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PREFACE

1 The study demonstrates the ability of the land c¢lassification
procedure to utliise whatever data are readily avallable, even
1f these are at a low level of detail. Regional classes that
show clear cut regional patterns are still produced.

2 Buch classifications can be carried out rapidly - an important
feature in some applications, eg the setting up of a sampling
system for a Third World country. The levels of detail can be
improved as required. ' '

3 Some usefu) methodological developments are explored in'the study
which have subsequently been built into other projects.

4 The project is a good example of a collaborative venture, with the
three authors sharing various tasks in the work.

8ince returning to Spain Dr Rossello has applied the principles of the
land classification procedure to several projects, eg on the growih of
Queracus pyrenaiaa in central Spain and a paper on the methodology in
Spanish.  Currently a clasgification of Navarra has been completed and
i3 at presentbeing evaluated for planning purposes. Preliminary results
show well defined geographical groupings that are readily interpretable.
This project is being used as a pllot scheme for possible extension to
Spain as a whole. It is hoped that there will be further collaboration
on this project and that contact will be maintained in future.

R G H BUNCE
August 1984







INTRODUCTION.

Farly in 1982.‘1 was given a grant hy the Instituto Naclonal de
Investigaciones Agrarias to spend 4 months (June-October, 1982) at
Merlewood Research Station, Grange-over-Sands, Cumbrie, one of the
component research establishments of the Institute of Terrestrisl
Ecology, which, in turn, is part of the Natural Enviromnment Research
Council., My principal objective was to investigate methods of
stratification of ecological data, especially the method developed
at Merlewood for the classification of land-use data (Hill

et al. 1975). This method, the basls of which 1s & statisticel
procedure known as indicator Species Analysis (I.S.A.), hag been
extended to produce a 1and clagsification of Great Britain (Bunce
et arl. 1983).

It became evident at an early stage that the most practicel way in

which to master the relevant statistical procedures would be to

work out a lend classification of the Iberian peninsula using map

data. This would then give me an opportunity to employ the classification
as a means of learning how to use the statistical methods of I.8.A.,

and would also provide a land classification, albeit crude, of the

Iberian peninsula which subsequently might be extended and refined,
Further, the opportunity to test the method on a2 country with quite
different ecology and climate than those of Great Britain would provide

a4 useful teat of the method.

After completing the classification, I proceeded to test the method for
robustness, by modification of the attributes used, i.e. by manipulation
-0f the cut-off points within the variables chosen.

As a result, the gained experience will allow me to handle confidently,
in similar fashion, my botanical data, particularly or the regional
and local levels, on returning to my Institute. -

SAMPLING, DATA-RECORDING AND DATA-ANALYSIS

The method used in producing the classification described in this paper

is based on Indicator Speclies Analysis (I.8.A.) as described by Hill ‘

et al. (1975). Bunce & Smith (1978) adapted the technique for wyse in their-
ecological survey of Cumbria.snd.in the land.classification of Great.
Britain.

The land classification of the Iberian peninsulas so produced is

& preliminary classification for which the sampling procedure was designed..
differently from that used in previous land claasitications; ‘The bakic

data were taken from 3 different sources:

1 31inatez vnluga~tor“te-pertturoulnd rainfall were- abstracted from-
the Climatic Atlas of Europe (W.M.0. 1970). (Scale 1:10,000.000).

2 Physiography: altitude, relief and exposition were as recorded in
the Times-Atlas af the World (The Times. 1968).{Scale.1:2 500 000).




3 Geology the International Geological Map of Europe (H-nnover'1971)
provited: the  data: for- the geology of the ntﬁdy'arba. “{Seake
1: 5 000" 000)

4 -Deﬁails;ot-other~teaturen,‘such.as rogads. and towns§werenalso taken -
- from the Times Atlas,.

%E Even though these are small scale data sources, they were conaidered
adequate for the production of this provisional land clasaiiication.
;i;tor a definitive classification the use of detailed data sources would
. be essential. With small scale maps it is not possible to design a
sampling technique such as that used by Bunce et al al (1983)

in the land classification of Great Britain. o

.Using a 50 kp grid the Iberian peninsula was divided into 260 squares,
each square measuring 2 500 km? 0f these, & sample of 204 sguares

was chosen systematically for lnalysis, leaving the remaining 56 squares
to test the resulting stratification. :

The ecological features to be recorded were chosen in sccordance with
the sguare size and the available information. These features are the
64 variables shown in Figure 1.

a, The climatic-variables (4) were selected because of the
remarkable contrast existing in the Iberian climates. The
clinatic extremes of Continental versus Maritime and
Mediterranean versus Atlantic are present. The. same
objective determined the choice of. the "location" variahles (2).

b. The geological (30) and altitudinal (21) variables were recorded in
2 different ways., Both square centre records and surrounding
records were taken, In this way, an attempt was made to
provide information. about. land continuity..

c. Aspect was chosen as a very important, ecological,
Mediterranean feature, although it is very difficult to -
measure in sample squares of this small size.

d. The final variables were those concerned with the presence:of"
human artefacts such as towns. and roads- (6).

The varishles described were recorded for sach of the 204 sqwes--o_f

the sample and are displayed in a 204 row by 684 column data table,
referred to as the data base.

Once the data had been assssbled, the nn.lyldo-wt-ctrriodznut:un;u“
Digital Computer at Merlswood. Be-‘ncnh.Staxinnh

The dsta base-so producded was:stored in s file within the computer: The-
first analysis carried out was to divide the original variables into
specific qualitative attributes, so that an ISA might be undertaken.
This is s unique component of the ITE classification method and is
disciussed later in this paper. The method demands that each varisble

is capable of being luhdiridoéatnmo - nn-h-t*ot dilcratowransnnewithink
the extremes; .

The procedure used initially wmas.the bresking down-of each variable

into 4 attributes by means of 3 cut-off points which were-the equidistamt: -
between the full range extremes-of each variable.  The attribute list of
the-2irst: land classification:appeers:in Figure-2.. The program:used: -
in this: stage- was-SPANAT, BAS. The result of the epplication. of this.




PaFeTLIA
L ] "FERSL TTvey T INIIGT [ El
-W“-——V ﬂ—'-m“ ey ~ _-j
*w SpeOy UIWN 30 Radueq »
- . ToROKE [1VeE 30 QXU o
o saeaty ToTHIDES ~STMALYEL
TN D43 Teeiied oy iivedEq TS FiR10
E— T 000t - < T L%
T "Reawabe oN B00E = Q00T
e T 311 500t - GOs1 S
DR L i LT T Bost - U0t i
T Saavobe CoN B00T ~ 008 %
T e3wnbe on 006~ Q0T {3
T %s&nhs ‘ox 00z~ 00T 3 .
' ““servaba oy oot - @ 0% 1(SwrpunciIng)
o —"sexwubs oy s 13 IAOLILTY
T"""930p 30 ON _ “000t___ < i1
#30p 3O "ON Q00E - 0002 Ly
~——="¥160 39 'ON Q00¢ - 00s%_ 9 |
CPT—"ESP 26 ON BOSt - Q00T 33
1 § 000t - 00§ | ¥y
=" 0 ‘on 005 = 00% | TV
‘ TISE ST SR 30E - oot ! 43 .
=——"T486 35 ‘oK 5t - 0 “+= ¥ (sx3ue2)
e——ey Sy L oF FJONLITTY
' LS R 3 WTOEN 8T
oy T ARSYND04OL
B T “T¥Aod B¥I  Xid1 T
I seiwnbe 'ON ~Snooy 231 ‘ONzil e
—"saiwnb® -oN . ; RN TIGLOWRANE y
e SeIwnbe ToN o TWTIqEeIedd | [
Sefunbe ‘oY% N TRTIQENY Tt
sazwnbde ON INTSTA0DI0 | 113
™"seiwnbs ‘ON deTINTES o
sesunbs CaN TeiUcASqg 3
vezwnbs -oN ! T InOINITAORIVD 3T
“seiunbs ‘ON ’ “Heiaied | A3
—IeLenu8 "ON : STABOIIL | 9z
————IVAsE SN STEORANT CF
FRLINODE ON = =T IRSeSviely | A
=" ESIanse ‘AN " P R IEA [fatpunazIne}
I “SUIVADE - ON : IiREzeang 7z ADOTOD
3 L ¥A00W W31 381 i
5 -t T L T R ()
) \ TELRAIoUNAIN &1 -
3 T L EETT L LT R Y i
T TNTIaEvy | 1
1 “THIOTACPI0 | (13
3 TOIIOLIS | <t
b TUTUOASG | rt
% SNGINZIUOQIWDY | £1
'S “EWYRSWT [2d
13 STIBWTIL 11
L4 StagwIng ot
T TRoeava s 3 :
g L iNyide] ] (s23092)
%* { zsazeivndy | - L Anioxd
sexwubg 189074 "% 03 sacwastq []
seaenbg TER0S 4 03 soawirig s NOTIYOOT
T Pl it i ad Fi- il Y
) “um _ - Tianoep [TWERINY T |
Dn 1 ’ ieng ‘daey L13ng Uwen ] z .
‘ 2. B o1 L CT X3 3Q GEeR | 1 SIVRIT
juemsiniven staetiza jo unoyadiIoueg . aInsesg .poD
30 a1BR .
" T 7 T F "Ton eaWTBy




3

Variable
Varishle
Variable

Varisble

Variable.

