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6 P. Vincent et al.

a middle slope an angle of 36-37° and the lowest slope developed on the coal slag,

28-29°. Beneath the lowest slope of the terraced slag heap the fluvio-glacial material
develops a slope having a modal angle of 36-37° (Fig. 1).

In May 1971 the County Council decided to sow grass (Deschampsia flexuosa)







8 P. Vincent et al.

terracettes, probably formed by slumping, occur on the lower slopes developed on
the fluvio-glacial material. They are covered with naturally sown Deschampsia
flexuosa and were not disturbed by the reclamation programme (Fig. 4).

During the course of their research on the genesis of terracettes the authors usually
measured the following morphological properties of a terracette to facilitate des-
cription; riser angle, riser length, tread length and tread angle. These four measure-
ments for 31 natural and 31 man-made ‘terracettes’ are presented in Tables 1 and 2.
The 62 sets of observations formed the data for the analysis we describe in this paper.

TABLE 1. Terracette morphology. Natural Terracettes (Y = 1) Site:
Robin Hood Siding, Clifton, Manchester. Grid Ref. SD 783032 No. of
Observations = 31 Bearing 320°

Riser angle Riser length Tread angle Tread length

degrees metres degrees metres
50.00 00.11 11.00 00.46
58.00 00.12 07.00 00.29
84.00 00.07 08.00 00.25
72.00 00.10 08.00 00.36
76.00 00.16 14.00 00.40
57.00 00.20 06.00 00.28
74.00 00.14 09.00 00.20
77.00 00.22 12.00 00.33
71.00 00.19 10.00 00.45
62.00 00.15 12.00 00.43
56.00 00.18 10.00 00.28
74.00 00.22 03.00 00.21
86.00 00.15 16.00 00.22
83.00 00.22 07.00 00.27
88.00 00.15 10.00 00.35
89.00 00.22 15.00 00.33
72.00 00.23 13.00 00.30
83.00 00.16 14.00 00.37
83.00 00.13 13.00 00.29
80.00 00.17 19.00 00.50
88.00 00.19 08.00 00.20
79.00 00.12 16.00 00.21
79.00 00.18 08.00 00.28
90.00 00.29 14.00 00.53
72.00 00.10 15.00 00.28
84.00 00.27 17.00 00.24
79.00 00.19 10.00 00.28
77.00 00.19 06.00 00.25
66.00 00.16 12.00 00.32
74.00 00.21 07.00 00.23

70.00 00.27 07.00 00.25
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10 P. Vincent et al.

tion between the two populations of terracettes has been considerably aided by good
documentary information; it is not difficult, however to imagine situations where such
information is unobtainable. In these cases the geomorphologist might well consider
adopting statistical devices to help him sort out the position of difficult cases.

DISCRIMINANT ANALYSIS

In discriminant analysis, man-made and natural terracettes are assumed to be
drawn from two distinct populations. The aim is to calculate from the explanatory
variables, X;, a score or discriminant function which may be used to assign cases
into one or other population.

The function takes the form

Z = XA.

Fisher (1936) stated the problem as one of deriving a linear function of the observed
variables X such that the separation of the difference between their means, is grea-
test in relation to the variance within each population. Necessary conditions for
this analysis are that the X variables follow a multivariate normal distribution with
equal variance-covariance matrices in the two populations. The square of the distance
between the means of the population is

(2,—2,)* = (f}i_’ k) = xddi,

i=1
where

Xll X12
XZI X22

Xe1 X
and the variance within the population is

[ o s
SHZ) = ¥ Y AAS,=AS.A

J=

I

Where S. is the common variance-covariance matrix, Fisher’s proposal was to deter-
mine A so as to maximize

@i=Zpporog oy

S TS S
g Jj

Differentiating with respect to 4; and setting to zero, we obtain the equations of
the form

}»lsi1+225i2+...+lksik= Cd,-, = l,..., k,
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12 P. Vincent et al.

When the dependent variable is dichotomous we may assign the values 0 and 1 accor-
ding to

3 1 if the event occurs,
; 0 if the event does not occur.

In this case the conditional expectation of y given X may be interpreted as the condi-
tional probability that the event will occur given X

i.e. E(y|X) = prob(y = 1|X) = Xp.

The predicted value of y (y — XB) is an estimator of this conditional probability.
This is a computationally simple method which can be useful, but the method suffers
from a number of defects.

Firstly, the O.L.S. assumption of homoscedasticity is violated. Consider the zth
observation

v, = X;f+u;, where X;f is the 1ith row of Xp,
u, =y, —XJ.

Since y, is either O or 1, », must be either —X;f or 1—X;B.
If E(w;) = 0 then its distribution must be

u | flw)
Xp 1—-X;p
1—-Xf X.p

with variance
E@) = (—X'f)* 1-X"p)+(1—-X"p*(X"f)
= X’iﬁ(l “‘X'iﬂ)
= E(y)[1—E(y)].

Thus the variance-covariance matrix is

The disturbance term is, therefore, heteroscedastic, varying with X.

Within the range 0.2 < E(y;) < 0.8 the variance of the disturbance term changes
relatively little and so within this range there is unlikely to be a serious loss of
efficiency in using O.L.S.. However, for values outside this range the loss of efficiency,
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14 P. Vincent et al.

The linear logistic model is y = X and v, is the logistic transform of the probability
of success p,.

The parameters of the model may be estimated by maximum likelihood methods
using an iterative process (Warner, 1962, p. 19; Cox, 1970, pp. 87-91). The likelihood
of the sample is

L=p,py...p;(0—p, DA —p,.5) ... (1—p,),

lOgL = 5:10&0,--!- Z' log(l —pl) = Zs‘ X;ﬁ— Zﬂllog(l +el\"1),
i=1

=1 1=s5+1 i=1

Differentiating log L with respect to 5 and setting to zero gives the normal equa-
tions determining the maximum likelihood estimates of the f’s.

n X R s n
~—y - S 2 |
\ X, \ X; . 1X' \ Xip, = 0.

'R
1=1 1=1 110 ¥ i=1 i=1

For the purpose of this study we have used a slightly modified form of the logit model
as proposed in Fisher and Yates (1963, p. 16),

,2‘11

ie. E(y,= 1|X) = prob(y, = 1|X) Tre

P

1
o that— loge - Y
which is estimated by 9, = X;B.
The computer program used for the logit analysis in this study is the Quantal Regres-
sion Program by D. Clayton of the London School of Hygiene and Tropical Me-
dicine.

RESULTS

An initial O.L.S. regression was fitted to the data prior to logistic analysis. This
was appropriate for two reasons. Firstly, it seems likely that many researchers would
approach this data problem via O.L.S. and we were interested to see if any predicted
values of fell outside the range (0, 1) which is a problem we have previously mentioned.
Secondly, because logit analysis is an iterative process estimated starting values of
the parameters may be supplied; O.L.S. regression was used to provide these star-
ting values. The following O.L.S. results were achieved

y = 1.0582+0.0089.X, —0.7960.X; —0.0524 X, —0.9030 X ,
(0.4717) (0.0045) (0.9565)  (0.0109)  (0.6140)

R? = 0.476, F, 57 = 12.95, (P« 0.0001), (R? = 0.439).

Eleven of the predicted values fell outside the range (0, 1). The above regression coe-
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ficients were used as starting values for logit analysis which after 400 iterations
gave the following results:

9 = 1.1699+0.0607.X, —4.8637.X; —0.2967X s —1.7358Xs.
(1.1685) (0.0276)  (4.0811) (0.1007) (2.2882)

Likelihood Ratio y3 = 42.047, (P « 0.0001).

The fit of the logistic model may be investigated by finding the values of 49 for
each case and comparing them with the observed responses (Table 3 and Fig. 5).
It can be observed that the scatter of points conforms reasonably well to the logistic
curve. It is also possible to show graphically how well the model separates the two
populations of terracettes. Figure 6 shows two histograms for the ‘success’ and
‘failure’ population of terracettes and illustrates very clearly how the ‘success’ cases
are associated with dominantly positive values of 9 and the ‘failure’ cases with nega-
tive values. This is rather like viewing the projected scores on to the discriminant
axis in discriminant analysis. Clearly the logistic model has been quite successful
in predicting the two types of terracettes.

