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ABSTRACT 

A s e r i e s  of m u l t i s p e c t r a l  a e r i a l  photographic missions were flown over 

t h e  Chowan River of North Caro l ina  t o  s tudy and e v a l u a t e  p o s s i b l e  u ses  of 

m u l t i s p e c t r a l  photography i n  planning f o r  and management of North ~ a r o l i n a  's 

water resources .  F l i g h t s  were a l s o  made over p a r t s  of t h e  Cape Fear  River  and 

Northeast  Cape Fear.  The r epor t  desc r ibes  how t h e  technique might be used t o  

t r a c e  p o l l u t a n t s  a s soc i a t ed  wi th  t u r b i d  water  and how water  d r a i n i n g  from t h e  

swamps might be t r aced  i n  l a r g e r  water  bodies .  The technique has  p o t e n t i a l  

u se fu lnes s  f o r  monitoring phytoplankton bui ldups  and can be  used even i f  only 

l i m i t e d  groundtruth i s  a v a i l a b l e .  

Areas of apparent ly  d i f f e r i n g  water  q u a l i t y  were monitored by t h e  mul t i -  

s p e c t r a l  photography both i n  t h e  Chowan River and i n  t h e  Northeast  Cape Fear  

River.  A technique was developed by which t h e  d i f f e r e n c e  between t h e  ex t inc-  

t i o n  depths of a red  quadrant and a wh i t e  quadrant on a modified Secchi  d i s c  

can be  used w i t h  water  sampling and a n a l y s i s  t o  ob ta in  biomass concen t r a t ions  

i n d i r e c t l y .  This  r e l a t i o n s h i p  can be one of t h e  groundtruth measurements 

used t o  e s t a b l i s h  r e l a t i o n s h i p s  between t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of a 

water body and v a r i o u s  water  q u a l i t y  parameters  d i r e c t l y  o r  i n d i r e c t l y .  

Mul t i spec t r a l  a e r i a l  photography can be u t i l i z e d  t o  g ive  a s y n o p t i c  and 

e s s e n t i a l l y  simultaneous view of t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of a moderate- 

s i z e d  water body. By us ing  t h e  technique the  i n v e s t i g a t o r  can i s o l a t e  t h e  

p a r t  o r  p a r t s  of t h e  spectrum which w i l l  p rovide  t h e  required, information 

about one o r  more wa te r  q u a l i t y  parameters;  vary ing  r e f l e c t a n c e s  from w i t h i n  

narrow bands of t h e  red  and green po r t ion  of t h e  e lec t romagnet ic  spectrum can 

se rve  as guides  t o  phytoplankton concen t r a t ions  and t o  v e r t i  al d i s t r i b u t i o n  4 
of suspended p a r t i c u l a t e  mat te r  i n  c o a s t a l  water  bodies .  C O ~ O L  a d d i t i v e  view- 

ing  and d e n s i t y  measurements a r e  used t o  quan t i fy  v a r i o u s  waqer q u a l i t y  param- 
I 

e t e r s  over r e l a t i v e l y  l a r g e  a r e a s  i n  a s h o r t  t ime compared td~ t h e  t ime r equ i r ed  

t o  ga the r  similar information by means of boa ts .  It appears  t h a t  f o r  some 

water  q u a l i t y  s t u d i e s  t h i s  procedure can be cos t - e f f ec t ive .  
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SUMMARY AND CONCLUSIONS 

M u l t i s p e c t r a l  photography has  been used t o  s tudy  t h e  Chowan River  i n  

no r theas t e rn  North Caro l ina .  Two genera l  purposes e x i s t e d  f o r  t h e  inves t iga -  

t i on :  t o  a s c e r t a i n  p o t e n t i a l  u ses  of t he  m u l t i s p e c t r a l  photographic tech-  

n ique  f o r  water  planning and management i n  North Caro l ina  and t o  provide  

information about t h e  Chowan River.  A s e r i e s  of examples showing p o t e n t i a l  

u ses  f o r  t h e  technique is descr ibed;  each example has been chosen t o  show 

no t  only the  c a p a b i l i t i e s  of t h e  m u l t i s p e c t r a l  photographic technique, but  , 

a l s o  something about t h e  Chowan River  system. 

The s tudy  o u t l i n e s  some of t h e  ways i n  which m u l t i s p e c t r a l  photography 

can be used t o  measure water  q u a l i t y  parameters  and how it  can be  used t o  

monitor d i s p e r s a l  of p o l l u t a n t s  and water  of d i f f e r i n g  q u a l i t y  i n  t h e  s t reams 

of North Carol ina.  Examples of p o s s i b l e  u ses  of t h e  technique i n  water  

resource  planning and management a r e  given,  and t h e  s tudy  has  demonstrated 

t h a t  t h e  technique i s  u s e f u l  f o r  monitor ing a range  of water  q u a l i t y  parameters  

a s  long as t h e r e  a r e  s p e c t r a l  responses r e l a t e d  t o  t h e  parameters and as long  

as t h e  s p e c t r a l  responses can be recorded on f i lm .  The technique works b e s t  

when t h e r e  a r e  d i f f e r e n t  s p e c t r a l  responses f o r  d i f f e r e n t  l e v e l s  of the  same 

parameter o r  when t h e  s p e c t r e  s i g n a t u r e  r ep re sen t ing  t h e  parameter occurs  

over a narrow range of the  e lec t romagnet ic  spectrum. Use of narrow band f i l -  

t e r s  i n  m u l t i s p e c t r a l  photography al lows sepa ra t ion  of a narrow band of 

r e f l e c t e d  energy, presumably d i a g n o s t i c  of a phenomenon and t h e  record ing  of 

t h e  d a t a  on f i l m  s e p a r a t e  Ffrom o t h e r  l e s s  d i a g n o s t i c  r e f  l ec t ances .  Color 

a d d i t i v e  viewing of t h e  r e s u l t i n g  photography a i d s  i n  t h e  understanding and 

i n t e r p r e t a t i o n  of t h e  photography. Densi ty  v a r i a t i o n s  on t h e  mult i s p e c t r a l  

photographs can be r e l a t e d  d i r e c t l y  and i n d i r e c t l y  t o  va r ious  water  q u a l i t y  

parameters ,  and d e n s i t y  measurements provide  a mechanism f o r  quan t i fy ing  t h e  

r e f l e c t a n c e s  wi th  r e s p e c t  t o  t h e  water  q u a l i t y  parameters .  

It seems p o s s i b l e  t o  r e l a t e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of t h e  wa te r  from 

two widely spaced a r e a s  t o  water  q u a l i t y  parameters  i n  t h e s e  a r e a s  and thereby  

t o  make appropr i a t e  comparisons and eva lua t ions .  Even i f  only a l i m i t e d  amount 

of groundtruth e x i s t s ,  i t  is p o s s i b l e  t o  extend t h i s  in format ion  through 

m u l t i s p e c t r a l  photography t o  o t h e r  s i g n i f i c a n t l y  l a r g e  a r e a s  of a r i v e r  such 

x i i i  



a s  t h e  Chowan. The advantage of t h e  photography is  t h a t  i t  g ives  t h e  i n v e s t i -  

g a t o r  a synop t i c  view of an a r e a  and i t s  water  q u a l i t y  a t  a p a r t i c u l a r  t ime, 

something t h a t  i s  not  always poss ib l e  wi th  s u r f a c e  sampling, and it a l s o  pro- 

v ides  a permanent record f o r  f u t u r e  r e f e rence  and comparisons. A moderately 

l a r g e  a r e a  can be covered i n  a r e l a t i v e l y  s h o r t  t ime s o  t h a t  t h e  photographic 

record is  e s s e n t i a l l y  an ins tan taneous  one. 

Color  a d d i t i v e  viewing of t h e  m u l t i s p e c t r a l  nega t ive  i s  among t h e  most 

u s e f u l  of t h e  s p e c i a l  photo-opt ical  t echniques  used t o  enhance t h e  imagery. 

Study of water  bodies  i n  t h e  nega t ive  format appears  t o  be  p re fe r r ed  a s  t h e  

s u b t l e  d i f f e r e n c e s  can be brought out more e a s i l y .  

For q u a n t i f i c a t i o n  of t h e  m u l t i s p e c t r a l  imagery , in te rna l  gray  s c a l e  

s t anda rds  ( s t e p  wedges) and f i e l d  i n t e r n a l  s t anda rds  a r e  necessary .  A method 

h a s  been devised  dur ing  t h e  course of t h i s  i n v e s t i g a t i o n  t o  use va r ious  

o b j e c t s  of e s s e n t i a l l y  cons t an t  r e f l e c t i o n  c h a r a c t e r i s t i c s  a s  i n t e r n a l  f i e l d  

s tandards .  P o t e n t i a l  u se  of a waste  t reatment  p l a n t ,  a swimming pool ,  and a 

pond on a gol f  course  as p a r t s  of a f i e l d  i n t e r n a l  s tandard  i s  desc r ibed .  

Q u a n t i f i c a t i o n  of t h e  photography r e q u i r e s  f i l m  d e n s i t y  measurements, and 

f o r  t h e  kind of s tudy  descr ibed  i n  t h i s  r e p o r t , d e n s i t y  s l i c i n g  i s  t h e  most 

e f f i c i e n t  method. If m u l t i s p e c t r a l  photographic monitor ing of water q u a l i t y  

i n  many a reas  were t o  become r o u t i n e  on t h e  p a r t  of s t a t e  agencies ,  i t  i s  

necessary  t o  d i g i t i z e  t h e  photography and t o  use  computer techniques  t o  

i n t e r p r e t  i t .  

Attempts were made t o  eva lua t e  t h e  technique as a r a p i d  means of i d e n t i -  

fy ing  and measuring pre-v isua l  phytoplankton bui ldup.  Only t h e  24 June 1975 

f l i g h t  w a s  timed t o  photograph key l o c a l i t i e s  i n  t h e  v i c i n i t y  of Holiday 

I s l a n d  where r eco rds  i n d i c a t e  t he  p o s s i b i l i t y  of bui ldups.  No d e f i n i t e  pa t -  

t e r n s  of increased  r e f l e c t a n c e  from phytoplankton could be a sce r t a ined ;  how- 

eve r ,  comparison of t he  l i m i t e d  groundt ru th  w i t h  t h e  r e f l e c t a n c e  c h a r a c t e r -  

i s t i c s  of o t h e r  p a r t s  of t h e  River sugges t s  t h a t  r e f l e c t a n c e s  from phytoplankton 

were recorded on t h e  photographs of t h e  Holiday I s l a n d  a r e a  and t h a t  t h e  phyto- 

plankton concent ra t ions  were h ighe r  than  i n  Edenton Bay, 

Macrophytes were monitored a t  t h e  junc tu re  of t h e  Meherrin River  and 

Chowan River and at t h e  mouth of Rockyhock Creek. Also, a t  Rockyhock Creek 

t h e  r e f l e c t a n c e  d i f f e r e n c e s  between an algae-covered f i s h  pond and one wi th  

no a lgae  were photographed as was a boat  s l i p  w i th  t h e  beginning of a n  a l g a l  
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bloom. Comparison of t h e  red and i n f r a r e d  po r t ions  of t h e  s p e c t r a  a r e  most 

u se fu l  i n  d e t e c t i n g  t h e  beginning of an a lgae  bui ldup when t h e  a l g a e  a r e  a t  

o r  nea r  t h e  su r f ace .  

