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PUBLICATION AND COMMUNICATION IN GEOGRAPHY 15

is analysed in this way in Science Citation Index [8], a bibliographical publication
that has no parallel in the field of geography. From this Index it can be established
that any one article is most likely not to be cited in any one year, and that of those
that are referred to in other publications, most are cited only once. The most
popular articles in this field reach a citation frequency in any one year of about
500.

The citations of over 250 geographical articles published in the United States,
Great Britain and Poland in 1965 were analysed to see what pattern emerged.
This sample was drawn from the major geographical and geological periodicals
of these countries in order to select articles that were aimed at a geographical and
geomorphological audience. In the case of the geological periodicals, only articles
on geomorphology were included in the survey. Table I shows the pattern of
citation averages separately for each of the three countries. Differences in the total
number of citations probably reflect in part the inclusion of several monographs
in the Polish sample. Thus the average number of citations in the Przeglqd Geo-
graficzny and the Czasopismo Geograficzne is only 21.8, or about the average figure
for the United States. The general pattern is quite straightforward, with a strong
preponderance in all cases of citation of the literature of the same country as the
publication being examined. The dominance of the home literature is less marked
for Poland than the USA, reflecting the combined effects of the smaller size of
the Polish literature (only 15—209, of the number of articles published annually
in the United States or Great Britain) and the greater ability of Poles to read
in foreign languages. Similarly the reversed positions of the French and German
literature for the United States and Great Britain reflects the difference in language
teaching between the two countries.

TABLE 1. The average number of citations, by country in which the articles cited were published,
for papers from the main journals of the UK, the USA and Poland

No of
UK | USA |Polund| Germ.|Fraunce]USSR | Other | Total b

papers
UK 980 | 2.74| 0.17] 039 ] 094 | 0.01 | 2.13 |16.18 100
USA 1.89 [ 1468 | 0.01 | 0.89 | 0.31 | 0.10| 3.55 | 21.45 73
Poland 0.67 | 1.50 |16.56 | 3.05| 0.57 | 2.75| 2.96 | 28.10 86

The proportions for citations of Polish publications represent a numerical
total of 17 citations from the sample of 100 British articles, and only one from the
sample of 73 United States papers. This one United States citation of a Polish
paper was in Economic Geography, in a paper by Kirk H. Stone, ,,Focus for the
Geography of Settlement”, which included (among 77 citations from many
different countries) the paper by Maria Kielczewska-Zaleska, ,,New trends
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PUBLICATION AND COMMUNICATION IN GEOGRAPHY 17

Epoch. The second edition of this was published (with a revised title) in 1957.
In contrast the time lag of perhaps one or two years between the Polish and
Soviet citations seems an acceptable result of the pattern of dissemination of
published material.

If we list the obstacles to communication in geography, we find that most
of them are common to other subjects. We have already mentioned the size of
the literature, the small circulation of papers, their small readership, and the
problem of language. Further difficulties include the limited coverage of the

O@5
1
J
5]

Fig. 1. Date of publication of citations in article on kames by Niewiarowski [9] subdivided by
country. Data for U.S.A., U.S.S.R. and Poland only. There were no citations from the UK li-
terature. Note change of time scale after 1960

secondary abstracting journals, the limited provision of abstracts or summaries
in a language other than that of the paper, excessive length, poor style, mislea-
ding titles, and so on. In addition there seems to be a group of related prob-
lems that are peculiar to geography, or perhaps shared with such subjects as
geology. A good deal of what we write is necessarily concerned with local regions.
Some of this is indced ,,mere” description. Most of it applies concepts already
used and described elsewhere, although the topic to which these are applied may
be wholly original. Some of this local literature further develops these concepts
or techniques while a part develops and applies wholly new methods of ana-
lysis. Naturally most of this material is written in the local language of the area
concerned and is not intended for a wide audience. Alongside this local or reg-
ional literature are articles of a systematic nature that are concerned with tech-
niques or with generalisation and may not even quote regional examples. Such
articles are commonly thought to be of interest to a wider audience, are more
likely to be written in a major world language, such as English or German, and
are frequently read at international conferences. It is commonly held that

Geographia Polonica — 2
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TABLE 1. Types of population change in the years 1961—1965

Popu-
Population growth by type area lation
decline
A B C D H
Total Natural | Natural In-mi- In-mi- Out-mi-

increase | increase | gration gration gration
exceeds | exceeds | exceeds ! exceeds |.exceeds
out-mi- in-mi- natural natural natural
gration | gration | increase | decrease | increase

Administrative units

City voivodships

Number 5 — 1 4 — —

% 100.0 — 20.0 80.0 — —
Urban poviats

Number 74 9 43 21 1 —

% 100.0 12.2 58.1 28.3 1.4 —
Rural poviats

Number 317 272 33 7 — 5

Y% 100.0 85.8 10.4 2.2 — 1.6
Total number 396 281 77 32 1 5

% 100.0 70.9 19.4 8.1 0.3 1.3

Absolute population and surface area

Population (thous) 31,023.5 | 18,657.7 6204.4 5708.4 23.7 429.3
o 100.0 60.1 20.0 18.4 0.1 1.4

Area (thous.km?) 311,730 {271,323 28,983 6413 13 4998
7o 100.0 86.9 9.3 21 0.1 1.6

The third group, consisting almost entirely of urban units, included those
poviats in which migration gain exceeded natural increase (Type C). This group
represented 2%, of the area and 189, of the population of the country. Migration
gain exceeded natural increase only in one case, and in five cases migration loss
more than off-set natural increase.

On the analytical graph those points representing rural poviats are concentra-
ted to the left and thos representing urban ones to the right of the ordinate. Po-
viats situated within the industrial districts 3 are also concentrated on the right-
hand side of the graph. Hence, it is the economic character of an area which has
a decisive influence upon migration. The range of migration rates is considerable.

They vary from —15.5% (Kolno) to 4409, (Lublin).

3 Industrial districts were those defined by M. Najgrakowski, whose classification was ba-
sed on 1960 data (Geografia Powszechna, vol. 111, Warszawa 1965, p. 592).
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The amount of natural increase is shown by the distance of a point from the
abscissa. The difference between the northern and western areas, settled after
the war, and the remaining parts of the country persisted. Maximum values were
found in the north (Goldap 24.89%,, Pisz 24.7%,, Szczytno 23.29,) while the
lowest values approximated to 5%, in many Upper Silesian poviats and were
as low as 3.1%, in £.6dZ and 2.79%, in Zyrardéw. Only in one case (Cieszyn —0.7%,)
was there a natural decrease. Hence the range of variation in natural increase was
more restricted than that found in migration.

Fig. 1. Types of population change in Poland in the years 1961—65

1 — rural poviats situated in industrial districts, 2 — remaining rural poviats, 3 — urban poviats situated in indust-
rial districts, 4 — remaining urban poviats

The map of types of population change shows the existence of a dynamic
situation around the largest cities, which were surrounded by groups of poviats
typified by in-migration (B and C). The biggest groups are to be found around
Warsaw, Szczecin, Gdansk, in Upper Silesia, and around Bydgoszcz and Poznan.
Usually migration gains also dominate in the principal city encircled by the group,
while in the outer poviats migration gains give way to natural increase as the do-
minant element. In the largest cities natural increase played a more important role
than migration only in two recently re-settled cities — Gdarisk and Wroclaw —
and also in some of the settlements in the Upper Silesian Industrial District.
In many cases, e.g. in Krakéw, Lublin, Bialystok, Opole, migration gains domi-
nate only in the city and the out-migration zone (A) immediately adjoins. Migra-
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Fig. 2. Distnibution of types of popu-
lation change in Poland in 1961—65

Ni=mML NI »MG
Ni<ML / MG>NI by poviats
5, .
ND>MG NI — natural increase
4 ND — natural decrease

MG — migration gain
ML — migration loss

tion gains were important, although only rarely dominant, in some other towns
and industrial poviats. The very few poviats with declining populations were
situated in south-eastern Poland.

If the results of the present classification of poviats are compared with those
for the period 1951—1960 certain general conclusions can be drawn. There was
an increase in the number of out-emigration (A) poviats (from 259 to 281) and
of those where migration gain was dominant (C) (from 23 to 32). On the
other hand, the number of poviats in which natural increase exceeded migra-
tion gain (B) decreased (from 107 to 77). To a certain extent, therefore, the
more extreme types of change are replacing the intermediate ones. Previously
the more important factor was natural increase; now the decisive role is taken
by migration.

http://rcin.org.pl
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CAPITAL EXPENDITURE AND INDUSTRIAL EMPLOYMENT AS FACTORS EX-
PLAINING POPULATION GROWTH

As already mentioned, the aim of this study is to analyse the factors causing
population change and, in particular, the contribution by migration. It was intend-
ed to carry out a correlation analysis, in which net migration and capital expen-
diture would be compared. Points representing poviats were distributed within
Cartesian co-ordinatcs, whereby net migration (ordinate) was plotted against
per capita capital expenditure (abscissa). The results of an initial rough analysis
were discouraging. Inspection of the scatter of points made it clear that, although
higher expenditure was associated with high migration gains, thus indicating
positive correlation, lower expenditure was also associated with high migration
gains or losses, which therefore made pointless any correlation analysis for the

TABLE 2. Capital expenditure and industrial employment in different types of poviat

Types of poviat
Popu-
Population growth lation
decline
Total A B C D H
Natural | Natural In-mi- In-mi- | Out-mi-
increase | increase | gration gration gration
exceeds | exceeds | exceeds | exceeds | exceeds
out-mi- in-mi- natural natural natural
gration gration | increase | decrease | increase
Average population
in 1961—1965
Thousands 31,023 18,658 6204 5708 24 429
0% 100.0 60.1 20.0 18.4 0.1 1.4
Capital expenditure
in 1961—1965 total
Millions zl? 611,326° 261,658 146,202 |183,276 409 3956
% 100.0b 42.8 23.9 30.0 0.1 0.6
Capital expenditure
in 1961—1965
Per capita
thousands z|3 19.7 14.0 23.6 32.1 17.3 9:2
Industrial employment
in 1965
Thousands 3758 1316 1194 1230 11 7
% 100.0 35.1 31.7 32.7 0.3 0.2

a4 Capital expenditure at current prices.
b Including 15,825,000 zt (2.6%) of expenditure not distributed by areas (e. g. rolling stock in railways etc.).

Geographia Polonica — 6
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Capital expenditures
n thousands

per capita
Migration Migration
loss
[--] =<as Fig. 3. Capital expenditures (in thousands zi)
00-14.9 and net migration in the years 1961—65
15.0-19,
z »20.0

permission. Consequently they moved into the suburban zones, as long as there
were no restrictions there.

Cartographic analysis thus helps to explain certain relationshipe, such as
association of migration gains with low investment rates or migration losses with
high investment rates. The present analysis can be considered as only a first step
in research into the causes of migration and of different types of population change.
There is a need for more detailed study of capital expenditure, in which not only
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1 2 3 4 o b 7
3 e s
Fig. 1. Trzebnica: land use in 1948
1 — built-up areas, 2 — industrial areas, 3 — orchards, 4 — municipal
parks and gardens, 5 — woods and forests, 6 — meadows and pastures,

7 — arable land
Source: H. Leonhard [4]

and with common characteristics in use of land. In conclusion the study contains
an appraisal of the role of the town in the economy of the region.

In the mid-fifties, on the initiative of Professors K. Dzieworniski and J. Kostro-
wicki, investigations into the use of land in urban and rural areas were started in
the Institute of Geography of the Polish Academy of Sciences. The first collective
investigations were conducted in the poviat of Mragowo and included a detailed
analysis of types of land use within the town of Mragowo, based on the character-
istics of the geographical environment and the historical development of the
town (Fig. 2).

From the point of view of the method adopted, a similar analysis was made
by the author of the present paper in an investigation of the land use in the town
of Trzcinisko-Zdréj, which was a part of a larger study of the town [5]. In the
case of Trzcifisko closer attention was paid to an analysis of the mode of utili-
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Fig. 2. Mragowo: land use in 1955

1 — urban mixed residential-commercial uses, 2 — low density resi-

dential areas with gardens and allotments, 3 — rural houses, 4 — in-

dustrial-storage areas, 5 — municipal parks and recreational facilities,

6 — meadows and pastures, 7 — woods and forests, 8 — arable land
zing the rear of the building-plots. This is an example of a very detailed study of
land use. Next, by direct field-observation, data on the use of land in 8 towns were
collected and, subsequently, elaborated. Because the method adopted proved
to be too laborious, especially in the cases of the larger towns and cities,
A. Werwicki suggested a simplified method when he started his investigations
of Lower Silesian towns. His method consisted of a direct mapping of the ele-
ments selected for recording. Because the age of the buildings had been left out,
the element of time was lost and the results obtained thus failed to give a dynamic
presentation of the phenomenon. Being aware of this deficiency, A. Werwicki
introduced the element of time into his plotting method in his more recent studies.
Short descriptions of land use are also contained in some monographs ana-
lysing the economic development potential of small towns [6]. For instance, in
her study of the town of Lipno, E. Romahn-Kwiatkowska outlines briefly the
mode of land use and divides the town into several zones in the course of descri-
bing the spatial structure and the development of investment in the town. The
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Fig. 3. Cracow: land utilization zones 1960

1 — zone I city centre, 2 — zone 11 city interior, 3 — zone III city exterior, 4 — zone IV ante-urban,

5 — zone V interior suburban, 6 — zone VI intermediate suburban, 7 — zone VII exterior sub-

urban, 8 — zone VIII the periphery, 9 — villages and cadastral quarters boundaries, 10 — commu-

nities boundaries, 11 — counties and administrative quarters boundaries, 12 — boundaries of
Cracow

Source: K. Bromek [4]

descriptive part is supplemented by a summary of land uses as well as a map of
the built-up zones against the background of the use of land.

