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PREFACZ 

Objective - 
This supplementary r e p o r t  concen t ra tes  on an e v a l u a t i o n  of t h e  

previously  repor ted  land use map and d a t a  base  f o r  nor the rn  Megalopolis ,  
on an i n i t i a l  exp lo ra t ion  of i t s  poss ib le  a p p l i c a t i o n s ,  and on a  look 
a t  the ERTS-type requirements of New England p lanners  today.  

Scope 

The a r e a  c o n s i s t s  of t h e  t h r e e  s t a t e s  Massachuset ts ,  Connecticut  
and Rhode I s l and .  The t e s t  s i t e  f o r  product eva lua t ion  is a  94-square- 
k i lometer ,  heavi ly  urbanized a r e a  around New Haven. On it t h e  maps 
compiled from both unenhanced and CCT-enhanced ERTS images, a s  w e l l  a s  
from high a l t i t u d e  a e r i a l  photography a r e  compared bo th  s t a t i s t i c a l l y  
and v i s u a l l y  wi th  a  map compiled from low a l t i t u d e  photography. 

The look a t  the  c u r r e n t l y  expressed ERTS-type needs of p lanners  
i n  s i x - s t a t e  New England summarizes t h e  consensus o f  p lanners  a t  both  
the s t a t e  and i n t e r s t a t e  l e v e l s .  

The i n i t i a l  exp lo ra t ion  cf some poss ib le  a p p l i c a t i o n s  of ERTS d a t a  
concentra tes  on the  decrease  In i n t e n s i v i t y  of land use wi th  i n c r e a s i n g  
d i s t a n c e  from c i t y  cen te r s .  

Conclusions 

The repor t  concludcs t h a t  ERTS land use mapping, i n  s p i t e  of por- 
t r ay ing  Megalopolis more x c u r a t e l y  and d ramat ica l ly  than the  b e s t  p a s t  
e f f o r t s ,  is i n  danger of f a l l i n g  i n t o  t h e  ca tegory of being too revol-  
u t ionary  f o r  many p lanners  and too convent ional  f o r  many e l e c t r o n i c s  
engineers .  

I t  s t a t e s  t h a t  two a l t e r n a t i v e  s o l u t i o n s  a r e  impl ied:  one is  t o  
improve the  ERTS product t o  t h e  ].eve1 where i t  w i l l  be  completely ac- 
capted by p lanners ,  and the  o t h e r  is t o  inc rease  suppor t  f o r  the  pres-  
en t  somewhat p r i m i t i v e  product through educa t ion ,  cos t -shar ing and 
l e g i s l a t i o n .  

PRECEDING PAGE BLANK NOT m m  
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INTRODUCTION 

In June,  1973, t h e  twelve month pe r iod  o r i g i n a l l y  con t rac ted  f o r  

study of ERTS-1 by the  Dartmouth College P r o j e c t  ia Remote Sensing end- 

ed and a  Type 111 ("f inal")  r e p o r t  was rendered.' 

However, ERTS-1 imagery i n  proper  format had not bccome a v a i l a b l e  

u n t i l  January 1973 and the  r e p o r t  was i n  .>st  r e s p e c t s  a  Type I1 ("in- 

terim") one, s o  an ex tens ion  was granted by NASA t o  cover t h e  six-month 

period 15 December 1973 t o  15 June 1974. The p r e s e n t  r e p o r t  covers  

t h a t  per iod.  Although designed t o  s t and  independent ly ,  t h i s  r e p o r t  can 

bes t  be read wi th  re fe rence  t o  t h e  e a r l i e r  p u b l i c a t i o n .  

The o b j e c t i v e s  of the  e n t i r e  i n v e s t i g a t i o n  have been 1)  t o  map 

and d i g i t i z e  the  land use of t h e  nor the rn  one-third of Megalopolis and 

2 )  t o  e v a l u a t e  ERTS a s  a  planning t o o l .  

The f i r s t  o b j e c t i v e ,  t o  map and d i g i t i z e  t h e  nor the rn  t h i r d  of 

Megalopolis, was f u l l y  covered i n  t h e  preceding r e p o r t .  Rec jp ien t s  

of t h e  f i r s t  f i f t e e n  copies  of t h a t  document received a  g a t e f o l d  c o l o r  

p r i n t  of the f i n a l  map and r e c i p i e n t s  of o t h e r  cop ies  were given a  

black-and-white ve r s ion  of i t .  Since t h a t  time a  new photo process  

developed by a l o c a l  l abora to ry  has  permit ted  much b e t t e r  t e c h n i c a l  

reproduction of t h e  o r i g i n a l  f u l l - c o l o r  map than was p o s s i b l e  from any 

known source  a  yea r  ago. Accordingly, the  f i r s t  f i f t e e n  cop ies  of t h i s  

supplemental  r e p o r t  con ta in  a  new reproduct ion of t h e  o r i g i n a l  map (Fig .  

' ~ o b e r t  B. Simpson, David T. Lindgren, David J .  Rum1 and W i l l i a m  

Go lds te in ,  I n v e s t i g a t i o n  of Land Use of Northern Megalopolis Using 

ERTS-1 Imagery (Hanover, N.H.  : Dartmouth Col lege  P r o j e c t  i n  Remote -- 
Sensing,  August 1973),  56 pp. 



1). ' Readers who are interested in the enhanced color contrast of this 

new map can write directly to the originating photo lab2 for additional 

information. 

The second objective of the continuing ERTS-1 investigation by 

the DCPRS was to evaluate ERTS as a planning tool. To that end the 

earlier report contained three things: 1) an evaluation of cost- and 

time-effectiveness, in some detail, 2) a brief summary of how the 

ERTS-1 map compared to other land use maps prepared from different 

source materials, 3) an introductory, generalized statement as to the 

kind of remotely sensed information planners need, and 4) suggestions 

as to preliminary urban geographic type derivatives which could be 

developed from the ERTS map. 

During the six months extension, primary emphasis has been direct- 

ed towards a quantitative evaluation of how the original ERTS-derived 

map of the three New Eng'and states compares with other contemporaneous 

land use maps covering parts of the same area. This evaluation is sum- 

marized in Chapter I1 of this report. 

The utility of the ERTS-type manually-derived land use map to New 

England planners is the subject of Chapter TIT. Introductory application 

of the ERTS-derived computer data bank to the decrease in intensivity 

of land use with increasing distance from the cities is introduced in 

Chapter IV, and Appendix A adds a new detail or two to the subject of 

cost- and time-effectiveness of ERTS. 

This six month collaboration, like the twelve-month contract be- 

fore it, has involved the full-time effort of a research assistant, 

William Goldstein, and the part-time efforts of the Principal Investigat- 

or, Robert 8. Simpson, and the Associate Investigator, David T. Lindgren. 

Professor Van H. English did the cartography. 

l ~ i ~ u r e  1 has been omitted entirely from all copies of the present 

report except the f f rs t fifteen. 

211ntl~orn/~lst,n, 34 South Main Street, Hanover, Ntw Harnp~hfre 03755 



11 COMPARISON OF LAND USE DATA: ERTS VS AERIAL PHOTOGRAPHY 

The p reced ing  r e p o r t  on t h i s  i n v e s t i g a t i o n  i n c l u d e d  a b r i e f  s ec -  

t i o n  ( S e c t i o n  I I IA ,  pp. 18-21) on c o m p a r a b i l i t y  of t h e  ERTS-1 p roduc t  

w i th  t h a t  of an o f f i c i a l  55-category S t a t e  of Connec t i cu t  l a n d  u s e  

map completed i n  1972 a t  a c o s t  of  we l l  ove r  a  m i l l i o n  d o l l a r s  from 

low-level a i r c r a f t  photography.  

I n  t h e  e a r l i e r  r e p o r t ,  o p p o r t u n i t y  was a f f o r d e d  s imply  t o  compare 

v i s u a l l y  our  ERTS map a t  s c a l e  1:250,000 w i t h  a reduced and s i m p l i f i e d  

c leven-ca tegory  v e r s i o n  of t h e  o f f i c i a l  Connec t i cu t  map a t  t h e  same 

s c a l e .  

We now have completed a  more thorough q u a n t i f i e d  comparison of  

t h e s e  two maps, and added o t h e r s .  

1 .  S t a t i s t i c a l  -- 
One of t h e  main purposes  of t h e  ERTS-1 e x t e n s i o n  was t o  s t a t i s -  

t i c a l l y  compare t h e  land  use  d a t a  a c q u i r e d  by ERTS t o  t h a t  a c q u i r e d  by 

o t h e r  s enso r  p l a t f o r m s .  I n  o r d e r  t o  accompl ish  t h i s  f o u r  s e p a r a t e  

d a t a  bases  were gene ra t ed  from f o u r  d i f f e r e n t  i n t e r p r e t a t i o n s  of 

t h e  same geograph ica l  a r e a ,  r e f e r r e d  t o  h e r e i n  as t h e  New Haven t e s t  

s i t e  (F igu re  2 ) .  The comparison was a t h r e e - s t e p  p r o c e s s  : 1) acqu i s -  

i t i o n  (by p h o t o i n t e r p r e t a t i o n )  and compu te r i za t i on  of t e s t  s i t e  d a t a ;  

2 )  t r a n s f e r  of d a t a  t o  a  common g e o g r a p h i c a l  b a s e ;  and 3) c e l l - b y - c e l l  

and area-by-area comparison of i n d i v i d u a l  land  use  d a t a  b a s e s .  