P o t e n t i a l  u se fu lnes s  of m u l t i s p e c t r a l  photography a s  a technique f o r  

monitor ing d i s p e r s a l  of p o l l u t a n t s  i s  demonstrated by s t u d i e s  of t h e  U .  S.  1 3  

br idge  a rea ,  t h e  Meherrin ~ i v e r - ~ h d w a n  River  confluence,  and t h e  U. S. 117 

b r idge  and Smith Creek a r e a s  on t h e  Northeast  Cape Fear River  nea r  Wilmington. 

For water  conta in ing  s i g n i f i c a n t  q u a n t i t i e s  of "yellow substance" and inorganic  

mater ia1 , the  red band seems most s e n s i t i v e .  D i spe r sa l  of Meherrin River water  

i n  Chowan River  water  and i ts  p o s s i b l e  modifying e f f e c t  on t h e  Chowan River  

water  were recorded n e a r  t h e  U ,  S. 13 b r idge  on 21 February 1974 and on 

27 February 1975. It seems p o s s i b l e  t o  compare through t h e  r e f l e c t a n c e s  

recorded on m u l t i s p e c t r a l  photographs some water  q u a l i t y  parameters from t h e  

same s i t e  bu t  from d i f f e r e n t  t imes.  

Although no t  d i scussed  s p e c i f i c a l l y  i n  t h e  r e p o r t ,  t h e  u t i l i t y  of t h e  

technique f o r  determining wetlands boundaries  and f o r  determining r e l a t i v e  

moisture content  of s o i l s  i n  t h e  Coas ta l  P l a i n  has been demonstrated. The 

u t i l i t y  of space-acquired imagery f o r  wet lands mapping and f o r  d i s t i n g u i s h i n g  

water  and d r i e r  a r e a s  i n  wetlands i s  descr ibed .  

The s tudy included m u l t i s p e c t r a l  photographic monitor ing of t h e  junc t ion  

of t he  Meherrin and Chowan Rivers .  M u l t i s p e c t r a l  photography probably had 

no advantage over convent ional  a e r i a l  photography us ing  panchromatic f i l m  

when concent ra t ions  of suspended sediment were r e l a t i v e l y  h igh  i n  t h e  Meherrin 

River  and t h e  r e f l e c t a n c e  d i f f e r e n c e s  could r e a d i l y  been seen. However, wi th  

t h e  d i l u t i o n  of t h e  Meherrin River  water  by t h e  Chowan River  water  r e a d i l y  

v i s i b l e  d i f f e r e n c e s  a r e  l o s t  at some po in t ,  even though t h e  Meherrin River  

water  remains an i d e n t i f i a b l e  e n t i t y  f o r  a measurable d i s t a n c e  beyond t h i s  

po in t .  The s tudy of t h e  Meherrin River-Chowan River  j unc t ion  shows n o t  only 

the  e f f e c t  of t he  P o t e c a s i  Creek water  upon t h e  Meherrin water, but  a l s o  t h a t  

on occasion t h e  P o t e c a s i  Creek water  reaches  a s  f a r  as Tunis a s  an i d e n t i -  

f i a b l e  a d d i t i o n  t o  t h e  Chowan River water .  It a l s o  shows t h a t  t h e  P o t e c a s i  

Creek water  was i d e n t i f i e d  us ing  m u l t i s p e c t r a l  photographic techniques  t o  

b r i n g  out s u b t l e  r e f l e c t a n c e  d i f f e r e n c e s  even though it  could not  be d i f f e r -  

e n t i a t e d  v i s u a l l y  from t h e  air .  Use of t h e  information generated du r ing  t h e  



study could c o n t r i b u t e  t o  the  design of an e f f e c t i v e  water  q u a l i t y  sampling 

program f o r  t h e  Meherrin and Chowan Rivers .  

F ina l ly ,  i t  i s  concluded from t h i s  s tudy  t h a t  a l though it i s  no  panacea, 

m u l t i s p e c t r a l  photography does have a r o l e  t o  p lay  i n  water  planning and 

management a c t i v i t i e s .  The technique can be used t o  ob ta in  a synop t i c  view 

of a water  body and from t h e  r e f l e c t a n c e s  a s soc i a t ed  wi th  va r ious  l e v e l s  of 

water  q u a l i t y  t o  acqu i r e  information about d i s p e r s a l  of p o l l u t a n t s ,  t u r b i d i t y  

p a t t e r n s ,  and phytoplankton bui ldups.  I n  add i t i on ,  i t  can provide  a r e l a -  

t i v e l y  r ap id  turn-around t ime f o r  monitor ing a c t i v i t i e s .  For those  cases  i n  

which convent ional  a e r i a l  photography w i l l  provide i d e n t i c a l  information,  

m u l t i s p e c t r a l  photography is the  l e s s  e f f e c t i v e  and more c o s t l y  technique;  

bu t  f o r  t hose  cases  where s u b t l e  r e f l e c t a n c e  d i f f e r e n c e s  need t o  b e  monitored, 

i t s  g r e a t e r  f l e x i b i l i t y  of i n t e r p r e t a t i o n  i s  a d i s t i n c t  advantage, 
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RECOMMENDATIONS 

Resu l t s  of t h i s  s tudy  i n d i c a t e  t h a t  m u l t i s p e c t r a l  photography i s  a 

p o t e n t i a l l y  u s e f u l  t o o l  f o r  water  planning and management a c t i v i t i e s  i n  North 

Carol ina.  Not a l l  poss ib l e  uses  have been i n v e s t i g a t e d ;  and i t  is  apparent ,  

a l though no t  s tud ied  i n  d e t a i l  dur ing  t h i s  i n v e s t i g a t i o n ,  t h a t  c o a s t a l  wet- 

lands  mapping could make e f f e c t i v e  use  of t h e  technique.  Monitoring of t h e  

sur face  water  regime i n  some of t h e  bottomlands of c o a s t a l  North Caro l ina  

would be  another  app ropr i a t e  u se  of t h e  technique.  I t s  use fu lnes s  i n  map- 

ping the  e x t e n t  of f l ood ing  a f t e r  t h e  f loodwaters  have receded needs t o  be  

inves t iga t ed ;  it should have cons iderable  u se  f o r  t h i s  purpose. 

Fu r the r  work i n  North Caro l ina  i s  needed t o  e v a l u a t e  t h e  m u l t i s p e c t r a l  

photographic technique a s  a means of monitor ing phytoplankton bui ldup .  

S p e c i a l  a t t e n t i o n  should be given t o  s t u d i e s  aimed at pre-visual  d e t e c t i o n  of 

t he  bui ldup s o  t h a t  t h e  technique can be appl ied  t o  water  q u a l i t y  c o n t r o l s  

and t o  monitoring e f f e c t s  of a g r i c u l t u r a l  runoff .  The technique should be 

appl ied  t o  s t u d i e s  of d i s p e r s a l  p a t t e r n s  of e f f l u e n t s ,  sediment,  and swamp- 

generated waters ;  and f u r t h e r  i n v e s t i g a t i o n s  us ing  t h e  technique should be 

undertaken t o  a s s e s s  t h e  e f f e c t s  of l a rge - sca l e  dra inage  of swamplands f o r  

a g r i c u l t u r a l  purposes upon nearby l a k e s  i n  n o r t h e a s t e r n  North Caro l ina .  

One recommendation a r i s i n g  from t h e  s tudy  i s  t h a t  t h e  technique should 

be used t o  v e r i f y  c e r t a i n  a s p e c t s  of mathematical models assigned t o  be used 

a s  water  planning and management t o o l s .  It can be u s e f u l  f o r  mapping d i spe r -  

s ion  of p o l l u t a n t s  and i n p u t s  t o  major s t reams from t h e i r  t r i b u t a r i e s .  Cer- 

t a i n  a s p e c t s  of wa te r  q u a l i t y  monitor ing i n  l a k e s  should be a u s e f u l  appl ica-  

t i o n  of t h e  technique.  
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INTRODUCTION 

M u l t i s p e c t r a l  a e r i a l  photography has passed from t h e  pure experimental  

s t a g e  of development t o  one i n  which i t  can be used i n  a p r a c t i c a l  sense.  

However, each a p p l i c a t i o n  of t h e  technique  r e q u i r e s  c a r e f u l  eva lua t ion  of 

those  phenomena being sought and measured; and t h e r e f o r e ,  t h e  technique 

r e q u i r e s  c a r e f u l  p r e - f l i g h t  planning i n  terms of f i l t e r  s e l e c t i o n  and ground- 

t r u t h  a c q u i s i t i o n .  The o v e r a l l  purpose of t h i s  i n v e s t i g a t i o n  was t o  demon- 

s t r a t e  t he  p o t e n t i a l  u t i l i t a r i a n  a s p e c t s  of t h e  m u l t i s p e c t r a l  photographic 

technique f o r  water  resource  planning and management i n  North Caro l ina  and 

t o  i n d i c a t e  va r ious  ways i t  can  be  e f f e c t i v e l y  used t o  g ive  a synopt ic  view 

of water  q u a l i t y  parameter d i s t r i b u t i o n  i n  c o n t r a s t  t o  t h e  view obtained by 

p o i n t  sampling from boats .  Within t h e  genera l  purpose a l s o  belongs use  of 

t h e  technique t o  i d e n t i f y  p o t e n t i a l  t r o u b l e  s p o t s  and t o  show d i s p e r s i o n  

e f f e c t s .  Two more s p e c i f i c  o b j e c t i v e s  have been t o  demonstrate t h e  method's 

u se fu lnes s  a s  a da t a -co l l ec t ion  t o o l  i n  a broad hydro logic  s tudy of a s p e c i f i c  

r i v e r  system and t o  provide  information about i t s  a b i l i t y  t o  d e t e c t  phyto- 

plankton concent ra t ion  d i f f e r e n c e s  i n  one of t h e  major c o a s t a l  r i v e r s  of 

North Carol ina.  

