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\ , ABSTRACT

Th is inves tiga t ion evalua tes the ut il ity of simple , human

visual interpretation procedures in deriving county—wide strip

mining acreage estimates from ERTS—l imagery. It evaluates the

inheren t acc urac ies ob tained for  a f ive coun ty stud y area in Nor th

Central Tennessee. Related geographic ERTS investigations are

reviewed and potential applications of ERTS suggested by this study

are indicated .

Two approaches to deriving min ing acreages were examined : a

point sampling technique and an areal es timation sampling procedure .

For the stud y area , the point sampling technique was f ound to be

faster and more accurate.

The inherent advantage of ERTS imagery is prov ision of cyclic ,

synop tic coverage on a timely basis. The principal limitation is

the rela tively low resolu tion level of the ERTS imagery as compared

to larger scale , lower altitude aircraft remote sensing capabilities .

It is hoped that this study will serve to help geographers , conserva-

tionists , planners and others to gain an understanding of the landuse

informa t ion con tent ava ilable through use of simp le in terpre tation

techniques from small—scale ERTS imagery.

(
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CHAPTER ONE

INTRODUCTION AND STUDY PURPOSE

I. Introduction

Tennessee has abundant coal deposits , curren tly being exp loi ted

and programmed for  use against the increas ing demands projec ted

for the next two decades. Because of the character of strip mines,

size of equipment , quant it ies of ear th removed in the process ,

speed of opera t ions , and readily visible marks left on the land-

scape , strip mining is viewed with concern . As more areas come

under the pressure for development , it is important that all

means to monitor and assess the impact of the surface mining of

these reserves be considered .

Use of small—scale remote sensing imagery to monitor the land-

scape began as a spinoff from the U. S. space program . In July,

1972 , the Earth Resources Technology Satellite (ERTS—i) was launched ,

and began to monitor the earth ’s surface. More recenLly, SKYLAB

flights have included earth resources surveys.

The advent of ERTS-1 imagery has presented a new opportunity

for geographic stud y of land use at a regional persp ective and

f r om a higher , near—orthogonal vantage point.1
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Prior  to launch only one researcher , Dr .  John B. Rehder , s u b mit t e d

a proposal to the National Aeronautics and Space Administration (NASA)

specif ical ly aimed at studying land use change on ERTS imagery . His

work to date  has demonstra ted  tha t  s t r ip  min ing  changes can be de tec ted

b y stud y of individual  mine sites through successive ERT S frame

1coverage .

Af ter several cycles of ERTS imagery had been examined , other

investigators noted the potential applications of ERTS to the stud y

of strip mining activities. Gilbertson is attemp ting to differentiate

between mining dumps on the basis of amount of vegetative cover.
2

Preliminary work in Indiana indicates that regional strip mining

inventories from ERTS appear feasible.3 Initial efforts are underway

to map strip mining and reclamation activities from ERTS in Eastern

Oh io. 4 ERTS imagery is being used to map extent of strip mines and

1
~John B. Rehder , “Applications of ERTS—l Data to Landscape

Change in Eastern Tennessee ,” P roceed ings of Symposium on Management
and Utilization , of Remote Sensing Data (Sioux Falls , S.D.: American
Society of Photogrammetry, 1973), p. 599.

2
Brian Gilbertson , “Monitoring Vegetative Cover on Mine Dumps

with ERTS—l Imagery: Some Initial Results ,~ Proceed irigs of the

~ymposium on Significant Results Obtained from ERTS—l (Greenbelt ,
Nd.: NASA/Goddard Space Fl igh t Cen ter , 1973), p. 577.

3Ch ar les Wi er , Frank J. Wobber , Orville H. Russel , and Roger V.
Amato , “Fracture Mapp ing and Strip Mine Inventory in the Midwest by
Using ERTS—l Imagery,” Proceed ings of the Symposium on Si~~~i f i ca n t
Results O b ta i n e d  f rom ERTS-l  (Greenbelt , M d . :  NASA/Goddard Space
Fl ight  Cente r , 1973) , p .  557 .

4P h i l l i p  E. Chase and Wayne P e t t y j o h n , “ERTS —l I n v e s t i g a t i o n  of
1:cologi ’.ii Effects of Strip Mining in Eastern Ohio .” Proceedings of
the Symposium on Si~ nificant Results ObtainecL f rom ERTS—l (Greenbelt ,
Md .: NASA/Goddard Space Flight Center , 1973), p . 561.
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to s tudy e f f e c t i v e n e s s  of rec lamat ion.  and po l lu t ion  abatement  procedures

in Pennsylvania. 5

Consider ing the f a c t  that  ERT S imagery has only been available

for  sho r t ly over one year i t  appears  tha t considerable  i n t e r d i s c i pl ina ry

work is ongoing in app l icat ions of ERTS to m o n i t o r i n g  of s t r i p  mining

rela ted a c t i v i t i e s .  I t  has been demons t r a t ed  tha t  ERTS imagery can be

used fo r  small—scale moni to r ing  of s t r ip m i n i n g .  One ques t ion  tha t

follows is , “Wha t level of detai l  and precis ion can he gained f rom

th i s  source th rough  manual processes?” ERTS r epo r t s  have thus  f a r

not provided s t a t i s t i c s  on the accuracy oita ined f rom ERTS d a t a .

I I .  Purpose

The purpose of this thesis is to evaluate the usefulness of

ERTS—l imagery as a means of monitoring surface mining of coal in

n o r t h  cen t ra l  Tennessee.  Spec i f ica l ly ,  rile following questions will

be pursued :

(1) Using p o i n t  sampling and areal  e s t i m a t i o n  p rocedu re s ,

how a c c u r a t e  are s ta t ic  es t imates  of mining acreages

taken f r o m  ERTS—l imagery ?

(2) Is the  precis ion of i n t e r p r e t a t i o n  f r o m  ERTS in giving

s t a t i c  acreage e s t ima te s  a d e q u a t e  to  de r ive  accep tab le

es t ima tes  of acreage changes t h r o u g h  t ime?

5S. S. A lexander , J .  Dien , and D .  P .  Cold , “The Use of ERTS—l
MSS Da ta  for  Mapp ing S t r i p  ~1ines and A c i d  ~1in e D r a i n a g e  in Pennsylvania ,”
Proceedings of the~~ ym~posium on SignificanL R e s u l t s  Obtained f r o m
ERTS—l (Greenbelt , Nd.: NA SA/Goddard Space Fl igh t Cen ter) , 1973 ,
p. 569.
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(3) Wha t  o t h er land use app l i c a t i o n s  does the  s tud y i n d i c a t e

ERTS imagery may provide?

There are two c u r r en t  schools of t hough t  r ega rd ing  an a ly s i s  of

da ta  such as con ta ined  on ERT S records .  One is t h a t  such da ta  is

best t r e a t ed  by human image a na l y s t s .  The o t h e r  approach  is t h a t

due to the vast amount of data available , direct computer analysis

techni ques are b e s t .  Both human v i sua l  ana lys i. s and machine p rocess ing

have application to the problems of interpretation . Within each approach

procedures with differing degrees of complexity can be pursued . Much

promise is held for sophisticated electronic and photographic imagery

enhancement  approaches  to photo  i n t e r p r e t a t i o n, however these method s

are not w i t h i n  the scope of this stud y. This stud y is limited to

use of s imple , huma n visual techniques of photo interpretation. It

demons t r a t e s  how accu ra t e ly  areal  ex t en t  of mines can be estimated

using simp le , visual , h and i n t e r p r e t a t i o n  techni ques and samp l ing

procedures .  They should be eas i ly  comprehended and are wide ly

avai lable  fo r  use by skil led personnel , such as geographers , geologists ,

conservationists , and planners.

In selecting imagery for later detailed stu d y , only the bulk

and precision imagery received directl y from the ERTS Photographic

Processing Facility in Sioux Falls , South Dakota was considered .

Uy c of d a r k r o o m  f a c i l i t i e s  to produce  enhanced p o s i tiv e  or n e g a t i v e

p r i n t s  may he mean ing f u l , bu t  w i l l  not  he cons ide red  h e r e .

_ _  -- 

_ 
—-. - - -~~~~~~~
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I I I .  The Stud y Area

A stud y area cons isting of f ive  con tiguous cou nt ies in the

northern plateau area of Tennessee was selected (vigure 1). This

region con ta ins  a p p r o x i m a t e l y  80% of the  t o t a l  s t rIp  mine acreage

in the  s t a t c  of Tennessee . The demonstrated relationshi p be tween

small scale , imagery—der ived  min ing  acreages and a c t u a l  acreages

wi l l  have a p p l i c a t i o n  to su r f ace  miming activities throughou t

Tennessee and poss ib l y to o the r  m i n i ng  areas of t he  E a s t e r n  U n i t e d

St ates.

