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7 GIS, LANDCOWER AND THE IDENTIFICATION OF CORRIDOR 
LOCATION IN ENGLAND 

The aim of the GIS par t  of t h i s  repor t  i s  t o  show haw the  ' t e x t u r e  
of t he  landscape'  a t  a de t a i l ed  s c a l e  can be displayed using G I S  
technology. The inves t iga t ions  have bas i ca l ly  been i n  three forms:- 

1. F u l l  r e so lu t ion  d isp lay  of a ' h a b i t a t '  class from the  ITE 
landcover map; 

2. Ikm summary d a t a  - reg iona l /na t iona l  s c a l e s ;  
3. Dorset heaths  - a s p e c i f i c  appl ica t ion  of the  landcover map. 

A cornman l i n k  between these three  forms has been the  use of  the  ITE 
landcover map. Before descr ib ing  the  app l i ca t ions  work it is  worth 
descr ib ing  the  background t o  the  landcover map i t s e l f .  

7.1 THE ITE LANDCOVER MAP 
There has been no complete map of the  landcover of B r i t a i n  s ince  the 
e a r l y  1960s and no published map s ince  the  1930's. The process of 
land use planning i n  B r i t a i n  has been based, a t  b e s t ,  on piecemeal 
surveys,  which are o f t en  incomplete and may be incompatible. 

The landcover mapping involves computer c l a s s i f i c a t i o n  of paired 
summer and winter  Landsat Thematic Mapper (TM) scenes t o  give 25 
landcover types based on a 25 metre output  g r i d  or ' raster ' .  This 
s tudy has used summer and winter  da t a .  i n  composite. t o  he lp  
sepa ra t e  t h e  var ious t a r g e t  c l a s ses .  Landsat TM data are 
geometr ical ly  cor rec ted  t o  the  B r i t i s h  National Grid. The imagery 
conta ins  six bands of red and i n f r a red  data, chosen because they 
represent  wavelengths wi th  c h a r a c t e r i s t i c  reflectances from 
vegeta t ion ,  and are less a f fec t ed  by haze-problems than the  blue- 
green end of the  v i s i b l e  spectrum. 

The c l a s s i f i c a t i o n  is h i e r a r c h i c a l ,  al lowing use r s  to  access a few 
very basic cover-types. separated with high l e v e l s  of accuracy, t h i s  
c l a s s i f i c a t i o n  then subdivides a t  var ious poss ib l e  l e v e l s  towards a 
s h o r t l i s t  of 19 s p e c t r a l l y  d i s t i n c t  major c la s ses .  The procedure of 
c l a s s i f i c a t i o n  i s  based on an ex t rapola t ion  from sample s t a t i s t i c s  
der ived from examples of ' t r a i n i n g  d a t a '  def ined on an image- 
a n a l y s i s  system, These t r a i n i n g  areas are s e l e c t e d  to  be typical 
examples of t h e i r  class. They are based on knowledge der ived i n  a 
f ie ld-reconnaissance survey. The ex t r apo la t ion  uses a maximum 
l i ke l ihood  c l a s s i f i e r  t o  allocate a l l  p i x e l s  i n  t h e  scene t o  the  
n e a r e s t  appropr ia te  class. 

Cer ta in  simple measures (e .g .  of p a t t e r n )  can be made i n  raster, For 
example, measures of landscape d i v e r s i t y  w i l l  be based on 
c a l c u l a t i n g  d i v e r s i t y  ind ices  per  lkm square. Measures of d i s s e c t i o n  
can be based on iden t i fy ing  boundary pixels (i.e those  with 
d i f f e r i n g  neighbours) and scor ing  t h e i r  proport ion per lkm square:  
t h i s  is  poss ib l e  for  any c l a s s ,  combination of c l a s s e s  or all 25 
classes. S p e c i f i c  boundary combinations w i l l  over lay results from a 
s p e c i f i c  class w i t h  those of another (e.g. a bracken boundary wi th  
a moorland boundary t o  record the bracken-to-moorland fringe. It is 
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a lso  poss ib l e  t o  grow a raster b u f f e r  zone t o  calculate the  
propor t iona l  cover within Fixed dis tances  of a class.  However ten 
p i x e l s  would be a r e a l i s t i c  m a x i m u m ,  Where raster ana lys i s  is 
p a r t i c u l a r l y  l imi t ed  i s  i n  i den t i fy ing  "polygons" (areas of  defined 
cover type)  and analysing these: f o r  example. c a l c u l a t i n g  the  
number, o r  average s i z e  af polygons pe r  u n i t  area is not  poss ib l e  
f o r  large areas writhin EIC's curren t  analysis package. A c l a s s ' s  
area-to-boundary r a t i o  gives  a sur roga te  measure but  takes  no 
account of cont inui ty  and fragmentation. 

