INSTITUTE OF TERRESTRIAL ECOLOGY
(NATURAL ENVIRONMENT RESEARCH COUNCIL)

DoE/NERC Contract - PECD 7/2/88
TFS Project T02051kl

ITE LAND CLASSIFICATION:
CLASSIFICATION OF ALL 1KM
SQUARES IN GB

Merlewood Research Station
Grange-over-Sands
Cumbria LAll 6JU February 1991



CONTENTS

EXECUTIVE SUMMARY

1. INTRODUCTION

2. STRUCTURE OF THE DATA SET USED IN THE CLASSIFICATIONS
3. SUMMARY OF THE CLASSIFICATIONARY PROCEDURES EXPLORED

4. COMPARISON OF THE RESULTS OF THE EXTENDED CLASSIFICATION WITH
THE ORIGINAL

5. RECOMMENDATIONS AND CONCLUSIONS

APPENDIX A - REFERENCES TO STUDIES USING THE MERLEWOOD LAND
CLASSIFICATION

APPENDIX B - MULTIVARIATE DISCRIMINATION




1. INTRODUCTION

The aim of the project has been to classify all 1 km squares in
Great Britain , ie to allocate each 1 km square to a land class.
It was calculated that classification of all squares using the
original approach would take c. 20 man years. Thus, whatever
method of classification was eventually used would have to use
automated methods and would be based upon machine readable data
and available datasets which covered every sguare. It was
decided, within ITE, from the outset that any classification used
should simulate or reproduce the original classification for the
following reasons:

a. The original classification had been used in a large number
of studies (see Appendix A) representing a range of
applications, continuity is therefore important. The

experience gained from the existing classification showed
that it expressed the required level of detail and that
users had gained confidence in its application.

b, Extensive databases had been built up based on the original
classification.
o Use of the field data from the sample sgquares necessitated

the retention of the relative distribution of these sample
sguares between land classes.

d. An exercise as part of the Devon study had shown that an
expanded version of the original classification was more
efficient than a new, unsupervised classification.

e. The initial classification made the dissection of GB using
detailed wvariables measured in individual squares - a
classification on the restricted data would not be able to
make such a refined division.

Over the past 15 months a variety of different classificationary
approaches, summarised in 2 below, have been tried. Each of
these various approaches have been evaluated using the following
criteria.

: The geographical distribution of squares within each land
class.
2 The dispersion of the land class, as measured by the means

and standard errors of locaticnal wvariables and the
variability of the initial data.

3. The allocation of the originally classified 1212 squares
between land classes as compared with the classifications
of all squares, including the movements of the square into
different classes.

4. The relative proportions of the squares in each class in
GB.



9.

2.

The relationship between the principal environmental
gradient and the land classes together with an expression
of variability.

The proportion of field sampled squares in 1978, 1984 and
1990 in each of the classes.

The efficiency of prediction of the areas of land cover
features.

The relationship between the principal environmental
gradient of the land «classes and the vegetation
composition, as reflected by the sampling programme.

Ecological characteristics of the land classes from three
data sets to show comparisons between classification.

STRUCTURE OF THE DATA SET USED IN THE CLASSIFICATIONS

The requirement for the data to be used in the classification was
that either (a) it could be acquired from an existing data set
or (b) that the feature could be recorded automatically. The
initial classification was based on data that were recorded in
detail from each 1Km square and with over 240 000 squares this
procedure was impractical. The following data were those used
in the classification:-

COASTAL
Coastal cliff Coastal rock
Coastal sand Coastal mud
Coastal shingle Tidal
ALTITUDE
Height of hill behind Height of valley behind
Distance to hill behind Distance to valley behind
Gradient Aspect
Distance from hill behind Slope length
to wvalley behind
Mean altitude
MAFDATA
Sea Inland water
Woodland Towns
Villages Motorways
A roads B roads
Minor roads Railways
Canals Rivers

All these held as area information in units of 0.1 hectare.




DISTANCE
Distance to south coast (Km) Distance to west coast (Km)
ISLAND
Where island = 1 or 0 (is, is not, respectively)
CLIMATE

Mean hours of sunshine in year Mean min Jan. temp

Mean days of snow falling

GEOLOGY
1,3,4,5-Tertiary, non-calcareous 2-0olitic and friable
sandy deposits, clay-rich, limestones
mesozolc cretaceous (but not
chalk)
6-Devonian sandstones 7-Chalk

9-Carboniferous, non-
calcareous and shales,
grits and sandstones

8-Dominated by massive limestones

l10-Basic and intermediate igenous
rock and basic metamorphic

12-15~-Cambrian grits and
sandstones, Lower palaeozoic
slates and mudstones

l4-Metamorphic limestones

DRIFT

$drift-free
%¥blown sand

%lacustrine clays silts & sands

¥river-terrace deposits
#glacial sand and gravel

¥sand and gravel
%¥brick-earth mainly loess

l1l-Acid igneous and
metamorphic rock

13-Metamorphic slates and
phyllite

%#landslip

tpeat

$alluvium

$raised beach and marine
deposits

%boulder clay and
morraine drift
$clay-with-flints
fcrag

Altitude - Altitude data from MOD 100m DTM

Mapdata and Coast - from OS digital data (1:250000) through
Readers Digest contract with company called "Mapdata”

Distance - distance (Km) of grid squares from south and west
mainland coasts. Coastal and island squares are 0



Climate - Climate contour maps digitised. ARC/INFO used to
locate nearest contour to centre points of lkm grid squares

3. SUMMARY OF THE CLASSIFICATIONARY PROCEDURES EXPLORED

3.1 Twinspan

The original intention was to repeat the initial analysis
using the data set listed in 2.0 above and the TWINSPAN
programme, the updated version of Indicator Species
Analysis (ISA).

The advantages were:

1. The original procedure was to be followed as
closely as possible.

2. The whole data set could be run on a super-
computer.

Results:

The classes did not correspond with those of the
original ISA because:

1. The balance in the data sets was different.

2. The scale at which the information was recorded
was different in the two datasets.

3. Detailed information for the squares was not
available from the digitised data.

4. The algorithm for computing the ordination scores
differed between TWINSPAN and ISA.

Whilst each of these individual differences were small, the
cumulative effect of the divisions within TWINSPAN caused
the eventual classification to be different.

