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SURFACE RELIEF AND GEOLOGICAL STRUCTURE
AS CAUSES OF THE LANDSCAPE PECULIARITIES
OF THE OTEPAA UPLAND

E. Hang

The Otepdd Upland is situated in the south-eastern part of the
Estonian S.S.R., between lakes Peipsi and Vdartsjarv. In the central
part of the upland lies the town of Otepdd. Near its boundaries the
following settlements are to be found: Elva and Kambja in the
north, Vastse-Kuuste and Varbuse in the east, Osula and Sangaste
in the south, and Puka and R&ngu in the west. The total area of the
upland is approximately 1.200 sq. km, its longest range from both
north to south and east to west being 40 km.

The Otep&a Upland is one of the main forms of the surface
relief of the Estonian S.S.R. Already K. Rathlef regarded it as
a separate orographic unit, which he called Otepda Plateau in his
survey of the hypsometry and hydrography of Livonia, Estonia
and Courland published in 1852. Besides the greater height of the
upland in comparison with the areas-surrounding it he also pointed
out its varied hilly relief as one of its-characteristic features. The
investigations carried out since last century have contributed
a wealth of material that has helped us to form a more accurate
picture of the peculiarities of the geological structure and morpho-
logy of the landforms of the upland as well as of other distinctive
features and differences in its nature. As a result the Otepéd
Upland has come to be regarded as a separate unit on many maps
representing the nature of Estonia (e.g. the landforms, climate,
soils, mires etc.).

J. G. Grand (1922) and A. Tammekann (1931) distinguished
the Otepdd Upland as one of the Estonian landscape units. In
view of the whole complex of its natural conditions it is also
regarded as such on the most recent schematic maps of the phy-
sico-geographical (landscape) regions of the Estonian S.S.R,
which are based on the results of more detailed investigations
(Bapen, 1961; Varep, 1964, 1968; Kildema, 1966). In those treat-
ments the boundaries of the Otepdd Upland as a landscape region
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Fig. I. Landforms of the Otepdd Upland.

1 — large moraine hills and kames with complicated structure, 2 — fluvio-

glacial and limnoglacial kames of medium (a) and small size (b), 3 —

moraine hills and till-covered kames of medium (a) and small size (b),

4 — moraine plains and limnoglacial abrasion plains, 5 — outwash and lim-

noglacial accumulation plains, 6 — primeval valleys, 7 — the highest points
in the upland.

do not exactly coincide with those that mark it as an orographic
unit. That is due to the fact that in determining the boundaries of
the landscape region the main consideration has been the hilly
relief characteristic of the central part of the upland, whereas its
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marginal areas, which have a more even surface relief, especially
in the south-east, have been regarded as forming part of the plain
areas (the South-East Estonian Plateau), which lie outside the
boundaries marking the upland as an orographic unit. The present
article will give a short physico-geographical survey of the Ote-
paa Upland within its orographic boundaries.

The Otepdd Upland is a typical insular height with a hilly
moraine relief which is surrounded by lower and more even areas.
As is well known, such elevations are fairly numerous in the
north-western part of the East-European Plain. Their most remark-
able representative on the territory of the Estonian S.S.R. is the
Haanja Upland, the highest part of the republic, which rises to
a height of 317.6 metres above sea-level. The highest points of the
Otepédad Upland reach a little over 200 metres above sea-level.

In the north, east and south-east the Otepdd Upland borders
on the South-East Estonian Plateau, which lies 40— 100 metres
above sea-level. In the west it is contiguous to the depression of
Lake Vaortsjarv. In those marginal areas moraine, outwash, limno-

glacial accumulative and abrasional plains prevail. It is only
in the south-west that the Otepdd Upland borders on a similar
more elevated area — the Karula Upland — which, however, is

considerably smaller and lower in comparison.

The boundaries of the Otepdd Upland are comparatively easy
to distinguish along its foot at a height of 90— 100 metres above
sea-level. Only in the south-east is the borderline more difficult to
determine for here the upland has no clear-cut foot. In several
places the boundaries of the upland are marked by valleys running
along or parallel to it in its immediate vicinity. Such are the
Laatre, Rdngu and Elva valleys in the west, the Aarike-Tdravere
valley in the north, and the Reola (Konsu) valley and partly also
the Ahja valley in the east.

In broad outline the Otepd4d Upland can be divided into two
more elevated parts — the western and the eastern one. These are
separated by a lower area round Lake Plhajarv trending from
north to south. This area lies at a height of 120— 130 metres above
sea-level, the water level of Lake Pihajérv reaching 115 metres
above sea-level.

The western part of the upland is smaller in area, more com-
pact in configuration, and in general higher than the eastern part.
The western part has a more elevated axis running from north-
west to south-east. Within its boundaries there are several large
round and elongated hills attaining a height of over 200 metres
above sea-level. Among these mention should be made of Kuutse
Hill (217 metres), the highest point of the Otepdad Upland, the
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hills of Korgemé&gi (214 metres), Tsiatrahvimédgi (213 metres),
Karjaméagi (207 metres) and some others lying farther to the
north, and Harimé&gi Hill (212 metres) in the south. In the vicinity
of Kuutse Hill and north of it the landforms have a noticeable
trend from north-west to south-east and from north to south. In
the vicinity of Harimégi Hill the hills converge to form a belt
running from north-east to south-west. In the north-east (south of
Lake Puhajarv) it forms a link between the two higher parts of
the upland, and in the south-west (in the direction of Sangaste)
it continues even outside the boundaries of the upland.

Much more complicated is the orography of the eastern part of
the upland, which is more extensive in area but generally has
a less varied surface relief. Lower areas resembling the depres-
sion of Lake Puhajarv and numerous primeval valleys divide this
part of the upland into several separate hilly areas and plateaus
with an undulating or hilly moraine relief. Here, too, the highest
is the central part, where, just as in the western part of the upland,
round and elongated hills rise higher than 200 metres. The most
remarkable of these are Laanemé&gi Hill (211 metres), Toikamagi
Hill (210 metres), Vdaike Munamégi Hill (207.5 metres), and
several landforms in the vicinity of Lake Valgjarv. The larger
hills in this area run from north-east to south-west or from north-
west to south-east. The trend from north-east to south-west is
especially clearly noticeable in the belt of landforms between Lake
Valgjarv and Vaike Munamagi Hill. This belt continues south-west
of Vdike Munamaégi Hill, where it joins the above-mentioned belt
of landforms running in the same direction in the vicinity of Hari-
magi Hill.

In the south-eastern part of the upland, which generally has
a more even relief, primeval valleys of 30—40 metres in depth,
such as the valleys of Kooraste (Truuta), Sirvaste, JOksi-Piigandi.
Erastvere-Ahja, Urvaste and that of the River Puhajdgi, constitute
a remarkable feature. They are also rich in lakes.

*

The Otepdd Upland is an outcrop area of Devonian sand-
stones. In the northern and central parts of the upland outcrops
of the Arukila and Burtniek stages of Middle Devonian sand-
stones are revealed respectively, while in the extreme southern
part of the area the sandstones of the Gauja stage of Upper
Devon appear. The Arukila stage mainly consists of red, the
Burtniek and Gauja stages of light-coloured (white, pinkish, yel-
lowish and bright red) obliquely laminated sandstones. Qutcrops
of the bedrock occur only in the outlying parts of the upland,
mainly in the deeper valleys. In the central part of the upland it
is everywhere hidden under a thick cover of Quaternary deposits.
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Eearlier there were few direct data on the height of the upper sur-
face and the nature of the surface relief of the Devonian sand-
stones. On the analogy of the Otepdd Upland to other uplands in
the Estonian S.S.R. and the hilly moraine uplands in the neigh-
bouring areas it was merely supposed that the surface of
Devonian sandstones might reach higher here than in the sur-
rounding areas. Recent geological research (Kask, 1963, 1965) has
proved that this supposition is valid first and foremost for the
eastern part of the upland, where the absolute height of the sur-
face of the sandstones is 90— 115 metres, which is 20—50 metres
more than in the area lying east of it. In the western part of the
upland the upper surface of the bedrock reaches 50—70 metres
above sea-level, i.e. approximately the same height as it attains in
the area bordering on the upland in the west. At the same time it
has been found out that the surface relief of the sandstones under
the upland is cut by deep valleys, the bottom of several of which
reaches below sea-level. These constitute a complicated maze of
buried valleys filled with Quaternary deposits. The direction and
depth of all of these valleys have not been investigated in detail
yet. Some of these valleys are directly reflected in the present-day
relief in the form of river valleys, whereas others are perceptible
as rows of separate depressions.

Special mention should be made of the Tartu—Otep&d&d—Valga
buried valley, the bottom of which lies up to 60 metres below sea-
level. This valley is noticeable in the present-day relief of the
Otepdd Upland as the lower area round Lake Pihajérv. North of
the latter it is observable as a succession of depressions (those of
lakes Nduni and Pangodi), and outside the boundaries of the
upland it continues in the form of the Aardla primeval valley
almost up to the outskirts of the town of Tartu. In the south it
runs along the upper reaches of the valley of the Véike-Emajogi
River and the valley of the Pedeli River in the direction of the
town of Valga (Kask, 1965; Kask, JlniiBpaHpg, 1967).

The total thickness of the Quaternary deposits covering the
Devonian sandstones is 50—200 metres in the buried valleys and
the more elevated parts of the Otepda Upland. Thus the existence
of the Otepda Upland is not so much due to the greater height of
the surface of the Devonian sandstones in comparison with the
surrounding areas as to the great thickness of the Quaternary
deposits. This thick cover is mostly made up of Pleistocene depo-
sits, i.e. tills and various sands and gravels accumulated by the
meltwaters of the Continental Ice. Among the Holocene deposits
the thickest are the lacustrine and paludal deposits in the depres-
sions between the hills (their total thickness reaching 7—8 metres,
in some cases up to 15 metres).

The results of recent research have confirmed an earlier con-
jecture, which has partly also been proved by a find of interglacial



deposits at Rdngu (Orviku, 1939), claiming that the Pleistocene
deposits forming the Otepdd Upland date back not only to the
latest glaciation, but also to the preceding glaciations and the
interglacials between them. According to K Kajak (Kask, 1965)
four horizons of tills and meltwater sediments can be distinguished
among the Pleistocene deposits. In several localities both in the
upland and in its immediate vicinity boring data have proved the
existence of fluvioglacial and limnoglacial deposits between the
tills as well as the occurrence of lacustrine and paludal deposits
with pollen and spores of plants. This has made it possible to carry
out a palynological investigation with a view to determining the
stratigraphic age of the tills, though no final conclusions have
been drawn as yet. The upper horizon (the reddish brown, more
rarely the grey till) corresponds to the Valday glaciation, the next
(the grey till rich in carbonate boulders) to the Moscow glacia-
tion, the third one (the brown till rich in crystalline boulders) to
the Dniepr glaciation. The thickness of these till horizons ranges
from a few metres to 20—40 or even more metres. The fourth and
lowest till horizon consisting of grey, more rarely brown, till with
a greenish shade rich in carbonate boulders occurs especially in
buried valleys and presumably dates back to the Lower Pleisto-
cene (Kask, NluinepaHpg, 1967).

Today’s landforms of the Otepdd Upland have chiefly been
shaped by the latest Continental Ice Sheet and its meltwaters
(Fig. 1). During the Post-Glacial period the positive landforms
have been denudated to a certain extent, the depressions between
them have been filled with lacustrine and paludal deposits and
some smaller erosional forms have also appeared. The whole
complex of landforms here, which bears the generalised name of
hilly moraine relief, is characterised by a great heterogeneity as
regards the morphology, geological structure and genesis of its
landforms, and the distribution of their different types (Hang,
Lepasepp, 1961; Kask, 1963; Raukas, 1972).

The positive landforms of a hilly relief are usually divided into
small, middle-sized and large forms, the relative height of which
is respectively up to 10 metres, 10—25 metres and 25 and more
metres. Among the landforms of all three size groups there are
forms with oval, elongated and irregular bases. Very often the
separate landforms are linked side to side or end to end to make
up morphologically very complicated compound forms. It is quite
usual for several small forms to rise from one common base. The
incline of the slopes of the positive landforms differs very widely.
Between the positive landforms there are depressions of different
size and shape, constituting an element that is just as characteristic



of the relief type in question as the positive landforms themselves.
It must be admitted that so far no systematic study has been made
of the specific morphological peculiarities of landforms of different
geological structure and genesis. Little attention has been paid to
the investigation of depressions.

As far as the geological composition of the landforms
is concerned moraine hills (i.e. elevations wholly con-
sisting of till) occur sporadically in all parts of the
upland, but their role is not dominating. Mostly they belong to the
group of small or middle-sized landforms, have irregular contours
and gentle slopes. In the lower outlying parts of the upland, where
they are more frequent and occur together with moraine-covered
kames they constitute a hilly undulating relief in which it is often
rather difficult to distinguish the separate landforms. The domi-
nating landforms in the Otepdd Upland are kames of different
types. The most numerous are kames consisting of various sands
and gravels of fluvioglacial origin (fluvioglacial kames), less
frequent are kames consisting of limnoglacial deposits of sandy
loam (limnoglacial kames). Often both types of kames are covered
either wholly or partly with a thin layer of till, probably ablation
moraine. In the higher central part of the upland middle-sized or
large round and elongated hills frequently occur. They have a
complicated structure and should also be regarded as belonging
to kame-type landforms. Among them there are hills the lower
part of which consists of till whereas the upper part is made up
of either fluvioglacial or limnoglacial deposits, or even both of
them. There are also numerous landforms the basic part of which
consists of fluvioglacial and the upper part of limnoglacial depo-
sits. The characteristic morphological peculiarities of those land-
forms whose upper part consists of limnoglacial deposits are an
even surface and steep slopes. The covering limnoglacial deposits
include both varved and unlaminated clays. The layer of clay is
not thick, 2—3 metres on an average. It should be added that
round and elongated hills covered with similar limnoglacial clays
can be found among landforms of various size and at different
absolute heights also in other parts of the Otepd4d Upland (Saarse,
1969).

In the northern and north-western parts, i.e. in the proximal
parts, of the Otepda Upland, among others we can find landforms,
which evidently have been formed under the pressure of the Inland
Ice. Besides deposits of the latest glaciation, the components of
such landforms often include older tills and fluvioglacial and lim-
noglacial deposits. Morphologically more clear-cut marginal forms
are to be found in the vicinity of Kambja, Luke and Tamsa on the
northern edge of the upland.

The south-eastern (distal) part of the upland is regarded as an
outwash and limnoglacial abrasion and accumulation plain, which
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is intersected by primeval valleys of glacial meltwaters. This part
of the upland stands in need of a more detailed geomorphological
investigation than has been carried out so far.

*

In comparison with the surrounding areas the climate of the
Otepdd Upland has certain specific features. These result from the
greater absolute height of the upland, which exceeds that of the
neighbouring areas by 100— 150 metres, from the hilly relief of the
area under discussion and from the highly varied nature of its
surface structure (Raik, 1967).

According to P. Karing (1974) the total radiation in the Ote-
p&a Upland, both in summer time and throughout the year, is some-
what smaller than it is in the neighbouring plains. The greater
height and variable surface relief favour the performance of con-
vection currents in this area. This causes greater cloudiness above
the upland, which reduces the influx of radiation. Together with
greater cloudiness there is more precipitation (the average annual
rainfall exceeding 650 mm) as well as a greater number of rainy
days (the annual average being 270 rainy days). The Otepéaa
Upland is one of those regions in Estonia that receive the greatest
rate of rainfall. Showers are more frequent here than in the sur-
rounding plains.

Air temperature is somewhat lower in the upland than in the
neighbouring lower-lying areas. The joint effect of this cir-
cumstance and the greater rate of precipitation is especially evi-
dent in winter. In the upland thaws are less frequent and much
slighter, the snow cover is deeper and lasts longer. The average
depth of the snow cover is 40 cm, and the average period with
persistent snow cover lasts for 110 days (from Dec. 10 to March
31). In some years on the wooded slopes with a northern exposure
the snow will not melt till the beginning of May. The total of the
active temperatures (the average diurnal temperatures rising
above 10°C) in the upland ranges between 1780° and 1850° C,
being nearly 100° C smaller than the respective total for the sur-
rounding areas. The period of active plant growth (125— 130 days)
is 5 days shorter than it is in the plains (Eesti NSV agroklimaati-
line teatmik, 1962).

The upland is characterised by a great variety of microclimatic
conditions. Very few direct microclimatic investigations have been
carried out in the upland so far. The observations that have been
made have shown that in summer time on hills of medium size the
soil temperature is on an average 2—3°C higher on the southern
slopes than it is on the northern ones. During the period of night
frosts the difference between the temperatures at the bottom of
closed depressions and the tops of hills may be as great as 8 deg-
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rees. In closed depressions night frosts may occur as late as June
and even July. In the hilly landscape the distribution of the snow
cover is uneven. The microclimatic peculiarities of the upland are
well reflected by many phenomena in the seasonal development of
the nature. In the same way these peculiarities appreciably affect
the course of land cultivation work (e.g. by the difference in the
dates by which separate fields are ready for tilling and har-
vesting).

The microclimatic peculiarities differ in separate parts of the
upland, mainly depending on the local characteristic features of
the surface relief. These peculiarities are the most striking and the
microclimatic conditions are the most varied in the distribution
area of big hills.

Owing to its general orographic features (the existence of
several more elevated areas), its hilly surface relief and the
occurrence of primeval valleys, the Otepd4d Upland is divided into
a great number of small drainage areas. The brooks and little
streams that draw their water from the upland mostly join to form
rivers only outside its boundaries. The rivers that take their origin
in the upland in this way are the Véike-Emajogi, Elva, Ahja and
Puhajdgi. The most important watershed area is the group of high
hills in the western part of the upland and a belt of similar land-
forms between Vidike Munamdgi Hill and Lake Valgjarv in its
eastern part. Owing to the peculiarities of the climate and surface
relief the runoff has a somewhat higher average in the upland
than it has in the surrounding areas. However, since the runoff is
divided between numerous brooks and streams, their discharge
within the limits of the upland is small. In spite of the fact that
the numerous lakes have a certain regulating effect on the regime
of the streams and brooks, there still is a considerable fluctuation
in the runoff during the different seasons. It attains its maximum
in spring when the snow is melting.

A great part of the rivers in the upland take their origin in the
lakes and mires situated in the depressions between the hills. They
wind their course through these depressions and primeval valleys
towards the outlying areas. In the peatlands their beds are narrow,
low and winding, but they have often been straightened and con-
verted into ditches. Only in places where the river has broken
through a saddle linking two neighbouring hills, have there been
formed short stretches of V-shaped or U-shaped valleys. Within
these the streams have a remarkable fall and swift current. The
same is the case in places where brooks and streams fall into
primeval valleys or onto the plains surrounding the upland.
Another part of the rivers take their origin in the lakes situated



in large primeval valleys. These are like relics of the powerful
streams of glacial meltwaters that used to flow through these
valleys at the end of the latest glaciation. In the outlying parts of
the upland outcrops of Devonian sandstones are revealed on the
banks of some rivers (e.g. those of the Ahja and Puhajdgi rivers).
There are also terraces in many primeval valleys, which testify to
their gradual deepening during the Late-Glacial period as the
water level of the large periglacial lakes, which covered the less
elevated areas surrounding the upland and constituted the erosion
basis for rivers, gradually became lower (Hang, Liblik, Linkrus,
1964).

Thus the present brooks and streams in the Otep&&d Upland
have adapted themselves, on the one hand, to the glacial surface
relief without transforming it to any appreciable extent, and, on
the other hand, to the primeval valleys, the morphology of which
they have also changed but slightly.

In comparison with the brooks and streams the lakes have
a much more important role in the landscape of the Otepdd Upland
(Varep, 1962). This is one of the regions richest in lakes in the
Estonian S.S.R. Their number is as many as 130, there being an
average of one lake per every 9 sq. km. As the total surface area
of the lakes amounts only to 14.3 sq. km, it is clear that small lakes
are predominant here (Eesti jarvede nimestik, 1964). The great
number of lakes can be explained by the humid climate and the
abundance of depressions in the young glacial relief, which has
hardly been changed by water erosion. The original number of
lakes was much larger. This is proved by the fact that most of the
mires in the depressions between the moraine hills and kames
have resulted from the overgrowing of former lakes.

On the basis of the morphology of the lakes as well as the
genesis of their beds we can distinguish three types of lakes in the
Otepda Upland: those lying between the moraine hills and kames;
those situated in primeval valleys; and an intermediate type of
lakes which are connected with buried valleys of the Otepéa
Upland.

The lakes situated between moraine hills and kames may be
either round or oval in shape and commonly have a simple bottom
relief. Some of them have a well-indented shoreline, rich in penin-
sulas, inlets and islets, and a varied bottom relief (such as Lake
Valgjérv, which has a surface area of 64.4 hectares and a maxi-
mum depth of 5.5 metres). Most of these lakes are small and not
very deep, although some of them stand out for their great depth
in comparison with their small surface area (e.g. Lake Tornijarv
in the western part of the upland, with an area of 13.3 hectares and
a depth of 15.2 metres). Such lakes often form groups (e.g. the
Paidla group of lakes in the north-western part of the upland).
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An important part in the formation of the depressions of these
lakes has been played by dead ice.

The lakes situated in primeval valleys are long and narrow in
shape, have high shores and attain a great depth. The greatest
depth of Lake Uhtjarv (with a surface area of 43.5 hectares) in
the Urvaste Valley is 26.5 metres (the fifth deepest lake in the
Estonian S.S.R.), the depth of Lake Piigandi (43.4 hectares) and
Lake Joksi (64.9 hectares), both situated in the Jdksi—Piigandi
valley, is 25.3 and 23.9 metres respectively. In the Kooraste valley
there is a chain of eleven small lakes, of which Lake Uiakatsi (17.3
hectares) has a depth of 18.6 metres.

The largest lakes in the Upland are Lake Pihajarv (285.9 hec-
tares), Lake Pangodi (115 hectares), and Lake Noduni (78.8 hec-
tares). Lying over the buried valley of Otep&a, they are oblong
in shape like the valley lakes, but shallower (8.5, 11.1 and 14.7
metres respectively) and have a well-indented shoreline like the
lakes in hilly localities. Lake Puhajarv has the most indented
shoreline of all the lakes of the Estonian S.S.R. Varved clays and
terraces are to be found on the shores of these lakes. This is proof
of their complicated development in the Late-Glacial period and in
the Holocene.

It is worth mentioning that in those lakes that are enclosed bet-
ween hills or lie in deep valleys, where they are sheltered from the
winds, clearly-marked vertical stratification of the temperatures
is observable all through the summer. While on the surface of the
water the temperature reaches up to 22°C, at a depth of 8—10
metres it is barely 7—8°C. In some lakes such differences in the
water temperatures are also caused by the existence of springs.

From the hydrobiological point of view most lakes in the
upland are eutrophic lakes rich in nutrients, which are characte-
rised by copious flora and fauna (Méemets, 1965, 1974).

The rugged surface relief and the variety of the Quaternary
deposits constituting the parent rock of the soils, are the main
factors that directly or indirectly together with man’s land culti-
vating activities, have influenced the development of a highly
mosaic complex of soils in the greater part of the Otepad Upland.
The soil cover is made up of a great number of soil varieties with
different genesis, composition, and structure, which are distributed
as elementary areas of highly complicated configuration.

On the schematic soil map of the Estonian S.S.R. the principal
part of the Otepdd Upland is included in the region of eroded soils
covering the uplands of South-East Estonia (Lillema, 1963).
Owing to the hilly relief soil erosion is wide spread; as a result
eroded soils predominate in the upland. In this hilly area within

13



the limits of one relief form, and consequently within the limits of
one unit of cultivable land, we can find a great many varieties of
soils, which widely differ (or even contrast) in their qualities.
Large-scale soil maps show that different varieties of more or
less eroded soils are common on the elevations of the hilly area,
whereas a complex of deluvial soils and mires is spread on the
negative elements of the relief.1 Soils untouched by erosion are
more wide spread in the south-eastern part of the upland, which
has a more even surface relief and which (as was mentioned ear-
lier on in this article) is usually not regarded as a part of the
Otepda Upland, but is included in the South-East Estonian Pla-
teau (which constitutes the district of South-Estonian pseudopod-
zolic soils).

On approximately 80 per cent of the surface area of the Otepdéd
Upland, i.e. the part that is in the possession of the state and col-
lective farms, large-scale soil maps were compiled by the State
Designing Institute “Estonian Agricultural Project” (*Eesti Pollu-
majandusprojekt”) in 1956—1967. The remaining 20 per cent of
the territory is in the possession of other owners (mostly belong-
ing to the state-owned forest fund) and so far its soils have not
been thoroughly investigated yet. Calculations based on the
general and detailed soil maps of the agricultural enterprises in
the region under discussion 1show that the most wide-spread soil
types here are the closely connected eroded and deluvial soils,
pseudopodzolic soils and mires. These soils account for 43%
(eroded soils making up over 31%, and deluvial soils over 11%),
22% and 17% respectively, thus all in all for over 80% of the
mapped area. Figures very close to these — 45 (33 and' 12), 21 and
17 per cent respectively — are also given in the most recent data
about the soils of the Estonian S.S.R. (Kokk, Rooma, 1974,
Table 2). In the group of mineral soils in the Otepda Upland
loamy sand prevails (covering 49% of the mapped area), less wide
spread are sandy loam (17%) and sand (16%), and very scarce
are loam and clay (1%).

For the sake of comparison it should be pointed out that in the
neighbouring plains the dominant varieties are pseudopodzolic
soils (covering 35—45% of the mapped area) and also gley-pod-
zols (10—20%). An appreciable percentage here is made up of
different varieties of gley soils (10— 12%), which are very scarce
in the upland. The area of mires is nearly the same (14— 15%) as
it is in the upland, whereas eroded and deluvial soils account for
only 3—4%.

1 See also the article “Soil map of the Estonian S.S.R.” by L. Reintam and
I. Rooma in the present collection.

1 E. Mé&eks. The composition of the soil cover of the Otepdd Upland and
its local peculiarities. Diploma thesis. Tartu 1967. 33 p. The manuscript (in Esto-
nian) is preserved at the Chair of Physical Geography of Tartu State University.
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Among the eroded soils in the Otepd4d Upland the most wide
spread are eroded pseudopodzolic soils (covering 67% of the area
of eroded soils). According to the degree of erodedness, weakly
(44%) and moderately (41%) eroded soils prevail, which are
mostly found on slopes with a gradient of 3—5° and 5— 10° res-
pectively. The fertility of eroded soils is very low. The average
yields of crops from weakly eroded soils are about three quarters,
from moderately eroded soils from three quarters to a half, and
from strongly eroded soils from a half to one quarter of those
gathered from fields with the same variety of uneroded soil (Kask,
1964). Eroded soils often prove nonresistant to drought.

Among deluvial soils moderately moist and moist varieties pre-
vail (covering nearly 90% of the area under deluvial soils). In the
group of pseudopodzolic soils and podzols weakly and moderately
podzolized varieties cover 95%, and among mires lowland swamps
account for 90% of the distribution area respectively. The mires
of the hilly area are not easily drainable owing to their scattered
nature and the fact that they are fed by groundwaters. Their
amelioration is often accompanied by the sinking of the water level
in the lakes, which in its turn has undesirable results (the over-
growing of lakes etc.).