Of t h e  f o u r  d a t a  b a s e s  two a l r e a d y  were i n t e r p r e t e d  a t  t h e  begin-  

ninp, of t h i s  c o n t r a c t .  The f i r s t  was provided  by t h e  s t a t e  of Connec- 

t i c u t  from l o w - d t i t u d e  b l a c k  and w h i t e  photography t aken  i n  1970. 

T h i s  o f f i c i a l  s t a t e  l and  use  map was compiled a t  s c a l e  1:24,000 OP a 

base  composed of  7 112 minute  USGS topographic  quad rang le s .  A g r i d  rep-  

r e s e n t i n g  1 /25  squa re  k i l o m e t e r  was 4rawn and p l a c e d  o v e r  t h e  topo- 

g r a p h i c  s h e e t .  The 55  land  use  c a t e g o r i e s ,  of which o n l y  f o r t y  were 

found w i t h i n  t h e  New Haven t e s t  s i t e  (Table  1, Column A ) ,  were t h e n  

numer i ca l ly  coded i n t o  t h e  computer by t h e  m a j o r i t y  land  use  of e a c h  

g r i d  c e l l .  

The second d a t a  base  was not  o n l y  a l r e a d y  i n t e r p r e t e d  b u t  com- 

p u t e r i z e d  a s  w e l l .  Under USGS Cont rac t  No. 14-08-0001-12958 a  1600- 
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Figure 2. I  dentification Map. - 
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s q u a r e  k i l o m e t e r  a r e a  su r round ing  New Haven had been manually i n t e r -  

p r e t e d  usinp, 1:130,000 s c a l e  c o l o r - i n f r a r e d  photography;  t h e  l a c d  use  

d a t a  had subsequen t ly  been c ~ m p u t e r i z e d  i n t o  a  d a t a  b a s e  of 40,000 

c e l l s ,  each  one deno t ing  t h e  m a j o r i t v  use of a  1 / 2 5  s q u a r e  k i l o m e t e r  

c e l l .  T h i s  d a t a  b a s e ,  h e r e a f t e r  r e f e r r e d  t o  a s  t h e  " h i g h - a l t i t u d e  a i r -  

c r a f t "  b a s e ,  c o n s i s t e d  of 14 c a t e g o r i e s  of  l and  u s e  (Table 1, Column B). 

T h i s  g r i d  and t h e  one used t o  computerize t h e  l o w - a l t i t u d e  a i r c r a f t  ba se  

were i d e n t i c a l ,  t h u s  making p o s s i b l e  a  c e l l - b y - c e l l  comparison of t h e  

two d a r a  bases .  

The t h i r d  land use  base  was d e r i v e d  from t h e  manual p h o t o i n t e r -  

p r e t a t i o n  of  an unenhanced photo- labora tory-produced  ERTS-1 c o l o r  com- 

p o s i t e  of  t h e  1600-square k i l o m e t e r  New Haven t e s t  s i t e ,  p h o t o g r a p h i c a l l y  

e n l a r g e d  t o  a  s c a l e  of  1:250,000. The n ine -ca t ego ry  i ~ ~ i e r p r e t a t i o n  

(Table 1, Column C) was done d i r e c t l y  o n t o  t h e  t r a n s p a r e n c y ,  and sub- 

s e q u e n t l y  t r a n s f e r r e d  us ing  a  Bausch and Lomb Zoom T r a n s f e r  Scope t o  

t h e  same 1:62,500 topograph ic  base  ss t h e  h igh-  a r d  l o w - a l t i t u d e  a i r -  

c r a f t  ba se  maps. A f t e r  comple t ing  t h e  f i n a l  ERTS i n t e r p r e t a t i n n  a t  t h e  

s t a n d a r d  s c a l e  of 1:62,500,  t h e  b a s e  map was computer ized  i n  t h e  same 

manner a s  p r e v i o u s l y  d e s c r i b e d .  I t  was p o s s i b l e  t o  compare t h i s  p roduc t  

w i th  t h e  two p reced ing  ones  on a c e l l - b y - c e l l  b a s i s .  

The f o u r t h  base  was produced from t h e  manual p h o t o i n t e r p r e t a t i o c  

of a  p h o t o g r a p h i c a l l y  e n l a r g e d  35-mm. s l i d e ,  t a k e n  of t h e  ca thode  r a y  

tube  d i s p l a y  of General  E l e c t r i c ' s  Image 100,  showing a  p o r t i o n  of t h e  

New Haven t e s t  s i te .  The sca l i :  of t h i s  f our th -gene ra t ion  r e p r o d u c t i o n  

was approxi:nately 1  :62,5OO, b u t  because  of t h e  d i s t o r t i o n  i n h e r e n t  i n  

t h e  ca thode  r ay  t u b e ,  an e x a c t  s c a l e  a p p l i c a b l e  t o  t h e  whole s cene  

could  no t  be de termined .  The color-coded n ine -ca t ego ry  (same a s  unen- 

hanced ERTS-1) land  use  ma? was g r idded  and t h e  d a t a  r ead  i n t o  t h e  com- 

p u t e r .  However, because  of t h e  d i s t x t i o n s  i n  t h i s  base  a c e l l - b y - c e l l  

m a ~ c h u p  w i t h  tho t h r e e  o t h e r  b a s e s  was no t  a t t empted .  

With t h e  f o u r  d a t a  b a s e s  completed t h e  f i n a l  t e s t  s i t e  upon which 

a l l  t h e  s t a t i s t i c a l  a n a l y s e s  were performed was d e r i v e d ,  u s i n g  a  s e r j e s  

of  DCPKS-developed s o f t w a r e  which e x t r a c t e d  from each  s e p a r a t e  b a s e  

t h e  a r e a  sha red  i n  common by a l l  f o u r  d a t a  b a s e s .  This polygon measures 

94-square k i l o m e t e r s  i n  a r e a ,  o r  2,350 1 /25  squa re -k i lome te r  o b s e r v a t i o n  



c e l l s  of land use. 

There were two types of comparisons made wi th  t h e  d a t a .  The f i r s t  

consis ted  of aggregating the  t h r e e  i n d i v i d u a l  legends (low a l t i t u d e ,  

hiph a l t i t u d e ,  and ERTS) i n t o  one compatible nine-category land use leg- 

end (Table 1, Column Dl. Subsequently , each of t h e  f o u r  d a t a  bases  

was examined under program c o n t r o l  t o  determine t h e  percentage of each 

land use i n  each d a t a  base (Table 2 ) .  

The second s e r i e s  of s t a t i s t i c s  was an  actczl .  ce l l -by-ce l l  compar- 

i son of t h e  t h r e e  compatible d a t a  bases- 10-1 a l t i t u l e  a i r c r a f t ,  h i ~ h  

a l t i t u d e  a i r c r a f t ,  and ERTS unenhanced (Table 3). The ERTS enhanced 

d a t a  base was no t  included i n  t h i s  comparison because of t h e  d i s t o r t i o n  

problems mentioned previously .  The t h r z e  c o m p a r i ~ m s  a c t u a l l y  undertaken 

were ERTS vs  low a l t i t u d e ,  high a l t i t u d e  vs  low a l t i t u d e ,  and l e s s  im-  

p o r t a n t l y ,  ERTS v s  high a l t i t u d e .  

The o r i g i n a l  ma t r i ces  ranged from 14 x 55 f o r  t h e  h i g h - a l t i t u d e  

a i r c r a f t  vs low-al t i tude  a i r c r a f t  comparison t o  9 x 14 f o r  t h e  ERTS 

v s  h igh-a l t i tude  a i r c r a f t  comparison. To genera te  t h e  f ina. i  s t a t i s t i c s ,  

iha c a t e g o r i e s  were col lapsed and combined i n t o  t h e  f i n a l  n ine .  

Before d i scuss ing  the  r e s u l t s  of  the  comparisons four  important  

q u a l i f i c a t i o n s  should be made about the  s t a t i s t i c s .  F i r s t ,  a  d l f f -  

e r e n t  land use c l a s s i f i c a t i o n  had been used i n  the  genera t ion  of each 

d a t a  base. The number of land use c a t e g o r i e s  ranged from 55 f o r  t h e  

low-al t i tude  a i r c r a f t  d a t a  t o  a s  few as 9 f o r  ERTS. Th i s  r e s u l t e d  i n  

a  number of problems a s  t o  which of t h e  n ine  c a t e g o r i e s  should rece ive  

one o r  another  of t h e  55 c a t e g o r i e s  t o  be aggregated.  Second, d i f f e r e n t  

p h o t o i n t e r p r e t e r s  working under d i f f e r e n t  ground r u l e s  were used i n  t h e  

a c q u i s i t i o n  of each d a t a  base.  Thus, even i f  t h e  land use c l a s s i f i c a t i o n s  

had been i d e n t i c a l  each p h o t o i n t e r p r e t e r  would have app l i ed  them somewhat 

d i f f e r e n t l y ,  but  wi th  d i f f e r e n t  c l a s s i f i c a t i o n s  a s  w e l l ,  t h e  assignment 

of  land use c a t e g o r i e s  i n e v i t a b l y  v a r i e d .  Th i rd ,  t h e  imagery used i n  

t h e  p repara t ion  of t h e  d a t a  bases  was acquired a t  d i f f e r e n t  d a t e s ;  t h e  

high-and low-al t i tude  a i r c r a f t  photography was taken dur ing 1970, whi le  

the  ERTS imagery was acquired i n  1972. Although a  two-year d i f f e r e n c e  

is not g r e a t ,  some land use changes were bound t o  have occurred dur ing 
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t h a t  pc r iod .  A i d  f i n a l l y ,  t h e  comparison assumes t h e  l ow-a l t i t ude  

d a t n  t o  be e n t i r e l y  c o r r e c t .  I n  any d a t a  a c q u i s i t i o n  program c r r o r s  

occu r .  These q u a l i f i c a t i o n s ,  t h e n ,  w h i l e  not  s u f f i c i e n t  t o  n e g a t e  

t h e  v a l u e  of t h e  s t a t i s t i c s ,  most c r r t a i c l v  account  f o r  many of t h e  

d l s c r e p a n c i c s .  