The five—c ounty stud y arca is s i t u a t e d  in the n o r t h w e s t  corner

of the Tennessee section of the Cumberland Plateau. Actuall y the

eastern portions of Claiborne and Anderson Counties lie east of the

Plateau and strip mining operations are situated in the western ,

plateau por~
4ons of these two counties. The total area occup ied

by the five countie s is 1,480 ,400 acres . Total area disturbed by

strip mining of coal as of 12 July, 1973 wa s 41,320 acres , rang ing

from a low total of 5 , 155 acres fo r  Cla iborne  County  to a h igh of

14 , 229 acres fo r  Campbel l  C o u n t y . 6

The stud y area has a mean annual precipitation of 50 inches.

Maximum ra in fa l l  occurs  in March and Augus t , however i t  is well

distributed throughQut the year with no month averaging less than

6R epor t e d  ac reage s  as d e t e r m i n e d  by a c t u a l  ground surveys by
personnel  of t he  Tennessee D iv i s ion  of G e o l o gy .
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Scale: 1:1,000 ,000

-

I TENNESSEE

F igu re  1. Th e  S t u dy  Area , Located in t he  N o r t h e r n  H a l f  of
the Tennessee P o r t i o n  of t he  Cumber land  P la teau .
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three  inches. 7 The mean f r o s t — f r e e  per iod is 173 days . The mean

seasonal temperatures range from a monthly aver age of 73 ° F. in July

to 37° F. in January, a range of 36° F. The winters are mild — the

ground is seldom snow covered more than a few days  and the soil onl y

f reezes  shallowl y . Temperatures fall at or below 32° F. f o r  an average

of 80 days per year.8

The stud y area lies wi th in the Appalach ian Hi ghlands Ph ysiograph ic

Reg ion.9 USGS topograp hic map sheets (1:24,000) were used to determine

slope and local relief characteristics of the stud y area. All or

por tions of 51 quadrangles cover the study area and a 20% sample of

ten sheets was taken to determine the area ’s slope distribution and

relief features. Since strip mining activities are limited to the

plateau portion of the stud y area , no sample sheets were taken from

the eastern sections of Claiborne and Anderson Counties which lie

in the Great Vall~ y of the Ten nessee R iver . Slope sampling procedures

and sample sizes of 60—100 points were used as outlined by Haniinond)°

7”Climatological Data ,” U.S. Weather Bureau (Washington , D .C.:
U.S. Depar tment of Commerce . 1972), pp. 145—50.

8
C1 imato1og~ cal Atlas of Continental U.S., Vol. 1 (New York ,

N.Y.: Wea ther Trends , Inc., 1964).

9Edwin Ti . Hammond , “Classes of Land—Sur face Form in the United
Stat es,” The Na tional A t l a s  of the United States of America (Washington ,
D.C.: United States Geological Survey, 1970), p. 61.

10Edwin Ii . h ammond , Procedures in tlìe Descr ive Analysis of
Terrain ,_ Fin al R~p~ rt (Washington , D .C.: Geography Branch , Ear th
Sciences Division , O f f i c e  of Naval Res earch , 1958) . 

-~~~~~~~~~~~~~~ - . - .. - .  -~~~~~-- -- - .~-~__-
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The slope distribution was found to be as follows : 7% of area in

0—8% slopes , 12% of area in 8—15% slopes , 17% of area in 15—30%

slopes and 64% of area in slopes of grea ter  than 30% . The predominant

class is that  of steep slopes , grea ter  than 30% slope. Fur thermore ,

81% of the p la teau  por t ion of the  s tudy area is in slopes of 15% or

more . The mean elevation of the p la teau  por t ion  of the stud y area

is 2 ,150 f e e t ;  local relief d i f fe rences  range f ro m 700 to 1,300 f ee t .

The s tudy  area is underlain by folded s t r a t a , r e su l t ing  in rugged

topography . These s t r a t a  consist of l imestones , do lomi t i c  limestones ,

shales and sandstones . The area is chiefly drained by the Cumberland

River System , although the southeastern portion is in the Tennessee

River Valley. The soils of this upland area have developed under

warm temperatures , high ra infa l l  and pred omi nan tly deciduous vegetation .

They are char ac ter ized by gray brown sil t loams and ar e highl y leached .

The area ’s soils are distribu ted as 20% silt loans , 22—45% cherty silt

loans , 5—20% stony f ine  sil t loams , up to 10% f ine sand y b arns, 5%

silty clay b arns and 11—19% miscellaneous land types.
11

Approxima tely 90% of the study area is forested. Except for

roads , small hamlets , and the strip mined areas the upland areas are

forested . Forest vegetation is mixed , with a predominance of hardwoods.

11Morris E. Austin , Soil Survey, Claiborne Counçy , Tennessee
(Washington , D.C.: Government Printing Office , 1948), pp. 3—29 ,
and Fos ter Rud olph , Soil Survey, Norris Area , Tennessee (Washington ,
D.C.: Government Printing Office , 1953), pp. 3—11.

_ _  _ _ _ _ _ _

~

,,
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The area has been selec t ively logged for the largest saw timber and

subsequen tly sca ttered con ifer and second grow th hardwood stands have

become established .

IV. Procedure

Ini t ially , imagery for  every available ERTS coverage da te was

examined . Most frames were eliminated because of poor weather

conditions . Seven dates were deemed to be of sufficient quality

to be usable in the study. These frames were sampled directly and

static acreage estimates extracted by point and areab techniques.

Estimated mine site acreages are compared to actual disturbed acreages

obtained from Tennessee Bureau of Hines figures. Apparent change

through time as measured on the photos is also compared to ac tual

disturbed acreage changes from field reports. Comp lete da ta was

made ava ilable f or each m in ing opera tion , through the Tennessee

Bureau of Mines office in Knoxville. This data served as the “ground

truth ” ba sis of analysis of the accuracy of ERTS derived estimates.



CHAPTER TWO

ERTS IMAGERY AND CONTOUR STRIP MINING OPERATIONS

. 1I. ERTS System Description

The ERTS—l satellite was launched in Ju ly, 1972 in to a circular ,

sun synchronous, near—polar orbit of about 500 nautical miles altitude.

I t circles the ear th every 103 m inu tes , comple tes 14 orb its per day

and the sa te l l i te  ground trace repeats  i t s  coverage every 18 days .

A represen tative ground trace for  one day is shown in Figure 2.

A result of the ERTS ’ sun synchronous orb it is tha t the t ime a t each

coverage point remains fixed ; therefore each frame of the stud y area

has been taken a t approx ima tely 9:40 A.M., mean sun time . This does

much to enhance comparabili ty of successive f ra mes cov ering the area ,

as it reduces lighting and shadow differences. It does not , however ,

account for seasonal changes in the local solar elevation angle at

the constant exposure time . For the stud y area the solar elevation

angles a t exp osure time are 37 ° in January ,  52 ° in April , 58° in July

and 40° in October. The effects of these changing elevation angles

are dependen t on the earth scene composition . For example , the

reflectan ce of sand is much more sensitive to these changes than is

most vegetation.

informa t ion contained in this section was taken from the
ERTS Data Users h andbook, prepared by the EROS Program , United States
Geolog ical Survey ,  Greenbel t , Maryland: NASA/Goddard Space Flight
Cen ter , 1971.

10
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The sensor sys tem consis ts of a f our ba nd scanner opera t ing in

the solar reflected region of wavelengths from 0.5 to 1.1 micrometers.2

This mul t i spec t r a l  scanner system (MSS) gathers data by imaging the

earth in four bands simultaneously: Band 4, 0.5 to 0.6 micrometers

(green) ; Band 5 , 0.6 — 0.7 micrometers  ( r e d) ;  Band 6 , 0 .7  — 0.8

micromete r s  (near  i n f r a r e d ) ;  Band 7 , 0.8 — 1.1 micrometers (infrared).

Pho tographic pr oducts f r om the four  band s are shown in Fi gure 3 fo r

the Knoxvi l le  f r ame  of 13 Jul y ,  1973. Band s fo ur , f ive and six use

p ho tomul t i p l ier  tubes  fo r  de tec to r s , band seven uses photodiodes .

The i n s t a n t a n e o u s  f i e ld  of view for  each d e t e c t o r  is an ear th

area square  79 meters on a side. Each ERTS imagery frame covers an

area of about  100 x 100 nautical miles. The cross track swaths are

imaged b y scanner  mirror oscillation; the  along t r ack  scan is produced

b y o r b i t a l  m n t i o n . The i nhe ren t  N SS e r ro r s  have a maximum combined

e f f e c t  of +26 m e t e r s  of t rue  ground locat ion .

A d a t a  c o l l ect i o n  sy s t e m  co l l ec t s  and disseminates data transmitted

f rom t h e  ERTS p l a t f o r m . ERTS s igna ls  use error coding to prevent the

p o s s i b i l i t y  of validating interference or incomp lete messages. The

p r o b a b i l i ty  of the sys tem accep t ing  an inva l id t r a n s m i s s i o n  is

less than  0.001.