3.2 The Discriminant Function

In late 1989 an initial study based on Discriminant Function
and using 7 variables suggested that this procedure would
be suitable and would have the following advantages:

1. The use of data variables as continuous rather than
discrete attributes would reduce the possibility
of misclassification.

2. The procedure was fast and experience was available
for its use.

3. One of the outputs summarised the relationships
with other classes.

4. Use of a new data set differing from the original
would not be a problem.




However, the disadvantage is that the original sites are
reallocated to form the groups defined by the distance
measure used in the analysis.

Results
The first analysis showed:

1. A 43% correspondence with the initial classification of
the allocation between land classes of the originally
classified 1212 squares.

2. Wide difference in class size with the initial
classification.

Tests showed that:

a. The standard error of estimates declined because
of the simpler nature of the distribution
patterns.

b. The mean area for land areas per class remained
similar.

A wide variety of options and transformations were then
examined to improve the correspondence in the
classifications of the original 1212 squares, with the
maximum value of 64% being attained. The application of
this final transformation at a regional level gave
unsatisfactory results because:

1. The balance of classes in the region were very
different from the original classification.

2. Undivided classes were assigned well out of their
original range.

It was then established that the divergence of a small
number of squares was due to the zeros in the data.
Accordingly, these were removed and an acceptable
classification was produced that was used as a basis for
comparison with section 3.4 below.

3.3 Other multivariate technigues

A range of algorithms were obtained from phytosocioclogical
studies, although it had been emphasised that their use
would inveolve exploratory work. The most appropriate of
these was selected and had the following advantages:

l. The original classification was unchanged and
used as the test data.

2. Both variables and attributes could be used.

3. The multidimensionality of the groups was
considered.



Results

The approach was rejected because land classes 11 and 12
(Midlands, England) were dispersed throughout southern
Scotland. The distance measures were however useful and
showed potential for future analysis of inter-class
relationships.

3.4 Logistic Regression/Discriminant Function

Logistic Regression (see attached appendix) was applied to
the first 3 divisions and Discriminant Function at the
final 2 levels.

Results

This analysis proved satisfactory giving a correspondence
of 62% with the original classification. It was therefore
used in the comparisons below.

3.5 Simulation of the original ISA

a. Indicators

The application of the indicators proved satisfactory at
the high levels and gave good results in terms of groupings
in regions and their distribution. Problems were
encountered at the lower levels although the results were
comparable to those achieved in the classification of the
additional 4800 squares.

b. Simulation of ordination axes

The coriginal ISA is based upon divisions at the centre of
gravity of progressive indicators through the divisions of
the ordination axes. This approach has the advantage of
minimising misclassifications due to the selective use of
indicators and copying the original method as closely as
possible. This procedure has been applied to the whole
data set.

Results

This approach gave good results for most classes but
diverged widely in the case of land classes 25 and 26 which
extended into southern England whereas they should have
been restricted to the north. This approach was therefore
rejected.




4. COMPARISON OF THE ORIGINAL CLASSIFICATION BASED ON 1212
SQUARES WITH THE DISCRIMINANT FUNCTION AND
LOGISTIC/DISCRIMINANT FUNCTION TECHNIQUES

4.1 CROSS-TABULATION BETWEEN ORIGINAL AND DERIVED
CLASSIFICATIONS

Cross tabulation of the comparisons between the Discriminant
Function and Logistic/Discriminant methods against the original
classification with the land classes ranked according to their
positions on the principal environmental gradient. The Logistic/
Discriminant shows a better diagonal with 1less outliers
reflecting its higher correspondence with the initial
classification.
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4.2 ENVIRONMENTAL GRADIENT POSITION

The coherence of the classes can be assess by comparing the
analysis of the original environmental variables by ordination,
which expresses the overall relationship of the sguares. The
environmental gradient identified by the first axis, from the
lowlands of the south and east to the uplands of the north and
west, is a convenient measure. If the mean values are compared
per land class between the original and new procedures, then a
useful test of the overall simulation of the classes is achieved.
The correlations were (30 DF).

Discriminant Function - original 0.995
Logistic/Discriminant - original 0.997

The correspondence is therefore very close.
The standard errors of the values are useful in indicating

the variability in the positions of the classes on the
radiant and are given in the following Table.




4.3 PROPORTIONAL REPRESENTATION

The proportion of squares in the land c¢lasses and their
relationship with the original.

The original proportions were determined by
a. the number of squares in the 1212 classification (1:225);

b. the number of squares in a further 4800 squares identified
by the 76 Indicator Attributes.

The discriminant functions shows the highest correlation with the
original but the difference is small.




Figure 4.3.1 Total number of squares and percentage of GB

Land QOriginal
Class {km)
1 17325
2 9675
3 13500
4 10800
5 8675
6 9225
i 2250
8 2025
9 11925
10 12150
11 6300
12 4275
13 8375
14 1350
18 6075
16 4725
17 12150
18 8975
19 5850
20 4050
21 89675
22 11250
23 8300
24 7875
25 9450
28 6750
27 8325
28 6975
29 5850
30 3600
I 1800
32 2700

GB Total 237825

(%GB)

7.3
4.1
5.7
4.5
4.1
3.9
0.9
0.9
5.0
5.1
28
1.8
2.9
0.6
2.6
2.0
5.1
239
25
1.7
4.1
4.7
2.6
3.3
4.0
2.8
3.5
29
25
1.5
0.8
1.1

100.0

Discriminani
(km)

18500
9833
13949
9431
4539
B362
3978
25786
13620
14307
7089
4778
6924
2860
5819
3051
13836
6623
5548
5855
8327
10889
6214
7841
8650
5622
8645
4032
g203
4226
3807
2407

240241

(%GB)

7.7
4.1
5.8
3.9
1.8
3.5
1.7
1.1
5.7
6.0
3.0
2.0
2.8
1.2
2.4
1.3
5.8
2.8
2.3
2.4
3.5
4.5
2.6
3.3
3.6
23
36
.7
3.4
1.8
1.6
1.0