Tab l c  2 i 1 111s t r a t e s  t h e  degree  of c o r r e ~ p o n d e n c ~  a t  t n i n e d  i n  t h e  

"ove rn l l "  (not  c c l  1 -by-ce l l )  f i g u r e s  f o r  each  land u s e  c a t e g o r y  when 

t h e  ERTS and h i g h - a l t i t u d e  a i r c r a f t  d a t a  a r e  compared w i t h  t h e  low-al- 

t i t u d e  a i r c r a f t  d;lta.  A s  e x p e c t e d ,  i n  b o t h  t h e  Level 1 and Level  11  

1;lnd use  c a t e g o r i e s  t h e  high-a1 t i t  ude a i r c r a f t  d a t a  co r r e spond  most 

c l o s c l y  t o  t h e  low-nl t i t u d e  a i r c r n f  t  d a t a ,  f o l  lowed by t h e  enhanced- 

ERTS d a t a .  The poores t  cor respondence  is  between t h e  low-at t i t u d e  air- 

c r a f  t d a t a  and t h e  uncnhanced ERTS. 

S p e c i f i c n l l y ,  t h e r e  is good cor respondence  (on ly  an  8X d i s p a r i t y )  

between both  t h e  unenhnnced ERTS and low-al t  i tud t .  a i r c r a f t  d a t a ,  and 

between t h e  h i g h - , l l t i t u d e  a i r c r a f t  and Low-al t i tude a i r c r a f t  d a t a  i n  

t h e  Urban and B u i l t u p  ca t ego ry .  However w i t h i n  t h e  Leve l  I 1  urban 

c a t e g o r i e s  t h c  high-n l t  i t u d e  d a t a  improve i n  c o r r a p o n d e n c e  w h i l e  t h e  

ERTS d a t a  worsen. Furthermore i n  a l l  f o u r  Level I1 c a t e g o r i e s  t h e  cn- 

hanced ERTS d a t a  cor respond more c l o s e l v  t o  t h e  l o w - a l t i t u d e  d a t a  t h a n  

t h e  unt.nhanced ERTS d a t a .  The only  urban c a t e g o r y  f o r  which high-nl-  

t i t u d c  d a t n  do not  cor respond w e l l  (45% d i sc repancy )  i s  t h e  Developed 

Opcn Space. T h i s  1;lttt.r c a t e g o r y  is b ; i s i c a l l y  an ERTS-derived c a t e g o r y  

f o r  which i t  is d i f f i c u l t  t o  de t e rmine  e q u i v a l e n t s  w i t h i n  t h e  a i r c r a f t  

d a t a  bases .  

A l l  t h r e e  of t h e  d a t a  b a s e s  c o n t a i n  more Woodland than  t h e  low- 

a l t i t u d e  d a t a  b n s r .  Thc h i g h - a l t i t u d e  base  exceeds  t h e  l ow-a l t i  t ude  

b a s e  by 14%, t h e  enhanced ERTS ? j c c v ~ d s  i t  by 24%. and t h e  unenhanced 

ERTS bv 104%. Apparent ly tt ,? l f w e r  t h e  r e s o l u t i o n ,  t h e  g r e a t e r  t h e  

overenumera t ion  o i  Woodland. With lower r e s o l u t i o n  manv wooded 

r e s i d e n t i a l  and r e c r e a t i o n a l  a r e n s  would appea r  a s  woodland. 

Both t h e  Marshland and Water c a t e g o r i e s  were r e l i a b l y  r eco rded  

by h i g h - a l t i t u d e  a i r c r a f t  ( n +5 and +4 d i s p a r i t v  r e s p r c t i v e l y )  and by 

EK'I'S ( +11 and - 1 1 d l s c r epnnc  i  e s )  . 'The cnhanccd ERTS , however, under- 

cnumer:lt 1.9 marshland bv 29"A:Il i l e  overcnumerat  i n g  w a t e r  by 56%. 



There is l i t t l e  correspondence of d a t a  w i t h i n  t h e  R u r a l  Open Land 

c : ~ t ~ g o r y  r e g a r d l e s s  o f  t h e  d a t a  p l a t fo rm.  Again t h i s  is a n  ERTS-derived 

ca t egory  f o r  which t h e r e  a r e  no d i r e c t  e q u i v a l e n t s  among t h e  non-ERTS 

tia t  n h;ises. 

F i n a l l y  t h e r e  is  l i t t l e  d a t a  correspondence between s e n s o r  p l a t -  

forms w i t h i n  t h e  A g r i c u l t u r a l  Land ca t egory .  There a r e  a  number of 

reasons  f o r  t h i s .  F i r s t ,  t h e r e  is l i t t l e  a g r i c u l t u r e  i n  t h e  Now Haven 

t e s t  s i te ,  and t h a t  which does occur  is conducted on a  small s c a l e .  

I t  is very  d i f f i c u l t  t o  d e t e c t  such s m a l l  p a r c e l s  from ERTS. I n  add- 

i t i o n  t h e r e  a r e  problems of  d e f i n i t i o n  w i t h  t h i s  ca t egory .  The ERTS 

ca t egory  r e f e r r e d  e x c l u s i v e l y  t o  row c r o p s ,  w h i l e  t h e  low-a l t i t ude  

base  inc luded  cove r  c r o p s  and a c t i v e  p a s t u r e  land .  

Table  3 compares t h r e e  combinat ions  of  land  use  on a r i ~ o r o u s  c e l l -  

by-ce l l  ( r a t h e r  than  o v e r a l l )  b a s i s .  The t h r e e  combinat ions  a r e  t h e  

unenhanced ERTS vs  t h e  l o w - a l t i t u d e  a i r c r a f t  d a t a ,  t h e  h i g h - a l t i t u d e  

a i r c r a f t  v s  t h e  l o w - a l t i t u d e  a i r c r a f t  d a t a ,  and t h e  enhanced ERTS v s  

t h e  h i g h - a l t i t u d e  a i r c r a f t  d a t a .  Again a s  expected  and on t h e  ave r -  

age ,  t h e  h i g h - a l t i t u d e  a i r c r a f t  d a t a  base  cor responds  more c l o s e l y  t o  

t h e  low-a l t i t ude  a i r c r a f t  d a t a  base (69%) than  does  t h e  unenhanced 

ERTS (58%).  

Cons ider ing  on ly  t h e  unenhanced ERTS and h i g h - a l t i t u d e  a i r c r a f t  

comparisons wi th  low-a l t i t ude  a i r c r a f t  d a t a ,  i t  can be seen  t h a t  t h e  

h i g h - a l t i t u d e  d a t a  have n h i g h e r  agreement pe rcen tage  than  ERTS i n  t h e  

Urban and Bu i l tup  ca t egory  (71% t o  6 3 % ) ,  t h e  R e s i d e n t i a l  ca t egory  

(80% t o  64%),  and t h e  Commercial-Indust r i a l - I n s t i t u t i o n a l  ca t egory  

(65% t o  61%) .  Thc unenhanced ERTS has  t h e  h ighe r  pe rcen tage  agreement 

i n  t he  T r a n s p o r t a t i o n  ca t egory  (79% t o  75%) bu t  t h e  h i g h - a l t i t u d e  

base has  more than  twice  a s  many c e l l s  o f  agreement (75  t o  301. There  

is poor agreement i n  bo th  c a s e s  w i th  Developed Open Space. As men- 

t i oned  p r e v i o u s l y  t h i s  is an  ERTS-derived ca t egory  f o r  which it is d i f f -  

i c u l t  t o  de termine  e q u i v a l e n t s  among t h e  a i r c r a f t  d a t a .  

Woodland, which was v a s t l y  overenumerated from t h e  unenhanced 

I'RTS, shows only a  352 agreement on t h e  c e l l - b y - c e l l  comparison a s  a- 

j : .~insL a 524: irgrccrncnt f o r  tlir  I i l ~ I ~ - ; i l  t l t u d c  d;itir. N~*vc.rtheleew, t h e  

u~~c~rrhancccl ERTS has  the  l a r g e r  number of c e l l s  i n  agreement (112 t o  95). 



The h i g h - a l t i t u d e  d a t a  a g r e e  80% of the  t i m e  w i t h  t h e  low-a l t i t ude  

base i n  t h e  Marshland ca t egory .  Unenhanced ERTS d a t a ,  however, d i s p l a y e d  

o n l y  n 462 agreement.  Th i s  is no t  t o o  s u r p r i s i n g  s i n c e  t h e  marshland 

t r a c t s  w i t h i n  t h e  t e s t  s i t e  a r e  w i t h  one o r  two e x c e p t i o n s  r e l a t i v e l y  

sma l l .  

I n  t h e  Water ca t egory  unenhanced ERTS d a t a  h a s  a h i g h e r  Irercent- 

age of  agreement (66% t o  63%) b u t  bo th  a r e  s u r p r i s i n g l y  low. Some 

wa te r  may appear  i n  t h e  Marshland ca t egory  which i n  bo th  i n s t a n c e s  

is  overenumerated. 