Further methodical progress was made by K. Bromek’s study presenting
the use of land in Cracow and in the suburban belt in about the year 1960
(Fig 3) [7]. This study concludes one phase of a broad-scale project planned by
its author (cf. note 3).

The objective set up by K. Bromek was to investigate how, in its economic
activity, a community utilizes the land-surface in current socio-economic condi-
tions and within the technical, social and economic setting of a large city and its
suburban zone. To answer this the author attempts to define the economic charac-
teristics of the community in the area under examination. Thus he analyses the
development of the population in the particular cadastral units, and, afterwards,
the size of individual farms, the forms of land ownership etc. He draws attention
to the concentricity of the patterns of the phenomena observed. The part devoted
to the analysis of the geographical environment is concluded by an evaluation of
its natural conditions and resources from the standpoint of the needs of the differ-
ent branches of the national economy. Next, the fundamental types of land use
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Fig. 1. Poland: Orientations of arable land utilization (crop combinations), by R. Kulikowski

o n s N

’
4

1. Mainly ccreal: 1 — mainly rye with potatoes
II. Cereal: 2 — rye-oats with potatoes, 3 — rye with potatoes, 4 — rye — wheat and wheat — rye with potatoes
5 — wheat — rye — oats and rye — wheat — oats with potatoes, 6 — wheat — oats with potatoes, 7 — wheat with pota-

toes
III. Cereal — ridged-up crops: 8 — rye — potatoes, 9 — rye — wheat — potatoes and wheat — rye — potatoes,
10 — wheat — oats — potatoes and oats — wheat — potatoes, 11 — wheat — rye — oats — potatoes and rye — oats

— wheat — potatoes, 12 — rye — wheat — barley — oats — potatoes, 13 — rye — wheat — barley — potatoes, 14 —
wheat — potatoes
IV. Cereal — leguminous crops: 15 — oats — clover with potatoes, 16 — wheat — oats — clover with potatoes and
oats — wheat — clover with potatoes
V. Ridged-up crops: 17 — potatoes, 18 — potatoes — vegetables and vegetables — potatoes, 19 — vegetables
Orientations with industrial crops: 20 — with sugar beet, 21-with rape-seed, 22 — with tobacco

Orientations with leguminous crops: 23 — with clover, 24 — with lucerne, 25 — with mashlum, 26 — with vetch or
field pea, 27 — with serradella, 28 — with lupine

I ndustrial crops exceeding 30 percent of the area under ridged-up crops: 29 — with sugar beet prevailing, 30 — with
rape-seed prevailing, 31 — with tobacco prevailing
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TABLE 1. Arable land utilization (examples)
Gromadas (communes)
S &
Specification g:; Prochna Zebrzydowice| Jaworzynka Brenna Koniakéw
ha 9% ha 7o ha 70 ha | o ha 7
Extractive
crops E 495 | 51.4 438 | 52.6 264 | 27.5 346 | 42.6 208 | 30.3
wheat tv 136 | 14.1 186 | 20.2 — — 12 1.5 — —
rye sc 117 | 121 133 | 16.0 | — = 46 5.7 — —
barley hs 42 4.4 6 0.7 11 1.2 25 3.1 6 0.9
oats av 200 | 20.8 131 | 15.7 253 | 26.3 263 | 32.3 202 | 29.4
Intensive
crops 1 236 | 24.5 253 | 30.4 202 | 21.0 195 | 24.0 129 | 18.9
oleaginous h 21 2.2 6 0.7 — —_ — —— — —_
fibre plants t 3 0.3 9 1.1 — —_ — - — —
maize zm 20 2.2 17 2.0 1 0.1 1 0.1 — —
sugar beet bs 15 1.5 3 0.3 — —_ — —_— — —
fodder root
crops pr 40 4.1 38 4.6 7 0.7 7 0.9 3 0.4
potatoes st 131 | 13.6 162 | 19.5 185 | 19.3 184 | 22.6 | 123 | 18.1
vegetables lg 6 0.6 18 2.9 9 0.9 3 0.4 3 0.4
Structure
forming crops | S 232 | 24.1 141 | 17.0 495 | 51.5 272 | 33.4 349 | 50.8
vetch vs 2 0.2 6 0.7 1 0.1 8 1.0 1 0.1
clover ti 135 | 14.1 119 | 14.3 373 | 38.8 257 | 31.6 131 | 19.1
lucerne ms 15 1.5 — — — = 1 0.1 — —
serradella os 55 5.7 — — 120 12.5 1 0.1 215 | 31.3
mashlum px 25 2.6 16 2.0 1 0.1 5 0.6 2 0.3
Sown area 963 [100.0 832 | 100.0 961 |100.0 813 | 100.0 . 686 ' 100.0

Crop combinations :
Prochna Ejav + 1) st + S, ti
Zebrzydowice E; av + I, st
Jaworzynka Ejav + I, st + 5, u
Brenna Eyav+ 1, st + 8, ti
Koniakéw E, av + S3 ti

oats with potatoes and clover
oats with potatoes

clover with oats and potatoes
oats with potatoes and clover
clover with oats

After the proportions between groups are established, the dominant element
in each group is determined. A crop occupying more land than any other within
a given group is considcred as dominant; those, if any, occupying over 809, of
the area under the dominant crop, in the detailed land use studies, and 609, in the
macroscale studies, are considered as co-dominant and marked on the map.

The resulting orientation is expressed in a notation or formula in which the
groups are shown in capital letters, dominant or co-dominant crops in small let-
ters, and the rank of particular groups of crops by figures. The symbols for
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6 successive quotients have been usually accepted for more detailed studies or less
differentiated areas and 4 successive quotients for less detailed studies or more
differentiated areas.

Using the same examples from Table 1, the procedure for the determina-
tion of crop ccmbinations using the successive quotients technique would be as

follows (Table 2).

TABLE 2. Gromada Préchna

Extractive Intensive Structure-forming
D ivisors crops (E) crops (I) crops (S)
hectares quotients hectares | quotients hectares | quotients
1 495 1/ 236 2/ 232 3/
2 247 4/ 118 116
3 165 5/ 78 77
4 123 6/ 59 58
5 99 47 46

Taking 4 successive quotients only and using the same technique of determin-
ing dominant crops as in the percentage method the following crop combina-
tion results:

E, av + I, st + I, ti — i.e. oats with potatoes and clover.

Taking 6 successive quotients we obtain a formula — E;av + I, st 4 I, ti —
that does not change the name of orientation but emphasizes rather the dominant
role of extractive crops (cereals).

TABLE 3. Gromada Zebrzydowice

Extractive Intensive Structure-forming
ivisors crops (E) crops (I) crops (S)
hectares quotients hectares | quotients hectares | quotients
1 438 1/ 253 2/ 141 5/
2 219 3/ 126 6/ 70
3 146 4/ 84 47
4 109 63 35
5 87 51 28

Using 4 quotients the result is as follows: Ej av I, st — an “oats with potatoes’
combination, the same as obtained by the percentage method. Using 6 quotients
one obtains:

E; av I, st S; ti — a much more complicated combination showing the pre-
ponderance of oats, the secondary role of potatoes and accompanying role of
clover.
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TABLE 4. Gromada Koniakéw

Extractive Intensive Structure-forming
DT crops (E) crops (I) crops (S)
hectares | quotients hectares | quotients hectares l quotients
1 208 2/ 129 4/ 349 1/
2 104 6/ 64 174 3/
3 69 43 116
4 52 32 87
5 41 25 69

Using 4 quotients the result is:

E, av + I, st + S, ti — i.e. the three-fold “clover with oats and potatoes” in
contrast to the two-fold result obtained by the percentage method.

Using 6 quotients one comes to E, av - I, st + S; ti — in which clover is
preponderant, oats a secondary, and potatoes accompanying element.

The sum of ranks — quotients — is always the same and may always be
marked on the map by the same total width of the stripes; the calculation is easier
as no percentage counting is necessary and a number of crop combinations that
may differ by the number of ranks only is usually less. The technique thus seems
to be more practical.

4. OTHER LAND-USE ORIENTATIONS

The same technique could be applied for the determination of orientation
in agricultural land uses other than arable, for instance for permanent grassland and
perennial crops. The first could be based either on a division by composition of
grassland vegetation or on their mode of use (whether cut for hay or grazed)
and then on particular systems of grassland utilization. The method has not been
tried as yet. On the other hand some attempts have been made to determine orient-
ation for perennial crops, either from the proportion of area they occupy or
from the number of trees, shrubs or vines. Of course, the productivity of a tree,
shrub or vine of various species differs greatly, and the density of trees or shrubs
also differs. Some positive results showing the dominance of particular perennial
crops within highly complicated “coltura promiscua” on the Dalmatian coast
of Yugoslavia have been achieved [55].

The method has recently been applied with more success to determine general
land-use orientation.

It is particularly useful either for macroscale studies where the actual pattern
of land use could hardly be marked on the map, or where the pattern of land use
is very complicated. Also the dynamics of land use in the areas with complicated
and changing use of land can be studied using this method as, for instance, the
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Fig. 2. Poviat of Cieszyn, Poland. Orientations of land utilization 1961
(by W. Gadomski)

1 — Agricultural land: a — arable land, b — grassland; 2 — Woodland; 3 — Settlements; 4 —
Waters
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changing boundary between agricultural and residential areas which is very im-
portant nowadays, or in some areas the changing boundary between agricultural
land and forests. The idea might also be useful for typological studies of agri-
culture to show the place it occupies within the total land used or available.

As the basis for determining land use orientation, the total amount of land
as divided between the main land uses (agricultural land, forests, waters, settle-
ment and unproductive land) has been adopted and then their subdivisions, as
for instance that of agricultural land according to arable, permanent grassland
and perennial crops, or sub-divisions of urban land by reference to residential,
industrial, transport, recreational uses etc. The question is not yet resolved as
regards how such uses as forests or waters may be subdivided in a similar way.
In the studies made up to the present no such subdivision has been undertaken.

The method is here presented using the examples from the same gromadas
as in Table 1. Both techniques (the percentage method and that of successive
quoticnts) might be used to determine land use orientations. Using the percen-
tage technique and presenting the results in a formalized way, the following
land-use orientations could be obtained.

Prochna: Rg(o, + pyps) + #1 — i.e. Agricultural, tield (arable) with
pastoral and forest orientation.

Zebrzydowice: R,(0,) + F, + D, — Agricultural, field with forests and
settlement orientation.

Jaworzynka: R,(0,) + F, — Agricultural, field — forest orientation.

Brenna: R;(p,ps) + F. — Forest with agricultural, pastoral orientation.

TABLE 5. Land Ultilization (examples)

Agricultural Land
permanent grassland | por. | Settle-
Gromada Sym- | Total arable | P€T€M" e:trs ment
(commune) Balsh i Sareauty 2 NIRE A ISILE e e i areas
crops dows | res
R [ v P pt ps F D
Prochna ha 2174 | 1476 999 21 457 172 285 439 268
% [100.0 | 67.6 | 45.7 1.0 | 20.9 7.8 | 131 20.1 12.3
Zebrzydowice ha 2065 | 1132 833 10 289 120 169 439 494
% [100.0 | 54.9 | 474 0.5 | 14.0 5.8 8.2 | 21.2 | 235
Jaworzynka ha 2223 | 1035 949 17 69 49 20 | 1066 122
% (100.0 | 46.6 | 42.7 0.8 3.1 2.2 09 | 479 5.5
Brenna ha 7816 | 2294 815 8 | 1471 514 957 | 5152 370
% |100.0 | 29.3 | 10.3 0.1 18.8 6.6 | 122 | 659 4.8
Wista ha 9757 | 1780 834 21 925 598 327 | 7760 217
70 1100.0 | 18.3 8.6 0.2 9.5 6.1 34 | 79.5 2.2
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Wisla: F;, — Predominantly forest orientation.