Severa l  p o t e n t i a l  i n v e s t i g a t i o n s  and t e s t  s i t e s  were ou t l i ned  i n  t h e  

o r i g i n a l  proposal .  However, a t  t h e  t ime work on t h e  p r o j e c t  commenced i n  

1973, i t  w a s  decided t o  concent ra te  t h e  i n v e s t i g a t i v e  e f f o r t  on t h e  Chowan 

River a r e a  (Fig.  1 )  because of t he  v a r i e t y  of t e s t  s i t e s  a v a i l a b l e  and because 

a comprehensive s tudy  of t h e  a r e a  was being i n i t i a t e d  by t h e  O f f i c e  of 

Environmental Management, North Caro l ina  Department of Na tu ra l  and Economic 

Resources. Thus,groundtruth information would b e  a v a i l a b l e  i f  coo rd ina t ion  

between camera o v e r f l i g h t s  and sample c o l l e c t i o n  could be worked out .  The 

i n i t i a l  p roposa l  w a s  p red ica t ed  upon such coord ina t ion  and coopera t ion  as 

f a c i l i t i e s  a v a i l a b l e  t o  t h e  p r i n c i p a l  i n v e s t i g a t o r  f o r  water  q u a l i t y  a n a l y s i s  

were l i m i t e d ,  Algal  blooms cover ing  s i g n i f i c a n t  a r e a s  of t h e  Chowan River 

have been r epor t ed  from t ime t o  t ime (B. Adams, pe r sona l  communication, 

1973; D. Howells, personal  communication, 1973).  

Because of t h e  n a t u r e  of t h e  gene ra l  t e s t  s i t e  chosen, i t  was recognized 

e a r l y  i n  t h e  s tudy  t h a t  i n  some c a s e s  phenomena would be photographed 
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m u l t i s p e c t r a l l y  which could  be  recorded as w e l l  w i th  convent ional  f i l m s  and 

techniques.  However, t h e s e  cases  presented  t h e  oppor tuni ty  t o  show t h e  

n a t u r e  of r e f l e c t a n c e  d i f f e r e n c e s  i n  t h e  s e v e r a l  p a r t s  of t h e  e lec t romagnet ic  

spectrum from "known" m a t e r i a l s .  With t h i s  information a v a i l a b l e ,  s u b t l e  

d i f f e r e n c e s  i n  r e f l e c t a n c e s  r e l a t e d  t o  water  q u a l i t y  could then be ' sought  

and a e r i a l  monitor ing of water q u a l i t y  could become i n  some cases  an e f f e c t i v e  

t o o l  i n  water  planning and management. Furthermore, t h e  oppor tuni ty  t o  s tudy 

repea ted ly  s e v e r a l  sites permi t ted  a c q u i s i t i o n  of a photographic record  of 

condi t ions  at each s i t e  over  a per iod  of time. Thus, t h e  d i s c u s s i o n  which 

fol lows no t  only summarizes t h e  r e s u l t s  i n  terms of t he  m u l t i s p e c t r a l  photo- 

graphic technique,  b u t  a l s o  i t  g ives  a summary of t h e  va r ious  c o n d i t i o n s  

found a t  t h e  s p e c i f i c  t e s t  s i t e s .  

Optimally, a e r i a l  photography should be made under cond i t i ons  of l i t t l e  

haze and cloud cover.  However, in North Caro l ina  phytoplankton blooms and 

t h e  need t o  have some warning of phytoplankton bui ldup  occur  dur ing  t h e  l a t e  

s p r i n g  and summer months when over extended per iods  of t ime cond i t i ons  f o r  

a e r i a l  photography are sometimes l e s s  than p e r f e c t .  I f  the  method i s  t o  be 

u s e f u l  on a r o u t i n e  b a s i s ,  then t h e  d a t a  c o l l e c t i o n  and a n a l y s i s  system must 

be capable of providing u s e f u l  information n o t  only i n  t imes of p e r f e c t  

weather b u t  a l s o  at t imes  when t h e r e  i s  haze and even some cloud cover.  

Thus, another  purpose of t he  i n v e s t i g a t i o n  was t o  demonstrate and t o  eva lua t e  

t h e  c o n t r o l l i n g  limits p laced  upon t h e  method by t y p i c a l  haze  and cloud con- 

d i t i o n s  i n  North Caro l ina .  

Data Acquis i t ion  

F l i g h t s  t o  c o l l e c t  photography s p e c i f i c a l l y  f o r  t h i s  i n v e s t i g a t i o n  were 

made i n  t he  Chowan River  a r e a  on 6 September 1973., 2 1  February 1974, 27 Feb- 

ruary  1975, and 24 June  1975 (on t h e  27 February 1975 f l i g h t  two i n f r a r e d  

f i l t e r s  were t e s t e d  f o r  d a t a  a c q u i s i t i o n ) ,  The 2 1  February 1974 f l i g h t  w a s  

made in p a r t  t o  support  v e g e t a t i o n a l  a n a l y s i s  and lowland f lood ing  s t u d i e s  

be ing  conducted by t h e  U,  S .  Geological  Survey as p a r t  of t h e  Chowan River  

s tudy ,  Color i n f r a r e d  photography, m u l t i s p e c t r a l  photography, and thermal  

scanner  d a t a  were c o l l e c t e d  on 9 August 1973 by NASA a i r c r a f t  i n  conjunct ion  

wi th  a pass  of SKYLAB over t h e  area. Unfor tuna te ly ,  much of t he  a r e a  was 

cloud-covered s o  t h a t  only a l i m i t e d  amount of t h e  imagery from t h i s  f l i g h t  



is  usable .  P a r t s  of t he  Chowan River  were photographed on 18 May 1973 and 

29 J u l y  1975 i n  conjunct ion with f l i g h t s  made f o r  o the r  p r o j e c t s .  Seve ra l  

o t h e r  a t tempts  were made t o  c o l l e c t  m u l t i s p e c t r a l  photography, b u t  arrange-  

ments f o r  groundtruth a c q u i s i t i o n  could not b e  worked out  and/or  weather  con- 

d i t i o n s  made f l i g h t s  imprac t i ca l .  

M u l t i s p e c t r a l  photographs of a p a r t  of t h e  Northeast  Cape Fear  River  

n e a r  Wilmington were made i n  an at tempt  t o  determine i f  m u l t i s p e c t r a l  

photography would d e t e c t  any p a t t e r n s  of t u r b i d i t y  o r  evidence of t he  i n f l u -  

ence of Smith Creek d ischarge  on t h e  wa te r  q u a l i t y  of t h e  Northeast  Cape 

Fear  River .  The o u t f a l l  i n t o  t h e  Cape Fear  River  of t h e  Rhom-Haas p l a n t  in 

Cumberland County was a l s o  photographed t o  s e e  i f  t h e  d ischarge  from t h i s  

p l a n t  could be t r a c e d .  These two experiments are descr ibed  b r i e f l y  i n  a 

later s e c t i o n  of t h e  r e p o r t .  

Groundtruth information came from t h e  d a t a  c o l l e c t e d  du r ing  t h e  sampling 

program of t h e  Of f i ce  of Environmental Management and from sampling done by 

p r o j e c t  personnel  at t h e  t ime of o v e r f l i g h t s .  The groundt ru th  d a t a  a r e  sum- 

marized i n  t h e  Appendix, and sampling s i t e s  a r e  shown i n  t h e  s e v e r a l  f i g u r e s  

desc r ib ing  f l i g h t  l i n e s .  For some of t h e  f l i g h t s  l i t t l e  o r  n o  groundt ru th  

w a s  obtained.  The September 1973 f l i g h t  was made a few days a f t e r  an a l g a l  

bloom had been r epor t ed  (B. Adams, pe r sona l  communication, 1973) . The system- 

a t i c  sampling program of .  t h e  O f f i c e  of Environmental Management had been 

concluded by t h e  t i m e - o f  t h e  24 June 1975 f l i g h t  and had n o t  begun at t h e  

t i m e  of t h e  2 1  February 1974 f l i g h t .  

In t h e  i n i t i a l  s t a g e s  of t h e  i n v e s t i g a t i o n ,  p r i o r  t o  t h e  commencement of 

t h e  sys t ema t i c  sampling program of t he  O f f i c e  of Environmental Management, 

LANDSAT-1 imagery has s tud ied .  The purpose of t h i s  work w a s  t o  determine i f  

t h e  imagery could provide some c l u e s  concerning water  q u a l i t y  d i f f e r e n c e s  on 

t h e  lower reaches  of t h e  Chowan River .  Such informat ion  could s e r v e  as a 

guide t o  s e l e c t i o n  of s p e c i f i c  test s i t e s  f o r  t h e  a e r i a l  photography. The 

imagery was a l s o  s t u d i e d  t o  a s c e r t a i n  i f  it would b e  a u s e f u l  source  of 

in format ion  f o r  mapping v e g e t a t i o n a l  d i f f e r e n c e s  and t h e  p o s s i b l e  ex t en t  of 

lowland f lood ing  along t h e  zones border ing  t h e  a v e r .  I f  t h i s  in format ion  

could be e x t r a c t e d  from t h e  imagery i n  s u f f i c i e n t  d e t a i l ,  use  of t h e  s a t e l -  

l i t e  d a t a  could a i d  in design of a d i g i t a l  model of t h e  Chowan River .  



General Theory of Mult i s p e c t  ral Photography 
1 

M u l t i s p e c t r a l  photography i s  based upon t h e  f a c t  t h a t  t h e  e lec t romagnet ic  

spectrum can be broken i n t o  d i s c r e t e  i n t e r v a l s  by choice  of app ropr i a t e  f i l -  

t e r s .  I n  t h e  case  of photographic methods, t h e  energy pas s ing  through t h e  

f i l t e r s  i s  recorded on an appropr i a t e  f i lm .  Usually,  some b l ack  and wh i t e  

f i l m  which i s  s e n s i t i v e  over  t h e  d e s i r e d  p a r t  of t h e  spectrum i s  chosen. Com- 

monly, where the  o b j e c t s  be ing  photographed r e f l e c t  i n  t h e  near - inf ra red  por- 

t i o n  of t h e  spectrum, a f i l m  such a s  Eastman Kodak EK2424 is chosen so t h a t  

no t  on ly  t h e  app ropr i a t e  p a r t s  of t h e  v i s i b l e  spectrum b u t  p a r t  of t h e  near-  

i n f r a r e d  spectrum may be photographed. 

