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ABSTRACT 

The Lake Ontario drainag; bas in  covers over 32,000 square 
miles  of U.S. a d  Canadizn t e r r i r o r y .  ERTS-1 da t a  is  cont r i -  
bccing t o  t t z  comprehensive study of t h i s  bas in  a s  pa r t  of 
the  In t e rna t iona l  F i e ld  Year f o r  the  G r e a ~  Lakes {IFYCL).  'i'his 
paper d e t a i l s  a processing approach fo r  obtai:.i:>- d2'r:;i: ~2 ar.2 
objec t ive  synoptic  information thought t o  be appl icable  t o  
t e r r e s t r i a l  water  ba lmce  s t u d i e s  of such a l a rge  area.  A simple 
r a t i o  alL 7rithm was tes:ed fc.r minimizing .'?ilv ..c?ris?i;zs 
i n  ERTS da ta  and f o r  allowing the 6iscriai.;.>;lc~: .:+ :, ..r: sce 

.. - *. fca tures  and land use c l a s ses  of h--3rolcgic s i p ~ i i l c a ~ . , ~ .  w: ::: 
s t eps  a r e  n e c t s s a -  . i- :"w- -Le da ta  i s  t o  provide the  q u a n t i t a t i v e  
information required f o r  t he  s tudy and m a g e i x a t  of a r e a s  of 
regionzl  s i ze .  

. . The Great L ~ k e s  r e g i o ~  contains one b. ::,;- :. .---:.? growing 
populations i n  Nozth America - current ly  numbering some 35 rml l ion  people. 
The grcwth of se t t lements  from Quebec t o  Milwaukee is expected t o  continue 
long a f t e r  o ther  megalopolises have withered f o r  lack  of f r e s h  water. The 
Great Lakes contain roughly 20% of t he  f r e sh  water  i n  a l l  t h e  lakes  and 
r i v e r s  of t he  world and w i l l  continue t o  serve  ljur t r anspor t a t ion ,  energy, 
cu l t i va t ion ,  domestic, i n d u s t r i a l ,  and even r ec rea t iona l  needs f o r  many 
generat ions - i f  we: a r e  i n t e l l i g e n t  i n  the  management of t h i s  resource. 
Fresh water  of the  Great Lakes is n e i t h e r  inexhaus t ib le  nor unspoilable. 
Recent, well-publicized problems i n  Lake Er i e ,  Lakt Ontario,  and southern 
Lake Michigan, have warned of a growing need f o r  b a s i c  informst ica  and 
b e t t e r  t oo l s  f o r  managing the  Great Lakes. Clear ly  we must b e t t e r  under- 
s tand the t rade-of fs  i n  man's t f l i c t i n g  demands f o r  f r e s h  water and the 
seasonal  o r  ep isodic  a b i l i t y  o: the  n a t u r a l  drainage bas in  t o  meet these  
demands. With an acute awareness of these   requirement^ t o  b e t t e r  m ~ a g e  
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the hydrologic resources of the Great takes ,  the In ternat ional  Field Pear 
for the Great Lakes (IFYGL) was launched i n  April ,  19". 

The IFYGL is a year long synoptic study of a s ingle  Great Lake 
system - the Lake Ontario basin fl]. It is a cozrdinated e f f c r t  by U.S. 
and Canadian s c i e n t i s t s  from many gokzrnment agencies, univers i t  l e s  , and 
pr ivate  concerns fo r  the purpose of obta i i fng a deta i led  and comprehensive 
understanding of how such a large  nydrologic syztems uerks. The program 
is  broken i n t o  f ive  maj3r research areas: (1: t e r r s sz - i a l  water balance, 
(2) Lake meteorology, (3)  va te r  mcvements, (4) energy balznce, and ( 5 )  Lake 
biology and chemistry. 

EKS-1 da ta  is contributing primarily t c  two of th2se IFTGL research 
areas: t e r r e s t r i a l  water balance and water qual i ty  s tud ies  re la ted  t o  t h e  
chemistry and biology of the Lake. This paper is csncemed with the 
u t i l i z a t i o n  of ERTS-1 data  f o r  s tudies  of i i ~ r  ter rc ; t r i z l  7 s l r _ ~ r  halance. 
It represents a report  of the considerations ant  approach being developed 
for  t h i s  IFPGL task  a t  t h i s  ea r ly  s tage  i n  its implemntation. 