Because of these  l i m i t a t i o n s  t o  raster ana lys i s  techniques i t  was 
important t o  make the  raster landcover map ava i l ab le  t o  a vector-  
based GIS t o  enable more complex vector  ana lys i s .  Demonstration work 
s t a r t e d  w i t h  the  export  of sample areas from t he  image ana lys i s  
system t o  the GIS using proprietary d a t a  t r a n s f e r  software.  These 
procedures have been used on a 75 km x 50 km test area centred 
the  Thames e s tua ry .  T h i s  was successfu l ly  converted from raster to  
vec to r  form. Such conversion highl ighted the problems of  dea l ing  
with l a r g e  databases ,  such as the  cover map w i l l  provide. This 
r e l a t i v e l y  small area, one-s ix t ie th  of a l l  B r i t a i n ,  contained 80000 
polygons. There i s  no commercial GIS which could r e a l i s t i c a l l y  
handle such d e t a i l e d  vec tor  information f o r  a l l  of Br i t a in .  
S impl i f i ca t ion ,  by f i l t e r i n g  o u t  a l l  small parcels. i s  poss ib l e ,  bu t  
r i s k s  throwing away usefu l  information. S impl i f ica t ion  was a 
necessary par t  of conventional cartography when a car tographer  had 
t o  draw and c l a s s i f y  every parce l .  It  is  not  a necessary p a r t  of 
raster image c l a s s i f i c a t i o n  ind iv idua l ly .  So. un less  i t  can be shown 
t h a t  t h e  f i n e  d e t a i l  is ' no i se '  r a t h e r  than da ta .  t he  d e t a i l  should 
no t  be l o s t  f o r  mere convenience. It is  p re fe rab le  t o  examine ways 
of s t o r i n g  and accessing raster d a t a ,  convert ing t o  vec tor  only 
where necessary,  perhaps temporarily.  The ITE GIS set up has this 
p o t e n t i a l ,  and methods are being developed during the  cont inuing G I S  
development of t he  landcover map. 

GIS AND CORRIDOR ANALYSIS 
The work descr ibed here  has l a rge ly  been c a r r i e d  out  on two GIS's, 
The Laserscan HORIZON system and a smaller, PC-based system c a l l e d  
Tydac SPANS. The HORIZON system is  cu r ren t ly  the  major GIS i n  use  at 
ITE Monkswood and is a powerful, workstation-based system that has  
a f u l l  range of data handling c a p a b i l i t i e s  inc luding  the  combined 
use o f  both vec tor  and raster d a t a ,  This system is the  major vehic le  
upon which development and ' e x p l o i t a t i o n '  of ITE's landcover map is  
tak ing  p lace .  and i t  has  been the  focus of recent  app l i ca t ions  of 
the  landcover map t o  a number of environmental p r o j e c t s .  The SPANS 
system is  a much less powerful system t h a t .  never the less .  possesses  
s p e c i f i c  s t r e n g t h s  i n  raster ana lys i s  f u n c t i o n a l i t y .  It  the re fo re  
lends i t s e l f  w e l l  t o  the  type of landcover ana lys i s  t h a t  is 
descr ibed la ter ,  i n  the  s e c t i o n  about lowland heath fragmentation i n  
Dorset 