Ind iv idua l  cameras, each wi th  i t s  own f i l t e r - f i l m  combination and each 

appropr i a t e ly  synchronized wi th  t h e  o t h e r s ,  can be used t o  photograph a scene  

o r  a s i n g l e  mu l t i l ens  camera can be  used. Each l e n s  h a s  a f i l t e r  which 

r e s t r i c t s  t h e  p a r t  of t h e  e lec t romagnet ic  spectrum t h a t  can pass  through t h e  

l e n s  t o  t h e  f i l m ,  I n  t h e  case  of t h e  m u l t i l e n s  camera, t h e  same scene  is  

recorded on a s i n g l e  p i ece  of f i l q w h e r e a s  i n  t h e  c a s e  of t h e  multicamera 

arrangements ,several  r o l l s  of f i l m  must be used. The f i l t e r  combinations may 

be chosen s o  t h a t  t h e r e  is  some over lap  between t h e  p a r t s  of t h e  spectrum each 

w i l l  l e t  pass  o r  they  may be s e l e c t e d  s o  t h a t , t h e r e  i s  none. For a p a r t i c u l a r  

problem, t h e  f i l t e r s  may be picked so t h a t  t h e  energy recorded on t h e  f i l m  is 

from only one p a r t  of t h e  spectrum; e .g . ,  t h e  red  po r t ion ,  i n  d i s c r e t e  s t e p s .  

On the  o t h e r  hand, o n l j  t h e  b lue  and nea r - in f r a red  po r t ions  of t h e  spectrum 

may be recorded by proper  choice  of f i l t e r s .  The s e l e c t i o n  of f i l m - f i l t e r  

combinations depends upon t h e  problem presented and t h e  n a t u r e  of t h e  r e f l e c -  

t ances  t o  be  measured. 

I f  t h e  f i l m  is  t o  b e  used f o r  q u a n t i t a t i v e  measurements, i n t e r n a l  s t anda rds  

must be placed on t h e  f i l m  p r i o r  t o  i t s  development; p re fe rab ly ,  t h e  i n t e r n a l  

s t anda rds  a r e  placed on t h e  f i l m  a t  i t s  head p r i o r  t o  f l i g h t  and on i t s  t a i l  

a f t e r  t h e  f l i g h t  bu t  be fo re  processing.  By doing t h i s ,  one can determine i f  

 he mention of a s p e c i f i c  p i ece  of equipment o r  product by manufacturerls 
name does n o t  imply an endorsement of t h a t  p i e c e  of equipment o r  product ,  and 
t h e  mention i s  made only t o  c l a r i f y  methods and techniques  used i n  t h i s  
i n v e s t i g a t i o n .  



t h e r e  a r e  any s i g n i f i c a n t  changes along t h e  f i l m  a t t r i b u t a b l e  t o  process ing ,  

The i n t e r n a l  s tandard  i s  most convenient ly placed on t h e  f i l m  by exposing a 

photographic s t e p  t a b l e t  such as Eastman Kodak Step  Table t  No. 3 onto  t h e  

f i lm .  This procedure i s  p re fe rab ly  done w i t h  a  sens i tometer ;  bu t  l a c k i n g  

t h i s  ins t rument ,  one can use  a s u i t a b l e  e n l a r g e r  with a h igh - in t ens i ty  

l i g h t .  I n  the  p re sen t  i n v e s t i g a t i o n  a Durst SA5-EM e n l a r g e r  w i t h  a HBO 200W 

bu lb  was used. 

The i n t e r n a l  s t anda rd  r e l a t e s  t h e  exposure of t h e  f i l m  and process ing  t o  

t h e  a c t u a l  fib dens i ty ,  and i t  i s  used t o  determine proper  exposure and 

development t imes  f o r  p o s i t i v e s  made from t h e  negat ives .  Without t h e  i n t e r n a l  

s t anda rds  a s  gu ides , spec i a l  p rocess ing  of f i l m  p o s i t i v e s  t o  b r i n g  out  s u b t l e  

d i f f e r e n c e s  i n  r e f l e c t a n c e s  becomes pure guess  work. Discussion of t h e  

importance and techniques  of sens i tomet ry  i n  m u l t i s p e c t r a l  photography i s  

d iscussed  in  cons iderable  d e t a i l  by Wenderoth, et a l .  (1974). -- 
A need e x i s t s  f o r  some f i e l d  i n t e r n a l  s tandard  at o r  n e a r  t h e  s i t e  being 

inves t iga t ed .  The purpose of t h i s  s tandard  is t o  provide  informat ion  about  

s o l a r  r a d i a t i o n  and haze e f f e c t s  on t h e  a c t u a l  photography. I d e a l l y ,  t h i s  

type of s tandard  would c o n s i s t  of a s e r i e s  of s t anda rd  n e u t r a l  gray pane l s  

of known r e f l e c t a n c e  c h a r a c t e r i s t i c s  (Yost, e t  al.,  1971).  I n  t h e  absence 

of such panels ,  it seems p o s s i b l e  t o  use two o r  more l o c a l  f e a t u r e s  such a s  

p a r t  of a parking l o t ,  a given segment of a road w i t h  a whi te  l i n e ,  o r  t h e  

runway of an a i r p o r t  wi th  i t s  markings as an i n t e r n a l  f i e l d  s tandard .  Such 

a  s tandard  can then  be u t i l i z e d  when repea ted  f l i g h t s  over  an area a r e  

requi red .  The two i n t e r n a l  s tandards ,  f i e l d  and l abo ra to ry ,  can  then be used 

t o  guide f i l m  process ing  s o  t h a t  i t  is p o s s i b l e  t o  d i s t i n g u i s h  between d i f -  

f e r e n c e s  due t o  photographic response of t h e  phenomena of i n t e r e s t  and d i f -  

f e r e n c e s  a t t r i b u t a b l e  t o  photographic process ing ,  t o  d i f f e r e n c e s  i n  sun angle ,  

o r  t o  amounts of haze. 

A t h i r d  s t e p  i n  a p p l i c a t i o n  of m u l t i s p e c t r a l  photography t o  a problem i s  

t o  syn thes i ze  o r  combine t h e  s e p a r a t e  photographs i n  a c o l o r  a d d i t i v e  pro- 

j e c t i o n  system. Film t r anspa renc ie s  a r e  r equ i r ed .  Such a system c o n s i s t s  of 

app ropr i a t e  p r o j e c t i o n  devices  s e t  up s o  t h a t  t h e  p ro j ec t ed  i n d i v i d u a l  t r a n s -  

pa renc ie s  a r e  r e g i s t e r e d  upon one ano the r  on a screen .  Colored f i l t e r s  a r e  

then  placed i n  t h e  system s o  t h a t  each photograph i s  p r o j e c t e d  as a d i f f e r e n t  

co lo r .  The d i f f e r e n t  hues toge the r  w i th  t h e  b r i g h t n e s s  levels which arise 

from t h e  combination serve as guides  t o  i n t e r p r e t a t i o n  of t h e  scenes .  For 



water  q u a l i t y  i n v e s t i g a t i o n s  i t  may n o t  be  necessary  t o  use  t h e  p o s i t i v e  f o r -  

mat. Negatives from an i n d i v i d u a l  f l i g h t  can be used, b u t  where the  photog- 

raphy is  t o  be manipulated t o  b r i n g  out s u b t l e  d e t a i l s  i n  t he  water ,  p o s i t i v e s  

may be requi red  and a second s e t  of nega t ives .  

Theore t i ca l ly ,  t h e  r e f l e c t a n c e s  from p a r t i c u l a t e  m a t t e r  and phytoplankton 

suspended i n  water  a r e  a func t ion  of t h e  concent ra t ion  of t h e s e  ma te r i a l s .  

The g r e a t e r  t h e  amount of energy t h a t  reaches  t h e  f i l m  through t h e  f i l t e r  l e n s  

system, t h e  da rke r  (denser)  i s  t h e  nega t ive  because of t he  increased  formation 

of s i l v e r  h a l i d e .  A d i r e c t  r e l a t i o n s h i p  between f i l m  d e n s i t y  and t h e  concen- 

t r a t i o n  of t he  m a t e r i a l  being photographed should e x i s t .  Thus, i f  t h e  d e n s i t y  

of t h e  f i l m  is measured and t h e r e  i s  adequate groundt ru th  a v a i l a b l e ,  a quant i -  

t a t i v e  r e l a t i o n s h i p  can be worked out between t h e  f i l m  d e n s i t i e s  and the  con- 

c e n t r a t i o n  of suspended ma te r i a l .  Also, s i n c e  t h e  va r ious  wave l e n g t h s  of 

l i g h t  p e n e t r a t e  water  t o  d i f f e r e n t  depths  (Tyler  and Smith, 1970) and a r e  

r e f l e c t e d  back t o  t h e  s u r f a c e  with d i f f e r e n t  i n t e n s i t i e s ,  i t  is  p o s s i b l e  t o  

use m u l t i s p e c t r a l  photography t o  determine v e r t i c a l  d i s t r i b u t i o n  of t h e  sus- 

pended ma te r i a l s .  However, based upon t h e  Secchi  d i s c  observa t ions  made 

dur ing  t h e  course of t h e  i n v e s t i g a t i o n ,  s i g n i f i c a n t  l i g h t  p e n e t r a t i o n  was 

probably no more than  one meter and i n  most cases  no more than  0.5 t o  0.7 

meter. It i s  u n l i k e l y  t h a t  t h e  photography obtained i n  t h i s  i n v e s t i g a t i o n  

could b e  used f o r  v e r t i c a l  s t r a t i f i c a t i o n  s t u d i e s  below about  one meter.  

Yet, i n  some cases  t h e  d i f f e r e n c e  i n  r e f l e c t a n c e s  between t h e  nea r - in f r a red  

band and t h e  b l u e  and green bands suggest  t h a t  a v e r t i c a l  g rad ien t  does e x i s t .  



METHODOLOGY 

Equipment and Film Process ing  

A S p e c t r a l  Data Corporation Model 1 0  m u l t i s p e c t r a l  camera w a s  used i n  t h e  

i n v e s t i g a t i o n  (Fig. 2 ) .  The camera can b e  mounted in an a p p r o p r i a t e l y  equipped 

a i r c r a f t ,  and i t  is l i g h t  enough s o  t h a t  r e l a t i v e l y  small, s ingle-engine air- 

c r a f t  can b e  used. The camera photographs a scene through f o u r  s e p a r a t e  150 mm 

l enees ,  record ing  the  f o u r  p i c t u r e s  on 9.5-inch aerial f i lm .  Because of t h e  

cons t ruc t ion  of t h e  l e n s e s  and t h e  s h u t t e r  openings, t h e  image recorded on t h e  

f i l m  subtends an angle  of 20' i n  one d i r e c t i o n  and 37" i n  t h e  perpendicular  

d i r e c t i o n .  Thus, at an a l t i t u d e  of  5000 f e e t  above t h e  t e r r a i n  t h e  camera 

photographs an a r e a  868 f e e t  by 1673 f e e t  at a s c a l e  of  1:10,000 ( 1  i n  = 

833 f e e t ) .  I f  any overlap is requ i r ed  i n  t h e  photography, t h e  minimum a l t i -  

tude  at which t h e  camera should be  flown i s  1500 f e e t  at  an approximate ground 

speed of 90 mph. This  l i m i t a t i o n  e x i s t s  because of t h e  t i m e  r equ i r ed  f o r  

s h u t t e r  recyc l ing .  Resolut ion of i n d i v i d u a l  o b j e c t s  i s  dependent upon air- 

c r a f t  speed, f l i g h t  a l t i t u d e  above t h e  ground, and the  s h u t t e r  speed used 

a long  w i t h  the  c h a r a c t e r i s t i c s  of t he  f i l m  used. Resolu t ion  w a s  n o t  a f a c t o r  

i n  t h e  p re sen t  i n v e s t i g a t i o n .  