The Ph otographic  Pr ocessing Facil it y ac cep ts or iginal  proces sed

f i l m  images and produces large vo lumes  of i m ag e r y  p roduc t s  for

2
T~~ ERTS—1 satellit e also conta ins a second , t e l e v i s i o n  sensor ,

the Return Beam Vidicon Syst em. However , due to technical problems
it has not operated since the first week after launch.
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shipment to users; the imagery used in this stud y cane f r o m th is

f a c i l i t y .  A summary of imagery p roduc t s  avai lable  is provided in

Table 1. The MSS da ta is also ava ilable in the for m of seven or

nine t rack computer compatible tapes . The 70 mm fo rmat  represents

a scale of 1:3 ,800 , 000 and the  9.5 ” forma t is at  a scale of 1:1, 000 , 000.

As noted in Table 2, the 9.5” image format is available in ei ther

bulk or precision processing form . Bulk imagery represen ts  the ea r th

scene as registered by the sensor . Precision imagery is geometrically

adjus ted  by stretching the earth scene to remove a portion of the

ear th  d i s t o r t i o n s  introduced by the system , thereby provid ing a more

cartographically correct image . Unfortunately the precision adjustment

process results in a loss of detail.

The HSS maximum inherent error is +26 meters. Other possible

ERTS spacecraft errors are in sensor alignment , instantaneous position ,

exac t time of exposure and exact satellite altitude. The resultant

maximum error from all these other sour ces is 1,052 meters . The

maximum possible ERTS sy stem error for  a given ground loca tion is

1,085 me ters for  bulk produ cts and 250 meters for precision products;

the maximum possible band to band registration error for any ground

point is 155 meters for bulk products and 150 meters for precision

products. These total error figures seem considerable , however ,

they  represen t  the maximum possible system error and so less actual

e r ro r  f o r  a given case can be expected .



15

LO 10

0~ C C) C)
> 7.