TABLE 3. Logistic regression. The distribution of y

‘Successes’
3 No of (Natural Proportion
terracettes i of success
< -1.0 16 1 062
1.0 to 0.5 3 1 33
0.5 o 9 2 22
0 to 0.5 15 8 X
0.5 to 1.0 R) - 1.0
1.0 15 15 1.0
62 31

If we compare the estimated parameters of the O.L.S. regression model with that
of the logistic we observe that both have identified the same variables as being signi-
ficant. In particular we may note that the two populations of terracettes differ most
significantly with regard to riser angle (X;) and tread angle (X4). As the signs of

P= °2T P
1005 1 . .
5 .
2 1 0 1 2
Y

Fig. 5. Estimated values of y .compared with a logistic curve
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successes failures
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_.,]_J' ,

10 5 OO0 5 10
No. of observations

Fig. 6. Histogram illustrating the distribution of ¥ for the two terracette populations

the two parameter estimates indicate, larger values of 4 are associated with larger
rises and tread angles; that is, the natural terracettes population on the whole,
higher riser and tread angles than the man-made terracettes.

CONCLUSIONS

Logistic regression has been shown to be a useful alternative approach in distin-
guishing numerically between two visually similar slope features. As a method it
overcomes several of the difficulties encountered in O.L.S. and discriminant analysis
and allows us to assign previously undetermined cases with an estimated probability.
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loess plateau
o, 210masl ——»
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Fig. 1. Schematic section across the Czyzowka valley near Chrapandéw
1 — Cretaceous bedrock with Cenomanien sands (a), 2 —fluvioglacial sands and gravels deposited during the advance of Middle-Polish Glaciation, 3 — till of Middle- Polish Glaciation,
4 — Eemian-Wurm depostts 5§ — Late Wiirm and Holocene deposits; b, ¢, d, ¢ — see Fig. 2
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22 D. Kosmowska-Suffczynska

-4.50m

- 5.00

- 6.00

Fig. 2. Exposure in the ditch at Chrapanow
a'— Cenomanien yellow-green fine-grained and dusty sands, b — rust-coloured (with iron compounds) vari-grained clayey
sand with gravel of Scandinavian and local origin, ¢ — yellow-grey structure-less fine-grained sand, HCI-,d — dark-grey
-brown humus layer formed of fine-grained sand, with single charcoal, HCI-, shghtly washed at the top, ¢ — loessy silts
with horizontal bedding, and streaks of dusty sands in places, HCl-. Numbers mean places of sampling. Granulometric
composition and physico-chemical data — see Fig. 3

Phot. 2. Drainage ditch in Chrapanow. Detailed view. a, b, ¢, d, e, — see explanation to Fig. 2.
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24 D. Kosmowska-Suffczynska

a very heterogeneous period, starting at the end of the Allerod and lasting till the
very end of the Atlantic — the beginning of the Subboreal periods (Photo 3). But
there are no distinct changes in its profile. The age of the upper part of the fossil
soil may be rejuvenated (Gerasimov, 1976), but it seems rather unlikely that the whole
humus horizon is of Allerod age, the more so as it is developed in the Czyzowka
valley (in Chrapanow) quite differently than are other known and described soils of
that age (Konecka-Betley, 1977). Primary features of the soil already developing
in the Allerod should have been subjected to changes in the more humid climate of
the Boreal and Atlantic periods.

A B Cc
0 20 40 60 80 100 % 50 &0 70 80
_"sovyv i " "
|
e
2
-5.00
AV, X
5140%
12082 l 3
d | 4
11000* |5 TR s
38087
6
-5.50 . !
8.
- I 7 i i~
o o | v v ~N OO
e N " re -0 o 00
b ;;- | > o o c o o oo
%
4
a I 9
-6.00

Fig. 3. Granulometric composition and some physico-chemical
A — sequence of deposits; a, b, ¢, d, ¢ — as on Fig. 2, numbers mean places of sampling, B — granulometric composition,

TABLE 1. Some physico-chemical properties of a palaeosol from Chrapanow (values
after K. Konecka-Betley)

Sample pH CaCO; Organic C Humus

number H.O KCl % % %
1 7.8 7.1 1.25 0.01 0.02
2 7.3 6.7 0.0 0.24 0.41
3 7.0 6.4 0.0 0.48 0.83
4 7.1 6.6 0.0 0.39 0.67
5 6.9 6.4 0.0 0.59 1.02
6 7.2 6.5 0.0 0.11 0.19
7 7.3 6.4 0.0 0.03 0.05
8 722 6.3 0.0 0.06 0.10
9 7.5 6.4 0.0 0.04 0.07




Origin of the youngest fill 25

Some physico-chemical properties of a fossil soil and its granulometric composi-
tion are presented in Table 1 and 2 and on Fig. 3. The studied soil includes only
a single horizon — a humus one, developed in fine-grained sand with 19, maximum
content of humus (content of organic carbon is up to 0.6%,), completely devoid of
calcium carbonate and with pH (in KCL) of about 6.5.

The characteristic features of the soil were discussed with Konecka-Betley.3
According to her suggestions it was found to be a chernozem soil with a contribution
of meadow vegetation and a high level of ground water.

Allerod soils in dune sands (studied in detail by Manikowska: 1966, 1970) are

D E F
0 2 4 % 0O 02 04 06 08% 0 02 04 06 08 10 12%

I

features (Chrapanéw). Values after Doc. Dr. K. Konecka-Betley
C — pHin KCI, D — CaCOj contents, E — contents of organic C, F — humus contents

poorly developed podsols with a distinct characteristic maculation. They have de-
veloped in a quite humid climate below a forest floristic cover. A probable Allerod
soil (without radiocarbon dating) is mentioned by Jersak (1965, 1973, 1975, 1977)
as being in the Sandomierz loessy areas. According to him, it is a poorly developed
soil with an accumulative thin horizon, thus representing a short period of climate
amelioration.

The Allerod soil in Chrapanéw (is it only the Allerod soil?) has the most simi-
larities with the Allerod soil in the 2nd terrace of the Vistula valley in Calowanie near
Karczew (Konecka-Betley, 1974). Probably these similarities are the result of similar
humidity conditions on both localities.

3 I am especially obliged to Docent Dr. K. Konecka-Betley for consultation in the field and
advice during studies of the locality.



TABLE 2. Granulometric composition from Chrapanow (values after K. Konecka-Betley)

Percentage content of fraction

Sample ;0 < Imm diameter in mm el
number —_ ——— :
1-0.5 0.5-0.25  0.25-0.1 0.1-0.05 0.05-0.02 0.02-0.005 0.005-0.002 < 0.002 1-0.1 0.1-0.002 << 0.002
1 0.0 100 0.0 0.8 9.2 17 50 14 1 8 10 67 23
2 0.1 99.9 0.2 2.7 7.1 6 44 25 6 9 10 50 40
3 1.0 99.9 3.7 22.0 21.3 8 22 10 4 9 47 30 23
4 1.6 98.4 5.0 24.7 30.3 10 13 8 2 7 60 23 17
5 1.2 98.8 4.2 26.0 29.8 4 18 10 1 7 60 22 18
6 0.9 99.1 4.7 25.5 27.8 10 15 11 1 5 58 25 17
7 0.4 99.6 4.0 24.0 24.0 8 19 12 1 8 52 27 21
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28 D. Kosmowska-Suffczyiska

century. Another problem needing explanation is the intensity of this process in the
Czyzéwka valley where the accretion rate of alluvium is much greater than in the
nearby Vistula valley or even in the valleys of the Carpathian foreland.

It is possible that some processes of slope degradation have already been con-
nected with Neolithic human farming, developed in the fertile loessic areas of San-
domierz Upland (Dobrowolska, 1961; Czarnecki, Grzybowska, 1976). Nearby in
Cmieléw (Gawroniec) a Neolithic settlement has been found. Its inhabitants were
occupied in farming — wheat and other useful plants were known, as well as animal
husbandry. The Neolithic agriculture that developed at the expense of forest areas
seems to have attained a high degree of development. The extent of farming and its
importance for the inhabitants of Gawroniec can be estimated on the basis of a large
volume of reserve containers and ground granaries found near earthen houses
(Podkowiniska, 1956, p. 36). Besides Gawroniec in the neighbourhood of the Czy-
z6wka valley many other Neolithic settlements have been historically confirmed
(Fig. 4; Jazdzewski, 1965; Podkowinska, 1953; Zurowski, 1929).
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Fig. 4. Changes of colonization since Neolithic age and changes of forested area since the beginning
of the 19th century in the drainage basin of upper Czyzéwka and Krzczonowianka
1 — Neolithic settlements after historical sources, 2 — settlements of the second haif of the 14th century, 3 — settlements
of the end of the 15th and the beginning of the 16th centuries, 4 — settlements of the end of the 16th century, 5 — settle-
ments of the end of the 18th and the beginning of the 19th centuries, 6 — forest after the map of Mayer v. Heldensteld
(1801-1804), 7 — present forest
Sources: Mayer v. Heldensfeld (1808), J. Gassowski (1957) K. Jazdzewski (1965), M. Kaminska (1964), R. Mochnacki
(1937), A. Pawinski (1886), Z. Podkowinska (1953), Sfownik Geograficzny (1880), J. Zurowski (1929)

A reconstruction of the landscape of the Czyzowka valley in the Neolithic period
seems difficult. Human activity in that period can not be excluded, but a general defo-
restation and a human interference in the environment is decisive in later periods.
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50 B. Krawczyk

g, — specific humidity of saturated air in skin temperature,

g — specific humidity of air,

a — coefficient characterizing the ratio of transpiration from the human body
surface and evaporation from the water surface, when a = f(T).

