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PREFACE

There ére-ﬁ&o objectivés of this ééntract. The first is to develop
land ﬁse, water quality, and air quality indices which reveal the trends
most uséful to the environmenfal-resources ménager whether at the Feder-
al, state or locél level. éhe second objective is to define the system
(software and hardware) which can produce these indices in an automatic
way i.e., man-out-of~the-loop.

This interim report covers the first two phases of.contract -
the Data Analysis Preparation and the Preliminary Data Analysis-phases.-
These two phases were concluded 31 January 1973; Results to date shéws'
fréﬁise in the development of all three indices using digital processing
of fhe MSS CCI's with assistance from ai;éraft IR imagery in signaturé
development. In order to achieve our second objective means must be
- found to remove this necessity for assistance from aircraft imagery
and the removal éf such MSS errors as banding. Results from these two
phases are as follows:

(a) Method of analysis has been selected and checked out

(b) Land use for two dates have been generated for one test site.

(c) Water quality for one date has been produced partially.

(d) Air quality for thiee‘dates havé been produced and compared

with ground truth.

(e) One of the two DCP Stations is in operation; the second station

will be installed by March 1973.



1.0 - INTRODUCTION
‘ This Type iI Reporf describes the progress made by The MITRE

Corporation during the first six ﬁonths qf effort on Contract NAS

5-21482, Investigation to- Determine Environmental Indices from ERTS-1

Data. The specific objectives of the MITRE investigation include the

following:

® .Land use trends for twé test areas in Pennsylvania ovér
the August 1972 - .October 1973 time period.

e Air quality/turbidity mesoscale trends over all of
-Pennsylvania for the August 1972 - October 1973 time period.

e Water quality along the Susquehanna River for one overflight

date, October 11, 1972. |

o Specifications for an operational system using an ERTS-type
system, and selected aﬁalysis software for water, land and
air environmental indices calculation and display.

. ‘Special report on the possibility of automatic digital
signature determinatiqn, i.e., the elimination-of signature
re-determinations for each imagery.

The investigation is coﬁprised of three distinct phases. These

‘are: (1) Phase I: Data Analysis Preparation; (2) Phase II: Prelim-

inary Data Analysis; and (3) Phase III: Continuing Data Analysis.

This report describes all tasks completed or still underway through
the end of Phase II. The work involved in each of the fifst two phases

is described according to the following outline:

1-1



.p»'Phaée i? Déta Analysis Preparation
] MSS Experiment Planning
" @ DCP Experiment Planning
) MSS-Impiementation
e DCP_Implementatibn'
e Phase II: Preliminary Data Analysis
e First ERTS-1 Data Analysis
e Data Analysis Plan Development
e Data Requirements Revision
‘Phase I was essentially the resource rgview, planning, and testing
:ouf"étage for the investigation. Optimum use of the Data Collection
lPackage (DCP) was made; software and teéhﬁiqués'for proceséing MSS data
were developed and tested; appropriate environmmental parameteré in the
areas of land use, water quality,.and air quality were selected; and
the two test sites in Pennsylvania were reviewed with Federal and
Commonwealth personnel (see Figure 1 for test site bodndariéé).
Phase II has been the stage wherein preliminary analysis of ERTS
data was performed and the Data Analysis Plan for the remaindér of the
investigation was refined aﬁd formalized. The analysis of the following

dates have been performed or are currently underway.

_Environmental Area ERTS-1 Date
Land Use 1 August 1972,
11 October 1972
. Water Quality : 11 October 1972

Air Quality 1 August 1972,
- -1 October 1972,
16 November 1972

1-2
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Land use analysis has incorporated ground truth for validation
in the form of “USGS maps‘and U-2 and C130 aircréft visible and IR
photography. Recently acquired land use maps and quantitative data
iqn trasportation and land use will be analyzed as well. To date this
portion of the investigatioa has concentrated on the Harrisburg area
test site, Qhere 17 distinct land use.paraﬁeters have been idéntified
through combined digital and photointerpretive analysis.

Beééuse of difficulties in using the Harrisbﬁrg test site as a.
water quality trainipg area, a frame of the Washington, D.C. area
showing turbid plume on the Potomac River Qas chosen for preliminary
analysis to perfect methods. Six gradations of water turbidity have
beén identified for one seétion of the river, but to daté analysis of
other s;ctibns has been 1es§:§u;ce§sful. Banding in thg‘MSS data is
inhibiting completion of this water qualiti'index development activity.

Air quality analysis has also centered on the Harrisbu;g test
site. Prelimiﬁary results are showing a correlation between.the
average intensity of thrée aﬁailéble ERTS frames analyzéd and ground
vtfuth turbidity measurements reported by the NOAA/EPA turbidity net-
~work for the same dates.

The Phase I and Phase II progréss is reported in detail in the

bbdy of this report in sections 2.0 and 3.0 réspectively.



2.0 PH4SE I - DATA‘ANAL?SIS PREPARATION

.. The first ﬁhasé-bf MiTRE's effort, covering-approximately the first
two months of the contract (before any actual,ERTS¥l dataAwere received)‘
'ﬁas a combrehensive'examination of all potentially useful resources for
aéﬁieving the objectives of MITRE's investigation, ;nd, through initial
analysis of ﬁRTS and non-ERTS resource availability, planning thg broad
framework for optimum use.of MSS and DCP data. This préliminary effort
of data énalysis prepargtion will be reported in four sectionsi MSS
‘experiment planning, DCP experiment planning, MSS implementation, and
DCP iﬁplementation. | | |

2,1-MSS Experiment Planning

2;1.1 .EnVironmental Parameter Analysis'

A number qf tﬁsks wefe undertaken simultaneously in Phase I in
genéral aﬁé“ﬁéé ékﬁef{iént planniﬂéAin>particular. ‘One main task in
‘the MSS eipériment planniﬁg was envirommental parameter gnalysis.r In
this analysis, MITRE reviewed all~available information on state—of—the
art development, procedurés,vﬁnd techniques for using MSS in environment-
al épplications. - The purpose of this task was two-fold. First, deter-
mine which environmental paraheters of interest to the MITRE investiga-
tiqn are potentially amenable to deteétion and analysis using the MSS
daté that the present ERTS-1 configuration can pro&ide. Second, by
accumulating a store of information on the already demonstrated
applicability of MSS data analyéis in the area of the environment, avoid
the necessity to '"re-invent the wheel" as the MITRE investigétioh con-

tinues. (e.g., if Willow Run, the state of California, or the USGS has

2-1



aiready developed a reliable procédure for identifying aa environmental
parameter'signature«from MSS data, then it is logical in terms of time
and‘effort for MITRE to-make use of that iaformation as the data analysis
effort praceeds).

Table 1 breaks -out in detail‘the land use, water, and air parameters
that are of interest to MITRE'S investigation. _The table at this point
is not meant to be exclusive or all—encompaasing. Many more pafameters’
in the media of land:-use, water and air may be amenable to ERTS-1
'sensing, ahd’aome af.fhese may be added to the table as the inﬁestiga—

- tion proceeds; By the same token; some of the categaries listed (e.g.,
gaseous pollutant concentrafions in air,'apecific pH in water) may be
found impossible to monitor based on data from the present ERTS config-
uration. |

Some of the preliminary results of the enviroamental parameter
analysis to date are shown on the charts that follow (Table 2 ). It
must be noted that the charts reflect a very preliminary review of"
almost entirely pre-ERTS-1 experimentation. The resource availability
task of environmental parameter analysis will continue through the
duration o£ the investigation‘and the charts will be continually |
~ updated and.aﬁgmented. As more information becomes available-- especially
~more information based on actual ERTS-1 MSS data investigations such as
will be forthcoming with publication of proceedings of the recent NASA-
sponsored ERTS~1 Symposium~- the charts will contain much more useful

signature derivation information.

2~2
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The major-conclusions of the initial environmental parareter analysis.

were as

1.

follows{

Land use classification has. been Very successful using MSS data,

- and the list of parameters under the’land use category in Table

As

I can brobablyfbe ekéandéd.

The water parameter list,mai»@e_ambitiéus~in;the ébseﬁce of a
»thermal-bandion ERTS%}{;WCon%édﬁénfiy;‘early analysis will
concentrate 6n iaenﬁificétion of gro;srlevels of total turbidity,
siit, oil, and induétriél Chemica1 outfalls.

The air parameter listing also appears veryioptimistic at
present. A mesoscale analysis(20—600 km); is first undertaken
(Sec%ion 2.1.1) to detefmine the ability of ERTS;lbto éharacter—
ize total turbidity and total backgrouna pollution burden:treﬁds "
over large areas. 1If successful, a microscale analysis (<20 km)
will be attempted with the objective of defining haze'le&els, ;
identiinng point sources, and detecting pollution rélated-vege—
tatioﬁ stress. -

reported in MITRE's Bi-monthly Progress Report of 31 October -

. 1972, the initial effort of environmental parameter analysis was completed

during October 1972. However, as noted above, parameter information

analysis will continue at a lower level of effort throughout the inves-

tigation as information becomes available.
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2.1.2',Experiment Site Selection

The ﬁITRE ERTS—l.propoéal,_as amended, states that the general
invesfigation test areas will be the Harrisburg and Wilkes—Bafre -
Scranton regions of Pennsylvania.- Included™in reasons for seleéting
£hese»investiggtion areas wére the following:

® Availability of an extensive in-house enviromnmental data base
on the areas from MITRE's work for the U.S. Bﬁreau of Mines in
the nor£heastern Pennsylvania.regién,' |

' _Availability of environmental data from EPA‘aﬁd the Comﬁohwealth
which could be ﬁsed_for cofrelatipn with ERTS-L 6verflights.

e Availability of photogrammetric eqpipment and image analysis
software which is compatible with the MITRE cémputer‘system
from the Pennsylvania State University.

° Availabi;ity of tecentraircraft overflight data covering'the |
Susquehanna River in the Harrisburg vicinity for comparison with
ERTS-1 MSS data (U-2, C-130).

o Engineering and scientific personnel available for consultation
from the Commonwealth of Pennsylvanié.

~ o The high suitability of the areas for the analysis of the
potengial of réﬁote sensing of environmental parameters, because
of tﬁe broad range of land use (urban/industrial, suburban, rural,
fbrest), and existing problems of water and air pollution.

Once the overall investigation areas had been decided upon!'MITRE,

with the concurrence of the NASA Chief Scientific Monitor, opened

2-9



' dielogues with other ERTS—l investigatofs and local, regiooal, state,
and federal environmentai officials to solicit suggestions for specific
targets. ’Figure 2 shows a summary of the many responses received.
(Site 1 refers to_the Harrisburg area, and Site 2, to the Wilkes-Barre -
Scranton vicinity}.- As many of these targets as feasible arehbeing
incorporated into the MITRE investigation. |

As reported in MITRE's Bl-Monthly Progress Report of 31 October
"1972 the primary effort of experiment site selection culmlnated durlng

. 0ctober, although flex1b111ty will be maintained to add critical areas

or delete ones of limited usefulness as necessary.
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2.1.3 Procurement of Softﬁare and Setviees

In order to make use of a&ailable software and to avoid duplicate
investigations, MITRE subcontracted with The Pennsylvania State Univer-
sity (PSU) Office of Remote Sensing of Earth Resources (ORSER) to pro-
vide sunport of our development of an ERTS Env1ronmental Indices Progran
softwere. On 1 September 1972 a Statement of Work for PSU was developed
by MITRE (Appendix A). This outlined the test sites to be used, the.
iand uée, water and air categories for inveetigation; the computer
support and phot01nterpreter s support to be given, and p0551ble support
‘given by PSU for a Data Collectlon Platform

- PSU responded with thelr Preliminary Statement of Work (Appendix B)
which desctibed the tasks they would perform. The PSU Statement of
‘Wbrk outlined a two-phased effort, with the Phase I (1 October 1972 -
31‘December 1972) objective to determine the best ptocedure for MITRE
to follow using ﬁRTS data. In Phase II (1 January 1973 - 36 September
1973) PsSU wonld assist MITRE with the necessary computations of inpnt
data to MITRE's indiceS'ealculations.

A problem developed when.-ERTS imagery and CCT failed to supply
data before the end of October 1972. ' This caused a shift in dates for
Phase I and iIactivities with PSU; Phase I from 6 November 1972 through
2 February 1973 and Phase Ii from 4 February 1973 through 31 December
1973 were mutually agreed on.

With Phase I underway-a procurement problem‘concerning the work

done at PSU arose. Data would be obtained by MITRE more than one to

- 2-12



two weeks after they were processed by PSU, and also the length of com- -

munication made the training of MITRE personnel in the use of the software

difficult. Therefore, a decision was made to install a remote job

et e e e S e e s o

entry terminal in MITRE's Méieé; Office. The requisitioﬁufbf.fﬁe
ﬁerminal (IBM 2741 or equivalent) was made at the'beginning of November
1972 with the actual delivery'date'of'the terminal on 19 January 1973.:
The hookup checkout was performed via telephone to PSU's IBM 370-165
computer on 26 January 1973.

On 8 March 1973 a revised Phase II Statement of Work for Phase
II subcontract to ‘PSU was reviewed (Appendix C). Tﬁis subcontract fe—
Hefined MITRE's purposes and the suppoftﬁexpected from PSU. Included
was the request that PSU Supply MITRE witﬂ copies ‘(tape and hagdcopi)
of present and future PSU MSS software for use .at MITRE's McLean facility.
) It also includes a reaffirmation of tasks proposed in Phase I.

In general there is now a shift in soft@are use and modification
toMITREs McLean facility. This is to allow specific computer probiems
to be solved with the least amount of difficulty and deiay,'and will
aid in the development of our prime final product-- an operational |
software and hardware system.specification for producing environméntal
indices from-ERTS imagery and CCT with the least amount of man in the

loop intervention possible.

2-13



2.2 DCP Experiment Planning

| MITRE's proposall outlined the use for two Data Collection
Packag;s (DCP's)-one DCP dedicated.to obtaining air quality and one
DCE;dedicétgd t§ obtaining water quality.in the Ha?risburg area. Such
in-situ sensors were intended to act as ground truth data in test site
1 experiment area. In the sub-sections presented below, several modi-
ficatioﬁs have been made to this original cdncept and, as will be ex-
plainéd, the cptimum use of these DCP's is being made by applying both
to water quantity (stage) statiéns in the Susquehanna River basin.

2.2.1 DCP Siting Efforts

”{MITRE'S DCP siting efforts followed along three lines (1) looking
_for existing water and air quality‘staﬁioné in which the DCP would |
. speed the reporting process,'(2) looking for new sites of interest to
Federal, state and/or local organizations, and (3)»gfound truth valuable
‘to'the MITRE expériments.

Many existing air and water sites were analyzed. For wafer, all
Federal, state water qualitj stations were examined for éossible utility
to our siting efforts. The Coﬁmonwealth of Pennsylvania has water
quality data recorded from 192 sites,-however,"eiamination of thesé
found many stations discontinued, operated in a manual mode (grab.

sample, etc.) and many stations reported under a different name

lMITRE Corporation M71-16, Revision 1, "Investigation of Environmental
Indices from the Earth Resource Technology Satellite' February 1972.
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2,3,4 In additibn, daily averégévdata

in the Féderal water data bases.
§f~tﬁe morefﬁommon water quality parameters usefui to MITRE's effort
(turbidity, pH, Do, condu;tivity, témperature) arée rarely recorded on a
continuous basis.
-Siﬁilarly, for air qualiﬁy, we. found thét the State qf Pennsylvania
wa; operating four surveillance systems. These systems-afe:
(1) The Philadelphia County Aerometric Monitoring System (PCAMS)
(2) The Allegheny.County Air Monitoring System (ACAMS)
(3) The'Commbnweélth of Pennsylvania Air Monitéring System (COPAMS)
7 (4) The Pennsylvania Air Quaiity Su:veillaﬁée System (PAQSS)
The two (Philadelphia and Allegheny) county'systems are.comprised of
primary real time stations gnd éecondary sampling stations to monitor
~air quality in the respective counties. PCAMS, ACAMS, and COPAMS are
. real time systems. PAQSS is a comprehensive surveillance system de-
signed primarily to document air quality in the air basin areas of the
State. |
Only CbPAMS and PAQSS cover portions 6f the two MITRE test sites
selected for study. Excerpted below are several paragraphs from the /

Commonwealth of Pennsylvania's Air Quality Implementation Pla&stb empha-

size the present status and near future plans for air quality monitoring.

2"Catalog of Information on Water Data - Index to Surface Water Section",
Office of Water Data Coordination, U. S. Department of Interior, Edition
1970. ‘

3"Catalog of Information of Water Data - Index to Water Quality Section,"
Office of Water Data Coordination, U. S. Department of Interior, Edition
1970.

“EpA STORET Water Quality Information Systems.

