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When a team of  s c i e n t i s t s  from co l l abo ra t ing  government agencies  se t  
ou t  t o  inventory  land cover  i n  t h e  Arctic National  Wi ld l i f e  Refuge, 
Alaska, they  Wed computer graphics  t o  do more than  d i sp l ay  d i g i t a l  d a t a '  
c o l l e c t e d  by senso r s  aboard a n  o r b i t i n g  s a t e l l i t e .  They used computer 
graphics  t o  produce t h e  c o l o r  s epa ra t ions  ( f i l m  images from which p r i n t i n g  
p l a t e s  a r e  made) f o r  t h e  W i l d l i f e  Refuge map. The i r  ob jec t  w a s  t o  produce 
a f u l l - c o l o r  land cover  and vegeta t ion  map o f  n e a r l y  2,600 square miles .  

The newly publiahed map i s  "Vegetation and Land Cover, Arc t i c  Nat ional  
Wi ld l i f e  Coastal  P l a in ,  Alaska" (USGS map 1-1443). Unfolded, t h e  map 
measures 72 by 36 crn (28.5 by 14.3 inches)  . The s c a l e  is 1:250,000 (2.5 
km pe r  cm, o r  about 4 s t a t u t e  mi l e s  p e r  inch) .  The a r e a  shown i s  b o ~ d e r e d  
on the  n o r t h  by t h e  Beaufort  Sea and Arc t i c  Ocea. F i f t y  k i lometers  t o  
t h e  e a s t  l i es  t h e  Canadian border. Ninety k i lometers  t o  t h e  west l i es  
Prudhoe Bay, t he  present  c e n t e r  of  petroleum product ion on t h e  Alaskan 
North Slope and t h e  s t a r t i n g  po in t  of t h e  Alaaka P ipe l ine .  An area 
measurement t a b l e  i s  p r in t ed  on the back o f  t h e  map f o r  ea se  i n  comparing 
land cover statistics wi th  t h e  corresponding survey townships shown on 
t h e  map. 

Adaptation of two a r t i c l e s  published by t h e  National  Computer Graphics 
Asaociat ion i n  Computer Graphics News, January-February 1983, pp. 8-9, 
15,  20. The a r t i c l e s  desc r ibe  USGS co lo r - l i t hopr in t ed  map 1-1443, 
Vegetation and Land Cover, Arc t i c  Nat ional  W i l d l i f e  Refuge Coastal  P l a i n ,  
Alaska, s c a l e  1:250,000. Folded copies  can be ordered from t h e  Weatern 
Dia t r ibu t fon  Branch, U.S. Geological Survey, Box 25286, Federal  Center ,  
Denver, Colorado 80225. The price i s  $2.50 each postpaid t o  t h e  addressee 
i n  U.S. and Canada. Land cover  d a t a  are a l s o  a v a i l a b l e  on tape.  Contact 
Nat ional  Cartographic Information Center,  USGS, Reaton, V i rg in i a  22092. 
The Western p o r t i o n  o f  map 1-1443, with  legend, ,accompanies t h e  a r t i d e s  
i n  - CGN. The USGS published map and t h e  po r t ion  published i n  - CGN were 
both reproduced by the  method described here. 



The agencies  co l l abo ra t ing  wi th  USGS i n  t h e  p repa ra t ion  of t h e  map 
were t h e  U.S. F i sh  and W i l d l i f e  Serv ice ,  t h e  U.S. Minerals  Management 
Service,  and the  U.S. Army Corps of Engineers. Together, t hese  agencies  
a r e  address ing  a n a t i o n a l  resource management problem: assessment of  t h e  
f r a g i l e  A r c t i c  c o a s t a l  environment p r i o r  t o  se i smic  exp lo ra t ion  f o r  
petroleum. One purpose of t h e  e f f o r t  i s  t o  f i n d  and t r a n s p o r t  new o i l  
while minimizing harm t o  t h e  environment, I n  combination wi th  o t h e r  
information,  t h e  map i s  intended t o  h e l p  f i n d  g r a v e l  and water  f o r  con- 
s t r u c t i o n  and t o  d e f i n e  prospec t ive  r o u t e s  f o r  s u p p l i e s  and p i p e l i n e s  
while  avoiding vege ta t ion  a r e a s  grazed by car ibou  and o t h e r  w i l d l i f e .  