The soil cover is not uniform throughout the territory of the
upland. The changes in it are a clear reflection of the geomorpho-
logical differences of its various parts. R. Kokk and |. Rooma
(1974) divide the Otepdd Upland into three agricultural micro-
districts of soils. In the Otepdd microdistrict, which embraces the
largest and geomorphologically most remarkable part of the
upland, the proportion of eroded and deluvial soils amounts on an
average to 63 per cent, that of mires to 22 per cent, and that of
pseudopodzolic soils and podzols only to 7 per cent of its mapped
area. There are localities here where there are practically no
mineral soils unaffected by erosion. In this microdistrict the pro-
portion of strongly eroded soils is also larger than it is elsewhere.
In the Kambja-—Keeni microdistrict (the northern and western
marginal areas of the upland), and especially in the Kanepi micro-
district (the south-eastern and southern parts of the upland), the
proportion of eroded and deluvial soils is, owing to the more even
surface relief, considerably smaller, accounting for 44 and 29 per
cent of the mapped area respectively. The proportion of mires is
also smaller here (17 and 13 per cent), for the number of depres-
sions enclosed between the hills is smaller in the outlying parts
of the upland and they are smaller in area, whereas the network of
valleys favouring drainage is more developed than in the central
part of the upland. On the other hand, the percentage of pseudo-
podzolic soils is higher (25% and 30% respectively). A local
difference between the Kambja—Keeni and Kanepi microdistricts,
which also reflects the differences between the geomorphology of
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the proximal and distal parts of the upland, lies in the presence
of carbonate soils in the former and the remarkable proportion of
podzol-gley soils (over 17%) in the latter. In comparison with
other microdistricts the Kanepi microdistrict is remarkable for the
greater percentage of soils of lighter composition (sand and loamy
sand). It should be pointed out that in the south-east the bounda-
ries of the Otepdd Upland, as they have been treated in this paper,
reach somewhat farther beyond those of the Kanepi microdistrict,
including also some areas with a prevalently even surface relief.
In these parts of the upland the specific features characterising the
soils of the Kanepi microdistrict are even more noticeable (the
higher proportion of pseudopodzolic soils, etc.).

*

Before the beginning of extensive human activity that brought
about changes in the natural environment, the Otepd&d Upland,
except the lakes and mires, had been covered with forests. It was
only in the first centuries of our era that the central part of the
upland was settled, the population gradually moving in from its
marginal areas and the surrounding lower districts, which were
already inhabited by that time (Eesti NSV ajalugu, 1955). In all
probability most of the old villages in the upland that have been
preserved up to the present day had been founded by at least the
beginning of the 13th century (Varep, 1966). During the following
centuries the network of settlements grew ever thicker.

Here, too, as in other parts of Estonia, the forests had under-
gone a long and complicated development during the Post-glacial
period. Palynological investigation has shown that at the time
when the first settlements were founded in the upland area it was
chiefly covered with various spruce or spruce and pine forests.
Besides those there were forests of small-leaved trees, in which the
birch dominated (Laasimer, 1965; Valk, 1974). The expansion of
settlements and the development of land cultivation and cattle-
raising resulted in a decrease in the area remaining under forest.
Spruce forests, especially those on fertile soils, suffered the great-
est decline. The slash-and-burn agriculture prevailing in land cul-
tivation during the early centuries of settlement caused frequent
forest fires and thus contributed to the replacement of spruce
forests by pine woods and mixed spruce and pine forests. Later
on, after transition to the permanent fields new arable land was
mostly gained by clearing spruce forests, which were preferred
because of their more fertile, clayey soils. If cultivation of such
fields was discontinued they were soon overgrown with shrubs and
were subsequently covered with secondary deciduous forests of
birch, aspen and alder.

At the present time 28 per cent of the area of the upland is
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under forest, which is a few per cent less than the average for the
Estonian S.S.R. Meagre spruce forests and spruce and pine forests
are prevailing here, accounting for up to 66 per cent of the whole
forested area in most parts of the upland. The relatively high rate
of such forests is a feature that makes the Otepdd Upland stand
out among all the other regions in the Estonian S.S.R. (Laasimer,
1965). Spruce forests rich in species are very few. In the central
part of the upland they make up 10— 15 per cent, and in the south-
eastern and southern marginal areas only 3—5 per cent of all the
forests growing there. Pine forests are most wide spread in the
south-eastern part of the upland. By the present time all the above-
mentioned forests have been strongly affected by human activity.
Secondary woods of birch, aspen and alder are also comparatively
frequent here.

Besides the paleogeographic and historical factors an important
role in determining the distribution of the forests, fields and set-
tlements in the Otepdd Upland has been played by the surface
relief. The area taken up by forests, fields and meadows varies in
accordance with the character of the landforms in different parts
of the upland. Owing to the hilly surface relief and the mosaic
pattern of the soils in most places the fields are scattered about
on the gentler slopes and flat tops of the round and elongated
hills, where soil erosion is less pronounced. On round tops and
steep slopes the forests, too are scattered about and grow in small
groves. In the area of the large round and elongated hills of the
central part of the upland, where the number of relief elements
liable to erosion is bigger, more land has been left under forests,
which account for up to 40 per cent of the area here. The case is
almost the same in the area of fluvioglacial kames, which are not
covered with till and have a sandy soil of poor fertility. The out-
wash plains in the south-eastern part of the upland are conspicuous
for their high percentage of forested areas (reaching up to 50 per
cent). At the same time the forests there are also more extensive.
On the other hand, in the area of medium-sized and small moraine
hills and kames covered with till, especially in the outlying parts
of the upland, where the surface constitutes a hilly undulating
plain, only about 20 per cent of the territory is under forest. In
places there are large expanses of cultivated fields here.

Nowadays a start has been made with planting under forest
lands that have been owergrown with shrubs. In the same way
forests are planted instead of former small infertile plots of
fields on steep slopes where there is a danger of erosion and where
it is difficult and unprofitable to use modern agricultural machi-
nery.

Besides forests there are various types of meadows and bush-
land. Large areas were overgrown with shrubs during World
War Il and the years immediately following it, when it was not
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possible to continue regular cultivation of all the fields that had
been under crops in the preceding years. In general in the upland
meadows are less common than they are in most other regions of
the Estonian S.S.R. They are represented mainly by marshes and
swamps, which lie in depressions and river valleys and are
difficult to drain. Dry meadows are scattered all over the area.
They are not numerous, since drier localities that did not.have to
be left under forest for fear of erosion have mostly been brought
into cultivation.

The prevailing type of settlement in the Otepdd Upland is
farming villages, the distribution of which primarily depends on
the existence of suitable arable lands. In hilly landscape the fields
and settlements are scattered among the hills, the most widespread
type of settlement being the dispersed village. Most of the vil-
lages are small. A common feature is the occurence of single farm-
steads and groups consisting of 2—5 farms. Only in marginal
areas of the upland where the fields are larger some more compact
villages constituting clusters of irregularly situated farms can be
found.

The network of settlements is also undergoing great changes
at the present time to make it meet the requirements of our social-
ist economy. Great progress has been made in building up central
settlements for collective and state farms, as a result of which the
present dispersion of settlements will gradually disappear. As the
upland abounds in localities suitable for recreation centres, nu-
merous holiday resorts, sports bases, etc. have been founded and
are being built up here.

REFERENCES

Eesti NSV agroklimaatiline teatmik /'Agriclimatological Book of Reference of
the Estonian S.S.R./. Tallinn, 19-32. 191 p.

Eesti NSV ajalugu, | /History of the Estonian S.S.R., Part I/. Tallinn, 1955.
791 p.

Eesti NSV pjéirvede nimestik /List of Estonian Lakes/. Tallinn, 1964. 222 p.

Grand, J. G. Eesti maastikulised Uksused /Landscape units of Estonia/. —
meLoodus”, 1922, No. 2, p. 105—123, No. 4, p. 193—214 and No. 5
p. 257—281.

Hang, E. Lepasepp, V. Haanja ja Otepdad kdorgustiku geomorfoloogiast /Geo-
morphology of the Haanja and Otepdd Uplands (with Russian and Ger-
man summaries)/. — In: Eesti NSV Teaduste Akadeemia Geoloogia Ins-
tituudi uurimused, VII. Antropogeeni geoloogia. Tallinn, 1961, p. 69—76.

Hang, E., Liblik, T., Linkrus, E. On the relations between Estonian valley ter-
races and lake and sea levels in the Late-Glacial and HoJocene periods. —
In: Transactions of the Tartu State University, 156. Publications on Geo-
graphy. IV. Tartu, 1964, p. 29—42.



Hang, E. Otepaa korgustiku filsilise geograafia podhijooni /On the main fea-
tures of the physical geography of the Otepdd Heights/. — In: Otepéa.
Kodu-uurijate seminar-kokkutulek 26,—30. juunini 1966. Ettekannete lihi-
kokkuvotted. Tallinn, 1966, p. 8—<24

Karing, P. Summaarse kiirguse jaotumisest Eesti NSV territooriumil /On the
distribution of total radiation on the territory of the Estonian S.S.R.
(with Russian and English summaries)/. — In: Eesti Geograafia Seltsi
aastaraamat 1971/1972. Tallinn, 1974, p. 24—34.

Kask, R. Muldade erosioon ja vditlus sellega Eestis /Soil erosion and the fight
against it in the Estonian S.S.R. (with Russian and German summa-
ries)/. — In: Maastike Kkaitsest ja planeerimisest Eesti NSY-s. Tartu,
1964, p. 67—76.

Kildema, K. Maastike kujundamise probleeme seoses melioratsiooniga /Problems
of landscape formation connected with land amelioration/. — In: Loodus-
kaitse ja maastik. Tallinn, 1966, p. 61—83.

Kokk, R., Rooma, ! Eesti NSV mullastik arvudes /The soil pattern of the Esto-
nian S.S.R. expressed in figures/. Tallinn, 1974. 91 p.

Laasimer, L. Eesti NSV taimkate /Vegetation of the Estonian S.S.R. (with Rus-
sian and English summaries)/. Tallinn, 1966. 397 p.

Lillema, A. Eesti NSV muldade agronoomiliste omaduste regionaalseid erine-
vusi mullastikuvaldkondade IGikes /Regional differences of agricultural
qualities of soils in the Estonian S.S.R. (with Russian and German sum-

maries)/. — In: Eesti Geograafia Seltsi aastaraamat 1962. Tallinn. 1963,
p. 77—097.
Méemets, A. Eesti jarvetuupidest /Types of Estonian Lakes (with Russian and
English summaries)/. — “Eesti Loodus”, 1965, No. 4, p. 201—209.
Mé&emets, A. On Estonian lake types and main trends of their evolution. — In:
Estonian wetlands and their life. Tallinn, 1974, p. 29—62.

Orviku, K Rd&ngu interglatsiaal — esimene interglatsiaalse vanusega organo-
geensete setete leid Eestist /Rongu interglacial — the first find of organo-
genic interglacial deposits in Estonia/. — “Eesti Loodus”, 1939. No. 7,
p. 1—21.

Raik, A. Eesti klimaatilisest rajoneerimisest /Climatic Subdivisions of Estonia
(with Russian and English summaries)/. — “Eesti Loodus”, 1967, No. 2,
p. 65—70.

Rathlef, K Skizze der orographischen und hydrographischen Verhaltnisse von
Liv-, Est- und Kurland. Reval, 1852. 219 p.

Raukas, A. The formation of the Estonian Glacial relief. — In: Estonia. Geo-
graphical studies. Tallinn, 1972, p. 7—14.

Saarse, L. J&é&paisjarvesavide levikust ja omadustest Otepd&d kdrgustikul /On the
Distribution and Properties of Glacio-Lacustrine Varved Clays on the
Elevation of Otep&d (with Russian and English summaries)/. — In: Eesti
Geograafia Seltsi aastaraamat 1967/1968. Tallinn, 1969, p. 50—64.

Tammekann, A. Otep&ad korgustik Louna-Eesti maastikuna /The Otepéé
Upland — a landscape unit in South Estonia/. — “Loodusevaatleja”,
1931, No. 5, p. 130-"1*37.

Valk, U. Eesti metsade arenemislugu /History of the development of Estonian
forests (with Russian, English and German summaries)/. — In: Eesti met-
sad. Tallinn, 1974, p. 31—40.

Varep, E. Asustusest Otepda korgustikul /The network of settlements in the
Otepda Upland/. — In: Otepdd. Kodu-uurijate seminar-kokkutulek 26.—
30. juunini 1966. Ettekannete lihikokkuvdtted. Tallinn, 1966, p. 25—33.

Varep, E. Man and Nature as illustrated by some problems of nature conserva-
tion in the Estonian S.S.R. Tallinn, 1968. 71 p.

Varep, E. The landscape regions of Estonia. — In: Transactions of the Tartu
State University, 156. Publications on Geographv, [IV. Tartu. 1964,
p. 3—28.

Varep, E. The rivers and lakes in the Estonian landscape. — In: Water deposits

and wetlands require conservation. Tallinn, 1962, p. 7—T7.

19



Bapen, 3. ®. ®usuko-reorpaduueckoe (naHawadTHoe) paiioHMpoOBaHME ICTOHCKOWA
CCP. — B kH.: YueHble 3anucku J1aTBMICKOr0 rocyfapCTBEHHOI0 YHWUBepCHU-
Teta, T. XXXVII. Pura, 1961, c. 349—361.

Kasik, K ®. O KpaeBbIX NeJHNKOBbIX 06pa30BaHMAX HKr0-BOCTOYHOW ICTOHUM. —
B kH.: Tpyabl Komuccum no u3y4vyeHUIO 4YeTBepTUYHOro nepuofga, 21. Kpae-
Bble (hOpPMbl penbeda MaTepWKOBOrO OnefeHeHWs Ha PycCKoil paBHWHe. M.,

1963, c. 66—75.
Kasik, K. ®. Oco6eHHOCTW Teonornyeckoro CTPOEHMs KpaeBbliX NeAHWMKOBbIX 06pa-
30BaHMWii B ICTOHMM. — B KH.. KpaeBble 06pa3oBaHUs MaTepuKOBOro ofefe-

HeHusa. BunbHioc, 1965. c. 59—64.

Kasik, K. @., MluiiBpaHa, 3. O HWXHe- U CpefHENeicTOLEHOBbIX OT/IOXEHUAX IcC-
TOHUN. — B KH.: HWXHWI nneiicToueH NefHWKOBLIX palioHOB PyccKoi paBHU-
Hbl. M., 1967, c. 149—157.

OTEPAA KORGUSTIKU RELJEEF JA GEOLOOGILINE
EHITUS TEMA MAASTIKULISE ERIPARA POHJUSTAJANA

E. Hang

Resiimee

Oetpdd kdrgustik on tidupiline kinkliku reljeefiga saark@rgus-
tik. 217 meetrini kddndiva absoluutse kd&rguse juures ulatub ta
100 kuni paiguti 150 m voOrra kdorgemale Umbritsevatest tasase
pinnamoega aladest. Kdrgustiku olemasolu on seotud keskdevoni
liivakivide pealispinna modnevdrra suurema absoluutse kdrgusega
(idaosas kuni 115 m) kui Umbritsevatel aladel, pdhiliselt aga neid
katvate pleistotseeni setete suure paksusega (mattunud orgudes
kohati kuni 200m). Viimaste seas eristub neli moreeni ja moree-
niga seotud jaddsulamisveesetete horisonti. Nendest kdige vanemat
on loetud périnevaks alampleistotseenist, nooremaid vastavalt
dnepri, moskva ja valdai jddajast. Korgustiku mitmesuguse kuju
ja suurusega positiivsete pinnavormide hulgas on esindatud
moreenkdrgendikud, fluvio- ja liinnoglatsiaalsed mdéhnad (nende
seas sellised, milledel esineb 6huke moreenist kate) ning keeruka
ehitusega mdhna-tilpi vormid, millede alus koosneb moreenist,
tlaosa aga kas fluvioglatsiaalsetest v6i limnoglatsiaalsetest vdi
koguni mdlemat nimetatud tuupi setetest. Kdrgustiku proksimaal-
ses o0sas leidub mandrijaa surve ldbi kuhjatud ja segi paisatud
setetest koosnevaid pinnavorme. Tema distaalset osa kaésitletakse
sandur- ning jadpaisjarve akumulatsiooni- ja abrasioonitasandi-
kuna, mida liigestavad jaasulamisvee é&ravooluorud.

Suurema kdrguse, rahutu reljeefi ja vaheldusrikka aluspinna
mojul on Otepdd kdrgustikul pilvisus, sademete hulk ja sajupée-
vade arv suurem, summaarne péaikesekiirgus suvel ja aasta ldikes
pisut véiksem, d&hutemperatuur mdnevorra madalam, lumikate
sigavam ja pusivam, aktiivsete temperatuuride summa vdiksem ja
aktiivse taimekasvu periood luhem kui tUmbritsevatel tasandikel.
Iseloomulik on mikroklimaatiliste tingimuste mitmekilgsus.
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Saarelisest iseloomust ning mitme kdrgema keskuse ja vanade
orgude olemasolust tingitult jaotub Otepdd kdrgustik paljudeks
vdikesteks valgaladeks. Nendelt vett koguvad ojad ja véikesed
joed on kas kohastunud kinkliku reljeefiga, jélgides kingaste
vahelisi nogusid, v6i kasutavad vanu orge. Kdrgustikul v@ib eris-
tada moreenkiingaste ja md&hnade vahelisi jarvi (enamasti vdike-
sed ja madalad, osalt imara kuju ja lihtsa pdhjareljeefiga, osalt
kaarulise kaldajoonega, saarterikkad ja vahelduva pdhjareljeefiga;
sageli paiknevad ridhmiti), orujarvi (pikad, kitsad, korgete kallas-
tega, stigavad; moodustavad aheljdrvestikke) ja Otepd&d mattunud
oru kohal paiknevaid suuri jarvi (Pidhajarv, NOuni ja Pangodi
jarv), mis on orujéarvedele sarnaselt piklikud, kuid madalamad,
liigestunud kaldajoone ja pohjareljeefiga ning keeruka arengu-
looga.

Peamiselt liigestatud reljeefi ja ldhtekivimiks olevate kvater-
naari setete mitmekesisuse mdjul koosneb suuremal osal Otepdéd
kdrgustikust mullastik suurest hulgast mullaliikidest, mis on levi-
nud vdikeste keeruka konfiguratsiooniga elementaarareaalidena.
Pdllumajanduslikele ettevdtetele kuuluvatel maadel mullastikuli-
selt kaardistatud alast, mis moodustab 80% k&rgustiku pindalast,
hdolmavad 43% erodeeritud ja nendega seotud deluviaalmullad,
21% leetmullad ja 17% soomullad. Nimetatud domineerivate mul-
dade vahekord on kdrgustiku geomorfoloogiliselt erinevates osades
erinev. Teravamalt erinevad teistest kdrgustiku keskosa suurte
pinnavormide levikuala (erodeeritud muldade ja soomuldade osa-
tdhtsus suurem) ja kdrgustiku kaguosa (leetmuldade levik tundu-
valt ulatuslikum).

Enne inimasustuse kujunemist valitses Otepda kdrgustikul
metsamaastik. Praegusel ajal ulatub metsasus keskmiselt 28%-ni.
Kinklikus maastikus on metsad (p&hiliselt liigivaesed kuusikud
ja kuuse-méannimetsad) levinud katkendlikult kdrgendikkude tuge-
vasti kumeratel lagedel ja jarskudel ndlvadel. Rohkem kui kdrgus-
tikul keskmiselt on metsa (40% pindalast) korgustiku keskosa
suurte pinnavormide levikualal ning fluvio- ja limnoglatsiaalsete
mdhnade levikualadel. Suure mets asusega (50%) paistavad silma
kaguosa sandur- ja j&apaisjdrvetasandikud. Seevastu vdikeste
moreenkattega mdhnade ja moreenkiingaste levikualad on suure-
malt jaolt pdllustatud. Keerukast pinnaehitusest tingitud p6ldude
killustatuse tdttu domineerib kdrgustikul hajaasustus.
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PENBbE® N TEO/IOTMYECKOE CTPOEHWE
OTEMACKOW BO3BbILUEHHOCTW KAK OCHOBAHWE EE
NAHOWA®THBIX OCOBEHHOCTEMN

3. XaHr

Pesom e

OTensckas BO3BbIWEHHOCTb MNpejcTaBAseT Ccoboi  TUNUYHYIO
OCTPOBHYI0 BO3BbILIEHHOCTb C XO/NMWUCTbIM penbedom. A6conTHas
BbICOTA BO3BbIWEHHOCTU, fgocTuraiwuaa 217 merpos, Ha 100— 150 m
npeBbillaeT abCoOMOTHYHO BLICOTY OKpYXAlOWWX ee PaBHUHHBLIX Tep-
putopuii. B npeaenax BO3BbILIEHHOCTN MOBEPXHOCTb KOPEHHbLIX MOpoS
(cpefHeeBOHCKMX MecYaHWKOB) MMeeT HEeCKO/IbKO 60/blUYl BbICOTY
(o 115 ™M Haf ypOBHEM MOPS), YeM Ha OKPYXaKLWWUX paBHUHAX, HO
B OCHOBHOM Hajinuyune BO3BbILIEHHOCTW CBSA3aHO C 60/1bWONA MOLLHOCTbIO
(mecTamm B norpebeHHbIX fonuHax Ao 200 M) nNAelcTOLEHOBbIX
OTNOXEHWUA, MOKPbIBAKOLWMX KOpPeHHble nopoabl. Cpegn nneictoue-
HOBbIX OTNOXEHWIA NPOCNEXMBAKTCA YeTbipe TrOPU30OHTA MOPEH U
CBA3aHHbIX C HMMW BOAHO-NEAHWUKOBbLIX OTAOXEHWU. [10 AaHHbIM
CMOPOBO-MNbINbLEBbLIX aHajM30B MOXHO NPeAnosoXUTb, 4YTO Camblil
HUXXHWIA TOPU3OHT MMeEEeT HUXKXHEeNNencToLeHOBbI BO3pacT, a ocTab-
Hble TpU TrOpPM30OHTAa MO BO3pPacTy KOPPESUPYTCA COOTBETCTBEHHO
C AHENPOBCKMUM, MOCKOBCKWM W BanfanckumM onefeHeHUAMMU.

Cpean XonMucTbiX (opm penbeda Ha BO3BbILWEHHOCTW BCTpe-
4alTCS MOPEHHble XONAMbl, PABUOTAALMANBHBIE U AIUMHOTASUNANb-
Hble KaMbl (B TOM 4YMCNe KaMbl C YEXJIOM M3 MOPEHbI) U XOnMbl (npe-
MMYLLEeCTBEHHO 60Mee KPYMHbIE MO CPaBHEHUID C APYTMMWU), MOPEH-
Hoe A4pO KOTOPbIX MOKPbLITO 03EPHO-NEAHWKOBbLIMU WUAN (IOBUOTNA-
LManbHbIMU OTAOXEHUAMU WA XKe OTN0XEHUAMU 060MX Ha3BaHHbIX
TMNoB. B mpoKcMManbHON 4acTW BO3BbILEHHOCT OTMEYeHbl HanopHbIe
nefHWKoOBble obpa3oBaHus. B aucTanbHOM uacTu ee npeob6najatoT
3aHAPOBbIE PaBHWUHbI W 03ePHO-NEeAHUKOBblE AKKYMYNATUBHbIE W
abpasvoHHble paBHUHbI, pacyfieHeHHble AO0/MHAMMW CTOKa TanbliX Nej-
HWKOBbIX BOA,.

Bonbwan BbiCOTa, HanMune XONMUCTOro penbeda W pasHoobpasme
NoACTMNAIOWEA MOBEPXHOCTU BbI3bIBAIOT 3aMeTHble W3XMEHEHUA Kiu-
MaTa BO3BbILWEHHOCTM MO CPaBHEHUIO C KAMMATOM OKPYXakwWwnx
paBHWH. KnumaT BO3BbILWEHHOCTU XapakKTepusyetca 60nbliein obnau-
HOCTblO, 6GOMbLIMM YWMCNOM [Hell ¢ ocafkamu W 601bWIUM TOLOBbLIM
KONMYeCcTBOM 0CafKOB, HECKONbKO 60/Mee HU3KUMU MNoKasaTensaMmu
CYMMapHOW paguauumn 3a NeTHWA Nepuof W B CpefHeM 3a rog, 6onee
HU3KMMK TemnepaTypaMmy BO34yxa, 60see MOLWHbIM, YCTOWYMBLIM U
NPOAO/KUTENIbHBIM CHEXHWM MOKPOBOM. Ha BO3BbILIEHHOCTW CyMMa
aKTUBHbIX TemnepaTyp HECKO/NIbKO MeHblle W NMepuoj akKTUBHON Bere-
Tauum MeHee ANUTENbHbIA 4YeM Ha MpuaerawwWwmx paBHUHaxX. [Ond
XO/IMUCTOro naHfwadgTra BO3BbILIEHHOCTN XapakTepHa pasHOpPOAHOCTb
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MUKPOKNMMaTUUYECKUX YCNOBWUIA, B OCOBEHHOCTU B LLeHTpPanbHON vacTu
BO3BbILWEHHOCTMN, rfe pacnpocTpaHeHbl Haubonee KpynHbie (OPMbI
penbeda.

O6wWMM OCTPOBHbIM XapakTepoM OTenscKOlW BO3BbIWEHHOCTH,
KoTopas, Kpome TOro, o6pasyetcs W3 HECKONbKUX 060nee BbICOKUX
BOLOpPa3feNbHbIX 4acTell, a TakXe Hanuuumem B ee npejenax psaja
APEeBHUX [ONWH, 06YCNOBNEHO pa3fieneHne ee Ha MHOMOYUC/IEHHbIE
He6onblMe H6acceliHbl cToKa. MNpucnocoboBlmnecs K penbedy pyybh u
Manble peku NponoXxunu cebe nyTb N0 BNajuHaMm Mexgy XonMamu B
BuAe cnabopasBUTLIX MOMOAbLIX AOAUH, UMW Xe MPOTEKAT B APEBHUX
fonnHax. Ha BO3BBLIWEHHOCTM MOXHO BbIAENUTb 03epa, HaxoAs-
WMecs MeXAy MOPEHHbIMW U KamMOBbIMW XONIMaMu, [LONUHHbIE 03epa
M 03epa, pacrnofioXXeHHble N0 IMHUW norpe6eHHon AoNuWHbl Banra—
Otena—TapTy (o3epa [MMioxaapsB, HblyHn u lMaHrogwn). lMepBble —
NpPeumMyLecTBEHHO Heb60MblINe W Hernybokue. HekoTopble U3 HUX
MUMEKT OKPYT/JIEHHYK WAU OBafibHYy (POPMY UM HECMOXHbIA penbed
AHa; y Apyrux 6eperoBasi UHUA W3BUAMUCTAsA, a penbed AHA CUALHO
pacuneHeH. O3epa 3TOro TWMa 4acTO pacnofioXeHbl rpynnamu. [o-
NIMHHbIe 03epa Mno (opMe NpojonroBaTbie M y3kue. OHWM OTAMYAKOTCA
3HAYNTENbHON rNy6UHOW U MMeloT BbiCOKME Gepera. B 1Oro-BoCTOYHOM
YyacTy BO3BBILIEHHOCTU TakKue BOALOEMbl 06pa3ylT LEenu 03ep B LpeB-
HUX gonuHax. Osepa [lMoxasaps, HblyHu u lMaHrogm — camble Kpyn-
Hble 03epa OTenscKoi BO3BbIWEHHOCTU. OHW MPOAONTroBaThl, KakK W
o3epa npejblfywero TMna, HO UMEKT MeHblIYlo rny6uHy. beperosas
NVNHUA Y HUX U3BWUANWCTAsA, penbed [AHa pacyneHeH. OHWM npownun
CNOXHYI0O WCTOPUIO Pa3BUTUA.