The sum of elements (ranks) varies between 3 and 4.

Using the successive quotients technique for both the main land uses and
their subdivisions, the land use orientations for the same communes could be
determined as below.

TABLE 6. Gromada Préchna

= ricuinig] Forests (F) Settlement (D)
Divisors land (R)
hectares | quotients hectares quotients hectares quotients
1 1476 1/ 439 4/ 268
2 738 2/ 219 134
3 492 3/ 146 89
4 369 5/
5 295 6/

With 4 quotients the orientation would be R, (0, p,pe) + F; — Agricultural,
field with pastoral and forest orientation.

With 6 quotients — R;(0, + p,ps) + F, — Highly agricultural, field with
pastoral and forest orientation.

Zebrzydowice — in the same way — R, (0,) + F; + D, or Ry(o3 + pips) +
+ Fy + Dy

Jaworzynka — R,(0) 4+ F, or R;(0) + Fy

Brenna — R, (0,) + F3 or Ry(o, + p,ps) + F,

Of course the problem of averages and real orientations as discussed in the
section on crop combinations should be kept in mind here as well.

5. ORIENTATION IN LIVESTOCK FARMING

The method presented above could also be used to determine the orientation
of livestock farming. The problem is to find the common denominator for various
kinds of animals that would correspond to area in land use. As the common meas-
ure the so-called large stock units widely applied in many countries to show the
density of livestock could be adopted. They are based on the average weight
of particular animals, but according to the purpose, some other units, such as
fodder or manurial units, could be tried.

Both techniques (percentage counting and successive quotients) to find the
share of particular kinds of livestock (cattle, pigs, sheep, poultry, etc.) within
the sum of large stock units could be of use here. The problem is only whether
non-productive livestock, such as horses, asses, mules etc., as well as oxen, are
to be included in the study of orientation or not. Of course, if the problem of the
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Fig. 3. Hungary. Orientations of livestock farming (by R. Szczesnv)
1 — mainly cattle, 2 — cattle with pigs, 3 — cattle — pigs or pigs — cattle, 4 — pigs with cattle, 5 — mainly pigs

fodder base is considered, they participate greatly in its consumption, to the
detriment of the productive livestock. If, however, the aim is to study the
tendency of individual holdings or areas to keep particular kinds of livestock
for productive purposes, then the draught and pack animals should be eliminated,
as they really form part of the motive power and transport equipment, together
with tractors, trucks etc. They should not be included with the productive ani-
mals, therefore, except when they are kept for breeding purposes.

6. ORIENTATION OF AGRICULTURAL PRODUCTION

The orientation of agricultural production reflects the tendency or dispo-
sition of a particular holding or area to produce specific agricultural commodities.
It may first be characterized by the proportions of crop and livestock production
and then the proportions of particular principal crops or livestock products.

The determination of the orientation of agricultural production is more diff-
icult and involves several problems. First, there is that of the common measure
of agricultural production. The natural measures, such as weight, are meaningless
and cannot be applied. The other two solutions are to use monetary units or con-
ventional units. Both of these measures have their advantages and disadvantages
(see discussion [39]). The use of monetary units is the easiest and the most compre-
hensive measure, but has to be based on prices, which are rather difficult to estab-
lish for non-commercial production and are subject to change over both time
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Fig. 4. Poland. Orientations of agricultural production (by R. Szczesny)

1 — rye — oats with potatoes, hay and cattle, 2a — rye with potatoes, hay and cattle, 2b — rye with sugar beet
and cattle, 3 — rye — wheat with potatoes, hay and cattle, 4 — wheat with sugar beets, hay and cattle, 5 — rye —
potatoes with hay and cattle, 6 — rye — hay with potatoes and cattle, 7 — wheat — oats — hay with cattle, 8 —
rye — potatoes — hay with cattle, 9 — potatoes with rye, hay and cattle, 10 — potatoes — vegetables with rye,
hay and cattle, 11 — vegetables with rye, hay, cattle and pigs, 12 — clover or pasture with rye, hay and cattle,
13 — oats — cattle — hay with potatoes, 14 — rye — oats — cattle with potatoes, 15 — rye — cattle — potatoes
with hay, 16 — rye — wheat — cattle with potatoes and hay, 17 — clover — oats — wheat — cattle, 18 — hay
— cattle with cereals and potatoes, 19 — pig breeding as associated element

and space. Time changes can be eliminated by the introduction of so-called fixed
prices, which are more or less artificial. Prices, however, differ also in space, both
according to the distance from the market and, more important, between various
countries, as a result of governmental policies (tariffs, subsidies, etc.). As a result
agricultural prices, seldom based on the true interplay of demand and supply,
do not reflect the real value of agricultural products.

http://rcin.org.pl
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TABLE 7. Gross agricultural production (examples)

Boryséwka Belski Vrh Goridak
Sym- ; P :
Specification bol | Brain c grain : grain

units 7 units 70 units 4o

I Crop production v 3092 | 53.4 | 2047 | 75.6 | 1723 | 65.5
A. Food crops a 1289 | 22.2 | 1323 | 48.9 | 1013 | 38.5
wheat tv 120 2.1 58 2.2 122 4.6
rye sc 756 | 13.1 18 0.6 22 0.8
barley hs — — — — 19 0.7
maize zm — —_— 57 2.1 137 5.2
other cereals g 28 0.5 — — — —
leguminous (pod crops) px 27 0.5 60 2.2 — —
potatoes st 180 3.0 65 2.4 104 4.0
vegetables lg 68 1.2 50 1.9 24 0.9
fruit vr 110 1.8 390 | 144 | 447 | 17.0
grapes vV e — 625 | 23.1 138 5.3

B. Fodder crops p 1735 | 30.0 724 | 26.7 710 | 27.0
grains g 526 9.1 62 2.3 126 4.8
succulent forage (silo, root) s 272 4.7 9 0.3 e —
meadow hay pt 937 | 16.2 653 | 24.1 584 | 22.2

C. Industrial crops i 68 1.2 — — — —
sugar beet bs 19 0.3 — — — —
fibre plants t 49 0.9 — — — —

II Animal production A 2694 | 46.6 661 | 24.4 908 | 34.5
A. Cattle bt 1030 | 17.8 404 | 149 680 | 25.8
milk 1 693 | 12.0 267 99 | 405 | 154
meat (beef and veal live weight) m 337 5.8 137 5.0 275 | 10.4

B. Pigs (live weight) ss, m| 880 | 15.2 198 7.4 165 6.3
C. Sheep ov 468 8.1 — — — —
meat (live weight) m 274 4.7 — — — —
wool t 194 34| — — — —
D. Poultry k 316 5.5 59 21 63 2.4
meat m 114 2.0 10 0.3 11 0.4
eggs 0o 202 3.5 49 1.8 52 2.0
Gross production 5786 | 100.0 | 2708 '100.0 1 2631 |100.0

The orientation of agricultural production is then established as follows:

For example, in Goricak crop production accounts for 65.6%, of the gross
agricultural production and receives 3 (V3). Within crop production food crops
occupy 38.49%, and fodder crops 279, of the total gross production and to both
of them is ascribed rank 1.

Orchard fruits prevail among food crops and meadow hay in fodder products.
Livestock production does not exceed 34.4 per cent of gross production and is
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Fig. 5. Poland. Orientations of commercial production (by R. Szczesny)

I. Mainly livestock: | — mainly cattle with pigs and poultry, 2 — mainly cattle and pigs
II. Livestock: 3 — cattle with rye and potatoes, 4 — cattle with wheat and sugar bcet, 5 — cattle — pigs with rye
and potatoes, 6 — cattle — pigs with wheat and sugar beet, 7 — pigs with sugar beet and rye or wheat, 8 — pigs
with potatoes, 9 — pigs with vegetables and fruit
II1. Crop — livestock: 10 cattle — sugar beet — wheat, 11 cattle — vegetables (or fruit), 12 cattle — pigs — rye —
potatoes, 13 cattle — pigs — sugar beet — wheat, 14 cattle — pigs — sugar beet — rye, 15 cattle — pigs — tobacco,
16 cattle — pigs — vegetables (or fruit)
IV. 17 — Crop: Fruit — vegetable with cattle and pigs

ranked as 1. Cattle are responsible for predominant livestock production and their
share in gross agricultural production is 25.8 per cent, with milk production
clearly prevailing. Finally the production orientation for the village of Gori¢ak
could be defined as crop (food-fodder), fruit—meadow hay, with dairy cattle and
expressed in the following notation: V;(a, or + p, pt) -+ 4, (bt 1).

http://rcin.org.pl
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Fig. 6. Bialystok Voivodship, North-Eastern Poland. Land productivity (by W. Biegajlo)

Gross agricultural production in grain units per hectare of agricultural land 1 — less than 18, 2 — 18—21,3 —
21—24, 4 — 24—27, 5 — 27—30, 6 — 30—33, 7 — 33—36, 8 — over 36

The orientation of agricultural production for the other villages was determin-
ed in the same way, as follows (12).

Belski Vrh — Vy(a, vo + p, pt) + A, (bt, ) crop, (food-fodder), grapes-hay
with dairy cattle.

Boryséwka — V,(assc + pipt) + A,(bt, I+ ss, m) mixed, (food-fodder)
rye — meadow hay — dairy cattle (meat) — pork.

The procedure of using the successive quotients technique to determine agri-
cultural production orientation would be as follows.

First, the proportion between crop (plant) and livestock production is estab-
lished as V,A,, using 4 quotients, or ¥ 4, using 6 quotients, then in the same
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TABLE 8. Example: Goricak Village

Total Total Groups e &
. attle 1gs

X crop V animal A food crops | fodder crops i \g
Divi- | production production - p 3

sor
grain | quo- | grain | quo- | grain | quo- | grain | quo- | grain | quo- | grain | quo-
units | tients | units | tients | units | tients | units | tients | units | tients | units | tients

1 1723 1/ 908 2/ 1013 1/ 710 2/ 680 1/ 165

2 861 3/ 454 5/ 506 3/ 355 4/ 340 2/ 82
3 574 4/ 303 337 238 227
i 430 6/ 227 253 177 170
5 344 181 202 142 136

way the proportion between the various groups of crops is established as a,p;
(together V) in the first case and a,p, (together V) in the second. Among live-
stock products cattle provide most by either calculation (b¢; or bt.). Finally, the
dominance or co-dominance of particular elements within each group is estab-
lished by the usual method.

Among food crops orchard fruits (V'7) clearly dominate and among fodder
crops, meadow hay (pt). In the production provided by cattle, milk (/) dominates.

Using 4 quotients the orientation of agricultural production in Goricak will
be: Vy(aor + pypt) + A;(btl) i.e. crop (food with fodder), fruit with meadow
hay and dairy cattle.

Using 6 quotients the notation is as follows: V,(asor + popt) + A, (bt.10),
meaning almost the same — crop, (food-fodder), fruit — meadow hay — dairy
cattle orientation.

Using the same technique the following orientation for the other villages
were established.

Belski Vrh — Vjy(a,vv + p,pt) + A, (b2, 1) — Crop (food with fodder),
grapes with hay and dairy cattle — or V(azvv + p,pt) + A, (bty I) mainly crop
(food with fodder), grapes with hay and dairy cattle.

Borysowka — V,(aysc + pypt) + Ay(bt; | + ssym) — Mixed (food-fodder)
rye — hay — dairy cattle (meat), pork, or V;(a;sc + popt) + As(bty 1 + ssym) —
Mixed (fodder with food), hay with rye — dairy cattle with pork.

7. ORIENTATION OF COMMERCIAL AGRICULTURAL PRODUCTION

Using the same techniques the orientation of commercial production i. e.
specialization of agriculture understood as a tendency towards the selling of
particular agricultural produce. The question which arises here first is whether
particular cash products are to be grouped or not and if so in which way when
commercial production is under consideration. In view of the fact that usually
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Fig. 7. Bialystok Voivodship. North-Eastern Poland. Labour productivity (by W. Biegajto)

Gross agricultural production in grain units per person employed in agriculture 1 — less than 60, 2 —60—70, 3—
70—80, 4 — 80—90, 5 — 90—100, 6 — 100—120, 7 — over 120

they are not very numerous the grouping of commercial products may not be
necessary. The next question is whether agricultural cash products should be
expressed in conventional or monetary units. It seems that in this case monetary
units may have more advantages. If so, however, what prices ought to be used in
the calculations ?

Having estimated gross production it is easy to determine land productivity
as given by agricultural production per unit of agricultural land, and labour pro-
ductivity, i.e. agricultural production per number of persons employed in agri-

culture [39, 49, 58].