The final form of the equation of the heat balance of the human body (Krawczyk,
1979) includes also the kind of clothes, as a constant coefficient of heat conductivity
of clothes is introduced. This coefficient determines heat diffusion in clothes and
depends primarily on their thermal insulation which can be expressed in conven-
tional units (CLO).

The basic material for the solution of the equation of the heat balance of the
human body was provided by our own field measurements carried out in Iwonicz
in 1971-1973. All meteorological elements enumerated were measured simulta-
neously in three points of the health resort, every hour between 7 a.m. and 8 p.m.
The points represented: the centre of the health resort and the bottom of the valley
of the Iwonicz brook (measuring point ‘C’), an interforest glade on the slope expo-
sed to the North-East (measuring point ‘E’), and the upper parts of woodless slopes
(measuring point ‘G.W’). The difference in height between the lowest and the highest
measuring points was about 100 m. The location of measuring points is shown in
Fig. 5.

In order to investigate the process of heat exchange between the human body and
the atmosphere and ground in Iwonicz the notion of the structure of the heat balance of
the human body was used, i.e. the ratio of absolute values of heat lost by the human
body and the heat contained in the body at a given moment. It was assumed that:

LE means relative heat lost for transpiration in the heat balance of the
m human body,

P
——— means relative heat lost by the turbulent exchange of sensible heat,

Ry+M
R, : :
————— means relative heat lost by long-wave radiation.
Ry-+M
The sum of these quotient is always
LE+P+R; i
Re+M

Then, quantitative relations between heat losses by transpiration, turbulence and
long-wave radiation were divided into four groups of structural patterns, and their
frequency (in percentages) serves as a basis for distinguishing bioclimatic units in
the investigated area of the health resort.

Thus, the turbulent type of structure of the heat balance of the human body was
distinguished. Then

B LE R,
: >———>——— type 1A,
Ry+M  Ry+M  Re+M
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or
P R,
>—F
Re+M ™~ R+M ™~ R+M

type 1B.

The transpirative type of structure of the heat balance of the human body occurs
when

LE P R,
—_— > % __type 2A,
R+M ~ RA+M ™~ Ry+M
or
LE R,

P
> = > type 2B.
Ry+M  Ry+M  R+M

The radiative type of structure of the heat balance of the human body occurs when

R, P LE
> > type 3A,
Ry+M  Ry+M R +M
or
R, LE
type 3B.

> >
Re+M ™~ Ry+M ™~ Ry+M

When the numerical values of all three forms of heat exchange were equal — the
fourth, mixed type of structure of the heat balance of the human body occurred
(type 4).

The analysis of the daily frequency of occurrence of different types of structure
of the heat balance of the human body (Figs. 1-4) shows that the investigated area
of Iwonicz-Zdrdj is considerably differentiated in this respect. In the lower parts of
the area (i.e. at the bottom of the valley of the Iwonicz brook and in lower parts of
the surrounding elevations covered by forest and represented by the ‘C’ and ‘E’ mea-
suring points) the transpirative type of structure of the heat balance of the human body
holds from 9 a.m. till 4 p.m. and prevails in summer (Fig. 2). The maximum number
of structural patterns occurs at 5 and 6 p.m. It can be supposed that it is exactly at
that time of the day when different physical processes more or less equally take part
in the formation of the thermal equilibrium of our body. At 7 and 8 p.m. in the
centre of the health resort the predominance of heat exchange by long-wave radia-
tion (3A and 3B type) is due to temperature differences between the human body
and surrounding objects (atmosphere, ground).

The process of heat exchange was slightly different on the slopes of Gora Wi-
niarska (Winiary Hill). During the whole day the turbulent type of structure of the
heat balance of the human body (1A and 1B type) prevailed there, which is related
to the higher wind velocity in this part of the health resort. What is peculiar is the
fact that during the day the 2B type hardly ever occurs on the slopes of Gora Wi-
niarska. It means that although transpirational heat exchange occurs there, turbu-
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lent exchange, and not long-wave radiation, is the second most important kind of
heat loss.

On cloudy days (i.e. with cloudiness > 3/10) the turbulent type of structure of
the heat balance of the human body prevails resulting in a lower frequency of the
transpirative type (Fig. 3).

On the other hand, on clear days (i.e. with cloudiness amounting up to 2/10 of
the sky cover) the structure of the heat balance of the human body is more stable in
Iwonicz. It is reflected both in a smaller number of structural patterns and in firm
prevalence of the transpirative type (2A and 2B) which apart from evening hours
prevailed in the whole investigated area (Fig. 4). This is so because on clear days
the human body absorbs the maximum quantity of short-wave solar energy, and what
follows the skin temperature rises and sweat glands become active. Weak air flow
in turn, which accompanies radiational weather, makes it difficult for the excess of
heat to be evaporated by turbulence in such air conditions. Therefore, the maintai-
nance of thermal equilibrium of the body will depend on great efficiency of the ther-
moregulation system.

1A

TYurbulent type

1B

2A

Transpirative type

] 2B

3A

Radiative type

3B

. 4 Mixed type

Fig. 1. Structural types of the heat bilance of the human body. Explanations of figures 2,3 and 4

The presented distribution of frequency of types of the structure of the heat ba-
lance of the human body is characteristic of the local climate in Iwonicz-Zdroj
and depends on areal differentiation of those meteorological elements which influence
the kind of heat exchange between the human body and the atmosphere and ground.
What is most important is the air flow. Natural orographic conditions make wind
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velocities in the centre of the health resort, which is surrounded by afforested ele-
vations much weaker than woodless slopes of Géra Winiarska. Therefore, the tur-
bulent exchange of sensible heat is the main in the expediture side of the heat balance

equation.
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Fig. 2. Daily course of frequency of the structural types of the heat balance of the human body
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C — measurement point in bottom of valley, E — measurement point in interforest glade, G. W. — measurement point on
woodless slope
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values from cloudy days)
C — measurement point in bottom of valley, E — measurement point in interforest glade, G. W. — measurement point
on woodless slope

The local climate of Iwonicz-Zdroj was evaluated on the basis of the assumption
that data referring to the heat exchange between the human body and the atmosp-
here and ground were of great significance for bioclimatology of the human being.



Topoclimatic investigations S5

TABLE 1. Mean frequency (in percentages) of the occurrence of different types of structure of the
heat balance of the human body in Iwonicz

Type of Measurement Types of structure of the heat balance

weather point 1A 1B 2A 2B 3A 3B 4
bottom of
valley (‘C’) 20.2 15.2 35.8 11.8 15.1 1.8 0.1

summer interforest

period glade (‘E’) 18.1 17.7 37.6 10.8 134 24 0.0
woodless

slope (‘G.W’) 41.0 23.4 29.4 2.0 3.2 1.0 0.0

bottom of
valley (‘C’) 25.2 19.4 315 8.7 14.3 0.9 0.0
summer interforest
period glade (‘E’) 22.6 234 339 6.8 12.4 0.9 0.0
cloudy woodless
days slope (‘G.W’) 49.1 27.4 19.5 0.9 2.8 0.3 0.0
bottom of
valley 5.5 2.8 48.3 20.9 17.6 4.4 0.5
summer interforest
period glade (‘E’) 5.0 1.1 48.3 22.5 16.5 6.6 0.0
clear woodless
days slope 10.7 8.3 66.7 6.0 4.8 35 0.0

The frequency of occurrence of different types of the structure of the heat balance
of the human body (Table 1), and especially of the transpirative and turbulent types,
was accepted as a basis for distinguishing bioclimatic units in the investigated area.
It was assumed that the measuring points reflected the orographic conditions of
Iwonicz-Zdr6j well, and on this assumption it was stated that the investigated area
could be divided into two units differing in the degree of influence of climatic factors
on the human body (Fig. 5).

The first unit included the valley of the Iwonicz brook as well as the lower and
middle parts of the surrounding elevations covered by mixed forest and characteri-
zed by considerable shading of the horizon. In summer, heat is taken off the human
body mainly by means of evaporation. The loss of heat in the afternoon and evening
is caused in this part of the health resort usually by long-wave radiation.

