Rarge Pecources, Inc. The
new subcontract beirn considered is Resource Inventory Services, a cc-reny
formed by Jim Nichols when he became & consultant to ESL. JSC and BL! pointed
out that the seclection of a subcontractor vas an ESL decision; however, con-
sideration should be given to the fect RRI hac experience ard s fevorable
past. performance whereas RIS is an unknovn factor although we were &ll aware
of Jim Nichols cupabilities. ESL acknowledged this and will be chossing &
subcontractor for field dats collection in the near future. ESL is weighing
the advantage of doing the 1SP photointerpretation in-house and {furiher
developing their ovm ceoebility vs. going contract with RIS,

Bill asked vhat were the tasks that Jim MNichols, as a consultant, end
UCB would be involved wiith, Jim will be concerned with technicuel review of
the classification, allocation of samples, estimation procedures, tertralorny
transfer, the four reviews and the peer review, UCB v11l be involved in

planning model runs, training on ground data collection teciniques, estinaiicns

Q.C. task, and the revicws tied to the two training courses.

Bimonthly Reports

The bimonthly report format was sgreed to es the one presenied Ly Yen
Hancock (example enclosed). The milestones to be included in the report will
be picked from the flow chart by Brien. 1In ¢he vritten portion of the repor:
each task will have comments even if its egays "no work on this task during the
reporting pericd". The first reporting period ends January 1, 1979, with sub-
sequent reportsevery other month through January 1, 1980. Reports are due
by the fifteenth of the month.

Final Report

ESL expressed the desire to begin the structure of the report as soon
as possible. BIM and JSC were asked to give comments on the Phase I Finel
Report as to its suitability for the Phase II report and recommend changes
and the level of detail desired.

it
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Phase I Output Products

The lettor from JSC procurement on revised output productc wes digcusfed.
ESL has comple.ed the three products JSC corsidered as not mee'ing requirererts
of the Statem: * of Vork, i.e., the July 10, 1975, color negative 1:250,000;
the UNM grid 1or the August 1, 1976, black und white negatives; and “the Ares A
August 1, 1976, black and white negatives. Ken Hancock advired ESL not to take
action on costing out the other items as Bill Bonner had seid the Alaska people
did not agree "vith this satisfying their recuirements. Alaska is sending Denver
a letter on thair ascessment of what products they require. ©i1l1 and Rel:h liarker
will travel to JSC to diszcuss and resolve the diffecrences. As a result of thece
discussions ansther letter will be sent to ESL by JSC procurement. Vith s dit cf
luck, this may put the Phase I output products to bed.

2-7
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oF POOR QUALITY ARIZONA MILESTONES ;
Task Start Finish 4
RADIOMETRIC CORRECTIONS Oct 16 Oct 18 :
GFE:  August '77 Oct 16 g
Landsit Scene Tapes . =
GEOMETRIC CORRECTIONS Oct 19 Nov 16 5
CONTROL PUINT SELECTION & GEOMETRIC MODEL PREF Oct 23 Nov 8 1
GFE: Topo & Highway Maps Oct 23 ?
(Admin. Boundaries) ;
DIGITIZING Oct 30 Nov 16 ;
GFE: LSP '78 Nov 9 i
Transect Maps %
INITIAL (15A) CLASSIFICATION Nov 17 Dev 12 :
GFE: A1l '78 LSP & Annotated Photos Nov 21 §
BLM Personnel . E
FINAL SCENE CLASSIFICATION Dec 13 Jan 10, '79 ]
INITIAL CLASS DESCRIPTIOMNS Dec 13 Jan 25 3
GFE: PI Data from '78 Photography ec 13 E
STRATIFICATION Jan 11 Jan 25 '

LSP ALLOCATION (UCB) Jan 26 Mar 9
LSP SELECTION Mar 12 Mar 22 :
LSP COLLECTION May 1* June 30 ‘
June 1** ;
.GFE: Slides June 1*/Jul 1** :
ACREAGE ESTIMATES Mar 23 Dec 31 |
GROUND ALLOCATION & SELECTION Jun 1 July 15 ‘

Jun 11*
GFE: Prints Jul 11#*+*

* Desert/Range '

** Loodland/Forest




St ¢ Finis)
Task ORIGINAL PAGE 13 =t ——
GROUND DATA COLLECTION F POOR QUALITY Jun N Oct &
" Training (CLM Personnel) Jun 11.15
PHOTO IHTEPPRETATION Jun 18 Oct 5
DATA ENTRY Aug 31 oct 17 "
DATA SCREENING Oct 18 Oct 30
DATA ANALYSIS Nov 1 Dec 3
Reviev January 8, 1979 at ESL |
June 11, 1579 at St. George
September 17, 1979 at St. George
Hovember 12, 1979 at ESL

Training Course ' May 21-25, 1979 at St. George - Field Training
Nov. 12-16, 1979  at ESL . - Data Analysis
Phase 11 Review Dec. 11-13, 1978 at JSC, Houston
}
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1.

11.

111.

Iv.

V.

VI,

VII.

ORIGINAL PAGE IS
BI-MONTHLY REPORT DISCUSSION OF POOR QUALITY

LANDSAT PROCESSING Z “ouplete Z Resources Used

Subtopicu - Preprocessing; Stratification; Digitizing;
: Classified training; Classification; Ares
determination

MULTISTAGE PROCESSING % Complete Z Resources Used

Subtopics - LSP sample allocation/selection; Ground
sample allocation/selection

DATA COLLECTION X Complete X Resources Used

Subtopics - Ground data collection; LSP interpretation

PRODUCTIVITY ESTIMATION % Complete 2 Resources Used

Subtopics - Rangeland strata parameter estimates and
accuracies; Forest/woodland stand parameter
estimates and accuracies

OUTPUT PRODUCTS % Complete Z Resources Used

Subtopics - Landsat hard copies; Tabular output; Ranguland
forage production estimates; Forest/woodland
production estimates; Final report

TECHNOLOGY TRANSFER % Complete 2 Resources Used

MANAGEMENT & SUPPORT %4 Complete 2 Resources Used

Subtopics <~ Reports; Phase 1I reviews

2-11
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3. SEMINARS/"HANDS-ON" INSTRUCTION.

< There were two training courses given to BLM-Arizona
personnel during Phase II: Multistage Sampling-Field Workshop
and the Data Analysis Workshop.

3.1 Multistage Sampling-Field Workshop, May 21-25, 1979.

Tris week long workshop/seminar covered the sample
allocation, data collection and data analysis procedures used
on the project. Participants in the course stated afterwards
that the objectives were, in general, satisfied. The most
frequent comment, however, was that of having a much <reater
appreciation for the complexity of resource inventory programs
such as Phase 1II.

3.2 Data Analysis Workshop, November 13-16, 1979.

The objective of this course was to familiarize program
participants with the procedures and techniques to be followed
in reducing the data collected during Phase II to produce the
vegetation map and the productivity estimates. The most
significant result of the course was the grouping of the 117
Landsat spectral classes into 14 Arizona vegetation framework
Level III categories performed by the attending BLM-Arizona

personnel.

3-1
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NASA/BLM APT TRAINING COURSE - ARIZONA
MULTISTAGE 'SAMPLING - FIELD WORKSHOP

The week long workshop/seminar will cover the sample allocation,

data collection and data analysis procedures being used on the project.
The objectives of the session are:

(M)

(2)

(3)

(4)

(5)

the development of a thorough, practical understanding
of sample allocation procedures used on the project and
the justification for the procedures

to introduce and develop, from a practical standpoint,
the statistical procedures and estimators being used on
the project

to further develop understanding of the optimization
procedures being used with an emphasis on the factors that
must be considered when designing an inventory and
mapping project

to further the understanding of the data sources being used
on the project, including: a) the information extraction
procedures, b) relative level of arcuracy and precision

of each data source, c) relative cost of acquisition and
data extraction for each source, and d) the risk associated
with the use of data from each source

to prepare the attendees for the data analysis workshop
to be held at ESL in October 1979.

To further develop the understanding of the data types being used

in the project, the aerial photography, ground data and Landsat data from
the project*will be used to demonstrate the concepts essential to the
inventory and mapping project. This will include the attendees actually

A
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completing photo interpretation of the aerial photography, the collection

UraGlivAL pnal 13
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of supporting ground data, the analysis of the data collected, the
presentation®of the results in a graphical format, and the interpretation
of the meaning and importance of the results. During the week there will
be 11 major sections covered:

(M

(2)

(3)

(4)

(5)

(6)

(7)

(8)

the review of the project status and work to be completed
by the BLM, NASA, and ESL

the review of the sampling, statistical and remote sensing
terms and concepts that relate to the resource inventory
and remote sensing project

the development of a set of project objectives and the
selection of statistical confidence statements that will
meet the objectives of a project

the development of categories from Landsat, aerial photo-
graphy and ground, and the analysis of the relationship
of the categories developed (contingency analysis)

the use of Landsat, terrain data and aerial photography to
stratify an area, the objectives, uses and advantages of
stratification and the associated numerical analysis

the application of multiphase sampling (double sampling),
its uses, limitations, assumptions and numerical analysis in
resource inventories

multistage sampling (cluster sampling), its uses, limitations,
assumptions and numerical analysis in resource inventory

{be optimization of data collection and analysis with

emphasis on what to collect. how much of it to collect and
where to collect it (get the most for the dollar, or getting
what you want for the least dollars)

3-3
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(9) the sample allocation procecures used on the project and
the results of that allocation

(10) the application of the field data collection procedures
being used on the project

(11) review, wrap-up and preview.

In addition to the above sessions, the personnel presenting the material
will be available in the evening to assist those who are interested in more
thoroughly developing the material covered during the day and to complete
work begun during the day in photo interpretation and data analysis.

In preparation for the week, each attendee should thoroughly read
and understand the reference material provided in the package, paying
particular attention to the following:

The Mean and What It Means (1, F. Freese, Elementary Statistical
Methods for Foresters, p. 3), Standard Deviation (1, p. 4),
Coefficient of variation (1, p. 5) Confidence Statements (1,

p. 11), (2, pp. 1-4), (3, pp. 1-3), Correlation Coefficients

(1, p. 7), Sample Size Calculations (1, p. 12), (2, pp. 1-4),
“T" Level of Confidence (2, pp. 1-4).

These items will be used liberally during the week from a practical stand-
point rather than a theoretical one. Therefore it {s not necessary to
understand the mathematical statisifcs associated with the terms, but rather
to develop an intuitive feel for the meaning of the terms. Each attendee
should bring the following items:

S T T T e I S I T TP
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(1)
(2)
(3)
(4)
(5)
(6)

clipboard
pocket stereoscope

an-engineer's scale (6")

10 sheets of 1/10th ruled graph paper
magnifying loupe
calculator (simple one will do; statistical one would be better)




Session 1 - Review of Project Status and Work to be Completed.

"ESL will present: (1) the digital processing completed to date,
(2) sample allocation completed, (3) photo acquisition, (4) ground data
collection, (5) photo interpretation, (6) statistical analysis, (7) output
products, and (8) final report.

NASA will present current status of the earth resources
prog~am, the ASVT program, and future spacecraft capabilities.

BLM will present the status of their program, their computer
system acquisition in Denver and current projects.
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Sessfon 2 - Review of Statistical and Sampling Terminology.

Objective.

The objective of this session will be to review the terminology
essential to the completion of the remote sensing based inventory demon-
stration project and to establish basis for the material that follows in
the remainder of the course.

Elements.
(a) Statistical terms:

mean
standard deviation

coefficient of varfation
standard error of the estimate
confidence bcunds

analysis of variance
regression analysis
contingency analysis
correlation coefficient

o O O O 0 v 0 0o ©

(b) Sampling terms

simple random sampling

systematic sampling

multistage sampling (cluster sampling)
multiphase sampling (double sampling)
sampling proportional to size

sample sfze calculation

2 © 0 0 0 o©°
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Remarks .

‘This will not be a theoretical development. Instead, it will
be based on practical examples from this or related projects. The attendees
will be expected to participate in this and the following sexsions in a
seminar fashion, by bringing their backgrounds and experience to bear on the
subjects at hand. The discussions will emphasize the advantages,
assumptions, and limitations of the statistical, sampling and remote
sensing material from a pragmatic viewpoint. An evening session is planned
to provide additiorial time and interface with the instructors to assist those
who feel weak on particular sampling, estimation and remote sensing points.

3-8
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Sessfon 3 - Developing Inventory & Mapping Objectives, Data Reguirements

and Confidence Statements.

Objectives.

This sessfon will be a review of the elements of planning @
resource inventory and mapping projec'.

Elements.
(a) Project planning outline
(b) Levels of precision and accuracy defined
(c) Confidence statements appropriate to the project objectives
(d) Effects of confidence statements on cost
Schedule.
(a) Introduction of tcrminology and concepts
(b) Critical review by attendees of BLM's Resource Inventory Note
No. 9, "Some Basic Considerations When Sampling Small Woodlands,"

by B. S. Ashley

(c) Attendees do precision and confi’sznce statements for each level
of inventory required by the Bu au

(d) A review of the effects of the ¢ :fidence statements on the
budget required.

t 3

it L bl e Awte i e L i L Dsas




-N

Remarks .

‘The attendees should thoroughly review Resource Inventory Notes
BLM No. 9, "Some Basic Considerations When Sampling Small Woodlands"
prior to the session. The ideas of confidence bounds and probability
statements in the Resource Inventory Note should be put in context to the
attendee's particular inventory and mapping problem prior to the session
to allow their full participation in the seminar.

3-10
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Session 4 - Development of Categories and the Analysis of Categorized

Information From More Than One Source.

Objective.

Introduction of the students to the concept of nonmeasurable

attributes (categories), and the analysis of the relationship between
attributes that have been put into categories, and the application and
interpretation of the resulting analysis.

Elements.

(a)

(b)

(c)

Introduction of the objectives of the analysis of categorized
data (contingency analysis)

Definition of categories (classifications)

Contingency tables (what the numbers mean)

(d) Likelihood values

Schedule.

(a) Instructor's introduction of the concepts and terms

(b) Review of the classification framework in terms of categories
associated with the project

(c) The attendees using large scale aerial photography and a
verbal key to place points into categories from the classifi-
cation framework

(d)

The analysis of the data from the attendees' interpretation

‘ "
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(e) The meaning of contingency analysis to the ASVT project

Equipment Required.