100.0

Logistic
(km)

14159
14463
15452
2012
3877
103860
2532
4406
11781
13805
B8B9S
3543
7268
933
4195
3089
12999
6732
5421
2508
9717
12549
6951
7207
10552
68786
6881
7484
5485
4254
3016
3779

240241

(%GB)

59
6.0
6.4
3.8
1.6
4.3
g
1.8
4.9
58
3.7
1.5
3.0
0.4
1.7
1.3
5.4
28
2.3
1.0
4.0
5.2
2.9
3.0
4.4
2.9
2.9
an
23
1.8
1.3
1.6

100.0




Figure 4.3.2 Scatter diagram and correlation coefficient for
Discriminant Classification v. Original Classification
using data from Figure 4.3.1.
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Figure 4.3.3. Scalter diagram and correlation coefficient for

Logistic Classification v. Original Classification
using data from Figure 4.3.1.
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4.4 DISTRIBUTION MAPS

The geographical distribution of squares within each land class.
is presented from the Logistic/Discriminant method only.

Conclusion

The original classification showed outliers from the main
geographical centre that were amplified using the indicator
attributes. Whilst being used on a sampling classification these
discrepancies have not been identified as a problem but when
increased to all square key represent large blocks of squares
that can be in a misclassified position. The Discriminant
Function shows much tighter clusters and only in the classes 7
and 8 which are no longer coastal does it diverse greatly from
the original. This does however represent a significant
difference as these classes would have to be redefined.

The following maps are also available from ITE Merlewood on
request.

a. The original 32 classes from ISA derived from 1212 squares
and based on 282 attributes

b. The original 1212 squares plus a further 4800 squares
identified from the 76 key attributes.

. Classification of all squares trained in the original 1212
squares by the Discriminant Function.




4.5 GEOGRAPHICAL DISPERSION

The dispersion of the land classes as measured by the distance
to west and south coasts, together with standard errors. Also
presented are altitude and drift-free land. The standard errors
are much higher for the original classification but are similar
between the Logistic/Discriminant Function. Also presented are
the standard errors of the ordination scores on the principal
environmental gradient derived from the map data of section 2.
The results are comparable to the dispersion analysis above and
therefore confirm the value of the 2 methods.




Figure 4.5.1 Distance from the south and west coast

and standard errors as a mean of dispersion

LAND SOUTH COAST & WEST COAST &

CLASS| CR CF LRl O©OR CF LR CA OF LR| OR oF LR
1 91 81 101 B 6 g 170 166 81 10 5 8
2 63 48 55 7 5 4 212 228 215§ 11 g ]
3 118 111 116 g 8 8 319 354 344 10 4 8
4 122 111 108 13 11 13 3z0 352 320 11 6 13
5 113 80 101 17 8 22 136 g 45 16 8 g
6 B1 51 101 14 8 14 48 as 36 7 4 4
7 204 148 181 33 19 31 69 39 87 17 11 17
8 245 276 224 38 34 31 124 68 145 26 25 23
9 266 244 259 13 8 10 171 161 163 8 6 5
10 324 320 321 18 11 11 159 152 140 6 6 5
11 198 181 189 10 10 8 248 257 250 9 5 4
12 206 251 223 12 10 12 259 235 257 6 10 8
13 402 395 423 19 18 22 87 41 52 11 7 8
14 394 408 425 31 23 30 132 189 130 24 14 30
15 310 248 267 22 14 25 85 54 57 11 6 i0
18 3ag 448 384 17 22 16 86 51 75 15 8 17
17 234 212 217 20 11 13 74 78 78 6 5 6
18 482 526 472 37 26 as 40 25 3s 7 6 8
19 524 543 428 29 22 25 103 102 104 12 11 11
20 489 482 495 18 16 23 133 130 112 11 10 19
21 771 833 793 18 10 13 87 57 61 6 ] 5
22 623 599 591 19 17 16 130 144 138 8 6 6
23 662 655 638 25 27 25 112 115 120 9 9 8
24 726 717 740 14 17 g 51 54 43 5 6 4
25 659 671 842 24 18 15 147 168 160 9 7 7
28 594 604 606 25 14 17 130 153 143 12 10 11
27 620 604 613 21 12 18 149 153 160 8 9 11
28 733 826 731 27 12 28 89 88 94 g 7 8
29 766 765 775 14 12 13 21 21 17 7 5 5
30 755 738 759 16 15 15 2 1 0.2 2 1 (0 5%l
31 963 855 951 16 13 14 11 12 14 6 5 7
32 959 963 947 18 21 22 3 2 2 3 1 5

OR - Original Land Classification

DF - Classification by Discriminant Function

LR - Classification by Logistic Regression

SE - Standard Error of Mean




Figure 4.5.2 Altitude and drift - means and standard errors

LAND ALTITUDE =3 DRIFT &

CLASS OR OF LR CR CF LR oR 3 LR OR CF LR
1 23 Be 74 6 & 6 76 75 77 B 4 <
2 87 87 89 B 7 6 73 83 73 5 B 4
3 52 52 50 4 4 3 41 41 41 6 5 5
4 27 21 23 e 4 4 26 22 22 5 5 5
5 83 59 &7 10 10 10 69 47 72 6 5 10
<] 115 121 1186 8 9 8 88 96 B4 4 2 4
7 40 42 38 B 5 4 64 57 &7 7 8 7
8 12 19 16 3 4 3 40 40 41 7 9 B
9 94 104 89 7 6 7 49 52 47 6 6 &
10 g3 82 94 g 6 7 47 50 53 & 6 6
11 79 78 B2 9 2 7 44 50 50 B 7 6
12 28 18 19 6 3 4 18 8 1 B 4 1
13 51 49 44 6 5 4 19 13 19 5 4 5
14 31 15 23 8 5 8 24 21 7 g 9 5
15 131 168 137 B g 10 50 58 47 8 11 11
18 82 162 74 14 10 14 45 59 48 10 10 12
17 337 339 324 12 12 13 74 79 77 5 4 5
18 287 293 285 21 15 12 72 72 73 7 7 7
19 296 287 288 16 13 12 57 43 55 8 8 9
20 2586 233 247 15 ] 21 52 47 56 10 8 12
21 308 294 294 14 13 12 39 31 36 7 7 6
22 357 381 358 12 T 10 48 61 56 6 6 7
23 585 655 620 28 28 15 48 43 48 9 9 7
24 412 376 380 29 19 18 60 48 57 7 6 7
25 116 110 118 12 10 g 17 7 14 5 3 4
26 62 49 53 9 7 6 34 28 28 8 ¥ 7
27 114 124 132 9 9 11 32 17 27 6 5 7
28 124 158 137 i fb 16 10 286 42 23 7 11 7
29 a7 24 33 i 4 ] 74 81 79 6 4 B
30 g2 104 a2 15 12 13 49 56 42 8 7 8-
31 23 33 33 5 7 4 53 57 58 v 8 B
32 &5 61 63 B 9 10 47 36 53 1 10 10