5"Commonwealth,of Pennsvlvania's Air Quality Implementation Plan'". Pennsyl-
Department of Environmental Resources, December 10, 1971.
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. In general, the remaining surveillance systems are
. tallored to the growth and population density patterns of
the State.  Particular emphasis is placed upon the most

- heavily polluted areas. Outside of the heavily polluted

and densely populated areas, monitoring will be done to
.examine transition and growth areas and to determine back~
ground levels. A few monitering stations are used to
maintain surveillance of specific major sources.

The PAQSS system will be .comprised of approximately
100 stations, 50 of which are currently in operation
throughout the State. Each station is, or will be, sampl-
ing total suspended particulate on a uniform schedule of
one sample every sixth day by means of a high volume
- sampler. All filters are analyzed in the State Laboratories
for quantitative determinations of fluorides, sulfates,
beryllium, cadium, lead and iron. Randomly selected filters
are analyzed for 14 other metals and benzene soluble organ-
ics. Settleable particulates and total sulfation are
determined at each sstation on a monthly basis w1th dustfall
-jars and sulfation plates.

At approximately one-fourth of the PAQSS sites a -
sampling package continuous monitoring of sulfur dioxide,
carbon monoxide and soiling (COHS) will be installed. At
a similar number of other sites a second package for sampling
nitrogen oxides, oxidants and total hydrocarbons will be
installed. = These sampling packages will be moved to different
PAQSS sites on a random schedule so that an annual cycle of
" data for each pollutant will be obtained at each site in

a four year period. :

Monthly and quarterly mean values will be calculated
for each site. Annual summaries will be prepared indicat-
ing the mean, standard deviation, minimum and maximum values.
‘The number of times any air quality standard is exceeded at
any site will also be determined.

COPAMS will be comprised of at least 17 continuously
operating stations providing real time information by tele-
metry into a central control computer located in Harrisburg.
Each station will be equipped to monitor sulfur dioxide,

. carbon monoxide, soiling, hydrogen sulfide, oxidants,
methane and non-methane hydrocarbons, nitrogen oxides, wind
speed, wind direction, temperature difference between 4 and
16 meters, ambient temperature and dew point temperature.
All parameters will be monitored continuously with instan-
taneous values being recorded once per minute. Only the
COPAMS. stations are sufficiently automated to consider the
installation of a DCP.

- 2-16



Several meetings Qith the State officiale-on tﬁis uneovered’twe "
interestieg'constraiets - (i) the Commonwealth felt we could obtain
all the air quality data MITRE would need via COPAM without ihstelling
a.DCP link on any of its statione and (2) the State would not permit
e DCP link to be installed as a back-up mode of)communieationﬂfor“the
.State and the COPAM contractor felt.nothinngould be gained eﬁa”tﬁat'
progress on COPAM would be reduced by such an effort;_‘ B

It was therefore logicel that MITRE look‘into the'blacemeﬁf of
two DCP stations at desirable sites where no stations existed. Suggested
sites were obtained from the Cemmenwealth'pf Pennsylvenie, Office of
',Water Quality,»Regien I1T of‘EPA, Pennsylvanie State University, and
fhe,*SGS/Harrisberg Office. : | |

EPA Region III was most interested in.the water quality including'
_siltation and eutrophication behind the three major'dam systems on the
Susquehanna River (Holtwood, Safe Harbor, Conowingo),lthe Codorus Creek
Lake for siltation and eutrophication, the water effluents from an_existing
steam-elective power plant on Brunner Island, the water quality from
Conewago Creek which drains a heavily industrialized area near Harris-
burg, the air pollutants emittea by a lime kiln plant in Annville,
and the drainege from all open pit mines and refuse banks in ‘and around
Wilkes-Barre - Scranton erea of Pennsylvania. No order of priority was
arrived at for these possible DCP sitings.

The State Water Quality Office personnel were more specific. They

would prefer water quality in the three Dam areas, the aciditv dvnamics of
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fﬁe ﬁe$t>Bfanch of the Susquéhanha around Renovo, and the‘épﬁeafance of
: anybdenuded areas which may cause runoffisiltafion'in eitﬁer test site.

" The Pennsylvania State University was interested in the -air and
water quality around a new nuclear power plant ;ite at Thrée’Mile Island
just southiof Harrisbﬁrg. ‘Finally USGS/Harrisburg was interested in
water quantity and quality at three of four tributaries to thé
Sdsquehanné (Swatara Creek; Conestoga Creek and \hﬁiata River).

Fiéure 2, section 2.1.2,‘sh6ws,this array of pdssible experiments

in which DCP's might be applied.

| The DCP station design and hardware pfocurement<tasks (section

2.2.2 and 2.2.3) were then performed to aid in thé.selection of two
final DCP sites.

2.2.2 DCP Station .Configurations Analyzed

Of the many siting/experiment possibilities covered it appeared
that the following 9 had the most potential of being operative &ithin
90'days of receipt of the DCP's as reqﬁired by our contract;

(a) Refurbish and upgréde one of the two installéd but unused

Commonwealth water quality stations - Hunlock Creek and
Danville.

(b) Use DCP as an alternate cémmunication link on one of the
seventeen COPAM air quality stations‘—'Harrisburg being
installed first.

(¢) Install an automatic water quality station with DCP link at
Harrisburg tb replace present manual system;

(d) Install an automatic water quality station at Philadelphia

2-18



vEléctric Com?ﬁny?s'ﬁew nuclear powerplant at.feach Bdftom
in the Conowiﬁgo Dam Reservoir.
(e) Use DCP at alternate communication link on the exiStingbUSGS/
USA-COE water quality stations at .Renovo or Beech Creek.
This was a high priority for the Commonﬁealth.
(£) tink the MITRE air quality station at McLean, Virgihia via
DCP. |
(g) Construct a mobile air and/or water quality station by
continuing existing MITRE air quality sensors and run to new
equipment for multiple site use.
(h) rUse‘DCP_as strap down data link for tﬁe4EPA Region”III mobile
van now un&er construction, available June l97§.
(1) Water quality/quantity station operated by USGS in Susquehanna'
and its tributaries.
The attributes and constfaints of these various configurations afe‘_
summgrizéd in Table 3. Capital, installation, and operating costs were
obtained from various soﬁrceé,“hardware manufacturers, fhe USGS and
MITRE instruméntation personnel. Such cost documentation will be retained"

unless NASA wishes such data-forwarded at a later date.
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2.2.3 DCP Hardware Procurement/Disposition

The two DCP's andthe platform tester were received at MITRE
(McLean, Virginia) on October 5, 1972. These items carried the
following information.
Serial No. 0069 Data Collection Platform Assembly
Model No. 63A 104 100G-3, Rev. Bj;
DCP Electronics S/N EAB-OM-156;
DCP Antenna S/N 154.

Serial No. 0145 Data Collection Platform Assembly
Model No. 63A 104 100G-3, Rev. B;
DCP Electronics S/N EAB-OM-175;
DCP Antenna S/N 133. -

Serial No. 022 Platform Tester, Model 47E225158G1l
Rev. A.

After review of the value of data obtained from the possibilities
discussed in section 2.2.2 versus the éost to the program, it was
decided that the two DCP's we dedicated to the water quality station
at Renovo (option e-2), the water quantity station at Newport, Pennsyl-
vania on the Jﬁniata River and to accept the Philadelphia Electric
Company data af Peach Bottom as our test of one of these dam basins
on the Susquehanna as well as the COPAM data from the Commonwealth of
Pennsylvania for air quality over MITRE Test Sites 1 and 2.

Accordingly, after coversation with Dr. Richard W. Paulson of
the USGS/Harrisburg and Mr. Arthur Fihelly of NASA/ERTS Project Office,
MITRE shipped the three items listed above to Dr. Paulson. See Appendix
D for the MITRE Shipping Order and letter from Dé. Paulson to Mr. Earle
J. Painter of NASA/GSFC substéntiating this transfer of the two DCP's and
tester. Dr. Paulson is to confirm directly to MITRE this transaction

in-writing in the near future. y
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2.3 MSS Tmplementation

Once -preliminary MSS experiment planning was completed, the next
step was implementation of the plans by testing out the.procured re—
sources on ERTS-1 MSS imagery and data tapes. Unfortunately, delay in
the receipt of the first MSS tapes (received 6 November 1972) and corresponding
- imagery (received 25 November 1972)‘from NASA for the investigation'
areas caused delays in MSS implementation by approximately one month._
An additional problem was that the first MSS data tapes and imagery
received and used for MSS test runs covered different overflight dates,
viz., 1 August 1972 and 6 September 1972 resﬁectively. As will be
addressed in a later section, simultaneous receipt of both imagery and
dafa.tapes for a given date would greatly expedite future analysis.

MITRE's approach to MSS implementafion was to proceed in' three
distinct steps:

1. MSS imagery analysis test run

2. MSS digital analysis test run

3. MSS complementary imagery/digital test run

2.3.1 MSS Imagery Analysis Test Run

The first step in MSS implementation was the imagery analysis test
run: an attempt to use photointerpretive techniques alone as a means of
defining separaﬁle categories at least for land use and water quality.

_ This portion of the MSS implementation was carried oﬁt at Penn State's
Space and Engineering Laboratory under subcontract to MITRE.

A portion of Site 1, consisting of 144 square miles surrounding

Harrisburg, Pennsylvania, was studied. The imagery used was that of
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6 September 19?2,vname1y image number 1045-15243 in the four channels
of the MSS. ‘ |

The photointerpretation was carried out independent of outside
aid. There was no speciai study of the test area, no coordination ﬁith
other researchers using computer programs, and no previous study of maps
or aerial photos at larger scales. The intent was to>determine what
cquld be read directly from ERTS imagery alone. Although interpreteré
: héd a traveler's acquaintance with the Harrisburg area,'care was taken
not to identify items by their geographic location. Graytone variations
were recorded, bur.interpreted only where their shape provided inter-
pretive clues.

The imagery was studied under the following conditioms.

1. Direct inspection of the image on a light table under magni-
fications of 4.5X and 7X, using a direct viewing lens or one lens of an
01d Delft stereoscope. |

2. Projection of the image by means of a Visucom overhead
projector, from 10 feet, onto a flat screen at a magnification of 4X.

3. Projectién of the image onto a table by means of a single Kelsh
Plotter projector, at a magnification of 4.5X.

4, Projection of a glossy positive 4X eplargement using a Saltzman
projector, resulting in a further enlarged scale of 7.5X (or 2 miles to
the inch). |

The above systems were, as far as is known, the only ones available
at Penn State. A search of mapping equipment literature indicated that

the Bausch & Lomb Zoom Transfer Scope or the Artograph Model 55C Mapograph

-
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would permit direct enlargement qf the image transparancies to a

scale permitting delineation -of the detail desired. (Subsequently, a
Bausch and Lomb Zoom Transfer Scope has been made available for use by ‘
MITRE at no cost by the USGS.)

Working at contact séale proved useless for documentation, al-
though considerable detail could be observed with the hand lens. The
overhead projector also could not be used, as the projected image couid
be viewed clearly only from a position of éeverél feet‘from the screen.

The Kelsh Plotter was second only to the Saltzman in usefulness.

It permitted direct projection of thenimage onto a table, where features
could be mapped as observed. However, only a very small portion of the
image could be viewed at one time, making it difficult to determine sig-—
nificant graytone signatures and to maintain consistency in délineating
them. Mapping by this method is, in addition, a very slow process
compared to tﬁe Saltzman.

The Saltzman projector appeared to givé the best overall image
definition combined with rapid tracing of observed features. It's
chief drawback is the necessity of using photographic prints rather
than the images themselves, resulting in some loss of graytone resolution.

Figures 3 through 6 are a demonstration of the resﬁlts of photo-
interpretation of the four ERTS images, using the Saltzman projector.
The ouﬁline on each overlay is a strict recording of what was viewed.
No touchup work or editing was done and there was no "second guessing"

as a result of support documentation.
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The following remarks pertgin to the work shown in Figures 3
throﬁgh 6.

1. The four images used, represehting ﬁhe four MSS channels of
scene number 1045-15243 taken 6 September 1972, were chosen because
they were the best representation available for the scene for which
data tapes also became available, facilitating later comparison. Better
quality images for Test Site I are now available. _

2. ﬁositive glossy prints of the portioﬂ of these images covering
Test Site I were made, enlarging the image 4 times. These were projected
to a total enlargement of 7.5 times.

3. . The overlays were made from the enlargements. Subsequent to
this, a second set of §hoto enlargements at a scale .of 7.5X were made,
to facilitate interpretation of the oveflays. The photo prints to

which the overlays are attached, therefore, were not used to obtain

~_ the data on these overlays.

4. Only a small portion of Site I was chosen for study. This
portion was considered.to be sufficient to illustrate the problems
involved and the results obtainable by photoinferpretive techniques
alone.

5. The time involved in producing the overlays was as follows:

Channel 4 1% hours
.,  Channel 5 2% hours

Channel 6 1 hour

Channel 7 1 hour

The results were of such quality that it was not considered worthwhile

to attempt to planimeter the areas for quantification of the land use
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categories.

6. The following color key was used for the overlays:

W : Water bodies and drainage
Solid Line (when not category Roads
boundary)
U/su Urban/suburban
T Forest and woodland
Ag Agriculture
C Construction or mining
E Erosion or siltation

It should be noted that for each overlay the above designations are best
estimates (determined from shape and/or relative positions) of what the
particular graytone outlined most probably represented.

7. No attempt was made to evaluate air quality parameters at this
time.

The results of the work done with the Saltzman projector are shown
on the ovérlays of Figure 3 and on Table 4 . It can readily be seen
from both the overlays and the‘Table that in only a few cases could a
feature be uniquely determined by this technique, and in virtually no
case could it be completely deliniated.

On no channel was it possible to determine unambiguously areas of
suburban development and agriculture. A comparison of results from the
four channels reveals widely differing assignments of areas to these two
categorieé, as well as to the category of "forest."

In several areas, on all channels, it was not possible to determine
accurately the shoreline of the Susquehanna River. It was discovered
later that this difficulty was:largely due to the loss of graytone defini-

tion on the paper print. For example, restudy of the original transparency
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for éhannel 7 revealed a much clearer shoreline in these areas, as well

as several islands which had bee; "lést" on the paper print. (Corrections
for these features were not made on the overlays.) Some of these "lost"
islands are shown on the overlays as violet shadings in the Susquehanna,
where these slight tonal changes in the river were originally thought to
represent differences in water quality. Other than fbr these islands,
differences in graytones of water areas were not observed, although they
were looked for, especially where tributaries entered the main stream.

Only two orders of streams could be seen on EkTS imagery using the
Saltzman projector and photointerpretive methods: the Susquehanna River
and major streams entering it. A few lesser streams were seen. on the
original imagery by inspeétion with the hand lens.

This study has shown that photointerpretive techniques alone, when
applied to ERTS imagery, are unsatisfactory as a éingle means of détermining
indices for land use categories, for the following reasons.

1. It is not possible, by the means attempted here, to unambiguous-
ly delineate areas of land use categories or water quality.

2. Establishment of indices for land use categories requires
planimetry of areas. Where areas cannot be clearly outlined they cannot
be accurately determined.

3. Up to 2% hours were spent in mapping a small portion of Test
Site I in a single chanﬁel. Clearly, mapping the entire Test Site in all
four channels would take a large amount of time with very limited useful

results.
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4, A brief inspection of U-2 imagery (£flown at 60,000 feet) of
the same area indicates that some improvement of photointerpretive
techniques could be realized by using U-2 photography to train the
photointerpreter to recognize ERTS signatures. This would, however,
increase the time requirements for a given area of investigation, and
perhaps require additional U-2 flights.

5. Computer assisted photointerpretation is strongly recommended.
This approach makes area delineation unnecessary, and therefore makes
study of ERTS imagery free from delineation restrictions.

6. Previous work done at Penn State indicates that computer dif-
ferentiation of areas from scanner data is far superior to that done
5y the human eye. The role of the photointerpreter, then, is in the
identification, by shape comparison, of the features exhibited on

computer output.
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'2.3.2 MSS Digital Analysis Test Run

The next step in MSS implementation was the MSS digital analysis
test run. Yor this task, an attempt was made to classify and map the
‘Test Site 1 area as well as possible within a limited time periqd and
without the assistance of photo interpretation and without photographic
and imégery materigls other than ERTS-1 satellite imégery. The timg
period was set as two work weeks (10 days). ERTS-1 imagery and UéGS
7-% minute quadrangles of the area were used as support matérials.
ERTS-1 MSS digital data were used. The processing system described in
Section 2.1.2 (Software Procurement) and Appendix E were employed.
This project was actually the first time the processing system was
used for the production of classification and map products where the
emphasis was on production and not on development and testing. In
the ﬁse of the systém, all of the work was done.via a remote typewriter
terminal (IBM 2741) connected by phone lines to The Pennsylvania State
. University Computation Center. All output @xcept for the infrequent
high-volume printer output)yag directed back to the terminal. High-volume
printer outputs were directed, to The Computation bgnter and those outputs
_bwérq_collected once or twice a day‘when they were_prbduced. Most of the
aénéiysis work was done by short computer runs to insure fgpid turn around
time. The tapes were identified as 1009-15244 and correspond to scene
15244 collected én August 1, 1972. The scene covere@ the southeastern
quadrant of the state of Pennsylvania. (Test Site l).v Cloud cover was

inconsequential over the area of interest. All four MSS channels
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were used in data processing; however, channel 7 was rated as poor.