The U.S. Geological  Survey's Nat ional  Mapping Divis ion  used a l a s e r  
p l o t t e r  t o  p o r t r a y  d i g i t a l  land cover  information a s  thematic map a r e a  
aymbola a t  map p u b l i c a t i o n  s i z e  and s c a l e ,  When p r in t ed ,  t h e  aymbola 
appear  i n  mul t ip l e  co lo r s .  These c o l o r s  a r e  produced by over lay ing  t h e  
four  process  ink colors--yellow, magenta, cyan, and black--in d o t  
p a t t e r n s ,  o r  sc reens .  The d o t  ecreens  f o r  t h e  map (120 l i n e s  p e r  i nch )  
were a l s o  made on t h e  l a s e r  p l o t t e r .  

When p l a t e s  Were made f o r  p r i n t i n g  t h e  map, t h e  land cover  theme data 
were combined with t he  black l i n e s  and l e t t e r i n g  of  a more convent iona l ly  
produced base map. Because of t h i s  and a f i l t e r i n g  technique t h a t  was 
used, t h i s  d i g i t a l  map does no t  look l i k e  o t h e r  d i g i t a l  maps der ived  from 
m u l t i s p e c t r a l  data .  

Data Capture and Correct ion 

P r i n t i n g  t h e  map by computer g raph ic s  was only  t h e  f i n a l  s tage .  Each 
preceding s t a g e  a l s o  included t h e  use  o f  computer graphics ,  The first 
e t age  was capture  of  t h e  m u l t i s p e c t r a l  d a t a  by scanners  aboard Landsat. 
For  t he  Arc t i c  vege ta t ion  map, p a r t s  o f  t h r e e  Landaat scenes were used,  
one from a Canadian ground s t a t i o n .  For each whole Landsat "scene," 
covering 10,000 square n a u t i c a l  mi l e s ,  t h e r e  are f o u r  s p e c t r a l  bands. 
For each s p e c t r a l  band, t h e r e  a r e  2,240 scan  l i n e s  of  3,340 p i x e l s  
(picture elements) , each  0.46 hec t a re  (1.1 a c r e )  i n  s i z e .  Landaat d a t a ,  
s to red  on computer-compatible tape ,  con ta in  va lues  f o r  7.5 m i l l i o n  p i x e l s  
p e r  band and scene. These data can  be reformatted t o  accommodate a 
p a r t i c u l a r  u s e r ' a  hardware and software. 

The second stage i s  a geometric c o r r e c t i o n  t h a t  t ransforms t h e  senso r  
ecan l i n e  d a t a  t o  t h e  r e g u l a r  g r i d  c e l l a  of  a map p ro j ec t ion  and coordi- 
n a t e  system. The c o r r e c t i o n  is  done i n  two e t e p s  i n  conjunct ion w i t h  t h e  
t h i r d ,  o r  c l a s s i f i c a t i o n ,  s t age .  The r e s u l t i n g  p i x e l s  a r e  50 by 50 meters  
on t h e  ground (0.25 hec t a re ,  o r  0.6 a c r e ) .  They a r e  def ined  i n  t h e  
Universal Transverse Mercator (uTM) p r o j e c t i o n  and r ec t angu la r  coord ina te  
eyetern used on many USGS maps, i nc lud ing  t h e  topographic maps o f  t he  
Refuge a rea .  



Land Cover C l a s s i f i c a t i o n  and Area Measurement 

The t h i r d  s t a g e  was t h e  computer-sided c a t e g o r i z a t i o n  of t h e  mult i -  
s p e c t r a l  d a t a  i n t o  vege ta t ion  and land cover  c l a s s e s .  This  involved not  
on ly  a n a l y s i s  of  Landsat d a t a  but  a l s o  v i s i t s  t o  t h e  f i e l d  and r e fe rence  
t o  o t h e r  "ground t ru th . "  The aim was t o  i n t e r p r e t  the s p a t i a l  p a t t e r n s  
of s t a t i s t i c a l l y  s i g n i f i c a n t  s p e c t r a l  c l a s s e s  t h a t  were i d e n t i f i e d  by 
computer-aided ana lys i s .  The s p e c t r a l  c l a s s e s  were combined i n t o  land 
cover  c l a s s e s  t h a t  seemed s u i t a b l e  f o r  t h e  t a sk ,  A f i l t e r i n g  technique 
was used t o  reduce t h e  "salt-and-pepper" look t h a t  c h a r a c t e r i z e s  many 
d i g i t a l  maps por t ray ing  s p e c t r a l  c l a s s e s .  Much of the  c l a s s i f i c a t i o n  
work and i ts refinement waa done through i n t e r a c t i v e  computer graphics .  