(a) large scale aerial photos (provided)

(b) stereoscope

(c) verbal photo interpretation key and color chip

(d) data sheet (provided)

(e) calculator

(f) a true identification of the cover types at each point on the ground

3-12 :
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Sessfon 5 - Stratified Sampling and Estimation.

Objective.

Develop the concepts of stratified sampling and estimation and
develop an understanding of the objectives, applications, advantages,
assumptions and 1imitations of stratified sampling. Bring the use of
Landsat, aerial photos and ground data into the context of stratified
sampling.

Elements.

(a) Objectives of stratified sampling

(b) Terminology and notatfon associated with stratified sampling
(c) Analysis of variance procedures (ANOVA)

(d) Selecting stratification criteria

(e) Sample size and allocation optimization

Schedule.

(a) Introduction to th: stratification process

(b) Attendees to use 1:30,000 photography to stratify an area
of the project

(c) Place known plots into strata based on the attendees' inter-
pretation of the 1:30,000 photography

E
(d) Numerical analysis of the plot data

L4

,".'
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(e) Interpretation of the significance of the results of the
' s}ratificatian

(f) Application ¢f stratified sampling to the project (high
altitude photo, Landsat, conventional photography and
large scale photogrophy)

Equipment.

(a) 1:30,000 stereo pair of the area to be stratified

(b) stereoscope j
(c) overlay showing location of sample points §
(d) raw data from the sample points :
(e) summary data sheet §
(f) calculator. :
i
%
]
ﬁ

e AT 5
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Session 6 - Multiphase Sampling (Double Sampling).

Objective.

Development of a working know. Jge of the basic applications of

multiphase sampling, its advantages and disadvantages. Introduce the
associated terminology and assumptions for multiphase sampling.

Elements.

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

(1)

(3)

The objectives of multiphase sampling
Basic terminology for multiphase sampling
Regression and ratio estimators

Scatter diagrams

Distribution of error

Parameters (SSR, SSE, R%, A, B, and E)
Sample size estimation

Bias associated with ratio estimation
Sample selection

Quality control in multiphase sampling.
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Schedule.

(a) Introducticn to basic concepts

(b) Example of the application through the use of double sampling
with large scale photography

.
T . e b s et amgial i

(c) Analysis of the relationship between photo and ground
measurements from the photo interpretation completed in the
workshop

(d) Significance of the results

(e) Applicability to this project.

Equipment.

(a) Large scale aerial photos of the plots to be interpreted
(b) Data sheet

(c) Pocket stereoscope

(d) Calculator

(e) Graph paper.

3-16




Session 7 - Multistage Sampling (Plot Size & Cluster Size Determination).

Objéct;ve.

Further the development of the concepts of sampling error and

measurement error through large scale photo interpretation.

travel cost estimation.

Elements.

(a)

(b)

(c)

(d)

(e)

(f)

Measurement error

Sampling error

Plot size

Replacing plot size with increased number of plots

Autocorrelation concepts

Tradeoffs of measurement cost versus travel cost.

3-17
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Schedule.

(a)  Ifitroduction of concepts and objective of multistage
sampling

(b) Photo interpretation at varying plot sizes
(c) Numerical analysis of results

(d) Plotting of results

(e) Development of relationship to project

(a) Large scale aerial photos
(b) Stereoscope
(c) Data sheet
(d) Graph paper
(e) Calculator.

3-18
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Session 8 - Optimization of Inventory and Mapping.

P IT IRV A T DL N e

ObJeCtise. *

Develop a basic understanding of sample optimization procedures
relevant to the remote sensing project for rangeland, woodland, and
forest.

PO L T I P T T Y N LT

Elements.

(a) Plot size

(b) Number of plots per cluster
(c) Number of clusters per strata

(d) Travel cost

(e) Measurement cost
(f) Stratificaticn cost

(g) Correlation coefficients

B it g P S AR MGt g —— -

(h) Autocorrelation

)

(1) Isoproduction functions

(j) 1socost functions

(k) Expansion paths

'




Schedule.

(a) 'Obﬁectives of optimization: fixed budget vs. fixed precision
(b) Terminology

(c) Basic optimization model

(d) FReview of data from project and from seminar

(e) Sample allocation optimization

Equipment.

(a) Graph paper
(b) Calculator.




Sessfon 9 - Project Sample Allocation Procedures and Results.

Objectives. .

To thoroughly review the sample allocation procedure used on
the project, the specific parameters used and assumptions considered.

Elements.
(a) Review of the planning model procedure
(b) Review of the facts pertinent to this sample optimization

(c) Review of plot size and measurement procedures from previous
sessions of the seminar

(d) Review the results of the allocation for this project

(e) Review of expected results, given the sample optimization used %
Schedule. é
(a) Review of the elements ;g
(b) Actual planning model runs i%
Remarks. 3

Facts to be presented include:

L s AT AR D

(+) Cost of each element ;

(b) ﬁfobabi!ity levels and allowable errors used or expected f

L
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(c) Parameters to be estimated in the project

(d) C;rrelation of coefficients used

3-22
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Session 10 - Review and Demonstration of Field Procedures.

OBJECTIVES ~ °

Review and discussion of use of ground data within project.

ELEMENTS

(a)
(b)
(c)
(d)
(e)

(f)

Comparison with SVIM methodology

Range-related ground data collection procedures
Woodland-related ground data collection procedures
Forest-related ground data collection procedures

Practical experience in using large-scale aerial photography (LSP)
to navigate to and locate plot on ground

Actual collection of ground parameters for analysis

SCHEDULE

(a)
(b)

Discussion of ground data collection procedures with respect to project

Field trip for LSP navigation and ground data collection demonstration

EQUIPMENT

(a)
(b)
(c)

Cupboard
Pocket stereoscope

Field data forms (to be provided)

3-23




Session 11 - Review and Wrap-uUp.
Objectives. ’ .
(a) Review and answer outstanding questions

(b) Preview remainder of project

(c) Preview next training session and assign a study to be
completed prior to that session




PAGE 1S

1979

SIGN-UP LIST

NASA/BLM ASVT Training Course

g?&ﬂxﬁiQUAuxt
1. George Ramey
2, John R. Morgart
3. Ralph (Cub) VWolfe)
4. L. D. Walker
5. Dwayne Sykes
6. *Ken C. Moore
7. Robt. (Bob) Davis
8. Thomas R. Costello
9. Paul Cuplin

10. Ed Work

11. Loriu Schwa:tz

12. Ken Hancock

13. Jim Nichols

14. Mike Gialdini

May 21-25

Range Conservationist

Wildlife Biologist
Area Mgr., Shivwits

Forester

Fisheries Biologist
Physical Scientist

[ 1] ”

NASA Technical Monitor
Res. Inven. Service

Proj. Mgr., ESL

*Ke¢en Moore attended only part-time.
t 2

’

Ariz. Dist. Office (Main) 67313545

Ariz. Dist. (Argas)

628-1§91 (Four Seasons)

3-25

£

Arizona State Off.

Arizona Strip Dist.

| 1] " ”

DSC - D-234 ;
" D-234 é
" D-440 ;
" D-440 ;
JSC - Houston, Tx.

San Jose, Ca.

Sunnyvale, Ca. 3
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"DATA ANALYSIS WORKSHOP

*

13-16 November 1979

Tuesday, 13 November

l. Photo Interpretation Review

Procedures used in photo interpretation

Attributes being measured/estimated

- Relate these attributes to those measured
on the ground.

2. Stat Review

Review basic statistical terminology and concepts:

- Mean

- Standard deviation

- Coefficient of variation

- Standard error of the estimate
- Confidence bounds

- Analysis of variance

- Regression analysis

- Contingency analysis

- Correlation coefficient

- Simple random sampling

- Systematic sampling

- Multistage sampling

= Multiphase sampling

- Sampling proportional to size -

Present the basic framework for connecting these
concepts into an estimator.

3-26
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(~ Wednesday, 14 November

3. Present the use of ANOVA and contingency analysis
‘for generating class descriptions.

Sources of data:

Photo i..terpretation
DTD
Landsat classification

Verification procedure

4. Hands on experience working with the data

Percent cover estimates + class description =+
menu

DTD - Landsat classification contingency table
DTD menu

Review of actual class description results (% cover)

5. Evaluation of preliminary agoregations of computer
™ classes and generation of new aggregations (as
-~/ necessary) based on class description results with

the use of the IDIMS color display (Part 1 - Range).

3-27
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Thursday, 15 November . ?
4 ;
6. Present the use of photo/ground regression in the :
estiration procedure. . . ;
. , B
7. Review the impact of the correlation coefficient on ﬁ
' sample size (using actual data if available) required s
to reach desired accuracy.
8. Evaluation of preliminary aggregations (Part 2 -
woodland .and forest)
.
.
U 3
3
L
1
|




- Friday,
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16 November

10,

11.

N

;Estimation procedures for rance resources

Review range production estimators

Intuitive explanation of the production
estimation

Review the Jguantities to be estimated and
accuracy "specifications”

Estimation procedares for forest and woodland
resources

Review forest and woodland production estimators

Wrap-up and review
Need to have color selection and names for

each class *o be éisplayed on the final cutput
products '

3-29
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4. PROJECT STATUS REVIEWS.

.The objectives of these periodic reviews were to present
progresé to date on the Phase II effort and identify and resolve
any problems noted or anticipated. The four in-progress reviews
were held in January, June, September, and November, 1979. These
reviews were considered extremely valuable in maintaining
involvement in the project by all BLM, NASA and contractor
participants. Coupled with the training course, the reviews
provided an excellent means of exchanging information on the
project: its objectives, the procedures, the problems encountered
and their solutions and the results.

A final project review was held on 29-30 May 1980 to
present the accomplishments and results of Phase II to a larger
audience than that addressed at the status reviews. In the
words of the NASA Project Manager for this APT, "Overall, 1
considered the Phase II Final Review as a successful culmination
of a very rewarding and productive project. The success can be
directly attributed to the cooperation and determination of the
people involved from both BLM and the contractor."

4-1
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|.-w£uﬂ r}i"lg 4 Lyndon B.Juhnson Space Center Rﬂ. \u:‘-..’ ‘
"o SF5/79-21 " danuary 18, 1979 | "'SFS/RJHencock:cmg:1/18/79:2206 i

vo:

Memo for Record
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(44

The status was repoted by B. Fine following the enclosed agendu and the

format of the Bimonthly Report.

1. Landsat Processing

rrou:  SF5/Kenneth J. Hancock TTCITT v/éﬂ/(}( }r.
enneth Hancock
sues: Phase Two Project Status Review No. 1
DATE: January 8, 1979
LOCATION:  ESL Incorporated, California
ATTENDEES: R. Marker, BLM/DSC G. Nixon, MASA/JSC
W. Bonner, BLM/DSC K. Hancock, NASA/JSC
M. Garratt, BLM/DSC S. Howley, ESL
D. Sykes, BLM/ASD G. Gnauck, ESL
R. Davis, BLM/ASD B. Fine, ESL
C. Wolf, BLM/ASD J. Nichols, ESL Consultant
. R. Thomas, UCB
DISCUSSION: '

® Radiometric Corrections - complete

o Debanding

e Control point; 90 C.P. selected and transformation complete

e. Digitizing

- complete

- 80% complete

o Classification and training -

First classification completed December 1 using 1978 LSP (120
flight lines). These flights did not include Ponderosa Pine and
Agriculture but training was included for these classes. Pre-
Timinary names were assigned to the 92 clusters from 4 IMU's.
Entire scene classified December 18 using 73 classes.

ISC Fore 1180 (Rev Jan 76) |

INCREASED PRODUCTIVITY = LOWER COST Jeave ver

4-2
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o Digital Terrain Data - data being unpacked considering using
bilinear method; however, Jim Nichols suggested nearest
- neighbor decause of nature of data and cost. It was stated 4
that EDC used cubic convolution.

ACTION No. 1: ESL decision on method to be used for unpacking digital
AENIIImmAmmIES  terrain data.

I1 & III. Multistage Processing

o ESL will be discussing with UCB the need to run the Pianning Model,
techniques, inputs and outputs to model prior to forwarding tne
LSP data for input to the Planning Model.

e Pl of 1978 LSP - this was to be completed bv the BLM contractor in
December 1978; however, the date has slinned to January 19, 1979,
The effect of this is that any slack in the follow-on tasks has
been eliminated and there is no more roonl{br slips or remarks.
This delays the ESL due date of digitizedhdata to UCB from
, January 26 to mid-February.

e LSP for 1979 |

BLM specifications complete; RFP to be issued by mid-February;
award April 1; collection to begin May 1 in low desert and ranje
areas; low desert and range plotted and delivered by June 1;
forest plotted and delivered by June 15.

ESL will select flight 1ines by mid-March and deliver maps for
contractor by May 1. , :

o Jim Nichols explained his recommended methodology for determining
fore- * and woodland production using line length and trees inter-
sect instead of total area count of trees. He thinks the UCB

Plar g Model can give the line lengths for the different forest
and . dland cover classes.

o 'ESL wil have Range Resources Inc. under contract by February 15
to the field data collection.
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IV. Technology T ansfer

< @ The Peer Review was cancelled by Ken Hancock. .
Plans are to plan for a management review for the Fall 1979
and include the Phase I field work and evaluation being done
by BLM/Alaska.

ACTION NO. 2: BLM/DSC and NASA/JSC will look into having management
s  meeting around October time frame.

ACTION NO. 3: ESL will have May 21-25 Training Session Agenda to NASA
—iSSISS===SS= and BLM by May 7. ‘

ACTION NO. 4: NASA/JSC will get 1ist of attendees to ESL by April 23.

VII. Management and Support

ACTION NO. 5: ESL will have Final Report outline and draft of Section 1,
WESS======S  |andsat Data Processing, to NASA/JSC by February 28.
The next Section, Allocation should be in draft July -
August period.

ACTION NO. 6: NASA/JSC and ESL will establish dates for draft of each
—— caction of Final Report and rates to be reviewed and
returned to I:SL by March 30.

o The initial Bimonthly Report has been draftecd and should be
mailed shortly.

COMMENT: Thc status report presented by ESL was very satisfactory. The
progress was fairly readily tracked by using the flow charts
s.t):atiwere drafted from the ESL chart presented at the Planning

ssion. ‘

4-4
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Progress reports and discussions of scheduling oroblems for the following

Agenda for Myltistage Sampling Phase Il
s Contract Review - Jahuary 8, 1979

topics:

I,

111.

Iv.