Using the imagery for reference, two subsets of the full scene '
of data were defined. Each subset was put on a separate tape. The
first subset was defined as scan lines 937 through 1150 and elements
2790 through 3010. The second subset consisted of lines 1051 through
1200 and elements'3010 through 3228. Both of the éubsets came from
the third tape of the four for the scene.

| Printer map output is nearly in the same scale as the USGS 74"
mapé so that croés-reference to these maps is quite simple. After the
initial use of the ERTS-1 imagery to locate and define the subsets, the
imagery was not used further. The reason was that crégs-reference to
the 7-%' maps was more helpful and simple, whereas cross-reference to
the imagery was comparatively difficult and not helpful because of the
large scale.

The first step in the analysis was fhe production of an intensity
map for the purpose of assisting in locating patterns and targets in
fhe area of interest. The map was produced for the first subset since
targgt identification was to be centered mainly in the area it repre-
sented. A small part of the overall map is presented in Figure 7', in
which the pattern of Conodoguinet Creek is clearly shown. The creek

flows into the Susquehanna River which is shown in the upper right

corner of the figure.
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FIGURE 7

BRIGHTNESS MAP OF CONODOGUINET CREEK AREA
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The second step was the production of a uniformity map. A

small pdrtiqn of the map is shown in Figure 8. The U symbols
show areas 6f local uniformity based on all four channels of spectral
data. Clusters of these show broad areas of spectral uniformity which
can be used as training areas to obtain spectral signétures of the
associated targets. In Figure 8, the area labeled W was used for a
river water training area and the area labeled H was used for a central
urban training area. The asterisks were the symbols used to indicate
local high contrast and some obvious boundaries can be seen as ex-
pressed by that symbol. By using the uniformity map, five training
areas were initially defined. These were river water, forest, railway
yard, central urban, and an unknown target which was found to be
similar to the forest target and was thérefore named és forest.
Statistics for the training areas were defined and the mean
vectors (spectral signatures) and covariance matrices were computed.
In Table 5, the pertinent statistical output for the river water
target is presented and, in Figure 9, the histograms for the four
channels are shown. The histograms for each channel show the number

of observations in each percentile versus the reflectance percentile.

Uniform training areas could not be found for many targets; for
example, clusters of uniform elements were either nonexistent or too
small.for reliable statistical estiﬁates of creek water. Cluster
analysis was used for the identification of targets and their signatures
where training areas could not be defined. 1In Figure 10, the output for

this program is shown whére it was used to-estimate the signature for
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FIGURE 8

UNIFORMITY MAP OF A PART OF THE SUSQUEHANNA RIVER
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Ch.4
Ch.5
Ch.6
Ch.7

Ch.

Ch.

Ch.

Ch.

4
5
6
7

‘>MEANS AND STANDARD DEVIATIONS FOR GIVEN CHANNELS

Ch.4 " Ch.5 Ch.6 Ch.7
33,19 22,48 17.76 4.78

l1.01 1.13 0.67 0.60

VARI ANCE~COVARIANCE MATRIX

1.02
-0.17 1.27
. 0.18 .14 0.45
-0.01 -0.12 -0.05 0.36
Ch.4 Ch.5 Ch.6 Ch.7
CORRELATION MATRIX FOR GIVEN CHANNELS
1.0000
-0.1458 1.950G0
0.2017 0.1809 1.0000
-0.0240 -0.1723 -0.1345 1.0000

Ch.4 Ch.5 Ch.6 Ch.7

TABLE 5

STATISTICS FOR THE RIVER WATER TRAINING AREA
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classification and mapping large areas, it was found that suburban
areas were very well mapped with tﬁe highway signature and it was
thusly renamed.

After an initial set of signatures was obtained, trial maps of
blocks of data in the suBsets were made. A second stage of target.
and signature determination was begun on the basis of these maps.

The areas which were unclassified were investigated and, by the use of
the methods applied before, addiﬁional signatures and targets were
identified. At this stage, training areas were not limited to just
clusters of U symbols but were allowed to include the next level of
uniformity (symbolized by — Figure 10). The number of observations

and the number of subsamples (subareas) within the training area for
each target were substantially increaéed to overcome the effect of the
decreased uniformity. The 7-%' maps were used in target identification
to make sure that all subareas included in a tfaining area were of the
same target.

Having obtained these additional signatures, the whole area from
both subsets was mapped. Ten to 15 percent of the whole area remained
unclassified but the patterns of unclassified elements appeared to be
‘related to some kind of nonurban land use, possibly agriculture. One
of thé areas by chance fell within the boundaries of the cluster analy-
sis area used for the determination of the creek signature. The clust-
er analysis had classified the area homogeneously and the pattern

matched the pattern of the unclassified area on the large map. The
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FIGURE 10

CLUSTER ANALYSIS MAP FOR CONODOGUINET CREEK AREA
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signature for the target named_GOpen land" wés taken from that run.
It appears as the - symbol in Figure 10.
| It was ﬁelieved that heavy construction of a power plant was
taking place on Three Mile Island. Three Mile Island is mapped on
the 1963 Middletown 7-%' quadrangle as open land, but initial proéess—
ing indicated that the area is now somthing other than open land. A
;cluster analysis was run on the whole island and surrounding water
area which resulted in a signature for a target named "building."
This signature, in addition to yielding a classification for Three
Mile Island, filled in substantial areas in the Harrisburg metropoli-
tan district which had been previously unclas§ified. From the 7-%'
maps, the area appeared to be a heavy industrial and warehouse area.
The final maps produced in the project were based on the set of
eleven signatures and have only three to four percent of the total.
area unclassified. The full set of signatures, names, and symbols are
given in TaBle 6.
The euclidean distances of separation of categories are given in
Table 7. See Section 3.2 of Appendix E for the description of |
the meaning of euclidean distance separations. In general, the
separation between pairs of categofies is large. A ﬁumber of
notable exceptions exist however, and these are discussed later.
A critical distance of 10 was used for every class exéept for
river water which had a value of 15 assisned to it. In the class~
‘ification scheme an element wés assigngd to the class for which the
euclidean distance from it to the class signature was smallest
if the distance was smaller than the critical distance for the

2-45



. CATEGORY NAME

BUMBER  SYMBOL LIMIT

FOREST1 1 .10.0
RAILL 2 10.0
RIVER1 3 W 15.0
GRASS1 4 10.0
URBAN1 5 * 10.0
GRASS?2 6 - 10,0
FOREST2 7 10.0
- ROOF 8 v 10,0
SUBURB1 9 # 10.0
HIGHUAY 10 @ 10,0
CREEK 11 10.0
OPEN LAND 12 10.0
13 + 10.0

BUILDING

UN-NORMALIZED CATEGORY SPEC!FICATIONS

CHANNELS- 1
26.28
37.00
¥ 33,18
31,78
36,13
- 32,83
128,25
v 52,50
# 38.74
e 40,59
1 33,30
12 33,40

W oo~ W E W e
*

13 + b2.42

2
18.76
29,45
22.48
21.61
28,25
22.83
18.21
55.00
31.88
36.50
23.52
22.74
37.58

TABLE 6

L6,
29.
17.
4L1.
29,
43,
k9.
56.
L8,
51.
31.
61.
39.

3

68
09
76
06

71

79
54
co

01

95
oL
00
20

. b
27.60
10,91

L.78
22.00
12.58
22.50
29.82
22.00

23,88

25.59
13.48
35.23 -
15.90

CATEGORY SPECIFICATIONS FOR MAPPING CATEGORIES
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class. If.thg disténce was greater than the critical distance, the
élassification would be attempted for the next nearest class,éﬁdiso

on. If the element could not be assigned to any class under these
rules, it was assigned to the "other" category wﬁich is used in ﬁhis
report synonymously with "wnclassified." Consider the river wafer,

" for example., The distance of separation from each.of the other categories
is, in every case, greater than 15. Therefore, there is no chance of
confusion'bétween river water and any other category accqrding to the
rules 6f classification. There are a few other categories‘for which

the same is true based on a critical.valﬁe of 10. For most of the
éiésses; there exist a few distances which indicate potential confusion.
Considér classés 2 "and 5 -of Table 7, rail and grban 1 respectively.
The distance of separation‘betWéen these two classes is only 2.3; there-
fore, there is a.potential for confusion between the two classes. The
rest of Table 7 can be interpreted in the way of the above discussion. .
Three other pairs of classes have small distances of separation which
should be mentioned. In addition to the aforementioned problem with

the railway signature, it glso has a relatively small distance of
separation from the creek signature. Whether confusion actually

exists or not in classifying rail and creek targets can only be resolved
'5y ground truth. However, there appears to be some confusion of these
two targets in the various railway yards, but it is possible that there
might be enough sediment, low vegetétion,,and water in the yards to give

a true response for the creek classification.
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The two other pairs of categorieé with small separation distances
are creékfwith urban l_and highway with suburb 1. The reason for the
siﬁilagity of creek and urban 1 signatures is not known at this time.
The similarity of highway and suburb 1 signatures was not unegpected
because the initial highway signature was renamed suburb 1 when it
gave very good mapping results for suburban areas. The new highway
signature was obtéined later on and may iﬁdeed have been based on
very similar targets to the suburb 1 signature. It seems though that
the new highway signature is more related to parking lots and similar
paved and unpaved areas than it is to the suburb i signature. vActual
highways are mapped by both symbols.

A number of the vegetation classes:are close buf, for the présent
purposes, confusion among these classes is not of particular importance.

With regard to naming the categories, some serious problems exist.
Some of the categories are easily named correctly, such as river water
- and fhe forest categories. The investigators do not put a great deal
of emphasis on the names of other categories because they'wefe named
only inferentially with no direct means of being sure of the targets.
It is not a simple matter to pick out vegetation signatures in ERTS data
simply by lgoking at the signatures. It is even more difficult to
-identify other signatures. The 7-)%' maps are of limited utility since
they do not generally give the kind of information needed to identify
a category except on an inferential basis. Ground truth or areal
photographs would likely have been very helpful in specificaliy iden-

tifying and naming the targets.
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A Fouf maps resulting from this effort are shown in Figﬁres 11 thrqugh 14.

All four hé§e.resulted from tﬁe classification»scheme described previously.
A'smali baft of a typical map is shown in Figure 15. The river and islands
in the river are readily apparent. The central metropolitan area of
Harrisburg, mapped with *'s, can be seen in'the upper right portion of the
figure. Heavy industrial and warehouse areas, mapped with +'s, can be
seen adjoining the downtown ar;a of‘Harrisburg. Acréss the river, the Camp
Hill urban area can be seen mapped Qith #'s. The @'s in Camp.Hill possibly
indicate parking lots or bare grdund, whereas.the -'s indicate parks, ceme-
teries, and otﬁér such green-areés. Interpretation of the-large maps
would be an.extension of this brief interpret;tion of the map in Figure 16;
The differences in the maps resulted from different assignment of symbols to
';ategéfies, elimination of stray sfmbols, and smoothing of mapping boundaries.

The first map Figure ll shows all of the nonvegetation classes with
different symbols. The vegetation classes are all shown with the -
symbol except for the one vegetation or open area class which is sub-
stantially different from the other vegetation classes. This atypical
class-was mappéd with the = symbol. A comprehensive intefpretation
of the map will not be presented in this report. However, it should be
. pointed out that thé\trace of iqterstate highways and éome secondary
roads can be seen as well as a number of the bridges across the Susque-
hanna River. In the second map, Figurel2 only vegetation classes are
mapped except for river water which was mapped as a reference. In this
map, stray symbols were removed and boundaries were smoothed._

In the third map, Figure 13, only water categories and the railway

category were maﬁped. Stray symbols were not removed and boundaries

2-50



[ ISR 000 P21 fot i jeTc]onic|so
|

ueqin
R
Tet1380pUL

ueqangnsg

quawdAEBd

(pF108) s30T BupiIed
3978M I9ATY

qo91)
uofIeILBap

e
*Ados : 1
% sewzh%ww dag

> O X O M W o H KD

T dVR

iday

11 mano1d




&

.
sihoziclharck

19384 M
uedg ¢

ssein 9

ume] T

(P¥108) 389108 4
’ s991] ]

¢ dVR

7T Tanoua




i _.._.._.h.._._...z.._.....*.._._...._,._,_,._,_s._,..._...,_.._..,...,,._._.j.._._.":_é_.:._,..._.__.,.__._,_.._:_._3.,,__5._..,,_;. [0 9 4 ot

R 6°°

2-53

[oro¥|seat|ovorfsaszionnrisant ones [scorforne ina [ R e R B LN (I R T

[t S b e M AL L

L

3
Joarslersslotaclsmzstvaze leate toars hoste boorelecredesncheotetuosel

Pt

R T S e S Y ERRRaR

TFed A
%9919

(&4

IIJBM M

€ dvR

€T nno1g

*Ado> a|qejieAe _wmﬂ
wou} pasnpoiday

Honiattas




;zduj:j::?:?»rj!;&;i;i;:j:j:j:j:i:jsji;éi:
¢ p - b

& o yek

ARRARAARASR A
A AR AN A A A

uoT3e3laBeA PIIRIO0SEY - URQAn
doigooy

(PTTO8) ueqIn

2snoysieM - TERFIISNpPUT
ueqingnsg

307 Supiieg - Juswoard

Z A oH D M P>

(I9ATY) a93EM

% dVK

YT ANOIA

P e m w e w e e 8O 8 WM os s s




é875|2880|2885l2890]2895|2900|2905!2910]2915|2920l2925|

1005
1006
1007
1008

1009

1010
1011
1012
1013
101k

- 1cis

1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1627
1023
1029
1030
-1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041

| | I b ! I I y { I

B T T [ P S T SN P SR TR TP 4t

riay

PWWHEWWWIWHWWWWWWWWWWIWE * + 4% ke ke d ke rxrchhtx s ++ |
[ W WW W W WWWSY WWWIWINH* + kxxarxa st r kb rxkhkh+ LALH

FWWHIWWWWWW W WY WWIHIWIWWx k kst xxdr stk hkdxx + *x |

IWW”U‘IHWUWNWU“UU W WAk ke ke ke ke hdk kA kk +++4+ |
PRI W A W W R k ke k ke k kk k+ ++++ |
| INWHWWWNHNW“WNWVWWHWHIWNWWW#*#**** kkkkkdFb+++ |
| WV B WS YW W W W e e ke e ke & *k  H+erk+ |
| ##! dﬂNﬂ*TIdNWIHWWHNWHWHVN‘PHNHIn********* +hekkx |
Iﬂ#””WUVV”'WUV'fN”UZ WER AW W R x & * % R TR
|+ &4 SIS JUILBR L A kw % kuk+ 4+ |

IO NP 0 Y VT W
|+##‘].W‘JHWWW‘JH‘JH"JW"‘!NU‘H‘!‘JHIIHWI’ WUTWW %% kkk  kkkb+ 4|
LR IV E I At T L E S A O M A A SR DA SR A E RS S LS e+t ]

# % Wi *WNUNI!NU"JWWWU'JIl“”.J"J‘.J'JWI.“‘“‘”‘”‘!’.“!‘J******* 4+ |
=##  #xVWWWWWWAWWWWW WWRHWWW  WWWHWWW +* *  kkt 4|

- FEF 2L WIS W W W W AW WWERWIWW *xxxax wx+ 4 |
~#FQAC= LW WWWWWAWWWWE W WWELWWWRWI Y % % % % * % |
AA###QQ == F # LW VW WWWIET Y WoW WHWWWWWW R *xx * *% |
@@C@@@@‘-###NHWWNNHWUWJWHWUWWUNU WWWEEV B W & & & % |
CQRA### = ==# ## xLIWVIWWWIWIWK !JNWN”W”UWWWWWWHWUWWVW*** ]
iy |

|

I

I

I

|-

I

|

|

|@#### #########-UJNWWWUU‘nw LRI ALV
SSSAAA A DAt TNV L T
I
L #
|
| #
|
I
b
|
I

@@ #E4EE ##4--4##5+HJ WUHWNWW”WWWWIIHWW”%WIT“W”W”HH

Tl

"J#iﬁ”ﬁr#---#####*WWHWHWWWNWWWUHWNWWUNWWHHWNWNVﬂl
fEFEEFAAREAE = FAAEFEW WWWAWWW YW WWIWWHWIWW W W W W |

#EHddEREE ~FEBFEEFE WAWWH LRSI W WWSTWIW W % 5 b W |
FHEHEREFFEHFFEHEEH+ == VW WIIWIHWHW  dke s =L x|

# ORQFFHREERFREH RS e e cm B F FWWHWWIWWIWWH WY %k %% |
FRQRAASRENEEF IS o # # # FWWW WAWEH W WY #4]
BREGBRE SR BHQAF B cmcmnan o —WRUWWW WY == |
BEABEFAHHEE400QQ##mmmmmm e = W W WS W |
| ##QQ#######00QF - mommwm== - mmee WWWWWWW WY WWWYW ]
| ###QRACRQ### #Q# - == m——— == = e kR WWIWWWHWWW W
| ####0QACH##FHf e mmmmm e - ———— kR R WUV W
| ###FH#EEFAQQFF o= ##  eeeee- 2 WWELWWY W
| #E$ 44 H#HE$FQFfamomonn Fom ecceaean +WW]
| #444#4838Q8FFcmmanna - eeeeem—- + U

2875128801288512690(2895]2900]2905]291012815]2920]2925]

Central urban areas

Suburban areas

Paved areas

Industrial and warehouse areas
River water

Herbaceous vegetation

| 5 4+ *

FIGURE 15

MAP OF SIX CATEGORIES IN THE HARRISBURG VICINITY

2-55



were not smoothed. The.failway_category was left in because its
signature was so close to that of the créek. ﬁany of'the apparently
stray‘symbols are indeed true according té the 7-%' maps..