Variable

Variable .
Variable

Varisble

Variable 10
Varistle 11!
Variatle 12
Varisdle 11
Variable 14
Variable 15
Variable 1¢
Varisble 17
varisble 18
Variable 19
Variable 20
Varisble 2]
Varisble 22
Uarisble 23
Variable 24
Variable 25
Variable 24
Variable 27
variable 2

Variable 29
Variable 30
vVariable 11
Variable 32
Variable 32
Variasble 34
Varisbie 35
Variable 34
Varisble 37
Variable 38
Varisble 3%
Variable 40
Variable 41
Variable A2
Variable 43
Variable 44
Variable 435
Variable 44
Uariadle 47
Variable 48
Varisble 4%
Variable 50
Variable 35}
Variable 52
Variable 53
Variable 54
variable S5
Varisbie %6
Varisble 57
Variadble 38
Variable 5Y
Varisble &0
Variable 41
Varisble &2
Varjadle 43
Varjable &4

P RN S T ¥ PN

Figure-3..

2Ivey

Sives
ives
sives
fives
sives

Sives.

sives
sives
Lives
2ives
Sives
dives
sives
sives
sives
1ives
t1ves
Lives
11ves
sives
gives
sives
13ves
fives
1ives

lves

sives
s1ves
tives
qives
sives

‘Sives

f1ves
sives
tlves
121 ves
sives

I ves.

fives
11ves

sives.

11ves
Sives
Lives
2ives

Sives.

fives
gives
1ives
1ives
s1ves
f11ves
s1ves

sives:

sives
21ves

S1ves

Sives
sives

Bives.

#1vas
fives
sives

Miridutes

-@tiributes.

attributes
3ttributes
atiributes
attributes

stiributes

atiributes
atiributes
attribytes
atLtributes
stiributes
sttridutes
atiridytes
stirabutes
atiributes
attridbutes
attribuLes
atiributes
attributes
atiribytes
attraibyres
sttributes
atiributes
attributes
stiributes
atiributes
atiributes
atiributes
attributes
sttributes
ttribyutes
stiributes
ALLELDULES
atiributes
atyributes
atiributes
sturibyres
sttributes
atiributes
stiributes
attributes
attributes

—attriputes

a\tributes
stivributes

-attributes

attributes
atiributes
atiributes
stiributes
stiridbutes
stiributes
attributes
atLributes
atiributes
aattributes
sttributes
atiributes
attridutes

SELRIDULES

stiributes
stiributes

attributes

sae
s
e
L)
e
[
(K]
LA
LI J
tes
L
see
e
Xy
ven
e
K
“ha
e r
LI
e
R
LI ]

Sy
[N
L)
e
[ R]
LR
LY
sas
LR
"4
(N3
"
(Y]
LR
[ Y
e
EEN)
Te e
(NN}
e
LN
ES
[N
LY
LY
e
re
L ]
L
[N
‘e
(R
(XY
(Y]
e
(XX}
e

L]

&
&
73
7

g1

L

73
87

1}

102
109
113
117
124
123
12%
112
137
141
145
148
153
197
161
185
149
173
17?
181
183
189
193
197
201
205
209
3
217
2

2
229
233
37
241
248
24%

25

L1340

67.5

4253

5,01

5.03.

“28.03
25,03
25.0%
25,01
25,01

23.01

253,03

235.02
25.01
25.0)
25.02
25.01
2%.03
5.0
25.0]

2.02

2403

S 2.0)

2.0
2.0)
2.40)
2.0
2.03
2.03
2,03
2.03
2.0)
2.63
2.0)
3.01
1.41
8720.53
250,42
4,0)
4.0]
4,0}
4,0)
4.0]

4.0]
a0
4,03
7,01
2,03
2,03
2'0]
2,03
2,03
2,01

&0
§0.0]
25,01
25.0]
20,02

2.03

2.0}

2.01

4,03

2.03 2

102
106
110
114
118
122
124
130
134
138
142
146
150
154
156
142
144
170
174
178
182

184

190
194
198
202
204
210
214
28
226 .
230
234
236
242
244
250

244

Y Ralatalalalalalalala RN o Nal N aR o Rallall ol oLl e lis

'y Lo I o
- rwr.ﬂur-n.a-ﬂ ﬁrﬂrar1r|r\run-wuﬂr1rtr|r-¢,hpwtﬂ oialakataalalalel -

£.02

18.03
115.9032

835.03

18,87
10407

50,41
50.01
30401
50,03
50.63

- 50.82

30.01
50.02
30.03
50.0]
56.01
50.02
50,02
50.01
50.42

4.01

4,03

4,01
L ‘003
4,0}
- 4.03
4,02
4,01
4,01
4.0)
4.0]
4,02
4,03
4.0}
4,03
3.23
‘ -JJ

§.0]
- B0
8.01
B.G1
8.63
B.032
8,01
8.02
8.01
CAL0)
4.0}
- &.0)
4,0)
4,03

4.0)
4,0)
180.0)
S56.02
-ab.01
40,03

4,0)
4.Q)

00.01

4.03
~4.0)- 219

4.0).

o9
103
107
111
115
119

123 -

127
131
1%
139

143

147
1351
153
199
163

147

173
178
17¢
183
187
191
173
5344
203
207
211
213

223
227
ﬁ:l
aIs
23%

243 |

247
reH

255

£
£
C
£
4
t
T
£
L
3
{
4
L
t
£
4
4

4

4
[
4
C
{
L
9
{
c
4
¢
4
L
4
L
t
t
L
4
{
(28
L
L.
L
{
[
t
¢
(
4
9
t
4
4
o
13
£
£
L
[
d
{
¢
L
£
L

10.81

C23.0)

142.3]
87.5)]
15.01

15037

75,03
75403
75.01
75,01
75,0}
75.01
75.0}
75,01
75.0]
75.0)
75.01
75.03
%401
75.0:
7%8.0)
6.0)
64901
4:9]
6.07
&.037
46.0)
5.0)
4.0]
6.0)
4.0)
b.0)
4.0
Y5 |
4,03
6.0}
4,8]
611,53
730.0)
12.02
12.0)
12,0)
12,03
12.03
12.91
12,401

- 12,0)

12,02
&.03
é.0)
6.0)
6,91
b.02
6.0]
4.02
6.¢1
6.0

270.01

75.0:

75.0)

40,03
6.0)
6.0
6.01

100
104
108
112
116
120
124
128
132
134
140
144
149
152
156

140
164

148

172
176

180

184
108

192
194
200
204
208
212
216
20
224
238
32
23¢
240
244
248
2352
254

List-of’ attributes:in-the Standard-ISA. structure..
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Flgure 3. Hierarchical key of

the Standard ISA Land Classification.