The l a s t  two c a t e g o r i e s ,  Rura l  Open Land and A g r i c u l t u r a l  Land 

a c t u a l l y  show no agreement f o r  t h e  unenhanced ERTS d a t a .  There are,  

i n  f a c t ,  on ly  3 c e l l s  w i t h i n  t h e  New Haven T e s t  S i t e  recorded as Rura l  

Open Land, and t h i s  i s  an  ERTS-derived c a t e g o r y ;  t h e r e  a r e  no  c e l l s  o f  

A g r i c u l t u r a l  Land recorded.  There is  g r e a t e r  agreement w i t h  t h e  high- 

a l t i t u d e  d a t a  a l though  t h e r e  a r e  on ly  2 c e l l s  of A g r i c u l t u r a l  Land i n  

agreement. The agreement f o r  t h e  Rura l  Open Land w h i l e  r easonab ly  

h igh  (60%) must be  used c a r e f u l l y  s i n c e  t h e r e  was g r e a t  d i f f i c u l t y  

i n  s e l e c t i n g  land  use  e q u i v a l e n t s  from among t h e  a i r c r a f t  d a t a  b a s e s .  

I n  conc lus ion ,  t h e  s t a t i s t i c a l  comparisons of t h e  ERTS-acquired 

land  use  d a t a  w i t h  t h o s e  acqu i r ed  by a i r c r a f t  do n o t  r e v e a l  any th ing  

new. They do, however, p r o v i a e  s t a t i s t i c a l  s u b s t a n t i a t i o n  f o r  many 

o f  t h e  p o i n t s  made e a r l i e r  i n  r e f e r e n c e  t o  E R T S . ~  It remains o u r  

'1n t h e  preceding  r e p o r t  on t h i s  c o n t r a c t .  See a l s o  Robert  8 .  Simpson 

and David T. Lindgren ,  "'.and Usc of Nor thern  Megalopol i s ,  "Symposium 

of S i g n i f i c a n t  R e s u l t s  Obtained from t h e  E a r t h  Resources Technology - --- 
S a t e l l i t e - 1 ,  vo l .  I :  Techn ica l  P r e s e n t a t i o n s .  Proceedings  o f  a  Sym- ---- - 

Goddard Space F l i g h t  Center  a t  New C a r r o l l t o n ,  Mary- 

l and ,  March 5-9, 1973 (Washington, D.C.: Na t iona l  Aeronau t i c s  and - --- - 
Space Admin i s t r a t ion ,  19731, pp. 373-980; and David T. Lindgren ,  P3b- 

e r t  R. Simpson and Will iam G o l d s t e i n ,  "An Eva lua t ion  of ERTS Imagery 

f o r  Acquir ing Land Use Data of Nor thern  Megalopol i s , "  t o  be pub l i shed  

i n  forthcoming NASA volume on t h e  Th i rd  ERTS Symposium, Washington, 

D .C . ,  December 1973. 



content ion t h a t  ERTS can be an e x c e l l e n t  source  of land use i n f x m a t i o n  

f o r  l a r g e  a r e a s ,  but  f o r  t h e  l e v e l  of land use  informat ion 7teed.d by 

s u b s t a t e  planning agencies  i t  :s inadequate and must be  s t r o n g l y  sup- 

por ted  by a i r c r a f t  da ta .  

2. Cartographic 

In  a d d i t i o n  t o  the  numerical  comparisons, a number of computer 

maps of the New Haven t e s t  s i t e  have been genera ted i n  o rde r  t o  permit  

v i s u a l  inspec t ion  of where s p e c i f i c a l l y  t h e  d a t a  b a s e s  d i f f e r .  On t h e  

following pages Table 4 and Figures  3 through 6 show t h e  f o u r  d i f f e r e n t  

v e r s i o n s  of t h e  nine-category land use  map. I n  a d d i t i o n ,  a t  t h e  back 

of t h i s  volume a s  Figures  B-1 through B-4 a r e  reproduced s e l e c t e d  

s ingle-category land use maps of t h e  t e s t  s i t e  i n  f o u r  v e r s i o n s  zach. 

They probably a r e  even more u s e f u l  than F igures  3 t o  6 ~n making a n  in -  

t u i t i v e  a p p r a i s a l  of the  f o u r  d i f f e r e n t  remote sens ing  mapping tech- 

niques.  
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111 NEW ENGLAND PLANNERS AND ERTS : AN APPRAISAL, 1974 

T r a d i t i o n a l l y  land use  management i n  t h e  New England s t a t e s ,  a s  

i n  t he  r e s t  of t h c  US, ha s  been t h e  r e s p o n s i b i l i t y  of . l o c s l  a u t h o r i t i e s .  

Fol lowing passage  of t h e  S tandard  S t a t e  Zoning Enabl ing  Act of 1922 

and The Standard  C i t y  P lanning  Enabling Act of 1928 a m u l t i t u d e  of codes  

and o rd inances  were e s t a b l i s h e d  by l o c a l  governments t o  c o n t r o l  l and  

ust.. Unfo r tunn tc lv  t h e  two enab l ing  a c t s  have proven "50th t h e o r e t -  

i c a l l y  and mechanica l lv  i ncapab le  of h a n d l i n g  t h e  num-rocs  changes t h a t  

have occurred  on land  u s e  management p r a c t i c e s " . '  The F e d e r a l  Govern- 

ment has  responded,  t h e r e f o r e ,  by propos ing  Le s ,  t:ion des igned  t o  

s t r e n g t h e n  t h e  s t a t e ' s  r o l e  i n  t h e  p l ann ing  pr ; .  . Under t h e  2ro-  

v i s i o n s  of  t h e s e  b i l l s ,  of which t h e  most impo~, .  ..., a r e  t h e  C o a s t a l  

Zone Management Act of  1972, t h e  Flood D i s a s t e r  P r o t e c t i o n  Act of  1973 

and t h e  controversial Na t iona l  Land Use P o l i c y  Act ,  a  v a r i e t y  of  l and  

use and envi ronmenta l  d a t a  must be acqu i r ed  and updated  on a  s y s t e m a t i c  

b a s i s  i n  o r d e r  t o  p rov ide  suppor t  f o r  t h e  p l ann ing  p r o c e s s .  Convent iona l  

t i e l d  survey  methods of d a t a  g a t h e r i n g  s imply  appear  t o o  i n e f f i c i e n t  

f o r  such a t a s k  and t h u s  a l t e r n a t i v e  d a t a  a c q u i s i t i o n  sys tems such  a s  

ERTS a r e  be ing  e v a l l ~ a t e d  by p l anne r s .  

T r o n i c a l l v  i t  has been t h e  proposed Na t iona l  Land Use P o l i c y  Act ,  

on1 y r e c e n t l y  de fcn t ed  by v n t e  of t h e  Housc of R e p r e s e q t a t i v e s ,  which 

hiis had perhaps  t h e  most s i g n i f i c a n t  impact upon t h e  s t a t e  p l ann ing  

p roces s .  The b i l l ,  w'rich would have r e q u i r e d  s t a t e s  t o  e s t a b l i s h  a  

s t a t e -wide  p l ann ing  program w i t h i n  f i v e  y e a r s ,  would a l s o  have au th -  

o r i z e d  an  expend i tu re  of up t o  $100 m i l l i o n  p 2 r  yea r  f o r  g r a n t s  t o  

s t a t e s .  A n t i c i p a t i n g  t h e  even tua l  pa s sage  of  t h i s  b i l l  many s t a t e s  

have undertaken s t e p s  t o  e s t a b l i s h  computerized land  u s e  i n f o r m a t i o n  

systems.  

Although New England s t a t e  and r e g i o n a l  p l a n n i n g  a g e n c i e s  

l ~ m e r i c a n  1,nw I n s t i t u t e ,  --- A Model Land Development Code, T e n t a t i v e  D r a f t  

No. 1 ( P h i l a d e l p h i a ,  Pennsylvania:  19681, A r t ? c l c  3, p .  52; quoted  i n  

Lee Guernsey, "Proposed S t a t c  Land Use P o l i c y  ~ u i d e l i n e s , "  P roceed ings ,  

.4ssoc in t ion  o f  American w r 9 h e r s  ( W a s h i ~ ~ ~ t o n ,  D . C . ,  1373) ,  p. 89. ---- - --.- - 



frrquently differ as tn the specific types of data required, there IF 

;i gcneral consensus that any information system should serve the fol- 

lowing functions: 

inventory 

change assessment 

prediction 

An important question is to what extent ERTS can contribute to the ful- 

fillment of those functions. 

Inventory. As an absolute minimum an information svstem must in- 

clude a complete inventory of a state's land and water resourcel. Al- 

though much of this information may already have been acquired by var- 

ious state and local agencies, there are ofcen great difficulties ag- 

gregating it because of differences in scale, categorization, and time 

of acquisition. ERTS, therefore, can be a ~ i  important means of establish- 

ing a reliable, up-to-date land use invento~, . 
Most land use infonnation systems utilize thL grid system as the 

basis for quantifying and storing data. Although such a system is quite 

adequate f - r  generalized types of infcrmation it is not sufficient for 

the more detailed kinds of information which are site specific. Thus 

a truly effective information system must be capable of providhg not 

only areal data but point and line data as well. Furthermore the sys- 

tem should be able to handle the data gathered on the basis of such 

geopolitical unlts as census tracts, townships and school districts. 