Landsat Processing

1. Preprocessing

2. Stratification

3. Digitizing

4, Signature derivation
5. Classification

Miltistane Proressing

1. Effect of delay of Pl of '78 LSP by Virtual Imaqe
2. BLM Contract schedule for collection of '79 LSP
3. BLM LSP specifications

4. LSP flight line allocation schedule

5. BLM purchase order for prints of LSP

Muitistaye Processing
1. LSP flight line allocation
2. LSP specifications and collection

Technology Trahsfer
1. Cancellation of Peer Groun Review
2. Plans for May 21 - 25, 1979 training

Final Report
1. Draft outline

4-5
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‘ U3 Government
| » A c
‘ “ﬂlEP"ORAtJDUin Lyndon 8 Johnson Space Center NA-A
REFER T s DATE INITIATOR wCL
Yo' SF5/79-152 June 11, 1979 - 8F5/K Hancock/TM: 4735 ’ i
Yo Memo for Record , SF5/ 0. G. Smith |
BLM/DSC/ Ed Work E
BLM/Arizona  Dwayne Sykes §
ESL/ Mike Gialdini 1
FROM' SFS/ K. J. Hancock monaTURE g

sua t
L Phase II Project Strtuys Review No, 2

Location: St . z20rge, Utah

T TP TR T T L 1 F s T L TR

Attendees: Ed Work, BLM/DSC Mike Gialdini, ESL
Ken Moore, BLM/Arizona Joel Dye, ESL
Dwyane Sykes, BLM/Arizona Len Zuras, ESL
Cub Wolfe, BLM/Arizona Randy Thomas, UCB
John Morgart, BLM/Arizona Ken Hancock, JSC
Discussion:

Ed Work gave a brief resume of the status of the ldaho Test Site Project. There
have been 350 flight 1ine allocated with 10 plots per flight 1ine. The fligit lines
are two kilometers in length and require three wide angle photos per stereo pair. The
photography and P, I. work is contracted out to Jim Nichols, Resource Inventory System,
The photography is now being flown and the P. 1. is schedule to be completed by Novem-
ber 1979, Ground data collection begins in July with two persons from BLM/DSC and four
from BLM/Idaho., The digital classification is to be done by EROS Data Center,

The project status report was reported by ESL and their subcontractor, UCB, fpl-
lowing the enclosed agenda (Enclosure 1). . i

1. Landsat Data Processing Results (Enclosure 2).

* Classification and Class Descriptions - Spectral classes determined through
clustering of four 1SA (Intensive Study Ereas}. 512 x 512 in size, resulting in an
fnitial 83 clusters. As a result of assigning these clusters to 26 summary categories,
confusion was noted in high and low desert. BLM/Arizona provided ESL an elevation

¢ strata mask for the two desert categories on a 1:250,000 topo map. Using the elevation
data for reassignment of spectral classes where "confusfon” existed resulted in nz
clusters and 27 summary categorfes. Although the results are tentative, this demon-
:tr:tes the possible value of using elevation as a means of elimination spectral con-
usion,

* Digitizing - GCP's (Ground Control Pointc) have been digitized as well as all
.administration boundaries.

[ 4-6
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* Digftal Terrain Data - ESL encountered problems with mosaicing the 1° blocks
of elevation data from the DMA digital tapes. As much as 600' difference in eleva- ;
tion was encountered in the overlap arsa of the 1° blocks. Because of this the task ;
of determining elevation, slope and aspect of each pixels has been delayed until more
information can be found out about the DMA tapes.

3

2. Sample Allocation (Enclosure 3) - Randy Thomas briefed the UCB planning Mode! :
for sample allocation and the results obtained for the Arizona Test Site following
the enclosed outline, i

3, Sample Selection Results (Enclosure 4) - Joel D{e briefed the ESL procedures
for selection of samples, i.e., flight 1ines. The results are enclosed showing both
the Planning Model results and the ESL results. Note that the Planning Model called
for only 114 flight lines (PSU's) whereas the ESL results show 200, The 200 flight
l;nes are based on the maximum afforded by the BLM budget and the total that will be
flown,

Action Items

s iare gt A e Niarede QR R B Clhg mil e e o eyl el Lt

1. A discrepancy, or difference in the method used, arose from discussion on
flight line (PSU) selection, The UCB allocation of flight lines was based on plu-
rality of pixels of a given cover type in a PSU, i.e., a PSU had to contain more pixels
of a given cover type than the other cover types to be considered for allocation.

The ESL method of PSU selection was based on the total number of pixels in the pro-
ject area, i.e., all pixels of a given cover type were numbered from one to the total
on pixels in the class and then a random number generator was used for selection of
flight lines-- thus all pixels of a given cover type had an equal prcbability of sel-
ection, Considerable discussion followed. Since the total number of flights lines

to be flown is 200 whereas the Planning Model gave a requirement of 114, the effects 4
of the selection criteria should have little or no effect on this project; however, 1
if additional flight 1ines had not been planned for the Arizona project there could i
have been a possible problem, ;

P T T I T R L IVEI | M TR Y, | Ny

ESL and UCB took the action to discuss this subject and forward their
evaluation to JSC by July 16, 1979, This task is not to entail a detail study.

2. ESL delivered a draft of section 2.1.4 Class Dcccription of the Final Report
and a revised copy of the report Outline incorporating the changes recommended by JSC,
and BLM, The review by BLM is to be completed by June 30 along with the other section
delivered by ESL on May 11, 1979,

3. Copies of the BLM SVIM (Soil Vegetation Inventory Method) forms are enclosed 1
(Enclosure 5). ESL plans to modify these forms as necessary, with the consent of BLM, :
to accommodate the ground data collection. ESL will forward copies of the modified 1
forms to JSC after necessery changes have been agreed to by BLM. 3
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NASA/BLM APT
PHASE 11
PROJECT STATUS REVIEW
11 JUNE 1979

AGENDA

LANDSAT DATA PROCESSING RESULTS M.
SAMPLE ALLOCATIONS - SURVEY R,
PLANNING MODEL RESULTS

SAMPLE SELECTION RESULTS J
CURRENT OPERATIONS, SESSION M,
WRAP-UP

NOTE: GENERAL DISCUSSION OF KEY ISSUES 1S

ANY TIME DURING THE SESSION,

4-8

GIALDINI, ESL

THOMAS, U.C.B

DYE, ESL

GIALDINI, ESL

WELCOME
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LANDSAT PROCESSING RESULTS

CLASSIFICATION
CLASS DESCRIPTIONS
DIGITIZING

DIGITAL TERRAIN DATA

4-9
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CLASSIFICATION

INITIAL RAW CLASSES
INITIAL SUMMARY CLASSES
FINAL RAW CLASSES

FINAL SUMMARY CLASSES

CLASS DESCRIPTIONS

1978 LsP PHOTO INTERPRETATION

ANOVA ON PI RESULTS BY SUMMARY CLASS

DIGITIZING
CONTROL POINT NETWORK AND EVALUATION

TRANSFORMATIONS

ELEMENTS DIGITIZED

DIGITAL TERRAIN DATA

EVALUATION OF AnJoINING 1° BLOCKS

INTENDED USE wr DATA

4-10
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0

PROCEDURES FOR SELECTION

PROBABILITY PROPORTI(CNAL TO AREA -
WOODLAND

EQUAL PROBABILITY - RANGE AND
FOREST

PLOTTING PSU'S TO MAPS

4-11




ORIGINAL .PAGE 1S
OF POOR QUALITY

DSC INTERIN FORW 1731-1
MY 1979
RECORD TVPE . o o e o ea oo (1) VI
FORMT COOE ¢ o« e s oses (2 D
LR ADRIN WNIT (ST/DI/RA/PU), (3) 1tttit ot i)
MLOTENT & & o 0000000 1) tlttd
PASTURE o o o s 0 0 00 00 o (30 1tt '
SITE WRITELP AREA (SHA) . . . (B) tit it
TRANSECT NMEER o o & 4 o o o 17) dit

( 0.8, DEPARTYENT OF THE INTERIOR
RREA OF LAD PAVGOENT
S0IL. VEGETATION INVENTORY PETHOD
IEEEEEE AN IENNE NN X
TRANSECT OATA SHEET

(1 (12) COPPARISON AREA o o o o o o o (8) 1t
AERIAL PHOTO RECORDER N ¢
DATE (YYMOD) & o o 0 v 0 oo (9 ttttt)
' } '————‘ mlm m! (“!D’ e 0 0 00 0(10) :—‘
[ ]
(13) (14) (1%) (16)
, GROUND COVER DATA | PLANT LIST SOIL FRCTER TS | O
! BASAL DOT COUNT mrsi SYRSOL | SYNBOL | SYBOL RATING!
!
:mm.oooo : memoao-——
* PERISTENT LITTER . . ! SURFACE LITTER o o ol
. NON-PERSISTENT LITTER ! SURFACE ROCK & o o b
mﬂ‘h'a".- i mSTN.LI!B PR N R ) [e—— |
DBRLE (3° - 10°) . . : ! FLOW PATTERNS o o o ol !
STONE (210" ... | | RILS v o o oo oo ofeec!
m.......‘ " : ”mla.......'—-i
' ' (17) SOIC SURFACE FACTOR TOTAL i}
118) U9 (18) ' 09)
, LEVEL OF TRANSECT HIT 1 HITS LEVEL OF TRANSECT HIT | TS
| BASL | CANPY 1§ CAPY 2§ CANPY 3 1 DOT CONT BASAL gcnm:}c.'mzimmagmtmg
' { ' I ' .
' { , 4
i i \ —
{ !
. {
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! 1
H ! -
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| b , | i
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OSC INTERIR FORY 1731-3 (CONTINED)

-

ORIGINAL PAGE 1S
OF POOR QUAL“'Y

LEVEL OF TRANSECT HIT

(18)

{19)
HITS

BRSAL gmmnrcumz:mms; 00T CONT

-

- oo oo e oe ow cguen

e

— " - e

" - - — ..

BOOT D OD CROCEE BT 0 On eGP O OE D B To P e® OF an GS D ee TP SRR e

-

'lP.

OO CODT COPT as B® en ST s B on a® oS S8

¢ e e - — =

- [ 4

CENERAL INSTRUCTIONS FOR VI

(1) & 329
(2) ;& 379
(3) BE 0003
(4) 0E 0948
(3) IE 3903
(6) 0 2507
(7) DE 3508
(8) ;& 372
(9) DE 8418
(10)DE 7330

(11)DE 6525
t12)0€ 713

(13)E 3|2
(180 327

(1S)0E 2646

(16)0E 4817

(17)IE 4818
(16)DE 332

(19106 327

RECORD TYPE = Prerrinted on fora,

FORMAT CODE = Prerrinted on fora.

BN ADMINISTRATIVE INIT - Ester Adninistrative
State Codelalehd) and the District, Resource
Area and Planning Unit numbers,

ALONET - Enter desisnated RMAS & character
nuaber,

PASTURE = Enter masture number, dlank if nonet
(aust be uninue within Allotment),

SITE WRITLP AREA ~ Enter SWA nuaber,

TRANSECT = Enter Transect number,

COPARISON AREA = 1€ data s from Coamarison
Area enter °C®, otherwise leave blank,

DATE - GEnter Date of data collection
(Yr.Mo,Dav).

ACTION CODE - Enter ®A® to Add new datat "D* to
Delete existing data.

RECORDER =~ Enter Recorders initials.

AERIAL PHOTO <= Enter Phote=ID o Mar
Tdentifier,

CROUND COVER DATA - Record Dot Counts by Basal
Catesories.

HITS = Record total nuaber of hits for each
basal catesory (use section to left for dot
count  tally)., See SVIN Manwl 1731,
INlustration 8. for diasramatic sketches of
ster point dats and recording procedures, When
a hit is durlicated on a transect §t can be dot
counted rather than sakins a new entry.

PLANT LIST = Record other rlant seecies
observed but not encountered on mace transect.
SOIL FACTOR ITENS = Enter & value for edch ites
a3 deterpined for Site Writeur Ared. This {s
the recorded ratimy froa the reauired soi)
surface factor fors. See BLE Manual 7322,118.
SOIL SURFACE FACTOR TOTAL = Record SSF total,
This i3 an ortional entry ites.

LEVEL OF TRANSECT HITS - Enter areroeriate
sround cover and/or plant svabol encountered at
each  Jevel. See SVIR  Mnual 1731 for
diasramatic information.

HITS = Record tota! number of Hits. Use column
to left for Dot Count tally,

P NN SR PENCOC RS E PTITEE CIEC e P BT CTCRED S8 CTTR N G PO ST BT S DS BT OP BT EP GE OO P BE G T G® P B e eatEd GEnTeBE 06 ee

(Yo we v
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VEOCETATION

U.S. EPARNENT OF ME INTERIOR
BUREAU OF LD WANAGRYENT

SOIL VEGETATION INVENTORY METHOD
0000000:09“! XX XX XX

DBC INTERIN FORR 17316
MY 1979

WEIGHY ESTIRATE
AND
CHARACTERIZATION

ORIGINAL PAGE IS
OF POOR QUALITY

Pase . of
mm..‘..l...“’ vz .

FORMT CO0E . . o o0 .00 (2) D o,
B ADRIN WNIT (ST/DL/RA/RUY, (3) §tlt o f ot et )
ALOTENT o oo v vno oo () 1ttt

PSTURE o oo oo v o oooo (9) 1td

SITE WRITEWP AREA (SHA) . . . (0) ftttt
TRANSECT MJBER o « o 0 4 o o (7)1t

DATE (YYIROD) .+ v v o 0 0 o o (8) flttottnd
ACTION COTE (AD) o + o o o o (9) 18

FLoT sites am 1 PP EEP oD
TREES & SRUBS  (10) 18 17100 13 17200 oW 1 2 3 4 0S 6 7 8 9 10} g
ORASSES & FORBS (11) 11 .96 11892 11480 11960 1—!19.20 148,00 I_! {

Seecify !