The f o u r t h  s t age - - a f t e r  some i t e r a t i o n s  of  t h e  second and th i rd- -  
produced a r e a  measurements of  land cover  c l a s s e s ,  t a l l i e d  by some u s e f u l  
a r e a  subdivis iona.  For t h e  Refuge map, d a t a  were aggregated by pub l i c  
land survey township, each approximately 6 by 6 milea.  Township 
boundaries and co rne r s  a r e  shown on t h e  USGS topographic maps, from which 
they  were d i g i t i z e d ;  t hese  d a t a  were then  combined w i t h  t h e  l and  cover  
data .  The computer "measures" su r f ace  a r e a  simply by counting map c e l l s  
by c l a s s  and township. 

Prepara t ion  f o r  P r i n t i n g  

The f i f t h  s t a g e  was t h e  a p p l i c a t i o n  of computer graphics  t o  t h e  pre- 
pa ra t ion  o f  t h e  theme d a t a  (and map base) f o r  l i t h o p r i n t i n g .  The map base 
was adapted and redrawn by convent ional  methods from por t ions  of  f o u r  USGS 
topographic maps. On these  maps, t h e  UTM g r i d  i s  shown f o r  zones 6 and 7 
a t  50,000-meter and 100,000-meter i n t e r v a l s ;  t h e  geographic g r i d  i s  shown 
by t i c k  c ros ses  every 15 minutes of  l a t i t u d e  and 30 minutes of longi tude.  
Publ ic  land l i n e a  and +ownships a r e  numbered i n  Ranges East  and Townships 
North from t h e  U m i a t  Meridian and Base Line, reepec t ive ly .  

To prepare c e l l u l a r  land cover  theme d a t a  f o r  map p r i n t i n g ,  t h e  r a s t e r  
u n i t s  i n  UTM g r i d  zone 7 were transformed t o  zone 6 ;  t h i s  made poss ib l e  
t he  reproduct ion of each c o l o r  s e p a r a t i o n  i n  one piece.  For each i n k  
c o l o r ,  t h e  computer ope ra t ing  t h e  l a s e r  drum p l o t t e r  read t h e  f i l e  d a t a  
( i . e , ,  a c l a s s  code) f o r  each c e l l ;  the p l o t t e r  converted each c l a s s  t o  a 
p a t t e r n  o f  angled and s i ~ e d  dots .  The d o t s  were exposed d i r e c t l y  onto 
publ ica t ion-s ize ,  dimensional ly s t a b l e  photographic film from which t h e  
l i t h o p r i n t i n g  p l a t e s  were made. ( ~ t  l e a s t  one f i lm ,  o r  c o l o r  s epa ra t ion ,  
i s  needed f o r  each i n k  co lor . ) '  

I n  four-color  l i t h o p r i n t i n g ,  a do t  p a t t e r n  i n  one t r anspa ren t  procesa 
i n k  c o l o r  is  overpr in ted  wi th  a d o t  p a t t e r n  i n  ano the r  process i n k  co lo r .  
The i nd iv idua l  ink d o t s  escape d e t e c t i o n  under normal reading condi t ions ,  
bu t  they can be seen  wi th  a hand l e n s .  Under t h e  white  l i g h t  o f  normal 
reading condi t ions ,  t h e  white  of t h e  p r i n t i n g  paper and t h e  overlapping 
o r  j ux tapos i t i on  o f  t r anspa ren t  ink d o t s  o f  d i f f e r e n t  s i z e s  and procesa 
i n k  c o l o r s  produce a p a l e t t e  of  c o l o r s  and shades. 



Graphic a r t s  a p e c i a l i a t s  a t  USGS have produced c o l o r  p r i n t i n g  c h a r t e  
t h a t  ahow which combinations of  inke  and d o t  s c reens  produce which map 
co lo r s .  The map des igner  s e l e c t s  c o l o r  symbols from t h e  c h a r t s .  Whether 
t h e  ha l f tone  d o t s  on c o l o r  s epa ra t ion  f i lma a r e  then made by mechanical 
sc reens ,  o r ,  as here,  by l a se r -p r in t ed  screens ,  t h e  r e s u l t s  can  be pre- 
d i c t e d  before  work i s  committed t o  t h e  p r i n t i n g  press .  

