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ABSTRACT 

I n  March, 1974, t h e  V i r g i n i a  S t a t e  Water Con t ro l  Board embarked on 
a program w i t h  t h e  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  
(NASA) User Demonstration Group, LANDSAT Resources Branch of  t h e  
App l i ca t ions  D i r e c t o r a t e .  The program f i r s t  c e n t e r e d  on a propc sed  
development approximately t e n  m i l e s  wes t  ~f Richmond, V i r g i n i a ,  
which involved  l a n d  use  moni tor ing  a s  w e l l  a s  wa te r  q u a l i t y  mr,aitor- 
i n g  o f  t h e  S w i f t  Creek Reservoi r  and t h e  Brandermi l l  development 
which was t o  be b u i l t  around t h e  Reservoi r .  A f t e r  s e v c ~ a l  months 
of  both wa te r  q u a l i t y  and LANDSAT-1 moni tor ing ,  it was dec ided  t h a t  
t h e  wa te r  was h igh  q u a l i t y  and homogenous throughout  t h e  Reservoi r .  
A t  t h i s  t ime a d e c i s i o n  was made t o  cont inue  Reservoi r  moni tor ing  
on days of LANDSAT-1 passovers  and a l s o  t o  monitor  ano the r  nearby 
r e s e r v o i r ,  Lake Chesdin, which was o f  g e n e r a l l y  poore r  wa te r  q u a l i t y  
and n o t  homogenous. Concent ra t ion  on l a n d  use ,  however, was t o  
remain i n  t h e  Swi f t  Creek Reservoi r  a r e a .  A f t e r  on ly  n ine  months 
o f  work wi th  LANDSAT-1 imagery, w e  have found d a t a  t o  be  very  h e l p f u l  
i n  both wa te r  q u a l i t y  monitor ing and l and  use  monitor ing.  

Water q u a l i t y  monitor ing i n  Swi f t  Creek and Lake Chesdin Rese rvo i r s  
by LANDSAT-1 has  proved u s e f u l  i n  t h e  fo l lowing  ways: 

1. I t  has  he lped  de termine  v a l i d  r e s e r v o i r  sampling 
s t a t i o n s .  

2 .  I t  monitors  a r e a s  o f  t h e  Reservoi rs  which a r e  n o t  
a c c e s s i b l e  by l and  o r  water .  

3 .  I t  g i v e s  t h e  S t a t e  a v i a b l e  means o f  measuring Secchi  
depth  r ead ings  i n  t h e s e  unacces s ib l e  a r e a s .  

4 .  I t  g i v e s  an overview of t r e n d s  i n  changing sed imenta t ion  
load ings  dur ing  a s p e c i f i c  p e r i o d  of  t ime and w i l l  c l a s s  
t h e s e  wa te r s  i n t o  v a r i o u s  c a t e g o r i e s .  

5. I t  e n a b l e s  t h e  S t a t e  t o  i nven to ry  a l l  ma$or l a k e s  and 
r e s e r v o i r s  and g i v e s  a c c u r a t e  acreage  e s t i m a t i o n s  of  
l a k e s  and r e s e r v o i r s  i n  each  region.  

Land use  monitor ing by LANDSAT-1 i n  t h e  a r e a  aroand t h e  S w i f t  Creek 
Reservoi r  has  been extremely u s e f u l  i n  t h e  fo l lowing  ways: 

1. I t  has  been found t h a t  LANDSAT-1 i s  exceedingly  a c c u r a t e  
i n  moni tor ing  l and  use  changes i n  any s p e c i f i c  a r e a  
(Example: Swi f t  Creek Reservoir-Brandermil l  a r e a ) .  
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2. LANDSAT-1 monitor ing can e v a l u a t e  p o s s i b l e  long- 
term environmental  e f f e c t s  of t h e  Brandermi l l  
development on t h e  Rese rvo i r  a s  a p p l i e d  t o  completing 
environmental  impact s t a t emen t s .  

3.  LANDSAT-1 d a t a  w i l l  a i d  i n  moni tor ing  and p r e d i c t i n g  
popu la t ion  s h i f t s  which w i l l  key f u t u r e  water  q u a l i t y  
problems. 

Problems which e x i s t  f o r  t h e  p r e s e n t  and t h e  f u t u r e  w i th  o r g a n i z a t i o n s  
such a s  o u r s  u s ing  a v a i l a b l e  LANDSAT-1 o r  LANDSAT-2 a r e  a s  
fo l lows  : 

1. Because o f  18-day l a p s e s  between pas sove r s  and t h e  
l i m i t a t i o n  o f  c loud  cover  a t  passover  times, a r e a s  
cannot  be monitored w i t h  any type  o f  cons i s t ency .  

2.  NASA, by des ign ,  i s  n o t  u s e r  o r i e n t e d ,  t h e r e f o r e ,  any 
s o r t  o f  permanent u s e r  program must e i t h e r  be taken 
on by t h e  agency or c o n t r a c t e d  wi th  a company such a s  
Bendix o r  General E l e c t r i c .  I n  each  c a s e ,  c o n s i d e r a b i s  
expense would be involved  thereby  making such a program 
u n f e a s i b l e  f o r  s m a l l  s t a t e  agencies .  

3.  LANDSAT-1 and -2 a r e  bo th  devoid of  s e n s o r s  which would 
prove t o  be very  v a l u a b l e  i n  t h e  work i n  which t h i s  
agency i s  involved ,  t h e  most n o t a b l e  be ing  a thermo 
sensor .  

I n  conclus ion ,  t h e  S t a t e  Water Con t ro l  Board has  found LANDSAT-1 
imagery t o  be v a l u a b l e  i n  bo th  l a n d  use  and wa te r  q u a l i t y  monitor ing.  
This  agency a l s o  f e e l s  t h e r e  i s  g r e a t  p o t e n t i a l  i n  s a t e l l i t e  monitor- 
i n g  f o r  t h e  f u t u r e  a s  t h e  s c i e n c e  comes of  age and v a r i o u s  s e n s o r s  
a r e  added t o  f u t u r e  v e h i c l e s .  We do f e e l  t h a t  c o s t  i s  probably t h e  
major problem w i t h  t h e  program a t  t h i s  t ime,  b u t  s o l u t i o n s  a r e  n o t  
impass ib le  and w i l l  be  forthcoming. 

INTRODUCTION 

I n  February o f  1974 pe r sonne l  from t h e  V i r g i n i a  S t a t e  Water Cont ro l  Board 
(VSWCB) o f f i c e  were a t t r a c t e d  by a n  a r t i c l e  i n  a magazine t h a t  d e a l t  b r i e f l y  
w i t h  t h e  p o t e n t i a l  o f  LANDSAT s a t e l l i t e  moni tor ing  a s  a p p l i e d  t o  wa te r  q u a l i t y  
s t u d i e s  and l and  use. A f t e r  w r i t i n g  t h e  Nat iona l  Aeronaut ics  and Space Admin- 
i s t r a t i o n  (NASA) a t  t h e  Goddard Space F l i g h t  Center ,  Greenbel t ,  Maryland, it 
was l ea rned  t h a t  we could  v i s i t  t h e  complex t o  l e a r n  more about  t h e  p o t e n t i a l  
use o f  LANDSAT. I n  March, 1974, a v i s i t  was made by me and two o t h e r  members 
o f  t h e  VSWCB s t a f f .  W e  were very impressed wi th  s a t e l l i t e  moni tor ing  system 
and f e l t  t h a t  it h e l d  g r e a t  p o t e n t i a l  f o r  o u r  o r g a n i z a t i o n ;  t h i s  we r e l a t e d  
t o  NASA personnel .  

I n  January ,  1974, t h e  VSWCB began a water  q u a l i t y  s tudy  on t h e  Swi f t  Creek 
Reservoi r ,  a 1700 a c r e  impoundment, which s u p p l j e s  d r i n k i n g  water  t o  some 
30,000 people.  The reason  f o r  such a s tudy was h proposed development t o  be 
b u i l t  around t h e  Rese rvo i r  by Sea P ines ,  Inc .  The development was t o  be c a l l e d  
Brandermi l l ,  Inc.  I t  would encompass approximately 3,000 a c r e s ,  t a k e  f i v e  
y e a r s  t o  complete,  and house some 70,000 people (Reference :  F igure  A) . The 
VSWCB f e l t  t h a t  r e s e r v o i r  monitor ing would s e r v e  two purposes:  



1. I t  would b e  an oppor tun i ty  t o  monitor  t h e  water  q u a l i t y  du r ing  
t h e  f i v e  y e a r  p e r i o d  o f  c o n s t r u c t i o n  t o  ensu re  t h a t  it would 
n o t  s u f f e r  due t o  t h i s  development. 

2 .  I t  gave t h e  VSWCB an oppor tun i ty  t o  work d i r e c t l y  wi th  a  p r i v a t e  
f i rm  (Sea P ines ,  I n c . )  t o  f u r t h e r  ensu re  non-degradation o f  t h e  
wa te r  q u a l i t y  i n  t h e  Reservoi r .  

A f t e r  f u r t h e r  d i s c u s s i o n  o f  LANDSAT use wi th  NASA pe r sonne l ,  i t  was dec ided  
t h a t  t h e  Swi f t  Creek Reservoi r  he ld  p o t e n t i a l  a s  a  s tudy  a r e a  f o r  TANDSAT 
monitor ing.  The Reservoi r  was l a r g e  enough to  be monitored a c c u r a t e l y ,  and 
t h e  g r e a t e s t  problem we a n t i c i p a t e d  w i t h  t h e  c o n s t r u c t i o n ,  namely s i l t a t i o n  
runof f ,  could be measured by s a t e l l i t e  r e f l e c t a n c e .  I t  was a t  t h i s  t ime t h a t  
D r .  John Barker  o f  t h e  NASA Ea r th  Resources Branch a t  Goddard Space F l i g h t  
Center  con tac t ed  my o f f i c e .  