WEIONT ESTIMATE DATA {{VEGETATION cuuucrenzutoui
12 13 i) (%) (18) un ue) U9 20 (2 1 (2 (2}
Vol PLAT STPBOL [AALL PN UTIL] WTL W2 e 1] elom ““%ﬁ‘.’""a‘ﬁ‘sé@;mm DD CheRID]

1 ;

4

¢

e

P Y X Y uoc‘.o- Itaamiec O papaanm A 4-14

. s e ’ "]“
T T—
Ao i NG SR Iu 3 B i 6 i fin s o AL 5 7 i it A
i Sl ame e . . . o s




- ORIGINAL PAGE IS ' ,;
OF POOR QUALITY

DC INTERIN FORM 1731-6 (continued)

1
WEIGNT ESTIRATE DATA %VEGEYRT!ON CNARACYER!ZAYXLODH
(12)f (13 10 (13 (e (17 (18) (19 (200 (2! (2) () |
n'.tzm ! xﬁ AE AVE |  ESTIMATED MEIGHT IN GRAMS AVE AVE CROMN ACE FORM! NJTER  NOT !
. PLAN SYMBOL [AWAL. PYEN UTIL§ HT1 K2 HI3  HI4 HEIGHT  DIAN,  QLASS CLASSIDOT CONT 1GWAlD OvelD:
—— I ]
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! z
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ORIGINAL PAGE IS
OF POOR QUALITY

GENERAL INSTRUCTIONS FOR V2

(1 g B
(2) 0E 7
(3) JE 0003
(4) DE 0968
($) DE 3905
(§) DE 307
{7 DE 308
(8) DE 4618
(9 0E 730
(10)0E 3514

(11)DE 3510
1210 3512

(13)0E 2646
{14)0E 3830

(15)0E 3712

FECORD TYPE - Presrinted on fora,

FORMAT CODE - Presrinted on fors,

BUM ADMINISTRATIVE UNIT - Enter Adainistrative
State Code(aleha) and the Districts, Resource
Area and Plannins Unit numbers.
ALLOTYENT - Enter desisnated RMAS & character
ausber,
PASTURE - Enter rasture nuader, blank if nonet
(sust be unique within Allotment).

SITE WRITWP AREA - Enter SWA nuaber.

TRANSECT = Enter Transect nuaber,

DATE - Enter Date of data collection
(Yr.Mo.Dav).

ACTION CODE - Enter °"A® to Add new datat °D° to
Delete existine data.

TREES & SHRUBS - Check slot size for trees &
shrubs.
GRASSES L FORBS - Check rlot size for srasses &
fordbs, NOTEt Circle rlots to be clirred &
characterized.
PLOT NO. - Enter plot nuaber from which weisht
estimate and characterization data is beins
collected.
PLANT SNBOL - Enter SLS standard rlant svadol.
AVAILABILITY - Enter averase availadility by
slant ' srecies occuring in the plot, Code as
followss

A = Available 100 2

P - Partially Available 75 2

H~ Half Availadle 50 I

L = Linited Availability 28 %

U - Unavailadle 0 T

PHENOLOGY - Enter averase rphenolosy by rlant
srecies occuring in the plot. Code as follows:
1 = Besin Growth

2 = Vesetative Stase

3 = Beot Stase

& - Peak Flowering

S = Seed Rire

6 = Mature

7 = Dormant

8 = Resrowth

‘UTILIZATION - Enter averase wutilization by

elant seecies occurine in the plot. Cede as
follawst o

0-0% -

1-0te201

2-2A 01

3-4tot0l

§-61teBOL

S-0tei01

4-16

(17)0€ 33BN

(18)DE 3304

(190 B2

(20)DE 3502

(21)DE 3503

(2)E 3918

(DE 331

GRAMS PER PLOT = Record weisht in erams rper
plant srecies for each hejsht catesory as
follouss

HTl -0t 3

HI2-3te 4172

M3 =-41/72¢%7

W14 - OVER 7/
A ainisue of 2 rlets per transect will be
clirred and weished. Enter the weisht estimate
for 211 plots and enter and circle actual
clirred weisht on the clirred rlots,
HEIGHT = Record averase heisht in feet and
tenths of feet for each seecies encountered in
rlot.

CROMN DIAETER - Record the averase crown
diameter in feet and tenths of feet for each
srecies encountered in rlot,

AGE CLASS =~ For each rlant seecies record each
ase class encountered on plot. Use semarate
Hines for each ase class. Codes are as follows?
§ ~ Seedlim

Y = Youns

N - Mture

D - Decadent

0 - 01d (trees only)

P - Pole (trees only)

R = Reserout (shrubs only)

See SVIM Manual 1731, Illustration 90 mse 2
for detailed exrlanation,

FORM CLASS = For each seecies record each fore
class encountered on plot. Use serarate lines
for each fora class, Codes are as mlwss

1 = Norsa) & Visorous ‘

2 = Dvins Center (srasses only)

3 - Hollow Center (srasses)

3 ~ Dead or dviny (fordbs, shruds, trees)

4 - Cluar Edse (srasses only)

S = Bead

NPBER CHARACTERIZED - Enter total nusber of
plants characterized. Characterize all srasses
and fords. and a ainisumn of five shruds and
trees rer seecies. The balance of the shruds
and trees within the rlot are counted and
recorded undor iten (23. Dot count colusn to
Teft mav be used to tally rlant seecies
characterized.

NRBER NOT CHARACTERIZED - Enter the number of
shrubs and trees not characterized in excess of
the five characterized.
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ORIGINAL PAGE 1S
OF POOR QUALITY

DSC INTERIN FORN 1731-7
MY 1979
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ORIGINAL
OF POOR

GENERAL INSTRUCTIONS FOR V§

(1) & X29
) Ik =1
(3) [E 0003

(0 & &0
(3) & 730

() [E 2648
M X M2

() 0 3948
(9 0E 3[4
(10)0E 3942
(11)E I
(12)k 334

(13)0E 3504
U 7313

-d

RECORT TWPE ~ Prarrinted on fore.

FORMST CODE = Presrinted on fora,

D.71 ADNINISTRATIVE UNIT - Enter Administrative
State Codelalrha) and the District: Resource
Ares and Planning Unit nuabers,

DATE - Enter Date of data collection
(YeoMo.Davl,

ACTION CODE = Enter ®A® to Add new datal °D° to
Delete existim data.

PLANT SYMBOL - Enter SCS standard elant svabol,
PHENOLOGY = Enter standard ehenolosy by plant
srecies. Code s followst

1 = Besin Grewth

2 = Vesetative Stase

$ - Doot Stase

4 - Pesk Flowering

S = Seed Rive

6 - Rature

7 = Dormant

8 = Resrowth
OREEN MEIOHT = Enter srams weished at tise
plant clirmed,
% AIR DRY WEIGHT - Enter the sercent air drv
weisht is of sreen weisht.
DRY WEIGHT - Enter air dry weisht in osrams of
clirped vaterial.
PASAL DIMENSIONS = Enter basal dimensions in
feet and hundredths of feet for al) srasses.
CROWN DIMENSIONS = Enter crown dimensicns §n
feet and tenths of feet for a1 fords. shrubs
and trees,
JEIGHT - Ente: Neioht in feet and tenths of
fost for each srecies.
AVERAGE LEADER LENGTH = Enter averase leader
Tongth in feet ané tenths of feet for shrad
srecies.
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ORIGINAL PAGE 1S
OF POOR QUALITY
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

\Ji\ix.uﬂl."ﬂ. PQGE 'S
Of POUR QUALlTY

PLOT TYPE
sEnter code as follows:
1l - PJ plot

2 - Forest plot

TREE NUMBER
Record tree number as indicated on photo

STEM NUMBER
Record stem numbers consecutively from 1 to number
of stems (see 4)

NO. OF STEMS
Record number of stems with DSH greater than or
equal to 3 inches (PJ), or a DBH greater than or
equal to 4 inches (Forest)

SPECIES
Record species codes as follows:
1 - Pinyon pine
2 - Juniper
3 - Ponderosa pine

DGH
Record diameter at ground height in inches (teo
nearest tenth). PJ plote only.

DSH
Recor * ¢ ameter at stump height (12") in inches
(to st tenth). PJ plots only.

DBH
Rec iameter at breast height (4.5') in inches
(t ‘est tenth). Forest plots only.
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el PAGE \9
oF POOR QUALITY
(9) TOTAL HEIGHT ‘
Measure and record total height to the nearest whole
“foot for growth sample trees (the 23 foot height v
class, for example, includes 23.0 up to but not
including 24.0 and is coded 023). Measure or
estimate and record for all other trees to the
nearest whole foot.

(10) MAJOR CROWN DIAMETER
Record major crown diameter to the nearest foot
for the aggregate crown resulting from a multistemmed
tree or for the crown of a ningle stemmed tree.
Note: major and minor diameters are measured at
right angles to each other. PJ plots only.

(11) MINOR CROWN DIAMETER
Record minor crownp diameter to the nearest foot for
the aggregate crown resulting from a multistemmed
tree or for the crown vf a single stemmed tree.
Note: major and minor diameters are measured at
right angles to each other. PJ plots only.

(12) AVERAGE CROWN DIAMETER
Estimated average crown diameter for each ster: as
. deter' 1ed in 4 above. PJ plots only.

(13) AGE
Total e of those trees bored (growth sample trees).

(14) 10-YEAR RADJ] GROWTH
Record e length of core for last 10 years growth
in inc (to nearest tenth).

§=21 j
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(15)

(16)

(17)

(18)

(19)

(20)

OPEN/CLOSED CANOPY
Record code as follows:
0 - open canopy
1l - closed or partially closed canopy
Forest plots only.

DATE
Record year, month and day for the date of data
collection.

ESTIMATOR
Record name of person doing height and crown
diameter estimates.

RECORDER
Record name of other (see 18 above) member of
ground crew.

PSU NO.
Record the PSU and plot number as annotated on the
back of the LSP prints.

MORTALITY TALLY

Record the number of mortality trees that intersect
‘the plot transects that died within the last five
years.

-~
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ORIGHIVAL PATT 19 i
OF POCR QUALITY

—MFummon' . ‘g:
MENIORANDUM 7
Ve §F5/79-213 **"august 14, 1979 | " §FS/KoHancock :cmg:8/14/79:4735 | i
ME EOR. SF5/0. G. Smith . :

7o' MEF FOR RECORD BLM/DSC/Ed Work |
BLM/Arizona/Dwayne Sykes *

ESL/Mike Gialdini -

$

rmon, SF5/Kenneth J. Hancock, Technical Monitor ;7 Va V
Contract NAS 9-15339 sionatune ' '

Kenneth J. Hancock |

suss: Phase 11 Project Status Review No. 2 i
LOCATION: St. George, Utah
ATTENDEES: Ed Work, BLM/DSC Mike Gialdini, ESL ?
Ken Moore, BLM/Arizona Joel Dye, ESL g

Dwayne Sykes, BLM/Arizona Len Zuras, FSL :

Cub Wolfe, BLM/Arizona Randy Thomas, UCB :

John Morgart, BLM/Arizona Ken Hancock, JSC ]

DISCUSSION: :

Ed Work gave a brief resume of the status of the Idaho Test Site Project. There
have been 350 flight lines allocated with 10 plots per flight line. The flight lines
are two kilometers in length and require three wide angle photos per stereo pair. The
photography and Pl work is contracted out to Jim Nichols, Resource Inventory System.
The photography is now being flown and the Pl is scheduled to be completed by
November 1979. Ground data collection begins in July with two persons from BLM/NSC
and four from BLM/Idaho. The digital classification is to be done by EROS Dat: Lenter.

The project status report was reported by ESL and their subcontractor, UCB,
following the enclosed agenda (enclosure 1).

1. Landsat Data Processing Results (enclosure 2).

* (Classification and Class Descriptions - Spectral classes determined through
clustering of Landsat coverage represented by 120 LSP's from 1578. The clusters
were then tested in 4 ISA's with training added as needed. The resulting 83 clusters
were then used for classifying the entire study area. As a result of assigning these
clusters to 26 summary categories, confusion was noted in hi_~ and low desert.
BLM/Arizona provided ESL an elevation strata mask for the two desert categories
on a 1:250,000 topo map. Using the elevation data for reassignment of spectral
classes where "confusion" existed resulted in 117 clusters and 27 summary categories.
Although the results are tentative, this demonstrates the possible value of using
elevation as a means of elimination spectral confusion.

* Digitizing - GCP's (Ground Control Points) have been digitized as well as all
_ administration boundaries.

1SC Form 1180 (Rev Jan 76) | INCREASED PRODUCTI VITY = LOWER COST Jraceror
- NASA-JSC
4-23




Bgpiy 10 Atltn of

Nationa!l Aeronautics and
Space AT Llrdlon

Lyndon B. Johnson Space Center
Houston. Texas

ORIGINAL .PAGE IS
OF POOR QUALITY

77058
SF5/79-211 . August 14, 1979
T0: BLM/DSC - Ed Work

BLM/Ar{izona - Dwayne Sykes
ESL - Mike Gialdini

FROM: SF5/Kenneth J. Hancock, Technical Monitor, Contract NAS 9-15339

SUBJECT: Update to Phase Il Project Status Review No. 2 Memo, June 11, 1979

Mv memo Phase Il Project Status Review No. 2 had three action items that needed
to be compieted. In addition, the memo requires amending. Please note below
the disposition of the action items and the correction to the memo.

1. Enclosure 1 is a correction sneet to the memo. Please replace page
une of the memo with the enclosure.

2. Action Item 1. The letter and enclosure from Joel Dye report ¢«
allocation of PSU's (enclosure 2). Further comments on this item are weicomed
from BLM, otherwise, the action item is closed.

3. Action Item 2. Comments on the Final Report draft on Sections 2.1
through 2.4 were received, combined with the JSC comments and forwarded to ESL
on July 10, 1979,

Action Item 3. The revised form for ground data collection for

forest/jig/WOodlaii and instructions is enclosed (enclosure 3).

Kenneth J." Hancock

3 Enclosures
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E S L 'NCORPORATED + 498 JAVA DRIVE ¢+ BUNNYVALE, CALIPOANIA 94086
Vo PHONE (408) 7348844 ¢+ YTWR (910) 339-98086

10 July 1979

Mr. Ken Hancock

A _ORIGI’"'AL PAGE IS
E:;:hsﬁfgource: Program Office OF POOR QUALITY

Houston, Texas 77058 ' k
Dear Mr. Hancock, | }

In response to action item number 1 in your memo (SF5/79-152)
on the Phase Il Project Status Review No. 2, Randy Thomas of UCB and
I prepared the enclosed report. The report contains our evaluation
of the problem and a recommendation for further analysis if a detailed ;
quantitative evaluation of the impact is desired. I would appreciate 5
any comments you have on this report.

B L T S ST )

Sincere'ly;o ;
goe] Dye '7( | :
Jb:ms ) % %

Enc.
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ORIGINAL PAGE IS
OF POOR QUALITY

STATEMENT OF PROBLEM:

The UCB allocation of flight 1ines (PSUs) was based on assigning
each PSU in the population (image) to the cover .‘e class to which the plurality
of pi .s in the PSU belongs.