M3-3a CNOXHOFO CTPOEHWUA MOBEPXHOCTM M 60NbLWIOro pasHoobpa-
318 YeTBEPTUYHBLIX OT/IOXKEHWIA, KOTOpble ABAAKTCA MOYBOO6Gpasyto-
WMMM NOpoLamMu, NOYBEHHbIA MOKPOB BO3BbILIEHHOCTU OYEHb MO3aliy-
Hblli. OH COCTOUT W3 MHOrOYMC/IEHHbIX BWAOB MOYB, KOTOPble pac-
NpocTpaHeHbl B BUAE MENKUX 3N1EMEHTApPHbIX apeasioB CO CNOXHbIMK
KOHTYypamu. 0 fJaHHbIM MNOYBEHHOW CbLEMKMW 3eMefib CenbCKOX03AM-
CTBEHHbIX MNpPeAnpuUATUIA B MNOYBEHHOM MOKPOBe MpeobnajarT 3po-
3MOHHbIE W CBfA3aHHble C HWMW [etoBuaNnbHble, MOAL30AUCTbIE W
60N0THble NoyYBbl. [lnowagn pacnpocTpaHeHWs Ha3BaHHbIX MOYB
COCTaBNAKT COOTBETCTBEHHO 43%, 21% wun 17% oT obuweil nnowaau,
OXBAY€HHOW MOYBEHHON CbEMKON. 10 CpaBHEHWIO C APYTMMM YacCTAMMU
BO3BbILWEHOCHTU €ee LeHTpasbHas 4acTb 6pocaeTcs B rnasa 60nbluei
pacnpoCcTpaHeHHOCTb0 3POAUPOBAHHBLIX W 6GOMOTHLIX MOYB, a Horo-
BOCTOYHAA YacTb OTAMYaeTcA OONbLWIMM 3Ha4YeHWEeM MNOA30/UCTbIX
nousB.

[o 3aceneHns OTensAcKON BO3BbILEHHOCTW YeIOBEKOM 3/eCb NOf-
HOCTbIO rocrnofcTBOBann neca. B HacTosuee BpeMs /ecUCTOCTb He
npesbiwaeTt 28%. MpeobnagatoT enbHUKKM ¢ 6eHbIM BUOBLIM COCTa-
BOM U e/10BO-COCHOBbIe flieca. B KpynHO-XONMUCTOM naHfwagTe pas-
4pO6NeHHble neca COXPaHUIUCh Ha BbLINYKbIX BEPLUMHAX W KPYTbIX
CK/IOHAaX XO/IMOB, HENpUrofHblX AN CefbCKOXO3ANCTBEHHOr0 NOMb-
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30BaHWS BBWAY 3PO3MOHHONW oOMacHoOCcTW. Ho necucTocTb fJocTuraet
3aecb Bce-Takm 40%. TakoBa XXe€ /IeCUCTOCTb TeX 4yacTeld BO3BbILIEH-
HOCTW, rae npeob6nagalT (AKBMO- W NAUMHOTAALMANbHbIE  KaMbl,
COCTOSILME M3 MecyYaHO-TPaBUIHbIX OTNOXeHWA. 3HauUTeNnbHO 60Mb-
WKMM pacrnpocTpaHeHnem necoB (ecucTtocTb 0Koo 50%) oTnmnyaroTcs
3aHAPOBbIE M 03ePHO-Ne4HNKOBblIE PaBHWHbI Or0-BOCTOYHON YacTu
BO3BbIWEHHOCTN. 3aTO B paiioHax pacnpoCTpPaHEHUs MEeNKUX MOpeH-
HbIX XO/IMOB W KamOB C MOPEHHbIM 4YexnoM npeob6najatoT NaxoTHble
3eMnuM. B xonmucTtoM naHpwadgTe M3-3a pa3gpobneHHOCTU Mnofieid Ao
CMX NOp XapaKTepHbl AepeBHU paccpefoTOYEHHOro Tuna.

24



THE GLINT HEADLANDS AND GLINT BAYS
IN THE LAHEMAA NATIONAL PARK

E. Linkrus

The North-Estonian limestone escarpment, which forms part of
the extensive Baltic Glint, has attracted the attention of scientists
for many centuries. In the first half of the present century Profes-
sor A. Tammekann set himself the aim of writing a comprehensive
monograph on the Baltic Glint. However, only the first part, the
one dealing with the morphology of the Glint, appeared in print
(Tammekann, 1940).

During the post-war period, as a result of different investiga-
tions, additional data have also been obtained about the Glint.
Articles adding further details and revising earlier views about
the origin of the limestone escarpment have been published
(Orviku, 1958a; Kinnapuu, 1959; em6enb, HunbcoH, 1959). Most
scientists have come to the conclusion that the North-Estonian
Glint in broad outline represents a denudation form, having first
come into being as the steep southern slope of a huge river valley
that occupied the place of the present Gulf of Finland during the
Preglacial period (Tammekann, 1949; Orviku 1958a; Raukas,
Ré&hni, 1974). The southern slope became steeper owing to the
occurrence of layers with varying denudation resistance in the
bedrock, which has a slight southern incline of 3—4 metres in
1 km. The deep buried valleys in the bedrock which chiefly trend
from the south to the north or from the south-east to the north-
west, divide the edge of the limestone plateau into joints. These
valleys were probably formed by subsequent streams of a primor-
dial river — the Primeval Baltic or the Primeval Neva which
flowed in the denudation area mentioned above. The formation of
the Glint continued as a result of the exaration of the Continental
Ice Sheet during the Ice Age, under the influence of running water
and abrasion of the sea and great lakes in the depression of the
Baltic Sea during the interglacial periods, and owing to the
denuding effect of the waves during the Postglacial Period. At all
stages denudation has been aided by tectonic processes.
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The author of the present article has explored the geomorpho-
logy of the North-Estonian Coastal Plain on the territory of the
Lahemaa National Park over a number of years. In the course of
the investigation certain data have been amassed about the relief
forms in the region of the North-Estonian Glint in the Lahemaa
area. These will be the subject of the following discussion.

SOME GENERAL DATA

From the geomorphological point of view the Glint constitutes
a boundary between the Limestone Plateau of North Estonia and
the denudation zone in the outcrop area of Cambrian sediments
(OpBuky, 1960). As has been pointed out above, the edge of the
plateau is well jointed. After A. Tammekann (1926, 1935, 1936,
1940) the parts of the edge of the plateau reaching out towards
the sea are called Glint headlands and the depressions between
them Glint bays.

In the Lahemaa area the North-Estonian Glint occurs every-
where as an inland scarp. It constitutes a natural boundary be-
tween the landscape regions of the North-Estonian Coastal Plain
and the North-Estonian and North-Eeast Estonian plateaus and
the Kdrvemaa area wedged between them (Bapen, 1961; Varep,
1964; Bapen, Tapmucto, 1967). As the Glint does not form an
uninterrupted line various landscape units alternate on the border-
line of the coastal plain and the plateau, which dovetail with each
other here.

In the Lahemaa area the coastal plain lying between the Glint
and the sea attains its greatest width in Estonia. On the penin-
sulas it may be as much as 16— 17 km, and between them
4—5km (at Palmse almost 6 km). At Tsitre, on the other hand,
it is barely 1 km. At a distance ranging from a score of metres to
3.5 km from the edge of the limestone plateau, running along the
line of Kolga — Oandu — Pajuveski, there is a scarp denuded in
the Cambrian sandstones and clays. Buried under limnoglacial
and fluvioglacial sediments of the Palivere Stage of the Continen-
tal Ice Sheet, it can be traced in the present surface relief as an
ice-contact slope, which has been somewhat changed by the action
of great lakes and the sea in the Late- and Post-Glacial periods.
The slope mentioned above has determined the formation of two
distinctly different locality types within the boundaries of the
coastal plain (Jluukpyc, 1974).

The lower part of the North-Estonian Glint is made up of
Lower-Ordovician sandstones and clay slates (the Pakerort and
Latorp stages). Upon those are deposited Lower- and Middle-
Ordovician limestones (the stages of Volkhov, Kunda, Aseri and
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Fig. 1 The North-Estonian Glint in the Lahemaa National Park.

1 — the North-Estonian Glint (when buried, marked with an interrupted
line); 2 — the ice-contact slope of the Palivere Stage (the scarp in the
Cambrian sediments buried under Pleistocene deposits).

Lasnamégi).1l Geological survey has proved that in the west
(reaching as far as Palmse) the Kunda Stage occurs along the
edge of the escarpment; at Sagadi and east of it the outcrop of the
Volkhov Stage occurs in the upper part of the Glint.

In the western part of the Lahemaa area the edge of the plateau
is especially well jointed. The area covered by the Glint headlands
is smaller than that under the Glint bays. Both are easily trace-
able in the present surface relief. The headlands end, especially
on the north and north-western side, in a high (up to 30 — 32 met-
res) and steep (50— 70° and even more) scarp, the upper, lime-
stone part of which juts out like the eaves of a roof in some places.
The steep scarp of the Glint gradually grows more gentle and
lower in the direction of the end of the Glint bays till it finally
disappears under the surface cover. The vegetation peculiar to the
Glint occurs in its most characteristic form on the steep slopes of
the headlands (Lippmaa, 1935; Laasimer, 1965).

1 The boring data cited both here and later on have been taken from reports
of the Board of Geology of the Estonian S.S.R.
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The Glint bays between the headlands have a sandy surface
layer and their present-day relief is characterised by fluvioglacial
deltas and accumulative coastal formations, most commonly by
barrier beaches reaching from one headland to another. Behind the
coastal formations there may stretch strips of peatbog. The Glint
bays serve as beds for rivers and brooks. Flowing over the brink
of the plateau they fall in picturesque cascades, which together
with those remaining outside the boundaries of Lahemaa area
make up a whole fall line along the edge of the tableland (Orviku,
1935; 1958b; Kaasik, 1972). Several Glint bays are characterised
by deep buried valleys.

The picture somewhat changes in the eastern part of the natio-
nal park, beginning with the River Loobu. In comparison with the
western part big denudation depressions are fewrer here and the
parts of the plateau separated by them are larger. The Glint occurs
here as a slanting simple or compound slope overgrown with
grass and in most cases barely 10— 11 metres in height. On the
other hand, the edge of the eastern part of the tableland is more
indented than the western one with secondary Glint promontories
and inlets of 100 — 200 metres, less commonly of 300 — 400 metres
in length. In the eastern part of the national park outcrops of the
limestone bedrock are less frequent than in the western part.

Although the relative height of the Glint is greater in the west,
the absolute height of its foot and edge increases from the west to
the east. In the west the foot of the Glint is nowhere higher than
20 metres (at Tsitre and Muuksi only 15— 17 metres) and the
edge of the Glint is not higher than 45 — 50 metres. In the eastern
part of the national park, on the other hand, the foot of the Glint
towers 45 — 50 metres and its edge 55 — 65 metres above sea-level.

A highly characteristic feature of the North-Estonian Glint is
the abundance of springs. In some places they have given rise to
a zone of swamps fed by springs along the foot of the escarpment.

THE LOO GLINT HEADLAND

The limestone plateau extending in the western part of the
national park was called the Tsitre Glint peninsula by A. Tamme-
kann (1940). Actually the peninsula consists of three parts — the
headlands of Tulivere or Sditme, Loo or Tsitre, and Muuksi—Uuri,
which are separated by two depressions. Through the western one
of these the River Loo (Liiva) flows to the sea; the other stretches
north of Lake Kahala as the Muuksi Glint bay. The Tulivere —
SGitme region remains outside the boundaries of the national park
(the western boundary of the park following the River Loo). It has
been ascertained that under the Loo Glint bay, near the present
shore there is a buried valley reaching over 100 metres below sea-
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Fig. 2 The profile of the coastal plain and the Loo Glint headland.

Conventional signs used in Figures 2—05:
1 — limestones; 2 — sandstones and aleurolites; 3 — Dictyonema-slate;
4 — clays of the bedrock; 5 — Quaternary deposits.

level. In the valley-like denudation depression of the Muuksi Glint
bay separating the Loo and Muuksi—Uuri Glint headlands the
denudation of the bedrock has not reached the Cambrian sedi-
ments.

Geological investigations have proved that the Loo or Tsitre
and Muuksi—Uuri Glint headlands represent two relic islands of
the limstone plateau which are separated from each other by
a denudation area. This area is made up of the Muuksi depression,
up to 1 km in width, and the depression of Lake Kahala, both of
which lie in the outcrop area of the Pakerort Stage. In the area of
Loo and Muuksi—Uuri Glint headlands limestones of the Kunda
Stage are exposed.

The scarp of the Loo headland attains its greatest height of
28 — 30 metres in the north-west where its foot rises 15— 17 met-
res and its brink 45 metres above sea-level. Both the scarp and
the talus are overgrown with broad-leaved forest characteristic of
the vegetation of the Glint (Lippmaa, 1935; Laasimer, 1965).
A striking feature here is the abundance of Lunaria rediviva L.
In front of the scarp there is a strip of spring fens. The northern
slope of the headland is intersected by a hanging valley about
a hundred metres long. Below it there is a cave known as the
Turje cellar. It is approximately 20 metres wide at the mouth and
4 — 4,5 metres high. It has been formed in Pakerortian sandstone,
which displays an outcrop of 6 — 7 metres in thickness. Attention
was drawn to this outcrop of 06o/ws-sandstone at Tsitre by A. Opik
already in 1929. The height of the Glint at the Turje cellar is
17— 19 metres, reaching up to 20 metres east of it. In the north-
eastern part of the headland the scarp rises to a maximum of
16— 18 metres.

The Loo Glint headland is characterised by a well-developed
scarp in the south-east bordering on the depression of Lake
Kahala, which clearly shows that it is a Glint island. Actually, it
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is made up of a scarp of 4—5 metres with an incline of up to
30 degrees. Lower down there is a slope of 200 metres in length
and 7 metres in height. The scarp is separated from the slope by
a 50-metre-wide terrace. At the edge of the scarp stones abound.

Farther away from the brink the absolute height of the Loo
Glint headland reaches 47 metres. The Ilimestone bedrock is
covered with calcareous loamy moraine, often only 10— 20 centi-
metres deep. Thus a large part of the Glint headland constitutes
an atvar locality with an extremely peculiar water regime, soil
and vegetation (Vilberg, 1927; Laasimer, 1965, 1973; Rooma, Sepp,
1972). The settlement of Loo at the south-western edge of the head-
land has got its name from the word lood (Gen. loo), which is
the Estonian equivalent for ‘alvar’. In the eastern half of the Glint
headland juniper-covered alvars prevail. In the west there are
marshy spots covered with a peat layer of up to 25 centimetres. On
other Glint headlands in the Lahemaa area peatlands do not occur
so near to the brink of the limestone plateau. The alvars are mostly
used as pastureland. A peculiar feature here is the occurrence of
stone-kist barrows dating back to the second half of the first mil-
lennium B. C. They can be met with also elsewhere in the Lahe-
maa area, but they are especially abundant in the vicinity of Lake
Kahala (Moora, 1972).

The Muuksi depression between the Loo and Muuksi—Uuri
Glint headlands connects the depression of Lake Kahala with the
coastal plain. In the present-day relief the Muuksi Glint bay is
especially well discernible at the village of Muuksi. Through the
middle of the depression passes the barrier beach that begins on the
Glint headlands of Loo and Muuksi—Uuri. As has been men-
tioned above, the Pakerort Stage is exposed in the Muuksi depres-
sion and in the depression of Lake Kahala, whereas outcrops of the
Kunda Stage occur on the Glint headlands. This fact points to the
conclusion that the depression of Lake Kahala should evidently be
regarded as a preglacial denudation basin.

Lake Kahala in the depression mentioned above was once con-
nected with the Gulf of Finland through the Glint bays of Loo and
Muuksi. Judging by the height of the coastal formations surround-
ing the lake, it may be concluded that a lake had existed here
already before the stage of the Ancylus Lake. The foot of the bar-
rier beach in the Muuksi depression lies 38 — 38.5 metres above
sea-level. The height of the foot of the spit bordering the lake in
the west is about 34 metres. The spit arose behind the south-
western side of the Glint headland of Loo. Below it, at the mouth
of the Loo Glint bay, there is another belt of coastal formations,
a barrier beach covered with dunes, which came into being during
the stage of the Ancylus Lake.

The present water level in Lake Kahala is about 33 metres
above sea-level. A great part of the depression has become a peat-
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iand which lies 33.5—34 metres above sea-level. In addition the
lake is to a great extent filled with mud. According to K Veber
(1964) the average thickness of the sapropel layer in the lake is
2.0 metres, the maximum thickness being 4.25 metres. According to
A Mdér (1931) in places the thickness of the mud layer may even
reach 7.5 metres.

THE MUUKSI — UURI GLINT HEADLAND

The Muuksi—Uuri Glint headland is conspicuous for its steep
(often inclined over 70°) and high north-eastern slope. Here the Glint
reaches its maximum relative height in the Lahemaa area, rising
30—32 metres, while its foot lies 16— 18 metres above sea-level.
The scarp reveals outcrops of sandstones and Dictyonema-slate
of the Pakerort Stage, glauconitic sandstone of the Latorp Stage
and deposits of limestone attaining a thickness of 5 metres. In
places Pakerortian sandstone forms a wall of up to 4 metres high
in the lower part of which abrasional caves occur. In cases where
there is a sandstone scarp in the middle of the Glint the scree is
made up of two parts — one lying between the limestone and the
sandstone wall and the other below the latter. The upper, limestone
part of the scarp, which is intersected by crevices, juts out like
the eaves of a roof. The scarp is overgrown with shady deciduous
forest characteristic of the Glint.

Photo 1. Alvar on the Muuksi Glint headland. In the background
the Loo Glint headland.
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Photo i2 The border of the coastal plain and the limestone plateau
at the village of Uuri.

Photo 3. North-eastern edge of the Loo Glint headland.



Photo 4. Northern end of the Muuksi Glint headland.

At the village of Uuri the steep north-eastern side of the
Muuksi—Uuri Glint headland gradually changes into a compound
slope 200 — 300 metres in length, which becomes more and more
gentle and lower till it imperceptibly disappears under the Quater-
nary deposits. There is no outcrop of the bedrock even in the valley
of the River Kolga. But judging by the river’s longitudinal profile
and the appearance of pieces of limestone in the river bed, the Glint
line should run not far from the Kolga forestry centre.

Compared with its north-eastern side, the south-western slope
of the Muuksi—Uuri headland is lower and gentler. Here the sur-
face of the limestone plateau sinks towards the Muuksi depression
and in the direction of Lake Kahala in the form of two or three
slopes. At the end of the headland, at the so-called Linnamégi
(‘Stronghold Hill’), there is a scarp, which has a height of 8 —
10 metres and an incline of 45 degrees. The name of the hill is
connected with the fact that about the beginning of our era an
ancient Estonian stronghold stood here (Moora, 1955).

The surface of the Glint headland is flat, most of it being
covered with a 30-centimetre layer of calcareous local moraine.
The absolute height of the plateau reaches up to 53 metres. As the
surface is completely or almost completely made up by the lime-
stone bedrock, alvars are wide spread here. The surface layer is
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thicker only on the slope sinking towards the depression of Lake
Kahala. A great part of the headland is overgrown with junipers.
Stone-kist barrows are found in abundance here.

The width of the Kolga Glint bay, which lies between the
Muuksi—Uuri and Kolga Glint headlands, is a little under 3 km at
its mouth. Bay-way the Kolga or Manniku River winds its course.
Geological investigations have proved the existence of a buried
valley in the Kolga Glint bay. In terms of its present relief and
its natural complexes the Kolga Glint bay is a typical one.

THE KOLGA GLINT HEADLAND

The Kolga Glint headland bordering the Kolga Glint bay in
the east has a more northern trend than the Loo and Muuksi—Uuri
headlands. The headland is 2.5 km long and about 1 km wide.
It is escarped only at the end. Here the height of the Glint attains
20 metres, its foot rising 27 metres and the brink 47 metres above
sea-level. For about 3 metres it assumes the form of a vertical
limestone cliff. The lower part of the glint is covered with scree,
which is overgrown with a forest of broad-leaved trees, mostly
limes (Tilia cordata Mill.). The upper part of the escarpment is
abrupt and bare of vegetation.

The eastern side of the headland sinks in the direction of the
Glint bay either in the form of three slopes separated by narrow
terraces or as a 100—200-metre-long compound slope consisting
of three parts. In the west the plateau sinks towards the coastal
plain in the shape of a single slope or scarp. At the foot of the
Glint there is a terrace of Cambrian sandstones; it lies 28—28.5
metres above sea-level. On the plateau as well as on the denuda-
tion slopes on the eastern side the limestone is almost exposed,
being covered with a thin layer of calcareous moraine or sand,
which often is no thicker than 10— 20 centimetres. In the alvars,
especially in their higher parts, erratic blocks abound. In compa-
rison with the other headlands there is more forest here. The
dominant tree species is the spruce, besides which the pine and
in places the birch and aspen grow; the hazel is also common
here.

The Pudisoo or Leedikdrve Glint bay lying between the Kolga
and Kolgakiila Glint headlands is besides the Valgejdgi — Loobu
Glint bay one of the largest in the Lahemaa area. Its breadth and
length are more or less equal, both attaining about 4 km. A charac-
teristic feature of both the Pudisoo (or Leedikdrve) and Valge-
jogi— Loobu Glint bay is the same width throughout their length.
The smaller Glint bays are usually funnel-shaped, narrowing fast
in the direction of the end of the" bay. The south-eastern part of
the Pudisoo Glint bay is filled with a fluvioglacial delta of the
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Palivere Stage which borders on an ice-contact slope running
along the Ulliallika — Kolgakula line. Near the mouth of the
Glint bay there is a belt of coastal formations running from
Tagavdélja to Suurekdrve; its seaward foot lies at a height of 26 —
28 metres.

Limestone appears again at the village of Kalme, where an
outcrop of 1.5 metres in thickness can be seen in the lower part
of the flank of the Pudisoo river valley and another is found at
the bottom of the river bed at an absolute height of 43 — 45 metres.
Limestone outcrops occur here for a stretch of 200 metres along the
river bank and end in a 30—40-centimetre-high step in the bed of
the river. Thanks to the abundance of springs along the Glint the
valley is overgrown with calciphilious vegetation. The domi-
nant tree species are the spruce, lime and elm; among the bushes
it is the hazel that prevails.

THE KOLGAKULA GLINT HEADLAND

At Kolgakila, as at Muuksi and Uuri, the Glint headland is
conspicuous for its steep north-eastern slope, which stretches for
3km. It is 16 metres high (the foot rising 35 metres and the
brink 51 metres above sea-level). Outcrops of the bedrock can be
seen on the slope only in spots and their height nowhere exceeds
1— 2 metres. Unlike the western headlands, beginning from the
Kolgakiila Glint headland the edge of the plateau is mostly under
fields.

At Kolgakiila the lower, sandstone scarp is easier to distinguish
than in other parts of the national park. After the limestone slope
swings westward, the sandstone scarp continues for another
1.5 km in a north-westerly direction. The height of the scarp is
10 metres (the foot rising 28.5 — 29 metres and the brink 39 metres
above sea-level). The brink of the scarp is intersected by V-shaped

Fig. 3. Profile of the Valgejdgi—Loobu Glint bay and the Kolgakiila Glint
headland. For conventional signs see Fig. 2.
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Photo 5 The Nommeveski waterfall.

gaps. The scarp has been abraded mostly in Pakerortian sand-
stones, which are covered with a surface layer of about one metre
in thickness. In front of this scarp above Lake Lohja there are
three other lower scarps abraded in the bedrock. In sections where
the limestone and sandstone scarps have joined, the relative height
of the Glint at Kolgakiila reaches 20 metres. In this case the
length of the slope may attain up to 300 metres.

A. Tammekann has treated the Kolga and Kolgakiila Glint
headlands together, regarding them as a single Kolga peninsula.
He also includes in the limestone plateau the area lying south-
west of Lake Lohja on the slope of the sandstone scarp (Tamme-
kann, 1940, Fig. 30). The Glint bay bordering the headland in the
west is referred to as the Pudisoo Glint bay (the Kolga Glint bay
in the present treatment). The denudation area between the Glint
headlands where the former Kolga manor and the Kolgakiila
village are situated (the Kolga and Kolgakiila headlands) is
referred to as the Liidikérve Glint bay by A. Tammekann (in the
present paper it is called the Pudisoo or Leedik6rve Glint bay).
The latter is regarded by him as a bay of secondary significance
although he was aware that it reached up to the Kalme village.

Between the Kolgakiila and Vatku villages lies the Valge-
jogi— Loobu Glint bay through which rivers of the same name
wind their way in their lower reaches, in broad outline following
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Phot o 6. Cascade on the Loobu River at Joaveski.

the course of buried valleys. Near its mouth the width of the
Valgejogi — Loobu Glint bay is 5— 6 km, which is more than its
span from the north-west to the south-east (3— 3.5 km). At the
mouth of the bay there is a barrier beach covered with sand dunes,
the foot of which rises 28 — 30 metres above sea-level, and which
marks the maximum reach of the Ancylus Lake. Like the Pudisoo
Glint bay, the south-eastern part of the Glint bay in question is
filled with a fluvioglacial delta of the Palivere Stage. The contour
of the Glint bay can be traced along the outcrops of the bedrock
occurring in the valleys of the Valgejogi and Loobu rivers. In the
valley of the River Valgejogi limestone outcrops can be seen at
Ndmmeveski and 1—2 km to the north-west in the tributary
valleys on the left-hand side. In the valley of the River Loobu out-
crops appear at the Joaveski settlement. At Joaveski, Ndmme-
veski and Vasaristi (in one of the tributary valleys to the left)
small waterfalls occur at the frontline of the Glint. On the right-
hand slope of the Nommeveski Canyon 20-metre-high outcrops of
Ordovician sediments (limestones, glauconitic sandstone, Dictyo-
nema-slate, and Obolus-sandstone) can be seen. This is the most
representative outcrop of the bedrock on the territory of the natio-
nal park. The NOommeveski Canyon is overgrown with deciduous
forest characteristic of the Glint locality type. Under the forest
Lunaria rediviva L. is also present. The direction of the Glint line
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between the villages of Joaveski and Vatku can be approximately
traced on the basis of the springs and other landscape cha-
racteristics occurring in the area.

THE GLINT FROM VATKU TO PALMSE

Extending east of the Vatku village the Glint continues as an
uninterrupted escarpment for over 5 km, running a little north of
the highway. At Vatku the height of the Glint is 10— 11 metres
(the foot rising 44 metres and the brink 54.5 metres above sea-
level). The edge of the limestone plateau is indented with several
promontories and inlets of 100 — 300 metres in length. Just as in
case of headlands, the ends of the promontories are abrupt,
whereas in the inlets between them the slope of the plateau is
gentler as a result of denudation. A somewhat larger inlet is to be
found at the western edge of the Tdugu village, where the Tam-
mispea Brook, the upper reaches of which also bear the name of
Tdugu Brook, descends from the limestone plateau. East of Tougu
the plateau forms a small arc-like promontory descending in two
terraces. The brink of the plateau is 53 — 54 metres high (the
foot rising 43.5 metres above sea-level), thus the relative height
of the scarp seldom exceeds 10 metres. Farther away from the
edge the absolute height reaches 58 metres. The surface layer is
thicker here than in the more westerly areas. Alvars occur in
small patches here among abraded moraine plains on the lime-
stone bedrock.