S S • ‘-l
4-i
“-4

4,., 1f~ S S
o

4-i C~ C~’ 0-.
C

C)
4_I 4-I J.J 4-J C C.,~4 5  H C  ‘—4 -~
~~~~.,4 

~~~~~~
S S

U-i
C) =C a )  C a )  C C

c~j 7 .  c’j 7. ~ 4

~4 i ~i ~~~~~~ u-i( J . ,4 cJ~~,-4 0 0 0
c~~~S ‘-~ ‘-.4 —1 0

~- 4 O  ‘—4 0 0 0 — .0
m U-, o o z -d

C

=if 10 C)
C) C)
7, 7,

S S .‘-4 CC
7.-~ 

4_I 4J ~~~~~ 4_I
U U ~ • -4

U 1fl ~~~~~ L!~~~~C S ‘a C
5 . C )  • C )  0 0 C i)
C) 0’ ).i Q\~~~-i N- I-,
I--. ci cC C’) F—i
ci w n .  C ) 0~ C ) cl  ~n_ 4-I CC 4 - 4 5  C C iJ CJ~5 • 4 5  ., 4

~~~ r 4  ,—1
C ~C c i  . 0 C C  7-~ 7— . . 0 C C
a ~~~~~~ x u - ~ s u  s u  ~~~~u

C)
C’) F-’ -C) -u = C) -C) ci

—- S C a) C i )  C u  C I-i C~~~5 7 ,  C’) 7 ,  - 4 5  —4 c’) ~~~ >— 0 0 0. r-4 0< F-- . 
~ i-i .~4 ~-i u-~ s u Cl) ,.~4 4_I CI)
u • ~ U ’ . 4  O C  0 5  ~) • ~-4
5 C C CC CI) . 4 C 5  ~-4 c’) CC CI)

‘—4 0 .—~~o O F - i  o u  ‘-4 0
~~-i o C

0, - _ _ _ _ _ _ _ _ _ _ _ _ _

C)
7. 7,

--4

CC 1r~ C.:,

ci) C~Z -~~

LO
> C • C

N- N-
4-i
a C) C)
c.t i~i ~~ ‘-I

z

-
~~ C C )
c-i ‘5

- --4

ci U
a -~~ —~ a

‘—4 —4 ‘.1 — •— ‘-4
CC CC 7-.: Z :.‘: cC

u-i
C 5 o

0 .-4 0
0

5 0  U
U i -i .-c,) U .~4 U O  ~~C C )  —4 C) —4 C) ,—4 —4

u-i ci - - i o  o
0-. cC U - i U  ~I)



16

II. ERTS Landscape Stud ies

ERTS i nves t i ga to r s  are pursu ing  areas of geograp hic  i n t e re s t

other than strip m ining. A new 1:500,000 map series has been

p ropo sed based primaril y on ERTS imagery .3 One of the greatest

problems in mapping land use is to complete projects rap idly enough

so tha t they are still of current value. Recent work by Estes and

Senger has developed indicators for stud y of the nature and charac-

teristics of regions .4 Cu rren tly Wiscons in and ~-linnesota are

integrating the  use of ERTS data into the updating of their land

inventory progr;~rns .5 Finally a color—cod ed landuse map of northern

~1ega1opolis is being completed from ERTS data.6

It is important to view man ’s environment from various distances

and perspectives. Recently some geologic lineaments have been recognized

3 “, - -Alde n P . Colvo coresses , Ihe ERTS Image Format as the  Basis
for a ~iip Series ,” Proceed ings of the Symposium on Management and
Utilization of Remote Sensing Data (Sioux Falls , S.D.: American
Society of Photogrananetry, 1973), p . 142.

‘1 john F. Estc~-c and Leslie W . Senger , “ R emote Se n sing in the
Detect ion of Regional Change ,” Proceedings of the L i g j C t h_ I n t e r —
n a t io n a l  Sy~p o s i u m  on Rome to  Sensing of~~~~~~~nme (Ann Arbor ,
Mich.: Universit y of Michigan , 1 973), p. 320 .

I~oh e r t  B. Simpson and David I. L i n d g r e n , “l and Use and Mapp ing,”
Summa ry of S~J~~~~f i ran t Results from ERTS— 1 (Greenbe 1 t , M d . :  NAS \ /
Godd ard  Space Flight Center , 1973), p . 102.

6R n l c c r t  B. Simpson  and l)av id T. Ii  nd~ ren , “l and I~c:,- of N o r t h e r n
Mega lopol i  s , ’ S v mpeisi um

__
on _~~i~~n) Lc ;1] 1t Resu lts f rom [R 1 S — 1  (Greenbelt

~-1d - : N,\SA/Goddard Space F l i g h t  Center , 1 973 ) , p. 979.
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on ERTS image ry  wh ic - h had p r e v i o u s l y  gone unrecognized , even on U—2

high altitude aircraft imagery.7

Pollutants of the land , waters and air may he recognized

directl y or through surrogate features. A broader , regional review

can be developed here th rough  the aid of remote sensing. Current

work includes use of ERTS— l data  to  i n v e n t o r y  C a l i f o r n i a  w i l d i a n d

resources . 8 I t  is obvious t ha t  new inferences concerning resource

utilization and ecology .-ire evolving from space—oriented stud y of

photographs of the pattern of man—altered landscape .9

Man must inventory and record deposits and resources of the

earth to more effectivel y meet the growing population ’s need s .

Broad surveys of Alaskan resources are currently being accomplished

u s i n g  ERTS d ataJ °  Such i n t eg ra t ed  su rveys  serve as e n v i r o n m e n t a l ,

social and economic assessments of the assets and liabilities of a

region ’ s resources  and delimit conditions within which development

7Lac~’rencc H. Lat tman , “Mineral Resources , Geologic Structure
and Land form Surveys ,” Sunumary of Sigp if icant Results Obtained from
ERTS —1 (Creenbe lt , Nd.: NASA/Goddard Space Flight Center , 1973),
p. 114.

81)on,ild t. lace r and Paul F.  Krumpe . “T e s t i n g  the  U s e f u l n e s s  of
ERTS—1 Imagery for Invi cito rving Wild land  Resources in Northern
Californi a ,” Pr -ced ings of tI ~c SImEosiurn en Sjgnificant_Results
I r i m l ~~1S—1 (Crt cch ~ ) t , Nd. : N \ N A / G o d d a r d  Space Fl i ght C e n t e r ,
1973), p. 100.

9james P. Latham , “Urban A ppi i c at ions of f l v n ~ ’t n  Sensing ,”

j~~~~~ ograp h f c a i Rev iew , LXI (January, l97i), p. 291.

m
lohn M. M iller and Al hert F. Belon , “A M ,iltidisc i p l in ar y

Survey  fo r  t h e  n agement  of Alaskan Resources U t  iii zing ERTS
Im a g e r y , ” Procecd ings of e sympos ium on SJ~ n i f i c a n t  R e s u l t s
I m c ’  IT 1 ~— (Greenbel t , Nd . : NASA/Goddard Space Flight Center ,
1973), p. 1004.
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and c o n s e r va t i o n  decisions are made.”

E x p a n s i o n  in e f f e c t i v e  u se of a l l  r esou rces  depend s
on enlarged i-ciovled ge of their distribution and character
the capabilities of remote sensors in E a r t h  orbit can n a k e
significant contributions relative to these exploration
tasks. 12

III. Contou r Strip Mining ~2E~ r a t io ns

The first contou r stripp ing ~n Tennessee came about during

World War I. It was conducted at a small scale , using hand and

animal powered techni ques. Immed iately following World lIar II ,

heavy ea r t h  h a n d l i n g  equi~~uont , inc lud ing  bu l l d o z e r s  and f r o n t l o a d ei s

began to be used .13 A grea tly increased freight rate structure for

rail movement of coa l seems to have kept the coal industry in

Tennessee from expanding significantly during the period 1945—1959.

N ew I r e  ight r a t e  schedules , much more f avorab le  to the  r a i l  shi pment

of coal , were adopted in the late 1950s.14 This factor , along with

the growing need t o  supplement the area ’s hydroelectric power output

with t h e r m o e l e c t r i c  power gene rat ion , seems t o  have spur red  the

‘1Cliarles .1. Rohinove , “Remote—Sensing Potential in Basic !)nta
Acquisition ,” Water Resources Bulletin , III (July, 1967), p. 32.

12 Pet e r  C.  Bad gley and William L. Ve st , “Orbital Remote Sensing
and Natur al Resources ,” P l o t o g r a m m e t r i c  Engineering , XXXII (Sept ember ,
1966), p . 7S4.

1 l U
\~~ App rci i si l of  Strip Mining, ” T en nessee Va l~~~y Au t hor i t v

(K noxv i l l e , Tennessee , 1963), pp. 4—5 .

r i p N i  n i ng in K e n t u c k y , ” Is ~~ t r ij N i n i n t &  and R e c l a m a t i o n
Co m mi s s i o n  (Lexington , K y . :  D iv i s ion  of S t u i p M i n i n g  and Rec lamat ion ,
1965), p. 21.
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Tennessee coal industry to beg in rap id expansion , particularl y

in the area of surface mining activities . Table 2 i nd ica t e s  t h e

rapid expansion of disturbed acreage within the study area for the

period of 1961—1973.

S t r i p mine p roduc t ion  in the stud y area rose from 911 mil l ion

tons in 1959 to 2 , 538 mi l l ion  tons in 1968 , n e a r l y  a t h r e e — f o l d

increase . In 1968, the study area produced 777 of Tennessee ’ s to ta l

stri p mine tonnage . The coal produced is used chiefly in steam

power genera to r  p l a n t s  and is t r a n s p o r t e d  b y r a i l  to these plants ,

located mostl y in the Tennessee Valley Region .
15

As has been n o t ed , the  amount  of coal mine d by con tou r  s t r i p p i n g

has rap idl y increased in the  past decade. Barring legislation or

court intervention this trend should cor,tinue as long as stripping

is more profitable than underground methods. Stri p mining recovers

upward s of 90% of a coal deposit while d e p  mining gets only 35% to

85A of the  c o a l .  Product ion  per m a n — d a y  can be as much as 25 tons

fo r  s t r i p p i n g  ve r sus  11 tons by deep mining . Contou r stri pp ing in

t h e s tud y area where  coal seams range f r o m  18 to 60 i n c h e s  y ie lds

2,400 to 8 ,100 tons per acre. ’6

Strip mining of coal consists of removing the dirt and rock

cover from a deposit and then mining the exposed seam with frontloaders

15R oh e r t  1’ . Johnson and Edward T. Ei ther , Str~ppab1e Coal in
N o r t l e m n tc o h i r l a n d P l i t e a u Area of T e c i i i - - , c ;€ e , j~~p o r t of T n v e s t i g7 1lt ions
3~ (Nashville , [cnn . : State Department of Coiserva t ion , 1972) , p. 5.

16”An A p p r a l  sal of Stri p ‘1 in ing , ‘ ‘ I v n i~~ssee Valle y A u t h o r i t y
(Knoxvill e , l’er i n e s s u e , 1963) , p. 4.
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TABLE 2

CHANGES I N  TOTAL ACREAGE DISTURBEI) BY CONTOUR

STRIP M I N I N G OF COA l RESERVES

(1961 — 1973)

_____ 
Co t Size 1961 1966 1973 

—

Anderson 214 ,400 2,510 4,882 7 ,759

Cam pbell  288 ,600 3 ,674 8 ,487 14,229

Claiborne 284 ,200 1,776 3 ,405 5,155

Morgan 348 , 200 3 , 059 4 , 290 6 ,025

Scott 345,000 5,139 6 ,674 8 ,152

Sou c : Tennessee Bureau  of Iii h u i S F i i  es
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and bulldozers. In the study area this is done on the mountainsides

and is cal led con tour  s t r i p p i n g .  A haul  road is f i r s t  cut  up the

m o u n t a i n  to the  coal seam. Then exp los ives  are used to loosen the

overburden  of d i r t  and rock.  Heavy equipment  then  removes the

overburde n , placing it downslope in a spoil hank . The flat area

left at the seam is called the bench. The steep mountainside

remaininc’ upslope from the mining cut is called the high wall.

Figure 4 shows a typical contour stripping site and potential

changes which can take place due to linear extension of cut (A)

or upslope widening of cut through second—cut operations (B).

~~-cond cut operations become possible on early s i t e s  because of

deve lnpr’u nt of hotter equipment , which allows economic removal

of the  t h i c k e r  overburden  ups iope  f r o m  e a r l i e r  o p e r a t i o n s  a t  some

sit es . In ot her eases a mining site is ex tended  along the con tour .

Finally, a mining site may become smal ler because of n a t u r a l  or

man— induced vegetative reclamation .

Tennessee d i d  not have a strip mining l a w  u n t i l  1967 , and

then  i t was not  e f f e c t i v e l y  worded . For e~:arup 1e , i t  s t a t ed  t h a t

a w at e r  q u a l i t y  p e r m i t  mus t  he app lied for  b e f o r e  m i n i n g  could

s t a r t :  t h e  permit need not he approved , just applied I r. The law

was revised and strengthened in 1972. The personnel at ‘he Division

of Reclamation , Knoxville Office were cooperative in prov id ing

information and their fil es during thi s study . A stud y of

r e c l a m a t i o n  e f f e c t i v e n e s s  in Appalachia as of 1965 shows Tennessee
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~~~~~~~~~~~~~~~~~~~~~

Figure ~1. Typ ical Contour Stri pp ing Mining Site.
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to be last of the 13 states surveyed and indicates that of 26,760

acres disturbed by contour strip mining in Tennessee as of 1 January

1965, only 1,098 acres (4%) had been completely reclaimed and only

275 acres (12) had been partl y reclaimed ; the remaining 25,337

acres of disturbed acreage remained unreclaimed .’7

Since reclamation requirements in Tennessee are of such recent

origin , and since the conifer stand s being planted on new nine sites

require from five to eight years to become established , the v isible

e f f e c t s  of r e c l a m a t i o n  as seen from the air are quite small in the

study area. Because the present reclamation laws app ly only where

mining has taken place since 1967 , there are extensive unreclaimed

areas which were mined prior to the 1967 law. These so—called

“orphan mines” are only being restored through nature ’s slow

process , except where they are connected with subsequent mining

operations , for here reclamation is required for the entire site.

The predominant steep slopes in the study area serve to slow the

natural revegetation process. In view of the facts , subtraction

of mining acreages due to reclamation during the stud y per iod is

assumed to be neg ligible. As time passes it may become possible

to monitor reclama t ion effectiveness in the  area from ERTS

imagery.

17,, . . . .Study of Strip and Surface Mining In Appalach ia , An Int erim

~~~the Appa l a c h l ar ~~~~gional_Commissi on , U. S. D e p a r t m e n t  of
the  In t e r io r  ( W a s h i n g t o n , D . C . :  U.  S. Government  P r i n t i n g  O f f i c e ,
1966), p. 21.
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In order to most completely evaluate the ERTS estimated strip

mine acreages a “ground truth ” basis of comparison was required .