The second unit covers the remaining part of the investigated area, i.e. the wood-
less top and middle parts of Géra Winiarska. The turbulent type of structure of the
heat balance of the human body which is very stable during the day prevails in this
area. Bioclimatic conditions are more advantageous there, and only during cloudy
weather and during the advection of air masses from the North-West, the human
body may be exposed to substantial heat losses.

The two units distinguished according to bioclimatic criteria are separated by
a forest boundary running in a W-E direction along the slopes of Géra Winiarska.
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Taking into consideration the reactions of the human body to different impulses
of the atmospheric environment one can state that the local climate of Iwonicz-Zdroj,
evaluated from the point of view of the structure of the heat balance of the human
body, is differentiated in summer both spatially and in respect of time. This is not
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Fig. 4. Daily course of frequency of the structural types of the heat balance of the human body (mean
values from clear days)

C — measurement point in bottom of valley, E — measurement point in interforest slope, G. W. — measurement point,
on/ woodless) slope
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/J

Fig. 5. Bioclimatic units in the Iwonicz health resort
1 — areas with a dominant transpirative type of structure of the heat balance of the human body during the summer,
2 — areas with a dominant turbulent type of structure of the heat balance of the human body during the summer, 3 — border
of investigated area, 4 — measurement points, 5 — mixed forest

indifferent to the human being because the greater differentiation of local biocli-
matic conditions in a small area the greater the burden on the thermoregulation
system, and it is through this system that our body is able to maintain a thermal
equilibrium in spite of changing physical conditions of the atmospheric environment.

To end with, it should be stated that this research method applied to the evalua-
tion of bioclimatic conditions of health resorts provides information which may
be useful in climatotherapy, and therefore, it should be more frequently applied in
bioclimatology.
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CLIMATIC FLUCTUATIONS IN CRACOW CITY, 1826-1975

JANINA TREPINSKA

Jagiellonian University, Cracow, Poland

INTRODUCTION

The problems of both large-scale and local climatic fluctuations and oscillations
are treated, in the current world publications, from many sides and in detail. Recent
research of the short-term climatic variations and their trends proves that for a better
understanding of the mechanism and reasons for those variations it is necessary to
apply radiosonde stations around the world. Those assumptions have been accepted
by the Global Atmospheric Research Program (GARP) which in 1979 began inten-
sive research into atmospheric processes by radiosondes and satellite measurements.
The network of about 3000 surface stations will not play an insignificant role in
this program (Borisenkov, 1976; Declaration of WMO ... 1977; GARP... 1977,
Boryczka, 1978). Traditional climatic observations, made close to the surface of
the Earth are also significant in explaining the changes of such elements of climate as
air pressure, air temperature and precipitation.

These elements were measured in the same place, from 1826, at the station of
the Jagiellonian University. It can be included with those long, uninterrupted meteo-
rological series of observations particularly useful to study long-term fluctuations of
the already mentioned elements of climate.

The meteorological station of the Jagiellonian University is located in the Bota-
nical Garden. The height of the thermometers is 221 m a.s.l. and the height of the
mercury barometer — 220 m a.s.l. Observations of air pressure and air temperature
were made three times per day at various local or official hours solar mean time. The
weather was observed at the seven various term-hours during the period 1826-1975.
Mean temperatures were corrected, changing these means into true means (Trepinska,
1971). Mean values of air pressure are remained the same with regard for the incon-
spicuous corrections. Amount of precipitation was taken since 1876 at the morning
observation, once per day and is assigned to the previous day. A Hellman-rain-gauge
with openings measuring 200 cm?, placed 1 m above the ground, was used.

Available average data of air pressure and air temperature from 1826 to 1975
and data for precipitation since 1876 allow us to present climatic trends for a period
of 150 or 100 years. It may be assumed that Cracow is a representative station for
the area of Central Europe (Trepifiska, 1971, 1973) thus the variability of average
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This, out of necessity, incomplete and cursory review of several papers shows,
that long and short-term climatic variations and climatic trends are being carefully
observed all over the world.

THE METHOD OF THIS STUDY AND THE CHARACTERISTICS OF DATA

In this paper I want to present fluctuations of the average annual values of air
pressure and air temperature in Cracow during a period of 150 years (1826-1975)
and annual amounts of precipitation during a period of 100 years (1876-1975).
The series was presented in the other papers (Hess, 1967; Trepinska, 1971, 1973,
1977). Valuable observational data from the university’s station authorizes us to make
a statement that even the small changes of mean values of pressure or temperature
have their physical reasons, and do not result from the accidental change of the
instruments or from the change of the observer.

In the scientific description of data the statistical methods, which are applied in
climatology, have been used. The method of running means (with different starting
periods) and the method of cumulated amounts of deviations from the average are
used in the general presentation of climatic trends. Running means for periods of
5- and 11-years have been used. To show trends in periods shorter than 150 and 100
years I have presented average air pressure, air temperature and precipitation in
every period of 25 years in Table 1. Means, averages and standard (square) devia-
tions are calculated for the each period of 25 years separately and their comparison
shows changes in those periods. At the end of Table 1 the values of pressure and
temperature are shown for the period of 150 years and those of precipitation for
the period of 100 years.

The discussed range of the average values of atmospheric pressure is adjusted to
the sea-level. Monthly mean air temperatures are computed from the true means,
i.e. from the 24-hour means.

TABLE 1. Air pressure, air temperature (1826-1975) and precipitation (1876-1975) in Cracow

Air pressure in hPa Air temperature in °C Precipitation in mm

deviation deviation deviation
Years _—
mean average square ™M€an  average square aMoOunt gaverage square

v (o v G v [}

1826-1850 1016.0 1.12 1.45 7.6 0.75 0.97
1851-1875 1016.4 0.91 1.13 7.7 0.77 0.99

1876-1900 1015.7 0.54 0.71 8.0 0.48 0.66 687 64.3 80.4
1901-1925 1016.1 1.04 1.29 8.2 0.53 0.63 713 99.4 124.8
1926-1950 1016.6 0.98 1.19 8.5 0.69 0.91 648 71.6 89.5

1951-1975 1015.8 1.03 1.28 8.7 0.57 0.69 705 100.6  119.8

1826-1975 1016.1 0.97 1.22 3.1 0.72 0.91
1876-1975 688 85.1 106.9




Climatic fluctuations 63
VARIABILITY OF AIR PRESSURE IN CRACOW

Average annual values of pressure during the period of 150 years fluctuated in
a range from 1013.4 hPa (1836) to 1019.7 hPa (1832). The variability of means within
the range of 6.3 hPa and also the spread of data taken directly from the barometer
(about 82 hPa) seem to be considerable for the temperate zone. Average variability
of annual values of pressure is 1.25 hPa. The mean value of the drops of pressure
equals —1.28 and the mean value of the rises of pressure equals 1.22 hPa. The coe-
flicient of variation is 0.12%,.
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Fig. 1. Variation of the annual mean of air pressure (1826-1975)
a) S-year running means, b) 11-year running means

Figure 1 shows, smoothed by running means for periods of 5- and 11-years, the
course of annual values of air pressure during the period of 150 years. It can be seen
that the years 1829-36, 1853-62, 1904-75 were characterized by an increased varia-
bility of air pressure from year to year. In the years 1856-63 a rise of averages can be
seen and the following years are characterized by a decreasing trend and then a re-
peated increase in the 1940s. There is a certain analogy with the course of the 100-year
cycle of solar activity presented elsewhere (Trepifiska, 1971, 1976). The highest mean
values of Wolf numbers occured in the 1850s and in the 1960s. It is possible that the
increase in solar activity or the beginning of the phase of increasing activity is shown
in the presented course of average values of pressure. Relatively large variations in
the averages from year to year is not in opposition to the general direction of the
trend.

_—

-

o [ EmpnT]

3N oo

Fig. 2. Variation of deviations of annual mean of air pressure from the climatological normal
X axis — years; y axis — cumulated deviations v from mean air pressure, in percentage
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The variability is presented in Fig. 2. The slope of the curve in relation to the x axis
shows the size of the trend of the pressure variations. The most considerable annual
change took place in the years 1842-65, 1941-66, that is when solar activity increased
during the roughly 90 year cycle.

The presented range of air pressure is, of course, a reflection of changes in circu-
lation occuring in the atmosphere above Central Europe. Now, the variations in
the range and trends which are examined by means of precise methods could be
extrapolated backwards, if only well-founded analogies with the changes during the
last years could have been discovered.