The ESL selection of PSUs was based on creating a pcy:'lation of PSUs
for each cover type class to be sampled. PSUs were put into these populations
i1f there was at least one pixel in the PSU of the cover type class of interest.

DISCUSSION:

The justification for selecting PSUs in this way was 1) the difficulty
and expense of assigning a cover type class to a PSU based on plurality and
2} the large number of pixels, up to 40%, within any one cover type class that
would not be available for sampling when the plurality rule is used. Lack of
detailed vegetation description information at this point in the project added
some uncertainty to the grouping of detailed classes and the names associated
with the resultant cover type classes.

The impact on the project of this action is to reduce the efficiency
of the sampling in terms of productivity estimation in two ways. First, within
and between PSU variance is increased, thereby increasing the sample size required
to produce a given level of sampling error. Second, the number of PSUs having
a low number of pixels in the class of interest is increased relative to that
expected using a plurality rule. This in turn lowers the probability of obtaining

the desired number of photo plots in that class using a straight line flight path.

To quantify this impact, a detailed study would need to be made. The
recommended analyses to evaluate the magnitude of this efficiency reduction are
discussed below. The first would involve recomputing required sample sizes and
resulting costs when the within and between PSU variances obtained from the ESL
procedure are used. The relative cost d!fference at a fixed sampling error
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requirement wodld thus be available. In addition, the decrease in estimate
precision would be determined when cost (a fupction of the number of sample units
actually measured) is fixed at the UCB recommended levels. ‘The second analysis
would be designed to determine the expected increase in sample size necessary

to obtain the required number of photo plots per class.
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MEMORANDUM Y 7

REFER OATE INITIATOR
T SF5/79-281 SF5/KJHancock:t1m:10/10/79:4735
R (33
7o' Memo for Réport SF5/0.G.5mith 4
Arizona State Office/G.Ramey
BLVM/DSC/E.Work
. - BLM/Az.Strip Dist./K.Moore
smou:  SF5/Kenneth J. Hancock, ESL/M.Gla1dint,

Technical Monitor, NASA/BLM APT  [siovatume 23/ =73 Z
Kenneth J. Hancock

11T FH

NASA/BLM APT Phase II Status Review No. 3

DATE: September 17, 1979
LOCATION: St. George, Utah

ATTENDEES: George Ramey, BLM/Arizona State Office
Ed Work, BLM/DSC
Ken Moore, BLM/Arizona
Dwayne Sykes, BLM/Arizona
L. D. Walker, BLM/Arizona
Cub Wolfe, BLM/Arizona
Bob Davis, BLM/Arizona
Mike Gialdini, ESL
Ken Hancock, NASA/JSC

DISCUSSION:

Ken Har.cock reviewed the Action Items from the previous review. No comments
were made on the actions taken; therefore, all items were considered closed.
Dwayne Sykes will be transferring to BLM/Nevada in October. Actions are

being taken to have him attend the November Data Analysis Workshop and the
January 1980 Phase II Final Review. Mike Gialdini handed out the July-August
1979 bimonthly report ard reported that the draft sections of the Final Report
are in typing and will be in the mail shortly, .

The project status was reported by ESL foIIowing'the enclosed agenda and 1ts
enclosures. ’ ,

1. Photo interpretation Procedures and Progress.

The PI work on the large scale ground truth photography is 25% complete and
should be completed by the end of October. Range plots are being done at.a
rate of 5 flight lines per day, woodland and forest plots at 3 1/2 per day.
The forms developed for doing the PI are enclosed. The Phase I1 PI Form is
used for all plots. The Tree Measurement Form is also completed for all

| woodland and forest plots. The forms are generally self explanatory; however,
several of the entries are further‘explained.

ISC Form 1180 (Rev Jan 76) |

INCREASED PRODUCTI VITY = LOWER COST Jrace1or 3__
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Pl Form
ri_om

6-9 Scale - The scale of plots ranged from 1:500 to 1:2000
with estimated average of 1:1200. Nominal scale was to
be 1:750 but there is no Pl probiem with the smaller
scales.

10 Template - There are 9 templates fer the varying scales.
The templates are marked with the rectangle area to be
interpreted.

12-13 Homogeneity Index - The index can be determined using the
codes. The purpose of the index is to give an indication
of how geometric misregistration may affect accuracies of
the cover class. The code reflects the number of cover
classes within the plot and the additional cover classes
identified within a 75 meter radius of the plot center.
Thus, the more new classes located within the 75 meter
radius, the more misregistration wi}] affect the
classification. The wide-angle photos are used for the
75 meter radius tally. .

Tree Measurement Form

10 Template - This {s a different template with a 150' transeét
drawn in two 75' representative lengths parallel to the
direction of flight and to be positioned on the left-hand
photo. The upper edge of the lines {s used to count trees
and P/J that interact the transect.

18-21 Crown Diameter - Diameter readings are made at the photo
scale to the nearest .01",

22-23 Height - Tree and P/J heights are estimated to the nearest
5' and are true height estimates. Parallax bar measurement
will be made on selected plots to check the interpreters
estimates.

2. Ground Plot Selection Procedures: and Results

A1l plots were bin sorted into the initial 27 summary categories.

Simflarity of some categories, f.e., 9,12 and 27; 10 and 13; and 17 and 18,
allowed grouping of these with a resultant of 23 bins. The exact plots

to ground visit were then determined by random selection For example,

bin 1 category had 159 plots and the planning model said 9 of these should

be visited for productivity estimation. By taking the random number selected
and counting down through the plots, the exact flight line and plot on that
1ine was identified to be visited.. This was the primary plot to be used in
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the Planning Model for productivity and for class descriptions. The plots
were designated for class descriptions and verificatfon purpose only,

The secondary plots were selected on the same flight 1ine as a primarv plot
for field data collection efficiency. There were a total of 181 plots to
ground visit; 136 for woodlands; and 29 for forest. Two of the forest plots
were not visited as they did not hive trees, ESL had not received the final
word frcm RRI, but they had indicated field work should have been completed by
September 14, RRI is to deliver all data to ESL by October 1.

As an added feature RRI has agreed to provide instances where they
encountered difficulties or problems in 1mp1ement1n? the BLM SVIM field
methods while doing the project work. RRI has previous exper{ence using
the SVIM procedures.

3. Data Analysis Norkshop'

The workshop 1s now scheduled for four days, November 13-16, 1979 at ESL.
Joel Dye, ESL will be responsible for the workshop preparation, agenda,

and hands-on portion of the training. Jim Nichols will be heavily involved
in the lectures.

Action No. 1 - An Agenda will be Erepared by ESL by October 12. Attendance
will be; 4-5 trom BLM/DSC; 3-4 from BLM/Arizona Strip District; 1 from
BLM/Ar{zona State Office; 1 from BLM/Nevada; and 1 from NASA/JSC. The
attendance, by name, will be provided to ESL by October 31.

4. Output Products

ESL presented some slides showing results of the new DMA algorithm for
aggregating cover categories into 10 acre minimums. The results show a bias
in the horizontal direction; however, results are superior to the original
RECLAS algorithm. ESL is studing this horizontal bias.

The aggregations were done by ESL to prove the algorithm could be used

to aggregate an area as large as the Arizona Test Site. This algorithm will
be used in the output products for Phase II. Advantages of the algorithm are;
(1) different minimums can be established for each class; (2) classes can

be interactively changed/added/deleted if desired; and (3) classes can be
outlined in polygons to produce a CCT for plotting polygons plot maps. Things
needed to improve the al?orithm are; (1) eliminate horizontal bias; (2) 1ink
the polygon plot capability to a potter; and (3) develop a smoothing algorithm
for the polygon plot.

The present 27 summary clasies will be further grouped into about niné
classes for the final maps. These classes will be determined during the
November workshop. Statistical data, i.e., tabulations will be based on
the final 10 acre aggregated classes.
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Action No. 2 - BLM will determine what ancillary data to have imbedded in
the TTnal maps. (Examples are roads and feature names.) BLM will send a
letter to NASA/JSC, info ESL, l1isting the type data desired by Septerber 21,
1979, ESL will check with Seiscom on how these data are to be provided by ELM,
As things are presently scheduled proofs of the map side of the output pro-
ducts from Seiscom Delta should be ready for review by December 1, 1979.

Action No. 3 - A date will be established by ESL to have BLM, JSC anc ESL
review and approve the proofs in Houston. The tabulated data for the backside
of the maps should be ready for review by January 10, 1980.

6. Concluding Remarks
A. Schedules

Complete Pl work-range and woodlands October 15; forest November 1, 1979,
Production estimations-December 31, 1979.
Final Draft, Final Report-January 27, 1980.

B. Final Phase Il Project Review

The review was tentatively set for January 30 - Feﬁruary 1, 1980, at
the BLM State Office in Phoenix.

Action No. 4 - George Ramey BLM/Arizona State Office, will make arrangements
for the review 1n Phoenix.

Action No. 5 - BLM/DSC will determine the possibility of including the
BLM/ATaska evaluation of Phase I products and the results of the BLM/EDC
work in the Arizona Test Site classification as a part of the Phase Il Review.

Action No. 6 - BLM/DSC will prepare a preliminary agenda for the review.

Action No. 7 - NASA/JSC will assure all matters pertaining to the review are
cleared up by December 31, 1979, to provide time to invite outside participation.
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UL Government ‘-
MEMORAND UM Lyndon B Johnson 8pace Center NA:A
REFER DATE INITIATOR ENCAL
Yo SF5/79-286. December 6, 1979 SF5/KJHancock:t1m:12-3-75:4735 | 4
(43
ro: Memo for Record S$F5/0.G, Smith

BLM/Az. State Office/G. Ramey
BLI1/DSC/W. Bonner, E. Work

BLIY/Az. Strip District/L.D. Walker
ESL/M. Gialdini -~

rmou:  SF5/Kenneth J. Hancock
Technical Monitor, Nasa/BLM APT  |"" Be) K Buepoil

Kenneth”J. Hancock

sus,; Phase 11 Project Status Review No. 4 and Data Analysis Workshop

DATE: Novenber 13-16, 1979
LOCATION:  ESL Inc., Sunnyvale CA

ATTENDEES: Georce Ramey, BLM/Arizona State Office
Ed Work, BLM/DSC
Laura Hall, BLM/DSC
B{11 DiPaolo, BLM/DSC
Paul Cuplin, BLM/DSC
Jack Chugg, BLM/DSC
L.D, Walker, BLM/Arizona Strip District
Cub Wolfe, BLM/Arizona Strip District
Bob Davis, BLM/Arizona Strip District
Ken Hancock, NASA/JSC

PROJECT STATUS PEVIEW

The status review was presented by Mike Gialdini following the enclosed agenda
(Enclosure 1). Pertinent facts that may provide a reference to Landsat data
processing, sample selection and output products are listed below for your
information.

(1) Landsat Data Processing
- The 1978 LSP wide angle photos were used for PI and class desciiptions
and clustering of Landsat pixels represented by the LSP's resulted in
87 clusters that were subsequently grouped into 26 summary classes.

- Four ISU's (512 x 512 pixels) were selected within the project area
for testing these clusters and/or adding additional training as needed.

- Elevation data provided by BLM/Arizona was introduced to eliminate
- high ard low desert confusion

JSC Form 1180 (Rev Jan 76) | INCREASED PRODUCTI VITY = LOWER COST | Pace 1 oF
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- Introduction of elevation data was limited on the west by the 114° v
meridian because of a mismatch of the DMA DTD tapes. This {s a very
small portion of the project area.

- Introduction of the elevation data resulted in 117 clusters grouped )
into 27 summary classes.
(2) Sample Selection for 1979 LSP

- Method of sample selection: Probability Proportionzl to Area for -
Woodland. Equal Probability for Foiest and Range. {3

- PSU's - Z00 LSP flight 1ines with 15 piots per flight 1ine: Woodland-
45; Range-108; Forest-47.

- Ground Data Collection-181 plots (2 seiected on each flight line):
Woodland-16; Range-136; Forest-29 (2 did nut have forest and were not
visited but used as vo1uwe = 0).

~ The LSP flight lines were bin sorted into the 27 summary classes. é

(3) Output Products - 4 total 5;
- 1:250,000 - Classification of entire project area. i
- 1:63,360 - 4Area B, Forest.
- 1:126,720 - Range allotments within outline of project area. !

- 1:126,720 - Woodland allotments with neat 1ine showing only portion
of project area.

- Products will he oriented to UTM Grid North. The maps will have a l
double arrow showing UTM Grid North (GN) and True North (TN). §

‘= At this time the schedule for delivary of the map products was January
25, 1980. (See later developments in the Workshop part of this report).

After completion of the Status Review, Ken Hancock covered the action items
from the September 17, 1979 Status Review Nc. 3. Refer to my trip report for
details of each action item. Status of Actions follows:

Action No. 1- complete and closed out.

Action No. 2- BLM {s preparing the overlays to provide Seiscom Delta
the ancillary data.

Action No. 3- Review of the map proofs was estiblished for December
17, 1979. Again see workshop part of report for changes.
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Acsion No. 4 - George Ramey is working on arrangements for the Phoenix .

review in January 1980,

Action No, 5 - The meeting Bil11 Bonner was to attend in Alaska to
determine 1T BL//ATaska would participate in the review was delayed until
December, The action is still open,

Action No, 6 and 7 - stil) open

DATA ANALYSIS WORKSHOP

The workshop was planned and presented by Joel Dye with assistance from Mike
Gialdini, Dennis Noren and Jim Nichols, The agenda for the Workshup is
enclosed (Enclosure 2). The Workshop was primarily concerned with data mani-
pulation and analysis for determination of procduction estimations for range,
forest and woodlands. A good portion of the time was invelved in working
with project data to determine class descriptions and summary classes based
on percent cover estimates (ANOVA tables) for the 1979 LSP, This also
involved hands-on computer time for visual reference of class to class associ-
ation assisted by the field knowledge of the Arizona people.