Fortunately ,  the five county stud y area of this investigation was

part of a Tennessee Division of Geology project which actually surveyed

each existing mine site in the summer of 1972. Data from the survey

were made available to this investigator as a firs t stage ground

truth data base. Tennessee Bureau of Mines files were then examined ,

restituting the exact additional acreages disturbed for each county

up to the five individual coverage periods. The reported acreages

disturbed by contour s t r ip min ing ,  shown in Table 3 , are used as

the basis of evaluation of ERTS estimates in Chapter Three. They

are assumed to be correct and are h e n c e f o r t h  r e f e r r e d  to as “ac tua l ”

acreages disturbed .
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TABLE 3

A h A l  I)ISTURBED ACR EAGE TOTALS CORRESPONDING

TO ERTS COVERAGE DATES

COUNTY

Date Anderson Camp bell Cla iborne Morgan Scott

15 Oct. 72 7,105 13 ,357 4,822 5,626 7,802

13—14 Jan. 73 7,362 13 ,642 5,143 5,786 8,067

14 Apr. 73 7,459 13,818 5,149 5,925 8,101

12—13 Jul. 73 7,759 14,229 5,155 6,025 8,152

Il Oct. 73 7,787 14,362 5,361 6,178 8,237

Source:  Tennessee Bureau of Mines Ground Surveys



CHAPTER TH REE

INTERPRETATION TECHNIQUES AND RESULTS

I .  Imagery Se lec t ion

ERTS imagery coverage of the stud y area was accomp lished on

an e igh teen  day cycle  from August  1972 to  October  1973 and mad e

available to the University of Tennessee through a research contract

to Dr. John B. Rehder , Depar tment of Geography. Preliminary examina-

tion of all available coverage dates eliminated a number of frames

because of unacceptable weather conditions of excessive haze or cloud

cover. This initial survey produced seven usable sets of ERTS frame s

as listed in Table 4.

Frames were available in both negative and positive black and

whi~ e transparenc ies in four mult ispec tral scanner (MSS) bands and

also in color composite transparencies. In each of these formats

both bulk and precision transparencies were available from NASA .

Bulk imagery dep icts the earth scene as picked up by the sensor;

precision imagery has been “geometrically adjusted ” to fit a

particular map projection . Bulk imagery  was used in t h i s  stud y

because the precision adjustment process , although important to

map makers , r e s u l t s  in a loss of d e t a i l  on t h e ERTS frame .

Ini tial examination of mining areas for each of the four band s

for the seven usable ERTS dates indicated that Band s 5 and 7 gave

t he  c leares t  and most  complete  r e p r e s e n t a t i o n  of m i n i n g  sites in

26
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TABLE 4

USABLE ERT S MSS—7 IMAGERY AVAILABLE FOR STUDY AREA

Counties_ Covered :
Date I.D. Number Anderson Campbell Claiborne Morgan Scott

15 Oct. 72 1084—15431 X X X

13 Jan . 73 1174—15431 X X X

14 Jan . 73 1175—15490 X X X X

14 Apr il 73 1265—15494 X X X X

12 July 73 1354—15431 X X X X X

13 Ju ly 73 1355—15485 X X X X

11 Oct. 73 1445—15471 X X X
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the study area. Ahmad and Kantner also found that bands 5 and 7

were best for defining stripped land in Ohio.’ Reports of ERTS

investigators indicate that l)and 5 is best for stud ying mine changes

through photographic enhancement procedures , but that band 7 is

superior for direct interpretation from bulk imagery. Rehder noted

that band 5 imagery , when enhanced by negative prints and varied prin t

contrasts , allows mine site changes to be detected by the stud y through

time of individual nine sites.2 On the other hand , investigators

working with the bulk imagery as received have found hand 7 to be

superior in mine definition to band 5. Russell , et cil ., have found

that band 7 is best for regional mined land inventories.
3 Borden ,

et al., also found band 7 best for working direc tly with bulk imagery

because band 7 registers lowest reflectance for mines of any band ,

whi l e at the  same t ime reg i s te r ing  the h ighes t  r e f l ec t ance  for

vege ta t ive  m a t t e r . 4 These charac ter ist ics give band 7 the grea tes t

c o n t r a s t  between mines  and their surround ing area .

1Mo id U .  Ahmad and David A.  K a n t n er , “Mapp ing of Spoil Banks Using
ERTS—A Pi e tui r is ,”Remote Sensing of Earth Resources, Vol. 11 . Edited by
F . Sh ah i r o k h i .  Tu l l ahoma , T e n n . :  Th e Unive r s i ty of Tennessee Spa ce
Institute , 1973 , p. 1073.

2Personal  commun i ca tion  with l)r. John B. Rehder on 2 April , 1974.

3o. R. R ussell , F. J . Wobber , C. E .  Wier  and R .  V.  A m a t o , “App li-
c a t i o n s  of EIiTS—l an I Aircraft Imagery to Mined Land Investig ations ,’

Remote Sensing of E a r t h  Resources , V o l .  I I .  Edi ted b~’ F. Shahrokhi.
Tu liahoma , Tenn.: The University of Tennessee Space Institute , 1973,
p . 1105.

1’F. Y. Borden , D. N. Thompson and H. II. Lachowski, “rdentification
and Mapp ing of Coa l R e f u s e  Banks and Oth er Targets In the Anthracite
Region ,” P r o c e e d i n ~~s of the S~~ p2sjum on SigniHcant Results Ohtaiuied
f rom_ERTS—1. Creenhelt , Nd .: NASA/Goddard Space Flight Center , 1973 ,
pp. 1065—9.
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Further detailed comparison of mine site definition on hand 5

versus band 7 for each of the seven coverage dates indicated that in

each case band 7 was superior. Therefore , imagery in the format of

black and white positive transparencies representing MSS band 7 was

used exclusivel y for the detailed interpretation and static acreage

estimation of surface mining sites. Fortunately these seven usable

dates produced five distinctl y seasonal records through the circum-

stance of favorable weather: April 14, 1973 (Spring), July 12, 13 , 1973

(Summer) , October 15, 1972 , October  11, 1973 (Fall), and January 12 ,

13, 1973 (Winter).

II. Mine S i t e  Recogn i t ion

Onl y simp le interpretation proced ures , using generally available

equipment , were considered . The equipment used were a standard light

table for imagery backlighting , an eight—power hand magnifier and a

commercially available gridded mylar . Techniques which were not

utilized , including computer densitometric analysis , polar p lanimeter

procedures and selective darkroom print and imagery enhancement ,

might he applied to ERTS imagery and could well lead to better estima-

tion accuracies than t h i s  s tud y o b t a i n s .  T h i s  s tud y ,  however , used

and ana l yzed the  a c c u r a c y  of simp le a r ea l — e s t i n ia t i o n  proc edu re s  wh ich

should he u n d er s t a n d a b l e  and usable  by a broad segment  of lay p hoto

interpreters. The r e s u l t s  ob t a ined  could he expected  to  serve as a

guide t o  those  c o n s i d e r i n g  use of s m a l l — s c a l e  ERTS i m a g e r y  in s t r i p

m i n i n g  stud y e lsewhere  and i n  o the r  rd searchl and managemen t  t a sks .
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The principal recognition keys to  stri p mines are their linearit y

and distinct ocu to u r following signatures . These characteristic

irregular shapes might possibly be confused with small plowed mountain

farm plots iii some areas. However , near mine sites in the stud y area ,

such farm holdings are practically non—existent. The area ’s 90% fores t

cover is ideal in terms of providing good mine site—background contrast.

Older mine cuts in the area are quite narrow , ranging from 50 to 150

feet in width; newer cuts are generally much wider with widths of

150 to 500 feet. Obviously, the newer wide cuts are easier to

recognize on ERTS imagery. The resolution power of the unaided

human eye is 0.1 mm; 5 at the ERTS scale of 1:1 ,000 ,000 th is represents

100 meter s . Howeve r , with the aid of an eight power magnifier , one

can theoretically resolve widths of 13 meters , or 40 feet , which

would include the older , narrow cuts where registered on ERTS .

The spectral tones of bare land sites on band 7 range from med ium

to very tu rk g r a y  against the light to very light gray of surrounding

forest vegetation . This considerable tone contrast is important in

recognizing mining sites. Additionall y , where mine sites h ive water

impounded on benches , mines may have a dark mottle d texture : the

darkest portions represent the water impoundments on the sites.

5 Fel ipe 0. Peci ;u , “Th e Selection of Scales for Aerial P h o t o gr a p h y
to  be used in  C~~~~rap lu ic Interpret :ition , ‘‘ C o n t r i b u t i o n s  of t he

• x icat i  Pe1~ &ci t i  to t h e  21 a t IntrrnationaI Ge g~~phical Co~~~ ess.
~ieW Dclii i , hid i i , 1968, p . 144.
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V i s u a l  r e c o g n i t i o n  of mine  s i t e s  depends  on the  a p p a r e n t

structure of an area ; t ha t  is , its characteristic spatial arrangerient:

t h e  s ize and shapes of c o n t o u r  strip mines and! its spatial context:

the tonal  c o n t r • - i s t  and agg rega te  v a r i a t i o n  w i t h  su r round ing area .

I t  is e s p e c i a l ly  i m p o r t a n t  when us ing  the  r e l a t i v e l y  low r e so lut ion

ERTS imagery for the investigator to have a good p r i o r  knowledge of

the parameters under stud y and of tile stud y area itself. This involves

s tuds ’  of processes  invo lved , and a l t e r n a t e  source s  of i n f o r m a t i o n .