OR - Original Land Classification
DF - Classification by Discriminant Function

LR - Classification by Logistic Regression

SE - Standard Error of Mean




Figure 4.5.3 Standard error of the mean of the first axis value
of the principal environmental gradient.

Land Class Original Discriminant Logistic
1 0.792 0.566 0.545
2 0.637 0.472 0.558
3 0.623 0.455 0.355
4 0.755 0.701 0.732
5 1.206 0.960 1.402
6 0.764 0.689 0.729
7 1.364 1.125 1.288
8 1.617 2.087 1.413
9 1.057 0.913 0.897
10 0.870 0.937 0.868
11 0.701 0.751 0.623

12 0.827 0.789 0.832
13 1.244 1.178 1.454
14 1.688 1.038 1.800
15 1.327 1.478 1.249
16 2.200 1.310 2.154
17 1.259 1.186 1.232
18 1.877 1.548 1.741
19 1.553 1.458 2.180
20 2.403 2.048 3.284
21 1.347 1.382 1.254
22 1.182 1.008 0.867
23 1.354 1.438 1.357
24 2179 1.651 1.786
25 1.315 1.052 0.700
26 1.215 1.133 1.251
27 1.341 0.838 1.212
28 1813 1.323 1.200
29 0.928 0.643 0.909
30 1.242 1.355 1.180
31 0.856 0.969 0.748
32 1.747 2.117 1.690

3 5 L=t ]




4.6 FIELD SURVEYS SQUARES

The proportion is shown of the proportion of the survey squares
in each land class at the three sample dates together with the
proportions if they are proportional to the size of the land
classes. The first two surveys were not proporticnal to size,
so are constant. As the sample size increases, with the
discriminant function and logistic regression, so does the
correspondence with proporticnal sampling get closer - as would
be expected from previous work because small samples are less
likely to have efficient coverage. For estimating error terms
the move towards proportional sampling increases efficiency.







Figure 4.8
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ESTIMATE OF LAND COVER FOR GB

These figures present a comparison between the different
approaches using the data from 1978 as these were then
collected from the initial sample of 256 squares and
represent the most stringent test. Both the Discriminant
Function and the Logistic/Discriminant show lower standard
errors and coefficients of wariation than the original.
The other two methods are comparable with the former having
somewhat lower errors overall.







Figure 4.7
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4.8 CORRELATION WITH VEGETATION

The data from the 5 vegetation gquadrats in the 256 sguares
surveyed in 1928 were analysed by an ordination procedure which
extracted the principal gradient, which was from gquadrats
containing available weeds, through to species typical of
cultivated grasslands, upland grasslands and eventually moorland.

The data from the environmental variables used to create the
classification were analysed by the same procedure identifying
a gradient from the lowlands of the south and east to the uplands
of the north and west.

The correlations between the gradients express the overall
ability of the classification to predict species assemblages and
are given below:

Original classification - .827
Discriminant Function - .845
Logistic Regression - .813

The negative sign reflects the polarity of the axes.




4.9 ECOLOGICAL CHARACTERISTICS OF THE CLASSES

The average composition of the land classes according to the
comparison of the pH values in the five sample soil pits in each
of the 256 sample squares,ie 5 x 32 x 8 soil pits in 1978 by OR,
the original allocation of squares to land classes and LR to
Logistic/Discriminant.

The average composition of the land classes is based on the
description of the 5 soil pits in each of the 256 sample squares.

The average cover of plant species is based on the cover recorded
in each of the 5 x 32 x 8 gquadrats in 1978.




Figure 4.9.1 Comparison of ph values in the 5 sample sail pits
in each of 256 sample squares in 1978
by the original allocation of squares to land
classes and the logistic regression.

Land Class Original Logistic
Regression

1 5.8 5.8
2 6.5 6.6
3 8.9 7.0
4 7.0 7.5
5 5.6 5.5
6 5.0 4.7
7 6.1 6.0
8 6.2 6.3
9 6.0 6.3
10 87 5.9
11 6.6 6.6
12 7.2 7.4
13 5.4 53
14 6.4 6.1
15 5.7 5.1
16 5.7 53
17 4.9 5.0
18 4.0 4.3
19 4.2 4.4
20 4.9 4.3
21 4.3 4.3
22 4.5 4.2
23 4.4 4.3
24 4.8 4.7
25 6.0 5.4
26 57 5.7
27 5.6 6.0
28 4.6 4.4
29 4.6 4.6
30 4.5 4.3
31 4.0 4.1
32 4.5 4.6
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4.10 DISTRIBUTION OF COASTAL FEATURES

The following three figures show the distribution of the 1 Km
squares containing the 6 coastal features from the main data
base. The patterns reflect the different characteristics of the
principal coastal environments in Britain and could be
incorporated into a more detailed classification of the coast by
division of the classes which contain them.
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Figure 4.10.1 Distribution of tidal and coastal mud
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Figure 4.10.2 Distribution of sand and shingle
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Figure 4.10.3 Distribution of sea clifts and rock
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4.11 OVERLAYING OF INDIVIDUAL ATTRIBUTES