2. THE PROBLEM 

The Lake Ontario drainage basin (including the lzke) ccvers over 
32,000 square mile? of U.S. and Cmadian t e r r i t o r y  (Figure 1 ) .  The 
problem i n  u t i l i z i n g  ERTS data t o  obtain information concerning the ter -  
r e s t r i a l  water balance from so large  an area  is I )  what break-down of 
t e r r a i n  e le ren t s  observable frcm ERTS a r e  hydrologically s ign i f i can t ,  iild 
2) hov is precise  quant i ta t ive  information af so large  an area  t o  be obtained. 
We w i l l  t r y  t o  answer the  second question f i r s t .  

3. PROCESSING APPROACH 

To obtain o b j e c t i w  and quant i ta t ive  fxfcCrnzt5n~? cnncernfng the Sake 
Ontario basin modem computer processing techniques must be employed. One 
digi t ized frame of ERTS-HSS data,  representing an aroa 103 nau t i ca l  miles 
on a side,  c o n t a b s  nearly 1 C  mill ion resolution c e l l s  io four Sands - 
nearly 2 2 lo8 individual  scene samples f o r  the  e n t i r e  basin. Even large  
d i g i t a l  computers have d i f f i c u l t y  i n  digesting t h i s  amount of data. Unless 
our processing procedures and our information needs a re  t a i lo red  careful ly ,  
the task of processing data  from portions of the required nine ERTS frames 
nay not be  economically feas ib le  o r  cost-effective. Clearly a simple, 
processing technique performea on a raptd t h r c ~ g h p u t  comp~ting f a c i l i t y  is 
required 121. %cause i t  takes EXTS faux eonae;uti;.e d ~ y s  t o  obta in  
complete coverage of t h e  basin,  the processing technique a l s o  must be able  
t o  objectively extend feature  discrimination c r i t e r i a  from one frame t o  the 



next and from one day t o  :he next. 

We have j c s t  completed t e s t ing  of a simple processing algorithm fo r  
a small porclon of the basin on a d i g i t a l  computer. Tkis algorithm is a 
r a t i o  of two FXTS KSS bands. Ratioing of spec t ra l  bands has long been 
used as a preprocessing technique fo r  reducing scene radiance differences 
due t o  changes i n  i l l m i n a t i o n  o r  differences i n  the b id i rec t iona l  ref lec t -  
ance of objects.  Only recently has i t  been real ized tha t  the r a t i o  af  
spec t ra l  bands s y ,  i n  i t s e l f ,  provide enhancement of fea tures  not readi ly  
discerned i n  e i t h e r  of the bands indivi8r-.aliy (31.  

Figure 2 compares two d i g i t a l  p r in tau t s  i n  a s ingle  band f o r  the 
Rochester Harbor area on tvo successive days. The plume from the mouth 
of the Genesee R i v e r  may be  see^ alrlng the  upper right-hand edges of the 
images. Xote, however, tha t  the pat terns  f o r  tne t e r r a i n  a rea  a r e  
considerably d i f fe ren t  f o r  the two days, even though the  same d i g i t a l  
symbols were pr ic ted  f o r  the same ERTS s igna l  range. Figure 3 provides 
pa r t  ;Z rtre reason fo r  the differences i n  t!~e t e r r a i n  pat terns ;  LRTS HSS 
s igna l  values were systematically lower fo r  the same areas  on the secssd 
day. Tnis may be due t c  d l £  ferences i n  i l lumination (clouds were present 
i n  both scenes) or  t o  ERTS S S  sensor differences from one day t o  the 
next. In any event, the  extension of feature recogilition c r i t e r i a  based 
on absolute s ignal  values from one ERTS frauic t o  the  next (and perhaps 
from one port ion of an ERTS fr- t o  a ~ o t h e r )  m u l d  ne t  dubious c l a s s i f i -  
cat ion resul ts .  

Figure 4 c3mpar~~ LYU d i g i t a l  pr in touts  f o r  a r a t i o  of band 7 
(0.8-1.1 vm) t o  band 5 (0.64.7 ..s; £0; :!id S= L c i i e s ~ e r  Harbor area. A 
minor path radiance normalization was introduced f o r  both the Images. 
Again the s w  21gi ta l  symbol is used f o r  a given s igna l  range. The two 
images are  nearly ident  l ca l .  S l ight  differences occur elong the  shoreline,  
where turbid s h a i i w  li.~'a li'k k i d ,  a i d  near the bottom of the  
August 20th image, where two s m a l l  clouds zppear. This r a t i o  technique 
vill help t o  extend predetermined feature  recognition c r i t e r i a ,  b a e d  on 
r e l a t i v e  differences betweer? ERTS beinds, t o  ERTS da ta  of the  e n t i r e  Lake 
Ontario basin. 