VARIABILITY OF AIR TEMPERATURE IN CRACOW

Average annual values of air temperature in Cracow in the period of 150 years
fluctuated in the range from 5.3°C (1829) to 10.0°C (1934). A variability of averages
within the bounds of 5.7°C in the same place is considerable and it indicates a cer-
tain lack of climatic stability. The average variability of temperature from year to
year is 0.92°C, the average temperature drop is —1.02°C and the average rise of
temperature is 0.83°C. The coefficient of variation is 11.29, during this period.

The low temperatures of winter months during some years were the main cause of
considerable negative deviations. Standard deviations of mean monthly temperatures
during winters are about three times bigger than the deviations during summer
months, therefore winter temperature greatly influence the value of annual averages.

1850 1900 7 : 1950  years

Fig. 3. Variation of the annual mean of air temperature (1826-1975)
a) 5-year running means, b) 11-year running means

Figure 3 presents, smoothed by running averages for periods of 5 and 11 years,
the course of annual averages. It can be seen that the temperature shows a constant
increasing trend. Of course, certain fluctuations are noticeable. They are better seen
while examining the curve showing the running averages for periods of 5 years. The
first years of the discussed series and the 1850s and 1870s belong to the coolest
periods. Starting from the 1890s we can notice a distinct increase in annual means,
which is maintained continuously during the first three decades of the 20th century.
Those years form the well known period of contemporary oceanization of European
climate. The process, described in publications on frequent occasions, finds its con-
firmation in the course of temperatures in Cracow. The set-back of this warming
trend happened in 1939 and continued till 1948. But during this period only three
years had an average annual temperature lower than the climatological normal of
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8.1°C. The warming trend still remains, particularly since 1974, mainly because of
mild winters. Summer seasons have been rather cool.

Parallel to the course of pressure (Fig. 1) in the course of the annual temperature,
periods of greater variability of temperature from year to year can be distinguished.
Those were the years 1828-40, 1853-71, 1896-1909, and 1939-75. The 20th century
is characterized by violent fluctuations of temperature and a less stable range of
fluctuations.

A detailed anal ysis of thermic trends in Cracow makes it possible to distinguish
three periods in the course of temperatures since 1826: 1) 1826-80 with large oscil-
lations of annual means, with the predominant number (40 out of 55 years) of the
averages showing negative deviations from the mean of the period of 150 years, with
several frosty winters; 2) 1881-1938, with smaller fluctuations of temperatures, with
a continuous warming trend, without severe winters (one exception — winter 1928/29);
3) 1939-1975 with a rapid increase of means, with diminishing differences of tempe-
ratures between each season and with a large variability from year to year. Similarly
a larger variability in the course of air pressure can be noticed in the third period. It
testifies to the fact that the reason may be found in general atmospheric circulation.

Described elsewhere (Trepifiska, 1971) harmonic analysis of mean annual tem-
peratures showed that the period of the 131 years taken into consideration has the
largest amplitude, which means that the course of the curve of temperatures is charac-
terized by a systematic increase. It was proved by the smoothing of the temperature
course as running averages for a period of 35 years. Harmonic analysis also made it
possible to distinguish two groups of periods with a small amplitude 0.1-0.2°C. They
are 10.9, 11.9 and 13.1 years, and 14.6 and 16.4 years. It suggests the existence of
races of a certain periodicity in the range of temperatures nearing the solar activity

re
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Fig. 4. Variation of deviations of mean air temperature from the climatological normal
Xx axis — years; y axis — cumulated deviations v from mean air temperature, in percentage

5 — Geographia Polonica t. 45
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Fig. 5. Variation of the annual amounts of precipitation (1876-1975)
a) 5-year running means, b) 11-year running means

but a certain increase occurred between 1933-40. But the mean amount for the period
of 25 years (1926-50) is the lowest (648 mm). During the 11 years (1941-51) only one
year (1949) had an amount of precipitation somewhat exceeding the climatological
normal. It testifies to a climatic shift towards continentality. Till 1966 a certain ten-
dency to increasing precipitation can be noticed, but already in the following years
a decrease occurred again. In the most recent periods the smallest annual totals of
precipitation occurred in 1973 (517 mm) and in 1976 (568 mm). In 1977 and 1978
precipitation totals slightly exceeded the average for the period of 100 years (694 and
703 mm) although they were lower than the average amount for 25 years (1951-75;
Table 1).

Providing that the direction of the thermic trend can be clearly considered as
a warming one with certain short-term fluctuations, the analysis of the course of
precipitation shows striking oscillations. If one wants to qualify the direction of
the trend of oscillations of the precipitation, the division of 100 years into shorter
periods has to be taken into consideration. During the whole 100 year period there
is not one identical direction and rate of variability of precipitation trend, but the
periods with lower and higher totals of precipitation are easy to distinguish.
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Fig. 6. Variation of deviations of annual amounts of precipitation from the climatological normal
x axis — years, y axis — cumulated deviations y from mean amount of precipitation, in percentage
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The atmosphere sends water in different forms of precipitation to all the remaining
components. The amount of water received by the components is affected by cli-
mate and the character and size of the reception surface.

Water falling on the pedosphere soaks into it or flows over its surface to the hy-
drosphere. Infiltrating water is retained in the soil from where it is returned to the

Atmosphere

Y4

Pedosphere v ; Anthroposphere
4 ° Y
b
Litosphere Biosphere

| /

Hydrosphere

Fig. 1. Scheme of water circulation between components of the natural environment

atmosphere by direct evaporation or through plants; it seeps through the soil to the
hydrosphere or infiltrates the lithosphere. A certain amount of water gets into the
anthroposphere through overland flow on built-up areas, and is drained off to col-
lectors from drained areas or drawn from shallow wells.

Water falling straight onto bare rocks or supplied to the lithosphere from soil
may be returned to the atmosphere through evaporation or to the pedosphere through
capillary rise. It also flows away to the hydrosphere by means of surface and under-
ground runoff. It is absorbed by plants through the root system and drawn off by
people for consumption.

From the hydrosphere water is carried to the atmosphere through evaporation
from free water surfaces. It soaks to the pedosphere, especially in periods of high
water level, and to the lithosphere through bottoms of reservoirs pervious to water.
It is absorbed by water plants, drunk by animals and drawn off by people.

The biosphere gives water back mainly to the atmosphere through the process
of transpiration and evaporation from the surface of plants (interception). A certain
amount of water retained on the surface of plants flows and drips onto the soil sur-
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Atmosphere \

/

Pedosphere

Anthroposphere

Litosphere

CIRCULATION RETENTION

s artificial Z
intentionally - e
—P  modified
unintentionally
=== modilied

Fig. 2. Character of water shifts

The increase in precipitation may be due to the construction of large water reser-
voirs. The influence of water surface, however, is surely limited to the areas not far
away from the shores, similarly as in case of natural lakes. Rain regime can be also
subject to variation owing to changes of the intensity of evaporation and conditions
of vapour condensation.

An unquestionable influence, although spatially limited, is the development of
cities and industry on the amount and presumably the distribution of precipitation.
What is being recorded in urbanized areas is an increase in the number of condensa-
tion nuclei, an increase in turbulence and convection, and cloudiness as well. Thus,
conditions conducive to increases in precipitation amounts are created. Although
it is not estimated that studies carried out so far have solved the problem, still some
results, e.g. in Bremen and Hamburg (Massing) or in Amsterdam (Zuidema) seem
to confirm such an influence of cities. According to Landsberg in urbanized areas
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HYDROTECHNIC
WORKS
CONCERNING:

underground waters
(pumping, artificial supply)

conveysnce of water,

e~

surface waters
(river intakes, dykes, dams, reservoirs,

meliorations)

~

NG

PROCESSES -

= PHASES

OF WATER
CIRCULATION:

evaporation from water
surface, from objects,
vegetation and land
surface, from soil and
rocks, transpirstion

{ g

infiltration
capillary rise

&

overland flow, through+

flow, groundwater mo-

vement, base flow,
stream flow

surface, soil and
underground
retention

s

PROCESSES
WITH THE
PARTICIPATION

OF WATER:

processes

-
¥

geomorph

underground processes
suffusion, solution

slope processes
ablation, erosion, mass
movements, occumulouovJ

7
Cay

channel processes
erosion, sediment
transport and
deposition

—

ELEMENTS OF THE
NATURAL ENVIROMENT:

bed rock

reliaf

Fig. 3. Ways of influence of hydrotechnic works on elements of the geographical environment
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98 R. E. Lloyd

Gould’s method for obtaining a surrogate measure of the amount of information
Swedish school children had about towns in Sweden was simply to ask the children,
‘to write down in five minutes all the names of towns in Sweden they could recall'.
The frequency with which the towns appeared on the aggregated lists was used to
construct information surfaces. The Webber, Symansky, and Root study attempted
to measure the amount of information a sample of Colombian peasants had acquired
for a set of villages which formed a periodic market system. Their surrogate measure
of the information the peasants had acquired for the villages was measured by asking
subjects, ‘to specify the major market day in each of the twenty-four places’. They
equated the aggregate accuracy of knowledge concerning the market day with the
aggregate amount of information the sample population had acquired for the villages.