CHALK AND SEA CLIFFS

Figure 4.11.1 Combined distribution of chalk and sea cliff
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4.12 ENVIRONMENTAL MEANS

Tables for all data described in Section 2, except for the figure
for geology which is a summary figure and is not interpretable.
Tables of the frequency of the geological attributes will be
produced in due course.
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VARIABLE

SUN
TEMP
SNOW
SEA

INLAND

TOWN
VILL
MOTO
AROAD
BROAD
MROAD

MATL
CANML
RIVER
CLIFF
ROCK
SAND
MUD
SHING
TIDAL
HHILL
HVALL
DHILL
DVALL
GRAD
HASP
EASP
SLOPE
EMEMN

DRFREE

DRA
DRB
DRC
DRD
DRE
DRF
DRG
DRH
DRI
DRJ
DREK
DRL
DRH
SDIST
WDIET

ISLAND
GEOLOGY

0
20
2o
20
0
0
20
20
20
0
20
20
20
20
20
20
20
20
20
0
20
20
20
20
10
20
20
20
20

20
20
20
20
20
20
20
20
20
20
20
20
20
20

20
20

MEAN

4.47500000
1.35000000
50.00000000
6.70000000
74.50000000
0.00000000
41.00000000
0.00000000
4.10000000
1.60000000
4.10000000
0.00000000
1.25000000
8.20000000
0.10000000
0.10000000
0.10000000
0.060000000
0.00000000
0.15000000
167.75000000
16,75000000
24%3,30000000
1998.40000000
1.51308500
90.00000000
72.00000000
5698.70000000
62.75000000
53.05000000
0.,.00000000
0.00000000
36.30000000
0.00000000
0.65000000
0.00000000
0.00000000
0.00000000
10.00000000
0.00000000
0.00000000
0.00000000
0.00000000
547.80000000
5.75000000
0.85000000
8.90000000

ERVIRONMENTAL

STANDARD
DEVIATION

19701723
63037165
97771369
66640588
11268104
.00000000
372196922
.ro000000
717184149
96726124
.08294096
00000000
59016994
43169028
30779351
30779351
30779351
.Q0000000
00000000
36634755
119 ,60983721
32.04745659
L6644, 42470225
1279, 69282498
1.03706147

48 . 42248282
60.90112781
L1628 .48076116
44.41061335
i6.64702281
4.00000000
0.00000000
45.680978981
0.00000000
2.90688837
g.00000000
fg.00000000
0.00000000
22.92091667
g.00000000
0.00000000
0.00000000
g.00000000
6.41281854
2.332121225
0.36634755
1.30708967

T

-
& Do oo 0 0 Ao EAEDIOMNMND JEsDO

-
-

SURHARY STATS. FON 1212 SQUARES
TAKIABLES WY HEW -

MINIMURM
VYALUE

1.0006000
0.5000000
100000000
o.0000000
o.,0000000
0.0000000
9.0000000
B.000B000
0.0000000
9.0000000
D.0000000
b.oo06G0BOO
§.0000000
0.00000G00
D.0000000
6.0000000
0.0000000
D.p000000
0.0000000
0.0000000
10.000G6000
.0000000
.00008000
.0000000
#.1351000
0.0000000
4.0800000
31000.0000000
5.0000000
0.0000000
0,8000000
0.0000000
6.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
Th2.0000000
0.0000000
0.0000000
i.0pooQoo

L= =B ==

=

60 .0000000
109.0000000
776 .0000000

0.0000000
479.0000000
0.opoon000

5. 0000000

la.0000000

131.n000000
0.0000000
25.0000000
17.0000000
l1.0000000
1.0000000
1.0000000
0.0000000
0.0000000
1,0000000
495.0000000
115.0000090
5656.0000000
4242.0000000
4.7162000
L8O 0000000
160.0000000
Bi&q,.0000000
195.0000000
100.0000000
¢.0000000
0.0000000
100.0000000
0.0000000
13.0000000
0.0000000
0.0000000
0.0000000
91.0000000
0.0000000
0.0000000
0.0000000
0.0000000
1099 .0000000
100.0000000
l1.0000000

ll.o000000

]
2

3

LOoG., REGRESSION -
HARTHUN 5TD ERROR
VALUE OF MEAN
HEWCLASS=32
5.0000000 0.04405439
2.5000000 0.14095539

2.90190500
5.51557603
319.60359500
0.00000000
15.12735980
0.00008000
1'.24922387
1.11071338
2.47822092
0.00000000
1.25000000
1.2270240%
0.06882472
0.06882472
0.06882472
0.00000000
o.op000000
0.08151780
26.74557268
T.16602914
72.1766177717
B6.14801470
0.23189199
.82759632
61790617
13936820
93051517
430591139
0.00000000
0.00000000
10.24338040
B.00000000
0.65000000
0.00000000
0.00000000
0.00000000
5.12527278
0.00000000
0.00000000
0.00000000
0.00000000
21.55856162
4,99361434
0.08191780
0.73948773

10
13,
64 .
9.
0.

1

LAND CLASS

SUM

89.50000
27.00000
1000,00000
134.60000
1430.00000
0.00000
Bi0.00000
0.00000
82.00000
32.00000
82.00008
0.00000
25.000090
364.00000
2.00000
2.00000
2.00000
0.00000
0.00000
3.00000
1355.00000
315.00000
49066.00000
39968.00000
30.26190
1800.00000
1440.00000
113974,00000
1255.00000
1061.00000
0.00000
0.00000
726.00000
0.00000
13.00000
0.00000
0.00000
0.00000
200.00000
0.00000
0.00000
0.00000
0.00000
18956.00000
115.00000
17.00000
178.00000

VARIANCE

0.0388
0.3974
168.4211
608 .4316
31368.8947
0.0000
12627.6842
0.0000
75.9895
24.67137
122.8316
0D.0000
311.2500
208.271317
0.0947
0.0847
0.0947
0.0000
0.0000
0.1342
14306.5132
1027.40195
2770309 .58958
1637613.7261
1.0755
2344.71368
1708.9474
2651949.5895
1972.3026
2175.9447
0.0000
0.0000
2098.5368
0.0000
B.4500
0.0000
o.0000
g.0000
525.3684
0.0000
0.0000
0.0000
0.0000
9295.431%
498.7237
0.1342
10.9368