A f t e r  s e v e r a l  months o f  bo th  VSWCB and LANDSAT-1 moni tor ing ,  i t  was decided by 
t h e  two groups involved  t h a t  S w i f t  Creek Reservoi r  was homogenous throughout  
and wa te r  q u a l i t y  v a r i a t i o n  would have t o  be found i n  ano the r  body o f  wa te r ,  
p r e f e r a b l y  w i t h i n  t h e  same s a t e l l i t e  image. A f t e r  some f i e l d  examinat ion,  it 
was decided t h a t  Lake Chesdin, a  3,060 a c r e  l a k e  sou th  of S w i f t  Creek Reservoi r ,  
would be  chosen. Th i s  d e c i s i o n  was made on t h e  b a s i s  of a  p re l imina ry  i n v e s t i -  
g a t i o n  t h a t  i n d i c a t e d  s e r i o u s  s i l t a t i o n  problems on t h e  Lake. Lake Chesdi.n 
s u p p l i e s  d r ink ing  water  f o r  a r e a s  i n  C h e s t e r f i e l d  County, V i r g i n i a .  

NOMENCLATURE 

Secchi  d i sk .  - Black and wh i t e  c i r c u l a r  d i s k  which i s  lowered i n t o  t h e  water  
u n t i l  it j u s t  d i s a p p e a r s  from view. The d i s t a n c e  between t h e  d i s k  and t h e  
s u r f a c e  of  t h e  water  i s  t h e  Secchi  r ead ing  i n  i nches .  

T u r b i d i t y  meter.  - An ins t rument  which i s  used t o  qeasu re  t h e  t r a n s m i t t a n c e  
of l i g h t  through t h a t  water  a s  measured i n  Jackson T u r b i d i t y  Units (JTU). 

T o t a l  solid.9. - T o t a l  s o l i d s  is  d e f i n e d  a s  t h e  sum t o t a l  o f  t h e  d i s s o l v e d  s o l i d s  
( t h o s e  s o l i d s  which a r e  i n  t r u e  s o l u t i o n )  and t o t a l  suspended s o l i d s  ( i n c l u d e s  
s e t t l e a b l e  s o l i d s ) .  C o n s i s t s  o f  bo th  o r g a n i c  and ino rgan ic  s o l i d s  and i s  
expressed  i n  mg/l. 

T o t a l  v o l a t i l e  s o l i d s .  - That p o r t i o n  of  t o t a l  s o l i d s  which can be i g n i t e d  a t  
a c o n s t a n t  tempera ture  of  600°C the reby  c l a s s i n g  such m a t e r i a l  a s  o rgan ic .  
Expressed i n  mg/l. 

T o t a l  f i x e d  s o l i d s .  - That p o r t i o n  of  t o t a l  s o l i d s  which w i l l  n o t  o x i d i z e  a t  
6 0 0 ~ ~  thereby  c l a s s i n g  such m a t e r i a l s  a s  i no rgan ic .  Expressed i n  mg/l. 

T o t a l  suspended s o l i d s .  - The t o t a l  amount of  r e s i d u e  which i s  f i l t e r a b l e  w i t h  
a Reeve Angel grade  934AH f i b e r g l a s s  f i l t e r .  C o n s i s t s  of  bo th  o rgan ic  and 
i n o r g a n i c  m a t e r i a l .  Expressed i n  mg/l. 

V o l a t i l e  suspended s o l i d s .  - That p o r t i o n  of  t o t a l  suspended r e s i d u e  which can 
be i g n i t e d  a t  5500C thereby  c l a s s i n g  such rna ter ia l  a s  o rgan ic .  Expressed i n  
mg/ 1. 

Fixed suspended s o l i d s .  - That p o r t i o n  of  t h e  t o t a l  suspended r e s i d u e  which w i l l  
no t  ox id ixe  a t  5 5 0 ' ~  the reby  c l a s s i n g  such m a t e r i a l  as ino rgan ic .  Expressed 
i n  mq/l. 



Tri -depth  sampling. - Method of  sampling by which t h r e e  saniples a r e  t aken  from 
each p o i n t  o r  s t a t i o n .  These samples a r e  taken  a t  s u r f a c e ,  60% from s u r f a c e ,  
and 95% from s u r f a c e  o f  water .  

Mid-depth sampling. - Methcd of  sampling 5y which a s i n g l e  sample i s  t aken  
fram each  p o i n t  o r  s t a t i o n  a t  60% from wa te r  s u r f a c e .  

S t r s t i f i c a t i o n .  - V e r t i c a l  + . . xgc ra tu re  l a y e r s  i n  water  u s u a l l y  c c s o c i a t e d  wi th  
deep l a k e s  and r e s e r v o i r s .  

APPROACH 

Sampling began on t h e  Reservoi r  i n  J anua ry ,  19'4. O r i g i n a l l y ,  t h e r e  were f i v e  
sampling s t a t i o n s  around t h e  main Rese rvo i r  body (Reference :  F igu re  B). 
These  station^ were sampled monthly a t  t r i - d e p t h  f o r  t h e  f i z s t  two mo~lths .  
Upon review o f  t h e  s a t e l l i t e  imagery and ground o b s e r v a t i o n ,  it was d t c i d e d  
t h a t  t h e  impoundment was sha l low enough ( ave rage  dep th  n i n e  f e e t )  s o  t h a t  
s t r a t i f i c a t i o n  was n o t  o c c u r r i n g ;  t h e r e f o r e ,  mid-depth sampling r ep l aced  t h e  
t r i - d e p t h  sampling. 

I n  A p r i l ,  1974, when NASA began t o  work w i t h  t h e  VSWCB, it was recognized  t h a t  
an i n c r e a s e  i n  sampling s t a t i o n s  would De b e n e f i c i a l .  None o f  t h e  o r i g i n a l  
s t a t i o n s  were d e l e t e d  and f i v e  new s t a t i o n s  were added (Reference :  F igu re  C)  . 
Also, a t  t h i s  t i m e  Secchi  d i s k  r ead ings  were i n i t i a t e d  a t  each  s t a t i o n  a s  w e l l  
a s  l a b  and f i e l d  t u r b i d i t y  r ead ings .  Other  parameters  t o  be  examined were 
total s o l i d s ,  v o l a t i l e  and f i x e d ,  and suspended s o l i d s ,  v o l a t i l s  and f i x e d .  
A l l  o f  t h e s e  parameters  were t o  be used t o  r e l a t e  t o  r e f l e c t a n c e  o f  LANDSAT 
imagery. Sampling r u n s  were t o  c o i n c i d e  d i r e c t l y  w i th  t h e  t ime >f s a t e l l i t e  
ove rpas s  schedules .  Cons t ruc t ion  a t  Brandermi l l  began i n  t h e  l a t e r  p a r t  o f  
June,  1974. 

C e r t a i n  d i f f i c u l t i e s  occur red  du r ing  t h e  n ine  months o f  sampling on ove rpas s  
days.  These involved  equipment and procedural .  ma l func t ions ,  wea ther  c o n d i t i o n s ,  
and i n  two c a s e s  an  i n c o r r e c t  ove rpas s  schedule .  A s  w i th  a l l  new programs i n  
which new sampling t echn iques  a r e  i nvo lvzd ,  i~embers  o f  t h e  VSWCB s t a f f  i n c u r r e d  
c e r t a i n  problems w i t h  t h e  equipment and w i t h  t h e  procedure  used i n  handl ing  
t h i s  equipment. When t h e r e  were no f i e l d  problems, c loud cover  i n t e r f e r e d ;  
and when n e i t h e r  o f  t h e s e  occu r r ed ,  i t  was d i s cove red  t h a t  i n  October and 
November o f  1974 t h e  ove rpas s  scilel . le  was i n  e r r o r .  I n  surnmary, o u t  of  t h e  
n ine  months of  sampling arid ove rpas s  days  o n l y  two months o f  images were 
ana lyzed ,  June  15 and September 13. 

During t h e  summer and e a r l y  f a l l ,  NASA and t h e  VSWCB worked c l o s e l y  t o  c o o r d i n a t e  
e f f o r t s  i n c l u d i n g  v i s i t s  t o  Richmond and Goddard Space F l i g h t  Center .  During 
t h e  t r i p s  t o  Swi f t  Creek and Lake Chesdin Rese rvo i r ,  photographs were taken  
f o r  ground t r u t h  purposes .  On t h e  September v i s i t  Secchi  dep th  r ead ings  were 
taken  d u r i n g  s a t e l l i t e  ove rpas s .  Large v a r i a t i o n s  were found throughout  t h e  
L a k e ,  e s p e c i a l l y  i n  one a r e a  which was p r o t e c t e d  Ly a causeway and a b r i d g e .  
Here Secchi  r ead ings  were tw ice  a s  g r e a t  a s  i n  o t h e r  p a r t s  o f  t h e  Lake. Other  
VSWCB f i e l d  pe r sonne l  were s imul taneous ly  sampling on S w i f t  Creek Rese rvo i r .  
Cloud cover  was a t  a ninlmum and a l l  equipment func t ioned  p rope r ly .  

From t h i s  d a t a  and t h e  June  d a t a ,  D r .  Barker  and I were d b l e  t o  g a t h e r  a g r e a t  
d e a l  oS information r e l a t i n g  t o  t h e  p r o j e c t .  By comparing t h e  d i f f e r e n c e s  i n  
t h e  June  and September images,  t h e  Brandermi l l  c o n s t r u c t i o n  a r e a  was p inpo in t ed  
and i t s  ac reage  measured. Ai rp lane  f l i g h t s  were made by VSWCB pe r sonne l  t o  
produce photographs f o r  t h i s  l and  use c l a s s i f i c a t i o n .  



V i s i t s  t o  NASA, Goddard Space F l i g h t  Cen te r ,  i r ~ c l u d c d  working s e s s i o n s  on 
bo th  t h e  General  E l e c t r i c  Image 100 and t h e  IDAMS computer systems.  These 
s e s s i o n s  proved b e n e f i c i a l :  NASA pe r sonne l  o b t a i n e d  in fo rma t ion  on ground 
t r u t h  and VSWCB pe r sonne l  became more f a m i l i a r  wiLh t h e  c l a s s i f i c a t i o n  
t echn iques  involved  i n  d i g i t a l  image p roces s ing .  See ing  t h e  p r o j e c t s  
produced was e s s e n t i a l  i n  supply ing  t h e  a p p r o p r i a t e  ground o b s e r v a t i o n s .  