TABLE 1. A summary of results for ten samples of swedish school children*

Coefficient of

Regional name Age level Population Distance multiple

parameter parameter regression
Norrtalje 16 1/2 0.80 —0.64 0.72
Eskilstuna 11 172 0.83 —0.53 0.69
Nassjo 18 1/2 0.88 —0.68 0.76
Kalmar 16 1/2 0.81 —0.59 0.76
Skovde 16 1/2 0.78 —0.38 0.69
Orebro 18 1/2 0.86 —0.19 0.69
Gavle 16 1/2 0.86 —0.51 0.69
Harnosand 11 1/2 0.95 —0.83 0.74
Ornskoldsvik 18 1/2 0.86 —1.03 0.83
Skelleftea 18 1/2 0.89 —0.95 0.88

Source: Gould, 1975.
* A logarithmic transformation of the original variables was used for all variables.

TABLE 2. A summary of Webber’s results for a sample of colombian peasants*

Populati Di Coefficient

Regional Age level SpRasion BN multiple
parameter parameter Serrertlon

La Union Adults —0.69 —1.422 0.87

Source: Webber, Symansky, Root, 1975.
* A logarithmic transformation ofi the original variables was used for all variables.

Both studies went on to suggest that the variation of ‘total amount of information’
could be explained by a simple gravity model (See Tables 1 and 2 for a summary
of their results). Gould makes the argument as to why the gravity model should
explain the variation of ‘the total amount of information’ as follows:

“It is people, after all, who generate information, and we might expect regions
with many people to generate more information than those with few. Conversely,
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Accessibility fields 101

INFORMATION ACCESSIBILITY FIELDS

Receiver Sender
Factor Loading Factor Score
> 0.60 > 1.00
1. Maine ~1. Maine
2. New Hampshire =2. New Hampshire
3. Vermont -3, Vermont
4. Massachusetts 4. Massachusetts
5. Rhode Island =5. Rhode Island
6. Connecticut 6. Connecticut
7. New York New York
8. New Jersey New Jersey
9. Pennsylvania Pennsylvania
10. Delavare Delavare
11. Maryland Maryland
12, Virginia Virginia
13. West Virginia West Virginia
14. North Carolina North Carolina
15. South Carolina South Carolina
16. Georgila Georgia
17. Florida Florida
18. Ohio Ohio
19. Indiana Indiana
20. Illinois I1linois
21. Michigan Michigan
22. Wisconsin Wisconsin
23. Minnesota Minnesota
24, lowa 4 Tova
25. Missourf Missour{
26. North Dakota North Dakota
27. *South mtotn\ 7. South Dakota
28, Nebraska————\ & ‘ + Nebraska
29. RKansas SOUTH = -29. Kansas
30. Kentucky 0. FKentucky
31. Tenncsse 31. Tennessee
32. Alabama 2. Alabama
33. Mississippi 33. Mississippi
34. Arkansas 4. Arkansas
35. Louisiana 5. Louisiana
36. Oklahoma ~36. Oklahoma
37. Texas 37. Texas
38. Montana -38. Montana
39. 1ldaho -39, Idaho
40. Wyoming «40. Wyoming
&1, Colorado 1. Colorado
42, New Mexico: «42. New Mexico
43. Arizona «43. Arizona
44, Utah <44, Utah
45. Nevada «45. Nevada
46, Washington 6. Washington
47. Oregon 7. Oregon
*8, California 8. California

Fig. 1. Three information accessibility fields accounting for 93.1% of the total variation

http://rcin.org.pl



102 R. E. Licyd

Fig. 2. Information accessibility field for
the eastern states

Fig.3. Information accessibility field for
the midwestern and southern states

- Fig. 4. Information accessibility field for
the central and western states

http://rcin.org.pl
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104 R. E. Lioyi

MIGRATION FIELDS

ORICIN MIGRATION FIELDS DESTINATION
Factor Loading Factor Score
> 0.60 > 0.80
1. Maine 1. Maine
2. New Hampshire 2. Nev Hampshire
3. Vermont 3. Vermont
4. Massachusetts 4. Massachusetts
S. Rhode Island ==5. Rhode Island
6. Connecticut 6. Connecticut
7. New York 7. New York
8. New Jersey 2 8. New Jersey
9. Pennsylvania X 7 9. Pennsylvania
10. Delavare ———— = -10. Delavare
11. Maryland EASTERN 11. Maryland

20. Illinois
Michigan

21. Michigan ———
22. Wisconsin Wisconsin

12. Virginia 12. Virginia
13. West Virginia =13. West Virginia
14. North Carolina 14. North Carolina
15. South Carolina South Carolins
16. Ceorgia Georgia
17. Florida Florida
18. Ohio Ohio
19. Indiana ) Indiana

N / SAEAsoln

23. Minnesota Minnesota
24. lTowa Towa

25. Missourd Missouri
26. North Dakota North Dakota
27. South Dakota South Dakota
28. Nebraska Nebraska
29. Xansas Kansas

30. Kentucky Kentucky
31. Tennessee Tennessee
32. Alabama Alabama

33. Mississippi Mississippdl
34, Arkansas Arkansas
35. Louisiana Louisiana
36. Oklahoma Oklahoma
37. Texas Texas

38. Montana Montana

39. Ildaho Tdaho

40. Wyoming Wyoming

41. Colorado Colorado
42. New Mexico New Mexico
43. Arizona Arizona

44. Utah Utah

45. Nevada Nevada

46. Washington Washington
47. Oregon Oregon

48, California 48. California

Fig. 5. Four migration fields accounting for 83.29, of the total variation

more than one field. Other interesting anomalies were Delaware and Kansas, which
are not major origins or destinations for any ofi the four MF’s, and Michigan, which
is not a major origin state for any of the MF’s, but is a destination state for two
fields.

http://rcin.org.pl




Fig. 6. Migration field for the castern states Fig. 7. Migration field for the midwestern
and southern states
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106 R. E. Lloyd

TABLE 3. Canonical correlation analysis between the migration fields and the infor-
mation accessibility fields

Canonical Canonical : Degrees of onifi
variable correlation Chi-square freedom Significance
1 0.978 325.3 12 0.0001
2 0.965 186.5 6 0.0001
3 0.889 68.6 2 0.0001

TABLE 4. Canonical loadings for the migration fields and information accessibility

fields
Canonical Migration fields
variable Midwest-south Western Eastern North central
1 0.190 0.772 —0.456 0.401
2 0.913 —0.276 0.146 0.263
3 —0.075 0.422 0.876 0.219

Information accessibility fields

Eastern Central-western Midwest-south
1 —0.598 0.791 0.139
2 0.425 0.163 0.890
3 0.680 0.590 —0.434

(with a canonical correlations of 0.978) have relatively high positive loadings (Table 4)
on the Western MF (0.772) and the North Central MF (0.401) and a negative loading
on the Eastern MF (—0.456). On the information accessibility side, the Central-
Western IAF has a corresponding positive loading of 0.971 and the Eastern IAF
has a corresponding negative loading of —0.598. The second pair of canonical
variables (with a canonical correlation of 0.965) matches the Midwest-South MF
with a loading of 0.913 and the Midwest-South IAF with a loading of 0.890. The
third pair of canonical variables (with a canonical correlation of 0.889) has its highest
loadings on the Eastern MF (0.876) and the Eastern IAF (0.680). These very high
canonical correlations and the corresponding loadings suggest a very strong struc-
tural similarity between the fields representing the accessibility of information and
the fields relating to the flow of migrants.

SUMMARY

Because surrogate measures of information were used in this analysis no conclu-
sive generalizations can be made, but the following conclusions are in order. The
basic structure of the P,P,/D; surrogate information flow matrix has a relatively
simple structure with three dimensions accounting for 93.1%, of the total variation.
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GEOGRAPHIA POLONICA 45, 1983

STATISTICAL GEOMETRY OF GEOGRAPHICAL POINT PATTERNS

PETER VINCENT, ROBERT COLLINS, JOHN GRIFFITHS

The University of Lancaster, Lancaster, United Kingdom

JEAN HAWORTH

University of Salford, Salford, United Kingdom

Few geographers would disagree that geography now has as one of its central
objectives the study of variation in the spatial domain®. In this context one important
class of problem is the study of pattern in discrete homogeneous events. It is argued
that pattern is brought about by some process or other and should such a process
have strong spatial implications it will be expressed in the pattern of events?. Know-
ledge of the phenomenon in question may suggest the type of process generating
the pattern. A theoretical pattern, based on such information, may then be compared
statistically with the actual pattern3.