R IS i1
iz i1z, . RRIRZIZIOWO. . 1l
. 15 lshz_gg_l_g_g_;__; |2 ‘2 lz |2 lﬂ I'o it n (]}
fosis, . wowmmmmmn, . |n|19 99 . TRT
R R I L 9 9 . ' "o,
e L R R I ", y
B . .10 TR 1% 0N 18 1 u__:__;_g_m's .. 1090 TR
.6 G, L399 9 . . 1010 10
6 6w s "o, ' 10 10 0
6 6. . um 9
6 sJw . . W
TR0 T
15 1514 14 .oLs
16 16 16 16 . 13
% 3
l:!_ ]
13

-l‘-l'i-liﬂ

*

_-Ilu u‘an ® @ BB .

Lo T R T - P
A WD M B WD W WD WD e

-
-

LB RN Y- R Y Y
W W W WD W WD WD WD e

-

MM W A .
MDA M) WD WD D WD W N WD e

~ N

2

2
2
2
3

]

3
3

3

|
2]
2

2

2

2
2.
2 Y
7
.
2
2

"1 Full line ..., 1°% level division.

N N N
-
- amBu WD

Broken line ;. 2nd level division,

ENSIPTIFS NS
l
- %
A L B IR P R TR VY P
- nNONON NN ~lu’




progran to the data base was a new 204 row by 236 column data table.
These data have the structure that the ISA requires, The relative
frequency variation range of the variables is from 0.2 to 60%.

STANDARD ISA LAND CLASSIFICATION

¥When the ISA was applied to the data table described above, the result
was the division of the 204 squares into 16 classes by use of the '
“hierarchical key shown in Figure 3.

The cartographic expression of this land classification, called Standard
ISA because it was carried out by means of the usual ISA procedure is
shown in Figure 4,

Following this- procedure, 14 unused squares from the north-west corner
of the Iberian peninsula were tested with the hierarchical key. The
tast was completely posiiive in every case and is presented in the
Figure 5. The criterion used to decide if the square in question had
been correctly classified was its homogeneity with the surrounding
squares and the continuum of ecological homogeneity.

7 16 16 16
7 16 16 16 °

8 8 8|8 8
6 8 8|8 8

7
T
7
T
7
7
7
8
B8

Figure 3. Tested squares using the Standard ISA key.

In an overall appraisal of the hierarchical ke ppear
¥, 2 main lines a

as the ecological criteris under the key. At 1.:110 tirat level, the

cr:l.tarim ‘appears-to be-an tltitudintl element: Thus, Land Cham




1 to 8 are mainly lowlands and Classés 9 to 16 are plateaux snd mountains,
At the second level, the criterton fcllowéd was géological. Thus, Classes
-1 to 4 and 8 to 12 are calcareous regions and the remaining Classes are -
mainly siliceous regions. At the third and fourth levels, the divisions
-appear- to be more. couplex, and. consequently are more. difficult to. 1nterpret

? -After classification, the next phaae ‘was to characteriae the classes.
']Two approaches are possible.

1 A more detailed study of the indicator attributes appearing in the
hierarchical key.

2  The acquisition of more ecological information from further nap
sources, with regard to soll, natural veggtation, agricultursl uses,
I 118

SBuch additional data were added to the results of the analysis and it
became evident that the claasification could be confidently described
to the fourth level (16 classes). The descriptions of the land classes
given below are based on the attributes at fourth level.

Land Class 1

Mediterranean coagstal lowlands
Characterised by the following indicator attributes:
= Low minimun a2ltitude
= Mediunwlow maximum altitude’

- High rainfall in September
The soils are mainly Calcic cambisols.

The main agricultursl land-uses- are- fruit- trees-orchards-and arsble -
CTOpS..

The natural vegetation is chiefly Thermomediterranean and Provencal
type of Mesomediterranean.with Quarcus ilex.

The ares is dansely'populatedﬂwith-nnng*indnstrttigcentruna‘ecpaeiallr«
in the north-east.

Land Clasa 3
South Atlantic lowlands:

Denm?br these-indicator-sttributess.

= Low Blope angles

- High tempersture-in July-

- Low maximum altitude _ |
The land~uses.-are-arsble- and woodland.
The natursl vegetation-is: My mmm

Thln Land: Clans-18: quite=-well popullteﬁ*anﬁ-hi-ws 1nﬂnstril1 an&wu!hluww '
centres-at. the-mouth. of. 2 major- riversc. Tagus.and Guadalguivdir: . .




‘Land’ Class 3
Median Atlanﬁic and Asturias Coast

This Land Class occurs in 2 quite different geographical areas,
Asturias in the northern Spain, and the central Portugsl. The common
features between them are climatlc and geological.

' This Class is defined by these indicator attributes:
- Low presence of Cretaceous rocks
- Low presence of Jurassic rocks
The soils are frequently Humic cambisols, Calcic cambisols and Orthic
podzols. o B '
The main agricultural use is woodland.
The natural vegetation is Thermopkilous oakwood and Atlantic beechwood
in Asturias, and Thermomediterranean and Atlantico-Mediterranean with

Qietous pyrenaica in Central Portugsal.

The: area has high population and many industrial centres, mainly in the
north; coal mining is important.

Land Clasa 4

Inner Southern Iberian Peninaula

This very homogeneous area, in the geographical sense, is characterised
by the following indicator attributes:

Low minimum elevation

Righ temperature in July

Medium-low presence of Cambrian rocks-
~ Low presence of intrusive rocks

It 13 an inland Class with warm climate and Cambrian and Pre-Cambrian. geology,.
mainly acidic. .

The soils are quite varied, but they are mainly Eutric cambisols.
The land uses are arable and Mediterranean woodland,
The natural. vegetation.is Mesomediterranean with Quercus ilex.

This Land Class has a low population density with no important industrisl. .
or urban centre.

Land Clags 5

North Atlantic and Cantabrian coast:

~ This Land: Clase is- & quite homogeneous aremwith- these-indieator
attributes:

- Hédiun-iov-raintall in January-
~ Medium-high reinfall in September- -
- Long-diatanclwto the south coast




The main characteristic of this Class is the very wet climate,

o The s0ils are Humic cambiscls and--Clﬁcic' c'ambiiols'.' '

‘The land-uses are predoniﬁahtly-graasl_and and woodland.

The natural vegetation is Thernophilou;s-,oakwood.
Typical of the Iberian coast, this. Land Class 18 very highly

populated and. has 1mportant industrial and mining centres, especially
on the north coast. :

Land Class 6

Eastern Extremadura and Middle Douro

This is ancther discontinucus Land Class that is characterised
by these indicator attributes:

= Medium-high minimum elevation
= Medium-high rainfall in January

The Land Class is widespread over the western side of the centrsal Iberian
plateaux. <Climatically, it occupies an intermediate position between
the Oceanic and Continental climates.

The soils are Eutric cambisols, Distric.cambisols, Chromic luvisois-..
and Dystic plancsols.

- The main land uses are arable and rough graszing..

The natural. vegetation is. Mesonediterranean-with Querens: suber.

This Land Class.has.a. lov population and. there-are.no. industrial or
urban centres.

Land Class 7 -

Inner Galicia:.

This Land Class is represented in the north-west corner-of
the Iberian peninsula. The area is geologically the oldest region of the
peninsuls. It is also the region with the highest rainfall, It is defined.
by: : _ :

- Medium~high raintall in January-

- Low maximum elevation :

- Low metamorphic in centre squares .

~ Low metamorphic rocks- in surrounding: squares
The soils:aresRowtor cambigols: and: Bankewres.

The:-land: use:is . mainly woodlumt,. -

* The- -natnrel .vepetation: W,MM«.
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" Land Class 8

Nerthern Portugal
This Land Class is, in many aspects, similar to Land Class 7,
old rocks and high rainfall, but occurs further south. Its indicator
attributes are:

- Medium-low maximum elevation
- Medium~low minimum elevation

The soils are Humic cambisols, Rankers and Litosols as in the Land '
Class 7.

The land uses are woodland and rough grazing.

The natural vegetation is Thermophilous oskwood and Atlantic-
Mediterranean with Quercus pyrenatea.

The population is simijar to that of Land Clase 7.

Land Class 9

Iberic Range
This is & large Land Class widespread in-eastern Spain and

mainly comprises the Iberic mountain system. This Land Class is

thus mainly limestone mountains of a high median altitude. The indicator
attributes are:

= Medium-high minimum elevation
-~ Medium-low distance to the south coast
- Medium-low temperature in March
The climate i3 Mediterranean and Continental.
The main land uses are arable and woodland.