The last map, Figure 14, consists éf only symbols for developed
nonagricul;urél land. Rainay_symbols have been sﬁppressed and river
water was mapped as a reference. |

The summary of the mapping results for each subset is given in
Table 8 . The perceﬁtage in each'category'is the relative acreage in
the category; The count for each category is the actual number of
elements classified in the categdry. The conversion factor to acreage
"is  approximately 1.12 acres/element based on the aistance of separation
between elements in a line and between lines. |

The'results of this MSS digital analysis test run ERTS-1 data can '
be translated to maps_using only USGS maps for reference. Such maps
ag;ee quite well in general with the USGS maps except that.the fine
detail of the USGS maps cannot be achieved with ERTS-1 data. The
ERTS-data-based maps indicaté.more meaningful land use categories can
be mapped than that which has been done with USGS maps. 1In addition,
the obvious, serious deficieﬁcy of the USGS maps is very strongly demon-
s;rated. The USGS maps are obsolete in many areas even over the short
ﬁeriod of time from the 1969 publication dates. The 1963 dated maps are
of exceedingly limited utility in areas where rapid transitions in land
use are in evidence. Becauselof the obsolescence and the absence of
sufficient land use classification categories, the use of USGS‘maps

alone to support ERTS -data-based mapping is inadvisable. Under-flight
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Subset One

SUMMARY _
CATEGORY NAME NUMBER SYMBOL LIMIT COUNT PER CENT
FOREST1 1 10,0 3655, 5.
RAILL 2 : ~10.0 857. 2.
RIVERT 3 . W 15.0C 2956. 6.
GRASS1 L : 10.0 1249, 3.
URBAN1 "5 * 10.0 1622. 3,
GRASS 2 6 - 10.0 6844, 14,
FOREST2 7 10.0 5329, 11.
ROOF 8 Y 10.0 130. 0.
SUBURB1 -9 # 10.0 11796. 25,
HIGHWAY 10 @ 10..0 2738, 6.
CREEK 11 ’ 10:0 1119. 2.
OPEN LAND 12 10.0 5303. 11.
BUILDING 13 + 10.0 2241, 5.
OTHER 1y 0.0 1425, 3,
‘Bubset Two
SUMMARY _
CATEGORY NAME MUMBER SYMBOL LIMIT COUNT PER CENT
FOREST1 1 10.0 3335, 10.
RAIL1 2 10.0 554, 2.
RIVER1 3 W 15.0 3735, 11.
GRASS1 L 10.0 659, 2.
URBAN1 5 * 10,0 631, 2.
GRASS 2 6 - 10.0 3279. 10,
FOREST2 7 10.0 5494, 17.
ROOF 8 v 10.0 117. 0.
SUBURB1 9 # 10.0 16076. 18.
HIGHWAY 10 @ 10.0 1086. 3.
CREEK e 11 10.0 §17. 2.
OPEN LAND 12 10.0 4795, 15.
BUILDING 13 + 10.0 847. 3.
OTHER 14 - 0.0 1425, b,
TABLE 8

SUMMARY OF CLASSIFICATION RESULTS FOR SUBSET ONE AND TWO
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photography or imagery is omne needed basis'of,support for interpretation
‘and mapping of ERTS data. In addition to this support, the necessity

for timely ground truth to resolve anomalies should be anticipated.
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I3

/Dicdtal Analvsis Test Run

2.3.3 MSS Complawéutarf Inagery

Having attempted té‘demonstrate the pbssiﬁilities of ERTS MSS
data énalysis first by photointerpretation alone, and then by digital
analysis alone, MITRE then implemented ghe>final logical.step which

was to combine the two techniques. The MSS complementary imagefy/digital

analysis test run was the final step in MSS implementation. Since com-

plementary analysis has become generally' the standard operating procedure

. now for land use and water quality, the results achieved during‘thengs
implementatioqvétége of_Phase I shbuld be considered éfeliminary. The Penn
State.repaff;df the combined photointerpreter and~Fhe digitg;“pgppgfﬂgffort
was, submitted to MITRE on January 24, 1973. Throﬁghout Phase II a number
of refinements and imprﬁvements have been made with moré MSS .data

becomihg available, as noted in later sections.

For the MSS implementation stage, the 1 August'MSS.daté tapes_were
once again employed. Thé first joint efforts involved a cqmparétive
analysis of- land use classifications prepared by the separate photo-

- interpretation and digital mépping teams. Initial joiﬁt studies in-
volved the use of a Bausch & Lomb Zoom 70 Stereoscope to study in-
frared color film transparenéies taken from U-2 aircraft flying at
65,000 feet in conjunction'with comﬁuter generated maps. The camera
Had a l.75_inch focal length, producing 70 mm fofmatvat a contact scale
of 1:445,000 (approximately 1 in. = 7 miles).

The time-consuming nature of comparing the separate photographic

image with the computer produced thematic maps quickly forced an attempt
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to.broject the photograph directly onto a computer map. This was

suécessfully accomplished with reasonable scale comparison, using

an American Optical Company slide projector, Model D. (Delineascope
with 8 inch focal léngth lens and 500 watt illumination).

Because of the distortéd nature of the computer map, caused by
line aﬁd character per inch constraints, only small portions of the
projected image could be brought into registry at one time. Clearly
identifiablé images of a ﬁniqde nature were used to maké these scale
adjustments. The projector was mounted on a platform so that the
image could be rotated about the projection axis and small adjustments
inn; and y translation of the pﬁoto image could easily be made. OQer—
all scale was adjusted by the projector-to-screen distance.

Obvious targets, such as the Susquehanna River, its iélands, and
’entering major streams were successfully identified. Small pon&s,
_which registered only by single symbols, were properly classified.
Some large cultural features, such as parking lots and rail yards,
were identifiéd in correct geographic location, but the exact limits
of their boundaries were ﬁot_fully satisféctory. Some vegetative

classes were well identified, while others needed improvement. Several
agricultural signatures were properly positioned, while others were
confused with the signature generated for suburban areas.

A system of directly marking on the computer generated thematic
map was used to outline areas for further study for signature improve-

ment. These areas were defined by scan line and element numbers.

-
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Eurther statistical an;lysis was performed on signatureé in thesg
areas. fhé results were, hﬁwever, not satisfactory.

‘It was recognized that the signatures used to créate this first .
series of maps were the result of computer mapping with only USGS
.1:24,000 maps as a guide. ‘Some of the signatures were "backed into,"
rather than determined by the direct épproéch'of benchmark targets
selected by photo interpretation. Moreove£; concurrent studies in
- another area seemed to be producing separations of comﬁarable'
signatures with much greater success. This was verifiable by a review
of the statistics which indicated class>separability. There seemed

;toﬁbe a case for a general. attenuation of the_quality of information
recorded in channels 4, 5, and 6.for this scene, and récords showed

that channel 7 was distinctly oproor quality. Therefore, when the

f‘second run computer processing of signatures was unsatisfactory, it

was decidéd to realign the approach.

The attached flow diagram (Figurél7 ) was generated as a meané’of
coordinating the efforts of the computer mapping and the photointer-
pretation. It is on the basis of this method, and the image and com-
puter tapes of 11 October 1972, of the Harrisburg Test Area (Image
number: 1086-15185) that Phase II (preliminary data.analysis) has

proceeded, with improved complementary MSS imagery/digital analysis'-

apparently emerging as the optimum approach.
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2.4 DCP Station Implewesntation

Fplléwing the delivery.of the two DCP's to USGS/Harrisburg on
November 20, i972, tﬁe water quantity station (ID 6073) has been put
into operation at Newport; Pennsylvania since February 15, 1972. The
éecond station ié earmarked'fér the Renovo.wéter quality station but
delay in delivery of the sensors to transmitter harness has prevented
this station from being placed into operatién as of the end date for

this report (February 28, 1973). These two DCP's pai:ea with two

DCP's obtained by Dr. Paulson are being used to obtain Susquehanna

River Basin water quality and quanfity dynamics. Féur stations are
insufficient to completely define this bésin dynamics but is a start
toward doing so. Both the USGS, EPA Regian I1I and the U. S. Susquehanna
"River Basin Authority are interested in these DCP station data results
':as well as information useful to MITRE in our interpretation of'ERTS—l

MSSVdata for test sites 1 and 2.
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3.0 PHASE II - PRELIMINARY DATA ANALYSIS

l Once initiai planniﬁg had been complefed and test runs had been
made to determine the optimum approach to the analysis of the ERTS-1
MSS data, correlated with available ground truth data, the investigation
shifted from a test andveva1Uafion mode to oﬁe of preliminary operation-
al analysis. As Phase(Ii proceeded, the two other tasks of Phase II
naturally complemented the preliminaryvdata analysis. These were (1)
development of the Data Analysis Plan which will serve as the basic
guideline for the remainder of the investigation; an& (2) a revision of
previously stated data requirements which resulted from Phase I evalu-
“ation and the first two tasks of Phase II.

3.1 -Analysis of Available ERTS-1 MSS Data

To date, 42 potential -images of ERIS-1 coverage have been obtained

‘over Test Site 1 and 29 for Test Site 2. The following statistics

of good images have occurred.

Test Site I Test Site II

o. of Images as of
January 28, 1973 :
overflight 42 29
No. of Images with
20% cloud cover or 10 8
less
No. of Images with
4 Good Channels . 7 5
Percent Acceptable

e Cloud Cover (CC) 24.8% 27.6%

o CC and 4 Good 16.7% 17.3%

Channels
TABLE 9

ERTS IMAGE STATISTICS
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The acceptable coverage dates are 10 and 11 October 1972, and 16
November 1972,.9 and.10 Janﬁary 1973 and 26 January 1973. Other
coverage dates had to be rejected based on failure to meet ;he
foliqwing criteria:

e Greatér than 20 pefcent cloud cover in the frame

e Excessive cloud cover witﬁin the Test Sites

e One or more MSS channels rated less than good.

Table 10 provides specific details of ERTS data available, ordered,
and received tobdate. |

1 August 1972 was used primarily :in the MSS test runs of Phase -
.Irfhough it had one bad channel because it was the first data received.
Daté from the 11 October coverage. is.currently being processed for land _
~use analysis in the Harrisburg test site area éhd for the water portion
, " of investigation. Data from 1 August, 11 Oétober,Jénd November 16 coverage
dates are_beiﬁg'processed for the analysis of'air qﬁalify/tufbidity in
the Site 1 area. Progress in each environmental area will be discussed

separately.
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/3.lﬁllﬂAir-Quality Index from ERTS-1 MSS Informatioﬁ

Over the lést deéade, thévneed to quantify the aif quality of our
nation has become apparent.  New organizationms, Fe&eral,state.and local,
have been fprmed to manage this enﬁirénmentai resource. Though air
quality monitofing has béen‘carried on for decades, ;hé sum total of -
these monitoring efforts at best has been sporadic, poorly planﬁed,band
_ very incpmpleté in depicting the areal and temporal féaturés on scales larg-
_‘er-than 20 kilometers. : Major urban areas aﬁd industrial zones have been
" monitored by'arrays of in-situ air quality sensors in which the intent
was to understand the local or microscale (<20 km) «distribution of the
emiééions and the corresponding variations of air quality; larger -
mesoscale (20 - 600 km) distributions have been studied to a much lesser
degree., Two or ;hree fragments of mesoscale aif quality information
ﬁéome to mind whic@_béar.revigw {h prder to set qhe's£ageifor desgribing
our work to date. L

‘During fhé last ten years, many air quality display computér
simulations have been attempted. A large number of these simulations
follow a semi-determipistic approach where the pollution emissions of
an urban area are mathematically modeled both areally and temporally.
T;ansport and diffusion simulations of these emissions are performed
taking into account local weather conditions and in some cases terrain.
Displays of the air quality resulting from such simulations are then

compared with measured in-situ air quality and the models are then fine

tuned for more faithful representations of the quantitative value of air



J..“"

quality Models for handling'total particulates (settleable and sus-
pended), oxides of sulfur, carbon monOV1de etc. exist and follow the
general simulation procedure described above. Experience with total
suspended particulates (TSP) has shcwn that there is a considerable
differecce between calculated and measured values in the urban area and
that it is largely a conscant offset which‘is calied background

TSP. Thls background TSP is found to vary across the United States

‘but is generally on the order of one-half to two- thlrds of the peak

urban values monitored. Such a widely distributed TSP we have chosen~to
call the mesoscale air duality (MAQ).‘ Too few'non-urbandair quality
ata;ions exist in.this.countiy to get a firm quantitative-measufe of

this MAQ distribution. National Oceanic and Atmosphetic Administration

in conjunction with the Environmental Protection Agency and the World
:Meteorological Qrganization of the United Nations have a world array of

air turbidity sensing stations (approximately 50 in the U.S.) obtaining data
toward understanding this mesoscale and even:the dacroscale cﬁedomena. |
will be said about this turbidity network data later in thieceportWMen
MITRE's MAQ index efforts are described. A paper by Flowers, McCormick

and Kurfis6 related analysis of turbidity network data to mesoscale

weather movements and rainfall showing the variability of turbidity over

the United States.

6E. G. Flowers, R. A. McCormick, and K. R. Kurfis, "Atmospheric

Turbidity over the United States, 1961-1966", Journal of Applied
Meteorology, Vol. 8, No. 6, pp. 955-962, December 1969.
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-A.se;ond insight ingg the_MAQ has“been described bg Clodman,aﬁd-
‘-Tagga;t7.Whéré a~cﬁrrelation of APT pictures ffom the ESSA 2 satellite
was cbmpared with synoptic weaﬁher maps of the same time period. On
nuﬁerous occasions when no major frontal areas were in the eastern
United States and the atﬁospheric wa£ér vapor was negligible, large
turbid areas of air were present. - Clodman ;orrelated these(déta with
- ground ébservafions of ceiling and visibility.anﬂ concluded that the
ESSA 2 sate1lite pictures were showing a large multi-state aif‘quality
disturbance. |

6,

 Thus both reported efforts .Mhave pointed to the existence of a
'ﬁesoscale aiy quality phenomena, and our experiencés with the simulations
haw;pointed to a need fcr»quanFitative temporal and aregl measures of
MAQ if we are to manage our air quality control efforts wisely. Inkthe‘
- succeeding paragraphs we describe how we are attaining MAQ trends, non
quantitative, areally and temporally. If continued“correlatibné wi&h
"the turbidity network and other Fedéral, state and local air quality
assessments prove to be poséible, then ERTS-1 will be a rapid means of
mapping turbidity and/or MAQ. Care is required that we screen from our
in-situ and turbidity network data all microscale effect. One érude
measure has been to apply a population correction to the turbidity

network data described below. Other corrections will be pursued in the

next nine months of this contact.

7J. Clodman and C. I. Taggart, "Tha Movement of Large-Scale Air

Pollution Areas as Determined by Satellite Photography'", Unpublished
paper for the Director, Meteorological Services Research Branch,
Atmospheric Environmental Service, Downsview, Ontario, Canada.
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'Our'investigation in eir quality has been in the developmentbof
an:index of total air pollution burden variation {time and space), and,
consequently, calculation'of background air quality trends from ERTS-1
data, uses.two 1nputs. The two-inputs are (1) the measure of total
grayness (reflectance 1nten81ty) of one spec1f1c test area from sequen-

" tial ERTS-1 overflights; and, (2) the earth observations of atmospheric
turbidity (NOAA/EPA turbidity network with Rayleigh scattering and
ozone absorntion compensated for) over the same axea pn'dates of ERTS-1
coverage;

The first step is to .select the dates:ef ERTS-1 coverage in which
cloeas are not present over thevtest area. Second, compile_all the
turbidity network data about the "test area possible. Such data are
gathered‘on a daily (3 times per day) basis; and therefore good ERTS-1
"MSS; all channels, on a relatively cloud-free day becomes the control-
ling‘factor for correlation date selection. Days in which turbidity
data are not available are days of high percentage of eloud cover; thus,
our ERTS data‘would also be of no value. - On the approximately one pass
over test site every lS—days‘schedule, we have found that 1 August 1972,

11 October 1972, and 16 November 1972 had near zero cloud cover and
good ERTS imagery. |

The basic analytical tool used for the ERTS-1 MSS data has been the in-
tensity map progran The intensity map program (see Appendix E for descrip-
tion of th1s program) not only prints a thematic map of the root~sum—-square
value of the reflectance of each channel pixel, but also computes the aver-

age grayness statistics for the selected test site for each MSS channel.
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 The average grayness 1s, of course, subject to interference by surface

objects (heterogeneous nature of’fhe.test area) asAwell as by the total
atmosphere. Thus, care must be taken in the test site selection for
homogeneifft, The Harrisburg training aréa boundaries are shown in
Figure 17. The large, four block area shbwn is also being analyzed

for turbidity variation on a given date.