In the Vihma— llumée section the Glint escarpment is some-
what steeper near the Hiiepdrn (‘Sacred Limetree’) in the village
of llumée. Here the scarp is over 16 metres high (the foot being
44 metres, and the brink 60 — 60.5 metres above sea-level). At the
Muike village there is a 300 — 400-metre-wide and 4—>5-metre-
deep smooth-sloped depression joining the forest-covered sandy
areas in front of the Glint and on the edge of the plateau.

As a result of the action of the springs issuing from the lime-
stone cliff a great many V-shaped valleys of 10 and more metres
in depth have come into being at the foot of the Glint at Muike
and Palmse. In places they cut the ground after every 20— 30
metres. On the edge of the Glint alvars occur here and there.

From Vdsupere to Sagadi the Glint is not visible in the sur-
face relief. A. Tammekann (1940) and some other authors have
expressed the opinion that a Glint bay several kilometres wide
extends between Palmse and Sagadi. However, there is limestone
on the Kone farmsteads by the side of the Palmse — Sagadi road
(Orviku, 1940). Evidently the bedrock has been denuded to form
a Glint bay where the Revoja and Sillaoru brooks flow. Accord-
ing to the data available at the Board of Geology the depth of
the buried valley at Palmse is 50— 100 metres.
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THE GLINT FROM SAGADI TO KARULA

The Glint reappears in the surface relief at the village of
Sagadi. Its height here is nearly 11 metres (the foot rising 50 met-
res and the brink 61 metres above sea-level). At the former Sagadi
manor the edge of the limestone plateau forms a slope, the upper
part of which consists of limestones, and the lower part of glauco-
nitic sandstone of the Latorp Stage and Dictyonema-slate of the
Pakerort Stage. The glauconitic sandstone and Dictyonema-slate
are so near to the surface here that they come to light when the
soil is turned up in ploughing the fields near the former manor
of Sagadi. The lower Glint terrace is known as Savimagi (‘Clay
Hill’) owing to the clayey Latorp Stage. In some places at the
Sagadi village the Glint is buried under glacial accumulations
and is not visible in the present surface relief.

At the Lauli village the height of ihe Glint, which occurs here
as a slope consisting of two parts, is still 10— 11 metres (the foot
being 52—53 metres and the brink 62—63 metres above sea-level).
On the verge of the Glint there is a ridge, which is 3—4 metres
high and 70 — 80 metres wide, and the crest of which rises up to
€6.5 metres above sea-level. Its northern part merges into the
edge of the Glint, but its southern slope is clearly visible. The
proximal part of the ridge consists mostly of limestone pebble and
shingle. The southern slope is made up of finer materials. Such
a formation runs along or near the brink of the Glint for many
kilometres becoming lower or being interrupted only in a few
places. In some places the breadth of the ridge grows to 400 —
500 metres, whereas its height does not generally exceed 5— 6
metres. On the basis of its structure and position the ridge might
be regarded as a marginal esker.

At the village of Vihula the Glint forms a small promontory.
Its end, which rises to a height of 7— 8 metres and sticks out for

Fj 0. 4 Profile of the Glint and the Fore-Glint Terrace at Sagadi. For con-
ventional signs see Fig. 2
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Fig. 5 Profile of the Glint and the Fore-Glint Terrace at Lauli. For con-
ventional signs see Fig. 2.

a length of 150 metres, is known under the name of Vihula Linna-
méagi (the Vihula stronghold). It is situated on the lower terrace
of the Glint, the absolute height of which is about 55 metres. An
ancient stronghold existed here probably during the first half of
the first millennium A. D. (Moora, 1955). The absolute height of
the upper part of the Glint headland is prevalently 64 — 66 metres,
on a small territory reaching up to 67 — 68 metres. This is the
greatest height the marginal area of the limestone plateau attains.
On the abrasion terrace in front of the Glint headland sandstone
occurs at a depth of barely 0.5 metre in places. This area is called
Tahundmm (‘Sandstone Heath’) by the local people. One of the
characteristic features of this area is the occurrence of pine-wood,
with Myrtillus.

A somewhat lower (59—59.5 metres above sea-level), but mor-
phologically similar, Glint promontory is also found near the
former Vihula manor. The River Vihula has cut its bed in the bed-
rock, and there are many outcrops of sandstone visible on the
flanks of the valley. The river flows in a depression running along
the wall of the cliff, where the bedrock has been abraded down to
the Pakerort Stage, which is exposed as a strip of several hundred
metres in front of the limestone scarp near by. The Vihula springs
are also well known.

At Karula the Glint attains a height of 8 — 9 metres only, in
places forming a rather steep scarp. The brink towers about
54 metres above sea-level. Here, too, along the edge of the plateau
there extends a ridge, the absolute height of which is 59.5 metres.
The ridge at Karula was already mentioned by A. Tammekann in
1940.

South-east of the settlement of Karula the Glint recedes into
a smooth slope, swings to the south and disappears under the sur-
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Photo /. Tlio Nodmmeveski Canyon of the Valgejdgi River.

Photo 8. The Yasarisli Brook disappears in a swallow hole

41



face cover, forming a Glint bay under which the Ordovician sedi-
ments have been denuded. Through the Glint bay the River Vainu-
pea winds its way, for a short stretch constituting the eastern
boundary of the Lahemaa National Park.
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LAHEMAA KLINDINEEMIKUD JA KLINDILAHED

E. Linkrus

Reslimee

Pbohja-Eesti paekallas esineb Lahemaal kdikjal sisemaise astan-
guna. Selle kaugus merest on napilt 1 km-st (Tsitres) kuni 16—
17 km-ni (poolsaarte kohal). Paekallas ei ole pidev, vaid esineb
I6ikudena, mida eraldavad kulutusvagumused. Lavamaa serva
védljaulatuvaid osi on A. Tammekannu jargi hakatud nimetama
klindineemikuteks, nendevahelisi vagumusi klindilahtedeks. Klindi
katkendliku esinemise tdttu on rannikumadaliku ja lavamaa piiril
tekkinud omapérane maastikuline v66de, mida iseloomustab
rannikumadalikule ning lavamaale omaste paigaste vaheldumine.

Lahemaa l&adneosas on lavamaa serv eriti tihedalt liigestatud.
Siin esinevad Loo (Tsitre), Muuksi—Uuri, Kolga ning Kolgakila
klindineemikud (joon. 1). Neemikute otsad on jarsud ja korged.
Muuksi.— Uuri neemikul ulatub klindi suhteline ko&rgus 30—
32 m-ni. Neemikuid lahutavad Muuksi, Kolga ja Pudisoo (Leedi-
kdrve) klindilaht. Kolgakila klindineemikust idas asub Valgejde —
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Loobu klindilaht, mis on suurim Lahemaal (laius suudmes 5—
6 km).

Klindineemikutel esineb sageli alvareid, nende jarskudel ndlva-
del aga laialehist metsa. Kindilahtedele on iseloomulikud fluvio-
glatsiaalsed deltad ning akumulatiivsed rannikuvormid. Ranniku-
moodustiste taga leidub ribadena soid. Valdav osa klindilahtedest
on nomme- ja palumetsa all.

Loobu jdest idas on suuri kulutusvagumusi vdhem, neist lahu-
tatud lavamaa-osad suuremad. Paekallas on ildiselt laugem, olles
enamasti ainult 10— 11 m kdrge. Lavamaa &dreala absoluutne kdr-
gus on aga idas suurem kui laanes, kiiindides 55 — 56 m-ni, Vihula
kilas véikesel alal isegi 67— 68 m-ni. Alvareid on rahvuspargi
idaosas vdahem, pdllustatud maa osa aga suurem kui l&anes.

FMMMMHTOBbLIE MbICbl N BYXTbl JIAXEMAA
3. JIMHKpyC

Pestome

CeBepo-3CTOHCKWIA TAUHT B JlTaxeMaaCKOM HauWOHanbHOM napke
ygnaneH ot 6epera. Ero pacctosHue oT mMopsa kKonebnetcs B npeje-
nax ot 1 kM go 16— 17 kM. TAMHT npefcTaBnseT coboil NpepbIBUCTLIN
YyCTYN KOpeHHbIX nopof. KpyTble y4yacTKM 4epeayloTca C AEKOLUPO-
BaHHbIMW OTpe3kaMu. BbICTyNbl W3BECTHAKOBOrO NNato 'Ha3BaHbl
A. TaMMeKaHHOM T[/MHTOBbLIMW MbICaMW, [eHYAWPOBaHHbIE Yy4acT-
KW — TNHTOBbIMW ByxTamu. M3-3a pacyneHeHHOCTU FNMHTA Ha rpa-
HULe NpMOPeXXHOW HU3MEHHOCTW U W3BECTHAKOBOrO naato ob6pasosa-
nacb cBoeo6pa3Has 30Ha, KOTOpas XapakKTepusyeTcd YepefoBaHUeEM
TUNOB NaHAWaMTOB M3BECTHAKOBOrO MAato W NPUOPEXHON HU3MeEH-
HOCTH.

B 3anagHoil 4acTu JlaxemaaCKoOro HaLMOHanbHOro napka Kpai
Nnnato OCOGEHHO CU/bHO pacyneHeH. 34eCb BbIfENATCA TNINHTOBbIE
Mbicbl  Jloo (Tcutpe), Myykcn — Yypu, Konra u Konrakwna
(puc. 1). OKOHEYHOCTU MbICOB KPYTble U BbICOKMEe. B MyyKcu oTHOCU-
Te/ibHaa BbICOTA rNnHTa Aocturaet 30—32 M. Mexpay mbicamu pac-
NoNfoXeHbl TFAMHTOBblIE 6yxTbl Myykcu, Konra wn Mygpucoo (Jleagu-
KbipBe). K BOCTOKy OT Mbica Konrakiona HaxoguTtcs ramHToBas 6Gyx-
Ta Banreiible — Jlooby, camas wwupokas B Jlaxemaa (WMpuUHa B
ycTbe — 5—6 KM).

Ha rAnHTOBbLIX MblCax 4acTO BCTPeYalTCA anbBapbl, a Ha UX Kpy-
TbIX CK/MOHAX — LWWPOKONUCTBEHHbIA nec. [ns TAWHTOBbIX OYXT
XapakTepHbl (AOBUOTrNALMANbHbIE AefNbTbl U aKKYMYNATUBHbIE bGepe-
ropble o6pasosaHus. bonblwas 4acTb TeppUTOPUU B TUHTOBBIX
O6yxTax MOKpbITa COCHOBbIMW necaMu; 3a 6eperosbiMM GopmMamu
HepeaKo BCTpeyarTca 6onoTa.
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K BOCTOKY OT peku J1006y KpYMHbIX T/IMHTOBbIX OYXT MeHblUle, a
pacnonoXeHHble MeXJy HUMU y4yacTKuM nnato 6onbwe. MAWHT 3fech,
B 00lem, 6onee MOMOrUiA, ero OTHOCUTeNbHAA BbiCOTa OOLIYHO NWLWb
10— 11 m. A6coNOTHAA >Xe BbICOTA Kpad W3BECTHAKOBOro NNaToB
3TOM 4acTu 60Nblie 4YeM Ha 3amaje; OHa fgocTuraetr 55—65 M, a B
OKPEeCTHOCTAX fAepeBHU Buxyna Ha ManeHbKOM Yy4yacTKe faxe 67—
68 M OT ypoBHA MOpSA. AnbiBapoB B BOCTOYHOI MOMIOBUHE HaLWOHaNb-
HOro napka 3Ha4YyuTeNbHO MeHblue, a NPOLEHT nawHu 60/blUe, YeM Ha
3anage.
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ON THE DIVERSITY OF MONTHLY TOTALS
OF PRECIPITATION IN ESTONIA

H. Mirk

A many-sided knowledge of the precipitation regime plays
a significant role in the study of the climate of a locality. When
describing the rainfall regime, investigators, as a rule, confine
themselves to the presentation of the mean values of monthly
totals and those of rain days. Such data on precipitation are, of
course, very important, but they are insufficient, because climato-
logical means do not reflect the diversity of the precipitation
regime. This, however, is a basic feature of not only rainfall, but
also of all climatological elements.

Information theory, which deals with the problem of diversity,
has been successfully applied in several disciplines, but so far it
has been very sparingly used in the field of meteorology and
climatology.

The aim of the present paper is to study the precipitation
regime from the standpoint of information theory in climatic con-
ditions obtaining in Estonia. The monthly rainfall totals of Tartu,
Parnu, Vilsandi and Narva-J6esuu have served as observational
data for those years concerning which complete rainfall data have
been preserved at all the above-mentioned localities. Such data on
Estonia have been preserved for the years 1892— 1908, 1921 — 1943
and 1950— 1963, altogether fifty-three years.

1. ON DIVERSITY AND THE AMOUNT OF INFORMATION

Information theory (BeHTuensb, 1962; MNyrayes, 1968; My3ayeHkKo,
1969; Arnom A. M. un dArnom W. M., 1973) reports that the quanti-
tative indicator of the degree of diversity of a random quantity £
is entropy as defined by C. Shannon by the formula

H(f) = -I.pIiIOQZpi 1)
1=
where pfis the probability of the occurrence of a certain realization
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X (i=1, 2, ... n) of I and n is the number of all possible realiza-
tions.
Entropy is at its maximum in the case of a uniform distribution

(P'=4>:
H max(£) = 10g2n (2)

To express the ratio between the entropy obtaining at a factual
distribution and the entropy obtaining at a uniform distribution,
the following ratio is used:

HW _ 0oL 1Q4
Hmax(*) “ 'Og2n w
This formula shows what part the entropy at a factual dis-
tribution constitutes of the entropy at a uniform distribution.
When monthly totals of precipitation are studied, we have to do
with a system of random quantities and with the entropy of this
system. A system of two random quantities (g, r|) is such a set
which is composed of the elements of any combinations of the rea-
lisations X (i=I, 2, ... n) of the random quantity with all the
realizations yj (j=I, 2, ... m) of another random quantity r\ i.e.
the elements of (|, 14) are the pairs (x;, yj). Denoting the probabi-
lity of the occurrence of (xj, yj) with py, we obtain from formula (1)
the following expression of the entropy of the system (|, rj):
I n
HE D= - 2 JZI pijlog2pij 4)
The entropy of the system (|, t]) is expressed through the ent-
ropies of its components | and r] by means of the formula

H(i, /1)=H (6)+H(I]|B) (5)
where H (rjj) is the conditional entropy of r| with regard to
Since the observational data help to determine the quantities of

H(£) and of H(r||g), formula (5) is used to determine conditional
entropy as follows:

H(nl€)=H(£, 1) -H(]) (6)

The entropies treated above enable one to establish the amount
of information which one random quantity imparts concerning
another quantity. According to the information theory the imparted
information is the amount which an independent random quantity
I imparts concerning another random quantity rj, which is depen-
dent on I, bearing in mind the formula

(i, ) = H(T|)—H(rilE) (7)
or formula (6)
I(], ti)=H(£)+H((ti)-H(£, ) (8)

It is obvious that the amount of information I(|, rj) imparted
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by a random quantity concerning another random quantity depends
on how closely these random quantities are correlated.

In the case of complete independence g does not impart any
information concerning the other quantity and consequently the
amount of the imparted information is

IS. 4)=0 (©))
which is the minimum value of I(g, 14.

In the case of complete dependence g imparts exactly as much
information as is necessary to eliminate the diversity of rj. For
this purpose it is necessary for 5to impart to y the amount of
information

1(9, ri) =H(rj) (10)
which represents the maximum value of the imparted information.

It follows from the above that in the case of any degree of
dependence the amount of information imparted by £ to f] is

0<I(], J)<H(T] (1)

Dividing any term of this inequality by H(r]), one obtains
the amount of relative information (MysayeHko, 1969; Mirk, 1974):

= (12)
which is a standardized quantity changing within the limits of

O<s(c, n) <1

It is easy to see that if £ and u are independent, s(|, M) =0 and,
if they are completely dependent, then s(£, rj) = 1. Thus s(g. r|)
shows what part the information imparted by | to rj constitutes of
the information which is necessary for complete elimination of
diversity; at the same time it is an indicator of the degree of
dependence of two random quantities.

2. DIVERSITY OF MONTHLY TOTALS OF PRECIPITATION AND
THE AMOUNTS OF INFORMATION IMPARTED IN ESTONIA

In climatic reference books the monthly totals of precipitation
are given with great accuracy (Table 1). In the present paper the
monthly totals have been divided into classes at intervals of 10 mm
to render the calculation of the amounts of entropies and informa-
tion more convenient.

When using the formulas treated above for the study of the
precipitation regime, the random quantity | is represented by the
monthly total of precipitation Rk of the month k (k is the number
of the sequence of a month in a year); its particular realizations
are yearly amounts of precipitation in the month under study (k)
within a 53-year observational period; in the case of the observa-
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Table 1
MONTHLY MEAN TOTALS OF PRECIPITATION (IN MM) IN ESTONIA

Locality I 1l v v ve vl vl IX X Xl Xl
Tartu 34 31 29 31 4 67 77 8 61 48 46 40
Parnu 30 23 24 3B 4 52 67 78 66 & 47 4
Vilsandi 35 25 24 26 31 34 47 69 59 61 49 40

Narva-Jdesuu 42 35 30 32 36 5 69 8 64 55 48 45

tional material divided into classes, p; is the relative frequency of
occurrence of the monthly totals of precipitation of a given class,
and the random quantity M is the amount of precipitation Rkn of
the month k+1 following the month of k.

Further follow entropies of the monthly totals of precipitation
H(Rk) (Table 2) in the 53-year period concerning Tartu, P&rnu,
Vilsandi and Narva-Jdesuu calculated from the formulas (1) to
(3), (8) and (12), entropies at a uniform distribution of precipita-

R

H(R.)
tion Hmax (Rk ) (Table 3), relative entropies -n—--—--7"—4at a um-

form distribution of rainfall (Table 4), the amount of information

Table 2

Entropies of monthly totals of precipitation FI(Rk) in Estonia

Locality | 1 I 1v v vi Vil vl IX X XI Xl

Tartu 261 255 217 253301 3.29 3.64 3.86 3.49 3.12 290 2,73
Parnu 247 224 226 269 3.01 3.27 352 3.72 3.46 3.37 299 284
Vilsandi 2.60 224 230 232279 271 3.22 350 3.33 3.48 277 275

Narva-Joesuu 2.76 249 278299 3.22 332 351381 342340 324 278

Table 3
Maximum entropies of monthly totals of precipitation Hmax (Rk) in Estonia

Locality 1 1 m v v v vil Vil IX X Xl Xl

Tartu 3.00 281 3.17 3.00 3.70 3.58 4.32 4.09 4.00 3.70 3.70  3.46
Parnu 3.32 3.17 281 317381 3.70 391 391 432 358 391 358
Vilsandi 3.58 258 2.81 258 3.32 3.46 3.70 4.17 358 3.81 3.70 3.46

Narva-Jéesuu 3.46 3.00 3.32 3.46 381 3.70 4.00 42056 417 4.25381 3.17

4 Geograafia-alaseid toid X111 49



Table 4
Relative entropies of monthly totals of precipitation (with regard to max.)

H(RK) 1, Bstonfa
Locality 1 1 11 v Vv VI VIl VIIT X X X1 X1l
Tartu 0.87 0.91 0.68 0.84 0.81 092 0.84 094 0.87 0.84 0.78 0.79
Péarnu 0.74 0.71 0.80 0.85 0.79 0.88 0.90 0.95 0.80 0.94 0.76 0.79
Vilsandi 0.73 0.87 0.71 0.90 0.84 0.79 0.88 0.84 0.92 0.91 0.75 0.80

Narva-JGesuu 0.80 0.83 0.84 0.86 0.85 0.90 0.880.90 0.82 0.80 0.85 0.88

imparted by the month under consideration to the following month
HRk> Rk+i) (Table 5) and the values of the coefficients of depend-
ence s(Rk, Rb+i) (Table 6).

It follows from the data presented in the tables:

1) The monthly totals averaged over the period studied are
largest in August, smallest in March; they are slightly larger in
East Estonia than in West Estonia (Table 1).

2) The diversity of the monthly totals of precipitation all over
Estonia in summer is greater than in winter: maximum indeter-
minacy (3.5 to 3.9 bits) both in the interior and on the sea-coast
occurs in August, minimum diversity (2.2 to 2.8 bits) occurs on
the coast in February, in the interior in March. The range of ent-
ropy on the coastal areas varies between 1.3 and 1.5, in the interior
it is 1.7 bits (Table 2).

3) Since greater entropy means greater diversity, the prog-
nostication of precipitation in summer is more complicated than in
winter.

4) There is a close positive correlation (r>0,8) between the
entropy of the monthly totals of precipitation H(RKk) and the

monthly totals of precipitation averaged over a long period Rk

5) The values of actual entropy H(RKk) account for 68 to 95
per cent (Table 4) of the values of entropy at a uniform
distribution Hmax(Rk) (Table 3).

6) The amount of information which the month under considera-
tion imparts to the following month ranges from 11 to 2.0 bits
in summer and from 0.3 to 0.7 bits in winter. The amounts of the
imparted information on the coast are by a few tenths of bits
smaller than in the interior (Table 5).

7) The average precipitation of a given month depends on that
of the preceding month more closely in summer than in winter: the
amount of the imparted relative information s(Rk, Rk-H) in the
summer months is approximately 0.4—0.5, in the winter months
0.2—0.3.
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Amounts of information imparted on monthly totals of precipitation

Locality

Tartu

Parmi
Vilsandi
Narva-Jdesuu

Locality

Tartu

Parnu
Vilsandi
Narva-Jdesuu

11

0,47
0.37
0.3-8
0.69

/111

0.44
0.34
0.52
0.69

/v

0.40
0.38
0.36
0.96

VIV VIVI
0.81 117
0.95 1.38
0.40 0.77
Lie 1.32

VIIVII

1.55
1.70
1.09
1.59

VIV

2.04
il, 75
1.45
191

Table 5

I(Rk, Rk+l) concerning consecutive months

VIHIX

1.87
1.70
1.38
1.73

IX/X

1.47
1.40
1.48
1.65

XIXI

1.09
1.03
0.91
1.56

Coefficients of the dependence of monthly totals of precipitation s(RK, Rk+1)

111

0.31
0.17
onv
028

/111

0.18
0.15
0.23
0.25

/v

0.20
0.14
0.16
0.32

VIV VIVI
016 027
0.32 042
014 0.28

0.37

0.40

VI/VII

0.35
0.48
0.34
0.45

VIIVIII

0.43
0.47
0.42
0.50

VIH/IX

0.53
0.49
0.42
0.50

IXIX

0.54
0.42
0.43
0.49

XIXI

0.47
0.34
0.33
0.48

XI/X11

0.93
1.10
0.52
096

X1/X11

0.38
0.39
0.19
0.34

XU/l

0.82
0.76
0.85
0.75

Table 6

XU/l

0,34
0.31
0.3.3
0.27



8) There is a rather close negative correlation between the
entropies of the monthly totals of precipitation and the entropies
of the average monthly temperatures (on the coast r= —0.66, in
the interior r= —0.83).

SUMMARY

According to the data on a 53-year-long series of meteorological
observations there is a close positive correlation between the
monthly totals of precipitation and their entropies (i. e. diversities
of the distribution of precipitation) in Estonia (at the localities of
Tartu, Pdrnu, Vilsandi and Narva-Jdesuu): the correlation coeffi-
cient varies from 0.84 to 0.96, depending on the particular locality.

The amount of information which the month under study
imparts to the following month on the monthly totals of precipita-
tion ranges between 11 and 2.0 bits in the summer months and
between 0.3 and 0.4 bits in the winter months; under the influence
of the Baltic Sea the amounts of information imparted to the next
month are on the coast by a few tenths of a bit smaller than those
in the interior of the country. The dependence of the monthly totals
of precipitation, which is characterized by the imparted relative
information s(Rk, Rk+i) between the consecutive months varies
approximately from 0.4 to 0.5 in the summer months and from
0.2 to 0.3 in the winter months.

There is a negative correlation between the monthly totals of
precipitation and the diversities of the mean temperatures of the
same months (Shannon’s entropies), the values of varying from
-0.66 to -0.83.
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SADEMETE KUUSUMMADE MITMEKESISUS EESTIS
H. Mirk

Reslimee

53-aastase vaatlusrea andmeil on Eestis (Tartus, Parnus, Vilsan-
dis ja Narva-Jdesuus) sademete kuusummade ja nende entroopiate
(jaotuse mééaramatuse) vahel tugev positiivne korrelatiivne seos:
olenevalt kohast muutub korrelatsioonikoefitsient 0,84 kuni 0,96.
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Informatsiooni hulk, mida vaadeldav kuu annab jargmisele
kuule sademete kuusummade kohta, on suvekuudel 1,1—2,0, talve-
kuudel 0,3—0,4 bitti, kusjuures mere md&jul on Uleantud informat-
siooni hulgad rannikul méne kimnendiku biti vdrra vdiksemad kui
sisemaal. Sademete kuusummade sdltuvus, mida iseloomustab ule-
antud relatiivne informatsiooni hulk s(Rk, Rk-un) naaberkuude
vahel, on suvekuudel ligikaudu 0,4—0,5, talvekuudel 0,2—0,3
timber.

Sademete kuusummade ja sama-kuude keskmiste temperatuu-
ride madramatuste (Shannoni entroopiate) vahel on negatiivne
korrelatsioon (r=-—0,66 kuni —0,83).

O HEOMNMPEAENEHHOCTW MECAYHbBIX CYMM OCAKOB
B 3CTOHUNN

X. Miopk

Pes3tome

Mo AaHHbIM HabnwaeHuidi ocagkoB B AcToHunm (TapTy, [ApHY,
Bunbauau n Hapsa-Mbiacyy) HeonpefeneHHocTb (3HTponua no LeH-
HOHY) pacnpefeneHnus Mecf4YHbIX CYMM 0CafKOB CW/bHO 3aBUCUT OT
CpefHNUX MeCAYHbIX CYMM O0CafKOB: MeXAY HUMU WMeeTcs CuabHas
nonoxutenobHaa koppensauma (r=0,84... 0,96). MakcumanbHOe 3Ha-
YeHWe 3HTPOMWW B aBrycte, MWHUMaNbHOe — B (heBpane-mapTe.

KonunyectsBo MH(popmauuun, KOTopoe nepejaetcd OT OLHOr0O Mecs-
Ua K cnefylowemy 0 MeCAYHbIX CyMMax 0CafKOB B NIETHUX Mecauax
okono 1,1 ... 2,0, B 3umMHux mecsauyax 0,3 ... 0,4 6uta.

Mexay HeonpefeneHHOCTAMU MECHAYHbIX CYMM O0CafKoB W Cpef-
HUX MeCsAYHbIX TemnepaTyp CYyLWecTBYeT CUAbHas MNONOXUTeNbHas
Koppenayus.



INVESTIGATION INTO THE MICROCLIMATE
OF THE LANDSCAPE UNITS IN THE ESTONIAN S.S.R.

J. Jogi, P. Karing, A. Raik

INTRODUCTION

The metabolic and energy exchange processes important for the
development of landscape units are closely dependent on the
characteristics of the meteorological regime of the air-layer near
the earth’s surface. Therefore a study of the microclimatic peculia-
rities plays an important part in detailed investigation of the
physical and geographical characteristics of a given territory.

It also has a great practical importance. The importance of
such studies grows in accordance with the rise of the level of agro-
technics, more thoroughly planned amelioration work, the elabora-
tion of plans for more varied recreational activities, a better under-
standing of the problems of ecology and environment protection
and a deeper insight into the laws of nature in general. In actual
fact, however, unduly little attention is paid to the practical
application of microclimatic data which can partly probably be
explained by the methodological difficulties in getting such data
for more extensive areas.