CONCLUSION 

With f i e l d  work completed,  t h e  VSWCB began t o  r e c e i v e  from NASA s a t e l l i t e  imagery 
and p l o t s  which demonstrated a  c o n s i d e r a b l e  amount of  u s e f u l n e s s  i n  ou r  assess- 
ment o f  t h e  e n t i r e  program. Water q u a l i t y  monitor ing on S w i f t  C r e e k  Rese rvo i r  
and Lake Chesdin by LANDSAT-1 was demonstrated u s e f u l  i n  t h e  fo l lowing  ways: 

1. Sampl ingand  Overview. - I n s t e a d  o f  a  hi t -and-miss  system of  
de te rmin ing  sampling s t a t i o n s ,  s a t e l l i t e  c l a s s i f i c a t i o n  p roduc t s  
have guided o u r  pe r sonne l  i n  choosing s t a t i o n s  t h a t  a r e  more 
r e p r e s e n t a t i v e  of  t h e  t o t a l  p i c t u r e .  Two a r e a s  on Lake Chesdin 
show much h i g h e r  q u a l i t y  o f  wa te r  t han  t h e  main body, Namozine 
Creek and Whipponock Creek (Reference:  F igu re  D). On S w i f t  Creek 
Rese rvo i r  water does  appear  homogenous, y e t ,  any f u t u r e  problems 
t h a t  may occu r  w i l l  be no ted  much e a r l i e r  because o f  t h e  r e a r r d g e -  
ment o f  sampling s t a t i o n s  due t o  LANDSAT. Imagery g i v e s  an over-  
view o f  t r e n d s  i n  changing sed imen ta t i on  l o a d i n g s  du r ing  a  s p e c i f i c  
p e r i o d  o f  time and t h e n  these w a t e r s  may be  a r ranged  i n t o  v a r i o u s  
c a t e g o r i e s  of load ings .  

Inacces=j.ble Areas.  - Imagery can be u s e f u l  i n  moni tor ing  areas 
n o t  a c c a s s i b l e  by l and  o r  boa t  o r  a t  l e a s t  n o t  e a s i l y  a c c e s s i b l e  
by l and  o r  boa t .  Examples o f  t h i s  a r e  seen  i n  t h e  Goose I s l a n d  
p o r t i o n  o f  Lake  Chesdin (Reference:  Figlire D) and t h e  upper  
r eaches  around s t a t i o n  # 5  on S w i f t  C r e e k  iceservoir  (Reference :  
F igure  C ) .  With s a t e l l i t e  moni tor ing  of t h e s e  s t a t i o n s ,  t h e  VSWCB 
can save  40 man-hours p e r  y e a r  and l a b o r a t o r y  c o s t  i n  sampling 
programs; and annual  o r  semiannual review should  r e v e a l  problems 
which may occur  i n  t h e  i n a c c e s s i b l e  a r e a s .  

3 .  Reduced Manpower and Inc reased  Coverage. - A r e g u l a r  program o f  
wa te r  q u a l i t y  moni tor iqg  v i a  s a t e l l i t e  should  reduce manpower 
requirements-and s u b s t a . < t i a l l y  ex tend  t h e  coverage o f  t h e  s t a t e  
l a k e  mon i to r ing  programs as t h e y  p e r t a i n  t o  s i l t a t i o n  problems. 
I f  a  problem a r e a  i s  d i s c w e r e d  by imagery, a c t i o n  can be i n i t i a t e d  
thereby  e l i m i n a t i n g  us l e s s  t r i p s .  

4 .  Acrea e.  - LANDSAT imagery e n a b l e s  t h e  S t a t e  t o  i nven to ry  major 
d n d  reservoir . .  and e s t a b l i s h  a c c u r a t e  acreage  e s r i m a t i o n s  
o f  t h e s e  l a k e s  and r e s e r v o i r s .  Th i s  phase of ~ o r i t o r i n g  i s  n o t  
on ly  impor t an t  i n  t h a t  i t  can measure ac reage  s i zes ,  which can 
be done a s  a c c u r a t e l y  by o t h e r  methods: I t s  importance l i es  
i n  t h e  p o t e n t i a l  o f  measuring changes i n  ac reage .  By normal 
methods, a c r e a g s  changes i n  l a k e s  and r e s e r v o i r s  a r e  on ly  
measured e - ~ e r y  t e n  y e a r s  by t h e  United S t a t e s  Geoloqica l  Survey 
(USGS). S a t e l l i t e  imagery can update  changes a s  needed. Although 
t h i s  phase of t h e  program has  n o t  gone beyond two major  l a k e s  i n  
t h e  Richmond a r e a ,  it i s  c e r t a i n l y  s a f e  t o  assume t h a t  i t  ho lds  
p o t e n t i a l  th roughout  t h e  S t a t e  of V i r g i n i a .  

5. Watershed Land Use. - I n  a d d i t i o n  t o  measuring t h e  s i z e  a c c u r a t e l y  
f o r  each  major l a k e  o r  r e s e r v o i r ,  NASA has  lemons t ra ted  t h a t  



:ratershed boundries can be p l o t t e d  thereby g iv ing  use r s  such 
as t h e  VSWCB an o v e r a l l  view of  each watershed. With t h i s  
knowledge, agencies  w i l l  be a b l e  t o  a s s e s s  water q u a l i t y  
problems a s  they p e r t a i n  t o  land use i n  t h e  watershed. I f  
any type  of accura te  assessments a r e  t o  be made i n  t h e  f u t u r e ,  
information of t h i s  type w i l l  be necessary. 

Each of  these  f i v e  major c r t e g o r i e s  from LA!!DSAT-1 form a p i c t u r e  of t h e  two 
l akes  s tud ied  t h a t  has  no t  been rurpassed by any o t h e r  method o f  eva lua t ing  
s i l t a t i o n  problems. 

Changes i n  use d i r e c t l y  impact water q u a l i t y  s t u d i e s .  I f  a popula t ion  s h i f t  
is experienced i n  any s p e c i f i c  a rea ,  it can be  a n t i c i p a t e d  t h a t  s e v e r a l  t h i n g s  
w i l l  happen t o  t h e  water  q u a l i t y  i n  t h a t  a rea .  Unless t h e  people involved 
i n  t h e  a c t u a l  cons t ruc t ion  a r e  c a r e f u l  t o  l i m i t  t o  a minimum any d i s r u p t i o n  f 
of  underbrush and trees, it is c e r t a i n  t h a t  t h e r e  w i l l  be s i l t a t i o n  runoff 
from c lea red  a reas .  Af te r  cons t ruc t ion  is over  and t h e  a r e a  e s t a b l i s h e d ,  
t h e  presence of  populace w i l l  c o n t r i b u t e  t o  f u r t h e r  degradation of water  
q u a l i t y .  Complications such as t h e  above se rve  t o  p o i n t  o u t  t h e  value of 
land use monitoring v i a  s a t e l l i t e .  

LANDSAT-1 land use monitoring i n  t h e  a r e a  around Swif t  Creek Reservoir  proved 
he lp fu l  i n  monitoring land use changes. Using two images, one on June 15, 
1974, (before  a c t u a l  cons t ruc t ion  had begunj and t h e  o t h e r  September 13,  1974, 
( a f t e r  t h e  major p a r t  o f  c l e a r i n g  had been completed) NASA personnel  w e r e  
ab le  t o  p l o t  cons t ruc t ion  a r e a s  t o  such a f i n e  degree a s  t o  p inpo in t  small  
waterholes on t h e  fairways of t h e  gol f  course. With t h i s  type  of accuracy,  
t h e  VSWCB can g e t  an o v e r a l l  view of  any e x i s t i n g  o r  p o t e n t i a l  prob'ems a s  
they p e r t a i n  t o  t h e  cons t ruc t ion  p r o j e c t .  Current  s p a t i a l  r e s o l u t i o n  appears 
adequate f o r  monitoring change i n  land use. I t  i s  reasonable t o  assume t h a t  
a man preparing an environmental impact s ta tement  can use LANDSAT d a t a  t o  
evaluate  land use and i ts  e f f e c t s  on watersheds a s  was done by our  c f f i c e  with 
t h e  Brandermill  p ro jec t .  

The VSWCB can foresee  o the r  S t a t e  agencies using t h e  same d a t a  t h a t  we receive  
and applying it i n  var ious  ways, such a s  f o r e s t r y  c l a s s i f i c a t i o n ,  populat ic  1 

s t u d i e s ,  and many o the r s .  An e f f o r t  has been made t o  expand i n t e r e s t  f o r  
LFVDSAT use among o t h e r  S t a t e  agencies. Contacts  have been made and response 
has genera l ly  been p o s i t i v e .  A s  new awareness genera tes  response,  we a t  
t h e  VSWCB foresee an inc rease  i n  use wi th in  t h e  S t a t e  government. 

A s  with a l l  p r o j e c t s  of t h i s  type ,  problems were encountered. I t  should be 
understood t h a t  some of t h e  d i f f i c u l t i e s  l i s t e d  below a r e  inheren t  a s  a p a r t  
of  t h e  na ture  o f  environmental s a t e l l i t e  monitoring; however, many of  these  
d i f f i c u l t i e s  can be co r rec ted  o r  improved wi th  f u t u r e  s a t e l l i t e s  and with a 
broadening of techniques and inc rease  i n  use. 

1. Frequericy o f  Coverage. - Because of  18-day l apses  between LP.NDSAT 
1 overpasses and cloud cover i n  t h i s  region,  a r e a s  cannot be 
monitored more f requent ly  than once every two m n t h s .  Consequently, 
the  monitoring of water  q u a l i t y  cannot be used a s  an ins tantaneous  
means of  a l e r t .  

2.  Cost. - The next  and most s i g n i f i c a n t  problem a s t a t e  agency - 
f aces  i s  funding. NASA by design i s  no t  user  o r i e n t e d ;  t h e r e f o r e ,  
anyone who f i n d s  the  type of  monitoring i n  which we have been 
involved t o  be of use must approach a p r i v a t e  concern f o r  a 
c o n t r a c t i o n a l  agreement. This  s e r v i c e  appears t o  be t o o  expensive. 
There a r e  severa l  s o l u t i o n s  t o  t h i s  s i t u a t i o h ,  t h e  most notable  
i n  my opinion being t h e  f e d e r a l  governn~ent 's  reevaluat ion  of 
NASA t o  become u s e r  o r i en ted .  I f  t h i s  were a f ede ra l  government 



program, states would on ly  have to  s h a r e  a smal l  pe rcen tage  o f  
t h e  c o s t .  I can s e e  many advantages t o  t h i s  incll:.qing: 

a .  NASA would r e c e i v e  s d d i t i o n a l  funding t o  i n c r e a s e  
s t a f f  to suppor t  t h e  program. 

b. The program would be  a v a i l a b l e  t o  many agenc ie s ,  such 
a s  ou r s ,  t h a t  are a l r e a d y  aware o f  LANDSAT p o t e n t i a l  
and a l s o  t o  u n t o l d  numbers o f  agenc ie s  who a r e  n o t  
aware o f  LANDSAT p o t e n t i a l .  

c. With i n c r e a s e d  Lse, t h e  program should  become more 
c o s t  f f e c t i v e  ar,d usab le  i n  v a r i o u s  a p p l i c a t i o n s .  

d. Las t ly ,  such a growth would s e r v e  t o  b e n e f i t  t h e  
environment. With inc reased  use ,  advancements 
i n  technology and new envi ronmenta l ly  des igned  
s a t e l l i t e s ,  we could  n o t  h e l p  b u t  r e c e i v e  a g r e a t e r  
unders tanding  o f  o u r  environment,  i t s  problems, 
and s o l u t i o n s  t o  t h e s e  problems. T h i s  i s  t h e  e s sence  
o f  t h e  program. 