The approach adopted f o r  t h i s  task  is t o  convert d i g i t a l  ERTS data  t o  
an analog format an8 then precess these data  on a high-speed analog f a c i l i t y .  
The analog computer, known as "SPARC" f o r  p e c t r a l  Analysis and Recognition 2 Computer, can proces:: da ta  a t  a r a t e  of 10 resolut ion c e l l s  per  second 
( less  than 2 hours is  required f o r  the  e n t i r e  basin).  (Average operating 
cost  f o r  the SPARC f s  $Hl/i~our.) The SPARC has an added advantage i n  
p r in t ing  the processed r e s u l t s  as 70 rrm f i lm transparencies. A mosaic 
of recognition image6 for the  e n t i r e  basin w i l l  measure about 25 m by 
30 cm; an equivalent d i g i t a l  paper display would cover an area of approxi- 
marely 25 m by 30 m. 



4. DECISION CRITERIA 

In  s t a t i n g  the problem of r e la t ing  EkTS data  t o  the t e r r e s t r i a l  
water b a l a c e ,  we f i r s t  asked the question; "what break-down of t e r r a i n  
elements observable :ram ERTS a r e  hydralr.pi c ~ l l y  si.gnif icant?" No f i n a l  
anmer  has ye t  been obtained for  t h i s  important question. Indeed we a r e  
st i l l  discovering the precise  nature of f ea tu res  s.hicL ;oay be re l i ab ly  
discriminated from ERTS data. Since a concern of t h i s  IFYGL task  is fo r  
rapid processfnq of large  amounts of data,  we a r e  r e s t r i c t e d  by economics 
t o  simple decision c r i t e r i a .  Perhaps the  simplest machine-implemented 
c r i t e r i a  is tha t  of level-sl icing,  o r  quantizing-as i t 's  scnetimes called.  
In  t h i s  procedure, fea ture  c lasses  a r e  discrimtczted on the  bas i s  of the 
exclusiveness with which they a re  represented by a maximum and a minimum 
z i p 2 1  range i n  one band o r  data  charnel. For a va r i e ty  of t e r r a i n  c lasses  
s igna i  i r v e l s  iî cr2 ~ c q z t e c l  iz ezch E F S  hand and f c r  the r a t i o  of band 7 
t o  band 5. 

S ~ e c i r a l  s ignatures  vere  obtained from eight  r e l a t ive ly  I a r y  ;ieda 

ir h e  two Rochester frames discussed previously. Except fo r  port ions of 
Lake O n t a r i ~ ,  these s ignature  sample areas vere  by no means hon-~geneous, 
and they a r e  only roughly iden t i f i ed  from a e r i a l  photography a s  1)  agri- 
c u l t i l ~  d l ,  2) wooded, 3) recreat ional  (golf course), 4 )  new urban (recent 
r e s iden t i a l  cievelopment), 5! commercial, 6) older r e s iden t i a l ,  7) water 
(Lake h t ; a r i t ) ,  and 3) cloud shadaw. The i n t e n t  here was t o  obtain only 
a broad representation of major surface classes.  It is  probable t h a t  with 
careful  s ignature  se lec t ion  eacn of these c lasses  may be further- subdivided. 

Comparing mean values and standard deviations,  i t  was noted which 
c lasses  o r  groupings of c lasses  could be separated i n  each ERTS band and 
from the  r a t i o  of band 7 t o  band 5. The standard d e v i a t i c l  f o r  the 
conmrercial area  signature (downtown Rochester) span~.ed such a large  range 
t h t  it over lap~ed  w e t  of the  o ther  categories and had t o  be ignored 
i n  the  ERTS band groupings (but not the r a t i o  groupings). I n  general no 
ERTS band a l l a red  f o r  more than four groupa of separable c lasses ,  although 
d i f fe ren t  combinations =:re evident. with d i f  +rent  bands. Of pa r t i cu la r  
concern was the f a c t  t h a t  water signatures overlapped other categories i n  
a l l  but baud 7. The ra t ioed valuea f o r  the  same ce r t a in  c lasses  separated 
neat ly  In to  f i v e  groups: 1) water, 2) wooded, 3) agr icu l tu ra l  and 
recreat ional  (golf cottrse), 4) older  r e s iden t i a l ,  and 5) new urban and 
co-rcial. (Figure 5). The normalized r a t i o  values ranged betveen 50 
and 511 with t h e  bulk of t h a t  range, 150-510, being represented by 
vegetation classes. It appears t h a t  this r a t i o  is a s e n s i t i v e  indicator  
of vegetat ional  differences.  The decision c r i t e r i a  411 then consis t  cf  
s e t t i n g  maxirmrm and minimum r a t i o  values f o r  thoee t e r r a i n  classes which 
are  ccruaiderad 2.t Lltr- s i ~ l f 2 . c a n t l y  d i f fe ren t  ILyriralogic charac te t i s t i c s .  