The aim of the present article is to give a survey of the prin-
ciples and methodology of detailed microclimatic studies in the
ESSR and of the results obtained so far.

THE INITIAL CONCEPTION OF RESEARCES

Processes influencing the meteorological regime of the air
layer near the earth’s surface — transformation of radiation flows,
evaporation, heat flow into the air and soil, etc. are formed due to
the influence of the structure of the active surface, the essential
components being the relief, the surface cover, the type of soil and
its mechanical composition. On the earth’s surface these compo-
nents are systemically organized into natural-territorial complexes.
The methodology for mapping and studying such complexes has
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been elaborated by the landscape science branch of Soviet physical
geography. Facies — an area in the boundaries of which all land-
scape components are uniform has been considered the smallest
landscape component i.e. a methodology applied at the present
time in large-scale studies does not bring out such changeability
in the characteristics of the components that would exceed the
exactness with which they were determined.

It can logically be concluded that if the factors forming the
microclimate make up a landscape complex, a certain type of
microclimate is formed in the boundaries of such units, that a cer-
tain type of microclimate corresponds to a certain type of land-
scape unit. The meteorological regime of the air-layer hear the
earth’s surface within the boundaries of a facies is treated as ele-
mentary microclimate.

Microclimate can be considered on the one hand a component:
of the landscape and on the other hand a phenomenon conditioned
by the rest of the components, by the territorial complex made up
by them. We cannot deal closer with the differences of these two
approaches in the present article. We only point out that in either
of these approaches the microclimatic boundaries must coincide
with those of the landscape.

Microclimatic studies, mapping and analysis on the basis of
landscape data we call the landscape conception of microclimate.
One of the methodological problems of microclimatic studies that
can be solved applying the landscape conception is the spatial
extrapolation of observation data. The latter is one of the most
difficult problems to be solved in microclimatic mapping.
According to the landscape conception the landscape structure of
an area reflects its microclimatic structure, we can pass over from
statistical areal landscape characteristics to microclimatic cha-
racteristics of the same type, and the dividing of the landscape
into regions forms the basis for microclimatic division (Paiik,
1971).

It must be pointed out that microclimatic mapping according
to landscape characteristics not directly on the basis of the para-
metres of the meteorological fields in the air-layer near the earth’s
surface should not be considered an emergency way out. We speak
about genetic mapping when phenomena causing microclimatic
differences are taken as the basis for the delimitation of areas
(Paik, 1965).

METHODOLOGY OF COMPILING LARGE-SCALE MICROCLIMATIC MAPS
WITH THE HELP OF A COMPUTER

A methodology has been worked out for mapping the micro-
climatic components and complexes and for the analysis of such
maps with the help of a computer with a view to the needs of the
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detailed microclimatic studies of extensive areas (KapuHr, 1974,
KapuHr, libiru, 1974). Computers can be used thanks to the fact
that the necessary methodology has been worked out for cha-
racterizing the distribution of the basic microclimatic elements and
general correction tables have been drawn up for the following
components: direct solar radiation and radiation balance (lony-
6oBa, 1967) several characteristics of the thermal regime of the air
(Fonbpbepr, 1961, MwuweHko, 1962), temperature of the active
surface (MwuweHko, 1971), soil moisture (PomaHoBa, 1971), wind
precipitation (PomaHoBa, 1967), etc.

The scheme of the study is as follows. The general climatic
background, the basis for calculating the microclimatic character-
istics of a period of many vyears, is determined by means
of the distribution maps of the climate elements and the observa-
tion data of the nearest meteorological station. By means of
observations in nature the influence of different landscape com-
ponents on the deviation value from the general climatic back-
ground is determined. On the basis of the data obtained a classi-
fication of geocomplexes is compiled according to their influence
on the microclimate. The classification is presented as a micro-
climatic correction table. A unit is distinguished even if it brings
about the gradation cell.

A microclimatic correction table (Table 1) for the hilly land-
scape of the south-eastern part of the Estonian S.S.R. ( Vbiru, 1974,
KapuHr, nbirn, 1974) was compiled on the basis of the data col-
lected since 1968 by the observation net and the expeditions
(Payacenn, 1970, HOneible, 1973, Kapuur, 1972). Table 1 gives
corrections of microclimatic mapping units for the following cha-
racteristics: direct solar radiation, radiation balance, minimum
temperature, soil moisture, velocity of the wind, redistribution of
precipitation under the influence of the wind, precipitation-water
redistribution on the slope, moisture balance. For considerations
of space the values of the corrections are not given.

The study and mapping of the microclimate is hindered by the
fact that landscape mapping is being carried out for small areas
only. In Estonia the problem can be solved by making use of the
large-scale soil maps which are being compiled for the whole arable
land, and which, due the complex methodology applied, appro-
ximate analytico-synthetical landscape maps. The properties of
soil as an important factor of forming the microclimate are
presented multifariously and in detail on those maps. The cha-
racteristics of another decisive factor, the relief, are not pre-
sented directly, and bringing them out requires additional efforts.

A network is transferred to a large-scale landscape map which
is assumed as the basis for studying the microclimate. The type of
landscape is determined for each mesh by means of the above
classification of the microclimatic correction table and its index
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Table |

Classification of landscape complexes according to their influence
on the microclimate in conditions of hilly relief.

Relief element,
exposition

Part of Properties of

Incline slope soil

The slope
belo sand

Ceiling 30| — sandy loam
(or: over 12°) sandy clay

sand
upper sandy loam

30190 sandy clay
(or: over 12°)
sand
Southern middle sandy loam
(or eastern, sandy clay
or western,
or northern)
slope sand
lower sandy loam
sandy clay

sand
foot sandy loam
sandy clay

sand
sandy loam
Plain between sandy clay
hills - - peat
excessively moist
mineral soil

is fed into the memory of the computer, like the characteristics of
the climatic background and the correction table.

The computation is typed in the form of a microclimatic carto-
gram, a computer map, and the numerical characteristics of the
area investigated are presented as a system of characteristics
based on the areas occupied by different types of the microclimate.
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ON TEMPORAL AND TERRITORIAL CHANGEABILITY
OF THE MICROCLIMATE OF FIELDS

Detailed investigations into the temporal and territorial change-
ability of the microclimate have been carried out on an about 100
hectares’ area of the hilly landscape of the south-eastern part of Esto-
nia. 27 fields have been formed on this area in the course of land
cultivation. Maps of single microclimatic components and of the
artifical regulation norms of the soil water regime have been com-
piled for the area. Both microclimatic characteristics for single
fields and the temporal changeability of these characteristics have
been calculated by means of computer maps.

The territorial distribution of the microclimate of the given
area is characterized by the following characteristics:

— the areally weighed value of an element

— the area (in per cent) showing a similar value of an element

— the number of gradations present

— indices of the microclimatic heterogeneity of the territory;

the similarity coefficient of the structure of the gradation
of elements as a complex has been given according to
U. Mereste (1962).

The temporal changeability of the microclimate is characterized
by the calculation results in which differently guaranteed characte-
ristics of the climatic background have been used as initial data.

We shall give some explanations below about the data of the
indication tables for the territorial and temporal changeability of
the field microclimate calculated by means of computer maps.

A steady increase above 10°C of the average day-and-night
soil temperature at the depth of 10 cm which indicates the proper
time for spring sowing, has in the average picture of the fields
investigated for many years been connected with the following
date limits: up to May 8, May 12, May 16, May 20 and later. It
becomes evident that one field out of 27 entirely falls under one
gradation, 9 fields are limited to 2 gradations, but on 3 fields even
al! 3 gradations are represented. It appears that the optimum
sowing time for the component parts of the majority of fields
fluctuates around 10 days.

In the formation of field expanses the cultivator has naturally
strived to establish the most rational contours. Consequently the
above figures testify to a high complexity of landscape conditions.
As a matter of fact in 2/3 of the fields the gradation of the tempe-
rature rise above 10°C involves 3A or more of the area.

The average thermal characteristics of the fields are calculated
applying the weighed average formula. The values of the parts
weighed are proportional to the areas of similar soil temperature.
It appears that the dates of the interval of the dominating soil
temperature and those of the soil temperature above 10°C calcu-
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lated by means of the weighed average formula do not in most
caser coincide.

Productive humidity reserves of a 0—50 cm thick soil layer in
the spring period on the area investigated range as follows: from
50 to 75 mm, 75—100 mm, 100—125 mm, 125—150 mm, over
150 mm. It view of humidity fields prove to be even less uniform
that in view of temperature — more than half of the fields have
all 5 gradations of humidity reserve mentioned above. The weighed
averoge values of the humidity reserve of a field do not in most
cases coincide with the values of the dominating soil humidity.
There are fields in the area investigated where the average humi-
dity reserve remains under 75 mm as well as fields where it
exceedes 150 mm.

The calculation of the climatological values of the artificial
regulation norms of water regime is of interest with a view to the
solution of the problems of environmental change and the function-
ing of a number of natural complexes. The above — mentioned
values are calculated by means of the following formula

AW = Ep—Who —XP 11/
AW — climatological norm for artificial regulation of water
regime
Ep — summary evaporation in case of optimal reserve of soil
moisture
Xp — precipitation taking into account the influence of the wind

and water redistribution on the slope
Who=Wh—Wk

Wh — water reserve of a 0—50 cm thick soil layer
Wk — critical value of soil moisture

AW was computed for the average regime of a period of many
years, as well as for the years with different radiation balance
and precipitation guarantee.

The summary evaporation Ep for mineral soils has been cal-
culated by means of the following formula

Ep=a(Rp—B) 121
Rp — radiation balance of the slopes with a certain exposition
and incline
B — heat flow into soil
a — coefficient calculating the state of plant cover and tur-

bulent heat exchange

Since a two-sided regulation of water regime takes place on the
areas predominantly covered with perennial grasses the coeffi-
cient a has been determined taking into account the peculia-
rities of such plants. It was found out as a result of field observa-
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lions in 1968— 1972 that in the Estonian conditions the value of the
coefficient a is approximately 0.70.

Heat flow into soil in the cross-section of a langer period is
quite a small quantity in comparison with the other components of
heat balance, and it is very difficult to measure it (AgameHKo,
1972). Therefore in our calculations heat balance equals to 10% of
the values of radiation balance. The radiation balance of the slopes
was calculated on the basis of the radiation balance of level areas
applying a methodology suggested by I. G. Golubova (l'ony6osa,
1967).

Evaporation from peat mold was calculated by means of the
following formula

Et=R R 13/
Et — evaporation from peat mold covered with perennial grasses
in case of optimal reserves of soil moisture
R — radiation balance of a level area
R — (biological) coefficient which in the Estonian conditions

equals to 1.0

The precipitation of level areas was determined on the basis of the
observation data of the nearest meteorological station while the
redistribution on a hilly area under the influence of the wind was
calculated applying the results obtained by I. Sandsberg(1970), and
the redistribution of precipitation on the slopes was calculated by
means of Romanova’s methodology (PomaHoBa, 1971).

Reserves of soil moisture in spring are given in E. N. Roma-
nova’s article. The critical moisture on the slopes was considered
60% of the smallest field water capacity.

AW gradation value was considered to be 30 mm, this quantity
being the smallest watering norm in present — day agricultural
practice (Tamm, 1972). The change of AW at the interval from
— 15 to +15 mm was considered as optimal moisture indicator.
According to Formula /1/ the negative value of AW points to areas
with excessive humidity, whereas the positive value indicates
a dangerous situation of drougth.

Values of the artificial regulation norm of water regime (AW)
have been calculated for the months of May and June. One some
parts o the field AW values remain under —45 mm while on others
they are over -f45mm, all 5 gradations of 30 mm being repre-
sented. In eight fields out of 27 investigated all 5 gradations are
present, 9 fields have 4 gradations. Areas with excessive humidity
tend to prevail on the territory investigated.

Besides the territorial heterogeneity of microclimate we can
notice its temporal changeability which depends on changes in
general weather conditions.

In order to characterize temporal changes of humidity condi-
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(AW)
Guarantee
L S,
as 8

10 90
20 80
30 70
40 60
50 50
60 40
70 30
80 20
90 10

Values of the territorial

+4i6
up to
+ 75
mm

8.50
17.05

+ 16
up to
45 mm

11.32
17.05
19.01
19.20
13.67

characteristics

of the distribution of artifical
in accordance with precipitation guarantee of 9—10 per cent and radiation balance guarantee of 10—90
per cent in the month May

Areas with the same value of AW
(per cent of the whole territory)

+ 15

up to
—15mm —45 mm

4.45
17.05
24.94
19.41
13.67
34.67
27.65
24,63

-16

up to

10.45
20.53
13.67
29.34
24.63
29.13
20.02
20.63
44.65

46

up to
—75 mm

15.72
29.29
24.63
17.51
20.63
40.15
25.70
24.02

-76

up to
—105 mm —

29.18
17.05
20.63
28.21
24.01

Table 2

regulation norm of the soil water regime

-106 -136
up to up to
135 mm —165 mm

18.95 25.70
28.68
24.02 —

Weighed aver-
age values of
AW on the ter-
ritory in mm

—76 up to —105
—46 up to —75

- 46 up to —75
—16 up to —45
—16 up to - 45
—16 up to —45
—16 tip to —45
—15up to —15
- 15up to —15

Similarity
coeffi-
cient
of the
structure

0.73
0.41
0.89
0.93
0.84
0.70
0.90
0.70
0.66



tions AW values have been calculated in case of different gua-
rantees of radiation balance and precipitation (10, 20 ... 90%).

To show how the values of the artificial regulation norm of
water regime for the given area are calculated, we shall give
a variant which presupposes the change of the quarantees of radia-
tion balance and precipitation in the reverse direction. Such a ten-
dency is quite common in nature. As can be seen from Table 2, the
total number of gradation is 8, but for every concrete variant of
the general climatic background there are 4—5 gradations. It
should be noted here that high radiation balance guarantee points
to its low value, whereas high precipitation guarantee corresponds
to scanty precipitation.

SUMMARY

The course of the analysis confirms the judgement that the
system of microclimatic areal characteristics used in the article
works efficiently, the characteristics sensitively react to the
changes in both the physico-geographical and weather conditions.

The application of the landscape conception should be taken
as a perspective scientific foundation for the mapping and analysis
of the microclimate of a territory.

It is expedient to use computers in compiling microclimatic
maps, characterizing the territorial distribution of the solutions of
various equations, calculating areal characteristics as well as the
changeability of the general climatic background through guaran-
tees. It will create new broad prospects for microclimatic studies,
both theoretical and practical.

The results obtained in the work show that the variability of
the characteristics of heat and water regime in the Estonian hilly
landscape is so great even within one field, that it must by all
means be taken into consideration in fixing the proper time for
field work, designing amelioration projects and determining
watering norms. The changeability of the Estonian weather causes
an extensive temporal variability of microclimatic conditions.
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MAASTIKULISTE KOMPLEKSIDE MIKROKLIIMA
UURIMINE EESTI NSV-s

J. Jogi, P. Karing, A. Raik
Resimee

Maaldhedase Ohukihi ja mulla hidrotermilist reZziimi kujunda-
vate faktorite (reljeef, mulla liik ja mehhaaniline koosseis, vee-
reziim, taimkate) silsteemsest organiseeritusest looduslik-territo-
riaalseteks kompleksideks tuleneb jareldus, et igale maastikulisele
lksusele peab vastama kindel mikrokliima. Sellist juurdeminekut
nimetavad autorid mikrokliima maastikuliseks kontseptsiooniks,
mis on perspektiivne mikrokliima tunnetamisel ja uurimisel, see-
juures vaatlusandmete territoriaalsel ekstrapoleerimisel, mis on
mikrokliima kaardistamise aluseks. Mikrokliima uurimist maasti-
kulisel alusel tuleb lugeda geneetiliseks uurimiseks.

Esitatakse metoodika mikrokliima Uksikelementide ja komplek-
side kaardistamiseks ja analtulsimiseks raali abil. Raalitdotluse
aluseks on kliimafooni andmed, mille mdadramisel tuginetakse
l&himatele meteoroloogiajaamadele, maastikulised karakteristikud,
mis madadratakse peamiselt suuremddOtkavalise mullakaardi jargi,
ning mikrokliima parandid, mis leitakse mikroklimaatilistest vaat-
lusandmetest lahtudes.

Viimaste alusel on vélja todtatud maastikuliste komplekside
klassifikatsioon nende mdju jargi mikrokliimale kinkliku reljeefi
tingimustes; tabelis 1 eristatud tUksuste kohta on sedastatud mikro-
kliima karakteristikute parandid. Too6tlusse hdlmatavad andmed
viiakse raali méallu aluskaardile kantava v@rgustiku silmade koha-
selt. Raaliarvutuste tulemused trikitakse valja mikrokliima karto-
grammina, raalikaardina.

Esitatakse uurimistulemused Karula kd&rgustiku 100 ha suu-
ruse, 27 véljaks jaguneva ala kohta. SoojusreZiimi iseloomusta-
takse mullatemperatuuri 10 cm sugavusel pisivalt dle 10° tdusu
kuupdevaga, niiskust mulla kevadise produktiivse niiskuse varuga
50 cm Kkihis. Integraalse karakteristikuna rakendatakse veereziimi
kunstliku reguleerimise normi arvutuslikku klimatoloogilist vaar-
tust (valemid 1, 2, 3).

Mikrokliima territoriaalsete erisuste iseloomustamisel raken-
datakse pindalalisi karakteristikuid. Ilmneb, et enamiku pd&ldude
piires erinevad nii temperatuuri- kui ka niiskuseolud suuresti,
mida tuleb arvestada poOllutéddel ja veereZiimi reguleerimisel.

Mikrokliima voéimaliku ajalise muutlikkuse iseloomustamiseks
on arvutatud mulla veereziimi kunstliku reguleerimise normi vahe-
mike pindalaline osatdhtsus kogu uuritaval alal kliimafooni karak-
teristikute, kiirgusbilansi ja sademete hulga, erineva (10, 20...
90%) kindlustatuse korral. Tabelis 2 on toodud variant, kus Kiir-
gusbhilansi ja sademete hulga kindlustatused muutuvad vastassuu-
nas; selline tendents esineb kullalt sageli.
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MWCCNEALOBAHWNE MUKPOKINMATA NAHALWA®THBbIX
KOMTJIEKCOB B 3CTOHCKOW CCP

A. Mbirn, M. Kapuur, A. Paiik

Pesome

C cucTemMHO opraHusauuei B NpUPOAHO-TeppUTOpUaNnbHbie KOMM-
NneKcbl (akTopoB, GOPMUPYIOWNX TUAPOTEPMUYECKUI PEXUM MPU3EM-
HOro cnos BO3gyXxa W noyBbl (penbed, BMA M MeXaHWYeCKWUin cocTas
MoYBbl, YBMAXHEHHOCTb, pPacTUTeNbHbIA MNOKPOB), HanpawunBaeTcs
BbIBOA, YTO KaXAoW naHpwadTHON efMHMLE [LO/KEH COOTBETCTBO-
BaTb OMpefefeHHbIi MUKpoknAumat. [aHHbIi NOAXO04 Ha3BaH aBToO-
pamu naHjwadTHOW KoHUenuueid MuKpoknumata. OHa cuuTaeTcs
NMepcneKTUBHON MpM UCCNef0BaHUN MUKPOKAMMaTa, B YaCTHOCTU Npu
TeppuTOpUanbHOW IKCTPanonaLuMnM pes3ynbTatoB HabngeHUNA, ABNSAIO-
elica OCHOBOW MWKPOKNMMATUYECKOro KapTupoBaHus. Wccneposa-
HVWe MUKpPOKNMMaTa Ha naHfwadgTHOW OCHOBe creAyeT cuuTaTb uUccne-
[OBaHNEM TeHEeTUYEeCKUM.

PaspaboTaHa MeTOAMKA KapTUPOBAHUA W aHanu3a MUKPOKNUMa-
TUYECKUX 3M1EMEHTOB W KOMMJEKCOB C nomolbio 3BM. OcHoBOlW npu
3TOM SBNAKOTCA MoKasaTenu obueknumaTuyeckoro dqoHa, npu
onpejeneHUM KOTOPbIX OMNMParTCs Ha fdaHHble 6AMXKalWUX MeTeo-
CTaHUMIA, XapakTepuCTUKK naHfwadTa, onpegensemblie npexae BCEro
no KpymnHoOMaclwTabHON MOYBEHHON KapTe, WU MUKPOMAMMATUYECKME
nonpasKW, KOTOPble YCTAHABMMBAKTCA UCXOAA U3 SAaHHbIX MUKPOK/U-
MaTn4yecknx HabnwogeHnin. Ha 6ase nocnegHux paspaboTraHa Knaccu-
hrkauns naHawagpTHLIX KOMMAEKCOB N0 BO3AEWCTBUIO MX HA MUKPO-
KIMMaT B YCNOBUAX XONIMUCTOrO pefibeda; Nno BblAENIEHHbIM eAuHNLaM
(Tabnuua 1) ycTaHOB/MIEHblI NOMPAaBKU MUKPOKAMMATUYECKUX XapaKTe-
pucTUK. BKAtovaemble B 06paboTKy faHHble BBOAATCA B NaMATb IBM
Nno ys3nam CeTKW, HaNOXeHHOW Ha WCXOAHYI KapTy. PesynbTaThl
npovssBefeHHbIXx Ha 3BM pa3paboToK BbiNeyaTalTCcqd B BUAE MalIWH-
HON KapThbl.

B crtatbe u3narawTcA pe3ynbTaTbl UCCNELOBAHUA MWKPOKIMMaTa
Tepputopun ¢ nnowapabto B 100 ra, pasfieNeHHOW Ha 27 nonen, B
XONIMUCTOM pefibede 1ro-BocToka ICTOHUU. TepMUYECKUIA pexum
XapakTepusyeTca faToill yCTOMYMBOro nepexoja TemnepaTypbl MOYBI
Ha rny6uHe 10 cm yepe3 10° yBNaXHEHHOCTb — BECEHHWM 3amnacom
npoaykTnBHoi Bnarn B 50 cM cnoe. B KayecTBe MHTErpanbHOro noka-
3aTensd NPUMeEHAeTCH pacyeTHOE KAMMATON0rMYecKoe 3HaYeHne HOpMbl
NUCKYCCTBEHHOT0 perynnpoBaHusa BOAHOTO pexuma (opmynsl 1, 2, 3).

[na onucaHua TeppuTopuanbHbIX pasfUyuMii MUKpPOKIMMaTa npu-
MEHATCA NnnowajHble XapakTepuctuku. OkKasblBaeTcs, 4TO OTAEeNb-
Hble YyacTu 60NbWWHCTBA NOMEH CUNBHO pasnuyatoTcs Apyr oT gpyra
no TemmnepaType W BAAXHOCTW, YTO HYXHO Y4YWUTbiBaTb Mpu 3emiepe-
NN N PEeryampoBaHnN BOJHOIO pexuma.
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Ona XxapakTepucTuKM BO3MOXHOW BpPEMEHHOW W3MEHYMBOCTHU
MUKPOKIMMaTa pacyMTaHbl MAOWaAHble 3Ha4YeHWs rpajaunii HOpM
MCKYCCTBEHHOTO pEerynupoBaHus BOAHOIO0 peXwuma MoYBbl N0 BCEN
UccnefoBaemMoil  TeppuTopMU  MpU  pa3IMYHON  06ecneyYeHHOCTK
(10, 20... 90%) xapaKTepuCTMK 06LWEKNMMaTNYECKOro (hOHa — KO-
nn4yecTBa OCafKOB W pajmaunmoHHoro 6anaHca. B tabnuue 2 npuse-
[EeH BapuaHT, NpuM KOTOPOM o6ecrnevyeHHOCTU pauMauuoHHOro 6anaHca
M KONiMyecTBa 0CafKOB M3MEHSTCSH B NMPOTMBOMONOXHbLIX HanpaBne-
HWAX, YTO B LEACTBUTENLHOCTW BCTpPEYaeTCA Hepeako.
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CURRENTS IN THE STRAITS OF THE VAINAMERI
H. Mardiste

The Vainameri is a part of the Baltic Sea located between the
West-Estonian Archipelago (Saaremaa, Hiiumaa) and the Esto-
nian mainland. The area of the Vainameri is over 2,000 sg. km, its
mean depth is about 5m and the greatest depth amounts only to
22 m. The Vainameri is connected with the open sea and the Gulf
of Riga through the following straits: the Voosi Strait between the
mainland and Vormsi Is., the Hari Strait between the islands of
Vormsi and Hiiumaa, the Soela Strait between the islands of
Hiiumaa and Saaremaa and the Large Strait between Muhu Is.
and the mainland; a causeway was constructed across the Small
Strait between the islands of Saaremaa and Muhu in the last
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decade of the 19th century. As to the natural conditions the area
of the Vdinameri is one of the most peculiar regions of Estonian
coastal waters (Mardiste, 1971). The Vdinameri has also a great
importance in the economy of the Estonian S.S.R., particularly in
fishery, aquaculture and recreation.

The present article is composed on the basis of the data col-
lected by the Hydrometeorological Service of the Estonian S.S.R.
in the straits by means of marine current meters in 1958— 1969.
The number of the stations in the straits and frequency of the
observations in them varied during the above-mentioned period.
It was the greatest in the central points (stations) of the straits —
in the Voosi Strait 199, in the Hari Strait 292, in the Soela Strait
397 and in the Large Strait 360 observations. The registered data
were divided according to the force of the wind into three groups:
1—2, 3—4 and 5—6 (Beaufort scale) and according to the direc-
tion of the wind into 8 groups. In every group the mean direction
and velocity of the currents was calculated (Table 1). The mean
direction of the currents was found by the geometrical method, i. e
as a sum of the vectors of single measurements. As the direction
of the currents in the straits corresponds to the direction of the
wind, those cases where the direction of the currents was opposite
to that of most observations, were omitted from the calculations.
Analysis of these cases showed that before the recordings the
direction of the wind had changed, but the direction of the currents
had not yet changed. In the case of those directions of the wind
which are transitional with regard to the change of the direction
of currents to the opposite direction, the prevailing direction of the
currents is shown in the Table 1

For the calculation of water transport the data of the current
recordings in the straits in 1958— 1962 were used. The number of
the stations in the straits was as follows (the number of recor-
dings in the cross section of the strait is shown in brackets): in the
Hari Strait — 6 stations (14 recordings), in the Voosi Strait —
3 stations (4 recordings), in the Soela Strait — 6 stations
(12 recordings) and in the Large Strait — 6 stations (20 recor-
dings). Volume transport was calculated (altogether 364 cases)
by the graphic method used in the calculation of river discharge.
The changes of the cross section of the straits connected with fluc-
tuations of water level were not taken into consideration as they
are small ones. The volume transport on the basis of recordings
made at the time of weak or changeable winds was not calculated.