It became fairly obvious that the initial class descriptions assigning the 117
clusters into 27 summary classes were not satisfactory. An "all-npighter" was
put in Thursday night reverting to the 117 computer clusters and using the

1979 LSP P1 ANOVA data for class identification. Twenty percent of the 1979
LSP plots (in clusters containing more than 30 plots) were withheld as verifi-
cation plots. See enclosure 3 for a single sheet summary of the major ground
cover species by percent coverage, Using this, a species composition list was
compiled for each of the 117 clusters, This list was then matched with the
classification framework to tie names to clusters and to group them into summary
classes, Enclosure 4 is the preliminary grouping of the clusters into level 3
of the framework. Clusters forming each class ere listed. Including agricul-
ture, water and barren, there were seven level 1 categories representing fifteen
level 3 classes. These could be represented on the maps by ten basic colors
with shades of the basic colors representing the other classes,

At this point (Friday afternoon) a call was received from Bill Bonner. His
concern was the output of a level 3 map through the APT based on Landsat data
analysis. The EDC product displayed level 2 classificatiun, The difference
here may be that the APT work in sample selection and PI for the specified
allotments and areas were based on level 3 classification. By using the ANOVA
tables of percent cover in concert with the classification framework, it was
easy to place clusters with sufficient (usually 3 or more) photo plots in a
level 3 category. In fact using the ANOVA tables, the framework and the field
knowledge of the Arizona personnel it was difficuly to include a cluster in more
than one level 3 category. Before this exercise there was concern, by others
as well as myself, as to feasibility of grouping the clusters and maintaining
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valid statistics, HMowever, and I present two "ifs" here, IF the framework is

to be the only basis for class descriptions and IF the ANOVR data for the clusters

fs to be used as a basis for describing the clusters, then it seems there is
1ittle doubt that a level 3 map with accompying statistics 1s & creditable output
product. Please rote this is my opinion and not necessarily the opinion of al
the Workshop attendees.

BLM/DSC requested that further consideration on the summary classes for the
output product be delayed until a concensus of opinion within BLM could be
determined. The delay was agreed to with the realization that output of the
products would be delayed and that a proof product would not be available for
review and approval until after the first of the year. The BLM action on the
framework classification level was to be complered within a week with word
relayed to ESL for preparation of the classified CCT's for output product
generation. This action was to be taken by BLM/DSC since I was to be on leave
past the date of the action. Action has now beun set by BLM for the week of
December 10, 1979.

As a result of the telecon from Bill Bonner the requirements to determine the
final summary classes, assign colors to the classes and prepare menus for eacn
class were not conmpleted. It will be necessary for both BLM/DSC and BLM/Arizona
to return to ESL after resolution of the classification level issue to accomplish
these tasks.

Action Items

Action No. 1 The BLM people had not reviewed drafts of the Final Report
Vol. I, Section 1.0, and Vol. II, Section 2.1.4.1 - 2.1.4.3. BLM will review
and forward comments to NASA/JSC by November 27, 1979. This will be combined
with JSC comments and sent to ESL.

Action No, 2 BLM provided a final copy of the Framework classification.
Ken Hancock will amend contract to include this framework. It is the framework
being used by ESL.

Action No. 3 Several items not on the EDC maps were to be considered by
BLM/DSC for inclusion on the APT maps: 1) Total acreage of maps; 2) Hierarchical
number on the menus as well as on the Legend; 3) UTM Grid North (GN) arrow and

True North (TN) arrow. BLM will notify NASA/JSC of their decision on these items.

Action No. 4 BLM/DSC wili determine the framework classification level
at which they desire the maps to be prepared by November 27, 1979, rescheduled
for week of December 10, 1979.

Action No. 5 In initial discussions on Allotment 4811, BLM required only
the norchern parcel of the three separate parts for range production. A question
arose on the possibility of including both the northern and southern parcels. If
this were done at this time, only average production and statistics for the two
parcels could be provided by ESL within budget guidelines. The BLM decision was
to include only the northern parcel. Action complete.
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AGENDA g
NASA/BLM APT PHASE 11 , |

STATUS REVIEW
NOVEMBER 13, 1979 :
SUNNYVALE, CALIFORNIA %
SIGN-IN AND PHOTOS 8:30 am j
SECURITY BRIEFING 9:00 am §
OVERVIEW PROJECT-TO-DATE 9:30 aM ;
COFFEE BREAK 10:00 am i
CUTPUT PRODUCTS DISCUSSION | 10:15 am ;
PROJECT COMPLETION TIMELINE 11:00 Am f
CONCLUDING REMARKS 11:30 - ;
12:00 am §
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ORIGINAL PAGE 1S
OF POOR QUALITY AGENDA

‘DATA ANALYSIS WORKSHOP
13-16 November 1979

November

Tuesday, 13

1. Photo Interpretation Review

Procedures used in photo interpretation

Attributes being measured/estimated

- Relate these attributes to those neasured
on the ground.

2. Stat Review

Review basic statistical terminology and concepts:

Mean

Standard deviation

Coefficient of variation
Standard error of the estimate
Confidence bounds

Analysis of variance
Regression analysis
Contingency analysis
Correlation coefficient

Simple random sampling
Systematic sampling

Multistage sampling

Multiphase sampling

Sampling proportional to size -

Present the basic framewnrk for connecving these
concepts into an estimator.

)
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-~ Wednesday, 14 November

(
= 3. Present the use of ANOVA and contingency analysis
Tor generating class descriptions.
Sources of data: ‘
) Photo interpretation
DTD
Landsat classification
Verification procedure
4. Hands on experience working with the data
Percent cover estimates + class description =+
menu
DTIL - Landsat classification contingency table
DTJD menu
Review of actual class description results (% cover)
S. Evaluation of p . eliminary agoregations of computer
:) classes and ger.ecration of new aggregations (as

necessary) based on class description results with
the use of the IDIMS color display (Part 1 - Range).
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Thursday, 15 November

Present the use of photo/ground regression in the
cltimatxon procedure.

Review the impact of the correlation coefficient on
sample size (using actual data if available) required
to reach desired accuracy.

Evaluation of preliminary aggregations (Part 2 -
wcodland .and forest)

4-42




ORIGINAL PpgE
,(‘
OF POOR QUALITY

Estimation procedures for rance resources

Review range production estimators

Intuitive explanation of the production
estimation

Review the quantities to be estimated and
accuracy "specifications"

Estimation procedures for forest and woodland

Review forest and woodland production estimators

Friday, 16 Nonvember
9.
10.
resources
1l.

Wrap-up and review
Need to have color selection and names for

each class to be éisplayed on the final cutput
products '
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FROM:

MEMOR AN DUM Lyndon B. Johnson Space Center NMA
REFER OATE _ INITIATOR EnCL
-T0, 5E§IBO-132 s June 5, 1980 SF5/KJHancock:cmg:6/4/80:2204 6 .,
. [43
ro: SA/Director of Space and Life Sciences
SF/Chief, Earth Observations Division

THRU:

o

SF5/NASA/BLM APT Project Manager SIGNATURE .Rlb ‘f z

Kenneth J. Hancock

sues:

NASA/BLM APT Phase Il Arizona, Final Review

project area indicated a 65% accuracy. This evaluation, conducted by BLM/SSD,

. .ground truth data. Previously, accuracy estimates had not been conducted on

DATE: May 28-30, 1980

LOCATION:  Denver Service Center, Denver, Colorado

PURPOSE : . To conduct Phase II Final Review of Accomplishments and Results
ATTENDEES: See Enclosure 1

DISCUSSION:

Meetings were held on the afternoon of May 28 and morning of May 29 with BLM/SSD
zgd %he con;;actor. ESL, Inc., to discuss the proposed agenda and presentations
nclosure 2).

Copies of the presentations by Mike Gialdini and Jim Nichols are enclosed
(Enclosure 3 and 4). The presentations were followed by open discussions.
These discussions were very fruitful in that BLM personnel from other
disciplines were made more aware of the capabilities that were developed

and made available to the BLM Branch of Remote Sensing as a direct result of
the APT. Output products and associated statistics were presented by Mike
Gialdini and Brian Fine. This was the first opportunity to review the
products made by Seiscom Delta. Several minor errors were found in the
ancillary printed data. Brian Fine retained the products to have the
discrepancies corrected prior to delivery.

The Friday morning presentations were conducted as round table discussions
with ;nod participation by all attendees. Bill Bonner reported that, as a
preliminary estimate from the field evaluation work conducted in the project
area earlier in May, accuracies of the digital classification work were better
than 75%. In comparison, an evaluation of conventional ground cover data
being used by BLM/Arizona for a URA (Unit Resource Analysis) task in the

used large scale photography accomplished as a part of the APT as a basis for
the ground cover data. Thus, the quality of the data was improved with

— associated accuracy estimates through use of Landsat analysis.
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George Ramey, Arizona State Office, discussed the value that BLM Arizona
could realize in the application of Landsat digital processing to their
existing procedures. His views are well presented by the correspondence
he has written in support of the technology (Enclosure 5). He then pre-
sented a list of priority tasks using Landsat data as an added cicpability
that are being included in the BLM Arizona FY81 budget (Enclosure 6). The
BLM/Branch of Remote Sensing acknowledged the severe strain that approval
of the total package would place on their computer facility; however, it
was granted that this type of situation far exceeds the possibility of

the BLM State and District Offices not accepting the technology as a viable
and useful source of data.

George Ramey made several predictive estimates of overall savings that may
be realized by taking advantage of the techniques available through Landsat
digital processing. He considered that costs of soils surveys, especially
in arid, sparce vegetation areas, could show a 30-50% savings. The net
savings on vegetation inventories was estimated at 20-40%. Please note
that these are separate tasks and the estimated savings are not directly
additive fur overall savings. The primary problemn he envisioned was the
training and "educating” BLM people to use the technology, e.g., training
in sampling techniques, data utilization and data analysis.

Ken Moore then discussed several applications of remote sensing analysis
in his immediate area of concern.

1. §gg$prush Treatment Areas - The output map product provided a
general idea of the extent and location of sagebrush. Knowing this, he
can introduce additional parameters, e.g., topographic information,
accessibility, density, etc., and pinpoint specific areas of interest
using information already stored in the computer or additional parameters
that could be digitized from existing file data.

2. Controlled Burns - The blackbrush and sagetrush areas most suitable
for clearing through burning can be more precisely identified in both extent
and location. Further, through use of the digitized ground truth and large
scale photo interpretation data, areas with a high percentage of understory
grasses for carrying burns can be extracted, thus aiding in clearing large
areas. These cleared areas are then seeded for better pasture leases.

3. Woodland Cutting of Pinyon Pine and Juniper- As with item 2 above,
the pinyon-juniper areas can be identified and through further specification
of parameters the density can be determined. Areas with 80-90% cover could
be blocked out for thinning and the wood sold for fence posts and cord wood.
Within these thinned areas, grasses will grow more readily. After a season
or so these areas would be burned as covered under item 2 and seeded for
better pasture.

I would 1ike to note here that 1t was self-admitted by both George Ramey and
Ken Moore that they were rather dubious of the results that would come out of
the project and the use of Landsat digital analysis. 8oth are now firmly
convinced that Landsat will provide BLM additional capability and recognize
that Landsat is not a panacea but another very versatile tool to assist in
accomplishirg their job.
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Friday afternoon, Lorin Schwartz, Chief, Branch of Remote Sensing, arranged

a demonstration on their minicomputer system. The Arizona project data were
used and the demonstration was very informative showing the versatility of
manipulation of 1nforpation files stored in the computer.

Following the demonstration, meetings were held with BLM/SSD to discuss
arranging a general workshop for invited agencies tc cover the overall APT
accomplishments and the resulting value to the BLM. The workshop will be an
excellent means for demonstrating the value of the NASA APT/ASVT programs to
user agencies. The following actions were established.

1. Preliminary date of the workshop: October 8-9, 1980

2. Location® Denver, Colorado, so the BLM computer system can be
used for real time demonstration.

3. Invitations to: BLM Washington (ffice, NASA Headquarters,
USFS, USP&W, SCS, selected BLM State and
District Offices, etc.

4. B1i11 Bonner will complete a proposed agenda from our preliminary
discussions.

6. Ken Hancock will submit an Action Document for ESL to assist in
conducting the Workshop as a task under the Phase III contract.

Overall, I considered the Phase II Final Review as a successful culmination of
a very rewarding and productive project. The success can be directly attributed
to the cooperation and determination of the people involved from both BLM and ESL.

My special appreciation for their part goes to Bill Bonner and Mike Gialdini.
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NASA ESL ARIZONA CONTRACT REVIEW ON ASVT PROJECT

m .
Lorin Schwartz
Ken Hancock
Mike Gialdini
Jim Nichols
Ken Moore
Paul Cuplin
Wallace Crisco
Cub Wolfe
George R.lmey
Carclyn A. Clark
Jimmy R. Bell
Ed Work
Mike Garratt
Gary C. Lucich
Ronnie D. Clark
Ken Andresen
Bill Bonner
Ralph Marker
Bob Dennen
Bill Williams
Scott MCPherson
Herd Inskeep

Bryan Fine

QRGANIZATION
BLM Branch of Remote Sensing
NASA/JSC
ESL, Inc.

Resource Inventory Services
BLM Arizona Strip

BLM, DSC

BLM, DSC (D-u10)

BLM Arizona Strip

BLM ASO

Lockheed/EMSCO - Houston
USDA/JSC Houston, Texas
BLM/DSC - Branch of Remote Sensing
BLM - SSD

BLM - SVIM Team - DSC

RLM - Res. Inv. Systems - DSC

BLM - SSD
BLM - SSD
BLM - SSD
BLM - SSD

BLM - RIS- DSC
BLM - Data Base
BLM - Data Operations

Seiscom Delta, Houston, TX
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OIICINAL PAGE 1 NASA/BLM APT PHASE I1 ARIZONA REVIEW
OF POOR QUALITY

May 29-30, 1980

Denver Service Center

.
H
!

THURSDAY AFTERNOON, May 29

1:00 - 1:10
1:10 - 1:20
1:20 - 1:50
1:50 - 2:20
2:20 - 2:35
2:35 - 2:55
2:55 - 3:15
3:15 - 3:35
3:35 - 3:50
3:50 - 4:10
4:10 - 5:00

Welcome & Introductions

Arizona Project Overview

Landsat Cata Processing

Multistage Sampling

BREAK

Data Collection

Productivity Estimation

‘ Output Products

BREAK

Map Pi'oducts - Seiscom Delta

General Discussion
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Ken Hancock, NASA/JSC

Mike Gialdini, ESL

Mike Gialdin{, ESL

Jim Nichols
Resource Inventory Svcs.