3. Sensors .  - The VSWCB would e s p e c i a l l y  l i k e  t o  see a d d i t i o n a l  s e n s o r s  
on s a t e l l i t e s ,  t h e  most n c t a b l e  of  .hich would be  a thermo s e n s o r  
w i t h  r e s o l u t i o n  o f  b e t t e r  t han  one huvdred meters on t h e  s i d e .  
An ins t rument  such a s  t h i s  could  pro-.e i n v a l u a b l e  t o  environmental  
work a s  r e l a t e d  t o  thermo n u c l e a r  power p l a n t  d i s c h a r g e s ,  sewage 
d i s p o s a l  d i f f u s i o r  p a t t e r n s ,  a i r  p o l l u t i o n  problems, and mclny 
o t h e r s .  C e r t a i n l y  t h e r e  a r e  o t h e r  s e n s o r s  which would be o f  
va lue ,  b u t  it i s  o u r  op in ion  t h a t  t h e  thermo senso r  w i t h  tempera ture  
s e n s i t i v i t y  o f  a t  l e a s t  0 . 3 O ~  should be one o f  t h e  f i r s t  t o  be  
cons idered  f o r  t h e  f u t u r e .  

In  summary, t h e  VSWCB has  found o u r  program wi th  NASA t o  be one o f  g r e a t  va lue  
a s  a p p l i e d  to t h e  Brandermil l -Swif t  Creek S e s e r v o i r  and Lake Chesdin p r o j e c t s .  
We have ga ined  a g r e a t  d e a l  o f  knowledge about  t h e s e  p a r t i c u l a r  impoundments 
and an a c u t e  i n s i g h t  i n t o  t h e  n a t u r e  of t h e  problems. 
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I I .  - MONITORING WATER QUALITY FROM LANDSAT 

By John L. B a r k e r ,  E a r t h  Resources  Branch, NASA/GSFC, G r e e n b e l t ,  Maryland 

ABSTRACT 

Water q u a l i t y  m o n i t o r i n g  p o s s i b i l i t i e s  from LANDSAT were 
demons t ra ted  b o t h  f o r  d i r e c t  r e a d i n g s  o f  r e f l e c t a n c e s  from t h e  
w a t e r  and i n d i r e c t  m o n i t o r i n g  o f  changes  i n  u s e  o f  l a n d  sur round-  
i n g  S w i f t  Creek R e s e r v o i r  i n  a j o i n t  p r o j e c t  w i t h  t h e  V i r g i n i a  
S t a t e  Water C o n t r o l  Board and  NASA. F i lm p r o d u c t s  were  shown 
t o  have i n s u f f i c i e n t  r e s o l u t i o n  and a l l  work w a s  done by d i g i t a l l y  
p r o c e s s i n g  computer c o m p a t i b l e  t a p e s .  

I t  was shown t h a t  areas o f  i n d i v i d u a l  water b o d i e s  c o u l d  be 
measured from LANDSAT w i t h  a n  a c c u r a c y  t h a t  d e c r e a s e d  from 21% 
a t  500 h e c t a r e s  t o  28% a t  5 h e c t a r e s .  Mixed l a n d  and w a t e r  p i x e l s  
w i t h  more t h a n  30% w a t e r  were i d e n t i f i e d  from low MSS-7 r e f l e c t a n c e  
v a l u e s .  S i n c e  measurements o f  l a r g e  b o d i e s  have r e l a t i v e l y  s m a l l  
e r r o r s ,  s i n c e  random e r r o r s  i n  t h e  c a l c u l a t i o n  o f  t h e  a r e a  o f  
s m a l l  b o d i e s  w i l l  c a n c e l  o u t  when s e v e r a l  s i n g l e  body a r e a s  a r e  
summed, and s i n c e  t h e r e  were no  o b s e r v a b l e  s y s t e m a t i c  e r r o r s ,  
it seems t h a t  w a t e r  i n v e n t o r y  maps from LANDSAT w i t h i n  a p a r t i c u l a r  
r e g i o n  can  b e  a c c u r a t e  t o  21% i n  i d e n t i f y i n g  t h e  t o t a l  a r e a  o f  
w a t e r .  Although mixed p i x e l  methods were more a c c u r a t e  t h a n  
p u r e  100% w a t e r  p i x e l  methods,  f o r  some a p p l i c a t i o n s  p u r e  p i x e l  
methods might  b e  a d e q u a t e  f o r  a r e a s  above 20 h e c t a r e s  a s  l o n g  
a s  a t h e o r e t i c a l  c o r r e c t i o n  f o r  b o r d e r  p i x e l s  is  made. For  
g u a r a n t e e d  r e p e a t  m o n i t o r i n g  from LANDSAT, t h e  homogenous body 
o f  w a t e r  must be  a t  l e a s t  160m by 160m o r  2 .5  h e c t a r e s  ( 6 . 2  a c r e s )  
i n  s i z e .  

LANDSAT r e f l e c t a n c e s  f rom w a t e r  i n  t h e  v i s i b l e  (MSS-4 and  MSS-5) 
and n e a r - i n f r a r e d  (MSS-6) s p e c t r a l  bands  were  shown to  b e  n e a r l y  
p e r f e c t l y  c o r r e l a t e d  and s p a t i a l l y  c o h e r e n t  f o r  b o t h  S w i f t  Creek 
R e s e r v o i r  and Lake Chesdin  R e s e r v o i r ,  which h a s  a t e n  times g r e a t e r  
f low r a t e  due t o  i n p u t  from tile Appomatox R i v e r .  Maps o f  
d i f f e r e n t  r e f l e c t a n c e s  i n  w a t e r  were  d e r i v e d  u s i n g  o n l y  MSS-5 v a l u e s  
f o r  t h e s e  two r e s e r v o i r s .  S e c c h i  d e p t h  and MSS-5 r e f l e c t a n c e  v a l u e s  
showed a 98% i n v e r s e  c o r r e l a t i o n  on one  d a t e  i n  Lake Chesd in  
R e s e r v o i r  which may be due  t o  t h e  mutua l  dependence on t o t a l  s o l i d s  
c o n t e n t .  I t  is  e x p e c t e d  t h a t  c a l i b r a t i o n  e q u a t i o n s  o f  LkUDSAT 
r e f l e c t a n c e  and a w a t e r  q u a l i t y  p a r a m e t e r  w i l l  be  n e c e s s a r y  f o r  
each  r e g i o n  which s u p p l i e s  d i f f e r e n t  t y p e s  o f  o r g a n i c  and i n o r g a n i c  
p a r t i c l e s .  For Lake Chesdin  R e s e r v o i r  it was p o s s i b l e  t o  
d i s t i n g u i s h  c l a s s e s  o f  w a t e r  from LANDSAT imagery which d i f f e r e d  by 
a b o u t  5cm a t  t h e  most sed iment - l aden  and r e f l e c t i v e  S e c c h i  d e p t h s .  
D i r e c t  m o n i t o r i n g  of w a t e r  q u a l i t y  seems t o  be  most u s e f u l  f o r  
o b s e r v i n g  changes  i n  w a t e r  p a t t e r n s  and d e v i s i n g  and v e r i f y i n g  w a t e r  
sampl ing programs. 



Perhaps the greatest potential contribution of LANDSAT is through 
indirect interpretation, by detecting changes in land cover in a 
watershed. Land cover maps of the 18,000 hectare Swift Creek 
Reservoir watershed were prepared for two dates in 1974. A signi- 
ficant decrease in the pinc cover was observed in a 740 hectare 
construction site within the watershed. A measure of the 
accuracy of classification was obtained by comparing the LANDSAT 
results with visual classificatfon at five sites on a U-2 photo- 
graph. Such changes in land cover can alert personnel to watch 
for potential changes in water quality. 

INTRODUCTION 

The Virginia State Water Control Board (VSWCB) has the 
responsibility for monitoring the water quality of all bodies of 
water in Virginia. The primary objective of this paper is to 
identify ways in which remotely sensed satellite data might help 
support this program, both qualitatively and quantitatively. 
Working with VSWCB, various products from image processing of 
LANDSAT data were prepared for evaluation by NASA/VSWCB personnel, 
as well as other potential users. 

An object of immediate concern to VSWCB was the possible 
change in water quality due to the construction of a 1000 hectare 
(2500 acre) l residential community called Brandermill on land 
immediately adjacent to 600 hectare Swift Creek Reservoir (SCR). 
Therefore, the possibilities of using data from the Earth Resources 
Technology Satellite to monitor environmental impact on this 
water body were investigated both directly through readings of 
reflectances from the water, and indirectly by monitoring changes 
in reflectances from the land surrounding the reservoir. 

For purposes of discussion, the evaluation has been divided 
into four sections: 

o Spatial and spectral resolution of LANDSAT film products 
as compared to digital LANDSAT data from Computer Compat- 
ible Tapes (CCT) . 

o A determination of the precision and accuracy ~f measure- 
ing surface areas of bodies of water from LLLDSAT. 

o LANDSAT monitoring of Secchi depths and total solids in 
Lake Chesdin Reservoir (LCR), and choice of water sam- 
pling sites at both LCR and SCR based on the synoptic 
overview of reflectances from LANDSAT. 

2 lone hectare is 0.01 Km and equals 2.5 acres. 