Five f i l t e r s  were used i n  t h e  course of t h e  i n v e s t i g a t i o n .  Curves show- 

i n g  t h e i r  c h a r a c t e r i s t i c s  a r e  given i n  F ig .  3. I n  one p a r t  of t h e  i n v e s t i g a -  

t i o n  ( f l i g h t  of 27 February 1975) two i n f r a r e d  f i l t e r s  were used on succes s ive  

o v e r f l i g h t s  so t h a t  t h e i r  r e s p e c t i v e  e f f e c t i v e n e s s e s  could b e  eva lua ted .  

On a l l  f l i g h t s  Eastman Kodak EK 2424 b l ack  and wh i t e  a e r i a l  i n f r a r e d  f i l m  

w a s  used. Its s p e c t r a l  s e n s i t i v i t y  curve i s  shown i n  Fig.  3. This  f i l m  w a s  

chosen s o  t h a t  t h e  nea r - in f r a red  po r t ion  of t h e  spectrum could be recorded.  

Fi lm process ing  w a s  done i n  a motor-driven development t ank  us ing  DK-50 

developer  a t  a temperature of 6 8 ' ~ .  Development t ime v a r i e d  from 35 t o  45 

minutes,  depending upon t h e  exposure s e t t i n g s  of t h e  camera, upon whether  a 

f i l m  l e n g t h  of 125 f e e t  o r  250 f e e t  was be ing  developed, and upon t h e  observed 

haze cond i t i ons  at t h e  t ime of t h e  f l i g h t .  

Because t h e  purpose of t h e  September 1973 and February 1974 f l i g h t s  was 

reconnaissance of t h e  Chowan River  a r e a ,  s t e p  wedges were omi t ted ,  However, 

i n  all subsequent photography i n t e r n a l  s t anda rds  were placed on t h e  f i l m .  For 

8 



A .  Multispectral Camera. 

B.  Color Additive Viewer vith LANDSAT-1 h a g e  of Albemarle 
Sound - Chowan River Area. 

Fig. 2 Multispectral Camera and Color Additive Viewer 
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most of t h e  photography t h e  U. S.  17 br idge  n e a r  t h e  mouth of t h e  Chowan 

River (Fig. 1 )  can be used as a f i e l d  i n t e r n a l  s tandard  t o g e t h e r  w i th  a  park- 

i ng  l o t  at i t s  e a s t e r n  end. Ref lec tance  c h a r a c t e r i s t i c s  of t h e  Windsor 

Wastewater Treatment P l a n t  and a  nearby swimming pool  a r e  descr ibed  l a t e r .  

They a l s o  could have been used as i n t e r n a l  s tandards  i f  photographed e a r l i e r  

i n  t he  i n v e s t i g a t i o n  than they  were. 

The photography w a s  eva lua ted  i n  s e v e r a l  ways. F i r s t ,  t h e  nega t ive  was 

examined on a  l i g h t  t a b l e ,  and those  scenes i n  which s i g n i f i c a n t  information 

appeared t o  be present  were noted. Next, t h e  photography was placed i n  a  

S p e c t r a l  Data Corporation Model 86 Color Addit ive Viewer (Fig.  2) and s tud ied .  

I n  i t s  i n t e r n a l  p r o j e c t i o n  mode it en la rges  t h e  imagery f o u r  t imes. From 

t h i s  s tudy  scenes were chosen f o r  reproduct ion  t o  t h e  p o s i t i v e  format f o r  

f u r t h e r  examination. Also, a r e a s  on t h e  Chowan River  app ropr i a t e  f o r  f u r t h e r  

i n v e s t i g a t i o n  were noted. ' Eastman Kodak EK 2420 a e r i i l  d u p l i c a t i n g  f i l m  was used f o r  t h e  p o s i t i v e  

t r anspa renc ie s  which were con tac t  p r i n t e d  on a Morse Model 10-A p r i n t e r .  

Exposure development t imes were determined by making dens i tome t r i c  measure- 

ments on the  s t e p  wedges on b o d  t h e  nega t ive  and t h e  p o s i t i v e s  p r i n t e d  from 

them. Appropriate  curves r e l a t i n g  d e n s i t y  and r e l a t i v e  exposure were con- 

s t r u c t e d ,  and t h e  process ing  o f , p o s i t i v e s  of s e l e c t e d  scenes w a s  done s o  t h a t  

t h e l i r  range of d e n s i t i e s  placed them on t h e  s t r a i g h t - l i n e  po r t ion  of t h e  

c h d r a c t e r i s t i c  curves .(Wenderoth, e t  al .  , 1974). 

Quan t i f i ca t ion  of Images 

Use of m u l t i s p e c t r a l  photokraphy as a q u a n t i t a t i v e  t o o l  r e l i e s  upon the  

a b i l i t y  of t h e  i n v e s t i g a t o r  t o  !relate  t h e  d e n s i t y  of t h e  f i l m  image t o  ground- 

t r u t h  da ta .  To do t h i s ,  he musk determine the  d e n s i t y  of t h e  f i l m ,  r e l a t i n g  

k t h i s  in format ion  t o  t h e  water-r  l a t e d  parameter he  wishes t o  measure. Every- 

t h i n g  e l s e  be ing  equal ,  t h e  f i l l  d e n s i t y  d i f f e r e n c e  w i l l  r ecord  d i f f e r e n c e s  

of r e f l e c t i o n  i n t e n s i t y  which i n  t u r n  a r e  t h e o r e t i c a l l y  r e l a t e d  t o  d i f f e r -  

ences i n  t h e  water - re la ted  parameter.  However, f o r  t h e  method t o  work, i t  i s  

necessary  t o  i s o l a t e  t h e  key r eL lec t ances  by means of t he  f i l t e r i n g  system of 

t h e  camera. I 

In  t h e  case  of t he  Chowan ,River water  i t  appears  t h a t  most of t h e  param- 

e t e r s  t h a t  can be  measured phot g r a p h i c a l l y  a r e  r e l a t e d  t o  suspended pa r t i cu -  

l a t e  matter--in gene ra l  terms, t u r b i d i t y .  The suspended m a t e r i a l  c o n s i s t s  



of c l ay - s i ze  p a r t i c u l a t e  ma t t e r  and organic  ma te r i a l ,  except  f o r  t h e  e f f l u e n t s  

which a r e  put  i n t o  t h e  r i v e r  system from va r ious  waste t rea tment  f a c i l i t i e s .  

For some cases ,  a t  l e a s t ,  t h e  concen t r a t ion  of p a r t i c u l a t e  m a t t e r  can be 

. r e l a r e d  d i r e c t l y  t o  some o t h e r  water  q u a l i t y  parameter (Clapp, 1972). Thus, 
L 

an at tempt  was made dur ing  t h i s  i n v e s t i g a t i o n  t o  r e l a t e  v a r i o u s  wa te r  q u a l i t y  

parameters  t o  t h e  photographic record.  

Blue-green (Cyanophyta) and green (Chlorophyta) a l g a e  have a cha rac t e r -  

i s t i c  r e f l e c t a n c e  peak at about 550 nm and a lower peak at  about 700 nm. The 

blue-green a lgae  a l s o  e x h i b i t  a r e f l e c t a n c e  a t  approximately 650 nm (Grarmns 

and Boyle,  1971; Clapp, 1972). Clarke,  -- e t  a1. (1970), have r epor t ed  

t h a t  t h e  s p e c t r a l  region between 670 and 700 nm i s  p a r t i c u l a r l y  s e n s i t i v e  t o  

t h e  amount of ch lorophyl l  p re sen t .  Thus, i t  appears  t h a t  f o r  t h e  a v a i l a b l e  

f i l t e r  set-up t h a t  t h e  "red" (No. 352) and "green" (No. 351) f i l t e r s  should 

prove most u s e f u l  i n  d e t e c t i n g  t h e  presence of phytoplankton. Although t h e  

narrow band f i l t e r  No. 231 has  i ts  maximum t r ansmi t t ance  peak above t h e  upper 

r e f l e c t a n c e  peaks of t h e  green and blue-green a lgae ,  i t ,  too ,  covers  p a r t  of 

t h e  spectrum as soc ia t ed  wi th  r e f l e c t a n c e  from t h e s e  a lgae .  I f  t h e  a l g a e  a r e  

on t h e  s u r f a c e ,  then  f i l t e r  No. 225 whose e f f e c t i v e  t r ansmi t t ance  begins  at 

775 nm should permit t h e  record ing  of t h e  presence of phytoplankton. Meso- 

p h y l l  has  a h igh  r e f l e c t a c e  i n  t h i s  p a r t  of t he  spectrum (Myers, 1975, p. 1718),  

and t h i s  p o r t i o n  of t h e  spectrum should b e  u s e f u l  f o r  mapping emergent o r  

near-emergent macrophytes, such as Myriophyllum spicatum. The p a r t  of t h e  

spectrum which t h i s  f i l t e r  t r a n s m i t s  i s  absorbed w i t h i n  a few microns of t h e  

wa te r  su r f ace ,  Examples of t h e  informat ion  t h a t  can be  c o l l e c t e d  us ing  f i l t e r  

No. 225 a r e  descr ibed  i n  a l a t e r  s e c t i o n  (zag., Fig. 9 ) .  

I f  t he  s p e c t r a l  response on t h e  f i l m  can be i d e n t i f i e d  wi th  a p a r t i c u l a r  

water q u a l i t y  parameter and t h e  i n t e n s i t y  of t he  r e f l e c t i o n  i n  a p a r t i c u l a r  

po r t ion  of t h e  spectrum r e l a t e d  t o  t h e  parameter,  then the  d e n s i t y  of t h e  f i l m  

can be  r e l a t e d  q u a n t i t a t i v e l y  t o  t h e  parameter.  There a r e  va r ious  means by 

which t h e  d e n s i t y  of t h e  f i l m  can b e  measured. A number of p o i n t s  on t h e  f i l m  

can be measured wi th  a microdensitometer;  a s e r i e s  of d e n s i t y  p r o f i l e s  can b e  

run ac ros s  t h e  f i l m  us ing  a record ing  densi tometer ;  o r  an image ana lyze r  of  

some type  may be used. Commonly known a s  a "dens i ty  s l i c e r t t  t h i s  type  of 

instrument  measures t h e  va r ious  d e n s i t y  l e v e l s  and conve r t s  them t o  a co lo r -  

coded image which i s  d isp layed  on t h e  sc reen  of a c losed -c i r cu i t  TV system. 