8:9 records turbidity using the

Since the Turbidity Network 6,
Volz sunphotometer starting with a raw reflectance measure at 0.5
micrometers, we initially have ﬁsed onlf ERTS-1 MSS Channel 4, which
includes the 0.5 micrometers range data. |

The second majdr input for analysis in éddition to ERTS-1 intensity
data, was turbidity network data. Originélly;operated for the National
Air Pollution Control Administration (now part of E.P.A.) by NOAA, the
~Turbidity Network reports observed and calculated readings of turbidity
from sites arouﬁd the world and in most states on a daily basis. The
stanéard instrument is a Volz sunphotometer. Turbidity network data
frbm seventeen stations about our test area (see Figure‘lS) for thé three
optimal ERTS-1 dates (1 August 1972, 11 October 1972, and lé November
1972), and the days before aﬁd after each optimal date, have been anal-

yzed with cor}esponding daily weather maps to calibrate for rainfall

and frontal movement (rainfall was found to have less than 24'hour'éffect,

8R. A. McCormick, "Atmospheric Turbidity", Presented at 60th Annual

Meeting of the Air Pollution Control Association, Paper 67-32, June
11-16, 1967.

9"Atmospheric Turbidity Data for the World", U. S. Department of
Commerce, National Oceanic and Atmospheric Administration, Environ-
mental Data Service, Vol. 1, July - December 1971.

3-9



‘ . SYAdV ONINIVYI AIITVAD ¥IV |
_ (T 79091

. V3V .. ANVS,
3H1 40 m...u<mm>CL s.31ivd ._.Zwmw.un:m mOm ATLHOITS mOZ<IU 0L aN31 s31dvaNnog
‘v1va SSW Zi6l mw J._.OO L mI._. mon_ >4._<9n__ommm mm< Z>>OIw ww_mddZDOm ._.ZmEm._m*

0052 , -+ 000g . 008t o .82 4 | 008
: > 0052
0002
yive 151 508
et ———— — - ——¢ gall
lmu_umpm.rqco «_w w - m‘._..:_>mm0m
_ | |
“ f t 005l ,
. | _ =l Jom SISATYNY
‘ _oynasiuuvH | 31VQ-33HHL
~ | Ly _ T of =<—}1——  uo4vauv
I : | IR TR T N b7 ) DYNESIYHVH
_‘.lnull.ll.lllln ‘ltl'l#.ll..;l.llllﬁl.mw—.rlnlllé oLttL 695" X
| I |
“ u 1 0001
Vel | |
¢ _ ! |
\M | ! 1
ZL, 190 L1 404 b — — — e e e — — — L 4 sgs
VI4Y G3aNVdX3 317IAS31904 34ISNHOA 005

%0078-4N04

3-10



NOILVOILSIANS 1-S1¥3 JYLIW FHL 404 VIVa ONILYIOdIY
SNOILVLS ¥4OMLIN AllQigdNnt

81 JaN914
8039 vWvayly 1dd16515S
. . Y19
YNIIO¥Y2 S
-
\. . w0 33653INN3L
. e ]o.z.:o_uiaﬂ | ouoBsNat? a1 3900
. ﬁ . N U Ikﬁoz

1 W3S

‘oW’ B
GW "Nivd 3931100
‘O 3TIASLI3E
‘Gin AHOWILIVE

)

<
o
QW
: 1LY
C N ALID DUNY i £
[/

b funese b S

3-11



L
a s
g

»

mainiy loweriggiturbidity at a given monitoring site, and frontal
movement was found to have at least a 48 hour lowering effect.8~ When
analysis and calculation was completed for each of about 1} monitoring
sites selected from'those closest and most relevant to MITRE's Test
Site 1, a fundamental veéto%/gradiant analysis was performed to esti-
mate ground-measurable turbidi;y at Test Site 1. The figurés obtained
" from these calculations (which essentiallyAreflect, at a given eleva-
tion, tﬁe e#tinction proddced'by the variable amount of dust, haze, and
water vaﬁor in the atmosphere--— Vié., total turbidity), have been plot-
ted as the available ground truth information that gives-an indicator
of total turbidity over Test Sife 1. Figures 19 and Table 11 show;
thi; information in tabular and graphical form.
Because many of the turbidity network stations are located in
wmajor metropolitan areas, a second series of calculations were made
in an attempt to reduce all reporting stations to a uniform "background"
.standard unrelated to local sources, based mainly on tﬁe work of Larsen10
- with regard té relating total suspended particulate (TSP) to populatioﬁ.
Larsen has shown that urban TSP approximately doubles for everf order
of magnitude change in population of that urban area. In our analysis
all turbidity network reporting statiéns were scaled to a 10,000
person population. Another choice would have been to scale to a rural

population density more closely resembling a non-urban béckground. The

10R. I. Larsen, "United States Air Quality", Archives. of Environmental

Health, Vol. 8, pp. 325-333, February 1964.
3-12
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_ ERTS -1 AVERAGE INTENSITY. (CH. 4)

1 August 1972 32.8
11 October 1972 20.4
16 November 1972 " 24.9 (Corrected to 12.0)

11 October 1972 BILK 1 22.1

BLK 2 24.4
BLK 3 21.8
BLK &4 26.4

TOTAL (AVG) 94.7 (23.675)

CALCULATED TURBIDITY FOR HARRISBURG TEST AREA

. Uncorrected Pop. Corrected
1 August 1972 0.220 . 0.152
6 September 1972 0.165 0.142
11 October 1972 0.151 0.118
16 November 1972 0.072 0.038
TABLE 11

CALCULATED TURBIDITY DATA
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many possibilities of introducing large specific error in this approach

are well fecognized, but it is nonetheless feit“that, within an accept-.
-able error range, useful cofrelafions between in situ and safellitem
sensors Qill yield beneficial applications.

Our data presented in Figure 19 and Tablé'ffshow such a trend.
‘Comparison of ERTS-1 MSS Channel 4 data with ground truth Turbidity
ﬁetwork daté for only three dates to this.péint in the MITRE investiga-
tion shows striking correlation, both in the scaled an& raw data. As
more data become available,.and as analysis techniques are imprbved,
ERTS-derived air indices and optimal ERTIS air qualiﬁy monitoring system

specifications will .be developed and presented.
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;3.1.2 Preliminéry{D;;abAnalysis: Water Quality
'Several attempts were made to identify watér,quality parameters
- through the complementary MSS imagery/digital analysis described in
SQCtionI£;3.3. ERTS-1 MSS data for both 1 August and 11 October were
processed and analyzed for the Harrisburg test site. However, even
‘with supplementary data from recent high-altitude aircraft ovefflights
of the area, all efforts to classify gradations in water quality wére
'unsucceSSful. It was concluded bj both MITRE and PengvSEate analysts
that the Susquehanna River in the vicinityvof Harrisburg presented too
heterogeneous a target on fhé available dates to servé as a useful
training érea for ERTS-1 water quality investigatibn. The shallowness
of.the river at that point and ;he abundant presence of»?ock cutcroppings,
islands, and vegetation added té analysis difficulties,. It was agreed |
ﬂthat‘a more suitable trainiﬁg area would have to be 1ocated if this stage
of the water quality inveétigation were to progress.b

iImagery one frame rgmoved from the test area on 11 October (1080-
15192, showing the general Waéhington - Baltimére area).appeared to be
suitable. A color composite of the scene clearly shows a large turbid
_plumeon fhe Potomac River oriéinating north of Washington and diséipating
south of Quantico, Virginia, with se§eral gradations-of turbidity aﬁparent
ih the imagery. While not actually in MITRE's teét area, it was felt
that analysié of this fréme showing extreme turbidity would be very
ﬁseful as a training'deVice for later analysis of water quality in the Harris-

burg training area. In addition, the Washington - Baltimore frame shows a
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less distinct plume af fhé;mouth of the Susquehénna in Chesapeake Bay.
Once parameter identificétion is successful in fhe training area,
analysis can move to the Susquehanna mouth;.and thence analysis can
proceed upstream to water quality targets such as the Holtwood and

~ Conowingo Dam Lakes, Safe Harbor Lake, and the Brunner Island effluent,
all in MITRE's Test Site 1.

MITRE'é first analysis was of a section of the Potomac near
Quantico where the plume comvergence with relatively clear river ﬁater
1a§peared most obvious from the imagéry. The first intensity map
program run for the area revealed several gradations within the area
clearly defined by USGS maps as being in thé Potomac river. Subsequently
a cluster analysis was performed on the area using a criéical distance
of 4.5, and four distinct signatures were plotted. Using maps and .
-imagery, the signatures were.assigned levels of turbidity I - IV, with
I representing the cleareét water and IV the most turbid. EiguréZO
showé the Quantico training area with the Potomac running vertically"
down the center of the map. The turbid plume entering ffom the top of
the map clearly shows as categorf IV. Water entering from Mattawoman
Creek at the top right and éhépawomsic Creek at left center shows_as a
more clear category II. As the greek water and river water. converges, a
category I11 mixtufe appears. Further downstream'where the plume has
not yet reached, the relatively clear category I is shown.

Since almost no difficulties were encountered in classifying four

turbidity categories, an attempt was made to increase the number of
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signatures to six or moiéf' Tighteninévthe critical distance to 1.0
and other clustér analyéis manipulations such as increasing. the.sample
sizg from 150 pixels up to 900 has thus far produced up fo six rela-
tively distinct tufbidity gradations.

Assuming fof the time being'that only four to six water quality
ca;egories could be readily classified with available techniques, it
was decided to move té other.points both upstream and downstream along
the Potomac where the plume convergence was less clear than at Quantico,
but still discernible, anﬁ'attempt signature identification. The
following points af_the river miles indicated were selected for this

' next.step in water quality analysis:
River Mile

1. Popes Creek 42.0

2. Cedar Point 49.0

. 3. Maryland Point 56.4
4. Clifton Beach 617

5. Quantico 67.5

6. Mason Neck 79.0

7. Fort Hunt . 86.0

8. Wilson Bridge 90.8

9. Hains Point 94.7

For the first attempt at classification at the eight new points
a supervised classification program was run using the signatures developed
through cluster analysis at the Quantico training area. At all points

other than Quantico, however, only a single water category was identified.

3-19



e ‘
Intensity maps of the other points; as well as the imagery, nevertheless

showed several gradatioﬁs. As of this report, analysis is continuing
along the following lines obtain signatunes at the other eight poiﬂts:

® Cluster analysis using all channels |

e Cluster analysis usiné selected channels and combinations of

channels (channéls 4, 5, and 6; and channel 5 alone, may be
the most suitable). |

e Vary sample size from 150 to 900 pixeis

¢ Tighten critical distance down to 1.0

e Attempt the several combinations of the above variations.

As soon as successful results are achieved on the Potomac training
areas (i.e. as soon as digital output at least equals what can be
discerned from the imagery) the water quality analysis will shift to
the Susquehanna River.

While analysis of water Quality on the Potomac has .been in progress,
a first éttempt is also underway to structure an approp;iate index ofl‘
water quality as reflected by levels of turbidity. The following formula
has been generated, and it is expected it will be refined and improved

as the water quality investigation continues.

Ri‘j Kk = Reflectance in (mw/cm2 - ster) from Channel (k) of Water
’ H
" Type (i) in Test Area )
Ai j = Percent Area of Water Type (i) in Test Area (j)
H] .
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n LI .
= a = Percent Area of All Water in Test Area (j)

i=1 %,3

= Percent Area of Water Type (i) in All Water in

Test Area (j)
1 m
o k§=l (Ri,j,k) . (o_’i,j) = Average Reflectance of Test
Area (j) in (mw/cm2 - ster)
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3.1.3 Preliminary Analysis: Land Use

After successfully using 1 Augdst'MSS data for land use classifica-
tion during the planning and implementation of Phase I, the preliminary
land use analysis éf Phase II chiefly has employed the 11 October data. .
Initial analysis involved éeneration cf intensity and unifqrmity maps
for the Harrisburg area test site. Tb achieve greater detail, 10 grade
scales, or symbols, were used on the intensity map; and the intensity
map was thén projected onto a uniformity map to select good training
areas.A

Oﬁ;e training areas were selected, but before any further digital
ci;ssification was.attempted, fhe intensity/uniformity map training
a:éas were compared to recent U-2 photography of the .area for-a first
cut at land use category identification. By this elementary process,
some success was achieved in detecting highways, creeks, and of course,
the Susquehanna River. However, it appeéred that only other areas
adjacent to major geographic points could be readily identified.

The nex; step was to use the U-2 photography to select areas where
land use signatures were desired. 'Clusfer-analysis programs were then
run on these areas and training areas previously selected. This process
was continued throughout the training area until over 70 categories were
obtained. - Since many of the more than 70 signatures were certain to be
duplications, a classification program was next run to combine like
signatures (i.e., from the tables of distances of the classification

program, signatures with limit comparisons of less than 1.0 were merged
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¢ .
" to form a single signature). The rationale for designating the merged

signature was as follows:

Like Sienatures ' Merged Signature

a11 same designation ' Same designation

all unknown ‘ | Remain unknbwh

some unknown; some known Use known daesignation
different designafions ~ "Confusion" de;ignation

As a result of these manipulations, 56 distinct land use categories
remained. However, it was clear that many were still duplications of
the same actual land use feature (for example, suburbs identified

‘ through supervised anzlysis of training areas still appeared classified
separately from suburbs identified by cluster analysis). Consegquently,
artificially different categoyies were merged and assigned the same

- symbol. The final classification maps which were then run showed 17

<distinct land use categories in the Harrisburg area. As this
stage of analysis has just been completed prior to submission of
this report, the preés of fime precluded outlining,"reduction, ana
reproduction of the map for this report. .

For validation of the digital map, according to the MITRE Data
Analysis Pian, the final step was analysis and comparison of the_digital
map, aircraft photography, and'“ground truth" (in this case, USGS maps).
Generally véry good agreement was found bet@een the digital product and

"ground truth'". The one major exception was that some areas shown as
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~fields on the USGS mapsiné;e digiﬁally identified as suburbs. :Temp—
ofarily'these areas have been put in the "confusion" category; however,
as notéd in Sectionvé.3.2, the "ground trutn" in this case is from four
- to ten yeérg,old. What was is fact field ten yearé ago may very well at
this point in time have become suburb. Availability of more recent
'ground truth data, and possibly on-site inspection, is expected to clarify
the discrepnncy.
Most of the digital amalysis for land use was performed by Penn
State under MITRE's direction. Concurrently with Penn State's work,
MITRE has been gathering the available land use ground truth data with
the assistance of the Pennsylvania Departmenn of Environmental Resources,
the'USGS—Harrisburg, and most especially the Tri-County Regional Planning
Commission in Harrisburg. Mr. Oliver Fanning of the Planning.Commission
‘has provided MITRE with one of the few recent land use maps of the Harris-
.burg area tn survive the flooding caused by Hurricane Agnes; and he was
also‘most helpful in providing recent land use and transportafion quanti- .
fication for the area. These materials and documents will be most>use—
ful as the investigation proceeds tn the analysis of land usé trends as

identified by ERTS-1 MSS data.
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3.2 _Data‘Analysis Plan 5§G€lopment
As a naturai oﬁtcomé of the Phase I plénning and implementation,
reinforced and tefined by the prelwmlnary uRTS I data analysis nerforntd
in the first part of Phase II, the MITRE Data Analysis Plan evolved and
. was formalized in February 1973 in ;ctordance with contract requirements.fr
When approved by NASA (during March 1973), the Data Analysis Plan forms
the data processing and analysié frame&ork for the remaindet of the
MITRE investigation (March -~ December 1973).
The objectives that the Data Analvsis Plan expects to yield are
the following:
6 Land use trends for Test Sites 1 and 2.
e Air Quality/turbidity‘mesoscale trends over Pennsylvania
for the August 1972 - October 1973 time period.
© Water quaiity along the Susquehanna River for one ovetflight
date - 11 October 1972.
;Specifications for an opetational monitoring system-using
an ERTS-type system and selected analysis software’for
all three media
e Special report on tﬁe feasibility of automatic digital
signature determination. -

Rather than summarizing the 28 page document, it is felt useful

to include it as Appendix E to this report.
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,3.3 Data Requirements ‘Revision

The new or changed data requirements recognized during Phase I,

1

and Phase II preliminary analysis, are found on pages E-31 and E-32

of the Déta,Analysis Plan in Appendix E.
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4.0 .NEW TECHNOLOGY
There.are no new technology developments to be reported at this

time.