Having estimated commercial production one can establish the degree of

http://rcin.org.|
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Fig. 8. Ponidzie, Southern Poland. Degree of Commercialization (by W. Stola)

Commercial agricultural production in per cent of gross production: | — less than IS per cent, 2 — |15—20 per cent,
3 — 20—25 per cent, 4 — 25—30 per cent, 5 — 30—40 per cent. 6 — over 40 per cent
A — voivodship boundaries, B — poviat boundaries, C — gromada boundaries, D — limits of major forests

commercialization, i.e. the share of commercial production in gross agricultural
production, or the level or land commercialization, i.e. amount of commercial
agricultural production per unit area of agricultural land, and labour commerciali-
zation, i.e. commercial agricultural production per person employed in agri-
culture [39, 40, 58]. In fact many studies of this type have been already made
in Poland [10, 75, 79, 89, 91, 92]. Some examples of the maps are included in
this paper. What still has to be considered is how the degree of specialization
i.e. the degree to which commercial production is concentrated on the smalles
number of products, can be expressed in a quantitative way.

Geographia Polonica — 8

ttp://rcin.org.pl
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Fig. 9. Hungary. Level of commercialization (by R. Szczesny)

Commercial agricultural production in grain units per hectare of agricultural land
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Fig. 10. Hungary. Commercialization of labour (by R. Szczesny)

Commercial agricultural production per person employed in agriculture
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not checked against more accurate methods of measurement. To this extent,
when the attribute area is mentioned in the technique set out here, it has been
estimated by parallel-traverse sampling.

FRAGMENTATION

Experiments were carried out on sheet 40 and 48 (Grimsby, Louth and
Skegness) of the One Inch Land Utilisation Survey of Britain. A pilot investigation
and graphic plot of results suggested that the technique was worth trying on

‘A “y
' 2
3
A [
[P = ragres
7 ” »J
3 7

Fig. 1. Location of sample quadrats which provided
land use data for the pilot survey
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Mies

0 J
Kirlometres

Fig. 2. The pattern of arable land in the sample quadrats studied in the pilot survey of land use
pattern shape

rated only by a road or stream were regarded as parts of the same fragment.
Blocks which touched only at their respective corners were treated as separate
fragments. Estimates of intercept length were made to the nearest tenth of an
inch (2.5 mm.).
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TABLE 1. Measurement and indices obtained from a pilot study of arable pattern on Sheet 40
and 48 of the Land Utilisation Survey of Britain

(a) 13 traverses totalling 40.7 in. (1,033.8 mm.) over 9.8 square miles (25.38 km?)

Per-
i Num- i a o A Number N . ;
Quad- ber of SNt © Area rea &> of umber | Sq. Miles findht s
rat : total |in Sq.| in in of per :
inter- | : Frag- ] intercept
No. line | Miles | km? | Acres Corners | intercept
cepts ments
length
1 71 61.4 | 6.11 | 15.82 | 3910 6 395 .0861 .2230
% 112 42.2 | 4.13|10.70 | 2643 46 580 .0369 .0956
3 49 76.4 | 7.48 | 19.37 | 4787 3 224 .153 .3962
4 83 57.6 | 5.65|14.63 | 3616 6 332 .0681 .1764
5 49 15.7 | 1.54| 3.99| 986 57 317 .0314 .0813
6 87 57.5 | 5.64 | 14.61 | 3610 12 439 .0648 .1678
7 53 88.9 | 8.71 | 22.56 | 5574 2 301 .1645 .4260
(b) 18 traverses totalling 80.46 in. (2,043.7) over 20 square miles (51.8 km?)
1 125 54.2 | 10.84 | 27.97 | 6937 19 not .0867 .2245
2 177 395 | 7.9 |20.46 | 5056 82 counted .0446 L1155
3 124 62.8 | 12.56 | 32.50 | 8038 20 S .102 .2642
4 126 55.6 | 11.12 | 28.80 | 7116 12 ace .0883 .2287
5 92 16.8 | 3.36 | 8.70 | 2150 100 <vb .0365 .0945
6 152 54.2 | 10.84 | 27.97 | 6937 38 . .0714 .1749
7 100 81.6 | 16.32 | 42.22 (10444 3 s .163 .4222

* For this region, where visual inspection suggested that the pattern might well be most strongly oriented in one
of two directions, roughly at right angles, 93 intercepts were recorded at a bearing of 4934° and 84 intercepts at a bearing
of 1394°. The latter was tentatively accepted as being the direction of strongest orientation.

of the features of the scatter graph (Fig. 4) is the relatively large number of obser-
vations where the fragment number is one and which occur in a fairly wide
range of area values. Because it is quite easy, by visual inspection, to sce whether
the land use pattern under consideration forms one connected fragment in the
sample area, it was thought possible that the omission of observations where
there was a single fragment would not matter and might indeed improve the
predictive power of the regression. When this was done the best fit regression
line took the form:

log Y = 4.0911 — 1.8099 log X

Although only about 76 percent of the total variation was now ‘“‘explained” the
standard error of log Y was reduced to .205, or slightly more than 4 3 at the
959, confidence level. It is very easy to make mistakes when counting the number
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of fragments on a map of land use, particularly when they are numerous or when
the pattern has a maze-like complexity. Hence a technique which will allow frag-
mentation to be estimated within such limits is useful, particularly when it is
but one by-product of a method of assessing area.

; [88 Prpwamm g e QNS S T
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Fig. 3. Arable intercepts resulting from line sampling of the arable pattern in the pilot survey
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Fig. 4. Graph of the relationship between area per intercept and number of fragments of the same
land use category, for two sizes of sample quadrat

INTRICACY

Following the description of the texture of land use patterns by estimating
fragmentation, the degree of detail or intricacy of the pattern may be measured
in terms of the number of corners or angles in the land-use type being studied.
In a pilot investigation of the seven sample areas depicted in Figure 2 angles
greater than 160° were disregarded. An arithmetically scaled graph of number of
intercepts against number of corners, with 13 traverse lines spaced at 1/4 in. (6.3mm.),
suggests that there are about five corners per intercept. When the spacing of
traverse lines for the same area was at 3/10 in. (7.6 mm. ) there were about six corners
per intercept. The minimum number if, of course, three corners per intercept
when traverse lines are far enough apart for fragments to be intercepted by only
one line. This index, unlike the others, depends more on the system of sampling
used. By enlarging the sample area one would expect to increase both the number
of intercepts and the number of corners in the same proportion. On the other
hand the effect on the on the estimation of fragment number of doubling the
sample area is to yield a lower fragment number for the same area per intercept.
It also, of course, yields much greater fragment numbers. The general form of
the relationship, however, remains the same as that established for a 3 mile X
X 3 mile (4.8 km. X 4.8 km.) sample square,



TeRL. WY U T | & =Nk
PR S W BTEY. YT

""'i‘_""tj”f"“’f L e N e i < .\ iok i
&:,*J,»-_'t o WG e | N, b

L
’
v
'
i, - )
3
>
"
v . - = — s
- ’
e @
.P
i Rl
.
A
)
:
Ao
Al -
ol
e
b |
4
¢ .
L A
&
-
-
A L



-...A"‘»L
ﬂz,:\. ..‘i

\*,., kg ’a»w

£ AR oo okl ,-,.r,.,?.‘.-,

- AR A ) e A

LA St T T e

’ ---‘2-~i'grt.“‘:atwf m‘:m’oha.m
£

Ll T el

Y A T

.}.__-..,“‘I\,-‘-_ ,‘_"

N" ¢ i p"l*w"

'... ) : } e 4 ,. N L )
:L"'\.,. R, v vilin W s 5 <ik=§iy B -“'9“" P e
¥ 13 . 1 - ]

aip-} oyl W By ,"1-’-1_;,6

- R R A . S S 3 o w1w;m :
Wﬁ v 'a’.f‘-';‘"’ ‘)‘: o r ) Fof" :i"‘ - . ‘9‘5 ‘ "", lb~

-
-+ ¢ ¥

e - RN AT < Wy ‘3;¢'u'r“‘l'o‘wc £
o (o ' °
Lﬁ ’“‘* I 4 W PR A 9 > p Sy

| g As
< T

? iVl ; { R 2 10T B &
,3--: “"ﬁ,i R - .Mw "Oq Eat ’W“’ ‘

A "y~'-“‘ i M ETA
f%\WﬁF r\ t‘*'w SR

e > A r«:r—r«:w,’t. -vu

‘.# f'”hﬁp /Ircin.org. pI ;
’ J j" 1'



QUANTITATIVE ANALYSIS OF LAND USE PATTERNS 135

AP
e N1
- CANT own A"
’ ) 2
' .
- L 2
- - . -
{ \ ]
: \ & AN
- L UL u » ) 8 L
- ~
o\ e >
‘ ¢ LA v @\ TV
yoe. " ;
e e £ '\"
\ V) . o ™
. ot ’ -
r)_ vl ! s o
l » :‘." A" A vl
I -t =i
| . : 7 v ‘“1'-, x( vy 4
. - \ e
et R VDY R
‘ ¢ i-}' 0 TP, ’ v
L A ), B N0 CULTIVATION
VSt <t N, PINEAPPLE CULTIV
Sl ot N X
L = ™ (Y T IN THE BORDER REGON
1. S~ <
X R ° M o
\\i \:l s 3 i
[ d A !
Ll f/ @ 8 Swpe
)
Fig. 5. Relationship between the grid used for land-use pattern measurements and the pattern

of pineapple cultivation in part of the Eastern Cape Province, South Africa

A grid of 4 miles X 4 miles (6.4 km. X 6.4 km.) squares was laid over the area
which had pineapple cultivation, in such a way that the core regions were concen-
trated in as few squares as possible. Area of pineapples and number of fragments
of pineapple land provided the weightings for squares outside the core areas.
This model differs from a diffusion model in the sense that distance from the
centre of diffusion is built into it only by demanding that the core areas may grow
only by adding contiguous squares 3. The probability O, that any square ¢ be add-
ed to the cores is given by:

l,-F
n ' '
i n
N A, -F
i

where A is the area of pineapple land in a square and F the number of fragments
into which it is broken, and # the number of squares under consideration (only

# Contiguous includes those squares touching only at corners.



CHRISTOPHER BOARD

136
/ 7T\ e IO ] 1
N N\ \./ s
/ / o o ™ 001 . . % ¢ é
/ N s N\ N /
X > ¢ \
N / \
o on X / 004 | 006 < X
rd / N\ 3
s’ N\
Ao / ¥ 2
/ o 076 4 0né 048 oV (
/
002 " %2 0 00
i ~
7 w | ) on | X
oos | 22 [ o | X
g N
Negligible amount of \_/' P
. Gorm / puneapple lond )X | Mo pineapple land

Fig. 6. Probability field based on the pattern of pineapple land in Figure 5; used for Monte Carlo
simulation of regional delimitation
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The diagonally shaded squares indicate cells in the grid which form part of the Pineapple Region after simulating
fifty inspections of the pattern, to see what parts of the area around the core regions should be included
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TABLE 1. Winsford: age distribution of total population
(Percentages of sub-area population)

0 5 10 15 20 30 40 50 60
Community Type Areas to to to to to to to to and
4 9 14 19 29 39 49 59 over
I ”0Old” Overspill
(Total sample pop. 19 19 8 3 17 20 9 3 3
211)
I1 ”New” Overspill
(Total sample pop. 23 17 7 4 22 17 5 4 3
240)
IIT Old” Local Authority
(Total sample pop. 13 7 13 6 10 13 19 14 9
72)
IV ”New” Local Authority
(Total sample pop. 12 13 10 10 10 14 16 7 6
311)
V ”Terraced” Areas
(Total sample pop. 8 4 3 6 11 10 14 18 25
152)
VI ’New” Private Estates
(Total sample pop. 22 19 4 3 19 23 4 3 2
115)
VII Areasof ,,Mixed” Type
(Total sample pop. 9 7 5 8 10 14 11 11 26
347)

In some community-type areas small proportions of the sample were “lost’’ because of reluctance to divulge ages-

b) It was known from an earlier survey that the “new” population, of chiefly
young families, had a birth-rate about twice the national average. Would this
fall, once the families were established, to lower levels, and if so how quickly;
and would there be a significant difference between Catholic and Non-Catholic
families ?

c) How does the journey-to-work pattern of the “new” population (I, II
and IIT in the list) differ from that of older established communities in length,
destination and type of transport used?

d) How do shopping patterns differ between component communities, and
do these differences have a relevance for the design of the retail-model for the
New Town?

It is impossible to summarise the results of the survey in a paragraph or two,
but some of the key tables are given here (Tables 1—3)8. It was found that the

8 Full results have been published in: Rodgers, H. B. and Old, F. M. T., The Winsford
Master Plan Survey (1967). Fuller details of sampling and validity testing are given.