4.403
46 .694
Z5.955

388.155
237.735

274 .080

Z12.614
310.454
270.%14

447.214

79.2%5
107,794
307.794
107.1794

B

244.12

71.3
191.3

66.7
64.036
68.539
53.801
B4.545
28.578
70.774
87.930
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126.198
447.214

229.209

10,172
388.385
43.100
Y7.158
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SUN
TEMP
SHOW
SEA
INLAND
TOWH
VILL
MOTO
AROAD
BROAD
HROAD
RAIL
CANAL
RIVER
CLIFF
ROCK
SAND
MUD
SHING
TIDAL
HHILL
HVALL
DHILL
DVALL
GRAD
NASP
EASP
SLOPE
XHEAN
DRFREE
DRA
DRE
DRC
PRD
PRE
DRF
DRG
DRH
DRI
DRJ
DREK
DRL
DRM
SDIST
WDIST
ISLAND
GEOLOGY

26
26
26
26
26
26
26
26
25
26
26
26
26
26
6
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
16
16
26
26
P
16
16
26
26
16
26
16
26
26
26
16

MEAN

4.40384615
1.03846154
57.307692131
276.,92307692
8.53846154
1,4615384¢8
34.53846154
0.00000000
0.307692131
2.46153846
1.65384615
0.00000000
0.00000000
1.92307692
0.65384615
0.84615385
0.15384615
0.00000000
0.38769231
0.9615384¢
81.15384615
0.38461538
2429 .92307692
1555.84615365
0.93725385
28.65384615
21.730769213
5224.61538462
21 .53846154
59.07692308
0.00000000
1.76923017
§.96153846
0.00000000
0.00000000
0.00000000
0.0C000000
0.00000000
31.19230769
0.00000000
0.00000000
0.00000000
0.00000000
951 .846153485
14.42307692
0.76923017
8.46153846

ENVIRONMENTAL

STANDARD
PEVIATION

.20095924
.598716548
2414881
76421721
35131181
45241314
-73448545
.00000000
-568929048
.2B796164
08769247
00000000
.00000000
213531232
48516452
16794648
16794648
40000000
47067872
19611614
12363728
.35873244
2335.28373139
B35 .48215805
0.55341507
58.35336652
50.07878408
2554.39033943
21.3%014870
39.91783870
0.00000000
19.98460946
15.4828441¢0
0.00000000
0.00000000
0.00000000
b.o0000000
9.00000000
11.97369515
0.00000000
G.00000000
G.00000000
9.00000000
73.51170815
314.8748131113
0.42966892
2.517630104
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Gooo000
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L
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10000.000000
1000.000000
2.564600
180.000000
180.000000
13000.000000
90.000000
l00.0000086
0.000000
100.000000
§2.000000
0.,000000
T0.000000
0.000000
0.000000
0.000000
leo.000000
0.000000
0.000000
0.000000
0.000000
1094.000000
120.000000
1.000000
11.000000

169 .75378796
175.618496892
0.10853362
11.44403671
§.82125759
500.95716100
4.19495329
7.82853225
0.00000000
3.81930437
J.036413555%
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
7.44725417
0.00000000
0.00000000
0.00000000
0.00000000
14.4364594)
6§.8395170%
0.08426501
0.49374789
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HAKTMUR STD ERROR SUN
VALUE OF MEAN
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4.500000 0.03941135 114,.50000
2.500000 0.117417%4 27.00000
70.000000 1.62269409 1490,00000
415,000000 51.53230271 7200.00000
125.000000 5.677415940 222.00000
38.000000 1.46153846 38.00000
250.000000 13.676057171 B98.00000
o.000000 0.00000000 0.00000
B.000000 0.307692131 8,00000
25.000000 1.23317073 64.00000
19.000000 1.39001088 95.00000
0.000000 0.00000000 0.00000
0.000000 0.00000000 0.00000
13.000000 0.82634148 50.00000
1.000000 0.09514859 17.00000
1.000000 0.07216024 22.00000
1.,000000 0.07216024 4.00000
D.000000 0.00000000 0.00000
1.000000 0.09230769 8.00000
1.000000 0.03846154 25.00000
250,000000 10.81063469 2110.00000
5,000000 0.26646936 10.00000

63178.00000
10452.00000
24 316860
2565.00000
2345.00000
135840.00000
S560.00000
1536.00000
0.00000
124.00000
129.00000
0.000080
g.00000
0.00000
0.00000
0.00000
811,00000
0.00000
0.00000
0.00000
0.00000
24748 .00000
i75.00000
20.00000
220.00000

VARIANCE

0.0404
0.3585

6B .4615
G%045.0338
8la.17485
55%.53485
4362.8985
0.0000
2.4615
38.538%5
50.2354
0.0000
0.0000
17.7538
0.2354
0.1354
0.1354
0.0000
0.2215
0.0385
3038 .6154
1.8462
5737384 .15138
801888.29514
0.30623
3405.1154
2507.88468
6524910 .0062
457 .5385
1593.4338
0.0000
199.3846
239 .7185
0.0000
0.0000
0.0000
0.0000
g.0000
1442.0015
0.0000
0.0000
o.0000
0.0000
5418.6954
1216.2538
0.1846
6.31185

-4.5613
57.654
14.438
94,887

119 .069
509.302
201.904

509.902
255,448
193,979

219,104
74.202
43.4485

239.165

152.971
20.39¢6
67.925

i53.270
98.574
$7.558
59.046
59.150
54.5%93
44.8%91
99.311
67.569

9.032
2.087

i1
3l

1.734
241.799
55.857
29,754
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SUN
TEMP
SHOW
SEA

INLAND
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VILL
MOTO
AROAD
BROAD
MROAD
RAIL
CANAL
RIVER
CLIFF
ROCK
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SHING
TIDAL
HHILL
HVALL
DHILL
DVALL
GRAD
NASP
EASP
SLOPE
XMEAN