The main force generating currents in the Vdinameri, as in the
whole of the Baltic, is the wind. Variability of the wind causes
a great variability of currents. Directly registered currents in
most cases are not only wind currents. Aside from the stream
caused by the wind other components may occur in the observed
current: density current, compensation current, etc. Separation of
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Tabie 1
Mean direction (in degrees) and velocity (cm/sec) ot currents

Currents _
Wind Hari Strait Voosi Strait Soela Strait Large Strait
Num- Num- Num- Num-
Dir. Force Dir. \éietlo- ber of Dir. V_etlo— ber of Dir. \éietlo— ber of Dir. V_etlo— ber of
y rec. city rec. y rec. city rec.
1—2 161 17,9 10 144 14,7 7 287 9,4 9 163 17,4 7
N 3—4 161 22,6 35 147 19,1 22 275 18,2 14 167 17,9 23
5—6 — — — — — — — — 181 30,8 5
1—2 162 18,5 4 140 lin 1 299 15,6 7 155 9,2 6
NE 3—4 165 20,2 6 163 22,4 8 285 16,6 20 186 12,3 1
5—6 158 45,0 3 — —_ — —_ — — 269 20,0 1
1—2 325 12,2 6 193 7,0 2 309 10,5 8 328 17,3 3
E 3—4 317 17,9 12 156 12,4 7 305 17,1 27 332 21,1 11
5—6 - - — 150 22,0 1 288 30,3 3 - — —
1—2 341 15,8 5 360 13,0 6 314 10,3 6 334 17,4 14
SE 3—4 333 18,2 25 341 17,7 17 314 11,6 22 332 20,7 26
5—6 336 29,5 4 336 27,0 1 333 15,7 4 343 20,3 6
1—2 339 11,7 7 347 13,2 8 92 13,4 1 336 15,2 17
S 3—4 350 20,4 31 349 22,8 20 92 15,4 20 346 22,9 24
5—6 342 35,9 10 352 25,7 9 68 9,0 1 350 31,0 3
1—2 63 7,0 7 - - - 96 13,7 9 314 12,4 17
sw 3—4 351 25,4 29 354 28,7 19 90 15,5 26 335 20,6 23
5—6 347 32,9 8 343 38,7 9 97 25,3 6 327 31,6 n
1—2 342 6,2 6 339 16,3 3 100 12,7 12 135 16,6 3
w 3—4 356 18,1 12 347 23,1 7 100 13,4 32 160 15,4 11
5—6 345 30,3 3 341 29,0 2 118 21,0 2 -
1—2 170 16,0 10 144 19,0 3 99 12,2 2 165 13,0 6
NW 3—4 158 25,7 36 134 16,2 15 102 13,4 28 168 20,7 21
5—6 153 23,6 8 142 18,0 3 110 25,5 4 178 18,7 3



these components from the data obtained by the current meters,
particularly in the case of narrow straits, is difficult. On this
account the directly measured currents are dealt with. It is correct
to designate these currents as summary currents. As only the data
of summary currents are used in this article, the term “current”
is used instead of the term “summary current” for the sake of
brevity.

From the data presented in Table 1 it appears that the velocity
of the currents depends on the direction and on the speed of the
wind. As the mean speed of the wind in the region of the Vaina-
meri is 5—6 m/sec, mainly the data of the currents observed
during winds of force 3—4 as being near to the mean conditions
are used to analyse the currents. The prevalent number of the
observations was made in the case of such winds.

The mean velocity of the surface currents in the centre of the
straits of Hari, Voosi and Large is 20—22 cm/sec. Close to this or
a little greater may be the velocity of the currents in the narrowest
part of the Soela Strait. According to the direct measurements
made systematically in the wider eastern part of the strait (area
of the cross section 14,700 m2), the mean velocity of the currents
in case of wind force 3—4 is 14.7 cm/sec (208 recordings), but
reducing the mean volume transport of that section (2,000 m 3/sec)
to the narrowest part of the strait (cross section 8,100 m2) we
obtain a mean velocity of the surface currents of about 25 cm/sec.
Measurements made in 1951— 1957 in a little wider western part
of the strait corroborate the validity of the latter value. In case of
winds of force 3—4 (39 measurements) the mean velocity of the
currents was 21.4 cm/sec. The greatest mean velocities of the cur-
rents of the Vainameri occur in the Large Strait between the
islands of Muhu and Kesselaid. Somewhat to the north from the
narrowest part of the strait the mean velocity of 30 recordings at
wind force 3—4 is 27.3 cm/sec.

In the open part of the Vdinameri the currents are about three
times weaker than in the straits in case of the same speed of the
wind. Very weak is the movement of the water in the Kassari Bay,
where the mean velocity is only 5—6 cm/sec.

The maximum mean velocities of the currents at force 3—4 are
as follows: the Hari Strait — 26 cm/sec (NW wind), the Voosi
Strait — 29 cm/sec (SW wind), southern part of the Large
Strait — 23 cm/sec (S wind) and between the islands of Muhu
and Kesselaid — 31 cm/sec (S wind). The appearance of greater
streams in case of these winds can be explained by the configura-
tion of the coastline — the winds press the water masses into the
straits like into a funnel.

Heavy winds produce very strong currents in the straits. Maxi-
mum registered velocities during the study period are the follo-
wing: in the Hari Strait — 75 cm/sec, in the Voosi Strait —
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58 cm/sec, in the Soela Strait — 54 cm/sec and in the Large Strait
between the islands of Muhu and Kesselaid — 75 cm/sec. The
wind force was 5—6 and besides comparatively few measurements
have been made during such heavy winds. With more heavy winds
the velocity of the currents may exceed 100 cm/sec. In November
1906, J. Mey (1924) recorded the strongest known stream of the
Véinameri — 206 cm/sec in the Soela Strait. The wind conditions
at the time of the recording are unknown. According to the same
author the highest velocities were in the Hari Strait — 77 cm/sec,
in the Large Strait — 103 cm/sec and in the Voosi Strait —
154 cm/sec.

With depth the velocity of the currents decreases. Due to the
shallowness of the straits the currents measured at 0.5—1 m from
bottom are still considerable. So the bottom currents of the Hari
Strait (in the depth of 10 m) are 9 cm/sec, of the Voosi Strait
(5 m) 8 cm/sec and of the Soela Strait (8 m) 3 cm/sec weaker
than the surface one. Bigger differences of these values occur in
the case of wind directions that induce the strongest surface
currents. At wind force 3—4 the bottom currents are 8—9 cm/sec
weaker than the surface currents. At the time of the strong surface
currents the stream is strong within the whole profile. For example,
in November 25, 1969 in the Hari Strait the velocities were:
75 cm/sec at the surface, 62 cm/sec at 5 m and 57 cm/sec at 10 m.

The direction of the currents depends upon the direction of the
wind and orientation of the straits (Fig. 2). The currents of every
strait have two general directions: into the Vadinameri or out from
the Véinameri. Only at low winds and weak currents the direction
of the currents is indistinct. In the case of winds of the same
direction but transitional concerning the change of the direction
of the currents, the latter may have either direction. Such are NE
and W winds in the Hari Strait, ESE and NE winds in the Voosi
Strait, ENE winds in the Large Strait and N and S winds in the
Soela Strait.

We have few data on the time necessary for the change of the
direction of the currents and for obtaining the velocities corres-
ponding to the speed of the winds. On the ground of these data
we may assert that after a rapid and considerable change (90—
180°) of the direction of the wind as well as in the cases when the
wind has a force of 4—5, the direction of the currents changes to
the opposite during 3—4 hours and the velocity acquires a perma-
nent value after 5—6 hours respectively. In the cases of the slow
veering of the direction and also on the occasion of slow winds the
direction of the currents changes only 6— 10 hours after the change
of the direction of the wind and the velocity acquires a perma-
nent value 10— 12 hours later. According to the literature currents
in the open Baltic need 10— 12 hours (BetuH, lNaHTenees, 1970)
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1

Fig. 2 The mean direction and velocity of the surface currents

depending on the direction of the wind at force 3—4 in the centre

of the straits of Hari (A), Voosi (B), Soela (C) and Large (D).
| — isobath of 5 m.

and the currents in the gulfs of Finland and Riga about 12 hours
(CockunH, 1964) to acquire a permanent value.

Because of limited data the frequent occurrence of opposite
directions of the surface and bottom currents, particularly in the
line of the straits of Large and Hari, was previously emphasized.
Numerous later measurements do not confirm this. In the relatively
deep Large Strait the directions of the surface and bottom currents
have been opposite in 4—5 per cent of the recordings, in the straits
of Hari and Soela this has been the case in only 2 per cent of
observations. In most such cases the velocities of the currents have
been weak — below 10 cm/sec. The currents of opposite directions
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are mostly caused by a change of the direction of the wind before
observations: the influence of the new wind does not reach the deep
layers of the water.

As continuous recordings of the currents are lacking, we may
judge the frequency of the direction of the currents on the ground
of frequency of wind directions. The mean month frequency of the
latter on the basis of the observations of five coastal hydrometeoro-
logical stations of the Vainameri according to M. Mardiste (Map-
aucte, 1967) is presented in Table 2.

Table 2
Frequency of wind direction in the Vainameri in per cent

Month | 1 1 1v v Vi VIl VIl IX X X1 XIl Yea
Direction
N 8 8 9 12 16 IS 12 10 12 9 8 6 10
NE 9 10 9 10 13 7 10 9 7 7 6 6 9
E n 12 12 8 8 6 9 7 7 9 13 13 10
SE 13 14 13 15 9 9 8 1 11 11 19 17 12
S 19 17 15 17 n 13 12 13 16 18 20 21 16
SwW 19 15 15 15 15 22 18 22 21 22 17 20 18
w 12 n 13 9 9 14 14 14 12 13 9 10 12
NW 9 13 14 14 19 17 17 14 14 n 8 7 13

In the case of most directions of the wind the schemes of the
currents in the Vainameri as compiled by us are well connected
with schemes of the currents of the neighbouring parts of the sea
compiled by other authors (BbapaHos, 1970; BetuH, [laHTenees,
1967, 1970; CockuH, 1961).

Water exchange through the straits lying between the Vaina-
meri and the Baltic proper and the Gulf of Riga is an essential
factor forming the hydrological and hydrochemical regime of the
Vainameri. The intensiveness of the water exchange is characteri-
zed by the transport in the straits.

In mean wind conditions the mean transport through the straits
is as follows: Large Strait — 8,000 m3/sec, Hari Strait — 7,000
m3¥sec, Soela Strait — 1,500 m3/sec and Voosi Strait — 800 m3sec
(Table 3). The maximum calculated transport is three time greater
than the mean one. As no measurements have been made during
storms, the possible maximum transport is unknown. If the velo-
city of the surface current in the centre of the strait is about
100 cm/sec, the mean transport through the Hari Strait may
amount to 27,000—33,000 m3¥sec and through the Large Strait to
33,000—37,000 m3sec; in other straits it might be less.
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Table 3
Mean transport (m3sec) through the straits at wind force 3—4

Inflow Outflow
Strait

masec Numbe_r of masec Numbe_r of

recordings recordings
Hari Strait 6.840 37 7,330 36
Voosi Strait 770 30 870 69
Soela Strait 1,510 57 1,460 61
Large Strait 8,610 49 7,120 25

The data given in Table 3 show that the main water exchange
takes place meridionally, i. e. through the Large and Hari straits.
The share of other straits is small.

In order to establish the authenticity of the mean transport on
the basis of frequency of the directions of the wind the preliminary
annual water balance of the Vdainameri was calculated. In doing
this the water exchange through the straits was taken as the only
component of the water balance. Other components of the water
balance — river inflow, precipitation and evaporation compared
with water exchange, are very small. The frequency of the direc-
tions of the currents (positive and negative transport) was
ascertained on the basis of the data of the hydrometeorological
station nearest to the strait (CnpaBoyHuk no knumaty CCCP, Bbin.
4, yactb Ill). The use of the data of the coastal stations is well-
founded, because, as shown by M. Mardiste (Mapgucte, 1967) the
directions of the wind between the single parts of the Vadinameri
differ very little. Calculations show that the sum of the inflowing
and outflowing transport of all straits differs only by 2 per cent.

The collecting of data and calculation of the water transport
in every case is labour-consuming. To simplify the calculations
and to limit the number of observations the connexion between the
velocity, v (cm/sec) of the surface current in the centre of the
strait, and the transport, Q (m3sec), was found. For this the data
of the currents with velocities up to 50 cm/sec were used. The
following regression equations show the empiric connexions ob-
tained for the straits:

Hari Strait inflow Q= 270v + 360 r=0,92
outflow Q= 330v + 400 r=0,94

Voosi Strait inflow Q= 40v+10 r= 0,96
outflow Q 60v —390 r=20,91
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Soela Strait inflow Q=100v+110 r=0,93
outflow Q= 100v—40 r=10,81

Large Strait inflow Q=310v+ 2100 r=0,81
outflow Q=360v+ 1000 r=0,91

One can use these connexions to calculate the water balance
of the Vainameri. To do this correctly in every respect, data on
the variability and maximum velocities of the currents are needed.
They may be obtained by means of self recording current meters,
as it was made in the Irben Strait by A. Pastors (Mactopc, 1974).
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VAINAMERE HOOVUSED
H. Mardiste
Restimee

To0s analtisitakse summaarseid hoovusi vdinade keskel. Md6-
detud hoovused on jaotatud tuule tugevuse jargi kolme gruppi:
1—2, 3—4 ja 5—6 palli ja tuule suuna jargi 8 gruppi. lga grupi
kohta on leitud hoovuste keskmine suund ja kiirus (tabel 1). Hoo-
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vuste kiirus s6ltub tuule tugevusest ja suunast. Keskmine hoovuste
kiirus vainade keskel on 20—22 cm/s, maksimaalne Kkiirus kuni
6-palliste tuultega ulatub 75 cm/s. Hoovuste suund séltub tuule
suunast ja vdinade orientatsioonist (joon. 2). Peale jarsku tuule
suuna muutumist (90— 180°) ja selle tugevnemist 4—5 pallini
muutub hoovus endisele vastupidiseks 3—4 tunni jooksul ja selle
kiirus pusivaks 5—6 tundi peale tuule muutumist.

Vdinades moddetud hoovuste andmete pdhjal on leitud keskmi-
sed vooluhulgad igas véinas (tabel 3), millest nahtub, et Vdina-
mere pdhiline veevahetus leiab aset ldbi Hari kurgu ja Suure
vdina. Arvutuste lihtsustamiseks ja ekspeditsiooniliste tédde vahen-
damiseks on leitud seos vooluhulkade ja védina keskel m&ddetava
pinnahoovuse vahel.

TEYEHWSA B MPONUBAX BANHAMEPU
X. MapgucTte

Pesome

B pa6oTe aHanu3upylTCcs CyMMapHble TeYeHWUA B mponusax Bsii-
Hamepun (Myxy). N3mepeHHble TeyeHUsa 6blaM nojpasfesieHbl B 3aBU-
CUMOCTW OT cunbl BeTpa Ha 3 rpynnel: 1—2,3—4 n 5—6 6annos, a no
HanpaBneHuo BeTpa Ha 8 pym60B, M B KaXA0N rpynne 6binn HaingeHsbl
cCpefHMe 3HauyeHWs CKOPOCTM M HanpaBneHua TeyeHuin (tabn. 1). Co-
NnocTaB/ieHNE CpPefHUX BefNYUH MOKa3blBaeT, YTO CKOPOCTb TeYEeHUA
3aBUCUT OT CKOPOCTM W HanpaBneHus BeTpa. CpefHAA CKOPOCTb Teue-
HWIA B MponuBax XapakKTepusyeTcs BennyuHon 20—22 cm/cek, a
MaKcumanobHas (npu BeTpax fo 6 6annos) pocTuraer 75 cm/cek.
HanpaBneHue TeYeHWn 3aBUCUT OT HanpaBNeHUs BeTpa M OpueHTauuu
nponusoB (puc. 2). locne pe3Koro M3MeHeHWA HanpaBieHUA BeTpa
(Ha 90— 180°) wu ero ycuneHua po 4—>5 6annos, HanpaB/ieHWe Teue-
HMA B NPOSMBAX CTaHOBUTCA MPOTUBOMONOXKHLIM MNpPeAblAYLIEMY B
TeyeHne 3—4 yacoB, a CKOPOCTb TeYeHUs ycTaHaBnuBaeTca yepes 5—
6 yacoB Nocne CMeHbl BETPOB.

Ha ocHOBaHWVM W3MepeHWii TeYeHWi, BbIMOMHEHHbIX BO BPEMS peii-
LOBbIX HabMoAeHUN, BbIYUCIEH CPeAHUA pacxoj BOAbl B KaXAOM Mpo-
nuee (Tabn. 3). ConocTaBneHue I3TUX [aHHbIX MOKa3biBaeT, 4TO
OCHOBHO BOJ00O6MEH. BfilHaMepn nNpouCX0AMT B MepPUAUOHANIbHOM
HanpasfieHuu.

Ons ynpoweHns BbIYUCNEHWI W YMEHblUeHUs obbeMa Heobxopu-
MbIX 3KCMEeAULMOHHbIX paboT HalfjeHa CBA3b MeXAY CKOPOCTbi MNO-
BEPXHOCTHOr0 TeyeHUA W PacxofOM BOAbI.



SOIL MAP OF THE ESTONIAN S.S.R.

I. Rooma and L. Reintam

The first comprehensive schematic soil map of Estonia was
compiled 50 years ago by A. Nommik (1925). Later up to 1938,
complementary variants of this map were published on several
occasions. Based on the data of route investigations, first of all,
the occurrence of automorphic soil types and subtypes was des-
cribed there. A more detailed survey of Estonian soils was provided
by A. Lillema (1946) on a medium-scale soil map compiled on the
basis of different regional materials (soil maps of counties, topo-
graphical lists, etc.) and soil estimation data. This soil map was
already differentiated according to the occurrence of soil subtypes
and even some kinds and varieties. Later as the result of the
generalization of this map a new small-scale (1:1500 000) soil
map was published by A. Lillema (1960).

Compared with the earlier comprehensive soil maps the present
schematic one is compiled on the basis of somewhat other prin-
ciples. So in any contours of earlier maps the predominant soil
formation (automorphic being favoured) was represented whereas
its area sometimes could be less than 50% of the total contour. But
the contours of the present map contain one or several soil types
(subtypes) whose territorial share is over than 70% (90% f°r
mires) of the contour area. At that the soil formations of complex
contours are arranged in the order of importance of their occurr-
ence beginning with the predominant ones. The texture indices
must include at least 50% of the contour area. The contours of
soil combinations are grouped according to the prevalent soils.

The following materials have been used for the present soil
map: (1) the map of soil microdistricts with respective numerical
data (Kokk, Rooma, 1974); (2) the soil maps of administrative
districts compiled on the basis of large-scale cartographical
studies; (3) the soil map of the Estonian S.S.R. compiled by A. Lil-
lema (1946). The soils distinguished in the present map may be
characterized as follows.

Rendzinas occur on ordinary and dolomitized limestones, but
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also on strongly calcareous pebble (ryhk*) moraine and fluvio-
glacial coarse materials. The presence of carbonates (more than
10%) already in the humus horizon rich in total organic matter
(11... 18% and 8 ... 12% in limestone and pebble rendzinas res-
pectively under virgin vegetation) and insoluble fractions in that
(70... 80% of organic carbon), slightly differentiated (Al—C)
short sceletal profile, loamy texture of fine earth, slow weathering
and calcic turnover of substances in the arid hydrothermal condi-
tions are characteristic of them. Due to their high calcareousness
the rendzinas are base saturated and neutral or slightly alkaline.
As a result of cultivation the humus content decreases, but the
Ch:Cf ratio increases in renzinas, being in their arable variants
3...5% and up to 1.8 respectively. Larger expanses of rendzinas
occur in North and North-West Estonia as well as in the island
of Saaremaa. Usually they form different combinations with gley-
rendzinas and/or gley-brown soils, but also with gleyed forma-
tions of rendzina and brown forest types. In the northern part of
the Pandivere Uplands also complexes of rendzinas and brown
forest soils may be described.

Brown forest soils (cambisols in FAO/UNESCO terminology)
are being formed on calcareous vellow-grey and red-brown
moraine and/or on noncalcareous loamy deposits underlain with
calcareous moraine (all rich in alumosilicates) under favourable
hydrothermal, redox and biological relationships. The argillization
of total solum or separate horizons and the absolute and relative
accumulation of the nonsiliceous hydrates of sesquioxides in soil
profile and topsoil respectively are their main diagnostic indices.
Brown forest soils contain 3.4.. .4.7% of humus, which decreases
up to 2.4... 2.8% in their arable variants. The fulvic or humic-
fulvic origin (Ch :Cf=10.5... 0.9) of humus is characteristic of
them. Though a slight translocation of clay may be found in
typical (leached) brown soils the metamorphic argillic character
without the morphologically distinguished lessivage is typical of
their profile. Only a more intensive lessivage on two-membered
deposits and/or on red-brown sandy loamy moraine results in the
formation of a argillic-textural lessive profile which retains all the
brunification features.

Large expanses of typical and lessivaged brown soils are cha-
racteristic of Central Estonia, but their combinations with rend-
zinas and gley formations also occur in the northern and western
parts of the Republic. The complexes of brown and pseudopodzolic
types have been described in South Estonia. All the brown forest
soils are neutral or slightly acid in topsoil, but neutral or slightly
alkaline beginning from the argillic zone in the subsoil. They are

1 Ryhk — limestone debris with a diameter of |... 10 cm.
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Schematic soil map of the Estonian S.S.R.

1:2500 000

By I. Rooma
1- rendzinas (R) 2 - brown forest soils or cambisols (C), 3 - pseudopodzolic soils or luvisols (L), 4 - sod-podzolic soils (SP and podzolis (P) 5 _ bley
soils or glevsols (G) 6 — gleysols in combination with different automorphic soils, 7 — gley-podzols (GP), 8 flood-plain marshes (1), 9 tran v
mires and raised bogs (RRBf LI - different eroded and talus soils (E); s - sand si - sandy loam and loamy sand, 1- loam, ¢ - clay, sll - silty and

loamy sand on loam, s-1 — sand, loamy sand, sandy loam, loam and clay, pi peble loam.
R+G+M soil genetic indices
j T et soil texture
R+ G+ M, etc. __ the complexes of the soils of different water relationships beginning with the prevailing ones;

R ¢, etc. — soils with identical water relationships



medium or highly base saturated and characterized by high
quality indices.

Pseudopodzolic (degraded) soils (glossic and albic luvisols by
FAO/UNESCO) are being formed previously on two-membered
deposits (silty or sandy materials on loamy moraine), but also on
clayey sediments under the seasonal stagnation of top and/or
leakage water at the juncture of layers of different texture. As a
result of degradation (autoaluminization and hydrolytic desatura-
tion of weathering complex), deferritization and lessivage repre-
senting the origin of pseudopodzolization, the white-coloured pseu-
dopodzolic horizon rich in concretions is formed in the zone of
seasonal overmoistening. Simultaneously the significant accumu-
lation of nonsiliceous sesquioxides may be found in the topsoil.
The acidity of pseudopodzolic soils is intrinsic in origin as well
as their low base saturation in upper horizons. Pseudopodzolic
profile is two-membered not only by textural, but also by chemical
and hydrothermal differentiation.

The brown pseudopodzolic soils prevail in this type and they
have large expanses in South Estonia. The presence of two accu-
mulative horizons is typical of the brown pseudopodzolic profile
formed on two-membered deposits: the first below the humus and
above the white-coloured pseudopodzolic horizon is yellow-brown
and rich in amorphous iron of biogenic and lithogenic origin, the
second below the pseudopodzolic horizon in the upper part of the
underlying moraine — rich in crystalline iron and some illuviated
clay. The light pseudopodzolic soils formed on clays are cha-
racterized by the presence of a white-coloured horizon rich in
amorphous iron and ferric concretions immediately below the
humus ones. A more significant textural argillization of the
5-horizon is also characteristic of them. Compared with brown
pseudopodzolic soils they have somewhat rarer in South Esto-
nia. Pseudopodzolic soils are highly qualified for forestry and
grassland husbandry, but deep subsoil loosening in combination
with drainage is necessary for their improvement in arable lands.
They usually contain 2... 4% of humus, the Ch:Cf ratio being
0.5... 0.7. Pseudopodzolic soils often occur in combination with
different gley and podzol-gley formations as well as with brown
lessive and sod-podzolic soils.

Sod-podzolic soils occur on noncalcareous sandy and loamy
sandy sediments, a flowing regime, good filtration, low-intensive
ash-deficient biological turnover and aggressive mobile humus
being characteristic of them. They are acid, base unsaturated and
impoverished in topsoil in clay, sesquioxides and bases, but also
poor in humus (1.5... 3%) and rich in fulvic acids (Ch :Cf =
= 0.55 £0.06). Eluvial-illuvial differentiation of nonsiliceous
sesquioxides is typical of the sod-podzolic profile. Soils of this type
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usually occur on microrelief hillocks in combinations with podzol-
gley as well as with pseudopodzolic, etc. formations.

Podzols are being formed on sands of different genetic catego-
ries under the types of pine forests without a herb layer, but with
dwarf shrubs, mosses and lichens in the ground vegetation. They
are strongly acid, base unsaturated and extremely poor in clay and
sesquioxides in topsoil. The podzol profile usually has a humus-
illuvial or iron-illuvial character. More large expanses of podzols
occur in the Peipsi Lowlands, but also on the western edge of the
Pandivere Uplands and on the islands of Saaremaa and Hiiumaa.
Usually they are in combination with humus-illuvial podzol-gley
formations as well as with raised bogs of atmospheric nutrition.
Podzols are unsuitable for agriculture.

Gley soils (gleysols) include different hydromorphic types of
ground and/or combined surface-ground nutrition whereas gley-
rendzinas and gley-brown soils are being formed on calcareous
moraines occurring in North and Central Estonia, but sod-
(humus)gley soils — on graded deposits of the Baltic transgres-
sions in the western and northern depression of Estonia. At that
large expanses of gley-rendzinas being characterized by the pre-
sence of carbonates in the topsoil, slightly differentiated short
sceletal profile, highly variable water regime and base saturation,
as well as of gley-brown soils being formed as a result of the
complicated combination of brunification, lessivage, pseudopod-
zolization and ground-gleyzation in the conditions of neutral
reaction and intensive biological turnover are absent.

They wusually occur in a transitional position between rend-
zinas, brown forest soils and mires. But sod-gley soils on aqueous
deposits of different texture and chemism occupy large territories
in West-Estonian depression. A short groundgley profile and
highly variable reaction, base saturation and content of organic
matter are characteristic of them. Often on different aqueous sedi-
ments the base-saturated sod- and humus-gley soils on flat terri-
tories or on microlowlands alternate within a short distance with
the acid podzol-gley formations on microrelief heights showing
a space variance of hydromorphic soils depending upon water nut-
rition as well as upon chemism of water and sediments. Also the
complexes of gley soils and mires have a wide occurrence.

The gley soils of different categories are the main objects of
amelioration in the Estonian S.S.R.

Podzol-gley soils (gley-podzols) are being formed on different
noncalcareous deposits as the result of podzolization and gleyza-
tion. Raw fulvic humus, strong acidity, base unsaturation, poverty
in the clay and sesquioxides of the topsoil and low-intensive ash-
deficient biological turnover are characteristic of them whereas
the podzolic profile is rich in the indices of overmoistening. The
humus-illuvial profile is typical of sandy gley-podzol which pre-
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dominate in this type. More large expanses of gley-podzols occur
in the Peipsi Lowlands, but their combinations with pseudopod-
zolic (South Estonia), gleysol (West Estonia) and podzol forma-
tions occupy a significant territory.

Mires are being formed under the continual surplus of water
and a peat horizon more than 30 cm deep is their main diagnostic
index. They occupy nearly 20% of the Estonian territory and their
large expanses occur mainly in the West-Estonian and Peipsi
depressions. Flood-plain marshes (lowland swamps)
prevail in the limits of mire type. They are covered with meadow
or swampy forest vegetation and are characterized by a ground-
water or flooding regime as well as favourable ash, nitrogen, cal-
cium, peat texture and bulk density indices. Flood-plain marshes
may be cultivated with agricultural aims. Transitional
mires and raised bogs are characterized by atmospheric
nutrition, sphagna and dwarf shrub vegetation and poor indices
of ash, nitrogen and calcium content as well as of peat texture.
These subtypes of mires are unsuitable for agricultural manage-
ment.