TABLE 2. Winsford: mode of travel to work by (a) men (b) women (c) children. (Percentages of employed population)

The average for all workers is given in the right-hand columns. Children are defined as sons and daughters of working age living with parents

Community Activity Rate among
> Scooter or : .
Type Bus Train Car Bicycle Walk No Reply Wo- | Chil-
Aveds Motor Bike Men S | diin
]
(a) 9 0 74 9 2 2 0 99
I (b) 24 0 35 0 0 29 12 32
(c) 25 14 0 50 62 0 6 0 1 25 13 0 3 | 8
(a) 27 2 58 S 0 7 2 98
11 (b) 72 0 12 6 0 6 6 29
(c) 50 38 0 17 45 0 5 Fi 0 33 9 0 3 5
9
(a) 19 6 3 0 25 19 0 85
11 (b) 43 0 0 0 21 37 0 61
(c) 44 33 0 0 13 0 0 11 21 44 3 0 0 30
(a) 7 3 56 9 17 8 0 92
1V (b) 11 0 5 11 1 63 0 22
(c) 28 12 0 14 39 11 10 25 18 18 19 K 1 ' 18
(a) 2 - 39 11 13 3 3 71
V (b) 6 0 6 0 19 62 6 26
(c) 2 23 0 45 3 0 6 11 14 22 20 0 3 20
(a) 6 0 66 6 9 13 0 100
VI (b) 20 0 60 0 0 20 0 15
(c) 0 8 0 50 64 0 5 0 8 50 15 0 0 3
(a) b 1 55 1 19 1 7 82
VII (b) 33 0 20 0 10 36 0 23
(c) i3 17 0 33 44 0 1 20 17 14 17 0 Kl 27
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TABLE 3. Winsford: occasional shopping for durable goods
Centres used (% of mentions)

a — Centres regularly used; b — Centres visited in previous month outside Winsford

Winsford Mid W % of sample who
& . 2 Winsford| New [North-| Sand- 3 Crewe| Che- | Liver- Man-| o Others| D2 shoPped outside
ommunity Type Areas | poop S¢ | Town | wich | bach | 9= |CreWe| seer | pool [chester] T8~ [Others| . ford in the month
Centre | wich v prior to survey

1 “Old" Overspill a 17 3 12 4 0| 27 1 3 | 34 0 0

b 7 | 10 0| 28 3|17 | 4 0 0 34

11 “New" Overspill a 14 5 10 0 0| 13 2 | 9 | 2 0 2 49
b 10 0 0| 17 0 | 48 | 25 0 0

111 “Old" Local a 29 3 20 3 0| 20 6 6 9 0 0 38
Authority b 50 0 0| 25 | 25 0 0 0 0

IV “New" Local a 2 7 1 1 0| 32 7 5 7 3 0 43
Authority b 24 0 0| 52 5 4 4 7 0

V “Terraced” a 33 5 12 0 1 | 28 7 4 5 1 0 20
Arcas b 27 0 0o | 36 | 27 9 0 0 0

VI “New" Private a 12 2 16 0 0o | 23 o | 14| 19 4 7 45
Estates b 28 0 0| # 0 7 7 3| 15

VII Areas of a 3 3 12 1 1| 24 9 7 6 0 4 23
“Mixed” Type b 20 0 0 | 54 9 4 7 0 3
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TABLE. 4 Measures of social integration in Ubberley-Bentilee

BRIAN H. RODGERS

(A) Use of community facilities

I Community Centre

Eastern sub-areas
Central sub-areas
Western sub-areas

II Health Centre

Eastern sub-areas
Central sub-areas
Western sub-areas

IIT Church

Eastern sub-areas
Central sub-areas
Western sub-areas

% using the specified facility

At least
Monthly Less often Never

weekly
7 11 13 69
25 1 29 45
24 5 36 35
3 6 18 73
4 6 39 51
5 6 39 50
23 2 12 63
28 6 26 40
15 4 53 28

(B) Use of facilities by length of residence: a) families resident here 3 years or less b) families
resident here 10 years or more

9%, using facilities

At least
Monthly Less Often Never
weekly
(a) (b) (a (b) (a) (b) (a) (b)
Community Centre 16 26 8 3 14 28 62 43
Church 15 23 2 7 30 38 32 62
(C) Shopping for ®veryday needs
% using
Estate shops Hanley Longton Stoke Others
Eastern sub-areas 72 11 8 2 8
Central sub-areas 83 10 4 1 3
Western sub-areas 65 25 5 3 3
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(D) Length of residence on the estate

0—3 3—S5 over 5

years years years
Eastern sub-areas 26 8 67
Central sub-areas 10 16 74
Western sub-areas 26 6 68

very close to the neighbourhood centre, or distant from it on the estate margins,
are compared. The use made of the shopping centre varies strongly (Table 4c).
This is sociologically important, since casual friendships made while shopping
are one of the principal mechanisms in community building. Families living near
the estate centre rely on it almost entirely for day-to-day shopping; and partly
for this reason they are much more fully aware of the social activities provided
by the large and well-equipped Community Centre. But families on the eastern
and western margins are much less orientated towards the estate centre for
shopping: in some peripheral sub-areas almost half the families do most of their
daily shopping off the estate, and so feel a weaker sense of social identity with
it. Not surprisingly, there was almost a gradient of satisfaction with shopping
provision, from the centre to the margins of the estate.

Use of the Community Centre (and the nearby Health Centre) is perhaps
the best single index of social integration within the neighbourhood unit, since
the Centre was designed to act as a focus for a wide range of recreational acti-
vities and so to provide a foundation for community building. Again distance
governed participation. The majority of families in the eastern survey area almost
ignored the Community Centre, and in some sub-areas here few families even
knew of the Centre’s existence. In general, our western survey area used the Com-
munity Centre more strongly, but again families in the most marginal of sub-areas
here looked elsewhere for their social satisfaction. In contrast, in the estate centre,
half the population of some sub-areas use the Centre at least weekly.

Distance is not the only determinant of involvement in the life and activities
of the Community Centre: length of residence on the estate has almost as power-
ful an effect, as Table 4 B shows. But these two factors, distance and length of
residence, work together, for the average period of occupation of houses is greater
in the centre than in the east or west. Only 109, of families living close to the
estate centre have occupied their homes for less than three years, while one quarter
of families in both the east and west are relative newcomers. This means that
there is a higher rate of tenancy turnover in the west and east than in the centre —
clearly one reason why these areas are so poorly integrated into the life of the
neighbourhood. But this high turnover rate is itself associated with a sense of social
dissatisfaction with the estate and its environment. In these peripheral areas
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TABLE 1. Features of some multivariate statistical techniques

Technique Feature: A B C D E F G
Multiple correlation 1 1 0 1 0 1
Multiple regression 0 0 0 1 0 0
Multiple analysis of

variance 0 0 0 0 0 0
Multiple analysis of

covariance 0 01 0 0 0 0
Factor analysis 1 1 1 1 1 01
Components analysis 1 1 1 1 1 01
Cluster analysis 1 1 1 1 1 1

Canonical corre-
lation 01 1 1 1 1 01
Discriminant func-

tions analysis 0 0 0 0
T2, D? and other
distance measures 0 01 0 0

Note: a 0 or 1 js placed opposite a technique if it is characterised by one of the two opposing features of a parti-
cular criterion. The criteria are:

Ajy: the technique is concerned with dependence relationships, A,: the technique is concerned with interdepen-
dence;

By: concerned with the nature of relationships, B,: concerned with the strength of relationships;

C,: concerned with variables as separate entities, C,: deals with sets of variables;

D,: treats group differences rather than D,: relationships within the body of variables;

E,: concerned with testing existing classes, E,: concerned with creating classes;

F,4: usually deals with a few variables (say 2—20), F,: usually handles a very large number of variables (say
20—100);

Gy usually used for testing hypotheses, G,: usually used for suggesting hypotheses.

* Factor and component scores can be used for classifying, but the factor techniques are not designed for
this purpose.
in the analysis. The two groups here are: — (i) analysis of dependence in which
one examines the “effect”” of several “independent’ or predictor variables upon
a specified “dependent” variable or criterion, and (ii) analysis of interdependence
concerned with the relationships amongst all variables (criterion A). Regression
and factor analysis are examples of the two types, as Figure 17 illustrates.

In all the above attention is focussed on the variables rather than on the indi-
viduals. However, some techniques do consider the latter, and these may be con-
trasted on bipolar criterion E — those methods which group individuals into
classes and those which test the placement of individuals in existing groups 8.

The remaining two criteria concern the use of techniques in hypothesis testing

? The diagram is based on Kendall [20], p. 6, and [19], pp. 60—61.

8 Techniques such as D?, T?, and analysis of variance are really extensions or generalized
versions of procedures used in univariate situations. However, we are justified in regarding them
as multivariate methods if only because they deal with many variables and have features in com-
mon with other techniques contained within the field.
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or creating situations (G), and their capacity for handling large numbers of var-
iables (F). Factor analysis, canonical correlation, and components analysis are
designed primarily for very many indices, but analysis of variance and correlation/
/regression analyses work best with a smaller number. In the analysis of variance,
there are great complexities of design and interaction effects with a large number
of variables. For regression analysis, the linear estimation equation of the functional
relationship becomes exceedingly long when p is large, because each variable is
referred to separately. It is this problem which factor analysis and related techni-
ques were designed to overcome as they treat groups of variables.

STATISTICAL
TECHNIQUES
|UN|VARIATE I IHULTIVARlATEI
[ia==rphsr==" 1 A s o s
¥ : Measures of ANALYSIS OF ANALYSIS OF DISTAHNCE
pegpencies Dispersion DEPENDENCE INTERDEPENDENCE| | MEASURES
Measures of Analysis of ey Factor Discriminant
Central Tendency Variance jEgrseson Coiti;i ;on An.a.'giig Functions

etc etfc. - |
I Analysis of r01her I ICanor\ica|| l

Covariance

1
Principal
Cornponents

Latent Struc: Cluster Factor
ture Analysis Analysis Analysis

Fig. 1 Diagram of multivariate techniques

It has been seen, then, that the several techniques deal with the basic ingre-
dients of a number of individuals scored on several variables in different ways.
A brief glance at some basic procedures will help to clarify this point.

Most techniques examine the variances and covariances of the sets of observa-
tions or, more usually, the correlations between variables, ast he latter are stand-
ardized covariances anyway. Factor and canonical procedures investigate the
correlation matrix in different ways, whilst the variance, covariance, and discri-
minants methods use the dispersion matrix or consider different partitions of the
variances. The basic aim, however, rests upon the relationships of numerous
variables.

A second feature common to several techniques is the aim of reducing the
original p-dimensions to a reduced number sufficient to describe the information
contained in the original observations. This is done in factor, canonical, and
discriminant analyses by some form of linear combination of variables, the nature
of which is determined by the type of original information which the technique
preserves. Canonical correlation calculates the maximum correlation between
linear functions of two sets of variables; while factor analysis reveals the common



LR 4

t '0"}..? Cﬂ’ L
ﬂ&f’ﬁ % i *1_ 'ur 2

e :!’r\"' N $ '

) - . sitem Tibeamm {osdie 32
'-0’ “0 ovu_' *"‘/ Y ‘-r.‘.:’f. 'S e 2 A i
-' cL '/.l'. \*'w; L\v i .".i_": :

e, A

.w. %"A s r.w
L} k ,I.r‘;,»{..‘ x F.. ﬁam

) .‘f’:\‘s » . l‘ ‘U-"‘;fl‘f




l-\‘ e
.3.‘l ﬂ

s

.lm“‘ , o ""f"m

Sl

T e .

« i

htth{rcm org pI

at




2k
Yoty s

D el &5 e
AR SGL  EgYE  WE
Doy gl g Sl Lo Lo

R

s A .

0 L AN é re
R . .
o - - _‘
' &
-
" ‘\ = 4_“ L
i . [
LS ’
o 1
21\
i ] -.‘l -
A » :
/A
Ll
L L]
y#d o
K &
.:—‘A"'
.‘_t~‘ [ 4 d
L
'Sl'a
\ x-
v -



5 BRI .-a_&to‘ bkl
o R Bk b i) SN o7 0 TngieiaEasla . Tha
¥ E- . ,-. i s BT e Dl i ;m NQL‘ '.‘}'
A, X SRR S e e S T R T Yo

ot =y - 5 o g - ._'.'. g T e el .

-,’-"

i\ 2 > - . : ]
; - Wl v X P 3k A = e
4 < w‘
. % = T « . My e
- - ¢
R g :

i l-t."" ' ‘.’ B 7}:5 i o .“i“\F .
..- S - 2O § N i oy s Tk i F I nu\'&t‘f 33y .ﬁjv
: et

s S SO Bt
AP TN

._ e s \ ¢ » l,'
'1 "M..- RN N v,
{ ’-.“‘r"o-"’—? x“w‘r“" o
S 3 et TS u‘.’“




RELEVANCE OF MULTIVARIATE ANALYSIS TO GEOGRAPHY 165

‘TABLE 2. Principal components extracted from matrix of correlation coefficients for 72 variables

’ Number

. Cumulative \
Name of component Eigenvalue ! 57 2 of variables
% of trace

loaded 2
Level-of-living 22.30 30.97 36
Change 12.15 47.85 22
Urbanization 7.67 58.50 23
Location 3.41 63.23 6
Manufacturing 2.54 66.76 7
Race 2.25 69.89 9
Unemployment 1.83 72.43 6
Age 1.59 74.64 8
Old population difference 1.28 76.42 4
White-collar difference 1.18 78.06 2
Primary production 4 : 1.04 79.50 4

1 An eigenvalue is a characteristic value or latent root of a matrix. In factor analysis it serves to indicate the im-
portance of a component.