In th is study, familiarization with the study area cas accomplished

thr ui gh stud y of Tennessee Bureau of Mines maps and records , and

preliminary mapp ing of mined areas on the county  aerial photo index

sheets (scale 1:63 ,360) for each of t h e  five counties , available

from the A gricultural Stabilization and Conservation Service.

Ill . Point_S~~~ Total Disturbed Acreag~

A j int s in g l i n g  techni que was used whereby  1/10 inch  square

my l  ir  g r i d  was r .uucJocc l y superimposed on imagery of the stud y area

for each t ime franc . In c o n j u n c t i o n  w i t h  the sample g r i d  a sheet of

clear a c c t I t i  containing a trace of the region ’s water features and

the  c o u n t y  h u c l a r i c s  within the s tud y area was used to d e l i m i t  the

stud y a r t - u on e t c h  [C FM f r a m e .

A problem was encountered in detertn i n  jog tic e sflnpldi size to

use per  c o u n t y .  II unnon ! indicated that 100 samp le po ints are a d e q u a t e

to d e s c r i b e  s lope c h a r a c t e r i s t i c s  of a s i ng l e  map q ua d r a n g l e

- .
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within ~ ‘~~ac curaey ~
6 

However , s lope  c h a r a c t e r  i st i.cs r ep r e s e n t  a

c o n t i n u o u s  phenomena and m i n i n g  s i t e s  ire c l i  s c r e t e  p henomena .

F u r t h e r m o r e , ERTS imagery represents a much smaller scale than  the

smal les t  scale  of 1 : 1 2 5 , 000 used Mv h ammond f o r  d i r e c t  samp l i ng .

T h e r e f o r e , to  i t i s ir e  t h a t  an adequate samp le size was t a k e n ,

approximately 1,000 points were sampled for each county and time

period . For some other purposes. much smaller samp l es may suffice.

The samp ling grid was superimposed  on each c o u n t y  area f i v e  or

six t i n s to o b t a i n  a large sample of abou t  1,000 p o i n t s  f o r  each t ime

period — t h e  sample p o i n t s  be ing  defined as t h e  gr id  i n t e r s e c t i o n s .

The total , sample points were defined as tile sum of all grid inter-

st- ct ions falling within a county ’s boundary and 1/2 of the grid

intersections falling on the county boundary line. Each samp le

point was subjected to a binary classification : it either appeared

on or not  on a mine  s i t e .  Po in t s  f a l l i n g  on site boundaries were

equally divided between the categories. The surrounding area was

s tu d i e d !  as well as each sample point to make the classification

d e c i s i o n . Each  CRTS t i m e  f r a m e  r e q u i r e d  a b o u t  t h r e e  hours  to i n t e r p r e t

t h r o u g h  th u  i s  p o i n t  sac ip I ing  scheme . The r e s u l t i n g  r a t i o  of mine p o i n t s

t i  tot c i  sampl log  p o i nt s  p rov ided  a p e r c e n t a g e  of a r i a  m i n e d  f o r  each

c o u n t y .  These p e r c e n t a g e s  were mdl i L h.pi ied by t o t  al acreage per county

o b t a i n  e st in ;t t  i d  m i n i n g  ac re ’lges as shown in Table 5.

[d~. in  I i .  h ammond , “P r o c e d u r e s  in t lie 1)esc’ r h p t  ly e  Ana 1. vs I s of
‘T e r r a i n , ” p .  1,7.
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TABLE .5

P O I N t ’  SAMPL1NG ESTIMATES OF MINED ACREA G ES

FOR EACh ! COVERAGE PERIOD

County

Anderson Camp bell Claiborne Morgan Scott

County Size 214,400 288 ,600 284,200 348,200 345 ,000

Date

15 Oct 72 11 ,213 14,141 5,yq7 * *

13—14 Jan 73 2 ,852 4,416 3,467 4,735 4,968

14 A p r 73 4,288 8 ,1. 39 * 5 , 084 6 , 589

12—13 ~J ul 73 7 ,140 15 ,324 4,746 5,397 8,246

11 Oct 73 * 15 ,613 4,735 6,934

* Imagery Coverage Not A v a i l a b l e



The p e r c e n t a g e  es t  imates  were  compared to the total actua l

mined area p e r c e n t a g e s  noted e a r l i e r  in Table 3. The r e s u l t s  of

this compar ison  are shown in Table 6. E s t i m a t i o n  e r r o r  was d e f i n e d

as (Estimated Percen t — Actual Percent)/Actual Percent.

The best imagery estimates of mining within ~hic’ studs’ area

were provided by interpretation of the July (Summer) ERTS frames.

The Spr ing  and Fall imagery  yieldedl  t he  n e x t  best  r e s u l t s , and t h e

W i n t e r  f r a m e  produced the greatest estimation error. The Jul y frame

most nearl y represents the time of year of peak vegetative growth ,

w h i c h  enhances contrast between vegetated areas and the bare earth

of s t r i p  mine  a reas .  For t he  survey of m i n i n g  in the  s tud’~’ a r ea  t h e

object—back ground relationshiip is best differentiated during the

summer period . Mean estimation error was 7% for the Jul y f r a me ,

cons ide rab l y less e r ro r  than fo r  t he  o t h e r  time f r a m e s .  The dominant

f a c t o r  w i t h i n  the  stud y area i s  degree of c o n t r a s t  as i n f l u e n c e d  b y

amount  and vi gor of vege t a t i ve  g rowth  on areas surrounding mine sites.

As noted earlier , reclamation activities within the stu d y area are

negl ig ible. An us where reclamation has been initiated have not

r e v e r ted  t o  a c i h a t a n t  [al v e g e t a t i v e  cover  and so appe al ’ on ERTS as

mine cuts.

The g e n e ra l l y low a c c u r a c y  of static ac r ea g e  e a t  m m r u t e s  makes

va lue  of such c o u n t  y—widc’ s u p  Li up, schemes for e Mange ci c ’te c t i on

q u e s t i o n a b l e .  Tab le  7 shows a c o m par i s o n  of c l u i n g ” i n  p e r ce n t

mining f iguini s bet Wt’eTl successive seasonal rame s t a k e n  f r o m  ERTS

w i t h  t h e  a c t u a l  c h u - u i g e  in p e r c en t  f I g u t  r c a .  I t  is ob v i o u s  he re  t hat
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m i n i n g  l andscape  changes  cannot  be a c c u r a t e l y  der ived  f rom ERTS

through a county—wide point sampling procedure. However , stud y of

individual mine sites on successive ERTS f rame s has been demonstrated

by Rehder  to d e l i n e a t e  change . 7 There fore  while this stud y, with its

county—wide sampling procedures does not accurately estimate mining

landscape changes through time , Rehder , using imagery enhancement

procedures and individual site study, has delineated and monitored

this change .

The pr inc ipa l  value of the  sampling p rocedure  (used here then

is static acreage inventory, wher ein ERTS imagery can provide the

accuracies noted i,n Table 6. This  t echnique  does not seem to have

direct application to monitoring acreage changes.

IV. Areal Estimation Samp ling of Total Disturbed Acreage

Upon completion of the point sampling techn ique descr ibed

e a r l i e r , a d i r e c t  areal estimation procedure was also evaluated

fo r  the  Jul y 1973 ERTS f rame s , the  da te  w i t h  the  best point sampling

r e s u l t s .  The purpose  was to see what  comparative accuracy could be

derived by u s ing  g r id  cells and v i sua l  e s t i m a t i o n  of mining per cen tages

w i t h i n  each  sample ce l l .

The same t e n — t o — a n — i n c h  my la r  samp le g r i d  was used , each 0 . 1 inch

by 0.1 inch block forming a sample cell in which the percent of mined

7
John B. Reh de r , Geogra p h i i ’ App I irati oiis of 1 TS—l l~~~~e~~~ to

Land s- ~p~’ j ~n . l  6 2 — I l l , F i n a l Re,por t  , N A PA C o u i t r a c t #N A S 5 — 2 l 7 2 6 .
(Greenbe l t , N d . :  Goddard Space Flight Center , May, 1974) , Part lii ,
Section 3 .0 .
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area was v i s u a l ly  e s t i m a t e d  to the smallest interval poss ible to

optimize estimation precision . Using the 0.1 x 0.1 inch sample cell

and the Jul y f rame of the  s t u d y  area t h i s  i n t e r p r e t e r  found t ha t  he

could consistentl y estimate percentage mined area within the cell to

with in the nearest 10%. Therefore this class interval was cut in

hal f , to allow for visual interpolation to the nearest 5%. The method

used was one of visually gathering up the min ing  area in a sample cell

and comb ining i t  in to  one or more q u a d r a n t s  of the  cel l , and estimating

the percent of the cell occup ied by mine sites. The sample cells

which intersected county boundaries were combined to form an equivalen t

number of complete cells. The mined area estimates for each sample

cell were then totalled and divided by the total possible area within

a sample of about 1,000 ‘-oils , producing an estimate of mined area

perce ntage fo r  each coun :y for the July fram es.