I n  combining t h e s e  technologies t o  produce t h e  Arc t i c  vege ta t ion  map, 
t h e  team, i n  e f f e c t ,  took d a t a  acquired i n  one m u l t i s p e c t r a l  mode by 
s a t e l l i t e - b o r n e  aensors ,  i n t e r p r e t e d  them, a d  converted them t o  ano the r  
m u l t i a p e c t r a l  mode f o r  map p r in t ing .  Computer graphics  helped by enabl ing  
t h e  car tographer  t o  add legend boxes and c o l o r  a r e a  symbola t o  t h e  map 
f i l e  and layout .  For t h e  vageta.tion and l and  cover  arm theme d a t a ,  the 
t r a d i t i o n a l  technique o f  hand. s c r i b i n g  was n o t  used; n e i t h e r  were t h e  
acreens  f o r  t h e  legend symbols c u t  o r  s t r i pped .  Howwrer, a handmade maak 
insured  t h a t  map a r e a s  screened by the  laser p l o t t e r  f i t t e d  t h e  area out- 
l i n e s  ahown on t h e  map baae, which waa made by hand. 

F ina l ly ,  t h e  d i g i t a l  land cover  theme d a t a  i n  12  c l a s s e s  were combined 
on t h e  p r i n t i n g  p reas  w i t h  t h e  b lack  l i n e s  and l e t t e r i n g  of  t h e  base  map. 
This  technique has  long been used by mapmakers. What t h e  Arc t i c  vegeta- 
t i o n  map demonstrates  i s  t h e  f e a s i b i l i t y  o f  combining r ecen t  developments 
i n  automated d i g i t a l  thematic  car tography wi th  t h e  base map elements-- 
l i n e s ,  l e t t e r i n g ,  and mask--prepared by convent ional  analog c a r t o g r a p b ,  
(&en these  d e t a i l s  could have been processed d i g i t a l l y ,  The l e t t e r i n g  
f o r  map t e x t  i s  a l r eady  s e t  by computer, bu t  i t  is  s t i l l  mounted by hand.) 

Moreover, t h e  d i g i t a l  d a t a  base and l a s e r  p l o t t e r  can be used t o  
produce black-and-white o r  c o l o r  v a r i a t i o n s  of  t h e  theme d a t a  f o r  o t h e r  
land cover c l a s s  combinations, and t o  show them a t  o t h e r  s c a l e s  and screen 
d e n s i t i e s .  These v a r i a t i o n s  can  be examined i n t e r a c t i v e l y  on c o l o r  video 
d i sp l ay  devices  before a choice o f  exac t  f o m a t  f o r  t h e  hard-copy map i s  
made. Many c u r r e n t  and a n t i c i p a t e d  u s e s  ( o t h e r  than map do 
not  r equ i r e  the hard copy a t  all. 

Prospec ts 

The W i l d l i f e  Refuge map r ep resen t s  one s t e p  i n  a cont inuing  e f f o r t  t o  
apply t o  p re s s ing  environmental problems t h e  u s e  o f  l o c a t i o n a l  and 
temporal da t a ,  a geographic information system, and s p a t i a l  a n a l y s i s ,  
combined w i t h  bo th  t r a d i t i o n a l  and emerging car tographic  techniques.  
Sharpening t h e s e  t o o l s  w i l l  provide ine reae ing ly  responsive and f l e x i b l e  
weys of managing n a t u r a l  resources.  A wide v a r i e t y  of  new cuetom maps 
and o t h e r  graphics  w i l l  s h o r t l y  be paas ib le .  However, they  are more 
l i k e l y  t o  be custom-made byproducte of t h e  geographic information system 
than  multipurpose graphic  products ,  



Foreseeable  developments i nc lude  p repa ra t ion  of  i n t e r i m  vege ta t ion  
and land cover  maps f o r  s tandard  map quadrangles  ( i n  ~ l a s k a )  as p a r t  o f  a 
nationwide inventory ;  p repa ra t ion  of a pro to type  l a r g e r  s c a l e  d i g i t a l  
vege ta t ion  and land  cover  map of a d r i l l i n g  s i t e  a r e a  west o f  Prudhoe 
Bay; f u r t h e r  assessment of t h e  accuracy o f  theme con ten t s  and t h e i r  map 
pos i t i ons ;  demonstrat ion of land cover  change d e t e c t i o n  and informat ion  
update by remote sens ing  techniques;  and t h e  merging of d i g i t a l  land 
cover  d a t a  w i t h  o t h e r  information,  such as census demographic d a t a  and 
d i g i t a l  e l e v a t i o n  models, f o r  a p p l i c a t i o n  t o  o t h e r  resource  management 
problems. 