The solls are Calcic cambisols,

The natural vegetation is formed by Mooo-nditurranonn with Querous-
1ilexr and Supramediterranean.

There is a low population. throughout the region.

Land Class 10

Mediterranean lowlands

This Land Class. is geographically located between Land Classes
1l and 9, It is thus an inland Land Class but with "mediterranesn"
characteristics. This Land Class occurs in the south of the Ebro vallcr;

the west of the Guadalquivir valley and in the Valencia region. Ths
indicator attributes are:

- High temperature in July
- Low minimum.elevation -
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The soils are Calcic cambisols or Eutric fluvisols.
The land uses are arable and woodland.

The- natural vegetation is Melomediterranaan with Quercus tlex and
Thermomediterranean .

There is a high population density, with two industrisl and urban
centres in the Ebro valley and in Valencia,

Land Class 11

Pyrenees Mountains

This Land Class is located in the north-east of Spain and is
characterised by the Pyrenean mountains. It is altitudinally the
highest Land Class and the geology 18 mainly Tertiary and Secondary

but with some rocks of cther geoclogical periods. The indicator
attributes are:

~ Low altitude 1500<2000 m, (ie indicative of high altitude)
- Medium-low Jurassic ' '

The solls are quite varied, but are mainly Ranker.. Litosols and
Calcic cambisols.

The land uses. are woodland and rough grasing.

The natural vegetation is a vegetation~complex which is characteristic.:
. of thig side of Pyrenees and Ibe‘r:I.c-Oronoditerranom-

This Land Class has.a low population.dsnsity: and.no urban.and.industrial.
centres are present.

Land Class 12 -

Ca.htabrian- Range- -

This Land Clase is located in the Northera Cantabrian Mountains
which separate the northern . coast and.the. entnl plateaux.. The indicator.:
attributes are: :

- Medium=-low temperature in July

~ Medium-low rainfall in January

~ Medium-high Jurassic geology

- Medium-loy temperature: in March

The solls. are Calcic cambisols, Bankers and Bumic cambisols.
The natural. vegehtiom is Atlantic mttqo«baom and . Supramgditerranean:.

The: populstion- i higher*im the-oast-sidesof ths-m with- someinportuet::
urban and. :I.ndusxrm centres..

[

Land Class- 13

Southern-Plabess.:

This Land-Clnss-is-situated on the-southern-platese. The-median~
height is 600 metres. Geologically, it is a sedimentary region with _
Tertiary rocks. The climate is Continsatal. The indicator atm S
aATe: :
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~ Medium-high température in March
- High temperature in July
- Low-slope angles ..
The soils are Eutric caﬁbisols. Eutric fluvisols and Vertlc luvisols.

The main land use is arable,

The natural vegetation il Masomediterranean with Quercus suber and
Quercus ilex.

This Land Class 1g not heavily populated and 15 concentrated in only
one town: Madrid.

Land Class 14

Northern Plateaux

This Land Class occupies the northern plateaux and the north side
of the Bouthern Plateaux. It is different from class 13 in that it
has a higher median elevation. The indicator attributeg are:

~ Mediur low temperature in March
- High Quaternary geology
-~ Medium high distance from the louth coast
The solls are Calclc cambisols and Gleyic cambisols..

The land umse is arable.

" The natural vegetation is Mescmediterranesn with Quercua ilex and

Supramediterransan.
There is low populstion density concentrated in medium size towns..

Land Class 15

Siliceous higher mountains

This Land Class occurs in two areass, i.e. the western extreme of
the Cantabrian range and the central range. Geologically, these are old
mountains with acid rocks., - The indicator attributes are:

- Medium-high elevation between 1000-1500 m..

- Low Precambric geology

~ Low Silurian geology
The 80ils are Humic cambisols, Rankers and Distric cambisols.
The land use is woodland and rough grazing.
The ‘natural vegetation-is Atlantic-Mediterranean-with- Quercus pyrenatea:
Both- areas-have-a very-low population demnsity;

Land Class 16

Siliceous medisn -mountaine -

This Land Clsss is located geographically west of the ares: of
Land Class 15, 'Its average altitude is lower- than Land Claas- 15,
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but the other features Are: quite similar wtth the: excaption of a° more

At&lmc climn':e. ; The 1ndieator a-etﬂuutew are:

- High 1ntrusive rocka
- Mediux low Precambric geology

The soils are Humic cambisols.

The land use is r_ough'gra-z_ing.

The natural vegetation is Atlantic lediterranean with Quercus pyrenatca.

"This Land Class ‘has quite e low population density.

MODIFIED ITE.LAND CLASSIFICATIONS

Several points for investigation arose during the ecological
interpretation of the standard ITE Land Classification. Some Land
Classes were very heterogeneous (e.g. Nos. 3 and 10) and others did
pot show large discontinuities from adjacent Land Classes (e.g. Nos. §

and 6). I therefore proceeded to test the stability of the results of
the first ISA.

' There were.two posgible ways in which to do this:

1 To check if too many attributes had. been used, csusing spurious.
"noise" in the results.

2 To check if the attributes-used :provided. twum way-to split:

the original var:lables.

'Consequent‘ly, both lirnes-were followed. In the first-case, only the

mopt important attributes were selected. The criterion followed was

to choose the indicator attributes which appear in the hierarchical key.
Accordingly, the amount. of information used in this new land classification..
was less than that used in the original classification, but was the nost
important available. -

Twoturthulandcmmicaticnnmmpm

a. The first wss carried out using only the climatic and locational.
data (24), This classification-is shown~as €l in Figure- 8. :

b. In the second classification 88 selected. attributes. vere employed..
This is ghown as C2 in PFigure 6. '

It is very -diffié¢ult-to interpret these-2 classifications in an- ecologtonls-
sense, but, taken together, they are of value in following evolution in
the results of the 1ISA when the quantity of information is increased.

It seems, then, that reducing mww attributes made- interpretaticn
very diffjicult.

The 1BA: is-an: ob-jeefh:_lvevmethod;r ot: classification-but there-is a stage:-
in the procedure that.-is subjective: i.e, the chaice. of the cut-off polints...
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1f different cut-off points are chosen, different attributes might
be: produced and therefore a different Land Classif®ication might be
obtained. Therefore modification of the cut-~off points might Drove
to-be-a test of the ISA as.a land classification. methed.

The criterion used in the modification. of the original. cut-off points,.

predetermined relative frequency. This was done to avoid those
attributes at the extremes 0f the. range of relative frequency. Such
extreme attributes are rejected during the ISA procedureas. It is thus
possible that much information is not used. if the attributes have
very low or very high reliative frequencies.

Consequently, new cut-off points were defined, in order to provide
attributes with relative frequencies of between 10% and 40%, These
new attributes are shown in Figure 7. The land classification produced
using these new attributes appears as N1 in Figure 8,

Further, a classification using intermediate attributes between the
origiqal and the new attributes was made, using relative frequencies
of 3% and 50%. The result of this analysis is shown as N2 in Figure 9,

¥hen these various classifications were studied, yet another way to

carry out land classification appeared: thies new way was called the
"Two step” Analysis.

It is well known that it is necessary to observe different attributes
according to the scale of the ecological studies. A scale of ecological

perception has been designed with the different variables appropriate to
the size of area studied.

It is therefore not theoretically valid to use the same attributes to
stratify a small area. Another Land Classification was carried out.

The ISA was applied to the 4 different groups at the second level of

the firat Land Claesificetion. In each of these trials different

cut-off points were used, in accordance with the ecological characteristics.
This second level was chosen after testing the stability of the different
classifications. The classification was found to be etable up until

the second level, with large differences appaaring at the subsequent
levels.

Figure 10 illustrates the bases of the "TwOQstep“ data structure.

Figures 11 to 14 show the attribute 1lists of the 4 different ISA analyses,
The cut-off points were chosen to produce attributes ot relative frequency |
between 2% and 50%, within each group.

The "Two-step" Land Classification is shown in Figure 15,

DISCUSSION

The resulting different Land Classifications were analysed in order to
show the properties and weaknesses that emerged. It was then possible to
decide the beat-data structure to improve the results.