In practice the main difficulty has been the lack of an appropriate method for
measuring pattern in discrete events as defined by Hudson and Fowler®. Pattern is
a zero-dimensional characteristic of a spatial arrangement which describes the spacing
of a set of objects with respect to one another?®.

Commonly employed techniques to measure pattern are nearest neighbour ana-
lysis and quadrat analysis®. Neither of these techniques measures pattern per se nor
are they without considerable operational problems. These matters have been dealt
with at length in the literature and will not be discussed further in the present study’.

! For a dissenting view see, for example, S. R. Eyre, The spatial encumbrance, Area 5 (1973),
320-324.

2 See Chap. 6 in: D. Amedeo and R. G. Golledge, 4n introduction to scientific reasoning in
geography (1975).

3 A clear account of this type of reasoning using the quadrat method and chi-square goodness
of fit test is: D. W. Harvey, Geographical processes and the analysis of point patterns, Trans. Inst.
Brit. Geogr. 40 (1966), 81-95.

4 J. C. Hudson and P. M. Fowler, The concept of pattern in geography, Dept. Geography, Uni-
versity of Jowa, Discussion Paper Series 1 (1966); A. Rogers, Statistical analysis of spatial dispersion
(1974).

5 J. C. Hudson and P. M. Fowler, op. cit.

S P. J. Clark and F. C. Evans, Distance to nearest neighbour as a measure of spatial rela-
tionships in population, Ecology 44 (1954), 349-360; S. de Vos, The use of nearest neighbour met-
hods, Tijds. voor Econ. Soc. Geogr. 64 (1973), 307-319; A. Rogers, op. cit.

7 For a detailed discussion of the problems involved in using these two methods see: A. Rogers,

op.cit.; B. J. L. Berry, Problems of data organization and analytical methods in geography, J. Amer.
Stat. Assoc. 66 (1971), 510-523; S. de Vos, op. cit.
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112 P. Vincent et al.
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Fig. 2. The SIMPLICIAL GRAPH for the sites shown in Fig. 1

neglect edge effects (involving incomplete neighbourhoods) and there is no syste-
matic pattern distortion near the boundaries, then the average coordination number
q must be 6, whatever the pattern'3. As far as the authors know, there is no corres-
ponding general result for /.

The statistical distributions of ¢,/ and 6 vary considerably from case to case.
Let w, be the probability that a site selected at random has coordination g, ¥ (/) dl
be the probability that a typical link length lies between / and /--dl, and let W (6) d0
be the probability that a typical vertex angle lies between 6 and 0-+df. The set of
numbers w, and the functions y(/) and W(6) can then be used as indicators of sta-
tistical correlations in particular cases. Except for the degenerate or coincidental
cases of zero total probability we must have

Now =6
(l) .’_‘4 q“_‘ (‘l
and
-1 .‘z
2 40 OW(0) = — -
©) | d00wE) ==

0

Much of the purely mathematical work has been concerned with much more general
arrays of sites in spaces of n dimensions!4, Most of the applications in physics have
been concerned with three-dimensional arrays of atoms in solids and liquids!S.

13 For a short formal proof see: Collins, 1972, op. cit.

14 C. A. Rogers, op. cit.; E. N. Gilbert, Random subdivisions of space in crystals, 4nn. Math.
Stat. 83 (1962), 958-971.

15 J. Ziman, Principles of the theory of solids (1972); J. D. Bernal, A geometrical approach to
the structure of liquids, Nature 183 (1959), 141-147; J. D. Bernal and J. L. Finney, Geometry of
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In three dimensions the neighbourhoods become Voronoi polyhedra. They are
sometimes called Dirichlet regions and (in solid state physics) Wigner-Seitz cells
or Brillouin zones. Applications in two-dimensions have been limited mainly to
astronomy crystal sections and, to limited extent, forestry and geography!®.

HEXAGONAL HONEYCOMBS (Figure 3)

This is the case produced by close packing hard identical discs on a plane. If g is
the density of centres in the plane then all the neighbour links are of length

3) b ( ) .
l oy 3

el 3% e

J / '
AL r‘\ / -
XA AN S XA

h )( )‘
— ‘ﬁ "

X X SN x \"‘ﬂ —\ /v\
a1 LN PN/

Fig. 3. A hexagonal Honeycomb

Each neighbourbood is a regular hexagon of side y/ (2/391/ ) All coordination num-
bers are 6, so that

(4) W, = !|

random packing of hard spheres, Disc. Farad. Soc. 43 (1967), 62-69; J. L. Finney, Random packings
and the structure of simple liquids. I — the geometry of random close packing, Proc. Roy. Soc.
A 319 (1970), 479-493; op. cit. II — the molecular geometry of simple liquids, 495-507; R. Collins,
1968 and 1972, op. cit.

16 T, Kiang, Random fragmentation in two and three dimensions, Z. Astrophysik 64 (1966),
433-439; J. L. Meijering, Interface area, edge length and number of vertices in crystal aggregate
with random nucleation, Philips Res. Rept. 8 (1953),270-290; A. R. Fraser and P. Van den Driessche,
Triangles, density and pattern in point populations, Proc. 3rd Conf. Advisary Group of Forest Sta-
tisticians (1970), 277-285; B. N. Boots, Some models of the random subdivision of space, Geogr.
Ann. 55B (1973), 34-48.

8 — Geographia Polonica t. 45



114 P. Vincent et al.

and since in all such cases we have 6 = x/3 and / = b = y/(2/py3 ) then we can write

formally
. 5
(5) p()= o1 V 3 _,),
ov3 |
and
oLy
(6) W) = é (04 a)

where d(x) is the Dirac delta-function!”.

COMPLETELY RANDOM (POISSON) PATTERNS

This is the case where the sites are distributed with a constant average density
o over the plane but with no local correlation at all between the occupation of adja-
cent regions. No geographical pattern can be strictly as random as this, since in
the random distribution there is no finite lower limit on /, whereas in any practical
geographical application the sites are never points but have some effective diameter
o so that we must have ¢ < /.

The Poisson case has been analysed and the corresponding (/) and W(0) calcula-
ted!8, Using suffix P to denote the Poisson case the results are

O] () = %’I [l/ge—nplz/4+erfc (—i— 1/5)-! 4
and
® We(6) = 3i sin0 [sin 0+ (x—6)cos0].

7

In (1), erfc denoted the complementary error function!®.

No theoretical formula for the numbers w, has yet been found, even in this limiting
case. Graphs of W,(0) and y,(/) are presented in Figures 4 and 5. The mean value
I, of I, can be shown from (7) to be given by

(oS
~

©) ¥ [ TR 2=
oa e ™

0

17 The properties of d(x) are given in many standard works. See, for example, B. Van der Pol
and H. Bremmer, Operational calculus (1964).

18 See, R. Collins (1968), op. cit., 1466; The probability density function for 6 has also been
derived by R. E. Miles, On the homogeneous Planar Poisson point process, Math. Biosciences
6 (1970), 85-127.

5% 19 M. Abramowitz and I. A. Stegund, Handbook of mathematical functions, Dover, New York
1965.
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It can be verified that (8) satisfies the relation

(10)

w|

—0=| d8ow,(6)
/

as is required by equation (2).

10p
2
/(ﬁe)wro(()
oS5}
5 s : i 2
-0 20
X (2 V(ﬂf'

Fig. 4. Probability distribution link lengths — see equation 7

WA ke cccamcccc et e mn e ---——-—

Fig. 5. Probability distribution Angles — see equation 8

Relation (7) takes a simpler form on introducing a characteristic length b by the
relati on

1n meb?/4 = 1,
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so that b is the diameter of a circle which on average will contain just one site. The
(7) becomes

4/ 2 = o B
12) ye(D) _S!T[h} = € erje (/))] °

The link length between direct neighbours only has a corresponding distribution
given by

M | R
(13) 'i'['[)([) : _{2‘ = aplil4 ’b:’ e 26
giving
1 bV
14 N, Vo \

Yo 2

The corresponding angle distribution is much more difficult to calculate and no
closed form for Wpp(6) analagous to (8) has been found. It is relatively easy to show
however that

(15) grp =4,
and hence
(16) Opp = 7[2,

where suffix D refers to direct neighbours.

DEGENERATE CASE OF SQUARE LATTICE

The case of centres arranged exactly in a square lattice is shown in Figure 6.
It may be noted that in this case 6 = x/2, four neighbours meet, and g = 4 for all
centres so that (1) and (2) are not satisfied. This is termed a degenerate case because
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Fig. 6. A degenerate square lattice
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a small random perturbation of all the centres from their original positions introduces
extra neighbour links in such a way that the original conditions of the non-degene-
rate case are restored. This is illustrated in Figure 7. Neighbour pairs in the original
lattice remain neighbours, but extra links are introduced across one or other of the
diagonals of each of the original squares, so that the simplicial graph again consists
of triangles.