For o t h e r  a r e a s  i n  Alaska, t h e  U.S. Bureau of Land Management, t h e  
U.S. F ish  and W i l d l i f e  Serv ice ,  and USGS a r e  a l r e a d y  us ing  i n t e r a c t i v e  
computer graphics  t o  ana lyze  w i l d l i f e  h a b i t a t s  and t o  review proposed 
d r i l l i n g  s i t e s  and s e r v i c e  routes .  A team o f  USGS hydrologists, geog- 
raphers ,  and car tographers  i s  a l s o  applying computer graphics  technology 
t o  e s t ima te  t h e  amount o f  ground water  used f o r  i r r i g a t i o n  i n  important  
a g r i c u l t u r a l  a r e a s  i n  t h e  conterminous United S t a t e s .  Another app l i -  
c a t i o n  i a  ana lys i a  of  land use and land  cover  by census a r e a  i n  t h e  
v i c i n i t y  of nuc lea r  r eac to r s .  Also under cons ide ra t ion  i s  a r eg iona l  
land use  analyais t o  e s t ima te  p o t e n t i a l  damage t 6  bu i ld ings  from a c i d  
ra in  and o the r  depos i t ions .  These p r o j e c t 6  o f f e r  a d d i t i o n a l  demonatra- 
t i o n s  of  d e r i v a t i v e  products  made by computer graphic  techniques. 
However, most of  t h e s e  p r o j e c t s  must awai t  a p p l i c a t i o n  of t h e  reproduc- 
t i o n  techniques demonstrated by t h e  USGS Arc t i c  vege ta t ion  map be fo re  
t h e i r  impressive r e s u l t s  can be presented adequate ly  i n  hard-copy map 
form. 

Elsewhere a t  USGS, t h e  National  Mapping Program i s  applying d i g i t a l  
car tographic  technology t o  t h e  processing o f  t h e  p o i n t ,  l i n e ,  and a r e a  
symbols t ha t  appear  on topographic maps, and t o  t h e  indexing of  geo- 
graphic names. Some o f  t hese  l o c a t i o n a l  in format ion  d a t a  s e t s  a r e  
a l r eady  a v a i l a b l e  on computer-compatible tape.  Usera can now perform 
t h e i r  own ana lysee  of s p a t i a l  d a t a ;  they  can even p r i n t  t h e i r  own hard- 
copy maps. 



NEW PRECISION I N  MAPPING POSSIBLE WITH LASER PLOTTER 

by Jarnes R .  Wray 
U. S. Geological Survey 

The U.S. Geological  Survey 's  map of Vegetat ion and Land Cover, Arc t i c  
National Wi ld l i f e  Refuge, Alaska ( M ~ P  I-1443), was p r in t ed  by us ing  a 
laser  drum p l o t t e r  a s  a computer-graphics output  device,  Use of t h e  
p l o t t e r  involves  more than  pushing a but ton.  The process  begins w i t h  a 
c a r e f u l l y  designed, hand-drafted, f u l l - s c a l e  l ayou t  of t h e  proposed map. 
Thfa provides a frame o f  re ference  f o r  t h e  placement of copy by t h e  ca r to -  
grapher  and the  ope ra to r  of t h e  l a s e r  p l o t t e r .  For example, t h e  layout  i s  
used t o  s can -d ig i t i ze  map legend boxes and o t h e r  c o l o r  a r e a s  no t  repre-  
sented i n  the  land cover  d a t a  f i l e .  The layout  t hus  s e rves  t o  coord ina te  
copy generated on the  l a s e r  p l o t t e r  and copy t h a t  i s  crea ted  in some o t h e r  
way. 