Results of the areal sampling procedure are summarized in

Table 8. Imagery for dates other than July, which had been analyzed

in detail with tlue point samp ling procedure were not evaluated by

the areal estimation technique. The July areal estimation results

exhibit twice the error demonstrated by the point sampling procedure .

Additionally, the areal estimation sampling techniqur required about

t l ì ree  t imes as long ( n i n e  hours )  f o r  a s i n g l e  f r a m e  as the  p o i n t

sampling techni que.

V . Seasona1i~y of Image J o t  er
,,

p r e tat  ton

Seasonal  c o n d i t i o n s  i n  t he  s t u d y ,-ir c ’a i n f l u e n c e  t h e  a m o u n t  of

i n f o r m a t i o n  w h i c h  rieu v he obtained from ERTS . The suimmer ERTS frames
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‘1’ABLE 8

RESULTS OF AREAL ESTIMATION SAMPLING OF 12 JULY 1973

ERT S WITH POINT SAMPLING COMPARISON

Area! Estimation Samp l4~~ Point Samp ling
County Actual % % Estimated Error % Estimated Error

Anderson 3 .62  3.11 —1 4% 3.33 — 8%

Campbell 4 . 9 3  4.10 —17% 5.31 + 8%

Claiborne 1.81 1.58 —13% 1.67 — 8%

Morgan 1.73 1.50 —13% 1.55 —10%

Scott 2.36 2.07 —12% 2.39 +1%

Mean Es t ima t ion  Error  = 14% 7%
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sharply contrast disturbed mining sites with surrounding vegetation ,

but in the  f a l l , win ter , and spring frames less contrast is evident.

Four sea sonally represen tat ive ERTS NSS 7 fr ames are shown in Figure 5.

For other investigations the summer season may not prove to be optimal.

One must develop an appreciation for the seasonal changes involved with

a given study purpose and select coverage accordingly.

Winter  ( Janua ry  1973 f rames) : This coverage gave the  g rea tes t

error in mining estimate — 43% mean error of estimation . This period

represents the yearly ebb in vegetative vigor and leaf mass. The

presence of considerable leaf fall , spread onto the mine sites , cuts

down contrast and obscures ground detail due to little tonal variation .

Frost  or snow g ives some places a light tone , also obscuring detail.

For forc’st inventory of deciduous versus coniferous reserves , the

rather homogeneous ground scene may prove optimal.

Spring (April 1973 frame): This coverage gave the second most

Inaccur a te’ mining estima te — 29% mean error of estimation . Vegetative

V i 4~ ’r is no t  v , - t to a point of p r o v i d i n g  adequa te  con t ras t  to s u i t a b l y

k !  m e l t  i b a r r e n  mine  s i te ’s .  Early Sp r i n g  may he the best  period fo r

- I C i ’  luv i t tiile ~ Ic  ‘,t teA h o :  cira inage p a t t e r n s  can he seen most  c l ea r ly

due to pt i k  i u u ~~f f r end  I t  i i ’n o  and lack  of o b s c u r i n g  v e g e t a t i v e  canopy

along  minor channels. Soil surveys may also he accomplished using

sp r i n g  i tn ~ r~’rv , hc ’e .u I~~~’ I i , ’~ ds  have a m i n i m a l  cover and high  m o i s t u r e

c o n t e n t  W 1 I J C I I  se rves  t o  r ev e a l  d i f l e r i n g  f i e l d  d r a i n a g e  c o n d i t i o n s .

Roc k out i r i ps  c -t i  oe show u p  well  d u r i n g  t h i s  per iod .
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Summer (July 1973 frames): This ERTS coverage gave by far the

best m i n i n g  c ’ s t i m a t e s  — 7% mean e r ro r  of e s t i m a t i o n . The season has

the peak annua l  v e g e t a t i v e  v igo r  and a c c u m u l a t e d  l ive  g rowth , which

provides  sharp  tona l  c o n t r a s t  w i t h  bare , d i s t u r b e d  s u r f a c e s  of n ine

sites. Tree and undergrowth cover is so complete as to mask rock

outcrops and obscure the smaller drainage channels. This period

would seem best for differentiating between residential and commercial

land use in large urban areas. The tonC-i l signatures differ noticeably

between  the  near  concre te  j u n g l e  of t he  c e n t r a l  business  d i s t r i c t  or

commerc ia l  ribbon developments and the r e s i d e n t i a l  areas , w i t h  t rees

and lawns at peak vigor.

Fall (October 1972 and 1973 frames): The October 1972 frame

permitted no better estimate than the April 1973 frame — 297, mean

error of estimation . However , interpretation from the October 1973

frame produced the second best acreage estimates in this stud y — 14%

mean error of estimation. In general the fall period exhibits a

decrease in tonal contrasts from the optimal summer period , as far

as strip mine site delineation is concerned . This decreased contrast

is due to lowering vegetative vigor and th e onset of leaf fall. For

forestry purposes the different foliage tones may assist in species

inventories of hardwoods.

V T .

At different seasons of the year various land scape elements may

he best observed . I’Jo season is without limitations , but with
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sufficient planning and a clear under standing of the subject under

study the inherent ERTS imagery characteristics of broad areal

coverage on a periodic , seasonal basis can be maximized .

The best estimates were obtained from the Jul y ERTS cover age ,

when estimate errors ran from +17, to —10% for the five counties

(Table 6). For other specific purposes where +10% is an acceptable

e s t i m a t e  ERTS imagery  has the  p o t e n t i a l  to warrant further investiga-

tion . For surface mining the critical factor in obtaining the best

estimate is seasonaiitv of vegetation , the summer period providing

the best results. The other seasons of the 1973 year gave less

favorable results , yielding mean errors of 14% in the Fall , 29% in

the Spr ing and 4~ Z in the Winter. For some other uses , notably crop

inventories and broach land use classification , the Spring and Fall

seasons may produce the most consistent results. However , fo r  str ip

mines in  the Tennessee s tudy  area the Summer period is decidedly

best for the one—year period of coverage available.

In view of the comparative accuracy and the considerable savings

in t ime , the point sampling technique is considered to be the best

of the  two method s used in this study effort to measure area . The

application of this technique to other specific resource management

or planning purposes is clearl y dependent on the degree of error

a c c e p t a b l e .  The d e m o n s t r a t e d  accu rac ies  in t h i s  stud y a re i n d i c a t i v e

of the information content of ERTS i m ag e ry  w i t h  regard to - o u n t y — w i d e

s a m p l i n g  of one discrete distribution in one stud y area . These

results for surface mining in Tennessee , altho ugh serving as an
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indicator , cannot he d i r e c t l y  app l ied  to conclusions abou t ERTS

imagery  information content pertaining to any other subject. Further-

more , as was noted , strip mining activity has been studied on ERTS

imagery by other techniques yielding results on individual site

changes.



CHAPTER FOUR

SUIPIARY AND CONCLUSIONS

I. Summary

There has been a t endency  in the l i t e r a t u r e  to suggest  the

promise of ERTS imagery interpretation without providing any

statistics as to the accuracy achieved . This stud y has examined

and quantified the application of ERTS imagery to a specific task

in a c e r t a i n  art ’ s — s t a t i c  acreage e s t i m a t e s  of s u r f a c e  mimes in

the upper Cuinberland Plateau area of Tennessee .

Planners , conservationists and geographers , among others , are

interested in obtaining near real—time , synoptic views as well as

cyclic coverage of a myriad of activities on a regional basis.

Al though the absolute degree of accuracy of ERTS photo measurements

for activities other than stri p mining cannot be deduced from this

single  s tud y ,  t h e  sampling t e c h n i ques used could he adapted t o  studies

of o the r  phenomena recorded on ERTS or o t h e r  imagery. ‘i ’hs ’oe t e chn i ques

can be used to p r o v i d e  p r e l i m i n a r y  d a t a  on s u r f a c e  m i n i n g  ac t  ivi  t i e s

over l a r g e r  a r eas  and as a source  of s t a t i c  reg iona l .  m i n i n g  est  m a t e s

be tween  more accurate surveys from ground or lever a l t i t u d e  a e r i a l

surv e ’ ’r’s.

I n v e n t o r i e s  are  g e n e ra l l y St a t  1st ic .a I s u m m a r ie s  of informa t ion

within sma l ler area ] units. I n  t h e  ca se  of u r u ’g i i i nil , mcmii ,u r i ’ ,l ,

i t  may not  he nccessau ’v , fo r  some purposes , to v e ry  p r e c i s e l y

.
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d e l i n e a t e  mine  s i t e  b o u n d a r i e s , ht i t r a t  her to ‘vt t ~t al  areal e:-: t ent

estimates for a given date. ERTS d a t a  holds  pr o m i s e  in providin g

s t a t i c  areal estimates on a regional basis.