Different eroded and talus (deluvial) soils occur in recessional
hilly landscapes in South-East Estonia (the Haanja and Otepdda—
Karula Heights). Eroded soils on the slopes and/or crests of
morainic, fluvioglacial, etc. hills are highly variable not only as
to the initial genetic types, but also in texture and profile structure.
Each of the automorphic soil types (rendzinas, brown forest,
pseudopodzolic, sod-podzolic soils and podzols) may be eroded
when they occupy the positive elements of the relief of this land-
scape. Therefore very complicated combinations of the eroded
variants of these soils may be described whereas their calcareous
varieties have a wide occurrence. The soils in neighbouring micro-
depressions may be covered with deluvial sediments and classified
as individual talus soils of different hydromorphism and genetic
categories. In these conditions mires in the deep hollows and val-
leys are of essential importance.

Due to the small scale of the present map it was impossible
to distinguish and characterize both alluvial and saline littoral
soils which occur on valley plains and coastal territories of the
Baltic Sea respectively.

REFERENCES

Kokk, R., Rooma, I. Eesti NSV mullastik arvudes. (Soil Characteristics of the
Estonian S.S.R.). Tallinn, 1974. 92 Ik

Lillema, A. Lihike mullaerimite kirjeldus Eesti NSV mullastiku kaardi juurde.
(A Brief Characterization of Soil Varieties to the Estonian Soil Map.).
Tartu, 1946. 60 Ik.

6 Geograafia-alaseid toid XII1 81



Lillema, A. Eesti NSV mullastikukaart (1:1500 000). (Zusammenfassung. Die

Bodenkarte der Estnischen SSR.) — «Eesti Geograafia Seltsi Aastaraamat
1959». Tallinn, 1960, Ik. 66—81.

Nommik, A. Kodumaa mullastikust. (On the Soils of the Homeland.) — «Agro-
noomia», 1925, nr. 6, lk. 227—242.

Ndmmik, A. Eesti mullastik. (Estonian Soils.) — «P&llumajanduslik entsiklo-

peedia». Tallinn, 1938.

EESTI NSV MULLASTIKU KAART
I. Rooma, L. Reintam
Reslimec

Eesti NSV mullastiku mikrorajoneerimise, administratiivsete
rajoonide mullastiku kaartide ja teiste andmete alusel on koosta-
tud Eesti NSV mullastiku kaart mddtkavas 1:2500000. Kaardil
on igas kontuuris idhistatud 0ks v6i mitu mullatilpi arvestusega,
et nende uldine osatdhtsus oleks vdhemalt 70% kontuuri pindalast.

Kaardil eraldati jdrgmised mullatiubid voi alltudbid: 1) rend-
siinad, 2) pruunmullad, 3) pseudoleetunud mullad, 4) leetunud
mullad, 5) leedemullad, 6) gleimullad, 7) Ileet-gleimullad.
8) madalsoomullad ja 9) siirdesoo- ning rabamullad. Kaigi loetle-
tud uhikute kohta on antud lihike iseloomustus.

MOYBEHHASA KAPTA 3CTOHCKOW CCP
N. Pooma, JI. PeliHTam

Pesome

Ha ocHoBaHWW MWKpPOpPanoHWPOBAHWS MOYBEHHOro MOKpPOBa pec-
ny6anKK, MOYBEHHbIX KapT agMWHUCTPATUBHbLIX PpaliOHOB U ApPYrux
JaHHbIX COCTaBfeHa NoYBeHHas KapTa JCcToHckoi CCP B maclTabe
1:2500000. Ha kKapTe B KaXXAOM KOHType 0603HauyeHbl O4WH UM He-
CKOMbKO TUMOB NOYB C pacyeToMm, 4YTobbl MX AONA OT 06LWeil naowaam
KOHTypa cocTaBnsana He meHee 70%.

Ha kapTe BblgeneHbl chaegywowme Tunbl WA  NOATWMbI  MOYB:
1) peHA3uHbl, 2) 6yposembl, 3) NCeBAONOA30/UCTble NOYBLI, 4) Aep-
HOBO-MOA30/MCTble MOYBbLI, 5) NOA30/Mbl, 6) rneeBble MOYBbI, 7) MOA-
30/1UCTO-TNeeBble MOYBbLI, 8) 6ONOTHbIE HU3UHHbIE MOYBLI M 9) 60n0T-
Hble MepexofHble ¥ BEPXOBble MOYBbLI. [ NA BCEX MEepPeyYUCeHHbIX B fe-
reHae efuvHuUL, NpuBejeHa UX KpaTkas XapakKTepucTuka.
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SPATIAL CONCENTRATION OF PRODUCTIVE FORCES AND
SOCIAL-ECONOMIC SPATIAL SYSTEMS

S. Ndmmik

The development of society has already been investigated for
many centuries. The different ways of its cognition by different
scientific schools are generally well-known. But the research
work of the regularities of spatial existence of society has begun
only recently. There are some viewpoints of philosophers on this
field of science, but there is not yet any complete theory of the
spatial existence of society. Extensive information about the
spatial regularities of nature, population and economic life has
been accumulated during many centuries by geographers. But this
information has a very heterogeneous character, being different
in spatial extent of objects of investigation as well as the degree
of generalization, in methodological principles and also in concrete
methods, with the help of which the information has been obtained.
To go through and generalize such material is a global task, which
because of its normous extent must still wait for the collaboration
of world science. In the present paper we confine ourselves only
to the hypothetical treatment of the problem. Below, an attempt is
made to throw some light on the most general aspects of the
spatial existence of society — the spatial concentration of pro-
ductive forces, the nature of this process and the formation and
typology of its social-economic spatial systems.

I. SPATIAI. CONCENTRATION OF PRODUCTIVE FORCES

The spatial concentration of productive forces must be under-
stood as the accumulation of population and already invested
labour (ground funds) on a certain territory, first of all into sett-
lements — into villages, towns and regions, etc. This process may
be approximately measured by the growth of the specific weight
«of urban population in the structure of population, with the growth
of population of large towns and their number. Thus in Russia in
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1913, the rural population embraces 82% and the urban 18%; in
U.S.S.R. in 1940 this ration was 67% and 33% and in 1974 — 40%
and 60%. From 1939 to 1974 in the U.S.S.R. the number of million-
towns increased from 4 to 13; these numbers for the whole world
for the period from 1900 to 1972 were 16 and 152. But that is not
all. The concentration of population takes place continously from
lower hierarchical stages of settlements to the higher hierarchical
stages. This process takes place not only in the urban settlements,
but also in rural ones. However, the urban and rural settlements
are not abruptly separated from each other, but constitute one
progressing successive unity of settlement as a whole. At the same
time with the spatial concentration of population there takes place
a spatial concentration of basic funds (ground funds).

The spatial concentration of productive forces is brought about
by the change of the structure of activities of the population.
Taking into account the connectedness of them with land the acti-
vities of society may in a very general way be grouped into rural
and nonrural activities. The beginning of the development of
society was characterized by rural activities (agriculture, cattle-
breeding, etc.), which have areal territorial localisation and corres-
ponding dispersed rural settlement. Gradually there revealed
themselves nonrural activities (handicraft, trade, communal eco-
nomy), the specific weight of which in the structure of social
activities has gradually increased and is increasing today. An
objective premise for their coming into being was the spatial con-
centration of the population as the producer and the consumer.
Thus them revealing of nonrural activities took place in dialectic
unity with the spatial concentration of productive forces as
a whole. This way the growth of specific weight of nonrural acti-
vities turned into a motive power of spatial concentration of pro-
ductive forces. Showing already in their essence a tendency of
co-existence, the nonrural activities reveal themselves first of all
in those points of territory which have some kind of favourable
economic conditions and there they develop into the foundation of
towns and industrial regions.

Investigating the structure of social activities in time and
space, we can observe a general regularity: the specific weight of
rural activities decreases and that of nonrural activities increases.
Even more. The tempo of the increase of the role of nonrural acti-
vities and the intensity of the spatial concentration of productive
forces are correlative processes: the more speedy the growth of
nonrural activities in the structure of social-economic activities,
the faster the spatial concentration of productive forces.

Leaving out the taking into use of new territories, natural and
war catastrophes, the spatial concentration of productive forces
reveals a certain sequence in time and space. It takes place in all
social-economic formations and in all countries of the world with
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greather or lesser speed. Besides it is modified in everyone of them
accordingly to the basic economic laws of the formation. In every
historically consecutive social-economic formation the intensity of
this process is greater than that of the preceding one.

In the primitive community the territorial organization of eco-
nomic life was characterized by disperse localisation of small
groups of people which obtained their livelihood out of the nature
surrounding them or by primitive tillage or cattle-breeding. In the
slave-owning social-economic formation the development of non-
rural activities and with it the process of spatial concentration of
productive forces began. It continued also in feudal society in the
iorm of developing feudal towns as centres of handicraft and trade.
But as rural human activities were prevailing, spatial concentra-
tion remained inextensive and slow as before.

The next social-economic formation — capitalism — is mainly
supported by semi- and nonrural forms of social activities,
branches of economic basis and renewal of productive superstruc-
ture belonging to them. Capitalism with its manufacturing industry
caused a sudden spatial concentration of productive forces. The
essence of it was the accumulation of population in certan regions
and places of the world, rich in some natural resources and other
economically favourable preconditions. These places were the
slopes of the Pennines, the Ruhr basin, Donbass, Pennsylvania,
etc. Where industrial regions came into being there conurbations
and cities appeared. These processes are typical of all countries
where capitalism has developed and is developing.

In the conditions of socialism and planned economy the spatial
concentration of productive forces grows even more. This is the
result of the concentration of production. The growth of very large
productional and nonproductional enterprises causes spatial con-
centration of population as the producer and consumer. On the
other hand, democratic centralism and the territorial-hierarchical
division of labour of the state organs necessitates accumulation
of people into urban centres. Towns become places of localisation
not only for production enterprises, but also for servicing institu-
tions. It is natural that in connection with all this the basic funds
of towns are growing too.

Spatial concentration of productive forces is also favoured by
the mechanization of agriculture which releases manpower from
rural activities for work in nonrural ones. Even in the country
places people and basic funds are concentrating into large rural
settlements. Thus the spatial concentration of productive forces
is a total regularity of the development of society, that is revealing
itself as a quality of spatial existence. Evidently the regularity of
the spatial concentration of social production must be the starting
point of a geographical comprehension of social-economic pheno-
mena and processes.
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2. FORMATION AND DEVELOPMENT OF SOCIAL-ECONOMIC SPATIAL
SYSTEMS

As it by the author already in an earlier paper was discussed,
in the process of the spatial concentration of productive forces
Ihere reveal themselves various spatial complexes of human acti-
vities that differ in structure and territorial extent. In the course
of the spatial concentration of productive forces first of all settle-
ment, social-economic territorial complexes and social economic
regions came into being.

In the following we shall endeavour to cognize causes and
regularities of forming the social-economic spatial systems and
subsystems.

The formation of settlements may be considered as the initial
stage of the spatial concentration of productive forces. The cogni-
tion of this process is feasible if we comprehend the period when
the spatial concentration of productive forces has just begun at the
highest stage of primitive communal system. On the basis of pre-
liminary rural activities settlement with rural functions came into
being, using the land of the zone of gravitation of the same settle-
ment. In modern times rural settlements develop too mainly on the
basis of rural activities, but in conditions of the far-going division
of labour in rural settlements there appear functions that are not
directly connected with the land belonging to the village.

Yet, let us cast a retrospective glance at the development of
settlement. The development of handicraft, trade and later on of
manufacturing industry, communal economy, caused the develop-
ment of transport and building, etc., i.e. the appearance of non-
rural activities, for which, as we have already pointed out above,
the spatial concentration of productive forces is an objective pre-
requisite. Thus one part of rural settlements acquired nonrural
functions and passed into the category of urban settlements with
nonrural functions prevailing. Thus against the background of
rural settlements there rise urban ones. Surely this is not the only
way for the appearance of urban settlements, but only the most
typical one in those places where natural catastrophes and wars
did not spoil this general regularity. Urban settlements may also
arise without passing the rural stage of development, as fortresses,
university towns., etc. In the present time, first of all, manu-
facturing industry is the town-forming activity and forms the main
function of urban settlements.

A young urban settlement, which has recently been transformed
into the category of urban settlement, still has rural functions in
its functional structure.

The higher the level of the development of the urban settlement,
the less is the specific weight of the rural functions in its func-
tional structure and the more different functions the settlement
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fulfils with regard to its hinterland. The transition from rural sett-
lements to urban ones is not abrupt, despite the currently wide-
spread opinion due to the influence of the juridical status of sett-
lements. In the transition from rural to urban settlements there is
a group of rural settlements in which only recently nonrural func-
tions have become preponderant and on the other hand there exist
urban settlements in which the role of rural functions is still large.
In a well-developed settlement system there are all stages of the
genetic series represented from the village up to giant cities.

In conditions of well-developed distribution of labour no one
settlement can advance separately, but always together with other
settlements. As the result of social-economic intercommunication
with the largest settlement on a certain territory and other settle-
ments remaining on its area of gravitation, there arises a regional
settlement system. The latter possesses all the qualities of systems,
but posses specificic qualities peculiar only to geographical sys-
tems. Settlement systems consist of a unity of relatively indepen-
dent components, which are connected with one other with func-
tional system-forming ties. The interior organisation of settlement
systems is characterized by structureness, hierarchy, territorial
discreteness, wholeness and finally — relative autonomy.

From the above-said we may conclude that the settlement repre-
sents a spatial form for social reproduction. A settlement arises
on the basis of the economic activities of people and these activi-
ties are the content of the settlement.

The most typical attributes of the settlement are its functional
structure and the extent of its hinterland. The functions of the sett-
lement depend on the activities which the active population of the
settlement engages in with regard to the settlement itself and its
zone of gravitation. The hinterland of the settlement is an eco-
nomic territory with which the settlement is dealing economically
and culturally. This intercommunication serves as the basis for
the development of production forces for both the central settle-
ment and its hinterland as well.

On the basis of the functional structure and the extent of hinter-
land the settlement system may be divided into functional-hier-
archical stages and into regional systems. In the settlement of the
U.S.S.R. we may find the following regional and functional-
hierarchical systems (HbeiMmMunk, Mapkcoo, 1974).

The first stage — a village, the initial stage of the settlement
system with the most simple rural functional structure, mainly
a dwelling village, with some single agricultural institutions
(stockfarm, drying-room, etc.). The zone of gravitation of the
villages embraces its own agricultural land.

The second stage — the centre of an agricultural enterprise
(a collective farm or a state farm), usually a large rural settle-
ment (alevik). At this stage of settlement with the prevailing rural
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functions there are associated some servicing functions (shops,
school, kindergarten, etc.). Specific for this stage is the economic-
organizational function. The hinterland of the centre of the agri-
cultural enterprises embraces its corresponding territory with
villages on it.

The third stage — a local centre, a larger rural or a small
urban settlement, in the structure of which besides prevailing
urban functions there are rural ones which still occupy a signifi-
cant place. Local centres have also administrative, everyday and
periodical servicing functions. Its hinterland embraces two or
three agricultural enterprises.

The fourth stage — a district centre, usually a town with
administrative and more wide production and servicing functions;
to the everyday servicing functions there are added periodical and
some kinds of episodical servicing functions. The hinterland of the
settlement at this stage embraces usually the territory of the cor-
responding district, but in case there is an industrial enterprise
with far-reaching economic ties in the district centre the economic
connections of the centre may extend even into other republics of
the U.S.S.R.

The fifth stage — a regional centre, a large town with a notable
industrial potential of republican and all-union importance. The
regional centre fulfils economic-organizational and cultural func-
tions (trade bases, administration of roads and building, theatre,
secondary technical school, etc.), in some two or more districts
that form the hinterland of the regional centre.

The sixth stage — the capital of a small Union Republic or of
a province of the Russian Federation — a large town, which con-
tains a production potential of republican and allunion import-
ance and also all present-day servicing enterprises, especially the
episodic and unique ones (higher government institutions, those
of art and literature, etc.). The hinterland of the capital is all the
territory of the small Union Republic or of a province of Russian
Federation.

The seventh stage — an interrepublican or interprovincial
centre — a very large town, with a powerful production and
servicing potential that gravitates a large part of the U.S.S.R.
(Leningrad, Kiiev, Sverdlovsk etc.).

The eighth stage — the capital of the U.S.S.R. — Moscow, with
a mighty productional and servicing potential, the head of the
regional system of settlements of the Soviet Union.

The settlement, represents systems in which the social material
production and servicing spheres co-exist.

But social economic activities do not confine themselves only
to the settlement itself. Everyone of the functions of the settlement
has its own scope. Yet in the nearest hinterland of the settlement
all functions coincide in space. Thus a core appears which differs



from the far hinterland in intensity and diversity of social eco-
nomic life.

The extent of the hinterland of the settlement is proportional
to the social-economic potential of the settlement and reciprocal to
the square of the distance from the settlement. Functioning
mutually the productive forces in a settlement of a certain hier-
archical stage and these of its hinterland form a certain unity —
a social-economic territorial complex, the framework of which is
the corresponding settlement system. The author of this paper
regards social-economic territorial complexes as node systems,
which have their centre of concentration in the form of a central
settlement and their structure has a functional-hierarhical cha-
racter.

The appearance of social-economic territorial complexes is
caused by various natural-historical, social-economic and geo-
graphical factors. The character of social-economic territorial
complexes and their structure is conditioned by the inevitable neces-
sities of society and the objective possibilities of meeting these
needs. The latter depend on the one hand from the quantity of the
already invested human labour, i.e. from the level of development
of productive forces on the corresponding territory, and on the
other hand, on the potential of the natural-historical basic of the
social-economic territorial complex. The latter contains the poten-
tial of natural conditions and natural resources and the economic
geographical situation. The influence of them on the correspond-
ing social-economic territorial complexes is realized by the social
production.

The structure and territorial scope of the social-territorial
complex are greatly conditioned by the potential of the natural-
historical basis. A certain social-economic territorial complex with
a certain structure and special scope may arise only on a certain
complex of natural prerequisites. In the North-East of the Esto-
nian S.S.R. there is developing a territorial-production complex
of oil-shale chemistry-electric-energetics and of building materials.
The possible extent of this complex is confined by the location of
the oil-shale deposits. On the basis of the development of the above
named material production sphere a social-economic territorial
complex is being formed.

As it was said above, the social-economic territorial complex is
formed on the basis of the settlement system. In connection with
this the character of the social-economic territorial complex
results from the structure and functional-hierarchical stage of the
settlement system. If formed only on the basis of the first and
second stages of the settlement system, the village and the centre
of a rural enterprise are social-economic territorial complexes
which have intrinsically mostly rural economic ties and whose
complexness is in the first stage of development. Real social-
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economic complexes are formed already on the basis of local
centres, which have their special functions in the form of process-
ing local raw material and which service their own and the popula-
tion of their hinterland. With these social-economic ties the local
centre and its hinterland are joined into a social-economic unity.

A district social-economic territorial complex already contains
a production and servicing potential, which connects all the
territory of the administrative district with manysided social-
economic ties into a unity of social-economic territorial complex.
In case of an economically strong district centre, there is one
whole concentric social-economic territorial complex that corres-
ponds to it (Viljandi, Voru, Paide districts). But if there is an
economically weak district centre, several equivalent social-eco-
nomic territorial complexes on the level of local complexes are
formed on the territory of the district.

In case the district centre possesses a powerful social-economic
potential and it gravitates not only the territory of one but several
districts, it fulfils the functions of a regional centre. A typical
regional centre in the Estonian S.S.R. is Tartu and conventionally
we may regard Kohtla-J4drve and P&rnu as regional centres too. In
the North-West of Estonia the role of a regional centre is fulfilled
by Tallinn. On the basis of regional centres regional social-eco-
nomic territorial complexes have been formed. In case of a mighty
concentric regional centre (Tartu in the South-East) the corres-
ponding social-economic territorial complex forms a complete
unity. If there is no such centre, the zone of its gravitation embra-
ces several social-economic complexes on the level of district
centres.

The gravitation area of the capital — Tallinn, embraces the
whole ot the territory of the Republic. At the same time it also
fulfils the functions of regional and district centres and corres-
ponding social-economic complexes.

The above said asserts the dialectic unity of settlement systems
and social-economic territorial complexes. Yet as a rule the
settlement systems and social production are comprehended apart
both in the theory and in practice of the national economy. Actually
settlement may be regarded as a spatial form of social production
and productive forces as the content of this form. There are no
settlements without social reproduction and the latter does not
exist without a settlement.

Spatial concentration does not confine itself to the forming of
settlements and social-economic territorial complexes. One of its
expressions is the formation of social economic regions. N. Kolos-
sovsky already demonstrated in his works that the basis of the
rise of economic regions is the formation at the same time of
productional-territorial complexes. Wholly accepting this, we
cannot help stating that in objective reality not only economic
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regions are formed but also social-economic regions which
comprise all the links of social life on the corresponding territory.

As it was said above, a social-economic territorial complex can
be discussed as such only on the level of local centres. The same
must be said about social-economic regions. The social-economic
territorial complex becomes the core of the formation of a social-
economic region (Heimmuk, 1970) which associates with the
neighbouring territory into a spatial unity. On the basis of a local
social-economic territorial complex there arises a social-economic
microregion, on the basis of a social-economic complex of a
district — a lowstage social-economic region, consisting of one or
two districts. On the basis of a regional social-economic territorial
complex — an intrinsical republican or an intrinsical provincial
social-economic region is formed.

An essential prerequisite of the formation of states is the
formation of a general social-economic unity, which in spite of
various reasons leads to the rise of a political unity — a state.
The latter is the most determined social economic spatial system.
At present in the conditions of far-reaching distribution of labour
no state can exist apart from others, but is joined to them and
thus systems of states are formed.

All the above examined spatial complexes of productive forces
belong to the content of the most generalized theoretical concept —
social-economic spatial system. The process of spatial concentrat-
ion of productive forces continues. In the course of it every one
of the above observed social economic spatial systems develops
and improves, becoming more and more complicated. The scientific
and technical revolution serves as an important lever of spatial
concentration of productive forces. On the one hand, it liberates
a part of the people from rural activities and, the other hand it
brings forth new nonrural activities, which can all together exist
only in the conditions of high spatial concentration of social life.

REFERENCES

Némmik, S. Systemic methodology and systemic concepts in economic geography.
International geography 1976. Moscow 1976.

Tsopp, E. Kohalikud keskused asustussiisteemis. [Local centres in settlement
systems.] In the same publication, p. 109— 121

KonocoBckuii, H. H. Mpou3BOACTBEHHO-TEpPpUTOpPUanbHOE covyeTaHMe (KOMMNEKc) B
COBETCKOW 3KOHOMMYecKOl reorpadun. — «Bonpocbl reorpaguu», cb6. 6, M.,
1947, ctp. 133— 168.

Hbeimmnk, C. A., Mapkcoo A. X. CyWHOCTb U AWHAMMWUKA PernoHanbHbIX CUCTEM pac-

’ ceneHus. Pa3BuTue W perynuposaHue cuctem pacceneHus CCCP. C6. gokna-

[JOB 1 COO6GLEHN A COBETCKO-MONLCKOrO CeMWHapa no npo6nemam ypb6aHu3sa-
uun. M., 1974, ctp. 35—46.

Hbimmuk, C. A. CywWwHOCTb APOGHOr0 3KOHOMWYECKOr0 palioHUMpOBaHUA. Y4eHble 3a-

NUCKN TapTyCKOro rocyAapCTBEHHOro YHWBepcuTeTa, BbiM. 242. TpyfAbl Mo
reorpaduu VII. Tapty, 1969, ctp. 3—24.

91



Hbimmuk, C. A. O agpax paiioHoo6pa3oBaHus. BeCTHMK MOCKOBCKOTO yHUBepcuTe-
Ta, leorpacua, Ne 1, 1970, ctp. 47—52.

CaywkuH, KO. . OT wmeTareorpadum K TeopeTuyeckoi reorpadum. Acta universi-
tatis Carolinae, Geographica, 1968, nr. 2.

TOOTLIKE JOUDUDE RUUMILINE KONTSENTRATSIOON
JA SOTSIAAL MAJANDUSLIKUD RUUMSUSTEEMID

S. Ndmmik

Resimee

Kéesolevas artiklis esitatakse katse valgustada uhiskonna ruu-
milise olemise Uht kdige uldisemat aspekti — tootlike joudude ruu-
milise kontsentratsiooni protsessi olemust, tema arengus kujune-
vate sotsiaalmajanduslike ruumsisteemide formeerumist ja nende
vahekorda. Tootlike jdudude ruumilise kontsentratsiooni protses-
sina mdistetakse rahvastiku ja juba asjastatud t66 (pGhifondid,
tootmisvdimsused) ruumilist koondumist teatud piiratud territoo-
riumidele, esmajoones asulatesse, nende aglomeratsioonidesse ja
rajoonidesse. Uhiskonna ruumilise kontsentratsiooni peamiseks
pdhjuseks on areaalse lokalisatsiooniga ruraalsete tegevusharude
vahenemine ja diskreetse lokalisatsiooniga mitteruraalsete tege-
vusharude erikaalu kasv Uhiskonna tegevuste struktuuris,
aga ka Uhiskondliku tootmise kontsentratsioon. Ruumilise kont-
sentratsiooni protsessis formeeruvad tootlike joudude mitmesugu-
sed ruumilised kooslused: asulad, sotsiaalmajanduslikud territo-
riaalsed kompleksid, sotsiaalmajanduslikud rajoonid, riigid. Kdik
need on oma iseloomult sotsiaal-majanduslikud ruumsisteemid.
Asustust vaadeldakse kui tootlike joudude ruumilise kontsentrat-
siooni algastet ja kd&igi teiste sotsiaalmajanduslike ruumsustee-
mide karkassi. Artiklis antakse koigi sotsiaal-majanduslike ruum-
sisteemide formeerumiskdik ja nende omavahelise suhte kasitlus.

MPOCTPAHCTBEHHAA KOHUEHTPALUWMA MPOU3BOAN-
TE/IbHbLIX CNA1 N COUMNANBHO-SKOHOMWYECKWE
MPOCTPAHCTBEHHBIE CNCTEMBbI

C. HbiMMUK

Pestowme
B HacToslwem npejcTaBnsfieTcs ONbIT U3Yy4yeHUS OAHOro M3 Haubo-
Niee 06WMX acrnekToB MPOCTPAHCTBEHHOro ObITUA 06LWecTBA — CYylLy-
HOCTU MPOCTPAHCTBEHHOM KOHUEHTpaLunm nNpou3BOAUTENbHbLIX CUA,

(*)OpMI/IpOBaHVIFI B 3TOM npouecc counasbHO-3IKOHOMMUYECKUX MNPO-
CTPaHCTBEHHbLIX CUCTEM U UX COOTHOLLUEHWIA.
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Mpouecc NpPOCTPAHCTBEHHOW KOHLEHTpauuu MNOHMMAETCS Kak
aKKyMYNsiluM HaceseHWs U OBeLleCTBAEHHOro Tpyaa (OCHOBHble OH-
Obl N NPOVN3BOACTBEHHbIE MOLWHOCTA) Ha ONpeAeneHHON OrpaHUYeHHOW
TeppuTOpUM, Npexie BCEro B NOCeNeHUAX, B arfnomepauumax W Heko-
TOpbIX paioHax.