From the viewpoint of such an infonnation system ERTS would be 

most applicable in providing areal data over relatively larqe areas, 

i.e., states or groups of states. It has been demonstrated that ERTS 

is qbite capable of providing reliable land use data in perhaps as 

-any as 14-18 categories,' although for statewide planning 10-12 prob- 

ably would be sufficient. Although a nunrber of urban categories can 

be recognized from ERTS, most state plznners appear less concerned 

about the urban categories than the undeveloped ones. Thus a single 

--- 
l~avld T. Lindgren and Robert R. Simpson. "Land Use and bpping," zy- - 
poslum on Significant Results Obtained from Earth Resources Technology 

S a t c l  lite-1 , Volume 11, Summar 7 of Results. (Grecnbel t , Maryland: God- _ - - - -  - . - -  - -2- - 
dard Space Flight Center, May 1973). p. 100, 



b u i l t u p  category would probably be s u f f i c i e n t  a t  the  s t a t ewide  l e v e l  

i f  accompanied by 8 o r  10 undeveloped c t t e g o r i e s .  This  would b e  q u i t e  

compatt5le with Level I o r  the  U.S. Geological  Survey's land use  c l a s s -  

i f i c a t i o n  system f o r  use wi th  remote sensor  data. '  Level  I1 d a t a ,  t h a t  

is, the  subdivis ion of t h e  Level I c a t e g o r i e s  i n t o  a number of more 

d e t a i l e d  c a t e g o r i e s ,  would p r e f e r a b l y  be t h e  r e s p o n s i b i l i t y  of sub- 

s t a t e  planning l e v e l s ,  and would be acqu i red  both  by a i r c r a f t  over- 

f l i g h t s  and ground survey methods. 

Although agreement on t h i s  p o i n t  is  no t  unanimous i t  would appear 

t h a t  f o r  s t a t ewide  planning purposes a minimum p a r c e l  s i z e  f o r  t h e  ac- 

q u i s i t i o n  of a r e a l  d a t a  would be 1 / 4  square  k i lomete r  (62 a c r e s ) .  Th i s  

would certain1.y be  s u f f i c i e n t  f o r  s t a t e s  l i k e  New Hampshire and Maine 

which have veTt t r a c t s  of woodland. Thus, f o r  a s t a t e  t h e  s i z e  of New 

Hampshire t h e r e  would be more than 96,000 d a t a  p o i n t s ,  and i f  s e v e r a l  

types  of d a t a  were recorded f o r  each p o i n t  t h e  t o t a l  amount of i n f o r -  

mation would be considerable .  S t i l l  some p lanners  have expressed a 

d e s i r e  f o r  more d e t a i l e d  informat ion i n  urbanized a r e a s .  For t h e s e  

a r e a s  a minumum p a r c e l  s i z e  of 1/25 square  k i lomete r  (10 a c r e s )  would 

be recommended. A t  t h i s  s c a l e  a c i t y  t h e  s i z e  of me t ropo l i t an  Boston 

would a lone have almost 100,000 d a t a  p o i n t s ;  i f  used f o r  t h e  e n t i r e  

s t a t e  of New Hampshire the  number of d a t a  p o i n t s  would exceed 600,000. 

Change Assessment. The purpose of t h e  land use inventory  is  not  

only t o  i l l u s t r a t e  how land is being u t i l i z e d  i n  t h e  v a r i o u s  reg ions  

of the s t a t e ,  bu t  perhaps more important ly  t o  provide  a base  a g a i n s t  

which change i n  land use can be  compared. Monitoring both  t h e  amount 

as w e l l  a s  t h e  type of change i s  an important  f i r s t  s t e p  i n  i d e n t i f y i n g  

the  f a c t o r s  most r e spons ib le  f o r  t h r  conversion of land from r u r a l  t o  

urbanized uses.  Only when such f a c t o r s  have been i d e n t i f i e d  w i l l  i t  

be poss ib le  t o  prepare  the  l e g i s l a t i o n  necessary  f o r  o r d e r l y  land 

development. I n  the  meantime t h e  monitoring of change can be  employed 

t o  eva lua te  the  e f f e c t i v e n e s s  of p r e s e n t  land use l e g i s l a t i o n .  

Cloud-free ERTS imagery of t h e  New England s t a t e s  is obta ined 

'preliminary d r a f t  r e v i s i o n ,  f o r  review purposes on ly ,  J u l y  1974. 



 bout once a  season,  which is  f a r  more f requent  than i s  necessary  f o r  

land use cltanae d e t e c t i o n .  Such d e t e c t i o n  a t  t h e  s t a t ewide  l e v e l  would 

hc required only about once every two years .  With a  1/4-square k i lomete r ,  

o r  62-acre,  d a t a  c e l l  a  change i n  land use  of a t  l e a s t  35 a c r e s  is  re-  

qu i red  t o  a f f e c t  t h e  predominant use  of any c e l l .  I t  would be  expected 

t h a t  few such changes would occur i n  any two year  per iod.  However, wi th  

a  2/25 square  k i lomete r ,  o r  10-acre, d a t a  c e l l  only  a  5 o r  6 a c r e  change 

would a f f e c t  t h e  predominant land use.  A cons ide rab le  number of these  

changes would occur w i t h i n  a  two y e a r  span.' Furthermore these  changes 

should be q u i t e  v i s i b l e  s i n c e  the  ground s c a r r i n g  r e s u l t i n g  from new 

cons t ruc t ion  would not  have been completely obscured by t h e  regrowth 

of vege ta t ion  i n  such a  s h o r t  time-span. 

P red ic t ion .  Over a  number of y e a r s  t h e  monitoring of land use change 

should a i d  i n  the  development of reasonably s o p h i s t i c a t e d  land develop- 

mcnt modeis which would incorpora te  such v a r i a b l e s  a s  migra t ion ,  employ- 

ment o p p o r t u n i t i e s ,  housing market ,  land v a l u e s ,  t a x e s ,  and zoning. An 

important  a p p l i c a t i o n  of such m o d ~ l s  i s  p r e d i c t i o n .  Ul t ima te ly  t h e  e f -  

f e c t i v e n e s s  o f  a  land development model's p r e d i c t i v e  c a p a b i l i t y  can be 

evaluated by comparing p red ic ted  change wi th  t h e  a c t u a l  land use  change 

a s  r evea led  by ERTS. I f  t h i s  can be done s u c c e s s f u l l y  then t h e  u l t i m a t e  

a p p l i c a t i o , ~  of the  model, eva lua t ing  t h e  impact of new l e g i s l a t i o n  on 

land use development, can be s imulated by in t roduc ing  it i n t o  t h e  model. 

T h i s  should v a s t l y  improve t h e  l e g i s l a t i v e  process  and r e s u l t  i n  t h e  

p repara t ion  of l e g i s l a t i o n  most necessary  f o r  o r d e r l y  land development. 

I n  a d d i t i o n  t o  the  r a t h e r  genera l  concern over land use ,  New 

England s t a t e  p lanners  have manifes ted  a very  s p e c i f i c  i n t e r e s t  i n  

"wetlands," p r imar i ly  because of t h e  passage of t h e  Coas ta l  Zone Man- 

agement Act (1972). The purpose of t h i s  a c t  i s  t o  encourage s t a t e s  t o  

e x e r c i s e  a u t h o r i t y  over  t h e  l ands  and wa te r s  i n  t h e  c o a s t a l  zone and 

t o  e s t a b l i s h  an e f f e c t i v e  managemelit program f o r  i t s  p r o t e c t i o n  and 

devdopment.  The Federal  Government i s  au thor ized  t o  provide  f i n -  

 avid T. Lindpren, Robert 8. Sinpson and William D. Go lds te in ,  Land Use 

Change Detect ion i n  t h e  Boston and New Haven a r e a s :  1970-1972, (Hanover, 

N H :  Dartmouth College P r o j e c t  i n  Remote Sensing,  January 1974). 



;11i~. ia  l a s s i s t m c t >  t o s t a t e s  i n t e r e s t e d  in  e s t a b l i s h i n g  such  a  program. 1 

Among tlic p r o v i s i o n s  of t h e  a c t ,  s t a t e s  a r e  r e q u i r e d  t o  i d e n t i f y  

t i l i b  Iwuntlar ies  of t h e  c o a s t a l  zone which w i l l  be s u b j e c t  t o  t h e  man- 

;ijic2ment program and t o  i nven to ry  and d e s i g n a t e  a r e a s  of  p a r t i c u l a r  

t.cmcc.rn w i t h i n  t h e  zonr.  I n  nn a t t e m p t  t o  meet t h e s e  r equ i r emen t s  

pl ; lnners  i n  s t a t e s  which have e x t e n s i v e  a r e a s  of w e t l a n d s ,  and t h i s  

Lncludes most of t h e  Ncw England s t a t e s ,  have tu rned  t o  ERTS. They 

setB i n  ERTS n o t  on ly  t h e  o p p o r t u n i t y  t o  i n v e n t o r y  t h e i r  c o a s t a l  zone 

r t s o u r c e s ,  b u t  t o  moni tor  development i n  t h e  c o a s t a l  zone once t h e  

ncces sn ry  management programs have been e s t a b l i s h e d .  

And f i n a l l y  t h e  Flood D i s a s t e r  P r o t e c t i o n  Act of  1973 h a s  a l s o  

gene ra t ed  an i n t e r e s t  i n  ERTS, a l though  n o t  s o  much f o r  s t a t e  p l an -  

n e r s  ns  f o r  t h e  New England River  Bas ins  Commission. The purpose  of  

t h i s  a c t  is t o  p r o v i d e  i n d i v i d u a l s  l i v i n g  i n  f lood-prone a r e a s  w i th  

an  o p p o r t u n i t v  t o  purchase  f l o o d  in su rance  s u f f i c i e n t  t o  cove r  l o s s e s  

i n  t h c  even t  of  n  major  f l ood .  To be e l i g i b l e  f o r  t h e  program, how- 

ever, s t a t e s  must p r e p a r e  f l o o d  p l a i n  o r d i n a n c e s  which w i l l  a v o i d ,  o r  

s t  l e a s t  r educe ,  f u t u r e  f l ood  l o s s e s .  Communities n o t  a d o p t i n g  such  

o rd inances  w i l l  he dropped from t h e  N a t i o n a l  Flood I n s u r a n c e  Program. 