5. ERTS AND THE TERRESTRIAL WATER BALANC? 

How does ERTS cont r ibute  t o  a  b e t t e ~ .  understanding of the  water 
balance f o r  Lake Ontario and what is i t s  lralue i n  UL ilaging water resources? 
ZRTS can yrn-ride ,,~LI:; Lative s p a t i a l  inf1)rmation f o r  the  e n t i r e  basin. l h i s  
infozmation is usefu l  t o  the e: : ; .  \t t h a t  . ~ e  know o r  can discover how surface  
f ea tu re s ,  pa t t e rns  of l a d  use o r  dra inag? ,  c r  tec.i;oral changes i n  these  
a f f e c t  and a re  a f f e c t e d  by ihe dynamics o f  bas in  t i y J ~ ; ~ ~ g y ,  The an.- ,:.L 

of water  held i n  s torage  on the land por t ion  of t he  h ~ s i n  and r a t e s  of runoff 
imd evapot ranspi ra t ion  a r e  co r re l a t ed  wi th  thc  a rea  and d i s t r i b u t i o n  of 
allrface f ea tu re s  and conditions. Presen.: models f o r  bas in  hydrology depend 
on samples made a t  one o r  more po in t s  wi th in  the  bas in ;  there  is  seldom 
adequate knowledge of the  s p a t i a l  v a r i a b i l i t y  of a  basin o r  uf i t s  seasonal  
o r  long term (land use) changes, 

'I'he approacn fo r  ch i s  EKS-IFYGL task is t o  attempt t o  escabi i sn  
quan t i t a t i ve  r e l a t ionsh ips  between ERTS-observed f ea tu re s  and hydrologic 
parameters recorded on the  ground i n  sc:lected watersheds of manageable 
s i z e .  The second s t e p  is t o  extrapo1a:e these  parametars from the 
representa t ive  watersheds t o  t he  e n t i r e  bas in  using ERTS data.  One such 
watershed is t h e  Oakvil le  Representat ive Basin ( i n s e t  on Figure 1) .  
Personnel from the Ontario Ministry of t he  Environment a r e  a c t i v . 1 ~  
recording i n  t h i s  and seve ra l  o the r  Representat ive Basins such parameters 
as p r e c i p i t a t i o n ,  s o i l  moisture, s t ream and ground water flow, and snow 
accumulation i n  the  winter  season. XASA and ERIM have pe r iod ica l ly  co l l ec t ed  
a i r c r a f t  da t a  from these  and o the r  study areas.  These data.  tko p,rnc?d 
measurements and a i r c r a f t  imagery a r e  n3w k i n g  used i n  the  ana lys i s  of 
ERTS da ta  by s c i e n t i s t s  a t  ERM, OME, and the  Universi ty of Guelph. 

6. CONCLUSIONS 

While the  input  ( r a i n f a l l )  t o  a  bas in  is var i ab le ,  man's output 
requireLents are dt t .em n i s t i c  [ 4 ] .  Basin s to rage  and runoff must provide 
consumers wi th  energy, i r r i g a t i o n  water ,  municipal supp l i e s ,  and even 
r e c ~ e a t i o n  sites. Clesr ty ,  d i f f e rences  and changes i n  t h e  sur face  
assoc ia ted  wi th  lend .aanagement and nater use g r e a t l y  a f f e c t  and a r e  a f f ec t ed  
by su r f ace  s torage ,  runoff ,  evaporat ion,  and concomitant s o i l  e ros ion  
and stream sedimentation rates. ERTS can he lp  us t o  s tudy and a t t a c k  these  
probleme on a t r u l y  reg ional  sca le .  We be l i eve  we have developed an 
ope ra t iona l ly  f e a s i b l e  method f o r  u t i l i z i n g  l a rge  cimounts of ERTS d a t a  
f o r  t h i s  purpose. Preliminary s t u d l e s  a r e  most encouraging [51. A grea t  
dea l  now needs t o  be done i n  r e l a t f n g  t h i s  approach t o  t h e  hydrological  
problems which a r e  increas ingly  and menacingly evident  i n  t he  Great 
Lakes region. 
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