Hill (1973( showed a close relationship between the 2 first axes whem-the-
Reciprocal Averaging Ordination (RAQO) is applied to a floristic dats

base, although this could have beem- s property of the particular datas:

set used.. _

The RAC is & preliminary step in ordination by ISA. The ISA uses only
the first axis RAC at each level because, theoretically this preliminary -
axis 1l-elnoolyteorrelatud,vith the second axis, ss Hill desonstrated.
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- Figare~T. List of attributes with restricted-relative- !_requmy-;
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Variable 4% gives attributes ... 193 [ 2.0) 194 L Z.03 195 C 5.0) 194

‘Yariable %G sives attributes ... 1%7 [ o

Yariable 51 sives attributes ... 201 [ C

Yariaple 52 sives attributes ... 205 L L

Yariable 33 sives attributes ... 20¢ ( L

Variable 54 sives attributes ... 233 T L

Variadle S5 sives attributes ... 217 T C

Variable 54é& sives attributes 221t L

C £

C L

[ o

C C

C L

C L

L €

T -

e mam

1.0] 198
8.07 202
1.01 264
1.01 210
2.03 214
B.27 218
B.&) 222
B.01 226
?C.01 230
20.01 234
10.01 238
1%2.01 242
1.0] s

2.07 199 [ 8.03 200
8.03 203 € 8.0 204
2.03 207 ¢ 8.023 208 '
2.07 211 C 8.03 212
B.0J 215 © 8.01 2146
B.03 219 € B.02Y 220
8.03 2335 ¢ B.0d 224
8.0 227 £ © 8.03 228
180.03 I31 € 270.03 232
40,00 235 C 50.03 236
20.01 239 L 30.07 240
30.0) 243 € 100.03 2as

Variable 57 sives atiributes ..., 22
Variable SH sives atiridbutes ... 279
Variable 59 sives attributes ... 233
VUsriable 60 sives attributes ... 237
Variable 41 sives atiributes ... 241
VUsriable 42 sives attridbutes ... 24% 10,01 247 € 10.9) 2a8
Vsriable 43 sives sttributes ... 49 1.0] 230 10.0 2%1 € 19.0] 252
Variadble é4 sives ztiridutes ... 253 1.037 2%4

2.07 23T ¢ 5.0 2%e .
--L_;i-----------------JL"

R
———

Figure-11l. List of attributes in the 1lst group of the “Two-step™
structure.. . :




22

Variable 1 sives attributes ... 1T 8.01 2L 9.5 3 C 11.03 4
Variable 2 sives atiributes ... ST 18.01 8§ L 22,03 7L 75.03 8
Variable I sives attributes ... ?L 47.5) 10 € 11%5.07.. 1% ¢ 142.02 12
Variable 4 sives atiributes .., 13 [ 35.01 14.f 'S50.0] 1S T . 45.07 14
Variable 5 sives attributes ... 17 [ 4.07. 1B L 7.01 19 C 16,01 20
Variable -6 sjves attridbutes .., 21 L. B.0) 22 [ 12.0] 23 ¢ 20.03 24
Variable 7 sives attributes ... 25 [ 100.01 =5 [ 100.01 27 [ 100.03 28
Variadle .8 sives stiributes ... 2L 10.01 30 C 2%5.0] 31 L 100.0) 32
Variable ¢ aives sttributes ... 33 [ 160.03 34 .C 100.01 35 [ 100.03 3
Variable 10 gives attributes ... 37 L 100.02 38 [ 100.0] 39 T 100.03 a0
Variable 11 sives sttributes ... 41 [ 100.07 42 € 100.01 43 L 100.07 a4
Variable 12 gives ittribuges see 45 [ 100,01 46 [ 100.0] 47 T 100.07 4B
. Fusriable 13 sives stiributes ... 4% £ 100.0 S0.C 100.07 51 € 100.0 52
- JVariable 14 gives stiributes ... S3 [ 100.03 54 C 100.01 S5 L 100.03 56
 Jvariadle 15 gives attributes ... 37 L 10.0]-  58.C 100.03 S% [ 100.03 &0
Variable lé mives asttributes ... 41 [ ©10.0] &2 C 100.03 83 [ 100.01 &4
Variable 17 sives attributes ... 45 [ 10.0) 66 L 25.01 &7 € 100.01 &8
Vsrisble 1B sives attributes ... &% [ 1.0 70 L 100.03 71 [ 100.03 72
Varisble 19 gives stiributes ... 73 [ 100.03 74 L 100.01 7% .[ 100.01 76
Variable 20 gives astiributes ... 77 L 100.03 ?8 [100.01 79 £ 100.01 BO
Yariable 21 aives stiributes ... B L 10.0 82 25,07 83 L 50.07 84 -
Yariable 22 sives attributes ... 8% C 2.0 86 C 8.01 87 ¢ 8.0 88
VUasriable 23 sives 3‘*-"1&0‘.5 *sa B9 [ 2.02 ®0 L 4,03 o1 L 6-0: 92
Variable 24 sives attributes .., 3 L 8.0 ea 8.0 o= r 8.0 %%
Yariable 2T zives stiributes ... €7 r 8.6 @8 ¢ 3.0 99 ¢ 2.0 100
Usriable 24 mives atiributes ... 101 ¢ 3.01 102 ¢ 8.02 103 ¢ 8.0] 104
Yariable 27 sives attributes ..., 10% T 8.07 106 C 8.6 107 L " g8.01 1081
Yariable 2B sives atiributes ..., 109 o 2.01 110 L 4.07 11 C 8.01 112
Variable 29 sives sttributes ... (13 [ .07 1184 ¢ 8.07 115 € 8.0 114
Variable 30 sives attributes ... 117 [ 3.0] 118 ¢ 4.0 119 ¢ 3.01 120
Variable 31 sives attributes ... 121 c 4,91 22 ¢C 5.0 123 1 5.07 124
Variable 32 sives attributes ... 125 C 4.0 126 C S.0] 12%=¢ 46.0) 128
Variable 33 sives attributes ..., 129 [ 2.07 130 € 3.0 131 C 5.07 132
Variable 34 sives attributes ... 133 C 8.0) 134 8.01 135 € 8.0 13%
Variable 33 sives attridutes ... 137 t 8.03 138 € 8.03 139 ¢ 8.01 140
Variable 34 sives atiributes ... 141 C .07 142 C 6.03 143 C 7.0] 144
Variable 37 szives atiridutes ... 145 L 0.%) 1446 € 1.0 147 [ 1.4] 148
Variable 38 gives attributes re+ 149 [ %00.03 150 [ 800.01 151 £1200.07F 152
Variable 39 sives atiributes .,. 153 C 30.6) 154 € 150.07 155 £ 250.03 1%¢
Yariable 40 sives attributes .., 157 [ 16.0] 158 £ 14.01 1%9 € 16.03 180
Variable 41 sives attributes ... 161 [ 16.03 182 £ 16.08]1 163 ¢ 14.0] 1464
Variable 42 sives attributes ... 145 [ 2.0 166 C 4.01 1467 L 14.0] 148
Variable 43 sives stiributes ... 169 [ 4.071170 C 8.61 171 ¢ 2.03 172
Variable 44 sives attributes ... 173 L 4.0 174 ¢ 8.03 175 [ 12.01 17é
Variasble 45 sives asttributes .., 177 [ 16.0] 178 C 14.03 179 U 16.0] 180
; JVariable 46 sives attributes ..., 181 [ 14.0] 182 ¢ 16.0]1 183 [ 14.0] 184
| JVariable 47 sives attridutes ... I1BS C 14.03 186 T 14.0] 187 £  14.03 188 -
{ [Varisble 48 sives attributes .., 189 C 14.0) 190 £ 146.03 191 C 14.01 192
i fvariable 49 sives atiributes ... 193 8.03 194 L .8.03 195 C B8.03 1%&
i Juariable 50 sives stiributes wes 197 C 2.07 198 [ 8.03 199 [ '5.03 200
Variable 51 sives attributes .., 20%f [ 2.07 202 £ 8H.0) 2041 [ 8.02 204
Yariable- 32 sives. sttributes ... 205 [ . 2.0] 206 T 4+03 207 € 4.0 208
Variable 53 sives attributes ... 200 L 2.0 10 ¢ 4.0 211 ¢ 6.03 212
Variable 54 sives attridutes ... 213 ¢ 8.03 2140 8.03 2315 ¢ 8.03 216
Variable I3 sives attributes ... 217 [ 8.0 218 ¢ 8.03 219 [ 8.0 22
Variable Z4 sives asttridbutes ... 221 [ 6.0 222 ¢ 8.0 223 L  2.01 22a
Varisble 37 sives attridbutes ... 22% ¢ 8.0 228 ¢ .00 227 ¢ 8.0 228
Variable SB sives asttributes ... 229 [ 180.0] 230 € 22%.07 231 ¢ 270.031 232
Variable Z9 sives atiributes .., 233 L 50.0] 234 [ 4%5.01 235 ¢ 75.03 2
Variable 60 sives sttributes .., 237 [ 25.0) 238 [ 40.03 239 € S50.0) 240
Variable 61 sives attridbutes ... S41 [ 20.081 2an 106.G) 243 [ 106.01 24a
Variable 42 sives attridbutes ... 248 [ 100.03 244 € 100.0] 247 € 100.0] 2a8
Variable 43 zives attridbutes ..., 249 C - 1.07 2%0 ¢ 4.,0) 231 ¢ 4.03 252
Variable 64 gives sttributes ... 253 L 2.03 254 [  3.0] =255