7.2.1 Full Resolution Display of a 'Habitat' Class from the Landcover Map 
The f i r s t  part of the  s tudy has involved the  examination of a s m a l l  
area of t h e  landcover map a t  i t s  f u l l  r e so lu t ion .  The a i m  was t o  
i n v e s t i g a t e  whether c e r t a i n  h a b i t a t  types represented by s p e c i f i c  
landcover classes displayed any form of co r r ido r  pa t t e rn .  
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The f i r s t  stage was t o  chose a s u i t a b l e  h a b i t a t  type that was of 
ecologica l  i n t e r e s t  i n  ' c o r r i d o r '  terms, and unimprwved grass was 
chosen. This  is  represented i n  the  landcover map pr imar i ly  by th ree  
ind iv idua l  classes. These are meadow/rough graz ing ,  rnarsh/rough 
grass and upland/grass moor. A number of combinations of these  
classes were examined. as w e l l  as some o t h e r  landcover c l a s s e s  t h a t  
can have a s i g n i f i c a n t  'grass ' component within them. A 100km square 
of landcover (square TL) was transfered t o  the  HORIZON GIS from i ts  
permanent a rch ive  on o p t i c a l  disk. The image w a s  d isplayed i n  i ts  
f u l l  co lour  and then the  required classes se l ec t ed  out  f o r  
ind iv idua l  d i sp l ay  on the  screen.  A 10km g r i d  was superimposed by 
the  GIS t o  give a v i sua l  i nd ica t ion  of  ' , the scale of the  output .  
Figure 7.1 shows an a rea  of about 40km square with the  t h r e e  grass 
classes combined i n t o  one colour .  A t  t h i s  scale c e r t a i n  ' l i n e a r '  
f e a t u r e s  are c l e a r l y  seen. The long s t r a i g h t  band t o  the  nor th  w e s t  
r epresents  t he  grasses  of the  Ouse Washes. Further  south east are 
some l i n e a r  p a t t e r n s  of grasses which are shown a t  a larger scale i n  
Figure 7.2. This map shows an area  about 10km square.  'Patches '  of 
grass probably represent ing  large graz ing  f i e l d s  are in t e r spe r sed  
with small l i n e a r  pa t t e rns  possibly ind ica t ing  rough grasses along 
f i e l d  edges e t c .  However the  most c l e a r  l i n e a r  f e a t u r e  OF ' c o r r i d o r '  
is  an inver ted  'Y' shape. This c l e a r l y  represents  a f a i r l y  major 
physical  f e a t u r e  such as the  course of a r i v e r .  This can be 
confirmed quickly within the  EIS by t h e  simple overlay of a s u i t a b l e  
vec tor  topographic base map. T h i s ,  f a i r l y  s imple,  ana lys i s  i s  
repea tab le  f o r  any s i n g l e  c l a s s  o r  combination of c l a s s e s  f o r  any 
geographical area; f o r  ins tance ,  s e l e c t i o n  of the bracken c l a s s  
r evea l s  a p a t t e r n  of l i n e a r  bands i n  the  area of t he  North York 
Moors where t h i s  h a b i t a t  th rea tens  t o  invade surrounding h a b i t a t s  
such the  moorland on h i l l .  tops .  

On t h e  na t iona l  scale most of these type of p a t t e r n s  are no t  e a s i l y  
seen ,  p a r t i c u l a r l y  i n  the  improved grassland c l a s s .  However our  
s tudy of a genera l i sed  vers ion of the  landcover map, descr ibed 
below. does lead  to  some success  with another  landcover c l a s s  a t  a 
much smaller s c a l e .  

7.2.2 Ikm Summary Data - regional/national scales 
The b a s i s  of t h i s  next area of s tudy w a s  p r imar i ly  the  r e s u l t  of 
r equ i r ing  landcover information a t  a lkm r e so lu t ion .  This  is the  
scale which i s  required f o r  data used as p a r t  of ITE's Countryside 
1990 Information System (CIS) .  This system, available for  use on 
personal  computers, provides environmental information about each 
lkm square of B r i t a i n .  CIS includes items such as land a v a i l a b i l i t y ,  
hedgerow l eng ths .  mean a l t i t u d e  and many o the r s .  