2 " ~ ~ ~ ~  " has been renamed LANDSAT. 



o LANDSAT moni tor ing  o f  changes i n  l a n d  cove r  i n  t h e  SCR 
watershed ,  i n  t h e  Brandermi l l  c o n s t r u c t i o n  s i te ,  and i n  
t h e  area o f  o v e r l a p  between t h e  c o n s t r u c t i o n  s i te and 
t h e  watershed .  

DIGITAL VERSUS FILM PRODUCTS 

D i g i t a l  d a t a  a r e  neces sa ry  f o r  most water  q u a l i t y  moni tor ing .  
Th i s  can  be i l l u s t r a t e d  by comparing a s t a n d a r d  b l a c k  and w h i t e  
p r i n t  o f  a LANDSAT image (F igu re  l ) ,  and a photographic  blow-up 
(F igu re  2 )  from it, w i t h  a pseudo-color  p i x e l 3  p r i n t  o f  t h e  same 
a r e a  (F igu re  3) p repa red  from a CCT. 

The photographic  blow-up i n  F i g u r e  2 was p repa red  from a 
s t a n d a r d  70mm n e g a t i v e  of  MSS band 74 f o r  t h e  LANDSAT image 
of  13  September 1974. I t  appea r s  s l i g h t l y  o u t  of  focus  because  i n -  
d i v i d u a l  p o i n t s  o f  i n fo rma t ion  can  no l o n g e r  be r e s o l v e d  a t  t h i s  
s c a l e .  Photographic  p roduc t s  have t h e  i n h e r e n t  l i m i t a t i o n  t h a t  
some in fo rma t ion  is l o s t  i n  each  s u c c e s s i v e  g e n e r a t i o n  o f  photo- 
graphs.  While some o f  t h e  f u z z i n e s s  o f  F igu re  2 can  t h e o r e t i c a l l y  
be a t t r i b u t e d  t o  l o s s  i n  p r i n t i n s  from F igu re  1, i n  t h i s  c a s e  t h e  
d e t a i l  is n o t  p r e s e n t  i n  t h e  o r i g i n a l  nega t ive .  Some of  t h e  in -  
format ion  from t h e  satel l i te  h a s  a l r e a d y  been lost  i n  t h e  prepara-  
t i o n  of  t h e  second o r  t h i r d  gene ra t ion  n e g a t i v e s  used  t.o p r e p a r e  
n e g a t i v e s  f o r  t h e  u s e r .  

How does  one  e x t r a c t  t h e  maximum amount of i n fo rma t ion  from 
t h e  s a t e l l i t e ?  F i g u r e  3 is a pseudo-color  p i x e l  p r i n t  p repa red  
by computer ass ignment  of  d i f f e r e n t  c o l o r s  t o  e v e r y  r e f l e c t a n c e  
va lue  i n  MSS-7. The cho ice  of "pseudo-colors"  i s  a r b i t r a r y  and  n o t  
n e c e s s a r i l y  optimum, b u t  i l l u s t r a t e s  t h e  a b i l i t y  t o  make each  
d i f f e r e n t  r e f l e c t a n c e  va lue  v i s i b l e  when one s t a r t s  w i t h  t h e  ori- 
s i n a l  d i g i t a l  d a t a  on t h e  C C T ' s .  Fui-thermore, eve ry  p i x e l  can  
be seen  a s  a d i s t i n c t  r e c t a n g l e .  One o f  t h e  i n h e r e n t  advan tages  
of d i g i t a l  image p r o c e s s i n g  i s  t h a t  no informat ion  need b e  l o s t  
i n  computer p roces s ing .  

3~ p i x e l  is a p i c t u r e  element .  For LANDSAT, a t y p i c a l  p i x e l  from t h e  
s a t e l l i t e  cor responds  t o  an a r e a  on t h e  ground of  abou t  57m by 79m, 
o r  . 4 5  h e c t a r e s  (1.1 a-res )  . 
6 
-i,AiiDSAT has  f o u r  bands o f  l i g h t  r e f l e c t a n c e  recorded  w i t h  i t s  
X u l t i - S p e c t r a l  - Spect rometer .  MSS-4 (0 .5  t o  .6 microns)  and 
MSS-5 70.6 t o  077 microns)  a r e  i n  t h e  v i s i b l e .  MSS-6 (.7 t o  
. 8 )  and WSS-7 ( . 8  t o  1.1) a r e  i n  t h e  nea r  i n f r a r e d .  



What is the ultimate LANDSAT resolution? Is it necessary to 
obtain this degree of precision when monitoring water quality? A 
theoretical estimate can be made of the smallest sized water area 
that can be reproducibily monitored from LANDSAT by knowing the 
size of a pixel and recognizing that the arbitrary starting point 
of the process of scanning on the satellite will result in pixel 
displacement from one date to another of up to plus or minus one 
column or one line, even after registration of the two images on 
top of each other. The nominal scan rate of the mirror in the 
satellite results in the storage of average reflectance values as 
individual pixels which are roughly centered in adjacent 57m by 
79m areas on the ground. However, the Instanteous Field Of View 
(IFOV) of the telescope on the satellite is about 7gm by 79m. 
Since this area is greater than the area from the average scan rate, 
every pixel contains an overlap contribution to its reflectance 
from the two adjacent pixels on the same line. This larger 79m by 79m 
IFOV pixel area is the limiting size i? resolving reflectance 
values from the ground. Given the arbitrary starting point of 
the scan of each image, the homogeous water area on the ground 
would have to be at least twice as wide and twice as long as the 
IFOV to ensure that on every pass of the satellite at least one 
pixel contained nothing but reflectance from the homogeneous 
water area. Therefore, for guaranteed repeat monitoring from 
LALJDSAT, the homogeneous area must be at least 158m by 158m or 2.5 
hectares (6.2 acres) in size. in 20% of t1;e images, a homogeneous 
area would be visible as a pixel containing 100% water if its 
dimensions were a factor of a square root of 2 less, namely 112m by 
112m or 1.25 hec4-ares (3.1 acres). If 2.5 hectare bodies of water, 
or bodies with lateral dimensions of down to 158m, are viewed 
as significant for purposes of repeatedly monitoring water quality 
from LANDSAT, then digital processing is required in order to re- 
tain all of the spatial resolution present in the data coming from 
the satellite. 

In summary, all the spectral and spatial resolution is available 
from digital image processing of the CCT's, whereas film process- 
ing results in loss of information in both domains. Most potent- 
ial applications for monitoring of water quality from LANDSAT seem 
to require digital image processing. 

SURFACE AREA OF WATER 

VSWCB needs to monitor the water quality of all bodies of 
water in the state. In order to accomplish this, they would like 
a periodically up-dated water inventor; maE which identifies the 
locations and surface areas of these water bodies. By monitoring 
changes in surface area and the creation of new bodies, the relatively 
understaffed field units within each region of the VSWCB can set up 
efficient and comprehensive water sampling programs. 



LANDSAT'S MSS band 7 is i d e a l l y  s u i t e d  f o r  s p e c t r a l l y  iden-  
t i f y i n g  w a t e r  p i x e l s  because  w a t e r  a b s o r b s  s o  c o m p l e t e l y  i n  t h e  
n e a r  i n f r a r e d ,  r e l a t i v e  to  a b s o r p t i o n  by non-water a r e a s .  S i n c e  
t h e  q u e s t i o n  o f  i d e n t i f y i n g  w a t e r  by s a t e l l i t e  was n o t  i n  d o u b t ,  
t h e  o b j e c t i v e  o f  t h i s  phase  o f  t h e  d e m o n s t r a t i o n  p r o j e c t  was t o  
e v a l u a t e  how p r e c i s e l y ,  and how a c c u r a t e l y ,  s u r f a c e  a r e a s  o f  
w a t e r  c o u l d  b e  measured.  Sub-p ixe l  s p a t i a l  r e s o l u t i o n  is 
p o s s i b l e  f o r  d e t e r m i n i n g  w a t e r  a r e a  b e c a u s e  p i x e l s  c o n t a i n i n g  a s  
l i t t l e  as 30% w a t e r  i n  them c a n  be s p e c t r a l l y  d i s t i n q u i s h e d  i n  
MSS-7 from p i x e l s  c o n t a i n i n g  less t h a n  30% w a t e r .  F o r  measur ing  
t h e  a r e a  o f  water on any s p e c i f i c  LANDSAT image,  :he s p a t i a l  
r e s o l u t i o n  is  more t h a n  a n  o r d e r  o f  magni tude b e t t e r ,  i .e .  o f  t h e  
o r d e r  o f  30% o f  a p i x e l  which is  a b o u t  0.2 h e c t a r e  (0.4 a c r e ) .  

S w i f t  Creek R e s e r v o i r  was chosen a s  t h e  s i t e  f o r  t h i s  e v a l u a -  
t i o n  o f  p r e c i s i o n  and a c c u r a c y  b e c a u s e  t h e  water i s  m a i n t a i n e d  a t  
t h e  same l e v e l  t h r o u g h o u t  t h e  y e a r .  Fur the rmore ,  t h e r e  is  a 
s t e e p  s h o r e l i n e  and i n t e n s e  f o r e s t  c o v e r  e x t e n d s  to  t h e  edge  of t h e  
water. There  is e s s e n t i a l l y  no s h o r e .  T h e r e f o r e ,  s m a l l  changes  
i n  water l e v e l  would r e s u l t  i n  even  s m a l l e r  p e r c e n t  changes  i n  
t h e  t o t a l  s u r f a c e  a r e a .  Saven s u b - s e c t i o n s o f  t h e  r e s e r v o i r  were  
used ,  r a n g i n g  i n  s i z e  from a b o u t  500 h e c t a r e s  down t o  5  h e c t a r e s  
o f  w a t e r .  They c a n  be s e e n  i n  a  blow-up o f  a  pho tograph  from a  
U - 2  a i r c r a f t  f lown a t  60,000 f e e t  ( F i g u r e  4 )  and  i n  pho tographs  
t a k e n  from a  l i g h t  p l a n e  a t  an  a l t i t u d e  o f  300 f e e t  ( F i g u r e  5 ) .  