Mike Gialdini, ESL

Mike Gialdini, ESL

Mike Gialdini, ESL

Brian Fine
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FRIDAY MORNING, May 30
8:00 - 8:30° Review of APT
i
8:30 - 9:30 Operational Remote Sensing in Arizona

9:30 - 9:45  BREAK
9:45 - 10:45 Arizona Strip District Use of Products

10:45 - 11:30 Recommendations & Discussion

FRIDAY AFTERNOON, May 30
1:00 ' Branch of Remote Sensing
BRIEFING AND TOUR
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NASA BLM APT PHASE 11

L0
o

i  PROJECT OVERVIEW

o OBJECTIVES

- DEMONSTRATE INTEGRATION OF REMOTE SENSING
TECHNOLOGY WITH EXISTING TECHNIQUES TO
PRODUCE: A VEGETATION TYPE MAP AND ESTIMATES
OF VEGETATION PRODUCTIVITY.

|

- TRANSFER OF THE TECHNOLOGY TO BLM PERSONNEL
TO PROMOTE THE IMPLEMENTATION AND UTILIZATION
OF THE PROCEDURES AND TECHNIQUES WITHIN THE
BLM OPERATIONS FRAMEWORK.

s erncd L han s plie s . T

® APPROACH

- TECHNOLOGY DEMONSTRATION

INTEGRATE LANDSAT, LARGE-SCALE AERIAL
PHOTOGRAPHY AND GROUND DATA WITIIN
APPROPRIATE SAMPLING SCHEME TO MEET
OBJECTIVES.

- TECHNOLOGY TRANSFER

"HANDS-ON" WORKSHOPS TO PROVIDE
EXPOSURE TO TECHNIQUES USING PROJECT
DATA.
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i PROJECT ELEMENTS

LANDSAT PROCESSING

MULTISTAGE PROCESSING

DATA COLLECTION

PRODUCTIVITY ESTIMATION

OUTPUT PRODUCTS
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CLASSIFICATION
CLASS DESCRIPTIONS
DIGITIZING

DIGITAL TERRAIN DATA
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"

CLASSIFICATION

o SOURCE DATA
SCENE ID 2947-17074, 26 AUGUST 1977
o TECHNIQUE ‘
SUPERVISED - UNSUPERVISED
° RESULTS
83 INITIAL RAW CLASSES
CLASS DESCRIPTIONS
L PRELIMINARY
SPECTRAL CONFUSIONS NOTED BETWEEN
ENVIRONMENTAL TYPES
o FINAL

117 DETAILED CILASSES

AGGREGATED INTO 27 SUMMARY CLASSES
FOR SAMPLING

27 SUMMARY CLASSES DESCRIBED BASED ON
ANOVA PERFORMED ON 1978 BLM LARGE-SCALE
AERIAL PHOTOGRAPHY
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DIGITIZING

CONTROL POINT NETWORK

- SCENE REGISTRATION

- MAP OVERLAY REGISTRATION
ADMINISTRATIVE INFORMATION

PROJECT AREA

LLOTMENTS AND PASTURES

ENVIRONMENTAL INFORMATION

- ELEVATIONAL ZONES

SAMPLE FOINT DATA

- 1978 LSP STR:P COVERAGE
- 1978 LSP PHOTO PLOT LOCATIONS
- 1979 2.SP PHOTO PLOT LOCATIONS

DIGITAL TERRAIN DATA

MOSAIC OF ADJOINING BLOCKS

TOPOGRAPHIC DESCRIPTION OF VEGETATION
CATEGORIES

4-54




" ORIGINAL PAGE IS
OF POOR QUALITY

bt e gl e

W @l sl et Al Bl e by el e a P e e e TR e n i a8t PTuigea o L e o B e T

[i jauls
i
%gg el i
;
i 5
!.
| i §
L | |
EEE %Bl gg
R IRy
s
i i e H
| . i
i balis
a — ||
3:, HIE
k| |
I P ;
it
BRAR: ig 1




1
ORIGINAL PAGE 113
PLOT CONFIGURATIONS OF POOR QUALI

i
® § COMPOSITION ;
. WITHIN FRAME !
PHOTO PLOT 48.75° | 3
¢ :

. - 42' s
5
i
L C{ - lP Ir ‘;;
® 5 TRANSECTS
® 40 POINTS/ 3
TRANSECT ;5
+ (COMPOSITION)
’
GROUND PLOT §8.75' o LOINTS/TRANSECT
+ WEIGHT AND
CHARACTERIZATION)
i Jb J- J- JD 3
* 42" »
:
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PLOT CONFIGURATIONS

FOREST & WOODT.AND

—— - .

FHOTO PLOT

T

GROUND PLOT
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® 2 - 75' TRANSECTS
IN STEREO OVERLAP
OF PHOTO PLOT

® 2 TRANSECTS MATCHING
THOSE ON PHOTOS USED
IN LOCATING PLOT ON
GROUND
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i SAMPLE SUMMARY

PSUs - 200 FLIGHTLINES OF 15 PLOTS EACH

WOODLAND = 45
FOREST = 47
RANGE = 108

200

GROUND - 181 GROUNDPLOTS TO BE VISITED

WOODLAND = 16
FOREST = 27°
RANGE = 136

179

®NOTE: TWO SELECTED FOREST GROUND PLOTS DID NOT HAVE ANY
TREES; THEREFORE THEY WERE NOT VISITED,
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DATA COLLECTION

LARGE-SCALE PHOTOGRAPHY

ACQUISITION

INTERPRETATION

= PRELIMINARY "BIN-SORT" FOR
GROUND PLOT SELECTION

= RANGE, WOODLAND AND FOREST
DETAILED PI

GROUND PLOTS

RANGE

WOODLANC AND FOREST

4-60

s

Py




. PRODUCTIVITY ESTIMATION

® RANGE

POUNDS PER ACRE (Kgs/Ha) OF FORAGE AVAILABLE
FOR LIVESTOCK

-~ BY LANDSAT STRATA

=~ BY PASTURE AND ALLOTMENT

o WOODLAND

CUBIL FEET PER ACRE (CUBIC METERS PER HECTARE)
OF JUNIPER AND PINYON

= BY ALLOTMENT

L FOREST

BOARD FEET PER ACRE OF PONDEROSA PINE

- BY STAND
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OUTPUT PRODUCTC

FINAL REPORT

VOLUME I =~ EXECUTIVE SUMMARY
VOLUME II ~ TECHNOLOGY DEMOWSTRATION

VOLUME III - TECHNALOGY TRANSFER

MAP PRODUCTS

RANGELAND SUITABILITY
POTENTIAL RANGELAND SUITABILITY
SAGEBRUSH TREATMENT AREAS

FIRE -~ FLASH FUELS

TABULAR SUMMARIES
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COLOR CODES =~ NASA/BLM APT

VEGETATION CLASSIFICATIONS

»

LEVEL 2 - Vegetation Claisification - Arizona Test Site

Framework Computer
Vegetation Type Classification Color _Class
AG 1- BLACK 1
CONIFEROUS FOREST 21 DKGREEN 2
EVERGREEN WOODLAND K} BROWN 3
DECIDUOUS WOODLAND 32 AQUA 4
MOHAVE DESERT SHRUB 41 RED 5
GREAT BASIN DESERT SHRUB 42 ORANGE 6
MOUNTAIN SHRUB 43 PURPLE 7
PLAINS 'GRASSLAND 51 YELLOW 8
BARREN LAND 6~ GREY 9
WATER 7- MEDBLUE 10

LEVEL 3 - Vegetation Classification - Arizena Test Site

AG 1-- BLACK 1
PONDEROSA PINE FOREST 21N DKGREEN 2 *
PINYON-JUNIPER WOODLAND 3N BROWN 3
RIPARIAN WOODLAND 322 AQUA 4
UPLAND DESERT SHRUB 412 RED 5 *
GREAT BASIN SAGEBRUSH A21 ORANGE 6 *
BLACKBRUSH 423 LTRED 7*
OTHER TALL SHRUB 424 TAN g+
HALF SHRUB 425 SAND 9
OAKBRUSH 432 VIOLET 10 *
OTHER MOUNTAIN SHRUB 433 PURPLE n
PERENNIAL GRASSLAND 51 YELLOW 12
BARREN LAND 6-- GREY 13
WATER 7~ MEDBLUE 14

* VERIFIED BY SEPARATE ANOVA
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VEGETATION DESCRIPWION

COMPARISON: SUMMARY CLASS 2

VEGETATION COVER TYPE

% COVER BY TYPE

PONDEROSA PINE
PINYON PINE
JUNIPER

OTHER TREE

BIG SAGEBRUSH
OTHER SHRUB
GAMBELS OAK
TURB. OAK
OTHER MTN SHRUB
PERENNIALS
ANNUALS

BARREN (ROCKY)
BARREN (SANDY)
WATER

SHADOW /UNINTERP.

TOTALS:

INITIAL VERIFICATION
DESCRIPTION DESCRIPTION
MEAN STD. ERROR MEAN STD. ERROR
26.1 1.8 20.6 2.7
4.3 .7 5.3 1.6
9.0 .9 10.3 1.8
2.0 .3 1.8 .3
3.1 .6 2.9 1.1
1.8 .3 2.3 .6
12.4 1.2 13.1 2.2

.8 .2 1.2 .7
3.3 .7 5.2 1.9
0 0 0 0
2.4 .8 1.6 .7
6.4 1.1 3.6 1.4
27.2 1.3 31.4 2.4
] L1 0 0
i.1 .8 0 0

|
100% 99,3%

-1l4 SUMMARY CLASSES DESCRIBED BY ANOVA ON 80% OF
PHOTO SAMPLES

- 7 SUMMARY CIFASSES VERIFIED BY ANOVA ON REMAINING 20%
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PRELIMINARY COSTS SUMMARY

"

TOTAL ESL MAPPING ESTIMATION ADDITIONAL®

TASK ; MAN~-HOURS COMPONENT COMPONENT COSTS
}
LANDSAT PROCESSING 570 450 120
MULTISTAGE SAMPLING 270 120 150 $4,800%

DATA COLLECTION

PHOTO ACQUISITION 50 50 - $11,300%*
PHOTO INTERPRETATION 700 500 200

GROUND DATA COLLECTION 100 - 100 $31,970%
PRODUCTIVITY ESTIMATION 1250 240 1010 $700*

QUTPUT PRODUCTS

HWAP OUTPUT 180 180 -
TABULAR SUMMARIES 120 40 80
3240 1580 1660 $48,770

1. AVERAGE COST PER ESL HOUR = $31.70 (THROUGH FEE; BASED ON
PROJECT DATA)

2. THEREFORE, THE VEGETATION MAPPING FOR THE PROJECT AREA =
[(1580 HRS x $31.70/HR) + $11,300] + 2.2 MILLION ACRES =
3¢/ACRE

3. PRODUCTIVITY ESTIMATION ON 550,000 ACRES GIVEN THE MAPPING
=[ (1660 HRS x $31.70) + $37,470] + 550,000 = 16.3¢/ACRE

* ASSOCIATED WITH PRODUCTIVITY ESTIMATION

** ASSOCIATED WITH MAPPING PRIMARILY BUT REQUIRED FOR
ESTIMATION ALSO

4-70




T

Sl

4-71

" i it T ST TR VAT e T e e R T R S e e T T R T T I e T
FY ST VEY S LA G0N . LTV T MRBMAITIE TYTIVEY.
DILISrPEOIONE 1AL BAArEI0LONE JPeimervSALONE Y a0 0N
-
] _ i !
LRINBSASY I DILWSTLIOLONS BO4 SITTE JO MOLIOTXIS ABBCIVECRE XTITIY
] A0 308 WOI EOLIOTTIS
i 1 . !
[ ST S T NOLINAI S RINE [ JITTE PSS 1
2804 WRW |evecon TYmOD v ¥VRO0
NOLLVLIN SrLST
T [ R, -]
|
|
pI%. pir, s,
[y ] [} w1} L - -]
L2EMCE SO0 It
SLLONTICO i SO
i
. 2151A OWDED S04
BOLIVIIANILNT GiON WYIRI0 804 SITIE 4O NOIINITIS AL} RIOHE 20 motiaTTer
[ 215 v
ﬂ AU emwmr
f33¢ ) Lalsei 3 gy Tiina it 21w Siina [ o8t ]
rwve iy .73 2TrE ASTHeCd L 4. 31 3 S maz WY IICON o
5. ¥H wsa } s woud [ 7 g wei ., MWLT1IIEvE
;e 17, R1034 g 37 surtg 8014 urid 231000
L5008 AETINCTIN L g i ] F 27wy ™oL Y000 e
ACILWIIATLELS wOd
NOIZRLIMMIIAL CLOME FTHVS TV *1°4 AT
WWYT MR TTING
T y Y g NS ONYTas ¥R Lt B
PErINNISE OL & ZIsIAlOY N3 THYIEI O MC1LISIDVV NEIIONISD GL MOILIEINAY WOISIF NN Ol
GLONE TTIT TUKT O6S 2IMOS CLoNE TTIVS TMYT NCL OWrICOR GLONE FTOR FUT] Md W OS2

o (Teraarn

“FELABAnCH LANZ ARsWEOLONE LrFWTT 20 aiond TVOS LI 5EVoe AL T VA
-y BN x batdd #ois41ud3 3 YT UL INLIVLE 3 sy

Mas WROS Stasmwed .




SAMPLE SUMMARY

PSUs - 200 FLIGHTLINES OF 15 PLOTS EACH
HOODLAND = 45
FOREST = 47
RANGE = 108
200
GROUND - 181 GROUNDPLOTS TO BE VISITED
WOODLAND = 16
FOREST = 27*
RANGE = 136
179

*NOTE: TWO SELECTED FOREST GROUND PLOTS DID NOT HAVE ANY
TREES; THEREFORE THEY WERE NOT VISITED,
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Table )
Pre and Post Inventory Estimation of Parameters
¢ Used in the Inventory Planning Model ,
i
Pre-Inventory
Estimate or
Assunption Actual Change

Landsat vs Photoground (2)
Correlation .50 .58 +.08
P-J Photo Plot Volume vs Ground (2)
Estimated Volume .85 «748 -,168
P-J Volume per Acre (fta) (3)
Coefficient of variation .75 093 +,18
Averags Number of P=J Traass/ s
Transect 3.74 ¥ 2,3 5.6 +1.9
Inter-Cluster Correlation for (1) ;
P=-J Volume 0 .597 +.597
p-J Volume per Acre (£t3) 293.6 + 483 241 ~52
Relative Standard Error of the (3)
Estimates : 8.2

Values based on 150 foot L.angect with an average spacing of
1368 meters. '

(1) No data available
(2) Basgd on other related studies

(3) Estimated using Resource Inventory Services planning model

4-78"




Table 4

Sample Requirements and Expected Cost
to Achieve a +20 @ .8 Probability Using
the Post Inventory Estimates of the

ORICMCE PREE 1S
oF PCOR QUALITY

Planning Model Shown in Table 1, Column 2,

COST EFFECTIVENESS OF LANDSAT PHOTO LANDSATY
THE DATA SOURCE GROUND GROUND GROUND PHOTO
ONLY ONLY ONLY GROUND
Number of Photo PSU 0 0 92 63
Number of SSU/PSU b 1l 1 1l
Numnber of Ground PSUs 38 25 22 14
Photo Acquisition ($) 0 0 1171.95| 898.09
Photo Interpretation ($) 0 0 395.67 270.95%
Ground Data Collection (§) 7618,66 5677.41 5244.34 3984.60
7618.66 5677.41 6811.91 5153.64

TOTAL COST ($)
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3.0 -=Continued.