The f u l l  r e so lu t ion  landcover da t a  has been processed i n  a number of 
ways before being incorporated i n t o  CIS 1990. A f o r t r a n  program was 
w r i t t e n  by Monkswood GIS s t a f f .  t h a t  f o r  each 1 km square, 
ca lcu la t ed  the  percentage of each landcover class presen t ,  An Oracle 
database t a b l e  was constructed i n t o  which these  percentages were 
i n s e r t e d .  Thus, f o r  each 1 km square the re  is  a record of i ts  
geographical  pos i t i on  and a value for  each landcover c l a s s  from 0% 
t o  100% derived from the  1600 25 metre pixels contained wi th in  each 
Ikm square.  This Oracle t a b l e  is  then accessed by the  G I S  system. 
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UNIMPROVED GRASS FOR PART OF CAMBRIDGESHIRE 
(extracted from the ITE Landcover Map) 

54 0 5 8 0  

Figure 7 - 1  

85 



UNIMPROVED GRASS FOR PART QF CAMBRIDGESHIRE 
(enlarged section from figure 7.1) 

5 6 0  570 

Figure 7.2 
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1KM SUMMARY DATA FROM TEE ITE LANDCOVER MAP FOR S W ENGLAND 

Broadleaf Woodland 
over 10% coverage per square 
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F i r s t  w e  requested information about t he  Broadleaf Woodlands 
(Deciduous woodland class) f o r  South West England. We asked f o r  lkm 
squares where woodland cover was 10% OS over. A new t a b l e  of 
information within the Oracle database was crea ted  and a s tandard 
GIS func t ion  used to  convert each en t ry  t o  an ind iv idua l  Ikm p ixe l  
wi th in  a raster output  file. T h i s  f i l e ,  i n  i t s  v i s u a l  form, is then 
ava i l ab le  f o r  d i sp l ay  as a map an the  GIS Screen (see Figure 7 . 3 ) .  
This  map gives a very simple example of the  output  from one very 
s p e c i f i c  query about the  woodland h a b i t a t .  However the  'woodland 
only '  Oracle t a b l e  can be examined and displayed i n  many d i f f e r e n t  
ways. The user  can request  any combination of percentage cover 
values  t h a t  he/she f e e l s  is of p a r t i c u l a r  s ign i f i cance .  For ins tance  
i t  may be known t h a t  a s p e c i f i c  spec ies  can d i spe r se  readily where 
woodland cover is genera l ly  above the  10% l e v e l .  The type of 
information shown i n  f i g u r e  7.3 may be use fu l  i n  descr ib ing  
p o t e n t i a l  rou tes  of movement of t h i s  spec ies .  However, f u r t h e r  
d e t a i l  may be required and can be c rea ted  i n  the  form of a m u l t i -  
coloured o u t p u t  showing varying l e v e l s  of woodland cover as seen i n  
Figure 7.4. 

As s t a t e d  e a r l i e r ,  landcover da t a  at t h i s  broader lkm level does 
lend i t s e l f  more r ead i ly  to  d ip lay  and examination a t  smaller, 
reg iona l  o r  na t iona l  s c a l e .  Subsequently the method of ana lys i s  
descr ibed above was repeated f o r  a l a r g e r  port ion of the  landcover 
map. The same GIS procedures were followed and t h i s  smaller scale 
output  produced. At t h i s  time, it was an intermediate  vers ion of the 
landcover map that  was i n  u se ;  some v i sua l  problems occurred. 
Figure 7.5 shows the  d i s t r i b u t i o n  of 10% broadleaf woodland cover 
across  a large par t  of B r i t a i n .  

Some d a t a  are c l e a r l y  missing, f o r  ins tance  most of Wales and 
sections of Hampshire and nor th  east England. There is also a strip 
of anomalous data from the  Humber estuary south towards t h e  Isle of 
Wight. The gaps are now f i l l e d  i n  the f i n a l  landcover map. The 
anomalous s t r i p  follows t h e  j o i n  between two s t r i p s  of sa te l l i t e  
imagery as it t raversed  the country. This  'noise '  within the  d a t a  
has now been removed by the  image analysis team respons ib le  fo r  the  
c r e a t i o n  of the  landcover map. With the  landcover map now 
success fu l ly  completed and re levant  database t a b l e s  updated 
accordingly a repea t  of the study would remove these  effects. As w e  
can see from t h i s  na t iona l  map, and the  earlier reg iona l  ones,  the  
t e x t u r e  of the  landscape w i t h  r espec t  to the  woodland h a b i t a t  can be 
revealed i n  some detai l  using GIS technology and the  ITE landcover 
map 