DRFREE

DRA
DRB
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DRD
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DRH
DRI
DRI
DRE
DRL
DRM
SDIST
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ISLAND
GEOLOGY
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MEAN

1.77272327
2.363631636
26.36361636
142.42424242
27272721
57575758
03030303
00000000
45454545
00000000
72727213
00000000
.00000000
84848485
21212121
42424242
18181818
00000000
151515815
«S37575758
CEGEERGGT
96969697
2262 .,4849848418
2510.02121212
2.20028748
72.272727127
102.23272727
5010.96969697
802.727271113
42.272172727
0.00000000
7.06060606
23.42424242
o.00000000
0.00000000
0.00000000
2.42424242
0.00000000
24.818181482
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0.00000000
0.00000000
759 .878787488
9.21212121
0.939392394
9.87878788
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D.33285951
D.25838220
6.03022689
258 .88318194
3I5.27239778
43.51941399%9
317.944423705
0.00000000
£.01543290
0.00000000
8.725940095
0.00000000
0.00000000
17.38735390
0.41514875%
0.5018%90137
0.39167473
0.00000000
0,.¥6410954
0.501890137
141.77263194
19.48314151
1571.51829693
2229 .24650608
1.29429508
58.39106991
48.0899131705
2519 .65628192
13.05916811
44.00090392
0.00000000
24.6495%7388
317.26763870
0.00000000
a.00000000
0.00000000
9.94996954
0.006000000
37.70481944
0.00000000
g.00000000
0.00000000
feo0000Q
8769941
5723304
;uuamen
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6.
Q.
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1.03888935

9
8
2
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MINIMUN
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YAMARY STATS.
WETARLES BY NEW - LOG, REGRESSION - LAND CLASS

FoRr 1212 SQUARES

MAZTHUM
VALUE

S§TD ERROR
OF MEAN

=sa= HEWCLASSeIl —-stecdhetcc s seee

1.0000000
1.5000000
20.0000000
g.oo0poo0D
0.0000000
0.o0000000
0.o0000000
0.0000000
D.oQ000000
0.6000000
b.o000000
0.0000000
0.0000000
G.0000000
0.0000000
0.0000000
g.0000000
g.0000000
0.0000000
D.0000000
0.0000000
0.0000000
Q.o000000
0.0000000
0.0000000
0.0000000
0.0000000
1000, 0000000
0.0000000
0.0000000
g.poo00000
o.0o000000
0.0000000
0.0000000
Q.0000000
0.0000000
0.0000000
¢.0000000
0.0000000
0.0000000
G.0000000
0.0000000
0.0000000
575.0000000
6.0000000
0.0000000
2.0000000

5.000000
2.500000
40.000000
9B7.000000
L67.000000
250.000000
181.000000
0.000000
14.000000
a.000000
16.000000
0.000000
0.000000
67.000000
1.000000
1.0600000
1.000000
0.000000
1.000000
1.000000
485.000000
95.000000
5656 .000000
l11000.000000
5.319800
180.000000
180 .000000
l4l140.000000
210.000000
100.000000
0.000000
L00.000000
100.000000
0.000000
0.000000
0.000000
49.000000
0,000000
1e0.000000
0,000000
0.000000
G.000000
0.000000
927.0080000
41.000000
1L.000000
15.000000

0.00000000
1.39878932
0.00000000
1.51899135
0.00000000
0.00000000
1.02674981
0.07226812
0.08736790
0.06818182
0.00000000
0.06338334
0.08736790
24.67944745
3,39157960
273.56622142
388.06200623
0.22530785
10.16458058
8.37138352
442.09741249
12.71796873
7.68957421
0.00000000
29100967
487463139
00000000
00000000
00000000
73206738
0.00000000
6.56356659
0.00000000
0.00000000
0.00000000
0.00000000
15,14261481
0.14922512
0.0421800)
0.52900273
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SUM

157.50000
78.00000
BE70.00000
4700.00000
306.00000
250.00000
397.00000
o.00000
a1.00000
g.00000
123.00000
0.00000
0.Rn0000
556.00000
7.00000
14.00000
6.00000
0.00000
5.00000
19.00000
7975.00000
230.00000
T4662.00000
B2834.00000
72.609850
2385.00000
3375.00000
198362.00000
2730.00000
1395.00000
0.00000
2331.00000
773.00000
g.00000
0.00000
0.00000
80.00000
6.00000
819.00000
0.00000
0.00000
0.00000
0.00000
25076.00000
7.00000
il.o0000
126.00000

VYARIANCE

0.
0.
6.
67020,
1244.1420
1893.9394
1439.78013
0.0000
64.5682
g.0000
76.1420
0.0000
0.0000
ig2.3201
0.1723
0.2519
00,1534
0.0000
0.1326
0.2519
20098.4792
179.592%8
2169669 .7576
19695319.9048
1.6752
3409.5170
2312.6430
6449854.0301
5337.6420
1936.0795
0.0000
607.6212
1388.8769
00,0000
0.0000
0.0000
99%.0019
0.0000

1421 .6534
0.0000
0.0000
g.0000
0.0000
1566.8598
0.7348
0.0587
9.2348

£E.974
10.5%32
22.873
181,769
1g0.38%9
574 .45%
315.407

®

327.369

714.111

103,198
195.713
118.301
215.421

240.312
87.170
58.665

279.541
69.460
88.810
58.824
80.793
47.021
42,250
88.313

104,088

3149.120
159.099

410.436
151,924

11.448
104.124
25.794
30.762
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SUN
TEMP
SNOW
SEA
INLAND
TOWN
VILL
HOTO
AROAD
BROAD
HMROAD
RAIL
CANAL
RIVER
CLIFF
ROCK
SAND
MUD
SHING
TIDAL
HHILL
HVALL
DHILL
DVALL
GRAD
HASP
EASF
SLOPE
XMEAN
DRFREE
DRA
DRB
DRC
DRD
DRE
DRF
DRG
DRH
DRI
DRI
DRK
DRL
DRM
SDIST
WDIST
ISLAND
GEOLOGY
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i0
10
40
40
40
40
40
i0
LR
q0
40
40
40
40
10
40
10
40
40
10
10
40
10
10
40
40
10
40
LR
iQ
40
40
40
i0
40
40
{0
A0
§0
40
10
40
40
10
0
40