- [

The other errors were within the expected errors in the
model and simulated ruhs.

The P-~J inventory could have been conducted in several ways.
Four possible methodz are

1) a ground based inventory

2) Landsat classification followed by ground data
collection

3y Large scale photographs followed by ground data
collection

4) Landsat classification, large scale photography and
and ground data collection.
Using the parameters from the results of the inventory, the planning
model was used to estimate the sampling cost for the four methods.

To compute the cost effectiveness ratio for each method
the cost of establishing the sampling frame (Landsat classification
cgst or manual interpretation) must be added to the ccst shown in
Table 4. If these costs are assumed to be equal, the cost effectiveness
ratios relative to the least expensive (Landsat, photo, ground) are

1) Landsatf Photo, Gréund .1
2) Landsat.Ground Only 1.1
(\ 3) Photo Ground Only ° 1.32
L) Ground Only | 1'48.
’ 4-80
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United States Department of the Interior 9673 (432

BUREAU OF LAND MANAGEMENT
ARIZONA STATE OF FICE

2400 VALLEY BANK CENTER

PHOENIX ARIZONA §507)

May 7, 19&0

Memorandum

To Director (20Nn) (600)

From: State Director, Arizona

Subject: Opportunity for Using Remote Sensing Technology in BLM

Through experience with remote sensing technoloay gained from participating
in the Application Systems Verification Test (ASVT) we in Arizona have
realized the importance of this tool for facilitating the accomplishment

of BLM's mission.

]

We have structured this discussion to address immediate utility and state=-
of=the=art advancements for the future which will expand landsat utility.

l'

Immediate Utility to BLM.

a.

Facilitate SVIM - We believe remote sensing technology may be applied

to facilitete accomplishing SVIM inventory at a savirngs of approximately
15 to 20 percent. Remote sensing will not replace ground inventory but
will facilitate inventory through an overview picture of the entire
area, pre-stratification, ard aid in assuring statistical reliability

of sampling. A detailed scenario of application in soils and

vegetation inventory was previously prepared and is attached (Memo
entitled: Utilizing Femote Sensing Technology to Facilitate SVIM

and Land Use Planning).

Facilitate Monitorint Range-Trend - This application of remote
sensing has been tested during FY 80 by BLM. The process utilizes
low-level large scale photoaraphy for recording trend on key areas.

.The process, described in WO Informaticn Memo No. B0-90, has promise

of utility in shrub land communities but may not be of value in grass-
land communities.

Facilitate Planning System Document Freparation - Once inventory data
has been developed utilizing remote sensing data processing proarams,
the inventory and ancillary data record of the planning unit will be
available for other uses. Through careful analysis of parameters, BLM
managers may utilize this data base to produce overlays for use in land
use planning. Some examples of such planning overlays are:

Potential land treatment sites (utilizes soils data, vecetation
data, topographic data and precipitation data;

4-81

P P Ty 3 P

T A

e

o asa



GF POOR QUALITY

Range suitabiliry and potential suitahility (utilizes soils
data, topographic data, water source data, and input data for
the vegetati»sn production data from field inventory); d

LE]

- el FAGE 1S 1

Potential: wildlife habitat for given species (utilizes vegetation

data, topbgraphic data, input data relating to conflicting land

use such as roads or disturbance zones). 1
|
i
1

The use of machine analysis is limited primarily by the data r »rd
and ancillary information that is available for input and man: -v.ation.
The utility of output prcducts depends upon input data quality :.d the
selection of complete, appropriate analysis parameters.

d. Land Use Monitoring -~ Remote sensing technology is readily usable in
monitoring certain types of land uses. Exarples are:

Disturbances in excess of one acre in size would be discernible;
Vegetation green-up on many sjtes would show and could be

correlated with field truthing to determine tre average date
+  for range readiness; )

L

Plant disease or insect attack are discernible and may be
detected long befors visual evidence occurs on the affected
trees or vegetation.

Probable Utility to ELM in Three to Five Years.

I

Projected state-of~the-art advancements and presently available technolorny
which was previously classified for military intelligence will heccome avail-
able. Our next land satellite, scheduled for orbit in 1981, will have some
significant new features, including:

- Additional spectral bands o enhance data interpretation:

- Greater resolution (picture element will be larger than present . L
technology) ;
1

- A thermal band will be incorporated to measure heat reflectance.

A later satellite will be orbitted (approximately 1985) which will provide
stereo capability thereby allowing three dimensional analysis capability.

Probable Long Term Development and Enhanced Utility. \

More state~of-the-art developments in satellite imagery, data analysis or {
application techniques, and probable reclassification of military intelligence
hardware or techniques will further advance the utility of remote sensing
during the future.

4-82 J



ORIGINAL PAZE I3
OF POOR GUALITY

These developments will greatly enhance the utility of land satellite data
for use in BLM inventory, land use planning, land use monitoring and

land management decision making processes. The advancements in state-of-
the-art technology will likely decrease the amount of associated effort
presently required in:using land satellite imagery; i.e., ground truthing
and double sampling ubing high or low level photography.

I am convinced that remote sensing will be a principal tool for inventorying,
monitoring and evaluating resources and resource activity within five Lo ten
years. This is based on our experiences with the Arizona Strip ASVT Project
and my observations of Alaska Denali ASVT Project.

The foregoing conveys our observations and thoughts as to how remcce sensing
may be useful to BLM immediately., Like any system or process, s.c has its

limitation. Remote sensing should not be treated as a nanaces but as another
useful tool.

Attachment
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George Ramey, ASVY Coordinatbr, Arizona

ptilixzing Remote Bensing Technology to Pacilitate SVIM and Land Use
Planning

Mhile working with the Application Systems Verification Test (ASVT)
project 4in the Arizona Strip District, I realixed that remote wansing
tachnology would have other significant applicaticns, One swh applica-
tion of this tocl would be to facilitate §VIM inventories.

Before proomeding further, I want to exchasize a coritical noint: XOMOTE
SENSING I5 MOT A PAIDLCEA ~- IT WILL NOT REPLACE FIELD INVENTORY IN MOST
CASXS, IT IS AN ANCIYLARY TOOL TO FACILITATE JOB COMPLETION,

It ix my thesis,.though I cannot concluaively prove, that the remots
ssusing technelogy may be used to aocslerate soils and wegetation inwven-~
torias and reduce oosta of such work by approxinataly 15 to 20 percent.
Proof of coet effectivensss may only come through application to imventory
work.,

There may be similiar benefits for wildlife and wild horses and burrxo

habitat inventories. ‘*“1ere may possibly be similar benefits for other
land use inventories r¢ <uired for pruparing land use plans. Briefly,

the utility for land us planning follows:

1. Boms producta fyoe  he Arizona ASVT effort would be isable in
preparing land uer lans and ussful in wmaking management decisions.
The utility of pr 'ts for land use planning is dependent upon
good input data a opropriata parametsrs.

Product examprlas the potantial bighorn sheep habitat, pinyon-
juniper treatmant, antial sagebrush treatmant, and range suita-
bility products.

2. The 0ffice of Arid udies, Urdversity of Arizona, has utilixed
Temots secaing techs n ccepleting land use inventories and to
fdantify land use p< ais or limitations, This work was done to
provide dats "Oor savr . Arizona counties and the information was
wsed in ocour land planning, Our Districts may aocquire ooples
of thess da- and p rng sets from tha Arizona State lLand Depart-
mant's Info tion “ces systam,

The remote asing toc s applied to FACILITATE SVIM in a sanner

detalled as follows:
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In the Arixona Strip ASVY project work, we discovered that
spectral reflactancea recorded by the land satzllite ware
significantly influanoed by soils, This factor is imortant
since moh of the public lands arxe charactarixed by sjwrce
vepetative cover which allows exposure of the soil) surface.

A¥ An example of the »soils influence on the spectral classificae
tion of the vematation/soils association, we found different
spectral classes for homogmnous pinyon-juniper veqetation
typesa, We observed the difference in reflectance while reviewing
the landsat on the interactive graphic terminal ani large

scala infrared air photos, During ground truthing, we found
the soils to be tha only significant diiference hetwoen sites
in many casas, This exmumple and others oconvinced me that
remote sensing would be an important tool to facilitate soll

BuUrveys.

The 'Appuoutim scenario for »o0il survey follows: In advance
of the fisld season, a landsat scene which accents solls
reflactance would he salectad. This would ba 2 scane taken
either during tha wegetation's dormant seassin or during a
drought pericd. The landsat oosputer tajpes for the xoune and
work area would be acquired from EROS Data Conter, Almo,
other {mportant data for area analysis, such as digitized
topography information (elevation, slope, aspect, gooloyy),
precipitation information, and soils amsociation data would be

acquired.

The ocomputay process would bea done to produce a spectral
reflectanca classification of the inventory area. ihe proocss
could ba done eithar as an unassisted computar «nalysis or as
A "trained”™ analysis”, {.e., fleld tachnicians would identdify
known n0ils and instruct the computar to associate particular
reflectance with given soils.

The inttial stratification of spectral reflectance would be
further refined using digitixed topographic, preciritation and
s0ils association data. The refinod stratification, or prelin-
inary soils map, vould be machine transferred to overlays
registared to 74 minute photo quads of the inventory area. Alwo,
a grey line-printar map of the stratification could bc produced
to assist large area intarprmtation.

Theae tools would be given to the Bolls Survey Crew for thaeir

uste in comleting the solls survey of the area. Trislawork for
sCwe preliminary stratifications would be essantially verifica-
tion or minor refinemant of the soils classification. In some

4-85
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odses, the stratification would {dantify »oils series or
phases of meries. Other moils stratas may involve more inten-
sive work, Overall, I believe the savings in workmonths and
funds vill be significant, i.s., greatar than 10 paxocent.

i
Upon completion of field sheets, the soils survey Jdata would
be digitizad and entared in the ocomputer file for the avea.
T™his would cospleta the soils i{nventory phase and set the
stage for initiating the wvegetation inventory.

Vagatation Inventory

The application scenario follows:

District range conservationists and soils scisntists fam{liar
with the inventory area would {dentify spectral reflectance
assoclated with ths various vegetation coeexunities and the
vegetation/solls asscclation, Once the computar {s "trained®,
the molls survey rscord would be used to produce a preliminary
rangesite stratification., This oould furthsr be refined ueing
elevation, precipitation and aspect information. The refined
range sita stratification would than be machine transferrsd to
overlays registered to 75 minute quads for uwee by the vegetation
mapning cre.,

The vegetation mapping crew would then wverify tha stratification
(vegetation ocommunity and condition classes) and refine tha
stratification to delincate site write-up arvas (5WAs).

The refined vegetation stratification map would then be digi-
tixzed and input to the computer for vegetation stratum aggrega-
tion; f.e., stratum swwary such as scres and number of SWQ\s.
The sampling quidance from preplanning ansalysis would be
factored in and the computsr would allocate tha sasples for
each stratum,

The ocomputer woild be used to wmake a random selaction of the
allocated samples foxr each stratum, Thesea ENAs would be
identified on the vegetation stratification maps for subsequent
field transecting using SVIN procedures.

Once the transecting im completed and the data smmarized, the
oomputar oould be used to do a statistical analysis of the
stratum smples. Where a stratum sample falls outside of
statistical oonfidence limits, tha computer wonld datermine

the appropriate additional samples neaded. The ooxputsr would
then be use to make & randok selection of S¥As for sampling
to bring the given stratum msxpla wichin statistical confidenoe
limits,

The remota sansing tool and available data oould also be used

to perform the suitablility classification for the nplamning
mnit, The ewul tabllity classification would requirs digitined
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topographic dats, wolls arodahility or 837s data, and livestock
watsr location information, Onos pProcessed and machine trans-
farred to Overxlays registared to 74 minute gquads, the prelimi-
nary sultablility classification would be given to the fisld
mapping cxrew for refipemant. Tha fisldwork would be acoom—
plished in oconjunction with the vepetation classification
refinesent and verification work, theraby avoliding redwndancy.

There are saveral other uses of the rusmota sensing technology
widch oould be listad., I believs RLM will discover many
additional uses for this tool onca our psrsonnel becowms familiarx
with the capabilities and application of the tachnoloyy.
Schoduled ntate of the art improvementa (new land satallites
featuring larger pixcel aizes, additional spectral bonds, heat
sennors, and stereo capebility) will extend the remsolution
greatly and enhance utility of this modern tool.

I hope this discussion will enhance understanding of the
romote sensing's potential and capablilities. Yurtherwore, I

hope this anhanced wndarstanding of the ramota sensing tool
will motivate BIM's use and appliocation of this xodern tool,

@eorge Ramey
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4.

BLM ARIZONA FY81 PRIORITY TASKS USING LANDSAT

Phoenir RMP (Resource Management Plan, formerly URA)

- 6,513 million acres in small scattered allotments from
Mexico to Navajo, 220 allotments

-~ Use to Facilitate modified SVIM

Yermillion Resource Area
- 1.7 mit1lion acres in the Strip District, N.W. Arizona
- Assist in soils surveys an modified SVIM

- Personnel have remote sensing experience

Havasu Resource Area
- 0,858 million acres in Yuma District, West Arizona
- ﬁ:ﬁ}igti?nc}gs:{rggagzzg of ephemerial range and wiidiife
GiTa Resource Area
2,147 million acres in Safford District
Use for modified SVIM

Personnel have remote sensing experience

ENCLOSURE 6
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