DORSET HEATHS - A SPECIFIC APPLICATION OF THE LANDCOVER MAP 
This  s e c t i o n  descr ibes  a study ca r r i ed  o u t  by Neil Veitch as p a r t  of 
a 3 year .  Spec ia l  Topic w i t h  t h e  NERC Unit for Thematic Information 
Systems (NUTIS) a t  Reading University.  It has been included i n  this 
report because of i t s  close l i n k s  with the  ecologica l  theory of 
' c o r r i d o r s '  o r  ' b a r r i e r s  t o  spec ies  d i s p e r s a l '  wi th in  the  
terrestrial environment. Most of the  work has been done on the Tydac 
SPANS G I S  b u t  much is already being made available to  o t h e r  GIS 
platforms such as ARC/lnfo and IDRISI. 
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The Purbeck area of D Q K Y X ~  once supported the  largest area of 
lowland dwarf-shrub heath i n  southern B r i t a i n .  Since the  turn  of 
the  century.  increas ing  pressures  from a g r i c u l t u r e  and urban 
development have fragmented t h i s  h a b i t a t  and the re  is  inc reas ing  
need fo r  i ts  conservation and r e s to ra t ion .  

The heathlands are charac te r i sed  by being species poor. TQ be 
v iab le  as heathland,  a fragment must r e t a i n  t h i s  c h a r a c t e r i s t i c .  
The fragmentation has r e su l t ed  i n  t h e  c r ea t ion  of many indiv idua l  
patches of heath,  The number of spec ies  present  i n  a fragment is  
related t o  the  area and shape of the  fragment. As a r u l e  of thumb, 
l a r g e  compact fragments are less prone t o  invasion (and therefore  
w i l l  have fewer spec ie s )  than long t h i n  fragments of the same area. 

Information on the  change i n  heathland d i s t r i b u t i o n  has been 
i n t e r p r e t e d  from a v a r i e t y  of h i s t o r i c a l  map sources  from 1811. 1896 
and 1934, p lus  f i e l d  surveys i n  1960 and 1974. ITE c a r r i e d  out  
eco logica l  surveys of the  heathlands i n  1978 and 1987 and the  ITE 
landcover map provides the  most up to  d a t e  information. 

Figure 7.6 shows the  heath c l a s s  ex t r ac t ed  from the  landcover map 
for  the area araund Hartland Moor. Fragments less than 10 hectares  
are considered t o  be too small t o  be v i ab le ,  those less than 25 
hec tares  are marginal and anything g r e a t e r  than 25 hectares  is 
considered t a  be v i ab le .  

The sepa ra t ion  of fragments of heathland may act  as a b a r r i e r  t o  the  
movement o r  spread of heathland spec ies .  One possible remedy f o r  
t h i s  is the r e s t o r a t i o n  of non-heathland areas back t o  heathland or ,  
put  another  way, t he  c rea t ion  of co r r ido r s  of heath between e x i s t i n g  
heathland fragments. 

There is  considerable  i n t e r e s t  i n  the  p o t e n t i a l  f o r  recons t ruc t ing  
areas of heath i n  Dorset. To assess t he  f e a s i b i l i t y  of t h i s  i t  is 
important t o  know the  area of land t h a t  could be s u i t a b l e  €or the  
re-establ ishment  of heathland spec ies .  The s p e c i f i c  condi t ions ,  
p a r t i c u l a r l y  the nutr ient-poor  s o i l s ,  under which heathland 
communities develop. may be modified to  a greater o r  lesser ex ten t  
by any subsequent land use on former heathland areas. By combining 
remotely sensed d a t a  with h i s t o r i c  d a t a  on heathland ex ten t  i t  i s  
poss ib l e  t o  i d e n t i f y  the  cur ren t  landuse and the re fo re  give an 
i n d i c a t i o n  as t o  the  degree t o  which these  s o i l s  may have been 
modified. Figure 7.7 shows how the  r a s t e r / v e c t o r  combinations 
employed within the  GIS can provide a 'window' i n t o  &n area of 
i n t e r e s t .  Here the  heathland areas from the  1811 maps have been 
combined with the  f u l l  r e so lu t ion  landcover map t o  show the cur ren t  
landuse on what was, i n  the  p a s t ,  heathland. For in s t ance ,  most of 
the  area to t he  south east i s  now occupied by t h e  urban area of 
Bournemouth. Agr icu l tura l  grassland.  p a r t i c u l a r l y  those areas that 
became grass land  a f t e r  1960 and coniferous p l a n t a t i o n s ,  are bel ieved 
t o  o f f e r  t h e  b e s t  oppor tuni t ies  f o r  recons t ruc t ion .  