ERTS interpretation can -e r v e ’  t o  f o r w a rd t i m e  goal . of improved

unde r s t and ing of p a t t e rns  of u’ u - s ’ i on a l  a r t  i v i  i e s  w i t h o u t  m i n a c c e p t -’uhi y

h igh demands  and c o st s  in t i  C ‘ s i t  man lI eU  rs and i r ucuge ’  rv  p r o  i i re rn ent

Such small scale remote si .’ u m s i ng app i j e st  ions  can  serve to a c c e l e r a t e

research and reduce its cests. indeed allow in g c-onoiderat ion at

problems in areas which cannot be ;ie.ct’oscd by trad i t ionai field

techniques because of time and doll - mr cen straints , or simp ly prior

unavailabilit y of data in any other form .

The str ngth of ERTS coverage  is the  p e r i o d i c  c ov e r a g e  p rov ided

on a broad scale basis. Inherent in these c l u : u r , i e t e r  i st i e s  a re  speech

ot interpr et ation per u n i t  area , r e d u c t i o n  of f i e l d  work , t i m e l i nes s

of dat a acquisition , and the objective generalization or filterin g

of the ear LI scene performed b y the  very  h i gh  altitude vantage point

The gc’uer ;ull ‘i I ow level  of a rea l  estima t nn a c c u r a cy  d em o n s t r a t e d

in this stud y is offset by the time and material c - ano m i e ’s of

cu t e rp  re t a t  i o n  and  t he regiona l vie~poi nt p I V  l ied . When v e t  ima t ion

errors are considered i t  i s  w e l l  to  ke c’p in mind that in :un~’

c a r t o g r a p l u  i,c gene ra l  i z a t  ion process  t h e r e  is  i nvolved a l o s ; of

d etail in i’;n’h st ep f r o m  l a r g e r  to sma l i cr  s c a l e .  l -~ ’i’n start ing with

detailed ground t ruth data at the ‘individ mi a I min i.’ s i t e  leve l and

reduc ing  i t  to a prvsu’n t i  t ’ion a t  the  1: 1 , 000 , 000 sc - cu i c  would i n v o l v e

a considerable loss in definition .
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An important , fart iir i.n determin ing whether ERTS i m ;u g e r y  is the

best m i t  is! source f o r  a given p u r p o s e ’  i s  t h e  s i z e  of t h e  area

involved . Low and med turn  s c a l e ’ c o m m n e r e  i a l  or CAhA liv e r f I i g h u t  s can

obviousl y be app lied to smaller area studies. As an u’xcumple , for

th is study ’s cir ca , several  l a r g e r sca le -  image ry records exist:

TVA index sheets  of the 7 1/2 minute qu a dr uuiel es containing portions

of the study area are available at a scale ~f l :( i l , 31’iO and recent

NASA RB57 flight lines producing medium scale (1:60 ,000 and 1:120 .000)

color and color JR imagery also cross the stud y area. But if timely,

periodic coverage is required on a regional. or statewide basis then

such large and med ium scale coverage may well be too costl y to consider.

As further work with small scale ERTS imagery can consistent lv

establish stable levels of confid ence for interpr e t a tion , the system

mciv  become the first economically viable alternative for regional

synthesis on a real —time bas i s .  In some cases  a mu lti p le stage’

samp l ing process  could incorporate a preliminar y overall ;ireal survey

with ERTS , with carefully selected sub area coverage l i v  lower level ,

hi gher  r e s o l u t i ( in  sensor u n d er f l i gh t s .

Op t i m a l r e s u l t s  w i t h  ERTS i magery depend not only on positive

identification of phenomena but also on t h e inlei ’ pi ’eter ’s ability to

p e r f o r m  the more d i f f i c u l t  t asks  of feature recognit ton by drawing

i n f e r e n c e s  f r o m  t i m e  i r t e x t u r e , c o n t ra s t  and i mnied l a t e  s u r r o u n d i ng s .

The d iviciends ga ined  in ERTS or other small sale i r u l a g e r v  work fror

an i n d i v i du a l ’ s k n o w l e d g e  of the study topic outweigh the alternative

of using a skilled int erpret er—I c’chn i ‘ i n n  w h o  h - i s no kno~’,’1 c - d i c e  of

t h e  pa r - u ; ’ c ’ t  e rs  he i n g  samp led or of t i m ’  St i i i ~ ‘ urea . This may not lie
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the  case with higher resolution imagery, for here the technician may

ob ta in  b e t t e r  e s t i m a t e s  and better cartograp hic representations.

However , w i t h  low resolution imagery, the professional investigator ,

skilled in the field or top ic under study has an ad vantage in the

recognition problem. Furthermore , the use of a priorf knowled ge

of the particular phenomena and study area to obtain optima l results

i s a comple te ly valid technique as long as the sampling method s are

unbiased .

II. Conclusions

The final decision on further specific applications of ERTS

imagery to a given task will involve a detailed analysis of the

tradeoffs between the lower time and imagery coverage costs of ERTS

and the decreased resolution of the imagery presentation . It is

obvious tha t  f o r  some tasks , ERTS o f f e r s  the fir st reaso nable chance

for  s tud y .  The speed of interpre tation as well as ac cess to remote

or unmapped areas involves the possible savings of months or even

years of fieldwork. The periodic coverage potential is important

for the study of the dynamics of regional activities. There are no

problems with t h e variable contrast found so often when one constructs

a mosaic , because each ERTS frame has one illumination source . The

principal limitations are a general lack of true stereoscop ic

viewing capability, high optical resolution , and fair weather

dependency. Howeve r , th e weather constraint is not uni que to ERTS ,

but r a t h e r  is a prob l em shared with all other higher resolution

aircraft sensors except radar. rurthermore , fo r  some purposes .
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the reduction of informa t ion to the lower level of resolution on

the ERTS frame may he superior to any subjective human cartographic

generalization.

Ti-its study has demonstrated ti-tat ERTS imagery has utility fo r

providing static mining acreage estimates within the Tennessee study

area , particu larly during the summer period . The aggregate value to

some tasks  of such small scale sampling procedures , wi th the demon-

strated unimpressive variation in seasonal accuracies nay be subject

to question . However , ERTS imagery does exist as an alternative

stud y means , if only as a first stage analysis or “quick look” at

one or several parameters within a large area . In some areas of the

world , where large or medium scale mapping is incomplete or nonexistent

ERTS coverage may represent the first and only step forward in under-

stand ing the presen t character of the earth’s sur f a c e  and man ’s role

in altering that character through time .

The interpretive applications of r emote  sensing to resource

management , planning, and conservation—law enforcement are evident.

If field inspection could be largely supp lanted by imagery interpreta-

tion in these areas , a considerable savings in man hours would result.

Also , such a means of bringing the field indoors provides the opportunity

of exposing phenomena to many curious eyes and] pr obing  minds in a

multitude of career field s tha t might otherwise never gain exposure

to the stud y areas .

rn all the adivances in applications of remote sensing either

accomplished or p lanned , however , it is important to remember that
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remote sensing imagery is a tool for use in geographic synthesis

and not a product in itself. Far from being replaced by such

devices , the responsibility of the geograp her looms greater than ever

— to rise to the cha l lenge  of advancemen t of f ered by such a powerf ul

assistant. Not every photo interpreter can fully assess an air

photograp h; it takes skilled personnel , such as planners , conserva-

tionists and geographers , well schoo led in the processes which

influence the physical and manmade features of the landscape .1

Only then does one know best what to look for . Tu e prospects set

forth in James and Jones ’ work app ly equ all y as well  tod a y :

Photo interpretation is not in conflict w i t h , nor
does it supersede , the use of other method s of gathering,
analyzing, and presenting geographical data. Geographical
studies should never be done exclusively from the air unless
this restriction is enforced by conditions beyond the
geographer ’s control. Air  p ho tographs  record o n l y  the
visible aspects of the face of the earth , and there are many
non—material aspects with which the geographer is concerned .
But the  p rocedures  of photo i n t e r p r e t a t i o n  o f f e r  geographic
research a new and va luable  tool which , m e t h o d i c a l l y  and
artfully employed in conjunction with other techniques ,
will make possible a grea t advance in the quality and
p r e c i s i o n  of geographic  work . 2

I Yehuch a Keclar . “A (h og m p h  Ic A ppro cir Ii to t lie St mu d v of Pho t
I n t e r p r e ta t i o n , ’ Pho to,~ r am m et r i c_ Eng i n eer in g ,  XXIV (I)ecember , 1958),
P. 823.

2Preston C .  James and C la r enc e F. Jonc’s , Ame r i ‘an e ’ogr ;~~h i v :
In v en t ory  and Proslec t  (S y r a c u s e : U n i v e r s i ty  Press , l t f l /u ) , p .  5~u l ,
534—40.
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