Under t h e  p r o v i s i o n s  of t h i s  a c t  s t a t e s  a r e  d i r e c t e d  t o  "accel-  

c r a t e  t h e  i d c n t i f i c a t i o 2  of r i s k  zones w i t h i n  f lood-prone  and mudsl ide-  

prone n r c n s . . .  i n  o r d e r  t o  makd known t h e  deg ree  o f  haza rd  w i t h i n  each  

sucli zone ; i t  t h e  e a r l  i r s t  p o s s i b l e  date.l12 I n  accordance  w i t h  t h e s e  

p r o v i s i o n s  t h e  New En): 1 .md Rive r  Bas ins  Commission h a s  begun t o  d e l i n -  

c a t e  t h e  f l ood  p l a i n s  o f  major  r j v e r s ,  map land  use on t h e s e  p l a i n s ,  

;ind produce f l ood  hazard  maps. With hundreds of m i l e s  of r i v e r s  t o  

map i n  t h i s  manner, ERTS should  p r o v i d e  an e x c e l l e n t  d a t a  s o u r c e  a long  

w i t h  a v a i l a b l e  a i r c r a f t  photography.  

In a d d i t i o n  t o  t h e  a forement ioned  l e g i s l a t i o n  t h e  o t h e r  impor t an t  

f a c t o r  h a s t e n i n g  t h e  use  of ERTS d a t a  by New England p l a n n e r s  h a s  been 

t h e  energy  c r i s i s .  No r e g i o n  of  t h e  

- -- 
' u . s .  C o n ~ r c s s ,  Senntu .  C o a s t a l  

92-583, 92nd Cong., 1 0 7 2 ,  S. 3507. 
7 
'11. S .  Con):rcss, House Flood D i s a s t e r  

Uni ted  S t a t e s  i c  s o  fue l -poor  o r  

Management Act of 1977, Pub,. L. --- 

P r o t e c t i o n  Act of  1973,  H.R.  8449, p. 8. --- 



so  dependent upon imported f u e l .  A s  a  r e s u l t  New England energy c o s t s  

a r e  the  most expensive i n  the  U.S. I n  t h e  a f t e rmath  of t h e  Arab o i l -  

boycott  each of the  New England s t a t e s  has  a t tempted t o  improve i -s  

own energy s i t u a t i o n .  Witness New Hampshire's f l i r t a t i o n  wi th  Aris- 

t o t l e  Onasis,  who was i n t e r e s t e d  i n  b u i l d i n g  an Olympic O i l  Conpany 

-c f ine ry  on Durham P o i n t ,  New Hampshire. Although environmen'al i n -  

t e r e s t s  were success fu l  i n  h a l t i n g  c o n s t r u c t i o n  a t  t h a t  s i t e ,  pre:a- 

s u r e  f o r  a  New England o i l  r e f i n e r y ,  a s  w e l l  a s  f o r  t h e  c o n s t r u c t i ~ n  

of  a d d i t i o n a l  nuc lea r  power p l a n t s  cont inues .  

With t h e  f e a r  t h a t  i n d i v i d u a l  d e c i s i o n s  by t h e  v a r i o u s  New Eng- 

land s t a t e s  may r e s u l t  i n  e i t h e r  d u p l i c a t i o n  of e f f o r t  o r  poor ly  l c c a t e d  

f a c i l i t i e s ,  s e v e r a l  o rgan iza t ions  inc lud ing  t h e  New England Regional  

Commission have c a l l e d  f o r  region-wide planning.  A s  a f i r s t  s t e p  land 

use information f o r  the  e n t i r e  New England region i s  needed, i f  s i t e s  

a r e  t o  be evaluated f o r  nuclear-power p l a n t s  and o i l  r e f i n e r i e s  a s  w e l l  

a s  f o r  c o r r i d o r s  f o r  t ransmiss ion l i n e s  and pipe  l i n e s .  

A t  l e a s t  f o r  the  p resen t  t h e  b e s t  source  f o r  such in fo rmat ion  ? s  

ERTS. The very a t t r i b u t e s  of ERTS a r e  what a t e  most needed here--- t h e  

p rov i s ion  of s e v e r a l  c a t e g o r i e s  of land use  f o r  a  l a r g e  a r e a  ( s i x  

s t a t e s )  i n  a s h o r t  per iod of time. The a l t e r n a t i v e  of having each 

i t a t e  provide  the  d a t a  is a  poor one. Even i f  a l l  s i x  s t a t e s  a l r e a d y  

possessed such d a t a ,  which they do n o t ,  t h e r e  would be  problems i n  

aggregat ing them due t o  d i f f e r e n c e s  i n  s c a l e ,  c a t e g o r i z a t i o n ,  and d a t e  

of a c q u i s i t i o n .  ERTS would appear t o  be t h e  only p r e s e n t  a l t e r n a t i v e .  

I n  conclus ion,  New England p lanners  a r e  i n c r e a s i n g l y  becoming a- 

ware of ERTS and i t s  c a p a b i l i t i e s .  These same p lanners  a r e  faced wi th  

a broad range of t a s k s ,  b u t  f r equen t ly  wi th  too  few f i n a n c i a l  r e sources  

t o  c a r r y  them through s u c c e s s f u l l y .  Thus a  remote sens ing  system such 

a s  ERTS, which has  t h e  c a p a b i l i t y  of providink a  number of types  of  

environmental d a t a  a t  f r equen t  i n t e r v a l s  and doing s o  a t  l i t t l e  c o s t  

t o  the  s t a t e s ,  i s  bound t o  be  received favorably .  

There a r e  two problems which must be reso lved ,  however, be fo re  

p lanners  completely gear  up f o r  us ing ERTS. The f i r s t  i s  resolut io ; , .  

A r e s o l u t i o n  of 200-300 f e e t  i s  simply t o o - l a r g e  f o r  the  needs of most 

p lanners .  Although machine process ing of d a t a  has  been a b l e  t o  improve 



resolution somewhat i t  is   till not  enough t o  s a t i s f y  them, and ERTS-B 

w i l l  be l i t t l e  h e l p  s i n c e  i t  w i l l  l a r g e l y  d u p l i c a t e  ERTS-1. The b e a t  

s o l u t i o n  is t h e  30-foot r e s o l u t i o n  proposed f o r  EOS. 

The second problem is pr imar i ly  a p o l i t i c a l  one. Simpl: st..t ?d 

i t  is:  " w i l l  ERTS and i t s  successors  be func t ion ing  long enough, t o  

warrant  t h e  development of a planning program dependent upon s a t e l l i t e  

data?" There is l i t t l e  assurance of t h i s  a t  p r e s e n t ,  and t h e  frequ,. '1 

changes i n  the ERTS-B launch d a t e  do l i t t l e  t o  improve t h e  s i t u a t i o n .  

Only when p lanners  can pse a d e f i n i t e  schedule  of s a t e l l i t e  launct ,mgs,  

and can depend upon r e g u l a r l y  acqu i r ing  remote sens ing  d a t a ,  w i l l  t hey  

be prepared t o  modify t h e i r  planning systems accordingly .  



I V  DECLINE I N  LAND USE INTENSITY AWAY FROM THE CITIES 

For the  DCPRS the  main goa l  of land use mapping us ing EKTS has  

been t o  develop an e f f e c t i v e  bu t  inexpensive t o o l  f o r  t h e  s tudy  of 

changing land use i n  t h e  "urban f i e l d , "  t h a t  i s  i n  t h e  zone of i n f l u e n c e  

around an urban a r e a ,  i n  t h i s  case  Megalopolis. 

A f i r s t  smal l  s t e p  i n  t h i s  d i r e c t i o n  now has been taken through 

a f i r s t  look a t  the  d e c l i n e  i n  i n t e n s i t y  of land use w i t h  i n c r e a s i n g  

d i s t a n c e  from Megalopoli tan c i t y  c e n t e r s ,  measured both i n  k i lomete r s  

(c lose- in)  and i n  hours  of d r i v i n g  time ( f a r t h e r  o u t ) .  

1. Changes - with  Dis tance  

Th i s  s u b j e c t  was in t roduced i n  t h e  preceding r e p o r t  (pp. 23-24). 

The Von Thunen model1 f o r  Boston shown i n  t h a t  r e p o r t  a s  Figure  10 

now has  been dup l i ca ted  f o r  n i n e  a d d i t i o n a l  Megalopoli tan c i t i e s ,  and 

reproduced he re  a s  Figures  7-9. The g r a p h i c  f o r  Boston ( i n  Fig.  7 of 

t h i s  r e p o r t )  is an abr idged v e r s i o n  of Figure  10  i n  the  e a r l i e r  r e p o r t ,  

t h i s  time wi th  only the  dominant land use appearing.  

The Von Thunen c h a r t  f o r  Providence,  Rhode I s l a n d  ( a l s o  i c  Fig .  7 

he re in )  can be taken a s  t h e  p ro to type  f o r  New England c i t i e s .  Note 

t h a t  t h r e e  types  of land use dominate success ive ly  outward from the  

c e n t e r  of Providence,  namely commerc ia l - indus t r i a l - ins t i tu t iona l ,  high- 

d e n s i t y  r e s i d e n t i a l ,  low-density r e s i d e n t i a l ,  and f i n a l l y  woodland. 