S e v e r a l  methods o f  c a l c u l a t i n g  a r e a s  were  e v a l u a t e d  u s i n g  t h e s e  
7  s e c t i o n s ,  a f t e r  c o n v e r t i n g  p ixe l -by-p ixe l  l ists of  MSS-7 i n t o  
l ists  of p e r  c e n t  w a t e r  ( F i g u r e  6 ) .  L i s t s  o f  t h i s  t y p e  were  
p r e p a r e d  i n  2 o r  3  p a r t s  on t h r e e  d i f f e r e n t  images from 1974. 
One r e a s o n  f o r  t h i s  p a r t i t i o n i n g  was b e c a u s e  c e r t a i n  columns had 
been r e p e a t e d  i n  t h e  o r i g i n a l  CCT's t o  f i l l  o u t  t h e  o v e r a l l  
image to  3240 columns; t h e s e  r e p e a t e d  columns had t o  b e  removed 
t o  p r e v e n t  o v e r e s t i m a t i o n  o f  t h e  a r e a  by a s  much a s  1 5 % .  A 
second  r e a s o n  f o r  p a r t i t i o n i n g  was t h a t  a b e t t e r  e s t i m a t e  o f  t h e  
a v e r a g e  r e f l e c t a n c e  o f  MSS-7 on l and  immedia te ly  a d j a c e n t  t o  t h e  
w a t e r  c o u l d  b e  made by u s i n g  t h e  mean r e f l e c t a n c e s  i n  s e p a r a t e  p a r t s .  
I n  e a c h  p a r t ,  a  " c o n t r a s t  s t r e t c h "  program w a s  used  t o  c o n v e r t  
r e f l e c t a n c e  v a l u e s ,  R ,  i n t o  p e r c e n t  water, W ,  a c c o r d i n g  t o  t h e  
formula  : 

(Equa t ion  1) 

Where RL is t h e  mean r e f l e c t a n c e  o f  t h e  l a n d  p i x e l s  ( r e a d  from a  
h i s t o g r a m  o f  number o f  p i x e l s  v e r s u s  r e f l e c t a n c e  o f  t h e  p a r t )  and 
RW is t h e  mean r e f l e c t a n c e  o f  t h e  w a t e r .  The methods were 
d i v i d e d  i n t o  two t y p e s :  p u r e  p i x e l  rnet tpds  and mixed p i x e l  r r l thods .  



In the pure pixel methods, pixels containing 100% water were 
identified and then assumptions were made so that a correction 
could be added for the contribution from fractionally filled 
border pixels. The number of pure pixels was obtained by 
counting the number of "50's" in lists such as in Figure 6 
(the list shows values of W/2) and then adding 1 to 3 of the 
next lower levels such as 47 and 44 until the distribution of 
number of pixels versus percent water was approximately level. 
This could have been done in the original contrast stretch 
program. Such an addition appears necessary to avoid under- 
estimating the number of pixels containing 100% water. Since 
the mixed pixel method of area measurement is more accurate, 
only two pure pixel methods will be mentioned, referred to as 
area methods A1 and A2.  Method A1 simply multiplies the numbex 
of pure pixels, PI by the area conversion factor, C: 

A l = C P  (Equation 2) 

Pure pixel area method A1 will always underes nate the area be- 
cause no correction is made for border pixels. Pure pixel method 
A2 makes a theoretical cstimate of the number of border pixels by 
assuminq that since the area is proportional to PI then the peri- 
meter of border pixels is proportional to the square root of P: 

A2 = C (P + S ~ F )  (Equation 3) 

where S is a function of the shape of the body and can be shown 
to have a value between 2 (for a square5) and infinity for a 
sufficiently lonq and thin body of water. For sections of SCR, a 
value of 4 was used to show that method A2 can sive an answer 
almost as sood as the mixed pixel method until the area becomes 
so small that the number of border pixels, sqT, is ap~roximatelv 
equal to the nu~nber of pure pixels, P. 

In the mixed pixel methods, pixels containins some water and 
some land are empiricallv identified and their fraction of water 
estimated from their reflectance values, these fractions are 
added to the Pure pixels. Onlv one of the manv possible mixed 
pixel methods will be examined. the one which estimates the num- 
her of border pixels that contain at least 50% water. This area 
method, A3,  is obtained by countinq all border pixels in Fiqure 6 
which have a value of W equal to or qreater than 50, to be called 
border-50% pixels or B50, and addinq them to P: 

It can be shown that the study of square area determinations 
by G. Chafaris can be summarized by an equation A2 = C (P + 2,.P7+ 1); 
"Area Computation From ERTS Data via Image-100" internal General 
Electric Co. report, 9 January 1975. 



Thi s  method A3 i s  e q u i v a l e n t  t o  a t h r e s h o l d  c l a s s i f i e r  which 
a d j u s t s  t h e  range  of  r e f l e c t a n c e  v a l u e s  such t h a t  e x a c t l y  50% 
o f  t h e  bo rde r  p i x e l s  a r e  inc luded  a s  p a r t  of  t h e  pure c l a s s ,  

R e s u l t s  of  mixed p i x e l  a r e a  method A3 a r e  summarized i n  
Tab le s  1 and 2 .  Areas g iven  f o r  t h e  '1SGS map were ob ta ined  by 
u s i n g  a p l an ime te r  on each  of  t h e  seven  a r e a s  on a 1:71,000 
s c a l e  map. The e r r o r  i n  r e p r o d u c i b i l i t y  f o r  t h e  p l an ime te r ing  
was a s  sma l l  a s  0.1% f o r  t h e  l a r g e s t  a r e a  and abou t  4 %  f o r  
t h e  s m a l l e s t  a r e a .  These e r r o r s  can a l l  be  cons ide red  n e g l i g i b l e  
i n  comparison t o  t h e  r e p r o d u c i b i l i t y  o b t a  ned on t h e  t h r e e  & d i f f e r e n t  LANDSAT images g iven  i n  Table  1 . Table 2 l i s ts  t h e  
number of pu re  water  p i x e l s ,  PI t h e  number o f  bo rde r  p i x e l s ,  
B50; t h e  ave rage  a r e a  of  t h e  t h r e e  d a t e s ,  A3; and f i n a l l y  t h e  
p e r c e n t  e r r o r  which was t aken  a s  t h e  l a r g e r  of e i t h e r  t h e  
p r e c i s i o n  o r  t h e  accuracy  of t h e  mean of t h r e e  measurements. 
Only i n  a r e a  6 ,  n e a r  t h e  dam, is t h e  appa ren t  e r r o r  o f  + l o %  
s i g n i f i c a n t l y  g r e a t e r  t han  expec ted  e r r o r  based on t h e  p rog re s s ion  
from i1% a t  500 h e c t a r e s  t o  f 5 %  a t  5 h e c t a r e s .  The reason  f o r  t h i s  
appa ren t  e r r o r  near  t h e  dam seems to  b e  t h a t  t h e  p lan imetered  
a r e a  on t h e  USGS map d i d  n o t  i n c l u d e  t h e  s e t t l i n g  ponds below 
t h e  dam and t h e s e  were n o t  s e p a r a t e d  o u t  i n  c a l c u l a t i n g  a r e a s  
from t h e  l ists of LANDSAT images. 

An a r e a  convers ion  f a c t o r ,  C ,  which c o n v e r t s  p i x e l  c o u r t s  
i n t o  a r e a  i s  r e q u i r e d  i n  a l l  methods. For LANDSAT, it has  a 
nominal va lue  of 0.451 h e c t a r e / p i x e l ,  o r  1.12 a c r e / p i x e l .  
Th i s  assumes t h a t  eve ry  p i x e l  i n  every  image is  e x a c t l y  t h e  
same 57m by 79m nominal s i z e .  When t h e  l o c a t i o n  of  t h e  water  
body i n  t h e  image is known, c o r r e c t i o n s  can be made f o r  t h e  
uneven scan  r a t e  of  t h e  s a t e l l i t e  m i r r o r  a c r o s s  t h e  s cene  
and f o r  t h e  h e i g h t  of t h e  s a t e l l i t e  on d i f f e r e n t  d a t e s .  
R. pe t e r son7  c a l c u l a t e d  t h e  v a l u e s  of C f o r  SCR f o r  t.he t h r e e  
d a t e s  u;*ed i n  t h i s  s t udy ;  t hey  were 0.463, 0.459, and 0.459 
h e c t a r e l p i x e l .  I n  o r d e r  t o  reduce t h e s e  known s y s t e m a t i c  
errors due t o  m i r r o r  v e l o c i t y  p r o f i l e  and d i f f e r e n t  s a t e l l i t e  
h e i g h t s ,  t h e s e  va lues  o f  C were used h e r e  even though t h e r e  
were n o t  enough l a r g e r  a r e a s  t o  de te rmine  t h e  e x t e n t  t o  which 
t h e  ccnve r s ion  f a c t o r s  may have improved accuracy  ove r  t h e  
P. . . a1  va lue .  

R e p r o d u c i b i l i t y  d e c r e a s e s  w i th  d e c r e a s i n g  s i z e ,  a s  i l l u s t r a t -  
ed by t h e  p e r c e n t  s t a n d a r d  d e v i a t i o n s  ,t a s i n g l e  measurement i n  
Table  3. The comparison of pu re  and mixed p i x e l  methods shows t h a t  
t h e  mixed method is always more p r e c i s e .  The random e r r o r  i n  t h e  

6 ~ h e  t h r f *  LANDSAT images used f o r  t h i s  a r e a  s tudy  were: 1692- 
15124 ''5 June  1974) ,  1710-15120 ( 3  J u l y  1974) and 1782-15092 
(13 S,-pternber 1974) .  

7 ~ .  Pe t e r son ,  "Landsat  P i x e l  Spacing-User Demonstration P r o j e c t s  
Technique Repor t , "  p r e l imina ry  General  E l e c t r i c  Co. Report ,  
27 May 1975. 



es t ima ted  a r e a  could  be  reduced f u r t h e r  by t a k i n g  t h e  mean 
of s e v e r a l  measurements. 