4.03 ZSﬁJk RS

Figure-12. List of attributes in the 2;d group-of the: "Two step”
structure..
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Jaryzie 1 sives atiributes .. 1 < <.Z2 a4 5.33 s L (0.37 3
Jarraole 2 sives attributes ... ST i1a.93 & T 2t1.01 7 0 24,01 3
Jariable T Sives attiributes ... # L O30.0) 16 L S5C.92 11T 70.03 12
Yariable 4 sives attributes ... 13 [ 30.5) 14 C 45.01 15 C 835.01 16
Variable S gsives stiribytes ... 17 0 10.01 18 (C 12.03 192 L 15.03 20
Varisble & dives attributes ... 21 [ 3.0 22 ¢ 5.0 23 L 10.07 24
Variable 7 sives stiribuytes ... 2% 0T 15,02 25 T 25.01 27 C 100.0] 2B
Variadble 3 sives attributes ... 29 [ 25.03 30 L S50.01 31 C S.01 32
Variable ¢ sives attributes ... 33 0 15.0] 34 € 25.03 3I5 T 50.00 36
Variable 10 sives attributes ... 3I7 [ 10.01 38 C 15.0] 39 L 235.01 40
_ J variable 1] gives attributes ... 41 [ 135.07 42 T 23.07 43 [ 100.02 a4
variabl#é 12 sives attributes ... 43 [ 100.0] 446 [ 100.03 47 [ 100.03 48
Variable 13 sives attributes ... 4% [ 100.01 S0 [ 100.02 S1 € 100.01 %2
Usriable 14 sives atitribytes ... S3T L 100.01 54 [ 100.07 55 C 100.0] Sé
Usriable 15 sives attributes ... 57 [ 100,0) 'S8 L 100.01 5% [ 100.01 40
Usriable 1é sives atiributes ... &1 [ 100,07 42 [ 100.01 43 [ 100.0]1 44
Variable 17 saives sttributes ... &85 { 100.01 &6 C 100.01 &7 [ 100.0] &8
Varisble 18 sives atiributes ... &% L 100.07 70 [ 100.07 71 [ 100.02 72
JUsriable 17 sives attributes ... 73 [ 100.0) 74 [ 100.0] 7?5 T 100.07 7é
Variable 20 sives ‘ttfihﬂt" ... 77 100-03 78 T 100.02 7% L 10000] B8O
VUsrisble 21 sives attributes ... 81 T 100.0] 82 [ 100.6) 83 C 100.0] Ba
Variable 22 sives attributes ,.. 835 [ 2.0 8d6 ¢ 3.03 87 t 5.00 88
Variable 23 sives attributes ... 89 [ 5.01 90 C 6.0 91 € 7.01 %2
varisble 24 gives attributes ... 93 [ 3.0 ®#a [ .01 o5t 6.1 o4
Usrisble 2% sives atiributes ... %7 [ 2.0 98 C 3.03 9% ( 6.23 100
Yariaodle 24 sives attributes ... 101 [ 2.03 102 ¢ 4.93 103 C 4.027 104
Jariable 27 sives atiributes ... 105 [ B.03 106 € §.03 107 € 2.9 108
Yarviable 28 aives attributes ... 109 € 2,03 110 € 9.07 111 C 2.07 112
U‘Pi.bl. 29 aives attl‘ib’.lt«'! oo 113 C 2.02 114 o 8.0 115 € 8-0: 116
Variable 30 sives attributes .., 117 [ 2.0 118 ¢ 6.0 119 € 2.0) 120
Ysriable 31 sives atiributes ... 121 t 8.062 122 ¢ 8.03 123 ¢ S.07 12a
Variable 32 sives attributes ... 125 C 2.0 126 L[ §.01 127 C 8.01 128
Utl‘i.ble 33 dives attributes R ‘29 t 8.03 130 £ 5.0 131 R o 8.03 ‘32
Variable 34 gives attributes ... 133 L 8.0] 134 L 28.0] 135 £ _ 8.02 134
Ysriable 35 gives attributes ... 137 T 8.0l 138 ¢ 8.0 137 €7 B.01 140
varistcle 34 sives attributes ... 141 [ 2.0] 142 C 8.03 143 L 8.07 144
Variable 37 sives attributes ... 145 L  1.0) 146 C 1.4 147 C 3.2 148
Yariadble 38 sives attridbutes ... 149 £ B870.0] 150 C1741.03 151 [2411.03 152
Variable 3% sives atiributes ... 153 [ 250.01 154 C 500.03 155 [ 7%0.01 1%&
Variable 40 gives attributes ... 157 L 314.02 158 [ . 14.0] 152 €T 146.01 1éC
Variable 41 gives attributes ... 161 [ 14.07 162 [ 16.01 163 L 16.07 144
Usriable 42 sives sttributes ... 165 € 146,07 1446 [ 14.07 147 [ 16.00 148
Variable 43 sives attributes ... 149 [ 4,07 170 € 8.01 171 € 16.0] 122
Variadle 44 sives stiributes ... 173 C 4,03 174 € 8.07 175 T 146.01 176
Variable A5 ajves sttributes ... 177 [ 4.0 178 ¢ 8.02 179 [ 14.02 180
Varisble 44 sives attribytes ..., 181 ( 4.07 182 € 146.00 183 T 14.07 1B4
Variable 47 sives attributes ... IBS [ 14.0) 1886 [ 146.01 187 [ 16.0) 188
Variable 48 sives sttributes ... 189 L 16.0) 190 [ 146.0) 191 L 16.03 192
Variable 49 sives atiributes ... 193 C 2.0] 194 T 8.07 tos 8.01 194
Variable 50 sives atiributes ... 197 C 8.0 198 ¢ 8.0] 199 C 2.01 200
Variable Sl sives sttributes ... 201 C 8.0 202 ¢ 8.0 2035 C 8.01 204
Variable 52 gives attridbutes ... 205 [ 2.0 206 ( 8.0 207 ¢ 8.6] 20A
Variable 53 sives stitribytes ..., 209 T 2.0 200¢C 4.0 211 C é.01 212
Vsriable 54 sives atiributes ... 213 [ 2,07 214 8.0 215 € 8.01 214
Variable 55 sives attributes ,.. 217 1.0 218 €. B.0Y 19 L .03 2236
Variable 354 sives attributes ... 221 [ 8.0} 222 ¢ B.0} 222 & B8.01 224
Vsriable 57 sives attributes ... 225 [ 9.01 226 € 8.0 227 ¢ 3.07 228
Variable S8 sives sttributes ... . 229 [ ' ?0.03 230 C 180.03 231 £ 270.01 232
Variable 39 sives attributes ... 233 [ 30.01 234 [ S0.03 235 € 70.03 23&
Usriable'40 aives stiridutes ... 237 0 15,01 238 C 25.01 239 L 40.0) 240
Variable 41 sives atiributes ... 241 € 20.01 242 € 35.0) 243 L 106.0]1 244
Varisble 42 fives sttributes ... 245 [T 10.03 2446 [ . 10.07 247 L 10.0] 248
Vlrilhll 43 gives sttributes ..., 249 [ 1.0 -230 € 1¢.03 251 T 16.01 2952
Varisble 64 sives attributes ... 2%3 € 2.07 2% C 3.0 235 L 4.0) 2%mé
. . : - ’ H_u.
Figure 13.