The same sequence i s  repeated f o r  t h e  o t h e r  t h r e e  c i t i e s  of t h e  500,000- 

and-larger popula t ion group namely Har t fo rd ,  S p r i n g f i e l d ,  and Boston. 

The sequence is  repea ted  again  i n  t h e  diagrams f o r  t h e  c i t i e s  of t h e  

500,000 t o  200,000 popula t ion category (Fig.  8), and even among t h e  

c i t i e s  of l e s s  than 200,000 popu la t ion  (Fig .  9 ) .  The major d e v i a t i o n  

among a l l  these  va r i ed  cases  i s  t h a t  i n  some of them one o r  even two 

bands a r e  missing.  No new dominant bands appear .  Dis tance  from c i t y  

c e n t e r  t o  t h e  r e g i o n a l  ma t r ix  zone of woodland is i n  a l l  c a s e s  20 k i l -  

ometers o r  l e s s .  

Thus t h e r e  is a c h a r a c t e r i s t i c  Von Thunen p a t t e r n  t o  t h e  c i t i e s  

of New England, epitomized by Providence,  Rhode I s l a n d .  I n  no case  

'pe ter  H a l l ,  ed. , - Yon ~ h u n e n ' s  I s o l a t e d  - S t a t e  (London: Perpamuon Press, 

1966). 
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does a g r i c u l t u r e ,  the  use towards which t h e  o r i g i n a l  Von Thunen model 

was d i r e c t e d ,  a t t a i n  dominant s t a t u s .  

The Von Thunen r ings  have value  a s  models i n  thk c i t y  proper ,  but  

do not a c c u r a t e l y  r e f l e c t  land use i n t e n s i t i e s  i n  New England once t h e  

woodland-dominated zone i s  a t t a i n e d .  In  f a c t ,  we experimented wi th  

the  drawing of s i m i l a r  r i n g s  around the  t e n  megalopol i tan  c i t i e s  men- 

t ioned i n  the  preceding paragraph,  p r i n t i n g  1-kilometer land use  

i n t e n s i t y  bands out  from each of them, l i k e  r i p p l e s  spreading from a 

dropped pebble ,  u n t i l  they met the  bands from o t h e r  c i t i e s .  

The r e s u l t s  were not meaningful. Much of New England c o n s i s t s  

of a uniform woodland p a t t e r n  bu t  occas iona l  c o n c e n t r i c  bands i n d i c a t i n g  

more i n t e n s i v e  land use show up a t  i n t e r v a l s  a s  a r e s u l t  of t h e  " sa t -  

ura t ion"  of t h e s e  bands wi th  i n t e n s i v e  land use due t o  t h e  presence of 

one o r  more c i t i e s  somewhere wi th in  t h e  c i r c u l a r  domain of each. For 

example, both Worcester ,  Massachuset ts ,  and Providence,  Rhode I s l a n d  

l i e  i n  t h e  same ki lometer  band o u t s i d e  of Boston, and both produce an 

erroneous h igh- in tens i ty  land use r i n g  i n  a r e a s  t h a t  are semi-wilderness,  

In  an a t tempt  t o  diminish t h i s  type  of e r r o r ,  we experimented 

with subdividing the  concen t r i c  r i n g s  i n t o  s e c t o r s  o f ,  f o r  example, 

5" width on the  circumference of t h e  c i r c l e s .  Th i s  method solved t h e  

s a t u r a t i o n  pre-blem, but  produced a s e t  of p a t t e r n s  having l i t t l e  geo- 

graphic  s i g n i f i c a n c e .  

A t  t h i s  p o i n t ,  we abandoned t h e  p r e c i s e  zonal  c i r c l e s  a s  a tech- 

nique f o r  s tudying change outward from t h e  c i t y ,  and turned t o  d r i v i n g  

time from the  c e n t e r  of the  c i t y  a s  a p o s s i b l e  more meaningful  param- 

e t e r .  

2 .  Changes wi th  Driving Time 

Although Von Thunen r i n g s  wi th  t h e i r  c i r c u l a r  boundar ies  have 

some value  a s  models, each r i n g  inc ludes  v a r i a t i o n s  i n  land use  in ten-  

s i t y  which tend t o  i n c r e a s e  i n  magnitude wi th  d i s t a n c e  from t h e  c i t y  

c e n t e r ,  t o  t h e  e x t e n t  t h a t  the  b t i l i t y  of t h e  models is  l i m i t e d  beyond 

the  c i t y  proper.  A quick look a t  the  Boston a r e a  on t h e  o v e r a l l  land 

use map (Fig. 1 )  conf inns t h a t  beyond Route 128, 25 k i lomete r s  o u t  

from the  c e n t e r  of Boston, each concen t r i c  zone would embrace a v a r i e t y  

of both high- and low-density uses.  I t  a l s o  r e v e a l s  a tendency f o r  

high d e n s i t y  func t ions  t o  f l a n k  major t r a n s p o r t a t i o n  r o u t e s ,  and f o r  



the  lw dens i ty  uses t o  occupy the  pockets of l e s s  a c c e s s i b l e  land be- 

tween the  outward r a d i a t i n g  highways. For t h i s  reason t r a v e l  time zones 

should make a  b e t t e r  b a s i s  f o r  modelling i n  t h e  a r e a  beyond t h e  compact 

suburbs. Auto~aobile t r a v e l  t imes appear t o  be an a p p r o p r i a t e  d e l i n e a t o r  

of t h i s  parameter. 

I n  Figure 10 and Table 5 t h e  r e l a t i o n s h i p  between automobire 

d r iv ing  time and i n t e n s i t y  of land use a c r o s s  a l l  of  southern New Eng- 

land,  but  cen te r ing  on Boston and New Pork C i t y ,  is  summarized. It 

w i l l  be noted t h a t  t h i s  method, l i k e  t h e  ki lometer-dis tance method, 

produces roughly concen t r i c  zones around t h e  c i t i e s  of r e fe rence ,  bu t  

i n  t h i s  case  t r a v e l  time zones swing f a r  outward a long t h e  i n t e r s t a t e  

highways and f a l l  back towards t h e  c i t i e s  i n  t h e  in te rven ing  spaces .  

I n  t h i s  s tudy ,  d r i v i n g  t i m e  has  been based on a  speed of 57 miles 

per hour on t h e  i n t e r s t a t e s .  The inner  ( 0  t o  112 hour) zone f o r  New 

York Ci ty  is omit ted,  s i n c e  a l l  of i t  l i e s  o u t s i d e  t h e  s tudy a r e a .  

I n t e n s i v i t y  of land use f o r  each driving-time zone is der ived 

from the  s tudy ' s  d a t a  bank, which con ta ins  t h e  dominant land use oE 

each 114-square k i lomete r  i n  t h e  t h r e e  s t a t e s .  The land use d a t a  

were c a l l e d  out  of the  bank by c o u n t i e s ,  and ass igned t o  d r iv ing-  

time zones by re fe rence  t o  t h e  t h r e e - s t a t e  computerized land use 

map (Fig. 6 of t h e  preceding study) . 
The dr iv ing  time v s  land use map (Fig,  10) shows t h a t  t h e  h i s -  

togram p a t t e r n  of land use i n t e n s i t i e s  out  from Boston d e c l i n e s  sharp ly  

and c o n s i s t e n t l y  wi th  time, u n t i l  the  1 112 hour time-zone, which in -  

c ludes  t h e  urbanized Connecticut Valley is  a t t a i n e d .  Here i n t e n s i v i t v  

r i s e s ,  t o  drop o f f  again  s t e e p l y  beyond t h e  Connecticut  Val ley,  i n  

the  2+ hour time zone. 

Similar  p a t t e r n s  p r e v a i l  coming out  of New York, al though average 

i n t e n s i t i e s  a r e  higher  and t h e r e  tends  t o  be a one-time-zone l a g  i n  

comparison wi th  Boston ( t h e  histogram f o r  t h e  1 1 2 - 1  hour band ou t  of 

New York resembles t h a t  f o r  0-1/2 hour band out  of smal ler  Bobton). 

This  l a g  is e l iminated by t h e  time t h e  Connecticut  Valley is  reached, 

3 1 /2  hours from each c i t y  cen te r .  Here t h e  i n t e n s i t y  p a t t e r n s  a r e  

s i m i l a r  whether the  po in t  of o r i g i n  is  Boston o r  New York. 

An i n t e r e s t i n g  f e a t u r e  of Figure  10 is t h e  r e v e l a t i o n  t h a t  t h e  

anomalous semi-wilderness woodland a r e a  i n  t h e  sou th  c e n t r a l  p a r t  of 





(States of 

from Boston and New Driving Time 
York City vs Land Use Intensity - 
Massachusetts, Connecticut and Rhode Island) 

Builtup Transitional Non-Builtup Total 

Sq. km. X Sq. k ~ .  X Sq. km. X Sq. km, X 

FROM BOSTON -- 
0-112 hr. 1,127 59.2 294 13.1 824 36.7 2,245 100 

112-1 856 13.3 1,092 16.9 4,501 69.8 6,449 100 

1-1 112 605 6.8 1,301 14.6 6,978 78.5 8,884 99.9 

1 112-2 993 13.0 1,293 16.9 5,376 70.2 7,662 100.1 

FROM N.Y. -- 
0-112 hr. 

112-1 

1-1 112 

FROM BOSTON + N . Y .  ---- 
2+ hrs. 128 2.1 684 11.0 5,384 86.9 6,196 100 

(W. Mass.-N.W. Conn. part) (86) (1.7) (550) (11.1) (4,306) (87.2) (4,942) (99.9 

(S.C. Conn. part) (42) (3.3) (134) (10.7) (1,078) (85.9) (1,254) (99.9 



urbanized Conncaticut , which constitutes t5n graates t bresk in the 
megalopolitan axis between Washington and Boston, lies at the driving 

time "watershed" between New York and Boston (2+ hows from both 

places). In the literature the existencr of this more primitive area 

near the axis of major transportation lines is explained largely in 

lxal economic terms. 