Accuracy also d e c r e a s e s  w i t h  d e c r e a s i n g  s i z e ,  a l t hough  t h i s  
is n o t  so obvious i n  Table  4 because o f  t h e  f o r t u i t o u s l y  close 
agreement of  t h e  mean o f  t h r e e  d a t e s  f o r  t h e  s m a l l e s t  area when 
compared t o  t h e  p lan imetered  a r e a  from t h e  1:24,000 s c a l e  USGS 
map. The pure p i x e l  method, A l ,  which makes no c o r r e c t i o n  f o r  
border  p i x e l s ,  always ucde re s t ima te s  t h e  a r e a .  However, by 
e s t i m a t i n g  t h e  border  p i x e l s  f r o n  t h e  number o f  pure  p i x e l s ,  
pure  p i x e l  method A2 can  be a s  a c c u r a t e  as t h e  mixed p i x e l  method 
f o r  a r e a s  g r e a t e r  t han  about  20 h e c t a r e s .  I f  wa te r  a r e a s  
sma l l e r  t h a n  t h i s  s i z e  are t o  be measured, t hen  a mixed p i x e l  
method such a s  A3 must be  used. Observed ave rages  o f  t h e  t h r e e  
d a t e s  and expec ted  arehs from t h e  USGS map d i f f e r e d  by less than  
t h e  measured p r e c i s i o n .  There were no s y s t e m a t i c  d e v i a t i o n s .  
Therefore  it w a s  concluded t h a t  t h e  accuracy  o f  a LAiiDSXT 
a r e a  measurement o f  water  was l i m i t e d  s o l e l y  by i ts  p r e c i s i o n .  

The smallest a r e a  of  wa te r  t h a t  can be  measured by LAXDSAT 
depends on t h e  r e q u i r e d  p r e c i s i o n .  I f  one i s  t a l k i n g  about  t h e  
a b i l i t y  t o  r e p r d u c i b l y  i d e n t i f y  t h e  e x i s t e n c e  of  a wa te r  body 
on every  LAVDSAT overpass ,  and i f  a p i x e l  w i t h  about  30% water  i n  
it can be  s p e c t r a l l y  d i s t i n g l l i s h e d  from l and ,  t hen  t h e  minimum 
size for  an identifiable MJ of water is approxinately 0.5 kctare (1 acre) . 
If  me is cnnparing water areas for  the s a w  kctdy m tim different dates and 
looking for  the d le s t  cbssnrable & a g e  a t  the 95% level of axfidenoe _._ 
(i 2 standard deviatiansl , then tke prec~s ion  depends cn the s ize  of the !mdy; 
e.g. tm t i m s  f89 a t  5 hectares is k0.9 ilectare (+2 acres),  whereas 5-m t i m e s  
*I% a t  300 hectares is f10 Mares (f25 acres). Fwi sane m s e s  ttle 
rneasum..rent of area night be useless unless it mtained a t  least m e  " a l l  
water" pixel on every werpass, in which case the m i n i m  sized area waq 
s b n  t o  be aboit 2.5 :lectares i 6  acres). Above these laer limits, a user's 
required przcisim determines the snallest measurable body of vra+sr. 

Sine the nixed pixel mthal A3 \?as the most precise, twrs alternate 
tehiqes for c a l w l a t b  it i e  explored. (Xle used a threshold classifier.  
The other used a amtouring progran. Both are theoretically ihl t ical  t o  
counting 2ixsl.s f m  a ccmputer list such as Figure 6 ,  ar.d therefore uwrs 
can decide for   ense elves xdlidl tedlnique is nost mvenient .  

G.E.'s Ir.qe-iOO w a s  used to test the interactive thresi~sAd classifer.  
'Itm separate sets of threshold linits for  PSS-7 r e r e  used as input t o  define 
the class bounds of pure water pixels and pixels with up t o  a certain 
percent water, taken as 50% i n  method tU. Then a polygai cursor v l a s  d r m  
around the area t o  be measured. Output was pLduced as an alphanmeric 
list of the two classes, similar t o  Figure 6, anci t w  nuhers  were produced 
giving tile to ta l  nmber of pixels in the two separate thenes, pure and 
n G d  pixels. A dledc of several areas cn the alphanimric list for 2 
single date verified the q m m t  of this technique and a e  ccmputer technique 
used for  Figure 6 .  

Contouring was done with an IEP4 360 C q u t e r  and a GALLD4P plotter.  ?his 
tedznicpe requires that  the f inal  plot have the mrrec t  aspect r a t i o  so that 
the area can be measured by planireterinq the band 7 cantour l m e  mrrespnding 
to 50% water. audl a contour nap of 16s-7 for SCR is s h m  in Figure 7. A 
amtour rnp for water has several distinctive features. It requires no 
interaction with the user &\er than the choice of reflectance values for 
mtour lines and Clerefore is relatively fast .  Contouring ~ m r z  . are 
available m mst general purpose ca;q luters as w e l l  as on sevel a1 111 
stand-alone devices. Contour lines, d i e  c lass i f iers ,  emph-.; i z c  cc tain 



features and d t  extranews inforr.mticn. A an tou r  map is an analog 
product hi& the W l e d g e a b l e  user night be able t o  scan for  subtle boundary 
&ages without further processing; Figures 7 and 3 can be used t o  anpare 
analog a d  dig i ta l  p r e sen t a t im  of band 7 reflectimce values. The precisian 
of ca l a l a t i ng  areas £ r a n  cmtour n a p  was not evaluated here. 

Ar. e u q l e  of a water inventory r.mp is sham i n  Figure 8. It was  
prepared on an Image-100 classif ier  and printed as a black and white product 
cn a DICDtBD photqraphic recarder. Che poter.tial use of tllis map is to 
&tor the creation of new bodies of t.:ater; e.g. the three pranged la]-& in 
the center of the picture is a n w  feature tha t  is not on existing maps of 
the area. 

In surmary, individual water areas can be measured f m  IANDSXT with an 
accuracy that decreases £ran *l% a t  500 hectares to *8% a t  5 hectares. 

ASS\P* that  pixels w i t h  mre than 30% aa te r  can be identified f r m  law 
W - 7  reflectana: values, t o t a l  area rneasurenrents wil l  be mre a m a t e  
than single body measurements i f  r;mt of the water is ccntained i n  a few 
large bodies which have relatively few border pixels, F'urCrnmore, randan 
emrs  in the calculaticn of the areas of each single MI, caused by the 
inclusicn of too many or  too faq nixed pixels, w i l l  cancel out all 
single body areas are siarmed into me to t a l  area masmlent. The absencz 
of chservable systematic errors suggest that  water inventory nap  from 
LJVJDSAT within sane poli t ical  o r  physical regim might be accurate to i16 
in identifying the total area of open water. Although m . 4  pixel EMS 
were mre accurate than pure pixel methods, for sone applications pure pixel 
methods might be a k q a t e  for areas above 20 hectares when a theoretical 
oorrecticn for border pixels is made. 

Idealiy, V3CB would l ike  t o  inonitor water quality directly with a 
suf f ic iwt ly  f a s t  turn-arounC time t o  permit correctiv? action t o  be taken 
whenever pssible. Wtectors cn IlkUCGAT were ~ound t o  remrd reflectanoes 
which s l n e d  an inverse correlation with the depth one could see into the 
water (Secdi  depth) and an apparent direct correlation with t o t a l  solids. 
Since cloud-free LANLSA!l' coverage i n  Virginia occurred about once every 2 
imths, the u t i l i t y  of these mrrelatians with turbidity appears t o  be pri- 
marily for rronitoring changing water patterns and verifying the s t a t i s t i c a l  
appropriateness of ground-based sanpling progrsos, rather than for  manitoring 
water quality. Thls direct type of remote sensing iriformaticn might pennit 
more extensive m i t o r i n g  of slawly changing water Lodies than current 
limited budgets for  f i e ld  work p e n i t .  

Swift C r e e ~  Wsenroir was the desired dermnstration site f ~ i  testing 
LANCGA!T's capabili t ies because of forthcming construction there. IImver ,  
inspection of a b u t  10 LANC[jAT images taken wer a two year period indicated 
relatively l i t t l e  within-image variaticn in reflectance values for any of 
the bands in the main pr t im of t h i s  reservoir. Therefore, Lake Chesain 
Bservoir was added t o  the project hecause it tended t o  shm nu& greater 
changes in reflectance values along its length. 

In i t i a l  attempts t o  id~mt i fy  different types of water by using all four 
bands proved unnecessary for these two reservoirs. Using values averaged over 
six lines t o  remve differenrxs in reflectance due t o  unequal sensor ca l ib ra t im,  
locations in both SCR and LCR shaved oorrelations a m g  bands 4 ,  5, and 6 on a l l  
seven cloud free LF\NDSX' images that  were analyzed in  detail .  For t h e  1 3  S e p t  
74 h g e ,  the range of FISS-5 reflectance v ~ a s  a rbi t rar i ly  sliced into seven 
appraxirnately equal sectians and the l imits of each of these were used a5 
threshold inputs t o  form classes on G.E. 's Image-100. Then, the man values 
of the other three tan& were calculated for each of the 7 classes. ?he 
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resulting band mrrelatians are shcllln in Figure 9. T9ere was a 99% Linear 
auxelatian amq LMnds 4, 5 ,  and 6. Qlly P6S-5, M c h  shaad ttre largest 
range of the three, was used in subsequent classificatian ~EC)IIC m these W 
reservoin. 

It seems Likely that d y  one water quality paramter, such as 
turbidity, is causing a l l  the cheemed changes in ref leAzmes. kf kctmas 
fran bands 4, 5, 4 6 GD? nearly perfectly m r r e l a t d  in UJG I f  mfleetanes 
klere be- increased ar &creased by m 2 than ane agent, it is m W e l y  
that thepqxxtional dxmges would be t l e  same in all t !  bands. 

13 Sept 74 was the image date chosen for making a water 
classification map because it was the acly cloud-f ree date avdlable for 
wh ich  significant grand truth was collected in ICX. A map of the 
seven band-5 level-slid classes for  the regim Si of Ri*d is given in 
Figure 10. ake water in SCR is essentially in in dass, exoept for 
striping due to  unequal sensor calikaticn the satellite. Figure 11 is 
a blam-up partion of Figure 10 shckJing aily LCR. Water of the saw lad 
r e f l e c t m e  as SCR can be seen in ttre scuthwest part of ICR This 1- 
ref lec tsne  region had been noted an many previous it?ages and -1 a t  
VSW3 were unaware that two types of water existed in this part of ICR. 
It turned cut that this was the p l a e  where Nanozine Creek entered LC& as 
seen in a W 2  @mtograph (figure 121. The narrrrw flcw of water mder a 
mall bri- pmduacd a dramtic low reflectance water class aning into the 
highly reflectant sedinrslt-laden water of Iake Chesdin. Figure 13 shms 
&at th is  interfa- looked like frcm a WtCB boat on 13 Sept 74. Another 
small tributary of lcw reflecting water entering WR can be seen in Figure 11 
t o  the east. Tkis is WiFponodr c=reek. As a result of tirese h r v a t i o n s  
£ran m, a water sarpling progran has been propxed for VSWB based 
an the locaticns of different types of water. It is partiollarly valuable 
for V!3CB t o  have infonnatian an the f a r  western end of ICR from LMJWV, 
since this area is alr~mst inaccessible by boat. 