2 The trace of a matrix is the sum of the diagonal elements, which, for a correlation matrix with unities in the
diagonal, is equivalent to the number of variables, or, here, 72. The total variance of the matrix is 72, which is split
amongst a large number of factors the total of whose eigenvalues is also 72.

3 This refers to variables with loadings of 0.30 or more only.

4 By convention, only those eigenvalues greater than 1.0 are used.

The overlap of variables is measured in a less sophisticated way by cluster
analysis 14, which provides a means of grouping indices with similar correlation
coefficient profiles. (‘This is really the concept of question (3) above.) The techni-
que is not described here, but profiles are illustrated as a means of showing the
behaviour of one variable with respect to all others. The coefficients of correlation
for a single measure are obtained from the correlation matrix and plotted on
a graph containing r values on the y-axis and a list of variables along the x-axis.
One can compare profiles for different variables in this way, and it is instructive
that one can usually identify those variables that are eventually found to be conn-
ected with a mathematically — produced component.

This feature can be seen in Fig. 2, which plots the profiles of the five variables
with highest loadings on the largest factor, termed level-of-living. Each profile
has very little deviation from the others. Figs. 3 and 4 show other groups of profiles
where the variables are less closely related to the dimension indicated. The first
shows six variables with the highest loadings on factor II (change) and reveals
no very great deviations, but the other, component VIII (age), has considerable

4 Cluster analysis lies midway between a visual inspection of correlation profiles and the
extraction of dimensions by factor analysis. It involves the calculation of a coefficient representing
the similarity of profiles. Fruchter [13] has a description of the technique, and Mayfield [23]
a geographical application. Note that cluster analysis in this sense is not the same technique as
the analysis of clusters of individuals in p-dimensional space.
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TABLE 3. Variables with highest factor loadings on the largest factor, level-of-living

Short title Index Factor loading
Low income, 1950 053 0.90
High school, 1960 013 —0.90
Median income, 1950 052 —0.89
High school, 1950 054 —0.88
Median education, 1960 012 —0.85
Farm level-of-living, 1950 040 —0.84
Retail sales, 1948 056 —0.84
Low income, 1960 010 0.84
Farm level-of-living, 1959 039 —0.84
Houses sound, 1960 020 —0.82
Houses with phone, 1960 024 —0.81
Median income, 1960 009 —0.81
January temperature 067 0.48
Non-white, 1960 090 0.30

Note: 36 variables had loadings of at least 0.30 on this factor.
12 variables had loadings of 0.80 or more.
Only a selection of the variables is given in the table.

divergences for variables 064 and 021, which have, respectively, correlations of
only 0.69 and 0.63 with the factor.

The information obtained in a factor analysis also allows one to consider the
behaviour of all variables in terms of all factors by inspecting the rows of the

Variable Loading on
Number ‘Index name component AA-]
053 LOINC 2 ). G
¥ SCH 1 0.90
‘9 0.69
M M2 088
MEDEDC ). B

: 'v,;\ \/\ ' ;7‘\ 2 AL .:

N

en ngom e
Index number of variable used in correlation

Fig. 2. Correlation coefficient profiles of variables with highest loadings on component AA-1I
(level-of-living)
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................

Fig. 3. Correlation coefficient profiles of variables with highest loadings on component AA-II
(change)

Fig. 4. Correlation coefficient profiles of variables with highest loadings on component AA-VIIT
(age)

factor matrix. Some variables are highly associated with only one factor, for
example those used in Figure 2, whilst others are associated with several. Indices
of the latter type are not very useful measures of any single dimension in the
environment, as they overlap with several components. In addition, the sum of the
squared coefficients of a variable with the extracted factors indicates the amount
of variance accounted for. This is called the communality, or 42, values of which
are given in Table 4 for 12 of the total of 72 variables. The high values for var-
iables 009 and 010 are contrasted with the low communality of index 016 (unem-
ployment), the variance of which amounts to only about half of the total even
considering eleven factors. This variable obviously has little in common with
the others, even in a multivariable situation. Table 5 provides a summary of the

magnitudes of the communalities and reveals a large range from over 909, to
under 309,.
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TABLE 4. Communalities of some variables after rotation of the components with eigenvalues
of at least 1.0

Short title of variable Index Communality %,
Population density 003 97.32
Population change, 1950—1960 004 95.26
Old population, 1950 007 94.70
Median age, 1960 008 89.73
Median income, 1960 009 94.97
Low income, 1960 010 93.65
High income, 1960 011 79.19
Median education, 1960 012 81.86
High school, 1960 013 88.63
Migration change, 1950—1960 014 92.83
Unemployment, 1960 016 54.24
Rural farm, 1950 093 90.44

Note: Only 12 of the total of 72 variables are given above. The table is for illustration only.
The index number refers to the initial listing of variables from 1 to 93, from which 72 only were selected for
analysis.

TABLE 5. Distribution of communalities for all

variables
J Number of | Percentage of

Communality % variables variables
90.0—99.9 21 29
80.0—89.9 24 33
70.0—79.9 10 14
60.0—69.9 5 7
50.0—59.9 8 11
40.0—49.9 2 3
30.0—39.9 0 0
under 30.0 2 3

total 72 100

In summary, this short account has illustrated the use of factor analysis in
exploration of the relationships amongst a variety of environmental characteris-
tics 1% It has been utilised for screening variables, suggesting major dimensions
and the original variables most efficiently measuring them, and for indicating
the behaviour of the indices in relation to all components.

18 Factor analysis does have other uses. Factor scores, which represent the measures of the
cases on the factors, can be used in classification problems or for input into regression and other

analyses. There : re several examples of such applications in geography, e.g. Berry [3], Carey [8],
McConell [22], and Thompson et al. [32].
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170 DEREK THOMPSON

tifying the calculations of the discriminant functions for the grouping
analysis.

The use of the technique can be illustrated geographically by means of Figure 5.
This shows the classification number of each of the 157 urban areas as produced
by the discriminant functions analysis. The towns are then divided into those
which have a function number similar to that of the region in which they are
situated, and those with a different number. The latter are regarded as having
been mis-classified, and their true location in terms of functional similarity is
also indicated on the map. A summary of the classification is provided by Table 6,

Fig. 5. Urban areas mis-classified on the basis of
four computed discriminant functions

TABLE 6. Classification matrix for 157 urban areas in England and Wales

Discriminant groups Urban areas classified:
Actual

B Al 1 2 3 4 Total correctly incorrectly

1 36 7 3 3 49 36 13

2 3 15 1 4 23 15 8

3 8 5 41 10 64 41 23

4 0 2 1 18 21 18 3

Total 47 29 46 35 157 110 47
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178 LECH RATAJSKI

for the intervals resulting from the geometrical progressions:

x = a—1)
g+1

When ¢ is 2 the error amounts to 16.66 per cent, when g is 3 the error amounts

to 25 per cent and so on until it reaches a maximum at 50 per cent. With the use

of arithmetical progression the magnitude of this error is constant, amounting

where ¢ is the quotient of the progression.

to 25 per cent,

100——
e

-4
s
X

80 3 —_—
7044\ _—

"

(=]
[
>

e

Fig. 1. The error graph

1 — for equilateral triangle (the height), 2 — for square (the side), 3 — for circle (the radius)

In the case of the circle symbol an error of 16.66 is already reached when it
has a radius of 3.2 mm, and an error of 25 per cent occurs with a radius of 2 mm.
In the square symbol these values are correspondingly 6.3 mm and 3.8 mm for
the length of the sides and for an equilateral triangle 9.4 mm and 5.8 m for its
height. In conclusion, for small values the interval cartodiagram is better than
the continuous cartodiagram on the grounds that values cannot accurately be
measured if the former technique is used. Since the same error occurs with both
types of symbol it is more rational to replace the continuous diagram by the
interval one and vice versa. This is the point of changing methods (see Fig. 2).

The next pair of methods do be discussed are the continuous choropleth symbol
and the interval choropleth symbol. In the continuous case values are represented
by the number of lines contained in 1 cm. on the map (Fig. 3). The number
of these lines that can be shown is also limited by ocular precision. Assuming
the thickness of a single line to be 0.2 mm and the distance between any two
lines 0.3 mm, 20 distinguishable lines can be compressed into 1 cm on the map.
The precision of the eye also influences one’s ability to distinguish the areal units
possessing different intensities of blackness or colour. In the first case the Weber-
-Fechner law operates; in the second we have to allow for the sensitivity of the
eye to changes of colour tone. Following Arthur H. Robinson and John S. Keates,
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interval diagram

conlinuous diagram

Fig. 2. The graph of error bands

the author thinks practical considerations permit one to distinguish from 10
to 12 gradations. Therefore this number defines the nature of easily legible inter-
vals in the choropleth symbols employed.

According to the range of values to be portrayed the intervals will vary in
size and, as a result, there will be a corresponding systematic error defined by
the formula cited above. This error could be reduced by the application of the
continuous choropleth symbol for the low, but usually common, values of a series
of numbers, whilst keeping enough intervals for the higher values, which are
usually less numerous. This procedure has been checked by compiling popula-

N -
he scole of volve

AN ANNY A

S

The number of lines
in | cm shows the volues
in_measurement umnils,

Fig. 3. The continuous (left) and the interval (right)
choropleth symbols
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Fig. 4. An interval choropleth map

tion density maps of the Warsaw district. First, an interval choropleth map
using only 9 intervals was compiled. Next, the total population for the whole
district was read from the map. The value obtained differed from the original
number of inhabitants by 10.3 per cent (Fig. 4). Next, another map (Fig. 5) was
compiled, using the continuous choropleth for low values and the interval
choropleth for higher values. Because the minimum density of population in the
enumeration areas is 47 per sq. km. one line was made to correspond to a density
of 40 + 2. Thus, the point of changing methods is met at a value of 80 inhabit-
ants per sq. km. For the remainder of the map the interval choropleth of 8
intervals was employed. The population figure read from the map was very close
to the original one, with am error of only 0.3 per cent. 'The point of changing meth-
ods for this pair of choropleth symbols occurs where the density of lines in 1 cm.
is at a maximum (20 lines). However, this value is not the same in every case.

Finally, for the third pair of methods the uniform dot method (Fig. 6) and
the multi-scale dot method (Fig. 7) the point of changing methods is defined
by the limit of legibility. In this case the most important thing is to count dots on
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Fig. 5. An interval choropleth map with continuous scale for low values

a sufficiently large area. In practical terms the dot should not be smaller than one
having 0.4 mm diameter and the spacing between dots should not be less than 0.3mm.
From these assumptions a maximum of 200 legible and distinct dots can be
placed in 1 sq. cm. of map area. This density of the dots defines the point of
changing methods. If it were necessary to present a value greater than this density
for 1 sq. cm. one would be forced to replace the classic uniform dot method by
the multi-scale one. By using this idea of the point of changing methods carto-
metric considerations will be respected and the coalescence of dots into an illegible
mass can be avoided.

Unfortunately these investigations on cartographic methods are here limited
to thdse mentioned above. However, from the examples discussed above it may
be supposed that other cartographic techniques can also be viewed in terms of
related pairs of methods. The realization of the existence of the cartographic
pairs of methods conditioned by the point of changing methods should make
the construction of economic maps easier by the use of more logical methods.

University of Warsaw
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* 1000 inhabtitants

Fig. 6. The uniform dot method. One dot represents 1000 inhabitants

10 000
50 000

240000

Fig. 7. The multi-scale dot method
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216 V. BRUCE PROUDFOOT

glacial deposits and it is probable that the arched and contorted structures found
in many sub-glacial disturbances and push-moraines [22] have been formed
by compressive forces, with results analogous to those produced experimentally.
Ramberg himself has also studied the flow-pattern of moraine-carrying glaciers
using models whirled in a centrifuge to simulate ice-flow [23]. Substances with
high viscosity, such as bouncing putty were used as glacier-imitation materials.
It was possible to produce experimentally realistic-looking fold structures of
the kind seen in such piedmont glaciers as the Malaspina Glacier in south Alaska.