List of attributes in the 3rd group.of the -"Two atep"
structure...




Variable 14 sives a2tiributes

ers &1 100.07 82

100.03 63 L 100.03 64
25.07 &7 T 100.03 68
100.01 71 I 100.03 72
100.01 75 [ 100.01 74
100.03 79 [ 100.03 80
100.07 83 C i00.0) 84

Variable 17 sives attributes

v &% 15.03 8¢

L
£
L
L
C
C
L
£
L
L
L
{
o
L
L
<
4
Variaple 18 daves stiributes ... &% [ 100.903 70
Variable 19 =zives attrigutes ... 73 [ 100.03 7a
variable 20 sives 3tiribputes ... 77 L 100,92 7B
L
£
C
o
L
4
L
o
L
L
C
T
£
t
L
4

N ——— i i ——— P -~ p -
Yariable 1l sives. ITLRidULES ... . T.ol 20 3093 3z .01 3
variable 2 zives atiributas ... S 1B.3) 5 L. 20.32 7L 23.03 - |
Variable 3 sives attributes ... ? 30.01 10 £ 80.03 11 C 100.03 12
Variable 4 dives attributes ... 13 20.07 14 [ 3C.03 1S T 45.03 16
Variable 5 sives attributes ... 17 4,03 (8L 6.0 19 L 8.0 20
Variable & sives attridutes ... 21 .01 23 ¢C 8.0 23 L 12.03 24
Variable 7 aives atiributes ... 2% 28,03 28 C S0.01 27 L 100.07 -8
Variable 8 gives attributes ... 29 25,03 30 TC S0.01 31 C :100.01 32
Variable 9 ajves attributes ... 33 100.0) 34 £ 100.01 35 100.03 3&
Variable 10 sives attributes ... 37 100.03 38 [ 100.0] 39 C 100.03 40
Uariable 11 sives attributes ... 41 100.01 42 [ 100.G) 43 L 100.01 as
Variable 12 sives attributes ... 1% 100.03 46 L 100.01 47 ! 100.037 48
Variable 13 sjves attriputes ... 49 100,03 SO C 100.0) Si C 100.03 S22
Variable 14 sives sttridutes ... 53 100.92 54 [ 190,07 IS5 { 100.01 %Sé
Variable 1% sives attributes ... 57 25.03 SBE L 100.0) 5% L 100.03 &0

L
L
L
L
I
L

varisble 21 sives sttributes ... 81

-u-CJ 82
Usriable 23 sives atiributes ... 3%

Q1 B 4.03 87 T 6.0 8B
Vsriable 23 sives attrioutes ... 8% 4.0] 90 4.0 91 C 7.0 92
Variaple 24 dives atiributes ... 93 2.07 94 4.01 °T L 8.01 946
UYariable 2% gives stiributes ... ©7 2.00 9B

4.01 99 8.0 100
B.03 103 € 8.0] 10+
8.01 107 € .01 108
8.02 111 € 8.03 112
8.0] 115 [ 8.07 114
4.0] 119 € 8.0]) 120
4.0 123 € 8.07 124
4.07 127 C 6.07 128
. =BT 131 L 8.93 132
8.02 135 € 8.03 136
3.9 139 € 8.0) 1ac
4,01 143 C 6.0 144
1.91 1a7 C 3.01 148
15G0.97 151 T2000.0] 1%
400.031 155 € 800.0) 156
16.0% 13 [ 16.0) 140

Variatle J% sives 2hiriputes ... L0O1
Variaple 27 sives atiriputes ... 10T
Vsriable 28 sives attriduytes ... 109
Vgriable 29 sives atiributes ..., 113
Variable 30 gives atiributes ... 117
Usrisble 31 aives sttributes ... 121
Variable 32 sives atiriputes ... 125
Variable 33 sives atitrisutes ... 12%
Uariable 34 gives atiributes ... 135
Variaple 3% gives attributes ... 137
Variasble 36 sives atiributes ... 141 2.00 142
Variable 37 aives atiridbutes ... 145 .72 145
Variable 38 sives attridbutes ... 149 [1000.3531 155G
Variable 37 sives attriDputes ... 1S3 [ 400.5] 15a
L Variasble 40 gives 2tiriputes ... 1%7 T 14.03 158

Usriable 341 sives attributes

2.03 102
8.0 106
- 2.07 110
8.0] 114
2.01 118
2.03 122
2.023 12
2.03 136
B.0Y 134
8.951 138

ﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂl‘lﬁﬁﬂﬂﬁﬂ

Variable 58 sives atiributes ... 299
Variable 5% sives atiridbutes ... 233
Variable 50 sives attributes ... 237
variable 41 sives attributes ... 241
Usriable 42 gsives attributes

*0.L3 330
0.63 234
20.067 238
25.0] 242
1G.01 2aé
19,03 250

1.07 2%a

1B0.01 231 € 270.03 232
62.0) 235 C 7%5.03 234
30.07 23% € 40.03 2a0
30.01 243 £ 40,01 244
10.01 247 L 10.07 248

10.03 ?%1 € 10.0) 22 -
2.03 2% 4.03286]

Listof attributes in- tha-ith.gruup ol the "Iwo step"
structure, ‘

ve. 245

Variable 43 sives sttribdutes ... 249
Variable o aives Fttributes

eew 253

£
L.
sve 161 € 16.01 142 T 16.07 143 L 146,01 164
Variable 42 aives attributes ... 165 [ 146.01 1686 L 14.03 167 € 14.07 148
Ustiable 43 sives 3tirtibutes ... 169 [ 4.0 170 L 146.01 171 T 16.07 172
Vasriasble 44 sives attributes ... (73 C 8.01 174 €  12.07 175 L 14.0) 175
Variable 4% sives attriputes ... 177 € 6,03 178 € 16:00. 179 L 14.0) 180
Variable 4é sives attributes ... 181 C 16.0] 182 C 14.02 183 € 146.03 184
Vasriable 47 sives pttributes ... 185 [ 16.07 1846 [  14.01 187 [ -15.01 @8 f — —
Variable 48 sives attributes ... 189 [ 14.01 190 C 14.01 191 C 16.03 192
ysriable 49 sives attributes ... 193 8.0] 19a 8.07 195 C 8.0 196
Variable 50 sives sttributes ... 197 C 3,01 198 € 8.0 199 € 8.03 200
Yariable 51 sives sttributes ... 201 [ 8.03 202 C 8.0 203 C 8.0 204
Variable 52 aives attributes ... 205 2.03 206 C 8.0 207 L 8.0) 208
Vgriable 53 sives atiributes ... 209 C 4,0 210 L 5.0 211 € é&.01 212
variable SA sives asttrioutes .,, 213 C 1.03 218 { 2.0 1% € 8.0 216
Variable %% sivee attriputes .., 217 T 2.02 216 C 2.51 218 ¢ 8.03 ¢
Variaole %6 szives atiriputes ... 221 € B.22 2220  8.63 223 € 8.0) 224
Vsriable 57 sives attriputes ... 225 [ 8.3 226 L 8.0 227 8.01 228
t |4
C t
C C
(o L
o c
{ T
C £

Figure 14,
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However, thére-is not a high correlation betwéen the axes when using -
the-present data.set. . RAO.was applied to the data base of

the Standard ISA Land Classification. The 2 firat axes did not
present .as high a correlation as Hill showed with floristic data,

The relationship between both axes is shown in Figure 16. Further
investigation indicated a quite different interpretation of the 2
first RAC axes. The first axis is a climatic and altitudinal
ordination, and this is evident at the first level of the Standard
ISA Land Classification map in Figure 4. However, the second axie

is a geological ordination of the squares. Figure 18 shows a map

of the squares plotted with their second RAO axis value. The squares
with higher values are primary sreas, whereas the lower values belong

to secondary and tertiary areas. The guaternary areas have intermediate
values. ' S

Therefore, the RAO axes are indepqndent when the data are not homogeneous.