A S p a t i a l  Data Model 703 32-step Image Enhancer was used t o  make d e n s i t y  

measurements. 

Combinations of two or  more of t h e  s e p a r a t e  images of a s i n g l e  scene i n  

t h e  c o l o r  a d d i t i v e  viewer can provide bo th  q u a l i t a t i v e  and q u a n t i t a t i v e  

information about t h e  concen t r a t ion  of t he  water  q u a l i t y  parameters respon- 

s i b l e  f o r  a p a r t i c u l a r  r e f l e c t a n c e .  By c o n t r o l l i n g  t h e  i n t e n s i t y  of t h e  

l i g h t s  i n  t h e  viewer and by c o n t r o l l i n g  t h e  f i l t e r  combinations, t h e  i n v e s t i -  

ga to r  can convert  d e n s i t y  d i f f e r e n c e s  on the  f i l m  i n t o  c o l o r  which then  can 

b e  r e l a t e d  t o  t h e  concent ra t ion  of t h e  p a r t i c u l a r  parameter.  I n  e f f e c t ,  a  

r a t i o  i s  made of t h e  d e n s i t i e s  of t he  images, t h e  r a t i o  being expressed as a  

co lo r .  I d e a l l y ,  t h e  c o l o r  d i f f e r e n c e s  should be measured in s t rumen ta l ly  

(Yost, e t  a l . ,  1974),  b u t  it seems p o s s i b l e  t o  make semi-quant i ta t ive  i n t e r -  

p r e t a t i o n s  from the  c o l o r  p a t t e r n s  p ro j ec t ed  on t h e  sc reen  of the  c o l o r  addi- 

t i v e  viewer. 

Isoluminous I n v e s t i g a t i o n s  

Sub t l e  water  d e t a i l  on m u l t i s p e c t r a l  photography and imagery can sometimes 

b e  enhanced by c a n c e l l i n g  t h e  b r igh tnes s  f a c t o r  of t h e  ind iv idua l  images. The 

e f f e c t  i s  t o  c r e a t e  a  s e t  of m u l t i s p e c t r a l  images i n  which t h e  d e n s i t y  d i f f e r -  

ences on t h e  f i l m  a r e  s o l e l y  a record  of t h e  hue and s a t u r a t i o n  d i f f e r e n c e s  of 

t he  scene. The removal of t he  b r igh tnes s  e f f e c t  i s  accomplished by photo- 

graphic masking techni-ques descr ibed  i n  Yost and Wenderoth (1970) and Wenderoth 

and Yost (1974). 

Se lec ted  scenes were chosen f o r  s tudy  by isoluminous techniques i n  hopes 

t h a t  s u b t l e  d e t a i l s  of water  mixing and s u b t l e  p a t t e r n s  of phytoplankton d i s -  

t r i b u t i o n  might be brought out.  It appears  t h a t  f o r  t h e  Chawan River photog- 

raphy c o l l e c t e d  dur ing  t h i s  i n v e s t i g a t i o n  t h e  isoluminous techniques  have no 

p a r t i c u l a r  advantage over t h e  normal p o s i t i v e s  and negat ives .  This i s  not  t o  

say t h a t  under o t h e r  cond i t i ons  and at o t h e r  t imes t h a t  t h e  techniques would 

n o t  be  useful ,  b u t  only t h a t  they  d id  not  improve t h e  i n t e r p r e t a b i l i t y  of t h e  

photography made dur ing  t h i s  i n v e s t i g a t i o n .  

Use of Po la ro id  Film 

Mult ispec tral p o s i t i v e  t r anspa renc ie s  should have, i n  a d d i t  ion  t o  a low 

minimum d e n s i t y  and low base p l u s  fog ,nea r ly  i d e n t i c a l  gammas ( s lope  of t h e  

f i l m ' s  c h a r a c t e r i s t i c  curve)  on each of t h e  m u l t i s p e c t r a l  records  i f  t h e  

r e f l e c t a n c e  of t he  o b j e c t s  of i n t e r e s t  a r e  approximately t h e  same on each 



f i l t e r  band (Wenderoth, e t  a l . ,  1974, p. 8-37). This  r e l a t i o n s h i p  can b e  

a t t a i n e d  i n  one of two ways. The f irst ,  and most obvious, is  t o  have exposures 

through each l e n s  chosen so  t h a t  t h e  o r i g i n a l  exposure on t h e  nega t ive  a t t a i n s  

t h i g  goa l .  I f  t h e  nega t ive  is  not i d e a l l y  exposed, then  t h e  ba lanc ing  can be 

done i n  the  course of  p r i n t i n g  the  p o s i t i v e  t ransparency.  Th i s  ba l anc ing  is 

accomplished through use  of app ropr i a t e  s e n s i t o m e t r i c  measurements and through 

c a r e f u l  c o n t r o l  of t h e  exposure and development t imes of each of t h e  f o u r  

images. It is  at t h i s  po in t  i n  t he  process  t h a t  t h e  presence  of a s t e p  wedge 

on t h e  f i l m  becomes c r i t i c a l .  The s t e p  wedge is  used t o  e s t a b l i s h  t h e  respec- 

t i v e  exposure and development cond i t i ons  s o  t h a t  t h e  r equ i r ed  c h a r a c t e r i s t i c  

curve s lopes  (gammas) may be achieved (Wenderoth, e t  a1 1974). - * 9 

I n  t he  absence of a need t o  show i n  t h e  c o l o r  a d d i t i v e  viewer t h e  same 

s p a t i a l  r e s o l u t i o n  on t h e  s c r e e n  as is on t h e  o r i g i n a l  nega t ive ,  Po la ro id  

Type 55 pos i t i ve -nega t ive  f i l m  may b e  used t o  copy s p e c i f i c  scenes.  From 

t h i s  type  of f i l m  a "negative" t ransparency  of t h e  o r i g i n a l  and a paper  p r i n t  

which reproduces the  o r i g i n a l  may be  obtained.  The Po la ro id  f i l m  i s  used i n  

a copy camera which can be placed over t h e  o r i g i n a l  n e g a t i v e  on a color -  

balanced l i g h t  t a b l e .  Each image from t h e  p a r t i c u l a r  scene  can be  copied 

i n d i v i d u a l l y  a t  a d i f f e r e n t  exposure and t o  a c e r t a i n  e x t e n t  a d i f f e r e n t  

development time. The i n d i v i d u a l  t r anspa renc ie s  can be placed i n  t h e  c o l o r  

a d d i t i v e  viewer and examined o r  cop ie s  of t h e  same scene from d i f f e r e n t  f l i g h t s  

can b e  placed i n  t h e  viewer and compared. 

By u s i n g  t h i s  method one can a r r i v e  at approximately t h e  same cha rac t e r -  

i s t i c  curve  s l o p e  (gamma) f o r  a l l  f o u r  images f a i r l y  r a p i d l y  and wi thout  

e x t e n s i v e  sens i tome t r i c  measurements . The s t e p  wedge which has  been placed 

on t h e  f i l m  can be photographed at d i f f e r e n t  exposures wi th  t h e  Po la ro id  f i l m  

and from t h e  r e s u l t i n g  t r anspa renc ie s  one can ob ta in  a good approximation of 

t h e  exposures necessary  t o  ba lance  t h e  f o u r  frames of an i n d i v i d u a l  scene  o r  

t o  ba l ance  t h e  frames from two d i f f e r e n t  scenes.  The technique a l s o  a l lows  

r e l a t i v e l y  r a p i d  product ion of p o s i t i v e s  of two d i f f e r e n t  scenes  t o  b e  used 

f o r  comparative work, One d isadvantage  t o  t h e  p re sen t  i n v e s t i g a t i o n  of t h i s  

method w a s  t h a t  t h e  copy camera a v a i l a b l e  had a f i x e d  f o c a l  l eng th .  Use of  

t h e  camera r e s u l t e d  i n  a reduct ion  of t h e  image by approximately one-third.  

The ch ief  disadvantages t o  use  of t h e  Po la ro id  f i l m  a r e  t h a t  i t  has  a 

lower d e n s i t y  range than  t h e  M 2420 aerial d u p l i c a t i n g  f i l m  and t h a t  i t  has  



a h ighe r  base  fog. On t h e  o the r  hand, i t s  ease  of use  f o r  some purposes o f f -  

sets the  l o s s  of t o n a l  range i n  water  q u a l i t y  s t u d i e s  where the  i n t e r e s t  i s  

i n  r e l a t i v e l y  l a r g e  a r e a s  and broad p a t t e r n s  r a t h e r  than po in t s .  The Po la ro id  

f i l m  d id  record t h e  most s u b t l e  of t h e  d e n s i t y  d i f f e r e n c e s  recognized on t h e  

nega t ives  made dur ing  t h i s  s tudy.  



RESULTS 

Use of S a t e l l i t e  Information 

To ob ta in  a synopt ic  view of t h e  Chowan River  a r e a  and t o  e v a l u a t e  t he  

u s e  of s a t e l l i t e  d a t a  a s  a f i r s t - l e v e l  source of information about water  

q u a l i t y ,  t h e  i n v e s t i g a t o r  examined LANDSAT-1 (ERTS-1) images. It was hoped 

t h a t  they  would provide  c l u e s  t o  p o s s i b l e  s p e c i f i c  t e s t  sites f o r  mul t i -  

s p e c t r a l  photography i n  t h e  Chowan River  a r ea .  Previous  s tudy  of LANDSAT 

imagery of Albemarle Sound had ind ica t ed  t h a t  it would prove u s e f u l  f o r  t h i s  

purpose. No groundtruth was a v a i l a b l e  f o r  t h e  images s tudied ;  b u t  nonethe- 

less, i t  was be l i eved  p o s s i b l e  t o  recognize  c i r c u l a t i o n  p a t t e r n s  and t o  iden- 

t i f y  a r e a s  of p o s s i b l e  phytoplankton bui ldup.  Previous  work on s a t e l l i t e  

imagery had ind ica t ed  t h e  va lue  of t h i s  t ype  of in format ion  f o r  c i r c u l a t i o n  

and phytoplankton s t u d i e s  as w e l l  a s  f o r  d e l i n e a t i o n  of wetland areas and f o r  

mapping a r e a s  of d i f f e r i n g  mois ture  l e v e l s  wit l i in  t h e  wetlands.  