MEAN

1.50000000
1.63750000
L.75000000
2.30000000
3,80000000
j.05000000
5.95000000
0.00000000
1.30000000
1.20000000
3.75%000000
0.00000000
0.65%000000
3.02500000
0.17500000
0.72500000
0.22500000
0.02500000
0.52500000
0.97500000
1.25000000
0.75000000
7.40000000
5.60000000
2.11124500
103.50000000

92.25000000
E160.00000000
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4.35000000
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9.02631481
331.336547471
16.78094157
82.5354469)
79.50292689
0.00000000
5.383731619
5.30215241
9.88366542
0.9¢000000
4.11096096
5.75342707
0.38480764
0.45220259
0.42290206
0.15811388
0.50573633
0.15811388
191,159585613
2.13337340
2937 .56233147
793 . 68962480
1.52620764

48 .01442091
61.10048470
2885.20715161
319.236222658
17.04034529
6.48266920
15.84985643
2.40712085
0.00000000
2.17071006
6.640783089

19 . 42711560
0.00000000

26 .56138271
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5.13125612
1.02034648
0.50636968
2.69165151
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1.00008000
5.5000000
d0,0000000
0.po0000GQD
0,.0000000
o.G000000
6.0000000
t.oonoo0n
n.n000000Q
7.0000000
h.g0o00000
D.0000000
0.0000G00
g.o0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
¥0.0000000
0.0000000
0.0000000
0.0000000
0.3438000
0.0000000
¢.o000000
2000.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
o.0000000
0.0000000
0.0000000
f.0000000
0.0000000
0.0000000
a.0000000
0.0000000
526 .0000000
n.o0000000
0.o0000000
j.ooo0a00
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HAX IMUM
VALUE

5,.000000
2.500000
60.000000
999 .000000
78.000000
522.000000
285,000000
0.000000
12.000000
25.000000
i6.000000
0.000000
26.000000
23.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
775.000000
10.000000
L4140.000000
2828 . 000000
6,255700
180.000000
186 ,000000
15554.000000
180.000000
100, 000000
41.000000
100.000000
15.000000
0.000000
58.000000
42.000000
100.000000
0.p000000
94.000000
G.000000
0.000000
6.000000
@.000000
515.060000
108.000000
1.000000
15.000000

. REGHESSION - LAND

STO ERROR
OF MEAN

0.06201737
0.10888052
1.427148568
52.38890810
2.65329983
13.05000000
12.57051648
0.00000000
0.85124343
0.83834391
1.56432586
g.00000000
0.65000000
0.9%90969670
n.06084343
0.07149951
0.06686669
0.02500000
0.07996393
0.02500000
10.224984136
0.33731595
164 .46938681
125.49334848
0.24131462
7.-59174653
9.66083489
156 .19130602
6.20790310
5.85659282
1.02500000
2.50608234
0.38059922
0.00000000
1.45001658
1.05000000
1.07169%668
0.00000000
4.199723136
0.00000000
0.00000000
0.00000000
0.00000000
13.46043347
3.317908908
0.08006408
0.425%0402
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SUM

180.00000
65.50000
1270.00000
15692.00000
152.00000
522.00000
1438.00000
0.00000
52.00000
48.00000
150,.00000
0.00000
26.00000
121.00000
7.00000
29.00000
9.00000
1.00000
21.00000
i%.00000
9650.00000
ig.00000
163496.00000
42624.00000
84.44980
41140.00000
1690.00000
2544040 ,00000
1335.00000
ll90.00000D
11.00000
110.00000
19.00000
0.00000
6l1.00000
412.00000
174.00000
g.00000
361.00000
0.o00000
g.00000
0.00000
0.00000
jlo3a.no0000
T41.00000
20.00000
439.00000

VARIANCE

0.1538
0.4742
B1.4744
109783.9077
281 .6000
6812.1000
6320.7154
00,0000

28 .9846
28.1128
97.8846
0.0000

3654
<5813
B629272.45112
629%4).1205
2.3393
2305.3846
1733.3692
8324420.3077
1541.5224
1371.9872
42.0250
251.2179
5.7942
0.0000
84.1019
44.1000
3177.4128
0.0000
105.5071
0.0000
0.0000
0.0000
0.0000
7247.3308
1157.3840
0.2564
T.2558

o e o

‘8.7186
42.0%2
28.429
84,460

441,604
632.456
221,149

nph”hu#
441.846
263,831

632.458
190.196
215.890
62.373
187.956
612.456
96.3131
16.217
19331
284.450
11.869
74,483
12.289
16.391
66.234
15.365
117.640
46 .4486
632.456
576.358
506,762

§01.358
§32.456
446.600
292.687

=

10.971
183.646
101.274

24.544



3.

RECOMMENDATIONS AND CONCLUSIONS

As a result of the comparisons shown above it was concluded that
the Logistic/Discriminant should be recommended for the following
principal reason.

The Discriminant Function failed to identify coastal classes (7
& 8) in the south of Britain which would lead to two classes
having to be completely redefined. In addition, land class 25
(Scotland/northern England) extended into southern Britain.

The following supporting reasons are also significant:

1.

4%

The balance of survey squares was closest to proportional
to stratum size in the Logistic/Discriminant.

The proportion of squares remaining in the original
classification was the highest.

The standard errors were generally lower than the original
and although comparable to the Discriminant Function were
lower in several important cases, eg coastal factors.

Both methods showed less dispersion than the original
classification which is advantageous for developing
policies. Also the 4800 squares classified by the
indicator attributes showed significant divergences from
the original classification and emphasised that the
technique recommended showed a considerable improvement
over these patterns.




Appendix A

References to studies carried out using the Merlewood Land
Classification System outside the Land Use Research Group (a
separate list is available of the use of the methodology as
compared with the classification itself)
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Service.
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Harwell: Department of Energy.
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Institute.
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Blazye, C.J. 1987. The ITE land classification as ancillary
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rural land use information system to studies of forestry at a
strategic level. In: Computers in Forestry, edited
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