Having established that different typs of water a u l d  be directly 
o b s e d  £ran UWEAT, the question beace cne of trying t o  iQnti£y the 
water quaLity parameter m t  likely respnsible for the cha~lges in 
ref lectancz. For more than a year, extensive water quality rneasuranents 
were made cn water sanples f m  SCR. mver, since differenoes in IANlXAT 
reflectanas were not &served i n  the main portian of SCR, no c~lclusion 
axlld be dram except that abserved variatians in water quality w e r e  snall 
and below the limit of detecticn frcm IANEXl?. 

Semi depth measumwnts taken by iJASA and VSWI38 perscone1 in LCR 
on 13 Sept 74 provided the f i r s t  and only se t  of data where there was 
significant variation in both the L?NEAT and gmwd data t o  check for a 
p s i b l e  correlation. Figure 14  s h m  the 98% inverse correlation of: 

If one thinks in term of using this as a calibration curve for estimating 
Secchi depths in other parts of the nap, then t\e equatim can be rearranged 
to make reflectan- in NSS-5 the indepenht  variable: 

Secchi = 143.5 - 4.41 reflectance (Fip~atim 6) 

Sixteen individual Secchi measurements *re made, but the average Secchi 
value was used in each clbss t o  calculate Equaticns 5 and 6,  in order t o  give 
equal s ta t i s t ica l  weight t o  a l l  r e f l e c t a n ~ s  and not t o  bias the equation 
in favor of the area in &id r .mt  of the data was taken. Farthemre, 



the use of only four n- masizes the lack of data at lcw r e f k c t a n e s  
here and therefare the need to taeat these equatims as illustrative ntkr 
thm &finit.ive. 

Three mles of w a t e r  busre also Wen £ran IiX cn 13 Sept 74. XabcratrUy 
m e a a m m m t s  wxe made for the *volatilen (organic) a d  "fixed" (inorganic) 
fracticms of both the "total solids' ad th "suspended solids" amtent of 
simples. Rzflectanoe is -ally ansidered as being axrelated with 
s- solids; bever, in ICR the p a r t i d a t e  mtter was nearly aolloidal 
md 90% of total solids passed the sixdad f i l t e r  used for tire 
suspmkd solids. There was an appmxbately equal antributim £ran the 
uolatile and fixed fractian of the total solids and no axrelat ian was 
found bebeen the sun of the two fracticns, m l y  the "total solids* and 
r . e 5 .  

The three s~alues for total solids tere 78, 82, ad 92 mg/l, 
the respective average gray 1-1 intensities for  -5 reflectanoe 

= ll.5, 21.5, and 25.8. This gives an 89% ooefficient of mrrelatim for: 

lMal Solids = 66.8 + .88 ref l ec tane  (Equaticn 7) 

It mst be nzaqnized that the total solids data, wfiile perhaps mare 
findarrental, is less stat is t ical ly significant than the S e a h i  depth data 
because the fanner is based an only three water samples, 

In sumnay, IANDGPLT r e f l e c t a m  fnm water in the visible @IS-4 and 
1-5) and mar-infrared (-6) spectral bends m e  shown to be spectrally 
and spatially d le ren t  for  both SCR and XFt, whi& is larger, n a r m r ,  
and has a ten times greater flaw rate than SCR, due t o  input fran the 
Pqpanatcx River. Map of different reflectanus in wacer a u l d  be derived 
using only 1tSS-5 vd- far  these t w  resemirs s i n e  it appeared that  only 
total solids amtent was changing reflectanoes. The high cwrelation of Seccfii 
depth and bSS-5 in ICR m y  he 13- t o  Secchi depth meamrecents being dependent 
cn total solids. S i n e  both the size and type of particle affects reflectance, 
it is expected that calibraticn equations of U?&KSPLT reflectanae and a water 
qua?ity paraneter w i l l  be neaessary for each regicn whi& supplies different 
organic and inorganic materials £ran its watershed. For LCR it was possible 
to distinguish classes of water from UINIXAT hagery ~& differed by k t  
5an a t  the mt sedimst-laden and reflective S e b  depths. Dire m i t o r i n g  
of water quality £run LANEAT. seems to be mst useful for observing c h q e s  in 
water patterns and &vising and verifying water sapl ing  prograx. 

Perhaps the greates: potential oontributicn of IANIEm to a water quality 
m i t o r i n g  progran is t h r o m  indirect ixterpretaticn, by detecting changes 
ir. land wver i n  a watershed. Surfaae alterations, such as defmsta t icn  or 
increase in agricultural use, nay cause later quality changes the to increased 
runoff, pollutant  input and other factors. The Durpose of this section is t o  
demcnstrate both qualitative and quantitative mans of monitoring land cover 
with L&WAT. 



QE digital  prcduct tiwt can be prepared £ran WDSAT m's is a mlor 
m i t e  of a subsection of the whole 185 km by 185 km image. Figure 15 
is a picture of the 30 Ian by 30 kra area surroundmg SCR. It was p ~ p a r e d  
cn a D I O 3 W  printer. Geatletric carrecticns were made t o  the picture on 
a ' s  Image100 and an IEM 360 mrpxtter t o  mrrect for rotatian of the Earth 
during sa te l l i te  uverpass (skew o ~ r ~ c t i a n )  and for the rectangular shqe  
of pixels (aspect ra t io  axrectian). Withcut further processing, this 
picture can be s c a r e d  by w l e  faniliar with the area t o  see i f  then: 
have been any major d a i s  in laid cover. Far the knawledgeable expert, 
this picture provides r.r;rre infomation than a classed image. 

If  it is neessary t o  quantify the extent of change in land cover, 
rather than s-ly iidentify that a &ange has occurred, then i c  is necessary 
to chsify the image. This was dcne in several ways, one of whid-i w a s  
i~in~ tlre n o d  threshold classifier on G.E.'s Image-100, me of t!le steps 
was to limit the area being classed on the UNEiU' image t o  tlle acreage inside 
the Swift Creek F&?senmir watershed, shawn in Figure 16. The resulting c l a ~ s i -  
fication m a p  for 15 June 74 and 13 Sept 74 are given in Figums 17 and 18. 

A check n the a(xxvacy of the classification was made by visually 
classifying a U-2 photograph and checking the above classif icaticns pixel-by- 
pixeldth a zout+txarsfer smpe in 5 sites that w ~ e  !mum t o  be unchanged. 
The results of these tno checks are given in Tables 5 and 6. The thin 
cloud mwr an 15 Jun resulted in 14% of the pixels being unclassed Mereas 
cnly 5% sere unclassed on the 13 Sept image. C l ~ u d s  also interfered with 
the identification of a l l  agricultural land on 15 June. This watershed is 
about 70% forest and it was impossible t o  find large hamgeneous training 
sites for the ncn-forest classes at either date. Therefore these classes 
ha= a laer value in the anxlracy table. 

The overall results for the t m  dates haw hem sumarized in Table 7. 
';he "agriculture" class includes pixels wh ich  are nixtures of forest and 
open areas cleared for cnnstr~ztion. 

?he area of the Brandermill construction site inside the watershed can 
be seen as the ncn-forest area north 02 t!!e reservoir i n  the 13 Sept 74 classed 
image ( F i q m  18). Che of the ttlhite "barren" class pixels near the water was 
identified in a lm altitude aircraft  photograph as ccntainincj several piles 
of white sand far a golf course. 

In surmary, changes in  land cover classes can be m i t o r e d  frm LANDSN'. 
Useful integration of th is  information into predictions of changes in water 
quality is prdmbly several years off and muqt await the dcvelopnt  of 
quantitative lrndcls for the watershed. In L\e meantime, such maps and tables 
can alert personnel such as the VSIJtlB t o  possible changes in {rater quality. 
The observation of the Brandemill site before and after the start of 
cc~lstructim illustrates the abil i ty of LhllEAT t o  not mly  p r c d e  land 



cover maps, but to monitor changes in land cover. 
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TABLE 1 REPRODUCIBILITY OF MEASUREMENTS FROM LANDSAT 
I 

AREAS OF WATER (in Hectares) 

LAN DSAT 

JUNE JULY SEPT 
'74 '74 '74 

476.2 463.0 469.6 

78.4 73.0 77.2 

33.5 34.0 33.8 

24.8 23.4 25.0 

22.2 21 -6 22.7 

11.1 9.4 10.2 

5.0 5.5 5.9 
. 

LOCATION 

5 

3 

6 

2 

4 

1 

7 

USGS 
MAP 

464.7 

75.2 

30.8 

25.5 

22.1 

10.9 

5.5 



TABLE 2 ACCWACY OF AVERAGED AREA MEASUREMENTS FROM WDSAT 

AREAS OF WATER 

LOCATION 

5 

3 

6 

2 

4 

1 

7 

USGS 
MAP 

AREA 
Hectares 

464.7 

75.2 

(30.8) 

25 -5 

22.1 

10.9 

5.47 

LAN DSAT 

WATER 
Pixels 

902 

117 

53 

30 

31 

2 

1 

BORDER 
Pixels 

118 

49 

20 

24 

17 

17 

11 

AREA 
Hectares 

469.6 

76.2 

33.8 

24.7 

22.2 

10.2 

5.5 

ERROR 
% 

- + 1 

I + 2 

- +lo 
- + 3 

- + 2 

- + 5 

- + 5 . 



TABLE 3 REPRODJCIBILITY OF AREA MEASUREmENTS 

TABLE 4 ACCURACY OF AREA MEASUREMENTS 

Met hod 

k e  Pixel 

Mixed Pixel 

Percent Precision (by s i z e )  

Method 

Pure Pixel, Al 

Pure Pixel, A 2  

Mixed Pixel, A3 
C 

a t  
500 

hectares 

- + 3% 

- + 1% 

Percert Deviation (by s i z e )  

a t  
25 

hectares 

- + 8% 

- + 4% 

at 
5 

hectares 

--- 
- + 8% 

at 
5 

hectares 

-90% 

-60% 

(+.1%) 

at 
500 

hectares 

-10% 

+ 1% 

+ 1% 

at 
25 

hectares 

-40% 

+ 2% 

- 2% 










