The images s tud ied  a r e  l i s t e d  i n  Table 1. They were examined i n  t h e  

b l ack  and whi te  format a s  w e l l  a s  i n  a c o l o r  a d d i t i v e  viewer.  Study s c a l e s  

ranged from 1:1,000,000 t o  1:62,500. The l a r g e s t  s c a l e s  were achieved by 

enlargement from t h e  70 mm nega t ives .  The enlarged t ransparency  w a s  placed 

i n  t h e  c o l o r  a d d i t i v e  viewer where i t  was p ro j ec t ed  in  t h e  i n t e r n a l  p r o j e c t i o n  

mode of t h e  viewer t o  .a s c a l e  of 1:62,500. 

Table 1 

LANDSAT-1 Images 

Image No. Date - 
1133-15150 3 December 1972 

1205-15150 13 February 1973 

1439-15125 5 October 1973 

1475-15122 10  November 1973 

1476-15180 11 November 1973 

1493-15121 28 November 1973 

Band 5 of t h e  imagery proved most u s e f u l  f o r  s e p a r a t i n g  v e g e t a t i o n a l  d i f -  

f e r ences  i n  t h e  a r eas  ad jacent  t o  t h e  River; t o n a l  and p a t t e r n  d i f f e r e n c e s  



were t h e  ch i e f  c l u e s ,  The low, w e t t e r  a r eas  wi th  a  cypress-dominated t r e e  

cover  appear da rke r  than  t h e  h igher ,  gene ra l ly  d r i e r  a r eas  which a r e  domi- 

na ted  by p ines .  Mapping of t he  wetlands was done a t  a  s c a l e  of 1:125,000 

through t h e  4x p r o j e c t i o n  enlargement of 1: 500,000 t r anspa renc ie s  in t h e  c o l o r  

a d d i t i v e  viewer.  D e t a i l s  a r e  l o s t  a t  a  l a r g e r  s ca l e .  

By use of t h r e e  of t he  bands, inc luding  one of t h e  near - inf ra red  bands, 

i t  was p o s s i b l e  t o  o u t l i n e  a r e a s  w i th in  t h e  wetlands which conta ined  more 

mois ture  than  t h e  surrounding a r e a s .  Images 1133-15150 ( 3  December 1972) 

and 1205-15150 (13 February 1973) were used i n  t h i s  s tudy .  F igure  4  shows 

t h e  p a t t e r n  of the more wet a r e a s  w i th in  t h e  wetlands based upon an i n t e r -  

p r e t a t i o n  of t hese  images. Image 1133-15150 was made s h o r t l y  a f t e r  a period 

of moderate r a i n f a l l .  Image 1205-15150 was made fo l lowing  a  snow storm, and 

o t h e r  p a r t s  of t he  image record t h e  presence of snow on t h e  ground. A l l  

images s tud ied  recorded p a r t i c u l a r l y  we l l  t h e  r i d g e  and swale topography on 

t h e  e a s t  shore of t h e  Chowan River oppos i t e  t he  mouth of t h e  Meherrin River 

(Fig.  1 ) .  

The LANDSAT imagery w a s  b e s t  u t i l i z e d  f o r  s tudy  of p o s s i b l e  water q u a l i t y  

d i f f e r ences  on t h e  s t r e t c h  of t h e  Chowan River south of Holiday I s l and .  

Image 1205-15150 (Fig ,  5A) i s  p a r t i c u l a r l y  i n s t r u c t i v e .  What appears  t o  b e  

t h e  p a t t e r n  of r e l a t i v e l y  c l e a r  water  from Keel Creek mixing wi th  Chowan River  

water extends southward t o  t h e  v i c i n i t y  of Colera in .  On Band 5 (600-700 nm) 

of t h e  imagery t h e  wa te r  coming from Keel Creek appears  darker  than t h e  

Chowan River water  i n d i c a t i n g  a lower suspended s o l i d s  content .  A low 

r e f l e c t a n c e  p a t t e r n  recorded (Fig.  5)  is  recorded n e a r  t h e  mouth of t h e  

Chcwaa. Var ia t ions  of t h i s  p a t t e r n  a r e  seen i n  o t h e r  images. The h ighe r  

r e f l e c t i v e  a r e a s  i nd ica t ed  i n  Fig. 5B are a r e a s  i n  which t h e  water  of Albe- 

marle  Sound contained h ighe r  suspended s o l i d s  loads .  Based upon t h e  sample 

d a t a  from February 1975 and upon t h e  sequence of r e f l e c t i o n  p a t t e r n s  found a t  

t h e  mouth of t h e  Chowan River  on LANDSAT imagery, i t  i s  es t imated  t h a t  t h e  

lowest  r e f l e c t i v e  a r e a  contained an average suspended s o l i d s  load of 1 0  mg/l 

o r  l e s s  i n  c o n t r a s t  t o  a  load of 30 t o  40 mg/l o r  more f o r  t he  a r e a  of g r e a t -  

e s t  r e f l e c t i v i t y ,  

Var i a t ions  i n  Chowan River  r e f l e c t a n c e  p a t t e r n s  were s tud ied  by compar- 

ing  the  LANDSAT images from d i f f e r e n t  times. To i l l u s t r a t e  t h i s  comparison, 

an i n t e r p r e t a t i o n  of Image 1475-15122-5 made on 10 November 1973 (Fig.  6) i s  





Fig. 5 A .  LANDSAT- I IMAGE 1205-15150-5. 13 Feb. 1973 





Fig. 6. LANDSAT - I IMAGE 1475 - 15 122 -5 
10 Nov. 1973 

Chowan R i v e r  Region 



given. A t  t h i s  time r e l a t i v e l y  higher r e f l ec tance  areas  were concentrated 

near  and along the  shore a t  e i t h e r  end of t h e  U.S. 17 bridge. Also, t h e  

Edenton Bay area  had a comparatively lower r e f l ec tance  than the  southern 

one-half of Albemarle Sound. The water  dra in ing from Keel Creek appears t o  

be of about the  same re f l ec tance  as  t h a t  of the  Chowan River. Areas of 

h igher  r e f l e c t i v i t y  represent  areas of g rea te r  water  t u r b i d i t y  and pre- 

sumably areas  of s i m i l a r  water  q u a l i t y  i n  c o n t r a s t  t o  t h e  lower r e f l ec tance  

areas  which a r e  of  lower t u r b i d i t y  and d i f f e r i n g  water  qual i ty .  Var ia t ions  

of t u r b i d i t y  wi th in  the  higher r e f l ec tance  a r e a  a r e  a l s o  recorded. 

Microscopic examination of LANDSAT Image No. 1583-15100-5 f o r  26 Feb- 

rua ry  1974 shows the  exis tence  of a r e f l ec tance  d i f fe rence  between t h e  

Meherrin River and Chowan River waters. A s i m i l a r  r e f l ec tance  d i f fe rence  

was observed and photographed during t h e  21 February 1974 f l i g h t  (Fig. 13) 

wi th  the  mul t i spec t ra l  camera. The small s c a l e  of the  s a t e l l i t e  imagery 

does not  permit any more than the  recogni t ion  of t h e  d i f fe rences ,  and l a r g e r  

s c a l e  photography i s  required t o  map the  d i spe r s ion  and mixing associa ted  

wi th  the  confluence of t h e  two r i v e r s  (Fig. 13). However, t h e  dark gray t o  

black water  of the  Chowan River i s  e a s i l y  t r aced  t o  t h e  v i c i n i t y  of Franklin,  

Virg in ia ,  on both the  Band 4 (500-600 nm) and Band 5 (600-700 mn ) imagery. 

Test S i t e s  

Study of the  mul t i spec t ra l  W S A T - 1  imagery suggested severa l  a reas  

t h a t  should be inves t iga ted  with mul t i spec t ra l  a e r i a l  photography. I n  addi- 

t i o n ,  a l i s t  of i n d u s t r i a l  and mynicipal discharge po in t s  along t h e  Chowan 

River (Office of Environmental ~ k a g e m e n t ,  personal  communication) was 

obtained. Consideration was given t o  evaluat ion  of the  input  from streams 

t r i b h t a r y  t o  the  Chowan, and dis4ussions wi th  M r .  Grover C. dook of t h e  Off ice  

of Ebvironmental Management and wi th  D r .  A. M. Witherspoon of  North Carolina 

S t a t e  Universi ty,  Department a f  Botany, guided choice of test  s i t e s  and, thus,  

f l i g h t  l ines .  I n  addi t ion  t o  cons idera t ions  r e l a t e d  t o  poss ib le  exis tence  of 

photographical ly responsive phenomena, the  p o t e n t i a l  a v a i l a b i l i t y  of groundtruth 

entered  i n t o  t h e  f i n a l  choice of f l i g h t  l ines .  

Point  sources whose discharges were considered t o  be of p o t e n t i a l  i n t e r e s t  

t o  t h e  i n v e s t i g a t i o n  a re  l i s t e d  below: 

1. Town 05 Winton 

2. Farmers Chemical Association, Inc., near  Tunis 

3. Town of Colerain 

2 2 



4. United P iece  Dye Works 

5. ~er ry-Wynn 's  F ish  Company 

6. Cannon Fish Company 

7. P a r k e r ' s  Fer ry  Fish Company 

The approximate l o c a t i o n  of each of t hese  sources  i s  shown on Fig.  1. Rivers  

and s t reams whose d ischarge  t o  t h e  Chowan seemed most i n t e r e s t i n g  f o r  photo- 

graphic  monitoring included t h e  Meherrin River,  Mud Creek, Catherine Creek, 

Rockyhock Creek, and Keel Creek (Fig.  1 ) .  Consul ta t ion  wi th  D r .  Witherspoon 

brought ou t  t h a t  an important a r e a  of phytoplankton bui ldup l ies  between 

Holiday I s l and  and t h e  e a s t e r n  bank of t h e  Chowan River .  The space  imagery 

poin ted  t o  t h e  mouth of  t h e  Chowan River south of t h e  U.S. 17 b r idge  and t o  

Edenton Bay a s  p o t e n t i a l  t e s t  s i t e s .  

F l i g h t  l i n e s  were planned t? i n v e s t i g a t e  most of t h e  s i t e s  on a t  least 

two occasions.  I n  a d d i t i o n ,  t h e  Edenton was te  t rea tment  p l a n t  was photographed 

i n  conjunct ion wi th  t h e  Edenton Bay f l i g h t  l i n e s ,  and a waste  t reatment  f a c i l -  

i t y  and a swimming pool ad jacent  t o  U.S . Highway 13-17, about f i v e  mi l e s  sou th  

of Windsor (Fig. 1 )  were photogiaphed t o  e s t a b l i s h  t h e  photographic response 

of a range of r e f l e c t a n c e s  whose water  q u a l i t y  is g e n e r a l l y  known. Deta i l ed  

d e s c r i p t i o n s  of r e p r e s e n t a t i v e  imagery a r e  presented  i n  t he  fo l lowing  

d iscuss ion .  