A future desirable sten in the analysis of land use vs access- 

ibility will be to investigate de-intensification of land use with 

kilometers and driving time, not just out of New York and Boston, 

but out from the entire, almost continunus linear chain of northern 

Megalopolis, and to project the data well beyond the three-state boun- 

daries into adfacent states. 

* a!' 



V CONCLUSION: I S  THE ERTS PRODUCT GOOD ENOUGH? 

l ~ e a n  Gottman, Megalopolis: The Urbanized Northeas tern  Seaboard of t h e  

United S t a t e s  (New York: The Twentieth Century Fund, l 9 6 l ) ,  810 pp. -- 

Oversimplifying,  l e t  us  t a k e  the  color-coded t h r e e - s t a t e  map re-  

ported i n  t h i s  paper a s  t h e  product.  The answer is  "No. It is  not  good 

enough. " 

The product por t rays  Megalopolis more a c c u r a t e l y  and d ramat ica l ly  

than the  era-opening m u l t i s t a t e  maps of Mega1opb:lis l a b o r i o u s l y  b u i l t  

up from p o l i t i c a l - u n i t  s t a t i s t i c s  by Jean ~ o t t m a n . '  The ERTS product 

i s  d e t a i l e d  and accura te  enough t o  be  en la rged  10  times and s -11 s t a n d  

comparison wi th  a map, a l s o  der ived from remote sens ing  and reduced 5 

t imes,  t h a t  cos t  100 t imes as much and took y e a r s  r a t h e r  than months t o  

complete. The ERTS product has  t h e  c a p a b i l i t y  t o  provide  land use  d a t a  

cheaply and r a p i d l y  f o r  the  a n a l y s i s  of t h e  tremendous f i e l d s  of i n f l u e n c e  

of c i t i e s  such a s  New York and Boston. I t  was compiled us ing convent ional  

techniques and equipment of t h e  kind a v a i l a b l e  t o  any low budget agency. 

But on the  o t h e r  hand the  ERTS product f a l l s  i n t o  t h a t  never-never 

land where conventional planners  may r a t e  i t  a s  t o o  revo lu t ionary ,  and 

e l e c t r o n i c s  eng inee rs  r a t e  i t  a s  too  conventional .  It i s  no t  good e- 

nough because the  overview func t ion  which i t  does s a t i s f a c t o r i l y  is  n o t  

ye t  i n  g r e a t  demand, and t h e  metropol i tan-  and s u b s t a t e - l e v e l  d e t a i l  

which the  market now r e q u i r e s  f i n d s  it only 50-85% a c c u r a t e  on a block- 

by-block b a s i s .  And f i n a l l y ,  t h e  ERTS product is not  good enough be- 

cause t h e r e  is no assurance of a cont inuing source  of da ta .  

Two a l t e r n a t e  s o l u t i o n s  a r e  implied.  One is t o  improve t h e  product ,  

s o  t h a t  i t  w i l l  accomplish its overview func t ion  even b e t t e r ,  and t h e  

l o c a l  a r e a  t a s k s  more adequate ly .  The o t h e r  i s  t o  i n c r e a s e  t h e  demand 

f o r  the  p resen t  p r i m i t i v e  product ,  by educat ion,  cos t -shar ing and leg- 

i s l a t i o n .  The p resen t  Federal  program a l ready  inc ludes  s t u d i e s  and 

planning i n  both a r e a s ,  b u t  t h e  a c t i o n  appears  co be  very  moderate i n  

the  l a t t e r  a r e a ,  and a s  y e t  almost non-exis tent  i n  t h e  former one. 
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APPENDIX A 

COST- AND TIME-EFFECTIVENESS OF ERTS LAND USE MAPPING 

I n  t h e  preceding repor t  we included a s e c t i o n  (Chapter 111, 

pp. 22-27) on t h e  cost-and t h e - e f f e c t i v e n e s s  of mapping from un- 

enhanced ERTS imagery versus  photography from h igh-a l t i tude  and med- 

ium-al t i tude a i r c r a f t .  T t  i s  now p o s s i b l e  t o  augment t h i s  d a t a  wi th  

f i g u r e s  f o r  t h e  c o s t  of mapping us ing CCT-enhanced ERTS imagery, and 

a l s o  t o  include an i n d i c a t i o n  of t h e  type of product t o  be  expected 

from each of these  i n t e r p r e t a t i o n  systems. 

It appears (Table A-1 ) t h a t  d i g i t a l  enhancement of t h e  ERTS im-  

agery by process ing under - system which a l s o  improves ca r tograph ic  

conformity,  such a s  t h e  IBM system, w i l l  i n c r e a s e  t h e  c.ost of land use 

map compilation from about $1.06 per  square  mi le  t o  $1.28 p e r  square  

m i l e  (21%). This i n c r e a s e  i n  c o s t  w i l l  not  a f f e c t  i n t e r p r e t a t i o n  

t ime, but  w i l l  i n c r e a s e  t h e  degree of correspondence of t h e  product 

t o  one der ived from la rger - sca le  imagery. Overa l l ,  comparing s a t -  

e l l i t e - d e r i v e d  maos with a i r c r a f t - d e r i v e d  ones,  and genera l i z ing  

broadly ,  a change from a i r c r a f t  t o  ERTS may reduce money c o s t s  ten- 

fo ld  while reducing t h e  degree of conformity t o  l a rge-sca le  maps by 

a l e s s e r  amount. S t a t e d  i n  another  way, i t  can s t i l l  be maintained 

(as i t  was i n  the  e a r l i e r  r e p o r t )  t h a t  i f  land use p a t t e r n  d i f f e r e n c e s  

such a s  these  shown i n  Figures  B-1 t h r o q h  B-4 of t h i s  r e p o r t  a r e  

acceptable ,  an o rder  of magnitude savings  can be r e a l i z e d  by b a s i c  

r e l i a n c e  on ERTS r a t h e r  than a i r c r a f t .  
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Table A-1 

Cost- and Time-Effectiveness - -- 
(An expansion of Table 3 page 25 of the preceding report on 
this project See it for details as t o  most derivations) 

Cost Time - D~gree of Correspondence 
($/Kmi. (interpretation (to official Connecticut 

hours/ 1,000 sq. low-altitude map) l 
mi.) 

$ ratio hrs. ratio index figure ratio 
(1-100) 

ERTS- 1 -- 
Unenhanced 

CCT-enhanced 

Average $1.22 1.2: 45hrs. 1 : 57 1.1: 
- 

Aircraft 

High-altitude $10.46 10: 328 hrs. 7 : 7 4 1.5: 

Low-alti tude -- - -- -- 100 2.0: 

Average $12.98 :3: 854 hrs. 19: 8 7 1.8: 

 NOT A DIRECT MEASURE OF ACCURAr;Y OR QUALITY OF PRODUCT. The official --- 
Connecticut low-altitide land use map was assigned an index number of 
100, and each other land use map an index number from 1 to 100 depending 
on how closely it approached the low-altitude map in one thing: number of 
square miles of each category of land .lse. The categories and their def- 
initions are only superficially alike, having been at by different 
agencies,S different times, for different purposes, from drastically 
different types of imagery. See text for discussion. 

(footnotes continued on next pafie) 



Table A-1 (cont . )  

2 ~ h e  $O.Z/sq .  m i .  add i t ion21  c o s t  f o r  enhancement ($1.38-$1.06) is  
der ived from a commercial e s t ima te  t o  enhance a s i n g l e  s e t  of  ERTS im-  
agery f o r  t h e  S t a t e  of New Hampshire (9,300 sg .  mi.) a s  fo l lows:  

computer c o s t s  $0.27/sq. m i . a  
photo l a b  c o s t s  0.051sq. m i  .' 

a t h e  computer c o s t s  f o r  ahancement were es t ima ted  as fol lows:  
a t y p i c a l  charge f o r  computer manipulation of  t h e  computer- 
compatible t apes  f o r  one ERTS scene,  ( t o  provide  re fo rmat t ing  
of t apes ,  LaPlacian edge enhancement, and grey s c a l e  adjustment 
on a L i t t o n  format)  i s  $1,300, a nominal c o s t  of $O.lO/sq. m i .  
But an e n t i r e  t a r g e t  a r e a  seld.nn l i e s  w i t h i n  t h e  boundar ies  
of a s i n g l e  ERTS scene.  I n  t h e  Ne2 Hampchire c a s e  eahancement 
of 2 112 frames was requ i red  t o  cover 9,300 s ~ .  e f . ,  a n  average 
c o s t  of $0.27/sq. m i .  

bconversion of t h e  enhanced black-and-white f i l m  a t  s c a l e  
1:100,000 t o  CIR t r ansparenc ies  a t  1:100,000 l e d  t o  photo 
l a b  c o s t s  e s t ima ted  a t  $500, an  average of  $0.054/sq. m i .  



Appendix B 

SELECTED COMPARATlVE COMPUTER 

NAPS, NEW HAVEN TEST SITE 

The following pages provide an opportunity 
t o  compare v i s u a l l y ,  category by category,  
what was compared v i s u a l l y  melded i n  Figures 
3 through 6 ,  and numerically i n  Tables 2 
and 3. Only four o f  the nine ca tegor ies  
have been s e l e c t e d  f o r  i l l u s t r a t i v e  purposes. 