Competent shaded
Incompetent  white After Ramberg. 1963

Fig. 1. Laboratory compression of competent and incompetent layers to produce chevron folds

In a series of experiments carried out by Dzulynski and Walton suspensions
of plaster of paris and water were poured into tanks containing settled clay or
gelatine to produce artificial turbidity currents [24]. They were able to reproduce
experimentally a wide range of features similar to those recorded in natural
sedimentary rocks. Load structures were also produced by carefully sieving
a mixture of fine sand and plaster of paris so that it settled through water on to
the surface of already settled muds. Resulting from these and other experiments
they suggested that two general principles were applicable: 1. Turbid, sediment-
-laden flow under water and in sub-aerial conditions is similar; 2. Such flows
may move easily whenever they enter into a quiescent water basin regardless
of its depth.

Selley and Shearman [25] have reported other experiments. In the first
series very fine grained sand was allowed to settle and accumulate with a relatively
loose packing. Thin layers of black sand were added at intervals to give a visible
bedding in the deposit. After deposition had ceased the container was given
a severe shock which caused the sand grains to fall into a tighter packing. The
bedding in the lower parts of the sand remained virtually undisturbed but the
pore-water expelled from these lower parts produced local intense disturbance
of the bedding in the upper layers. Where current bedding had originally been
simulated the upper layers of this were completely obliterated. In a second series
of experiments, a thin bed of clay was interposed with the regular bedding of
sand. When the tank was shaken after deposition had ceased, excess pore water
from the lower sand collected in a thin layer below the clay, then burst through
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220 V. BRUCE PROUDFOOT

experimentally could occur. Such circumstances would arise, possibly only in
a micro-habitat, when there was an accumulation of organic matter which could
be readily metabolized. The cumulative effect of small-scale reactions over
a long period of time could be an important factor in the weathering of minerals.

Opportunity to study the weathering of fresh rock debris has recently been
provided by the erection of an experimental earthwork at Overton Down, Wilt-
shire [41] (Fig. 3). This is part of an experimental programme initiated by a re-
search committee of the British Association for the Advancement of Science.

Fig. 3. Isometric drawing of experimental earthwork on Overton Down, Wiltshire, England

The primary purpose of the experiments, which are designed to last for more
than a century, is to study the erection and denudation of earthworks so that
quantitative information can be obtained that will be useful in the interpretation
of archaeological excavations. Incidentally, however, considerable information
of geomorphic significance is being obtained and it is this which will be discuss-
ed here.

Since experiments are being carried out over a relatively long period of time
and the results must be easy to interpret and to compare with those from other
experiments and from archaeological excavations, the experiments have been
kept relatively simple. Each consists essentially of a linear bank and ditch built
to uniform specification so that sections cut through the bank and ditch-fill
after successive intervals of time will indicate changes through time, parent
material and other factors remaining essentially constant. The first earthwork
was built on chalk downland at Overton in Wiltshire in 1960, the second on
sandy heathland in Dorset in 1963. Basically the earthworks consist of a ditch
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FIELD AND LABORATORY EXPERIMENTS IN GEOMORPHOLOGY 223

fragments of mosses and other plants; and crumbs of humus. With the exception
of the moss fragments, which might have been derived from plants growing
on the bank, although none had been seen in spite of careful search, this organic
material had obviously been blown on to the bank from the surrounding area.
There was concentration of a considerable amount of organic matter in the fine
fraction (< 2 mm.) of all the samples from the surface of the bank. Values in
all size grades are higher for base (maximum 3.1%, in the fine fraction) and top
samples than for middle samples.

} . Ditto nlerred

4+ Dorsel earthwork

Fig. 4. Rate of filling of ditches of experimental earthworks, England

Virtually all this organic matter represents material blown on to the surface
of the bank or deposited during snow fall. The outermost layer of the bank init-
ially contained some organic matter derived from the ditch trimmings but this
was so insignificant in amount that it was not recorded in the samples collected
from the bank surface in 1962.

The silting of the ditch as a result of the weathering of the sides provides
opportunity on a small scale to examine one of the classical problems in geo-
morphology — that of slope development. As expected according to theory,
the material falling on the ditch floor has protected the base of the ditch side from
further weathering and left a “nose” of unweathered rock beneath the ditch-fill



ot pmas e paiapa 5 ;%
T T RIS eRN o Tl A
; .:‘,r‘-é‘: P T e

L T ¥
1] ’
NG A R ekl ? ¥y (% ey ‘7
P ? b ¢ 2V V."iu
. ] i
TR ity S B ' PR VI

4% - K1s H?"' ‘ - = ~ a8 ’:‘*b"p;.

P " <
"hc‘-.,_'. s T : - " R ety B AL

L 4
s s R : . ¥ 2
ot % - k.
. RN kr \
N R o % "
- e P . .
> - W v AL ¢ e X
e < TRt TR S Ay oy e
: TS AR Al P Ll s
. SWTRY ¥ olh_ "y AP S ¥ ) ¢ y
e o ,’.'. i» > Py .‘..l § X [ . 1 ¥
SR ST T e S L AR R TR T y (8
' e 3 & - i
¥ & f ol 4 R R A
P | ’ b 2 4 . »
LR ¥ "\'.‘.'}.‘x_@ %5 M "‘32. y ’ -
24 ,-,;b SR CTET T W - : y
| oy w0 g ” St o : o

- -
{
» i
‘1
.
<
<
.y

N o
"

i_ - g T vg“" ‘. ey 4 A 3 /-1'-"-‘

v - --.' e -
= -

e ~'*"-\r‘¢.'-‘.\--,~ FE

oS P
'y
¥

» >>

-

L 4 sl . -
e i ._~.."q"3 Ry A ¥
] 3 i ! ol

o ‘4‘ -l 5 ¥

T oWy

K .u:iﬁ;,. P (o
Sharyen i (LA TS A LS
.$- ® gy M

N Tl 4 8







AN ST
JF_AAfﬁwf

b s

\tmyn S BLLY
SRR T
o e o yt -v,‘.h
;\‘a ou:ﬁl' i)
1’|r'V'\‘ e
‘-‘ﬂ vw-_. O‘Nl T
: : Ay W -but P
: e ;. — ' gy ¢ * ! ‘Qlim Feidi f‘

R Y 7 “.‘.::, ',‘AA,._. S : -.I. ‘). Y 'q'L p.-‘ “ s £ ) n[.r:
: "’*. : ’ y h . (¥ - TN T r ’ r“- e 4 .‘ﬂ ok
I“' J', 4 o
Lol e A1AM)
":'J( A SNV

.‘ll g» t o~

mmﬂmmompl
2 N SR N

#






228 MARJORIE M. SWEETING

TABLE 1. Comparison of the Durognost, Palintest and E.D.T.A. titration methods of hardness

determination
Durognost Palintest E.D.T.A. Titration
Derbyshire Samples 249 230 248
142 144 147
258 231 259
205 181 189
249 250 254
Norwegian Samples 36 41 39
(collected by A. F. Pitty) 71 70 68
45 43 46
37 36 31
53 51 63

(from I. Douglas [2])

form 103 p.p.m. to over 320 p.p.m. calcium hardness. Ford believes that varia-
tions in the fabric and lithology of the limestones have not been taken into consid-
eration sufficiently [5].

The solubility of limestones is influenced by many factors, of which the
amount of carbon dioxide in the soil and the nature of the lithology of the lime-
stones are some of the most important. Work along two main lines illustrates these
conclusions.

First, in the Peak district of Derbyshire, Pitty has conducted a careful study
of the karst water in a sample cave, Pooles Cavern [6]. The variations in the
quantities of dissolved calcium carbonate are shown in Fig. 1 for throughout
the year, from May 1963 to July 1964. The difficulty of recognising any pattern
in the changes from month to month can be seen from this figure. Pitty has,
however, subjected these results to statistical analysis and this has yielded cor-
relation coefficients between the climatic data and hardness fluctuations which
appear to be statistically highly significant. The most reliably established and
the most interesting positive association established by Pitty is that between the
calcium hardness of the water and the temperature at an interval of about 84 days
before sampling. This association is unlikely to result from a direct chemical
relationship, because the speed of the reaction is unimportant if the water takes
so long to move through the limestone. This correlation suggests that biochemical-
ly generated carbon dioxide is involved, controlled in its fluctuations by the
temperature. From a study of the importance of carbon dioxide in the soil Pitty
concludes that the positive correlation with hardness shown in most of the sam-
pling stations is a complex physical and biochemical chain. He goes on to say
(p- 38): “In view of the complexity of the processes involved perhaps the term
rhizosphere carbon dioxide could be useful and more precise, by implying the
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Fig. 1. Calcium carbonate content in parts per million
(from A. F. Pitty, 1966)

manner in which surface vegetation is involved in the production of soil carbon
dioxide.” The pattern shown in Figure 2 shows the rapid increase in hardness
caused as a result of carbon dioxide increase in February and March, and which
Pitty likens to the “spring burst” of activity frequently noted in the studies of
micro-organisms. Furthermore there is a positive association with an increased
calcium content in November: this characteristic can be attributed to the influence
of maximum production of rhizosphere carbon dioxide in mid-summer, the
effects delayed by the slow movement of the karst water. Hence the conclusions
from this picce of work are that there is an appreciable correlation of the content
of the karst water with the tempcrature 84 days or so earlier: rhizosphere carbon
dioxide may explain the high hardness and the fluctuations, even if other modi-
tications mask the rhythm of the main factor. Morcover, the results also show
that there can be marked contrasts between amounts and rhythms of solution
in the cave waters between sampling points which are less than a metre apart,
and from year to year. Thus it is concluded that any results drawn from one
locality must be carefully viewed, particularly from the morphoclimatic point
of view. This has also been stated by Gams in his work on karst waters in Slo-
venia [7].
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Fig. 2. Calcium carbonate content in parts per million
Air temperatures are mean figures for periods of 9—12 weeks (SP) and 15—18 weeks (S5) prior to sampling

(from A. F. Pitty, 1966)

Fig. 3. A divisional scheme for the textural characters of carbonate rocks. For N.W. England

1 — Micrites; 1—10% calcite. Dense groundmass (cement) with occasional dust-like particles and micro fragments
of fossils
2 — Biomicrites

a. Sporadic; 10—209 calcite. Dense to dusty groundmass (cement) with small and shred-like flakes of calcite; and
with small and occasional determinate fossils, all dispersed and scattered through matrix

b. Packed; 20—509% calcite. Fine grained groundmass (cement) made up of closely packed particles and angular frag-

ments of calcite with fossils occas oolites (Oomicrites)
3 — Sparry limestones

a. 50—759% calcite. Medium to coarse-grained groundmass. Well formed crystal plates of calcite. Also fragmental
and granules of calcite as a cement. Fossils common

b. Over 759% calcite. Coarse—grained groundmass, with large plates and mosaic-forms of calcite. Numerous fos-

sils can occur and these are often preserved in cryst. calcite. Cement very sparry with little pore-space

(modified from R.C. Folk, 1962)
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232 MARJORIE M. SWEETING

A programme of water sampling in the north west of Scotland in the area
of the Durness limestone of Cambrian age, has now been started. Here the limest-
ones are partly dolomitic. It has been pointed out by D. I. Smith that the pro-
portion of magnesium in karst waters is approximately in proportion of magnesium
in karst waters is approximately in proportion to the amount of magnesium
carbonate in the limestones [9]. Other aspects of magnesium solution have been
dealt with by Douglas and by the author [10, 11].

Fig. 4. Differential solution of limestones. N.W. Yorkshire

I — Sparry limestones; W. part, 2 — Biomicrites; E. part

Attempts to measure the rate of limestone solution directly are also being
made. These are being done by the University of Bristol Spelaeological Society
in their work in county Clare, Ireland. The instrument for measuring the rate
of erosion consists essentially of a tripod with a depth measuring meter on it.
On this tripod is mounted a ‘clock-gauge’ precision meter which indicates on
a scale the linear movement of its probe. The particular clock-gauge used indicates
the movements’ increments of 0.0025—4 mm. Several of these instruments have
been placed in caves in county Clare and measurements are being taken. Under
good conditions it is claimed that it is possible to measure the depth of limestone
removed over periods as short as two days. The repeatability of the readings
is 4 0.00025 mm [12]. The first results confirm the relatively rapid solution of
the limestones by cave waters in this area.