Further, the study of a scatter diagram of the 2 firet axes showed

that the second RAO axis was the criteriontollowed to ordinate the
squares &t the second ISA level.

Although the ISA only usea the first RAO axis to split the 204 squares,
the second RAO is robust enough if it is applied to heterogeneous
information as used in land classification. . The 4 groups resulting
from the second ISA division in the scatter diagram are shown in
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121
74
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135 48
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180 SB 199 136 167 97
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200

49 112
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117 : 133
63 50 76 148 132 137 138
157 113
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a3 3% 142 173 176 128 101

32 3% 198 183 . 128 77 172 171 127 141
L L I 38 138 170 51 149 90 124
132 4 143 25 1B 89 &5 78 91
118 201 22 23 24 177 17 184
25 156 1185
20 10% 13 14 15 189 178 27 1%
164 21 197 &9 B2 144 14) 188 140 187 &6 116 173 185
202 93 129 19¢ 191 79
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? 11 162 144 195

3 117 53
196 192
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30 68 4 7
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Figure 16, Scatter diagram of the: first two RAO axes.
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Scatter diagran of first two RAO axescshowing the-
distribution~of- the-land classes~st the-2nd level.
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Figure 18. BSecond RAO axis values.

- The next stage-was-to

- test: the ecological. value-of the .different: land.

classifications and to validate them statistically.

The reduction of ihe number of original attributes produced 2 land
classifications without the overall. ecological. validity of the initial.
analysis of the entire data.

The Cl Land Claasification is simply a climatic clasaification. The C2
Land Classification is more complete and meaningful than the Cl1 but
has not the ecological homogeneity that is produced with the standard

ISA classification.

Despite using the best attributes, the classification did

not differentiate the northern coast. Therefore, the ISA requires
as much information as possible to make & robuat land. classification -that-

expresses -the maximus: variability.
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.Howeaver, the reduction of the number of attributes appel.r! to provide _

ca+Very interesting way to interpret some land classus with less waiagiea}
. significance. A reduced data ISA may be made; for instance from climatic,
geological or locational data for particular purposes.

The land classification where the cut-off points were manipulated ai'e-

quite similar but the N1 presents more internal homogeneity in its
land classes.

 On the other hand, the 2 first levels in these classifications have -
ésimilar geographic distribution tc the same levels in the standard
~1SA classification, :

It is possible to assess the quantity of information used by the ISA
in each claseification demonstrating the attributes used in each level.
Figure 19 shows the attributes used at each level and by each classification.

Stendard 1.S.A. N1 K2
Nokit, % No Atte| % No Atte s |
1st LEVEL 204 | 100 | 140 | 100 178 | 100 3
nd LEVEL | 188 92 137 | o8 168 94
3rd LEVEL 156 77 116 83 147 82
4th LEVEL 128 63 115 82 126 70 4

Figure 19, Use of attributes-within each.classification..

It is seen; then, that a reduction in the range of the relative frequency
of the attributes produces an increase in the number of attributes used
at the lower- levels... Asi the originsl information. was- the same in the

3 clautﬂcntion-, thke N1 Land Classification is seewr to be the most:-
"efficlent".

The efficiency level of the N2 Land Classification is similar to that
of the standard ISA Land Classification:; and therefore the N1 was
chosen . to compare-statistically with the original classification.

Finglly, 3 classifications: were selected wtlurmf: useful for comparstive:-
purposes: 1.e. the ISA in the ntandard ray, the N1 and the "Two-step"
Land. cm:i:ucationl '
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The theoretical differences hetween them were:

- The N1 Land Classification uses more information at the lower
levels but in the same way that 18 used in the higher levels.

- The "Two step" handles the information in a way determined by
the characteristics of the lower levels.

Therefore, the first supposes a modification in the guantitx of _
information and the second an improvement in the quality of the informetion.

The validation of the clagsification needs independent information from

the original data, and to test its overall links with the land classification,
The independent information selected for this was the Natural Vegetation

of the ITberian Peninsula. Following the procedure described by Fourt

et-al. (1971) and used by Bunce (1883), the natural vegetation

cover was recorded in each square. Each square was defined by 1B

vegetation variables. Further, the vegetation mean values were obtained

in each of the 16 -land classes, and a Principal Components Analysis (PCA)

was applied to the resulting data table. The principal axes were selected
until 8 level of obmerved cumulated varisnce of 74% was reached.

At the same time, the mean values of the RAO first level for each land
class were ctlculated,

In order to compare the validation of the 3 classifications a weighted
correlation coefficient was used. Firast, the correlation coefficlent
between the RAO axis and each Principal Component was calculated. Further,
each correlation coefficient was weighted by the precentage of the total
_variance observed in the axis. The addition of these values provides a
method to compare the ecological validation, provided that all the
different parameters are constent in the 3 classifications. Figure 20
shows the values of the simple correlation coefficients as well as

the weighted correlation coefficients in the 3 land classifications..

Although the correlation coefficlents are not very high, the "Two step"
land classification appears ae the best validated classification and the
ISA in the standard way appears as the worst validated Land Classification.

These results demonstrate the improvement in the land classification when
the data structure is modified in the way described above. Generally,
however, the levels of validation are quite similar in the 3 classifications
and therefore the features of the classification will decide which data
structure must be used. For example: a classification with a high mmber

of levels would require a "Iwo step" data structure. Nevertheless, the-

ISA standard data structure maintains an objective component that the other
structures do not have.

CONCLUSIONS

1. Ecological significant classifications were produced for the Iberian
peninsula using very simple data. The method used was ISA and
the data were organised in differsnt ways in order to check the
robustness -of this method.

After a preliminary analysis, 3 aspproaches- appezred as the most
valuable: : the standard ISA gtructure, the limited relative
frequency of attributes structure, and:the "Two step" structure.




+ + Significant P less than 0,01

Figure 20,

+++ Significant P less than 0,001

Simple and weighted correlation coefiicient values,

'tandard 1.8.A.° _ 'N-1' New Classification Tvo Step 1.8.A.

leav]scv.{ = | 82 |(ax) {nv |5 cv.] R 2 | by [2v [scv.] r | ®2 [cam)

(W] | ™ { @ @ | ® | @ |(a) | - @ |
1st P.c.| 21.0] 21,0 {-0.58}0.34| 7.14|22.5/22.5 | 0.68 | 0.44 0.90 | 22.5 | 22.56 | -0.34] 0.22] 2.71
and P.c.| 17.8] 38.8 o.;1 0.26| 4.62|16.3] 38.8 0.45 | 0.20] 3.26 |10.0 416 | -0.721| 0.51 | 0.60
3rd P.C.| 13.6f 52.4 o.;o 0.04| 0.54}14,4]53.3 -0.20] 0.04] 0.58}13.8|55.3 -o.;I"o.17 2,35
ath p.c.|'21.8] 64.2 | 0.32]0.05{ 0.50|12.6}65.7 | o.16|0.03| 0.38[11.3]ee.6 | -0.15]0.02 | 0.24
sthp.c.] 9.0| 73.3 0.93|0.11] 0.0 | 8.6} 74.3 -0.37|0.07| o0.60| 8.5 [75.0 | 0.00]0.01] 0.00
1= fe | 13.88 14.72 15.08.
Bw = /T  0.36 0.38 .0;39
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2, The reduction in the quantity of information, expressed by

: a reduction in the number of attributes, even when they were .
the more informative attributes, produced a loss in the
ecologicsl significance of the land classification. Therefore,
the use of ISA 1in land classification requires as much
information as possible.

3. The first RAOD axes obtained from non floristic data do not have
the relationship that Hill showed with floristic data. Therefore,
the second axis at the first ISA level is used in lower levels
of the ISA,

4, The statistical validation of the 3 most important approaches,
using the Natural Vegetation in order_tb test them, showed that
the “"Two-8tep” structure had the highest correlation coefficient.
Meanwhile, ' the standard ISA structure presented lower significance.
Nevertheless, the dlfferences bhetween them were small and were not
statistically significant. As the statistical differences are not
a8 high as expected, the Btandard ISA is equally applicable because
the posstible lose in objectivity of "Two-step” is not compensated
by the increase in the statistical significaence of its results.
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