Fig. 7. Simplicial graph formed by small random perturbations of the pattern illustrated in Fig. 6

Although the average coordination number g of the perturbed (and non-degene-
rate) lattice is 6, the new coordination number of an individual centre may vary
between 4 and 8, depending on the perturbations involved.

CONSTRUCTION OF VORONOI HONEYCOMBS — GENERAL PRINCIPLES

Given N sites 4; with coordinates (x;, y) ({ = 1,2, 3, ..., N)in a plane region R,
the general problem is to find which of them are geometric neighbours, and then to
construct the corresponding simplicial graph (and hence the equivalent voronoi
honeycombs). Many of the methods of construction are based on the following simple
geometric property.

Suppose 4;, A,, A3 are any three sites, and let  be the circle passing through
them. Then 4,, A,, A; forms a triangle of geometric neighbours if and only if
there are no other centres inside y (cases where another centre falls exactly on y
are of zero total probability except for exactly regular lattices. If A;, 4,, 43 is
a straight line then 9 cannot be drawn, but 4; and 4; cannot then be neighbours
anyway because of A,). The proof of this property is given in Appendix 1.

It follows from the above that if 4, and A4, are already identified as neighbours,
then the site 45, to complete the neighbour triangle is that site which 4, , 4, subtends.
the largest angle 8 (Figure 8).
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THE PROBLEM OF MARGINAL SITES
Suppose I is the boundary of a plane region R containing sites. A common geo-
graphical problem is to determine whether or not the arrangement of sites is consi-
stent with some specified statistical model. The commonest of these is the Poisson
random distribution described previously. One method of approach would be to con-
struct the simplicial graph of the sites, compile histograms of / and 6 and a line charge
for g (g being a discrete variable) and compare these with the corresponding distri-
butions in the suggested model. In constructing the distribution of the coordination
number of g, difficulties arise in dealing with a site such as 4 in Figure 9. The neigh-
bourhood of A4 in Figure 9 is not a complete polygon, being bounded partly by

f /;\\

Fig. 9. Site A — a marginal site with an incomplete Voronoi polygon
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a portion of I', and consequently no coordination number of g can be assigned to A.
For simplicity we shall call a site of this type a ‘marginal site’.

If I' is an irregular or curved boundary there is no easy way of overcoming this
difficulty; all such marginal sites must be discarded in constructing the g distribution.
This represents a considerable loss of information, particularly when a number of
sites is small. For example, in Figure 9, seventy-five per cent of the sites are marginal
sites 4 lower bound for the proportion, f,,,,, of marginal sites in a general case can
be estimated by the following rough calculation for a circular boundary of radius R
containing N sites.

Marginal sites will be those lying within a/ of the boundary, where a is some
number of the order of unity, its precise value depending on the statistical
distribution of sites. In any case, we may clearly expect that 0.5 < a < 1.5. Taking
the relative numbers of sites in two regions as proportional to their areas, the fraction
Jmarg Of marginal sites is given by

N aR?*—a(R—al)? al al
17 L marg __ s (AT
an Jours = =3 aR? R ( R)
We also have
g e
(18) l=——=pR l’ L f
Ve / N

Where f ~ 1 and is another number depending on the statistics. Hence we have

t Y d
(19) jl“,a%—(Z——TT).
= VN VN
where
(:O) Yy = '1,'f l‘/n‘.

From equations (3) and (9), the values of § for the hexagonal lattice and Poisson
random distributions are given by
f = V(2/y3) = 1:07 (hexagonal),

f = 32/9x = 1-13 (Poisson).

(21)

To obtain a rough estimate we may set a = § == 1 and y = 'z, when (19) becomes

- 'z
(22) -nur g - o (2 ] /" e 1
Jmacs | N ' N

The variation of f,,, with N is shown in Figure 10. It clearly only has signifi-
cance for 5 << N since for N < 5 all sites are marginal. Although derived on the basis
of very rough approximation, trial reveals that (22) gives quite a reasonable guide
for relatively small samples with N ~ 10.

It may be noted from Figure 10 that for N = 100, marginal sites form roughly
30 per cent of the total, and that even for N = 1,000 the proportion is still about
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10 per cent. For boundaries of non-circular shape the fractions will be correspon-
dingly higher.

Such a loss of information is only serious for the g statistic. The histograms for
/and 0 are much less affected since for these we only need complete links and triangles
respectively, not complete polygons.

faerg 05

o 10 102 10? 10 w0°*

N

Fig. 10. The variation of fmarg with N, the number of ‘sites’

PERIODIC BOUNDARY CONDITIONS

If the boundary I' is rectangular the problem of marginal sites can be partially
avoided by the device (well known to physicists and applied mathematicians) of
applying ‘periodic boundary conditions’. This involves repeating R and its site pat-
tern across each of its straight line boundaries rather like a wallpaper pattern. This
process is illustrated in Figure 11.

The rectangular region R is surrounded by eight similar regions. For each site,
within R, eight ‘image’ sites are assigned as shown. For marginal sites their neigh-
bourhood polygons are now completed by using these image sites. It is observed in
Figure 11 that even in the case illustrated, where there are only two sites, it is pos-
sible to construct complete polygons. Obviously, in such an extremely small sample
the statistics are dominated by the periodicity of the augmented pattern, but for
larger values of N the effect is much less. For N = 100, for example, one may expect
the slight distortion of the coordination number statistics to be much more accep-
table than simply deleting the thirty or so marginal sites.

Clearly the method is not restricted to rectangular boundaries but will work for
regions of any shape which, in repeating periodically in all directions, can be close-
packed in a plane. Obvious shapes which satisfy this criterion are those of the paral-
lelogram, regular hexagon and equilateral triangle.
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Fig. 11. 8 ‘Image’ sites surrounding sites 4 and B

MONTE CARLO SIMULATION OF wg

It has previously been indicated that no theoretical formula for the number w,
has yet been found. We have suggested, however, that the ‘coordination number’
q is an important statistical parameter and it is necessary to have some idea of its
frequency distribution in the Poisson case.

In this study we have simulated ten random point patterns, each of 1000 points
(Figure 12). The values of ¢ have been collected from the corresponding simplicial
graphs. The results are summarized in Table 1 and Figure 13.

It will be observed that there is relatively little variability between each simula-
tion run due in the main to the satisfactorily large number of points. Any variability
between simulations is, of course, due to random fluctuations. It is suggested that

except for highly marginal cases these simulated data will be suitable for goodness
of fit tests.

DISCUSSION

It is obvious that pattern is such a complex phenomenon that no single parameter
could possibly provide a satisfactory description. The three parameters, ¢, / and 6,
whilst not providing a complete description of the simplicial graph, in a mathematical
sense, enable the researcher to tackle problems of pattern description in a more rigo-
rous manner than hitherto. Furthermore, these parameters have the added advan-
tage of being relatively easy to compute from the simplicial graph.



TABLE 1. Results of ten simulated patterns each of 1000 sites. Marginal sites are not included in the calculation

NUMBER OF NEIGHBOURS

3 4 5 6 7 8 9 10 1" 12 s
1 7 19 20 257 Im 76 2 4 2 888
2 16 103 234 2% 167 76 30 6 3 891
z 3 B 103 246 263 1m0 23 4 > 898
Chx 4 12 103 23 294 165 T 21 s 1 891
E 5 7 105 251 253 61 7 23 1" i 895
é 6 9 109 235 219 191 89 16 7 895
z 2 ; 15 9% 236 215 16 1S 26 6 1 899
8 8 93 249 257 188 70 27 4 893
9 7 101 20 280 176 68 25 6 893
10 7 % 2583 m 15 7 28 6 3 1 898
z 95 1031 2367 2646 1719 759 251 59 1 3 ¥ 8941

% frequency 106 1153 2647 2959 1922 848 280 0.6 012 003

http://rcin.org.pl
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Let us suppose that we wish to examine a point pattern which we thought had
been generated by a two-dimensional poisson process. The statistical distributions
of ¢, I and 0 can be collected from the simplicial graph and compared with the theo-
retical distributions of / and 6 and the simulated distribution of g. If all three observed
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Fig. 12. One example from the ten simulated random point patterns. Voronoi polygons and the
corresponding simplicial graph are shown N = 1000
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Fig. 13. Frequency distribution of ‘number of neighbours’, ¢

Fig. 14. Proof of the circle property for neighbour triangles — see Appendix I
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