7.4 RELATED GIS DEVELOPMENTS 
The procedures discussed so f a r  have only scratched the  s u r f a c e  of 
what is  poss ib l e  within the  GIS, a b r i e f  desc r ip t ion  of some o the r  
r e l a t e d  work w i l l  s e rve  t o  i l l u s t r a t e  f u r t h e r  techniques t h a t  may be 
considered. 
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Current s t u d i e s  by o rn i tho log i s t s  a t  ITE have l e d  t o  increased 
i n t e r e s t  i n  the  use of GIS i n  s tudy ing  the spat ia l  p rope r t i e s  of 
bird populat ions and t h e i r  relationship with t h e i r  h a b i t a t .  The 
c r e a t i o n  of  the  landcover map has magnified t h i s  i n t e r e s t ,  P i l o t  
s t u d i e s  of the  feeding c h a r a c t e r i s t i c s  of sparrowhawks (Newton 1986) 
are combining maps of nes t ing  sites and woodland h a b i t a t  with 
feeding ranges and are overlaying resulting polygons on the  
landcover map. For ins tance  applying a 500 metre zone to  i d e n t i f y  
how much of  some o the r  h a b i t a t  type,  such as grass land ,  is  within 
500 metres of woodland. This appl ica t ion  relates to  the  breeding 
success  of some b i r d  spec ie s ,  such as sparrowhawk, appearing t o  be 
c lose ly  r e l a t e d  t o  the  proximity of woodland and grass land .  

Vector-based GIS i s  opera t iona l ly  s impler  f o r  a s ses s ing  the  na ture  
of polygon boundaries and boundary data are e s p e c i a l l y  important i n  
landscape terms. Therefore e f f o r t  has been devoted t o  making some 
of  these  'raster analysis techniques'  opera t iona l  within the  vec tor  
based GIS, and appl ied t o  the  landcover map. The analyses  of p a t t e r n  
has examined cover information by i t s e l f  bu t  has a l s o  drawn i n  da t a  
from o t h e r  sources: f o r  example, it; may be of i n t e r e s t  t o  quant i fy  
cover types within f ixed  d is tances  from roads as def ined from 
published maps, t o  count woodlands on chalk s o i l s  o r  t o  estimate 
bracken boundary lengths  above a mapped contour l e v e l .  

Research continues within t h e  ITE Monkswood GIS group on more 
complex ana lys i s  of the  landcover mapt bui ld ing  on the  experiences 
descr ibed above. GIS is  o f fe r ing  l e v e l s  of da t a  analysis not  
considered poss ib l e  before and technological  development of these  
GIS is, i t s e l f ,  removing previous l i m i t a t i o n s  such as the  
r a s t e r l v e c t o r  combination problems t h a t  have been mentioned. 
S impl i f i ca t ion  of processes and the customizing of systems t o  
environmental i nves t iga t ion  w i l l  lead t o  wider use of such systems 
by the  environmental is ts  themselves r a t h e r  than r e ly ing  on the  
expert assistance of GIS s p e c i a l i s t s .  

92 



THE AREA OF HEATHLANB FRaGMENTS AROUND 
THE HARTLAND MOOR NATIONAL NATURE RESERVE 

Figure 7.5 



i 

i 

1811 HEATH BOUMDARY: CURRENT LANDUSE tz&*B 