Next, t he  l a s e r  p l o t t e r  opera tor  must be t o l d  the  l o c a t i o n  and s i z e /  
s c a l e  va lues  of t h e  source t ape  f i l e  and t h e  codes f o r  t h e  theme c l a s s e s  
that  are used. The data ce l l s  may be original Landsat p ixe l s ,  re-sampled 
r ec t angu la r  o r  square p i x e l s  i n  a map o r i e n t a t i o n ,  re-sampled raster  u n i t s  
i n  convenient map g r i d  c e l l s ,  o r  even raster-scanned o r  vector-defined map 
polygons rendered i n  d i g i t a l  format ,  Data i n  one format can  be converted 
t o  another ,  bu t  t h e  new d i g i t a l  s i z e / s c a l e  values must be known. 

The next  s t e p  i s  t o  c a s t  t he  source f i l e  onto a new t ape  i n  t h e  
p a r t i c u l a r  run-length encoding format required by t h e  graphic output  
hardware. This  i a  no t  a problem when the  scan -d ig i t i z ing  and d i g i t a l  
p l o t t i n g  a r e  i n  one i n t e g r a t e d  system t h a t  sha re s  hardware and software. 
However, when t h e  d i g i t i z i n g  and p l o t t i n g  a r e  no t  i n  t h e  same system--as 
f o r  t he  A r c t i c  vege ta t ion  d a t a  scan-d ig i t ized  by sensors  on Landsat--the 
run-length encoding f o r  t he  l a s e r  p l o t t e r  becomes a c r u c i a l  t a a k  r equ i r ing  
programming know-how t h a t  is  s t i l l  sca rce ,  

Aaaigning Gray-scale Codes 

Next, a monochrome, gray-scale  p l o t  i s  made t o  check the  fit of t h e  
theme d a t a  t o  t h e  base map before  t h e  c o l o r  s e p a r a t i o n  l a s e r  p l o t s  a r e  
mads. To do t h i s ,  theme c l a s s e s  are encoded f o r  gray-scale d e n s i t i e s .  
This  r equ i r e s  y e t  another  tape .  Classes  can  be combined s o  t h a t  t h e i r  
number does no t  exceed t h e  number t h a t  t he  graphic  output  device can 
handle i n  one opera t ion .  Once aga in ,  t h e  l a s e r  p l o t t e r  ope ra to r  must 
know t h e  format of t h e  d a t a  on t h e  new t ape ,  t h e  requi red  d i s p l a y  format 
on f i l m ,  and the  l o c a t i o n  and s i z e / s c a l e  r e l a t i o n s h i p  between the two, 

A t r ia l  l a s e r  p o s i t i v e  p l o t  i s  made on dimensional ly s t a b l e  f i lm.  
This  i e  l a i d  over a base map--preferably t h e  base with which t h e  a r e a  
theme d a t a  w i l l  be combined i n  l i t h o p r i n t i n g .  If the  image s i z e  is  not  
very c l o s e  t o  t he  intended s i z e  t h e  prepa tory  s t e p s  must be checked f o r .  
e r r o r s .  



A check f o r  f i t  between d i g i t a l  p l o t  and base map determines what s i z e  
adjustmenta,  i f  any, a r e  needed. Both t h e  output  device and t h e  proces- 
s i n g  of t h e  reproduct ion medium i t s e l f  can a f f e c t  map p o s i t i o n  
adjustments.  The t r i a l  p l o t  provides c l u e s  as t o  what new adjustmenta a r e  
needed. Sca l e  change i n  one d i r e c t i o n  can  be made independently of  a 
s c a l e  change i n  t h e  o the r .  Change i n s t r u c t i o n s  a r e  g iven  t o  t h e  output  
device i t e r a t i v e l y  and new p l o t s  a r e  made u n t i l  a b e s t  f i t  i s  achieved ( o r  
a dec i s ion  i s  made t o  go back t o  t h e  drawing board). 