‘

5.0 PROGRAMS FOR NEXT REPORTING INTERVAL A
o With the approval of the MITRE Data Analysis Plan, expected
during March 1973, the ihvestigation will proceed to Phase III.
Phase III is Continuing Data Analysis and will involve the following
specifig tasks: | .
1. Process available ERTS-1 data for the teét‘sites throﬁgh 31
October 1973.
2. Compare and correlate results ofAERTS—l MSS data analysis with -
analysis based on best available in-situ data.
3. Develop thé investigation final report (Type III Report).
4, TReturn procured éomputer products.
5. Breakdown and return DCP equipment.
6. Achieve experiment results and publish significant findinés.
The above tasks are to begin in March 1973 and continue through

the termination date of 31 December 1973, at which time the major

investigation objectives are expected to be achieved.
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6‘1.70 jCQNCLUSIONS‘ : : N

Sinée'we have just'comfleted the preliminary daté analysis phése,
any firm_conclusiqns at this point would cléarly be prematuré. Névér—
theless, a brief discussion of potential conclusions may be uséful
ﬁere.

First,_there is nothing that has been revealed in the analysis
to date that wouid indicate that any of MITRE's stated objectives
cannot be achieved. On the contrary, results in all tﬂree environmental
areas - and in land use change particularly - the early.results have
been most encouraging. The gross level.to which air quality has been
énalyzed thus far in the investigation hés potential for much refine-
ment. and enhancement toward the objective>of-developing~atrleast
mesoscale air turbidity indices. Likewise, difficulties. involved in"i
fobtaining repeatable signatures for water turbidity levels on;different
-river sections should be overcome in the near term, so that that effort
can proceed toward index development. |

No formal work has yet been completed on the second major objective
of the investigation - develqping specifications .for an optimum ERTS-
type system for automatic environmental monitoring. Nonethelgss, nearly
all of the ef%ort and learning taking place ;n Phase I, II, and III is
directly related to development of that final product, and the laét
several monéhs of the investigation will formally concentrate on indices
and speéifications development.

As a general statement regarding potential conclusions, it appears
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at this time that the objectives set for the MITRE invesfigation will

be achieved.



4 . : -

7.0 - RECOMMENDATIONS
| The'primary recommendation for improved operation during Pﬁase ITT
analfsis is the following:

° ‘Make both ERTS-1 imagery and MSS CCT for-MITRE's test sites on

a given "good" daté available siﬁultaneously to the Principal
Investigator.

The récommendation is made in the intérests of having more good
ERTS-1 data more expediently available.for analyéis dufing the period
of the investigation. Experience has shown that only approximately
28% of the once-every-18-days coverage of MITRE's ﬁest sites results
‘in~"data products that are useful for further processing. These means
only about four additional coverages can Be'expected for the rest of
the investigation. If imagery must<first.be ordered, received; and

-. reviewed before MSS CCT's can be made available, several weeks of
what could be used in productive digital analysis is irretrievably
lost. To get maximum use out of available ERTS-1 data, and to prqéess
the data expediently so that other aspects of the.investiga;ion can
go forward, MITRE needs to receive imagery and MSS CCT simultaneousiy
for any given date of coveraée.

The second recommendation to be made at this time is the follow-
ing:

o NASA should establish, at the Goddard Spaceflight Center or

some other appropriate location, a central library containing

documentation of the various computer programs and digital
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énalysis techniqﬁ;s applied to MSS data. The documen;afion

'iﬁithevlibrary should be made available free of cost»(o? at

some nominal fee) to all legitimate investigators.

The>two_main benefits of this recommendatioﬁ are obvious: (1)

-costly and time—consuhing duplication ofAMSS software development
efforts can be avoided; and‘(2) a large catalog of existing methods
and approaches is available to investigators for planning the;f
experimentation. A great many valuable analysis progréms have been -
developed, for example, by the'Jet Propulsion Laboratory, the.Environ—
mental Research Institute.of Michigan, the Laboratory for the Abplica—
“tion of Remote Sensing (Purdue), the Pennsylvania State University,

and others. It seems in the common interest of NASA and all investi-

gators to share this wealth of accummulated information on the analysis

“ .« of ERTS-1 and similar MSS data.
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APPENDIX A

1 September 1972

STATEMENT OF WORK FOR PENNSYLVANIA STATE UNIVERSITY
IN SUPPORT OF MITRE ON ERTS ENVIRONMENTAL INDICES PROGRAM

1) Consultation with MITRE personnel on the data flow and analysis
steps for generation of land use shifts, air pollution and water

2)

3)

quality indices.

Assist in the selection of signatures to be used in MSS tape infor-
mation in order to classify at least the following:

(a) Seven land use categories -— agricultural; forest and wood-
lands; waterways; eroded or eroding areas and areas unpro-
ductive due to siltation; urban/suburban build-up areas;
transportation facilities; areas involved in construction,
mining, and other observable man-made earth moving activities.

(b) Five water quality categories -- oil, silt, industrial
‘ chemicals, eutrophication, unpoliuted water.

(¢) Four air quality categories -- clear, light haze, medium
haze, heavy haze or turbidity.

Perform MITRE requested computer processing of ERTS 1 MSS tapes to

define the following:

(a) Land use in Sites 1 and 2 using the categories named in Task

2a.
Site Latitude Longitude
1 40° 45'N 77° 30'w
1 40° 45'N 76° 00'W
1 39° 40'N 76° 00'W
1 39° 40'N 77° 30'wW
2 41° 40'N 76° 00'W
2 41° 40'N 75° 35'W
2 41° 00'N 75° 35'W
2 41° 00'N 76° 00'W



4y

_5)

6)

(b) Land use shift over one year of ERTS I data.

(c) Water quality in the major streams of Sites 1 and 2. This
should include a mile by mile determination of the categories
listed in Task 2b.

(d) Air quality at Sites 1 and 2 to the categories listed in Task
2¢. Other categories may be added as the knowledge of ERIS
‘imagery grows.

(e) Assist in the preparation of charts, maps, etc. on the non-
imagery analyses.

" Remote job entry and output transmission to MITRE/Washington may

be requested using an IBM 2471 terminal.

Perform photo interpretation on all ERTS 1 MSS imagery received
over one year necessary to:

(a) Analyze at least 20 specific targets to be defined later.
As examples, plumes (air and water) from specific industrial
sites will be watched and areas in wblch the soil has been
removed monitored.

(b) Corroborate the non-imagery determinations outlined in Tasks 2
and 3, above. ‘

(c) Assist in the preparation of photo-interpretation analysis
results. The maximum area of the Pl analysis will be no
greater than 20,000 square miles, nautical. Some utilization
of the General Electric special equipment is to be included
if required.

Through the Institute of Research on Land and Water Resources of
Pennsylvania State University, a subcontract to the USGS for
services on the water quality station may be required. If MITRE
determines that the station is compatible with their in-situ

" equipment, a contract between PSU and USGS appears to be the only

practicable route at this time. If USGS so selects, some water
quality station maintenance by PSU personnel may be required.

Perform maintenance on the Data Collection Platform to be placed
within one 50 miles of PSU.



APPENDIX B
6 September 1972

Statement of Work for
The Pennsylvania State University
in support of

MITRE on ERTS Environmental Indices Program

The tasks to be performed by the Office of Remote Sensing
of Earth Resources/Space Science and Engineering Laboratory at
Pennsylvania State University for each phase are given below:

Phase I (1 October 1972 - 31 December 1972)

1)

2)

3)

4)

Consult with MITRE personnel on the data flow and analysis
steps for generation of indices for land use shifts, air
pollution, and water quality.

Using ERTS imagery, assist MITRE in the selection of several
target areas identifiable by photointerpretive means. Target
areas are areas which may lend themselves to classification
within broad categories of major interest with the following
being typical categories:

(a) Seven land use categories -- agricultural; forest and
woodlands; waterways; eroded or eroding areas and
areas unproductive due to siltation; urban/suburban
build-up areas; transportation facilities; areas
involved in construction, mining, and other observable
man-made earth moving activities.

(b) Five water quality categories -- oil, silt, industrial
chemicals, eutrophication, unpolluted water.

(¢) Four air quality categories -- clear, light haze, medium
haze, heavy haze or turbidity.

Analyze the above target areas and evaluate the potential of
developing signatures of ERTS-type data for automatic computer
classification into separable categories.

Provide an evaluation report assessing the desirability

(inkterms of cost, manpower, time, etc.) of producing the
separable categories by photointerpretation only.

B-1



5) Compare photointerpretation procedures with computer processing
for purposes of producing maps indicating the various categories
determined above. '

The geographical areas within which the target areas are to be
selected are Sites 1 and 2 as indicated below:

Site Latitude Longitude
1 40° 45'N 77° 30'W
1 40° 45'N 76° 00'W
1. 39° 40'N 76° 00'W
1 39° 40'N 77° 30'W
2 41° 40'N 76° 00'W
2 41° 40'N 75° 35'W
2 - 41° 00'N 75° 35'W
2 41° 00'N 76° 00'W

6) MITRE desires to place a Data Collection Platform (DCP)

. in the Susquehanna River at a place to be chosen by MITRE.
A subcontract between Penn State and USGS appears to be the
most desirable route at this time from MITRE's viewpoint.
ORSER/SSEL, with the cooperation of the Institute on Land
and Water Resources at Penn State, will assist MITRE in
establishing the contractual arrangements necessary for
placement of such a DCP.

Phase II (1 January 1973 - 30 September 1973)
1. On the basis of items 4 and 5 under Phase I, advise
MITRE on the selection of a primary method for production

of suitable products.

2. Assist MITRE in the production of such products.
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APPENDIX C

8 October 1973

PENNSYLVANIA STATE UNIVERSITY PHASE IT STATEMENT OF WORK IN
- SUPPORT OF MITRE ON ERTS ENVIRONMENTAL INDICES PROGRAM

The prime purpose of MITRE's ERTS-1 efforts is to develop the
specifications for an operational environmental quality reconnaissance
system capable of showing the areal and temporal changes from ERTS-1
Multi-Spectral Scanner bulk digital data (CCT) and imagery. Such a
system specification will cover in general and the spacecraft (S/C)
sensor subsystem requirements, the handling and transmission subsystem,
and the ground data handling and transmission subsystem. The software
specifications will cover all computer (automatic) and manual techniques
required to produce land use change, water quality change and air
quality change to the limits of ERTS-1 MSS data.

The secondary purpose of MITRE is to determine various levels of
environmental quality on two test sites in Pennsylvania. Boundaries
of these two test sites were presented in the PSU Phase I statement
of work. In order to accomplish this demonstration at least the follow-
ing products will be produced:. (1) four land use maps (four overflight
dates) of the two test sites of like quality and granularity, (2) one
water quality map (one overflight date) covering the Susquehanna River
~in the two test sites and (3) the air quality over both sites for
every overflight date possible. Data to be analyzed will be selected
from the August 1, 1972 - October 31, 1973 time period of ERTS-1
observations.

In order to accomplish these ends MITRE will need from the
Office of Remote Sensing of PSU and PSU ERTS-1 experiment personnel
over the February 4, 1973 to December 31, 1973 time period (Phase II)
on the following specific tasks:

(1) Use of all PSU MSS data analysis software and manual processing
techniques for digital and photo interpretation.

(2) Use of the PSU computer(s) to perform most of the primary and
secondary purpose analyses outlined above.

(3) A copy (tape and hardcopy) of the present and future (through
December 31, 1973 modifications) PSU MSS software for use
at MITRE's McLean facility capable of handling up to twenty-
four channel aircraft (A/C) and S/C CCT and imagery. MITRE
will supply the blank tapes.
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(4)

(5).

(6)

No modifications to the PSU software will be made by MITRE
without consultation with PSU personnel and no copies of the
PSU generated software will be given to any other organization
without PSU approval.

Use of PSU library of S/C and A/C digital tapes (CCT) and
imagery covering Pennsylvania and neighboring states.

Consulting from both photo-interpretation and digital-
interpretation personnel in the accomplishment of both
MITRE's prime and secondary purposes.

Some products must be generated by PSU personnel in the
performance of this consulting personnel and forwarded to
MITRE during Phase II. All computer printouts, image
enlargements and enhancements produced at PSU during the
course of Phase II requested by MITRE will be forwarded

to MITRE by United Parcel Service and/or U. S. Mail within
one week of their time of development. This will be
standard operational procedure for Phase II.

In order to keep records for scaling purposes and subcontract

management , a monthly report by PSU to MITRE will be necessary
covering the following. First report will cover February 157
and last report December 1973. '

(a) Technical progress performed during the reporting period.

(b) Each labor charge by PSU personnel - purpose, time
expended, cost and time period covered.

(¢) Each computer run performed by PSU personnel - purpose,
running time, cost and date.

(d) Each computer run performed on PSU computer by MITRE
"personnel - running time, cost, date.
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APPENDIX D

WATER RESOURCES DIVISION
4th Floor, Federal Bullding
P.0. Box 1107 ’
Harrisburg, Pennsylvania 17108

January 24, 1973

Mr. J. Barle Painter

Room 5220, Building 6

Goddard Space Flight Center, NASA
Greenbelt, Maryland 20771

Dear Earle:

This letter is a request that four additional DCP ID's be included
in the list of platform ID's we receive over the real-time teletype
link from the NDPF. These DCP*'s are being field installed on USGS
stations in the Susquehanna River basin. Two of the DCP's, ID“QQZQ
and ID 6073 are being installied in cooperation with Ed Ward of the
Mitre Corporation, and Professor Gzorge McMurtry of Penn State, who
have an image-oriented ERTS investigation (GSFC UN 159). A third
DCR, 1D 6402, was supplied to W. H. Beamer by the ERDOS office for
testlng "Dy fhe USGS Pennsylvania district. Mr. Beamer has worked
closely with me and the Susquehanna River Basin Commission in chosing
a location for the DCP. The fourth Dey, whosqﬁ;ﬂ is as yet unknovm
to me, is presently in transif from Duane Preble's shop at MTF to m ny
office, When the DCP arrives, I will inform Jim Williamson of the
ID number. The four DCP's are being tested in the Susquehanna as A
prototype stations for the ERTS-B network we will be proposing. The.
impetus for DCP's in the Susquehanna vas, of course, the flood of
Hurricane Agnes. We want the data from the stations in real time
because we plan to supply the National Weather Service's River
Porecast Center (RFC) in Harrisburg with DCP stream gaging data from
the Susquehanna and Delaware River basins.

Our plan to work more closely with the Harrisburg RFC is the basis
for my recent request to transfer the NDPP teletype link from
Philadelphia to Harrisburg.

In lieu of the impossibility of establishing a real time DCP link to
Pete Ward's office in Menlo Park, I am willing to accept his data on
my link and will work out a procedure with Pete to get some of his
data to him.. One pregnant possibility is for me to send his data over
the commercial Western Union network. Xf the cost is not too bad

Pete and I will probably go that route for the time being,
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APPENDIX D (Continued)

Finally, I am enclosing the DRBC's annual report of 1972, which contains
some imagery of the Delaware River basin and a plug for the DCS. I
thought you might be interested in receiving a copy.

Thanks for your help in keeping our DCS efforts on the right track.

Sincerely yours,

Richard W; Paulson
Hydrologist

Enclosure -

cet N, H. Beamer
Edward A, Ward
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APPENDIX E

INVESTIGATION OF ENVIRONMENTAL INDICES

FROM EARTH RESOURCES TECHNOLOGY SATELLITE

PR 568, MMC 200

DATA ANALYSIS PLAN

February 1,'1973

The MITRE Corporation
1820 Dolley Madison Blvd.
McLean, Virginia



THE MITRE CORPORATION

WESTGATE RESEARCH PARK
MoLEAN, VIRGINIA 22101
{703) 893-3500

14 February 1973 D20-718

ERTS Contracting Officer, Code 245

National Aeronautical and Space Administration
Goddard Space Flight Center

Greenbelt, Maryland 20771

Re: DATA ANALYSIS PLAN, PR-568/:pCi{# 200, Envirommental
Indices from ERTS-1 NAS 5-21482 . ‘ '

Gentlemen:

The MITRE Corporation is pleased to submit the attached
revised Data Analysis Plan. This Plan will be our method of
handling ERTS MSS during Phase III - February 1, 1973 through
December 31, 1973. Output of this endeavor will yield the

following:

(1) Land use trends for two test areas in Pennsylvania
over the August 1972 - October 1973 time period.

(2) Air quality/turbidity mesoscale trends over all of -
Pennsylvania over the August 1972 - October 1973
time period. :

(3) Water quality along the Susquehanna River for one over-
flight date, October 11, 1972.°

(4) Specifications for an operational system using an
ERTS-type system and selected analysis software for

all three media.