Karst waters are also being studied along the line that Jakucs has developed
in Hungary, by means of flood wave and pulse phenomena [13, 14]. In this
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Fig. 5. 1. General form of a flood wave. II. Addition of pulses

1 = Form of flow at A, 2 — Form of {low at B, 3 — Form of resultant flow at C
(from K. Ashton, 1966)
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Fig. 6. I. Addition of complex pulses. II. Flow characteristics of a loop

1 — Form of flow at A, 2 — Form of flow at B, 3 — Form of resultant flow at C

(from K. Ashton, 1966)
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234 MARJORIE M. SWEETING

method the waters of a cave or rising are assumed to originate from varying
sources and to be made up of several different types of water. For instance they
contain waters from both the streams which originate on the non-karstic ground,
and waters from the general percolation which have percolated slowly through
the limestones only; the temperature, pH and hardness of these differing waters
are normally distinctive. The methods used by Jakucs represent some of the
first to attempt to separate out these waters in a cave or spring system. With
the help of computers it is now possible to analyse the results of the flood pulses.
The analysis is based on the fact that after heavy rains or a flood, the waters in
a cave or spring will rise, but that the water that is first expelled through the cave
or spring will be the ground water which is forced out of its passages by the
pressure of the incoming flood water. This ground or phreatic water is recognised
by its high pH and high concentration in calcium carbonate. Later the ground
water is replaced by the flood water as it comes through and the pH becomes lower
and the concentration of the calcium carbonate more dilute. A common pattern
is indicated in Figure 5. The length and duration of the ground water charac-
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Fig. 7. Black River, St. Catherine’s, Jamaica. 9.9. 1963
(from K. Ashton, 1966)
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Fig. 8. Caves of post-glacial age in the Burren of County Clare, Ireland
A. Flagstone, B. Shale, C. Limestone, D. Cave passages, E. Drainage known, F. Drainage postulated
1 — Pollapooka, 2 — Faunarooska, 3 — Pollballiny, 4 — Polldubh, 5 — Poulnagree, 6 — Coolagh River 7 — Pol-
-an-lonain, 8 — St. Catherine’s I, 9 — Doolin Cave (Fisherstreet Pothole), 10 — Pollnua, 11 — Pollbinn, 12 — Pollna-
gollum, 13 — Poll Elva, 14 — Pollcragreagh, 15 — Killeany Rising, 16 — Owenterbolea, 17 — Upper St. Brendan’s
Rising, 18 — St. Brendan’s Well, 19 — Cullaun I, 20 — Cullaun II, 21 — Cullaun III, 22 — Cullaun IV, 23 — Poll-
cahermaan, 24 — Gragan West Cave

(From British Caving: Ed. by C. D. Cullingford, 1962, and prepared by the Univ. of Bristol
Spelaeological Society)

Several karst phases can be recognised in the region surrounding Morecambe
Bay, in N. W. England. This area consists of many low limestone hills (from
100—300 metres high). The slopes of these hills are largely covered with limestone
screes at an angle of 30—35° which are banked up against steeper cliffs of lime-
stone. Scree formation is not at all active in this part of Britain today [24], and
it must be supposed that these large formations of scree occurred during colder
phases of the Pleistocene. The steeper slopes which occur underneath the screes
are smoothed and potholed by water erosion and solution; at the foot of the steeper
cliffs there are occasional foot caves or fusshohle. These cliffs have clearly been
subject to quite a different climate from that which formed the limestone scree
slopes. This climate may have been a warmer phase during the great Interglacial
in the Pleistocene or, more likely, a warmer climate during the Tertiary period3.

3 Ashmead notes also the development of horizontal caves in this area, which may be
related to Pleistocene sea-levels. Ashmead, P., The origin and development of caves in the
Morecambe Bay area, Trans. Cave Research Group, 11 (1969), 3, 201—208.
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SATELLITES IN GEOGRAPHICAL RESEARCH 245

Fig. 1. Gravitational anomalies revealed by perturbations in a satellite orbit
The four arrowed regions have excessively high gravitational pulls
(From O. W. Williams, Surveying the Earth by satellite, Science Fournal (1967), 7)

The first, including ANNA and GEOS satellites, emit signals using an on-board
power source; the second, including the balloon-type satellites ECIIO and
PAGEOS (Passive Gceodetic Satellite) must be illuminated by the sun and pho-
tographed against a stellar background: hence a need for clear skies; and the third,
including the SECOR family, carry reflectors to co-operate with ground-based
emissions such as radar and laser beams.

Eight years’ results arc described in detail elsewhere (e.g. Dulberger 1965),
and only a very brief summary can be included in the present paper. Relating
to the objectives outlined above, significant results include the following: 1) In
crude, non-mathematical terms, the Earth has been described as pear-shaped,
with an elliptical equator, and a number of irregularly-distributed depressions
and protuberances. 2) Current measurement techniques can relate and can map
positions on the Earth’s surface to an accuracy of 10—30 metres within distances
of 1000—3000 kilometres. IHigh precision maps are facilitating new techniques

Geographia Polonica — 17
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Plate 1. A Gemini-1V manned spacecraft photograph, taken on 4th June 1965, over the Arabian Peninsula. The Hadhramaut Plateau
is dissected by the dendritic tributaries of the)Hadnramaut(Wadi. The (Gulf of Aden is towards the top of the photograph

(Courtesy of N.AS.A,;
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SATELLITES IN GEOGRAPHICAL RESEARCH 253

ment, and decline. Weather satellite photographs have much to offer here. Var-
lous atmospheric systems have been examined through this medium in isolation
rather than in their regional contexts. The geographer, in approaching the same
photographs may need to interpret a much wider range of cloud patterns. Figures 2
and 3 show the author’s initial attempt to devise basic outlines for a genetic
classification of meso- and macro-scale arrangements of cloud. The primary
division is on the basis of cloud related to undisturbed atmospheric flow (Fig. 2)
and that perturbed by abrupt irrcgularities on the Earth’s surface (Fig. 3).
Later, electronic computers may be set to search for stereotypes of these and
similar kinds. The ability to recognise a broad selection of atmospheric systems,
made- visible by clouds, is essential to the New Climatologist.

SATELLITE VieweD
ATMOSMWERIC PATTERNS

CLOWS VORTWCRS PADMIAL & INSTARGLITY Ban0S ANTICVCLOMIC CLOLD FiELDS
«TROMCaL FATRA ~TROPCAL uvn- an LOwER Ak WA an LOowie AR

FLARAL ll

v i LR LEL L

.-s"—\ o~

qkA\. w

’ .\'."A\ ~~ 'v“l

2

Fig. 2. A basis for the genetic classification of satellite-viewed cloudiness

T'his scheme is capable of claborate development in the light of present knowledge

TERRESTRIALLY ARLATRD
CLOUD PATTERNS

LAND ocean
' . su'uo unl-a |
OVERLAND INSTABIITY ' L E LR
tivn ey et SR
o sTRATO-
Cumn wcaem
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r T T ol r - r T 1 ' ' 1
IR ONST  Beiow  PROUS TVE SMOKE  CUMAMORM SIRID  CUMAD mmo—n oo
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Fig. 3. A basis for the genetic classification of satellite-viewed cloudiness which is related to the
underlying terrain
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Fig. 4. Distribution of individual data from nephanalyses. January 1966 — number of obser-
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Fig. 5. Distribution of individual data from nephanalyses. July 1966 — number of observations

Fig. 6. The distribution of cloudiness in January 1966

Unshaded areas averaged less than 20% cloud cover; lightly stippled areas 20—509 ; heavily stippled areas 50—80%;
and dark grey shaded areas above 80% cloud cover
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Fig. 7. The distribution of cloudiness in July 1966

Unshaded areas averaged less than 20% cloud cover; lightly stippled areas 20—50% ; heavily stippled areas 50—80%;
and dark grey shaded areas above 809, cloud cover

For 1967, the data distribution was even more uniform and complete, since
single composite nephanalyses are now being issued by the U.S. Weather Bureau
for the North Atlantic quadrant of the Northern Hemisphere. The researcher
will no longer have to piece together several charts to obtain a partially complete
cover of his chosen region each day, and, secondly and even more importantly,
with fewer nephanalyses being issued, the pressure on the facsimile recorders
at Bracknell is lessened : fewer nephanalyses will be lost because of the unavailabi-
lity of machine time to receive them.

3. Investigations in the infra-red

These are highly significant in that the raw data received from satellites
are temperature recordings. Satellite cloud photographs illustrate aspects of the
structures of atmospheric systems; infra-red data quantify the energy involved
in them. Table 1 summarises the wavebands investigated by TIROS and NIMBUS
satellites. The Russian satellite COSMOS 122 recorded within the wavebands
from 8—12u, 0.3—3, and 3—30u, comparable with three of the TIROS medium-
-resolution channels.

Since the low, medium, and high-resolution radiometers resolved radiation
patterns to within 750, 75, and 2.5—5 square kms. respectively, their applicability
to atmospheric problems differ accordingly. Whilst the first has provided inform-
ation relevant to general global heat budget problems, the second has been more
valuable in the study of individual weather systems. For example, medium-res-
olution infra-red recordings have been used to construct temperature maps
of hurricanes and the atmospheric fields in which they are embedded. One com-
puter programme has averaged data within grid elements measuring 2.5° square
at the equator, for all five of the medium-resolution channels employed in a TIROS
satellite (Bandeen et al. 1964). Small, intense disturbances of the hurricane
variety stand out in stark relief on all the resulting maps: channels 3 and 5 both
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TABLE 1. Infra-red wavebands investigated by weather satellites

Type of radiometer] Channel etk
and where A Measurement
satellite family appropriate

TIROS 0.2—4 5 Short-wave solar radiation
lL.ow resolution —
radiometer 7.0—35 n Long-wave Earth radiation
TIROS 1 6.0—6.5 n Absorption by water vapour
Medium  resolu- (or) 1 14.5—15.5 n Absorption by CO,
tion radiometer 2 8.0—12.0 s Major ‘“‘atmospheric window”

3 0.2—6.0 u Reflected solar radiation

4 7.0—30.0 g Long-wave Earth radiation

5 0.55—0.75 u Reflected visible solar radiation
NIMBUS 3.5—4.1 u Surface temperature of earth or cloud
High resolution _— tops
radiometer

show high reflectivity of light from the dense overcast of the vortices, and chann-
¢ls 1, 2 and 4 all indicate low temperatures in the same areas. Estimates of the
energy involved in these and other storms can be made from these quantitative
data. Procedures are being developed to estimate aspects of the vertical structure
of the atmosphere from the same data, including the heights of cloud tops,
and vertical temperature profiles up to the tropopause. Here again is an opportunity
for the climatologist to approach his subject through factors which can more
aptly lay claim to the description of “truly active” than any employed by Thorn-
thwaite. Finally, the high-resolution recordings have permitted detailed studies
to be carried out, including those of variations in land and sea-surface temper-
atures, and will be especially useful in night-time cloud studies. By feeding the
data into a fascimile machine, images of night-time cloudiness have been obtained
(See Plate 5). In these, the darkest areas are those of highest temperature, namely
the oceans; the brightest areas are coldest, namely high cloud tops and snow-
covered mountains; the intermediate areas, appearing in shades of grey, include
other land areas. Diurnal variations in cloud cover can be examined by compari-
sons of satellite photographs and the satellite infra-red recordings of sufficiently
high resolution.

Thus the energy observations designed to aid the atmospheric physicist in
his work again provide material that the climatologist should not neglect.

TERRESTRIAL GEOGRAPHY FROM SATELLITES

In this final section consideration will be given to two separate, yet related,
questions. First, the distributions on the Earth’s surface that have been clarified
by weather satellite data, and sccond, the proposals that have been made for
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indicating such features as leads or breaks in sea-ice. These features can then
be investigated more closely by aircraft, whose services are less widely and more
efficiently employed than before. High-resolution infra-red data from NIMBUS
satellites have been analysed to show that they permit the recognition of varia-
tions in the age and state of ice and snow. Popham and Samuelson (1965) des-
cribed clear contrasts between infra-red readings from continental shelf ice,
continuous and discontinuous pack-ice, and arcas of ice-floes. With only a little
improvement in resolution, resource estimates of upland snow accumulation
for potential hydro-electric usage will become feasible.

Very recent work by Warnecke et al. (1967) demonstrates the use of high-res-
olution infra-red data, from cloud-frec areas, in mapping paths of ocean currents.
Earlier studies based onsimilar data have led to the discovery of former lake beds
and abandoned river channcls, which are detectable in the infra-red by virtue
of variations in moisturc retention amongst sorted surface materials.

Many other topographical phenomena have been recogniscd on weather
satellite photography, including vegetation associations, geological structures,
soil types, and desert land-forms. Without exception, however, these can be
studied better using colour photographs of the Mercury and Gemini types.

TABLE 2. Proposed experiments for remote sensing of the Earth

. Agriculture ooy e Oceano- e b
pplications ot eology ydrology by eography
Photography Soils; Surface struc- | Drainage State of Cartography;
Veg. growth; ture patterns; the sea; Land use;
Plant discase Soil moi- Turbidity Transport; Pop-
sture ulation;
Topography
Infra-red Terrain Areas of Areas of Ocean Land use
composition; thermal anom- | cooling currents;
Plant aly; Sea ice
condition Mineral
distribution
Radar Soil Surface Soil moi- State of Cartography;
imagery characteristics roughness; sture; the sea; Geodesy;
Tectonics Run-off Ice charac- | Vegetation
slopes teristics
Microwave Thermal state | Sub-surface Snow and Snow and ice
radiometry of terrain layering ice
Remote Mineral depos- Surface
geochemical its; flora
testing Trace elements
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