6 September 1973 F l i g h t  

M u l t i s p e c t r a l  a e r i a l  photography was taken on 6 September 1973 between 

l2:00 noon and 12:30 p.m. EDT, at an a l t i t u d e  of 4000 f e e t  above t h e  ground (Fig. 7) 

a long s e v e r a l  l i n e s  from Keel Creek south t o  Edenton Bay. Sca t t e r ed  cloud 

cover between 4000 and 6000 f e e t  r e s u l t e d  i n  cloud shadow on some frames. 

Groundtruth f o r  the  f l i g h t  was c o l l e c t e d  by t h e  O f f i c e  of Environmental Man- 

agement a t  n i n e  s i t e s  on t h e  Chowan River.  The i r  l o c a t i o n s  a r e  shown i n  

Fig. 7, and t h e i r  ana lyses  a r e  given i n  Appendix I. 

Although t h e  groundt ru th  p o i n t s  a r e  widely spaced, i t  appears  t h a t  t h e  

d a t a  can be used t o  guide i n t e r p r e t a t i o n  of t h e  Chowan River  wa te r  q u a l i t y  

p a t t e r n s ,  P l o t t i n g  of t h e  d a t a  g iven  i n  Appendix I shows some gene ra l  t r e n d s  

which bea r  upon t h e  a b i l i t y  of t h e  m u l t i s p e c t r a l  photographic system t o  pro- 

v i d e  u s e f u l  information.  Because only n i n e  sample p o i n t s  are a v a i l a b l e  f o r  

a n a l y s i s ,  only gene ra l  t r ends  cah be recognized a t  b e s t .  

There seems t o  be a p o s i t i v e  c o r r e l a t i o n  between t h e  ch lorophyl l  con- 

c e n t r a t i o n  and t h e  v o l a t i l e  con ten t  of t h e  samples. As might be  expected,  a 
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F l i g h t .  



genera l  p o s i t i v e  c o r r e l a t i o n  e x i s t s  between the  t o t a l  s o l i d  content  and t h e  

su r f ace  t u r b i d i t y .  Su rp r i s ing ly ,  a  gene ra l  nega t ive  t r end  seems t o  e x i s t  

between t h e  Secchi  d i s c  depth and t h e  t o t a l  s o l i d s  content ;  t hose  sample 

s i t e s  from which samples wi th  g r e a t e r  t o t a l  s o l i d  content  came have a g r e a t e r  

Secchi  d i s c  depth.  The co lo r  ana lyses  show a  gene ra l  p o s i t i v e  c o r r e l a t i o n  

between c o l o r  u n i t  va lues  and t h e  ch lorophyl l  conten t  and between t h e  c o l o r  

u n i t s  and t h e  t o t a l  suspended s o l i d s  up t o  co lo r  u n i t s  va lues  of approximately 

70 where the  curves appear t o  f l a t t e n .  

Edenton Bay Area 

The l i n e  flown south-southeastward from Edenton i n t o  Albemarle Sound 

(Fig. 7) crossed a boundary between two water  masses of apparent ly  d i f f e r i n g  

q u a l i t y .  A t  l e a s t  each mass had a  s l i g h t l y  d i f f e r e n t  r e f l e c t a n c e .  Also, t he  

west-to-east l i n e  beginning i n  t h e  v i c i n i t y  of Black Walnut Poin t  c rossed  

p a r t  of t h e  a r e a ,  Sample S t a t i o n  CR-2A (Appendix I) l i e s  a t  t h e  southern  edge 

of t h e  f i r s t  frame on t h i s  l i n e .  Sample s i t e  CR-T l i e s  ou t s ide  t h e  Edenton 

l i n e ,  but  t h e  information from t h e  sample appears  u s e f u l  t o  t h e  i n v e s t i g a t i o n .  

The photography made a l o n g . t h e  f l i g h t  l i n e  s t a r t i n g  n e a r  Black Walnut 

Poin t  does n o t  show any s i g n i f i c a n t  r e f l e c t a n c e  d i f f e r e n c e s  from one end of 

t h e  l i n e  t o  t he  o t h e r  when examined on a  l i g h t  t a b l e  o r  when s tud ied  i n  t h e  

c o l o r  a d d i t i v e  viewer.  This r e l a t i o n s h i p  sugges ts  t h a t  t h e  gene ra l  water  

q u a l i t y  p h a m e t e r s  g iven  by sample CR-2A extend t h e  l e n g t h  of t h e  f l i g h t  l i n e .  

Therefore,  i n  t h e  absence of more d e t a i l e d  sampling t h e  c o l o r  r e n d i t i o n s  

obtained i n  t h e  c o l o r  a d d i t i v e  viewer can be c o r r e l a t e d  wi th  t h e  sample d a t a .  

S p e c i f i c a l l y ,  t he  c o l o r  un i t -ch lorophyl l  con ten t ,  t h e  c o l o r  u n i t - t o t a l  

suspended s o l i d s ,  and tlie ch lo rophy l l - t o t a l  v o l a t i l e  curves appear u se fu l .  

Figure 8 shows a  s e r i e s  of f o u r  m u l t i s p e c t r a l  photographs taken  a t  t h e  

p o s i t i o n  shown on Fig. 7 .  I f  t h e  d e n s i t i e s  shown i n  t h i s  s e r i e s  of photo- 

graphs can be c o r r e l a t e d  w i t h . t h e  o v e r a l l  water  q u a l i t y  a s  i s  ind ica t ed ,  then  

t h e  d a r k e r  phase may be c o r r e l a t e d  w i t h  t h e  gene ra l  water  q u a l i t y  parameters  

given by sample CR-2A c o l l e c t e d  nea r  t h e  west bank of t h e  Chowan. I n  F ig .  8 

t h e  c o n t r a s t  between t h e  l i g h t  and da rk  water  masses i s  b e s t  seen in t h e  r ed  

( F i l t e r  No. 352) and green ( F i l t e r  No. 351) p o r t i o n s  of t h e  spectrum. No 
0 

sample was c o l l e c t e d  from an a r e a  be l ieved  f o  be r e p r e s e n t a t i v e  of t h e  

l i g h t e r  a r ea .  However, t h e  h ighe r  r e f l e c t a n c e  i s  sugges t ive  of t h e  presence 



Blue: F i l t e r  No. 350 

Green: F i l t e r  No. 351 

Red: F i l t e r  No. 352 

I n f r a r e d :  F i l t e r  No. 225 



of a comparatively g r e a t e r  concent ra t ion  of phytoplankton, and the  p o t e n t i a l  

presence of such a g r e a t e r  concent ra t ion  i s  s t r o n g l y  suggested by t h e  sample 

from S t a t i o n  CR-2A a s  w e l l  as o t h e r s  upstream. 

I f  t he  ch lo rophy l l - t o t a l  v o l a t i l e  s o l i d s  curve is  u s e f u l ,  then t h e  h ighe r  

v o l a t i l e s  conten t  f o r  S t a t i o n  CR-T compared wi th  the  sample from CR-2A ind i -  

c a t e s  t h a t  t h e r e  should be present  i n  t h e  sample from CR-T a h i g h e r  chloro-  

phy l l  content  than i s  shown i n  t h e  ana lyses .  I f  t h e  d a t a  from S t a t i o n  CR-T 

can be ex t r apo la t ed  t o  t he  h ighe r  r e f l e c t i v e  a r e a ,  then  it can be concluded 

t h a t  t h e  l i g h t e r  a r e a  i n  Fig. 8 is  record ing  t h e  presence of a h igher  phyto- 

plankton concent ra t ion  than  i s  p re sen t  i n  t h e  da rke r  a r e a ,  

The o p t i c a l  d e n s i t y  d i f f e r e n c e s  between t h e  two water  masses i l l u s t r a t e d  

in Fig. 8weremeasured wi th  a 32-step dens i ty  s l i c e r  on a Po la ro id  p o s i t i v e  

t ransparency.  The d e n s i t y  d i f f e r e n c e  i s  0.15 f o r  t h e  p o s i t i v e  of t h e  green 

band image; t h e  b lue  band shows a d e n s i t y  d i f f e r e n c e  of l e s s  than  0.05, and 

t h e  d e n s i t y  d i f f e r e n c e  of t he  r e d  band is 0.20 t o  0.25 depending upon t h e  

p o s i t i o n  along the  i n t e r f a c e .  These va lues  suggest  a gene ra l  absorp t ion  i n  

t h e  b l u e  band i n  t he  l i g h t e r  a r e a  of Fig. 8 ,  a phenomenon which is t o  be  

expected i f  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  biomass concen t r a t ions  of t he  two 

a r e a s  e x i s t e d  . 
Determination of t h e  d e n s i t y  va lue  of each of t h e  water masses t hen  per-  

m i t s  cons t ruc t ion  of a curve  which r e l a t e s  t h e  r e f l e c t a n c e  i n  t h e  red  o r  green 

po r t ion  of t h e  spectrum as measured by f i l m  d e n s i t y  t o  t h e  concen t r a t ion  of 

v o l a t i l e  ma te r i a l .  I f  t he  ch lorophyl l  conten t  i s  p ropor t iona l  t o  t h e  a l g a l  

concent ra t ion  and t h e  q u a n t i t y  of v o l a t i l e  m a t e r i a l  i s  p ropor t iona l  t o  t h e  

ch lorophyl l  concent ra t ion ,  then t h e  r e f l e c t a n c e s  as ind ica t ed  by t h e  d e n s i t y  

of t h e  f i l m  can be used as a measure of t h e  a lgae  biomass, Ref lec tances  from 

o t h e r  p a r t s  of t h e  River  may be  used t o  e s t i m a t e  t h e  amount of v o l a t i l e  

m a t e r i a l  p re sen t ,  and from t h e  vo la t i l e - ch lo rophy l l  r e l a t i o n s h i p  t h e  r e l a t i v e  

amounts of a l g a l  m a t e r i a l  may then be es t imated .  S ince  t h e r e  is  no  informa- 

t i o n  about phytoplankton biomass concen t r a t ions ,  i t  i s  n o t  p o s s i b l e  t o  e s t  i- 

mate t h e  a l g a l  concent ra t ions  d i r e c t l y  f o r  comparison w i t h  t h e  photographic 

response of t he  Chowan River. The uni formi ty  of t h e  r e f l e c t a n c e  from t h e  

i n f r a r e d  band impl ies  t h a t  t h e  phytoplankton, i f  p resent  i n  s i g n i f i c a n t  

q u a n t i t i e s ,  were loca t ed  more than a few microns below t h e  water  s u r f a c e .  








































































































































