(5) Special report on the possibility of automatic
: digital signature determination.

iii /



Contracting bfficep ' -2~ o 14 February 1973

Dp20-718

: Questions concerning this report éhould be directed to the
undersigned at (703) 893-3500, extension 2771,

~A. Ward at (703) 893-3500, extension 2237.

Sincerely,

728 g é )
77///44////- Y
Richard S. Greeley
Principal Investigator

Associate Technical Director
Systems Development Division

RSG:FAW:eao

cc:

Mr. Arthur Fihelly (1)

ERTS Technical Officer

Code 430

Goddard Space Flight Center
Greenbelt, Maryland 20771

Dr. William Nordberg (2)
ERTS Project Scientist

Code 650

Goddard Space Flight Center

_Greenbelt, Maryland 20771

iv
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DATA ANALYSIS PLAN

1.0 INTRODUCTION

This Data Analysis Plan (DAP) is the plan of‘work for MITRE'S
Phase III, Continuing Data Analysis Phase. This DAP is a replace-
ment for the preliminary DAP submitted in the MITRE proposal, "Inves—
tigation of Environmental Indices from the Farth Resources Technology

Satellite",‘M7l—l6 Revision 1, dated 14 February 1972.

The DAP plan calls for eleven months of analysié following the
completion of Phase II Quick-Look Phase, with a completion date of
' 31 December 1973. No increase in funds is requested. Use of funds
initially earmarked for ground truth hardwére in our proposal have
been redirected to cover techniques development support at Pennsylvania
State University (PSU) and an end date extension of three months. This
extension was due to late delivery of ERTS-1 products. The ground truth
hardware and operational support is being supplied to this project with-
out charge by the United States Geological Survey Harrisburg Office in
conjunction with their ERTS-1 Susquehaﬁna River experiments and their

on-going watex quantity or quality programs.

1.1 Objectives

The objectives of this investigation, as stated in our proposal,
are to develop, demonstrate and verify the capablllty to calculate
indices of specific environmental characteristics from ERTS spacev
observations. All efforts are being made to devise a fully automatic
approach for handling ERTS products to produce the following outputs.

e Environmental thematic maps of land use, water quality, and -
air quality. ‘

e Environmental tempofal and areal trends (indices) covering
selected observation dates within the August 1, 1972 through
December 31, 1973 time period.

¢ Specifications for the procedure(s) and system(s) developed to

produce'the indices and thematic maps.
1
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The DAP plan presented here, however, requires seve%al operations
in which manual- man in the loop- processes are required. Success in
the elimination of these "nanual' operations is our ultimate goal
and the specifications of the most realistic system will be the major

product of this contract.

1.2 Environmental Indices

Three categories of environmental indices are being developed
covering the following characteristics. '
Shifts in land use with emphasis on:
e agricultural areas
e timber lands
e waterwayé
e urban/suburban areas
e eroded areas
e transportation

o construction, strip and open pit mining,
other man-disturbed areas

Pollution of inland lakes and rivers with emphasis on:

e oil spills

e algae blooms

e other surface observables

o silting of dams and waterways

Pollution of urban and rural air with emphasis-on:

o atmoépheric ;urbidity

e damaged vegetated areas

More emphasis, however, is being placed on 1and use shift and air

pollution. See section 2.0 for reasons for this change in emphasis.

Fach index will be a combination of measurements of one or more .
parameters observed from space into a number OT set of numbers which
can serve a useful purpose in characterizing that portion of the

environment.



The indices outlined above have been suggested from consideration

. of the responsibilities of the council on Environmental Quality, the
Environmental Protection Agency~ Headquarters and Region III, and various
federal and state agencies responsible for protecting and improving the
_environment of the nation. Table I contains a list of specific point and
area training areas within the two test sites (Harrisburg area and

Wilkes-Barre, Scranton area) selected.

There are three major uses of these indices. First, the indices
will provide an initial measurement of the status of the environment.
There are many portions of the enviromment for which currently we do not
have a comprehensive description. For instance, we do not have nation-
wide or even statewide compilation of land use. Also we do not have a
complete picture of surface water pollution across the country. Second,
these indices calculted from measurements taken over a period of time
" will indicate trends in the state of the various elements of the envi-
ronment. TFor instance, we should know how much land area is being shifted
from farmland to suburban housing and shopping areas; and how much estuary
and coastal land area is being drained and built up. We should be able
to measure how overall pollution is increasing or decreasing as major
governmental programs get uﬁder way. Third, changes in the values-of
certain indices cén in come instances alert us to take rapid action in

case, of a sudden deterioration of that portion of the environment.
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- 2.0 DAP CHANGES

Inﬂbur‘ofiginai DAP, three tasks were of a different design and
complexity than being presented here-- (1) the use of data collection
packages (DCP's) for ground truth, (2) the use of aircraft underflight
data in the signature analysis procedure of the ERTS-1 satellite multi-
spectral scanner (MSS) data, and (3) the depth in which each media (land,

water, and air) are being analyzed.

The two DCP's supplied are being deployed along the major river of
Harrisburg test site in cooperation with the U.S. Geological Survey--
Harrisburg Office (USGS/H). Results from these staticons and two stations
being depléyed by USGS/H in this river basin wiiligive somé insight into
the dynamics of river water quality and quantity but are too few in
number to give sufficient areal and temporal information to correlate

with results derived from MSS tapes and imagery.

Many more in-situ sensor stations are needed to supply sufficient
water quality ground truth. Federal and state in-situ stations have
been examined and found to be too few in number and/or reports to -

give satisfactory water quality areal and temporal ground truth information.

The second major change is the use of aircraft (RB-57 and/or U-2)
color and color infrared (IR) photography in the signature analysis
process. Work performed in Phase II, the Quick-Look Phase, has un-
covered the need for higher resolution imagery than ERTS-1 imagery
and more recent land use information than obtainable from USGS 7.5 and
15 minute topographic maps presently available for our two test
site areas. See Section 3 for a detail description of how computer
derived land use maps are compared with U-~2 and/or RB-57 photography
for signature improvement development for digital data analysis.

Such a comparison was found to be necessary in order to reach the levels ‘

of classification required to produce the list in Section 1.2.

The third change is in the depth in which each media (land, water,
air) is to be covered in Phase III. Land use indices (trends) can be

developed satisfactorily to levels shown in Section 1.2 with the use



of recent aircraft color and color IR photography for selected test
areas. The air pollution indices approach is being performed using

the EPA/NOAA atmospheric turbidity data network (see Section 3 fof
description of this network and data). The water quality indices
development, however, needs ground truth data in synchronization with
the ERTS spacecraft and for aircraft overflights. All water quality
data bases which might provide such ground truth data have been examined
and found to be deficient from either area (granularity) point-of-view

of the temporal point-of-view. Thus it has been decided to spend our

remaining resources on the land use and air pollutién indices and to per-
form a water quality index analysis for only one overflight date to prove
out the acceptability of the approach presented in Section 3. Since the
water quality approach is similar to the land use approach and thus
exercise of the approach for lénd use over several observation dates

will be sufficient to develop the systems specification for the final
report presentation, it was felt that this de-emphasis was warranted at

this time.
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3.0 DETAILED DESCRIPTION OF THE DATA ANALYSIS APPROACHES

3.1 General Remarks

A stép—by—step analysis system has been designed for machine and
manual processing of ERTS data. Basically the software involved in the
data analysis system is a combination of existing training area class-
ification programs with a next-generation extension of cluster analysis
.techniques similar to those developed by the Laboratory for Applications
of Remote Sensing at Purdue University.l Manual imagery interpretation
is used to complement and verify computer analysis. The whole system
comprises four main levels of data processing:

o Preliminary Reduction: MSS Scan line and element limits of CCT

are set to determine the area to be examined; cloud cover is
identified and blanked out; definable spectral boundaries are
delineated.

o Level 1 Mapping: Ground truth data and MSS digital output are

compared to select best training areas and classification of
features within and near those areas are performed using super—
vised analysis software.

@ Level 2 Mapping: Signatures within and near training areas are

again determined independently by applying un-supervised analysis
software (cluster analysis) and comparing to results from Level 1
supervised analysis.

e Level 3 Mapping: With approximately 75 percent of the area now

generally defined, the final phase is a reiteration and refine-
ment of Level 1 and Level 2 procedures so that the maximum

possible amount of area can be classified.

Each of the four main data processing phases will be discussed in

more detail.

lH. Swain and Staff, LARS Purdue University "Advancements in Machine
Processing of Multi-spectral Data.'" Fourth Annual Earth Resources
Program Review (NASA, January 1972).
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3.2 Signature Analysis Software Description

The preliminary reduction involves'reviewing ERTS imagery to
identify and define the boundaries of the selected test site or sites.
Scan line and element limits are determined for an area of ERTS
imagery which corresponds to the boundaries of the chosen test site.
From these limits a tape is generated using the Pennsylvania State
University Program (SUBSETl) which thus becomes our working tape.

The main purpose of this phase is to reduce analysis of extraneous data
and to avoid costly bypassing of unwarrented data if further analyses of

the data are necessary.

The next step is the use of the PSU intensity map program, (N—MAPZ).
This program generates a vector representation to each observation and

then develops an output map showing the RMS of the intensity pattern of

reflected sunlight. That is, let ii . represent the value of
b b b

reflected energy sensed in channel (p) for a single element (j)

in scan line (i). The geometric length of the vector is defined by

.

This length is transformed into a percentage of the maximum possible

length, M, which is then used for computer mapping of the test site.

128 = number of discrete levels

I X, ;,l (grey scales) in each
M= 1,31 channel (p) in the MSS
V1282 P : data recorded on CCT.

.%A more complete documentation of this program may be found in Borden

and Lackowski, ORSER-SSEL Technical Report 3-71: SUBSET Program
Description, The Pennsylvania State University (October 1971).

2
Borden, F. Y. ORSER-SSEL Technical Report 2-71: NMAP Program
Description, The Pennsylvania State University (October 1971).
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The digital N-MAP is compared with the U.S. Geological Survey (USGS)
. topographic maps and underflight imagery‘to determine if the correct
section of ERTS imagery was selected.
In the next phase of the reduction the PSU program U-—MAP3 is used
to compute the absolute Euclidean distance (d) to determine uniformity

of each pixtel to its neighbor. ‘ e

2. P s s
"= = &y =X,
i=1

)2

Four distances are computed for each observation Xi j using neighboring
3

observations X and Xi+l,j+l. They are defined as follows:

41,9, Yk, i+l

2 1 - = 2
Dy ... == (X. ., -X. .

1,i,j dl ( i,j 1,J+l)

2 1 - 2
D == (X, ,-X, ..
zsi’J d2 ( 1,] 1+l’J)

2 N - 2
D3,i,j N d3 (Xi,j Xi+1,j+]_.)
2 _1 - - 2
Pu,1,5 a4, Fi,541 Xi+1,5)

4

ey : : L L . .
The values of Ek (k =1, 2, 3, 4) represent the spatial increments

t
separating two néighboring elements. D 1, is assigned to the maximum

>

distance computed from the above equations. This value is then trans-
lated to a 0-100 scale represented by Di

»J

'
. 1 . -
= 100 @ i,j Dmin)

D .
max min

_,’ 2
Amin Dmax =\128" p

3Borden, F. Y. ORSER—SSEL Technical Report 2-71: UMAP Program
Description, The Pennsylvania State University (October 1971).

o
I
o
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Areas which have wide spread uniformity (i.e. small values of D

1,3
are chosen as possible training areas. These training areas are
~again cross-checked with USGS'maps and underflight imagery to keep

. the area of interest pinpointed.

Level 1 Mapping will make optimum use of ERTS imagery, aircraft
underflight imagery and U-MAP to determine optimum training areas. Once
these are defined, a preliminary attempt is made at classification using-
the PSU STATS4 program. The statistical analysis of thé data includes

the following signature information.

E X) = XF(X)

mean . Hl =

variance 02 = E(XZ) - Hz
standard o = d(Tz
derivation

covariance C = E(XY) - by My

correlation
coefficient P1

2 = E[G-1) (r-1y)]

a
1 72

For any category, a ''good" signature on each ERTS channel will be

deflned as one w1th a low standard deviation and/or a bell-shaped

histogram of plxtel D values.

While this may identify the training areas, there still Will be
adjacent non-uniform areas which need classification. A—CLASS5 is the
PSU program that attempts to cléssify these areas by using the signatures
just determined in STATS. The classification is done according to the
angle of separation, 6, between vectors. In general, let A and B be

vectors, (d) the distance between their end point, (8) the angle between

A and B
sud 5, tn (9 -4
6 =2 sin—l (%).

aBorden and Lackowski, ORSER-SSEL Technical Report 5-71: STATS
Program Description, The Pennsylvanla State University (October 1971)

5 :
Borden F. Y. Technical Report 6-71: A-CLASS Program Descriptlon,
The Pennsylvania State University (October 1971).

10
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For ERTS classifications the angles between a standard langth vector (I)
and all known signatures (from STATS) are computed. Omin is the minimum
angle computed using signature category (A). Omin is tested against a
pre-determined critical angle, c. If Omin < ©c¢ the vector (1) will
become classified as category A, otherwise it will be classified as
"other". We proceed in this manner until the maximum possible number

of vectors are classified into categories, that is, until the number of
observations in "other" is one percent or less. As a final step photo
interpretation of imagery is performed to verify results or correct

misinterpretations.

Level 2 Mapping is the reduction of remaining unknowns in the data
analysis effort using an unsupervised-automatic procedure. Here,
cluster analysis (A-CLUSG) is combined with aircraft visible and infrared
imagery to classify particularly small or non-uniform areas. A-CLUS uses
unsupervised classification by developing its own set of signatures.
Cluster analysis randomly selects-the required number of sample poiﬁts
from the data. A trial group of centroids is determined from the first
-scan line of data using 2 critical angle, ®c. That is, for vectorszl
and Z2, (8) the angle between, if 6§ < 6, vector Zl becomes the first
centroid Cl' If, however, 0 > ec Cl = Zl’ and C2 = 22. Every other
vector is checked against the initial centroids using the same criteria.
The centroids coordinated are recomputed with each observation assigned to
it, as ié a value of standard deviation. Once all observations have been
considered small unrepresentative clusters are dropped. Anv clusters
overlapping one another by one standard deviation are combined. This
process continues till 10 clusters remain. This program is continued for

all non-uniform areas until the maximum possible classifications are made.

The final phase in the ERTS data analysis system (Level 3) consists

mainly of reiteration, refinement, and optimum use of all earlier

6Turner, B. Cluster Analysis of Multi-Spectral Scanner Remote Sensor
Data. The Pennsylvania State University Journal Paper 4147 (1 March 1972).
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addressed techniques. In some cases it will be useful to redefine
smaller areas or to repeat previous steﬁs. These choices will be
made in order to culminate with the most efficient distillation of
data into useful reliable information. .
3 3 Data Analysis Plan Details for Land Use, Water Quallty, and Air
Quality
From the general introduction explaining the analysis and vali-
dation techniques to be applied in the Data Analysis Plan, we now
proceed to a description of how the Plan applies specifically to the
three environmental categories of interest: 1land use, water quality,

and air quality.

3.3.1 Land Use Analysis

The objectives of the analysis of land use data are (1) develop-
ment, if feasible, of signature variation algorithms which will even-
tually permit purely digital analysis of land use trends; and (2)
development of the specifications for the optimum ERTS-type system to
provide the data required for signature algorithm generatién and updaﬁe.
To build toward the achievement of these two main objectives, both
photographic interpretation (PI) and digital interpretation (DI) are
employed. The PI methods employed in land use analysis include ERTS
and aircraft photointerpretation (color and. color infrared), and com-=
parison of these results and conventional topographic and land use maps

with maps derived by analysis of digital ERTS data.

The interrelated PI/DI analysis proceeds through several phases.
First, DI analysis is performed on ERTS data tapes of the first test
area of interest (Harrisburgh, Pa. area) on a particular date for
Pfeliminary Reduction and Level 1 Mapping. USGS topographic
maps, ERTS photography, and aircraft photography if available are used .
to locate the test area on digital maps and define tralnlng areas.

The STATS and A-CLASS programs described above are then run on the

selected training areas to classify features and provide tables of

12
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statistics on signatufes of interesf.  These signatures iﬁclude, at

this stage of investigation, agriculture, forest and woodland, waterways,
erosion areas, urban/suburban, transportation, earth moving events,

and wetlands/estuaries. Throughout Preliminary Reduction and Level 1
Mapping, there are continual inputs and feedback consisting of aircraft
photography, conventional maps, and ground truth used to verify and en-

" hance the digital analysis of ERTS—1 MSS data.

With the knowledge gained to this point, analysis proceeds to
Level 2 Mapping. Here the A-CLUS program described above is run on the
ERTS-1 MSS data covering sections of the selected training area where
more specific identification and classification of land use parameters
is desired. As an oversimplified summary, Level 1 Mapping generally
outlines major features in an entire training area, and then Level 2
Mapping provides a more detailed identification and classification of
land use features in specific areas of interest in the training area.r
Experience thus far indicates that after completion of Level 1 and Level
2 Napping, approximately 75 percent of the tréining arca may be defined

in terms of the land use parameters.