Assigning Screen Density Codes 

I n  ass igning  do t  sc reen  d e n s i t y  va lues  t o  t h e  land cover  c l a s s e s ,  f o r  
both t h e  gray-scale  map and the  c o l o r  map, i t  he lps  t o  a n t i c i p a t e  l i k e l y  
s p a t i a l  p a t t e r n s  and t o  no te  where d e n s i t y  c o n t r a s t  w i l l  be u s e f u l  i n  
checking t h e  f i t  o f  t h e  l a s e r  p l o t  t o  t h e  base. It thus  he lps  t o  have 
c l a s s  a r e a  measurements a v a i l a b l e  when a s s ign ing  d e n s i t y  va lues  and codes, 
Using mechanical s c reens  wi th  a mesh o f  120 l i n e s  p e r  i nch ,  USGS has a 
choice of  perhaps a dozen d e n s i t i e s  between no copy ( ze ro  percent  dena i ty)  
and s o l i d  copy (100 percent dens i ty ) .  ( o t h e r  mechanical s c reen  meshes a r e  
a l s o  a v a i l a b l e , )  In  c o n t r a s t ,  t h e  l a s e r  p l o t t e r  makes poss ib l e  many 
d e n s i t i e s ,  i n  many meshes, A t  120 l i n e s  p e r  i n c h  t h e  l a s e r  p l o t t e r  o f f e r s  
about 60 d e n s i t y  choices .  Moreover, ang le s  of  do t  l i n e s  can be s p e c i f i e d  
sepa ra t e ly  f o r  each c o l o r  separa t ion .  

To f a c i l i t a t e  v i s u a l  d i scr imina t ion ,  c l a s s e s  forming small  c l u s t e r s  
may be assigned h ighe r  d e n s i t i e s  t han  those  occurr ing  i n  l a r g e r  c l u s t e r s .  
It a l s o  helps  t o  a s s i g n  d e n s i t y  va lues  i n  a geometric progress ion  (such 
a s  0,  7, 13, 25, 50, and 100 pe rcen t ) ,  r a t h e r  than  i n  a n  a r i t h m e t r i c  
progress ion  (such a s  0, 10, 20, 30 percent ,  e t c . ) .  O f  course,  only 
seldom a r e  t h e r e  enough such d e n s i t y  va lue  c l a s s e s  a v a i l a b l e ,  and com- 
promises a r e  made. A l a r g e r  number of  c l a s s e s  a r e  u s u a l l y  d e s i r e d ,  
a l though a map r eade r  cannot e a s i l y  d i s t i n g u i s h  d i f f e r e n c e s  t h a t  a r e  much 
l e s s  t han  one o r d e r  of  magnitude. So, t h e r e  i s  a l i m i t  of perhaps 15  
c lasaes .  This l i m i t  i s  imposed no t  by t h e  d a t a  o r  ou tput  device,  bu t  by 
t h e  u s e r ' s  a b i l i t y  t o  d i sc r imina te  and a s s i m i l a t e .  These mechanical and 
human l i m i t s  imposed on computer graphic  p re sen ta t ion  a r e  not  y e t  we l l  
understood and do n o t  apply t o  s t a t i s t i c a l  p re sen ta t ion  of  t h e  same 
s p a t i a l  da ta .  In  graphics ,  these  l i m i t s  enforce  g e n e r a l i z a t i o n  and make 
poss ib l e  a grasp of t he  whole p i c t u r e  t h a t  numbers a lone  do no t  o f f e r .  

Assigning Color Codes 

The next s t e p  i s  t o  re-code t h e  theme c l a s s e s  by c o l o r  and d e n s i t y  
ca t egor i e s .  This  in format ion  sepa ra t e8  t h e  yellow, magenta, cyan, and 
black components o f  t h e  f i n a l  c laaa-color  symbols. I n  t h e  case  of  t he  
Arc t ic  vege ta t ion  map, t h e  output  hardware and software imposed a 1 2  
densi ty-category l i m i t  p e r  operat ion.  Each d e n s i t y  category was assigned 
a unique code; then,  a new l a s e r  p l o t t e r  t a p e  was made f o r  s i x  d e n s i t y  
c a t e g o r i e s  r equ i r ing  yel low i n k  and t h r e e  d e n s i t y  ca t egor i e s  r equ i r ing  
b lack  ink.  A second new t ape  waa made f o r  t h e  f i v e  d e n s i t y  c a t e g o r i e s  
r equ i r ing  magenta i n k  and s i x  d e n s i t y  c a t e g o r i e s  r equ i r ing  cyan. The . 
c o l o r  a r e a  symbols f o r  t he  legend boxes, t h e  square-mile and square- 
k i lometer  a r e a  s c a l e s ,  and ex tens ion  of  t h e  open water  symbol t o  t h e  map 
border  a r e  a l s o  "colored." 