Level 3 Mapping, the last mapping stage, is a reiteration, re-
evaluation, and refinement of the techniques employed in Levels 1 and 2,
including the maximum available input of aircraft photography, con-
ventional maps, and other ground truth data. The objective of this
level of analysis is the maximum possible definition of land use para-
meters in the area of interest using state-of-the-art techniques and

equipment. Reduction of over-classified areas is performed here.

In applying the Data Analysis Plan to land use parameters, as well
as to those of water quality and air quality, interaction between the
several levels of digital thematic mapping and aircraft color photography
products is necessary for the verification and enhancement of signature
information. The interaction is accomplished by use of the Bausch and

Lomb Zoom Transfer Scope available for use at USGS, McLean, Virginia and

13
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PSU cartographic devices. Aircraft photography (U-~2, RB-57, C-130)

will be superimposed on digital thematic maps developed by the techniques
described above to improve our determinations of MSS data significance.
Our digital maps have an approximate scale of one to 24,000 (7% minutes
'USGS) and comment on pixtel areas of about 75 meters square. By super-
imposing the photographic products on the digital maps through successive

reiterations, more accurate signature development is possible.

Once land use parameters in the training area are defined by the

" procedures described above, the next step for reaching investigation
objectives is analysis of the signature information that has been de-
:rived. This is accomplished chiefly by comparison of signature infor-
mation derived from ERTS-1 data with "known" information on the train-
ing area. The "known'" information sources include land use studies;
large scale topographic, geologic and land use maps; low-altitude air-
craft photography; and other available ground truth information. The
purpose of comparing digital signature information with ground truth land
use information is two-fold. First, the accuracy and validity of the
digital analysis approach is checked. The approach either is validated,
or areas where improvement is needed are identified. In this way, any
"weak spots' in the DI analysis techniques can be isolated and corrected.
The second reason for comparison of digital and ground truth information
at this stage is that it may be possible to detect land use trends using
only one flightline date of ERTS-1 MSS data. This is possible because
much of the ground truth data (maps, studies) will -be at least several
years old, and ERTS data may well reveal changes (e.g., urban/suburban

development) since the time ground truth information was recorded.

While it may be pqssible to proceed directly from this point to
develop signature algorithms and determine épecifications, the total
approach up to this point has dealt with a single training area and one
date of ERTS-1 data. For more reliable validation, and for an oppor-
tunity to detect land use trends from one ERTS observation to another,
the entire process is repeated on each available set of ERTS—l data

covering the training area, and sequential observations are available

14
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for analysis. Analysis of the signature information over several dates
of observation is expected to reveal some changes which would be in-
dicative of changing land use patterns in the training area over time.
From this information, in turn, it is hoped that accomplishment of one
ofhthe main objectives of the investigation will be possible: namely,
the derivation of signature change algorithms which will allow rapid
automatic interpretation of land use trends from ERTS-1 MSS digital
data. Additionaily{ analysis of signature informapidn on thg same
area over sequential dates, and other areas as well for corroboration,
will hopefully lead to accomplishment of the second main objective:
namely, a delineation of specifications for an optimum ERTS-type system

for land use trend monitoring.

Figure 1 shows the data analysis flow for the land use portion of

the investigation.

3.3.2 Water Quality Analysis

The water quality parameter investigation will be applied after
sufficient experience has been attained in analysis of the relatively less
difficult land use parameters. The main procedures are essentially the
same as in land use analysis, obviating the need for repeating the
description of the entire process here. The ERTS CCT is processed by the
same software through Levels 1, 2, and 3 Mapping of training areas con-
taining rivers, lakes, reservoirs or other water bodies of interest for
the date of interest. The signature verification inputs include the
conventional maps and the aircraft photography employed for land use
analysis. 1In addition, the water quality analysis will review and use
data inputs from the Environmental Protection Agency's Region III STORET
data bank (a data base of water quality measurements for the Region),
daily in-situ water quality reports when available, state and USGS/H
water quality information, and any avdilable water quality or hydrological

studies of the area of interest.
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The product of the verified digital analysis is a set of
signatures defining as many water quality parameters as possible.
With the data currently available from ERTS-1, it appears that
discriminant signatures may only be obtainable for turbidity, surface
0il, and possibly siltation and chlorophyll. Nevertheless, an attempt
will be made to classify signatures for all parameters on the inves-
tigation list. In addition to those cited, they include industrial
chemicals, eutrophication, and at least five specific water quality

characteristics (pH, D.0., B.0.D., temperature, and conductivity).

Once signatures are obtained for training areas by the process
described above, the signature analysis of water quality parameters
is compared with all available ground truth analysis at orbnear a
given date. -The comparison will result in a check on the accuracy
of the signature analysis, and if the two analyses cover somewhat
different time periods an indication of areal water quality trends

may be observable.

From this point it may be possible to attempt directly to derive
signature variation algorithms and deﬁelop optimum ERTS system
specifications. The method for analysis for water quality is similar
to that for land,-and thus only one over-flight date will be analyzed
for the two test sites. Proof of the DI and PI approaches will thus
be obtained. Further dates are not warrented because of the inadequacy

of good areal and temporal ground truth water quality data.

Figure 2 shows the data/information flow for the Data Analysis
Plan applied to water quality parameters but only one date (day) will

be produced in this contract effort. (See section 1.3 for details).

3.3.3 Air Quality Analysis

Experience thus far in the investigation of environmental categor-
‘ies indicates that air quality is the most difficult for obtaining
specific signatures for all the parameters of interest. Initially the

major effort is directed toward defining total atmospheric turbidity

- 17
E-21



AIITVND ¥AIVM

VIVA INIAY
TVHOJHAL ‘NOSVIS
ONIMO¥D ‘¥V10S
¢ TVOID0TON0ALIN

FNOTIVNEITVD

SISATVNY
QN3IYL

o4 viva
S1¥1 IUVIHOD

NOTLVWYOANI
WNMONX,, HLIM

NOTLVWHO04NT
ALITVAD ¥AIVM
S14¥3 FUVHOD

L3

A

Vivd QLIS NI
‘SATIANLS TYOIHOTOYAAH
ANV ALITVOD ¥I1VM

TvaoanaL [

¢ ddNd1dg

‘arotd
"0 a
ud
£11aT30NpUO)
saniexadua]
114ydoaotyn
£3TpRQant
uor3edrydoang
§IBOTWDYD TTTIISNPUT
TS

110

SNOTLVIMOANT F¥NLVNDL

NOILVIYOJNI

TANIVYNOIS
4 JONIXVA NIVLILY
Ol NOILVYHILIZY
FONIddVI € T3

NVId SISATYNV VIVQd -

AN
f 0

WJ. vi |/

1 /’\\

i :

] .

| .

! .

! .

] .

_ .

! .

{ -
7 ~

s e
Vo )
N !

Vayy 40 %L
LAodV SANIJAa
SISATVNY ¥415A10
SONIdAVW 7 T3Ad71

NOILVINMOJNT
FINLVNOTIS
XGYNIWITINd

q3arodiEs §,°v'l
ONIddVH T T3A37T

ANV ROILDAQay
AIYNIKITIEd

- |wl ~
/ a11s

vga s

i

|

1

i

|

|

¥

1

1

] , \

i1

o i
t

t

!

1

!

1

t

N\

’

1
\ 1§31 ;

>
VSVN KOud

SEUNLVNOIS AONVHNI ANV
A4T¥IA HINYL QNQOYS ALISNI

‘13¥0LS ‘AHAVYDOIOHd LIVEONWIV
ANV SINA ‘SIVH AINNOD ‘3IVIS ‘S9sn

a

AYIOVHI aNV
122

18
E-22



.over the test area-- mesoscale*analysis._ Once this is achieved, an
attempt will be made to define the other air quality parameters of in-
terest to the investigation-- microscale*analySis. These include
black intensity (soot), brown intensity (NO ), blue intensity (fine
particulate), white 1nten51ty (moisture), air pollution effect on

vegetation, and the specific pollutants SOZ’ €0, and 03.

The Data Analysis Plan for air differs somewhat from that applied
to land use and water. In the first place, there are two approaches
rather than one: an analysis of mesoscale air quality, and a separate
analysis of microscale air quality. The mesoscale analysis has, as
a preliminary objective, characterization of the atmosphere over the
entire test area. Microscale analysis, on the other hand, involves
specific examination in training areas in an attempt to identify air
‘pollution sources and trends. Each approach will be described in more

detail below.

Since the mesoscale analysis is concerned with general air cuality
trends over a large area, much of the detailed ERTS-1 data analysis
previously described will not be required; however, more ground truth
data are needed. The ERTS data analysis proceeds to Level 1 Mapping,
at which point the general features in the test area are classified and
tabulated for a given date. This information is then correlated
with validated air quality data made available as ground (or in this
case "air") truth. The ground truth primarily consists of measure-
ments in and near the test area, provided by NOAA/EPA Turbidity Network.
‘These turbidity data are supplemented by any air quality data available
from Region III National Aerometric Data Information Service (NADIS),
the state Commonwealth of Pennsylvania Air Monitoring System (COPAMS),
and local agencies. Thematic maps and statistics derived from the

ground truth data, when correlated with the ERTS-derived maps and

*The definitions of mesoscale and microscale areas, as used in this
investigation, are generally consistent with meteorological defini-
tion: the former encompasses on the order of 100 miles square, and
the latter, 10 miles square or smaller.
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statistics, will provide the basis for developing air turbidity
signature algorithms. When the mesoscale analysis is carried out on
several different training areas and dates for the test area, it may

be possible to observe broad air quality trends and develop indices.

A brief description of the Turbidity Network, primary source for
ground truth data in the air quality investigation, may be helpful.
The Turbidity Network is operated basically as an adjunct to selected
U.S. meteorological measurement stations under the aegis of the
National Oceanic and Atmospheric Administration and the Environmental
Protection Agency. No station is located within MITRE's test area.

Stations around the test area whose data will be used include

Atlantic City (NJ), Beltsville (Md.), Baltimore (Md.), College Park (Md.),
Elkins (W. Va.), Toledo (0.), Upton (NY), Washington (D.C.), and
Youngstown (0.)5.

Measurements at each station are taken with Volz-type sunphoto-
meters usually three times a day when 1line of sight fo the sun is
cloud free. The instrument measures meter deflection in microampheres
at 0.38p, and 0.50 p , which is directly proporational to the spectral
irradiance received ét the ground station through the atmosphere. At
a given elevation; the measurement is related to the extinction produced
by the variable amount of dust, haze, and water vapor in the atmosphere—-

in short, a measure of atmospheric turbidity6.

In the mesoscale approach to MITRE's air quality investigation,

measurements reported from the stations mentioned above are plotted for

5 . s .
A listing or worldwide stations and their data may be found in the
Department of Commerce series Atmospheric Turbidity Data For the World

available through the Superintendent of Documents, G.P.0., Washington,
D.C. 20402,

6A‘more detailed discussion of turbidity measurement, turbidity coef-

ficient, and related equations are found in McCormick et al "Atmospheric
Turbidity Over the United States" in Journal of Applied Meteorology (Vol.
8, No. 6, Dec. 1969, pp. 955-962).
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" the dates that ERTS coverage of the test area is available. The
Turbidity Network data will be analyzed and used in conjunction with
meteorological data to develop isopleth maps of the test area at 0.5H.
These maps are then compared to ERTS-derived average greyness observed
from N-MAP in Channel 4 (0.5 to 0.6M ) statistics to develop correlations.
The objective of successful correlation analysis is the development

bf atmospheric turbidity signature algorithms and the éonséquent- -

observation of air quality trends based on ERTS data.

The second approach in air quality analysis, microscale, makes use
of the same ground truth data as mesoscale, with more specific applica-
tion to training areas within the test area. Microscale analysis will
be conducted only if time permits. The ERTS data analysis for microscale
does not stop at Level 1: Digital analysis proceeds through all three
levels to provide maximum definition in each training area, and to
classify signatures for as many of the air quality parameters as possible.
The objectives of the microscale analysis are to identify observable local
air pollution trends, pinpoint lecal sources of air pollution, dectect
pollution damage to vegetation, and devélop signature algorithms. As
with land use and water, the final objective of both meso- and microscale
analysis of air quality is to develop specifications for an optimum ERTS

monitoring system.

Figure 3 shows the data/information flow for air quality data analy-

sis.
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4.0 SCHEDULE

The schedule for the completion of the data analysis tasks
described in preceeding sections is shown in Figure 4. The schedule
is tentative at this point because of the research nature of ERTS-1
investigations. For example, as Figure 5 shows, only eight of 29
possible opportunities for ERTS-1 data over the Harrisburg test site 1
‘have been acceptable, as of December 1972, according to the first criteria of
no more than 20 percent cloud cover. Of these eight, only three thus
far have had all four channels recording data adequate for comprehensive
digital interpretation (DI) analysis, and all three were portions of
the same test site or two consecutive days coverage. Moreover, tech-
nical problems involved with collecting and analyzing both ERTS and
ground truth data cannot be predicted with accuracy as estimates are
made of the time required in each stage of analysis. Because of
these factors, we have attempted to allow adequate flexibility in the
schedule to make possible the accomplishment of the objectives stated

in Section 1.

The schedule essentially follows the development of the Data
Analysis Plan as described in Section 3. The first envirommental
category analyzed, and the one which will involve the bulk of the total
invegtigation effort, is land use. It is estimated that a minimum of
three dates for each test site will receive three-level analysis, trend
study, and signature algorithm derivation. The initial effort and the
majority of total analysis time will be expended on land use. Successful
development of the techniques in land use are expected to be applied as
a model for the two remaining categories—- microscale air quality and

water quality.

With land use analysis serving as the model for signature derivationm,
and in the expected absence of adequate supportive water quality ground
truth data during the period of the ERTS-1 investigation only one date

of ERTS coverage is scheduled for comprehensive analysis of water quality-
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.signatures at this time. The effort allotted to water quality should be 5

sufficient to define parameter signatures and develop system specifications

for remote monitoring of some aspects of water quality.‘

The air quality analysis effort will concentrate on mesoscale turbidity
analysis‘over a minimum of three dates of ERTS coverage for each test site.
If high correlation with ground truth data is achieved, ground air quality
trend analysis and signature algorithms will be developed over the period
of the investigation. Microscale air quality analysis will proceed through
the middle portion of the investigation at a lower level of effort., If
successful, the microscale analysis will define localized pollufion trends,

identify point sources, and locate air pollution sources.
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5.0 NEW SUPPORT REQUIRED

The DAP presented herein, requires the following support not
presented previously in the MITRE original DAP.
o0 Aircraft photography of the two test sites once per season.
To be supplied by NASA ERTS Project Office.

0 Reduced and calibrated air turbidity data from approximately 18
stations. To be supplied at no cost to this project by
NOAA/EPA at Environmental Data Service - Ashville/Division of
Meteorology - Research Triangle Park.

o Use of a Bausch and Lomb Zoom Transfer Scope. To be supplied
at no cost to this project by USGS at McLean, Virginia.

0 Water quality and quantity sensors and operational maintenance
for two DCP's on the Susquehanna River. To be supplied at no
cost to this project by the USGS at Harrisburg, Pennsylvania.

All agencies except NASA have given verbal promise of support through

the end date of this contract, 31 December 1973.

The required support from NASA listed above has the following
specifications.

(1) Aircraft Data

(a) U-2 and/or RB-57 photography (of the order of ome to sixty
thousand scale) is required. These photography products
should be both color and black and white 70 mm, positive
transparencies covering the visible and near IR frequencies.
These flights should have occurred once a season over at
least one training area in each of the two test sites.

U-2 flights (71-070, frame 0063) in December 1971 and
(72-124, frame unknown) in July 1973 over Harrisburg,
Pennsylvania are specifically requested.

(b) Data from any U-2, RB-57 or C-130 flight lines covering
the Susquehanna River from the confluence at Sunbury to
its mouth and the Wyoming Valley from Carbondale to Nanti-
coke are requested also.

(c) C-130 and C-54 color transparencies taken from low-altitudes
- (5,000 and 10,000 feet) taken in July 1972 and January 1973
are requested also as backup information. ‘

(2) Data Interpretation Software

(a) Copies of the latest versions of MSS data analysis software
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(3) ERTS

and descriptive materials developed by Purdue University,
Bendix and Pennsylvania State University suitable for
ERTS-1 use are requested. '

CCT and Imagery

(a)

(b)

(c.)‘

Continued supply of 9% inch bulk black and white positive
transparencies for the two test sites for all occasions
in which the cloud cover is less than 207 are requested.

Automatic shipment of bulk CCT for areas passing (3a)
constraints when all four channels are classified as
Good (G) are requested.

Automatic shipment of 9% inch color composite positives
passing (3a) constraints are desired.
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