B KauyecTBe OCHOBHOI ABMXYLel Cuabl 3TOr0 mpouecca NPUHMK-
MaeTcs, C OA4HOW CTOPOHbI, YMeHblUeHWe B CTPYKType [esTeNbHOCTU
oblecTBa pypanbHbIX OTpacnei, KOTOpble MMEKT apeanbHyl NoKa-
nn3aunio, U ¢ APYroin CTOPOHbI YBENMYEHWE HepypanbHbiX OTpacnel
MMeLWNX AUCKPETHYIO TeppuTopuanbHyl opraHmsauuto. B npouec-
Ce NpOCTPAHCTBEHHOW KOHUeHTpauuu (QopMUPYHOTCH pasnyHble CO-
yeTaHWA MNPOU3BOAMUTENbHbLIX CUM: MOCENEeHUs, COLManbHO-3KOHOMU-
yeckue TeppuTOpuanbHble KOMMAEKCbl, COLMAaNbHO-3KOHOMMUYECKNE
paiioHbl, rocygapctsa (CTpaHbl). Bce OHM nO cBOeMy XxapaKTepy
ABNAKOTCA COLMNaNbHO-3KOHOMUYECKUMU MNPOCTPAHCTBEHHLIMWN CUCTE-
Mamu.

PacceneHune paccmaTpuBaloTCs Kak MepBas CTyneHb MNPOCTpaH-
CTBEHHOW KOHUEHTpauuy NMpou3BOAUTENbHbLIX CUA N KapKac BCEX ApPY-
rMX BblleHa3BaHHbIX CUCTEM. B cTaTbe faeTcsa xapakKTepucTuka (op-
MUPOBAHMWS W COOTHOLUEHME BCEX 3TUX COLMANbHO-3KOHOMMYECKNX
NMPOCTPaHCTBEHHbIX CUCTEM.
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ON THE REGULARITIES OF THE CONCENTRATION
PROCESS IN THE SETTLEMENT SYSTEM OF THE
ESTONIAN S.S.R.

Ann Marksoo

The scientific-technical revolution is accompanied by an ever-
increasing concentration of production. At first this tendency
revealed itself in industry, but at the present time it shows itself
ever more clearly in the field of rural production, agriculture,
forest management and fishery which so far had had a scattered
distribution. The progress of transport and of other means of
communication likewise furthers the continuous concentration of
the social infrastructure — administrative management, education,
science, public health, cultural servicing, the carrying out of
everyday repairs and other services. All this produces direct chan-
ges also in the settlement system as a form of the territorial orga-
nisation of productive forces. Nearly all tendencies in the develop-
ment of the functional and territorial structure of the settlement
system, above all urbanisation, reveal the concentration process as
proceeding here synchronously. This process ist most distinctly
expressed by an increase in the role of the principal centres of the
settlement system (which could be agglomerations in case of hig-
her-order systems). The population is an active and at the same
time the most mobile component of productive forces. Hence an
analysis of population dynamics (linked with changes in the
material basis of settlement) is an effective means of determining
the regularities of the concrentration process taking place in the
settlement system.

The aim of the present paper is to establish the regularities
of the concentration process in the settlement system of the
Estonian S.S.R., relying on an analysis of the demographic
characteristics on the basis of the data for years 1959— 1974,
Starting from the peculiarities of the internal structure of settle-
ment systems — hierarchical and territorial division, the analysis
was carried out from two aspects. First, itwas performed within
the republican settlement system as a whole according to indi-
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vidual levels of hierarchy with the aim of finding out under the
action of which factors and to what extent the redistribution of
the population proceeds from the lower, more dispersed levels to
the higher levels consisting of a smaller number of larger centres.
Secondly, the same phenomenon was studied according to terri-
torial subsystems where the mutual relations between the centres
and their subordinated settlements (i. e. the interrelations between
different hierarchical levels) are most direct. It is this research
aspect that enables the investigator to best assess the effect of the
system-shaping ties of the centres on the concentration process.

It must be emphasized that by the redistribution of the popu-
lation is meant here not only migration of the population from
one individual settlement or settlement group to another (i. e
movement of the population from one level to another), but also
changes in the share of settlements under study in the population
of the whole system, which depends also on the peculiarities of
natural movement. Any increase or decrease in the role is a relative
index. This may proceed under the action of an active or of a
passive factor. An increase in the role of a settlement is active
if this is the result of an increase of its own population. An
increase in the role of a settlement is passive when the increase
proceeds as a result of decrease in the population of other compar-
able settlements of the same system.

Since the object of research is a system, a closely interrelated
community, one cannot confine oneself only to the establishment
of the size of the migration gain or loss of settlements; it is also
necessary to determine at the expense of which other settlements
this gain or loss takes place. When studying the concentration
process, chief attention is paid to the centres of the territorial
settlement system of all hierachical ranks. It is above all necessary
to ascertain of what kind are these migrational links between
centre and other settlements of the same system and if the centre
has any reserves of growth outside the particular settlement
system.

1. ON THE SETTLEMENT SYSTEM OF THE ESTONIAN S.S.R.

To understand the phenomena of the concentration process
taking place in the settlement system, it is necessary to take into
account the peculiarities of the general dynamics of growth as
well as those of the hierarchical and territorial structure. In the
case of the settlement system of the Estonian S.S.R. the following
circumstances must be pointed out.

The settlement of Estonia as a union republic constitutes one
of the basic subdivisions of the settlement system of the Soviet
Union, which is rather autonomous, but at the same time insepa-
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rably linked with the settlement systems of the other union
republics. The present investigation includes a section which
discusses the settlement of the Estonian S.S.R. as a basic system
(which is a part of the settlement of the Soviet Union as a super-
system), which itself is divided into hierarchical and territorial
subunits.

The Estonian S.S.R. belongs to those union republics which
steadly has had a migration gain from the other parts of the
Soviet Union. At the same time the growth factor inside the
system — natural gain — is low. For this reason the general
growth rate of the population is moderate. During the period
under consideration the population of the republic increased by
18.5 per cent. 57 per cent of the total gain was due to migration
gain and 43 per cent — to natural gain. The moderate increase
of the population slows down changes on the one hand and
increases the need for a redistribution of the population inside the
system on the other.

The settlement system of the Estonian S.S.R. is markedly
characterized by a powerful basic centre Tallinn, — the capital,
which alone concentrates 28 per cent of the population of the
republic and which of all the Estonian towns has the most many-
sided functions. At the same time the lower hierarchical levels
of the republican settlement system are highly dispersed: here are
a great number of small urban settlements, and extremely large
number of rural settlements, particularly small villages. Relying
on the research results obtained by several members of the staff
of the Chair of Economic Geography of Tartu State University
(S. Nommik, V. Murel, E. Tsopp, etc.) and adapting them to the
aims of the present paper, the author distinguishes 7 hierarchical
levels in the settlement system of the republic: 1 the capital as
head of the republican settlement system, 2. polyfunctional regional
centres. 3. industrial centres of republican importance, i. e. basic
nuclei of the agglomeration of NE Estonia, 4. district centres,
5. local centres, 6. central settlements of collective and state farms,
and 7. the remaining rural settlements — villages without any
system-shaping functions. Of the groups listed, the third, fifth and
sixth need some explanation.

The third group of settlements includes a couple of towns —
Kohtla-Jarve and Narva — which occupy a special position among
the other towns of the republic. They are equivalent of the poly-
functional regional centres in population size and even surpass
them in their industrial potential; however, they have not got a
large zone of influence within the framework of the republic which
characterizes other regional centres. This circumstance results
from the specific peculiarity of their position — on the one hand,
the district of Kohtla-Jarve is surrounded by natural bodies of
water in the north and in the south, on the other, this district lies
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between the zones of direct influence of two large centres —
Leningrad in the east and Tallinn in the west. For this reason
Kohtla-Jarve and Narva have basically only the administrative
district of Kohtla-Jarve for their close hinterland within the
republic. This characteristic feature brings these towns closer to
the remaining district centres. Hence they occupy an intermediate
position among the regional and district centres, and this is why
they have been set aside as a separate hierarchical subgroup (or
intermediate level).

The group of local centres is rather heterogeneous in its
composition, consisting of small urban settlements having various
functions as well as of larger rural settlements. Their common
characteristic is that they have a certain compact zone of influence,
which has taken shape on the basis of links of production or of
servicing (in part of them mainly on the basis of links of servicing).
Here one has to add that starting from this characteristic, not all
small urban centres of the republic have been included in the group
under study. Due to the peculiarities of their position (proximity
to a larger centre, location among forests and bogs) or some other
factors, several small urban settlements do not posses a distinct
close hinterland of their own, on account of which they have not
been treated in this paper as local centres but as satellites of the
capital, of the regional and industrial centres of republican
importance. In this paper the group of farm centres comprises
not only those settlements in which the office of a collective or
state farm is directly situated, but also other large rural settlem-
ents with manifold production and servicing functions involving
in their sphere of influence the territory of the same farm as a
whole or only a part of it.

Starting from the territorial aspect, the following, hierarchic-
ally overlapping subsystems can be distinguished in the republican
settlement system: 3 regional, 15 district, 52 local and 370 farm
or lower-rank subsystems (for brevity they will be called regional,
district, local and farm systems below). The majority of the farm
systems consist only of the territory of one collective or state farm.
The boundaries of some farm have been extended at the expense
of the forestry settlements situated on the territory of the state land
reserve, likewise at the expense of fishing, recreational and some
other settlements lying along the sea-coast. Most of the territorial
systems have a distinct management centre, which in some cases
is the nucleus of an agglomeration. The republic as a whole has
such an agglomerational centre in the form of the capital and its
closer satellites. Part of the systems are polycentric, having two
or more roughly equal centres sharing their functions. The greatest
number of polycentric systems are found among the lower-rank
systems; however, there also exist two district systems with double
principal centres. Of them, Kohtla-Jdrve and Narva concentrate
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a number of local centres around them, constituting the largest
industrial agglomeration of the republic where the close hinter-
lands of individual centres overlap.

It has to be recalled that part of the centres are polyhier-
archical, i. e. they simultaneously perform the functions of two or
more centres of settlements systems of different hierarchical rank.
Thus, the capital is the head of the settlement system of the entire
republic, but at the same time it is also the regional centre of NW
Estonia, the administrative centre of Harju District and local
centre of its immediate surroundings. Likewise all district centres
are the local centres of their nearest surroundings and part of the
local centres are at the same time farm centres. This leads to the
division of the territorial settlements systems into two groups —
systems of so-called “pure type” with centres corresponding to
their hierarchical level, and systems with centres of higher rank.
The latter group comprises altogether 36 systems (18 farm sys-
tems, 14 local systems, 3 district systems and 1 regional system).
Below we shall see that the hierarchical rank of a centre exercises
an influence on the population dynamics of the settlements of its
surroundings which is not to be ignored.

2. ON CHANGES IN THE HIERARCHICAL STRUCTURE OF THE
SETTLEMENT SYSTEM

Table 1 presents a survey of the changes that have taken place
in the respective role of the individual hierarchical subdivisions
of the settlement system of the republic as a whole over the 15
years under review. When undertaking an analysis one has
undoubtedly to consider that the period under study is short; no
cardinal changes could therefore take place during that period.
Nevertheless, the time interval is sufficiently long to enable one
to ascertain the trends of the process under consideration.

From the table presented below one can see that the most essen-
tial shift which has taken place in the settlement of the republic is
the exchange of the places taken by the capital and the villages —
two extreme hierarchical levels with the largest number of inhabi-
tants. While in 1959 the villages concentrated the majority of the
population and the capital occupied the second place, in 1974 the
situation was reversed. Clearly one may expect a further decrease
in the share of the villages in the near future, because this is the
only group of settlements in the settlement system of the republic
in which the number of inhabitants is also diminishing in absolute
figures.

Both natural and migration gain in the villages is in the aggre-
gate negative, migration gain being the decisive factor in the
decrease. At the present stage in the group of villages there is
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Table 1

Changes in the share of the more important hierarchical ranks in the
settlement system of the Estonian S.S.R. in 1959—1974

Number of Share in the . Share in
inhabitants population tofahlareailr? of  Migration
in % com- Of the repub- Igt' gain outside
pared with lic in % pop“l: a‘ylon the republic
0 PN Op Kk
1959 1959 1974 in %
The capital * 142 242  29.0 55.5 44.6
Regional centres * 132 9.6 107 16.7 10.9
Industrial centres of
republican import-
ance * 160 109 123 29.6 29.3
District centres 139 8.1 9.4 17.2 6.0
Local centres 126 6.5 6.9 8.1 0.0
Farm centres 126 9.3 9.9 14.8 } 9.2
Villages 73 30.3 218 -41.9
Total 1 119 100.0 100.0 100.0 100.0
* Together with near satellite settlements.
** During the period of 1971—73.
proceeding even an apparent rise in fragmentation since the

number of small villages (below a hundred inhabitants) is increas-
ing and so is the total population living in these villages and their
share in the total population of the republic. Due to the rapid
decrease in the number of inhabitants many villages which pre-
viously boasted large populations have now moved into the group
of small villages. It is obvious that the rise in the share of small
villages is a temporary phenomenon, peculiar to the transitional
period which is preparing a new stage — a decrease in the number
of villages and above all the disappearance of small villages.

In the remaining hierarchical groups the total population is
growing, the growth rate being noticeably higher in settlements
with a higher hierarchical position. One must point out that the
extraordinarily rapid growth of the industrial centres of republican
importance is chiefly due to the town of Narva, which over the
whole period under review has been in the forefront of industrial
and constructional activities in the republic. Altogether 85 per cent
of the total population gain is concentrated in two principal agglo-
merations — the capital and the industrial region of Kohtla-
Jarve—Narva.

Differences inside the group of the population dynamics of the
hierarchical levels under study are increasing towards lower ranks
i/e. in parallel to the increase of the number of settlements and to
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the decrease of the total growth rate. On higher levels, from the
capital down to the district centres, all settlements are growing,
although at a different rate (the limiting values ranging between
18 and 177 per cent). Among the local centres and on the levels
below the local centres, diminishing settlements are found beside
the growing ones; the share of the diminishing ones is increasing
towards the lower ranks. Thus, the number of inhabitants is dimi-
nishing in 10 per cent of local centres and in 30 per cent of farm
centres and in the overwhelming majority of villages.

3. PHENOMENA OF THE CONCENTRATION PROCESS IN THE
TERRITORIAL SUBSYSTEMS OF SETTLEMENT

When we analyze the population dynamics according to the
territorial subsystems of republican settlement, we see a regularity
similar to the previous one — the number of subsystems with a
diminishing total population is increasing towards lower ranks.
The population has increased in the republican settlement system
as a whole as well as in all regional systems, whereas the popula-
tion has diminished in one-third of district systems, in one half of
local systems and in four-fifths of lower-rank systems.

The concentration of the population at the centres has increased
on all the hierarchical levels of the territorial subsystems of the
settlement system irrespective of the fact that part of the local and
farm centres themselves have a diminishing population. As a rule,
the decrease of the population in villages situated near such dying
out centres is still more rapid. For this reason the share of a centre
in the total population is growing or remains at least on the pre-
vious level. In summary, the role of centres in the population of
the corresponding territorial system has increased in lower-rank
systems even more rapidly than in higher-rank ones. Thus the
share of the capital and of its closer satellites in the total popula-
tion of the republic has increased by 5 per cent, the role of the
local centres in the respective systems has risen by 9 per cent and
the proportion of the central settlements in farms has gone up by
11 per cent. This depends on the relationship of the active and the
passive factor in the increase of the concentration discussed above.
The share of the capital in the total settlement system has
increased only due to the influence of the active factor (i.e.
increase of its own population) while the whole population of the
remaining settlements of the republic has increased. The share of
the centres of the different territorial subsystems has increased
also due to the influence of the passive factor (decrease in the
population of the other settlements of the same system). The role
of the passive factor grows rather regularly towards lower ranks.
For example, the relationship between the active and the passive
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factor in the increase of the role of regional centres is 1:0.5, in the
case of the district centres this relationship is 1:1 in the case of
local centres 1:2, and in the case of farm centres 1:3 (each of the
centres mentioned within the limits of the subsystem of the cor-
responding rank).

The components of the active growth of the population —
natural and migration gain — vary considerably in the centres of
different type, while differences in migration gain can be expected
to be greater. At the same time there manifests itself a regularity
in the circumstance that the area of migration gain within the
republican system basically corresponds to the hierarchical rank
of the respective centre: the capital grows at the expense of the
whole republic, the district centres grow at the expense of the
same districts, the local centres grow at the expense of their own
subsystems, etc. The control ties in administration, production and
servicing step up the exchange of information with the other sett-
lements of the same system, which, as a rule, stimulates the migra-
tion to centres (foreseen by plan as well as undertaken on personal
initiative). Approximately 70 per cent of the transference of the
population from a lower hierarchical level to a higher one (cal-
culated from migration gain) proceeds within the boundaries of
district subsystems, i.e. under the influence of direct contacts with
the nearest centres. Nine-tenths of the positive balance of the mig-
ration country town in favour of towns takes place as a result
of migration within the district. Migration outside the republic
proceeding between higher-rank settlement systems promotes the
concentration of the population on the higher hierarchical levels
(see Table 1).

The hierarchical rank of the urban centres and the functional
type greatly affect the dynamics of their close farm systems as
well as the concentration in their central settlements.

This statement is confirmed by an analysis of the population
dynamics and the role of the central settlements according to the
local settlement systems of the republic by grouping them in
accordance with the hierarchical rank of its centre, i. e. we separate
the local subsystems of a pure type from the remaining ones whose
centre is a district centre or another centre of a higher rank. The
results of this analysis are presented in Table 2.

It is evident from the table referred to that depending on the
differences in the population gain of the centres themselves the
population dynamics of the local systems of a different type is
not uniform. The total population of the local systems of a pure
type has decreased because there are among them also such where
the number of inhabitants of the basic centre of the sybsystem
itself has gone down. In the local systems whose centre happens
to be a district centre, the total population has remained more or
less stable due to the growth of the centres themselves, whereas
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Population dynamics

Hierarchical rank

of centre

Local centre
District centre

Industrial centre of
republican importance

Regional centre
The capital

Total

and the role of centres in the

Population gain

or loss in the

local systems
in %

+ 48
i+19
+ 42

18,5

Share ol
in the population

Table 2

local settlement systems of the republic in 1959—1974.

of the systems

1959

24,3

33,3

84,2
68,7
93,5

60,4

in %

1974

35,4
44,5

91,1
76,2
94,1

centres

Farms belonging to the

Among these

Popula-

tion gain iy central

or loss settle-
in % ments
.18 + 15
-13 + 33
16 + 34
-9 + 30
+ 32 + 130
-15 + 26

in
villages

-27
-26

-34
-21

-27

respective

local systems

Share oi central
settlements in
total farm popula-

tion in %
1959 1974
21,6 30,5
22,1 33,9
25,3 41,0
23,2 33,0
24,4 42,6
22,1 32,8



in the subsystems whose centre happens to be a centre of a higher
rank the total population has grown considerably.

Further, we see that this general dynamics is influenced not
only by the growth rate of the basic centres of the local systems,
but that it also depends on the rate of decrease in the population
of the farms belonging to the respective local systems. The popula-
tion dynamics of the farms in its turn is affected by the growth
rate of their central settlements.

On the farms situated close to the capital the total population
has been increasing, the increase being due to the rapid growth
of their central settlements. Many of them enjoy the additional
function of a satellite, since they serve as dwellings for the workers
of the capital. In the remaining local systems the total farm popu-
lation has been diminishing, the decrease being the most rapid on
the farms which are situated close to the local centres and to the
industrial centres of republican importance. On the farms bor-
dering on the local centres the growth of the central settlements
is slow because part of the local centres have taken upon them-
selves the functions of the farm centres. In the neighbourhood of
the industrial centres of NE Estonia the growth of farm centres is
comparatively rapid and the concentration of the population in
them is nearly as high as in the neighbourhood of the capital, but
there the population of the villages is diminishing even faster than
on an average in the sphere of influence of the local centres.

Table 2 gives a very general idea of the phenomena discussed
here. Figs. 1 and 2 present a somewhat more concrete regional
survey of the population dynamics of the farm settlement systems,
also the population growth in their central settlements as well as
the degree of concentration in the central settlements. They
demonstrate once more that although there exist some differences
according to districts, the majority of farms with a growing total
population or at least with growing central settlements in all the
districts are in the sphere of influence of district centres (incl. the
capital and regional centres). The trend towards the development
of stronger central concentration nuclei likewise manifests itself
in the fact that the greatest number of farms with a diminishing
population, including farms with diminishing central settlements,
are situated on the outskirts of districts as well as in the outlying
parts of the republic.

At the present time several farm and a few local settlement
systems are polycentral. In the majority of such centres one may
observe the priority development of one major centre, thus
a tendency towards becoming monocentral. Other investigators
(e. g. Alayev & Khorev, 1974) have also pointed out the same
phenomenon.

103



Fig. 1 The dynamics in the population of the farm settlement systems in
1959— 1974.

| Hierarchical type of the basic centres 1 — the capital 2. — regional centre 3.
— industrial centre of republican importance 4. — district centre 5. — local
centre 6. — local centre in which the farm office is situated. Il The dynamics in
farm population. 1. — the total population has increased both in central settle-
ments and in villages. 2. — With an increase in the total population at the
expense of the central settlements 3. — the total population has stabilized
(growth =5 per cent) 4. — the total population has decreased at the expense
of the village, the population of the central settlements has increased or sta-
bilized 5. — the population has decreased both in village and in central settle-
ments. Il Boundaries 1 — of the district settlement system 2. — of the local
settlement systems.

To sum up, the concentration manifesting itself in the settle-
ment system, is a complicated process, vertical in its principal
direction, but proceeding by stages. Here find simultaneous expres-
sion both development (i. e. appearance of new elements) and an
attempt intrinsic to systems to preserve their basic structure by
adapting themselves to new conditions. At the present time the
concentration process is more intensive on the lower levels of the
settlement system where the trend of a decline in the number of
settlements (including systems of lower rank) is very distinctly
noticeable, in other words this is an attempt to perform the func-



Fig. 2. The role of the central settlements in the farm population and the rate
of their growth in 1959— 1974,

| The role in the farm population 1. — below 20%, 2. — 20—29%, 3. —

30—39%, 4. — above 40%- 6. — a farm, the office of which is situated in the

local centre. Il The growth rate I. — with a rapid growth rate (20 or more '%),

2. — with a moderate growth rate (5—20%) 3. — with a stable population
(x5%) 4. — with a decreasing population (more than — 5%).

tions inherent in a corresponding hierarchical level through a
smaller number of settlements.

First of all, the number of villages is diminishing, particularly
the number of those villages that serve as homes for the farm
population. In connection with continuous concentration of animal
husbandry the number of villages that primarily perform the func-
tion of agricultural production is also decreasing. The decrease of
the number of farms and the increase of their territory leads to a
decline in the number of farm centres. Part of them continue to
exist as villages, but the smaller and less developed of them may
cease to exist. The process of differentiation also affects the group
of local centres — the strong ones develop further, the weak ones
are reduced to the level of farm centres. As district centres become
stronger, their close hinterland widens and evidently “swallows
up” some weaker and less developed local systems. It is not

105



excluded that in the future the number of district centres will
diminish — some district centres of recent date and not so firmly
established which are situated in the neighbourhood of regional
centres may in all probability be relegated to the level of local
centres.

The chief circumstance which at present slows down the con-
centration of the population in the centres of subsystems is the
dwelling function. The dispersion of dwellings in the rural settle-
ments of the republic is still very high and this cannot be eli-
minated overnight. On the other hand, the concentration of the
population in centres is in addition to the direct functions of pro-
duction and servicing promoted by the administrative and organi-
zational control ties mentioned earlier. Migration studies confirm
convincingly that those hierarchical groups that possess a certain
official hinterland also have stronger and more permanent local
growth reserves in the form of migration gain (steady positive
migration gain as a rule also raises natural gain). In conditions
obtaining in the Estonian S.S.R. the farm and district centres as
well as the capital represent such groups. The farm centres are
above all the centres which control production on the territory of
their farms. The district centres and the capital have in addition
the function of organizing administration and servicing. The local
and regional centres do not possess administrative power with
respect to its entire hinterland and this circumstance somewhat
weakens their local ties and growth reserves. Regional centres,
like other centres occupying a higher hierarchical position, have a
remarkable source of growth in the form of migration gain from
outside the republic, but in general its extent is noticeably less
stable, fluctuating from year to year.

All that has been said above points to symptoms suggesting
that in future development a decrease in the number of the hier-
archical levels of the settlement system is likely, which will signify
a further and more profound stage in the process of concentration.
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KONTSENTRATSIOONIPROTSESSI SEADUSPARASUSTEST
EESTI NSV ASUSTUSSUSTEEMIS

Ann Marksoo

Resiumee

Teaduslik-tehnilise revolutsiooniga kaasneb tootmise ja sot-
siaalse infrastruktuuri kontsentratsioon. See kutsub esile muutu-
sed ka asustussisteemis kui tootlike jdudude territoriaalse organi-
satsiooni vormis. Peaaegu k&ik asustussiisteemide struktuuris toi-
muvad muutused, eesotsas urbaniseerumisega, véljendavad sama-
aegselt siin toimuvat kontsentratsiooniprotsesse Viimase kdige sel-
gemaks avaldusvormiks on asustussusteemi kui terviku ja selle
erinevat hierarhilist jarku territoriaalsete allsiisteemide keskuste
(mdnedes kdrgemat jarku sisteemides aglomeratsioonide) osatdht-
suse kasv.

Kéaesolevas artiklis analliiisitakse kontsentratsiooniprotsessi sea-
duspérasusi Eesti NSV asustussusteemis demogeograafiliste karak-
teristikute alusel aastail 1959— 1974. Lahtudes asustussiisteemide
sisemise ehituse isedrasustest — hierarhilisusest ja territoriaalsest
liigestatusest — uuriti kontsentratsiooni kahes aspektis. Esiteks
selgitati kontsentratsiooni vabariigi asustussisteemis kui tervikus
Uksikute hierarhia astmete kaupa, selgitamaks, milliste faktorite
md&jul toimub rahvastiku Umberjaotumine Uhelt astmelt teisele.
Kontsentratsioon valjendub siin seaduspdrasuses, et rahvastiku
arv vaheneb kas absoluutselt ja suhteliselt v@i ainult suhteliselt
asustuse hierarhia alumistel, enam killustatud astmetel ja suureneb
tlemistel astmetel, mis koosnevad vdhema-arvulistest suurematest
keskustest. Teiseks uuriti sama nahtust asustuse territoriaalsete
allstisteemide kaupa, podrates peatdhelepanu slisteemide keskasu-
late osatdhtsuse kasvule vastavate slsteemide rahvastiku (ld-
arvus.

T66 tulemused nditavad, et absoluutne rahvastiku juurdekasv on
suurim asustuse hierarhia Ulemistel tippudel, s.o. juba valjakuju-
nenud peamistes kontsentratsioonikeskmetes — pealinnas, regio-
naalsetes ja vabariikliku tdhtsusega tddstuskeskustes. Uuritava
protsessi intensiivsus on aga tugevam asustuse hierarhia alumistel
astmetel, kus esineb tendents nii asulate kui ka alam-astme asus-
tusslisteemide arvu véhenemiseks. Vastav arengusuund valmistab
ette kontsentratsiooniprotsessi teist, sivenenud etappi, mil algab
ka hierarhia astmete arvu vdhenemine.
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3AKOHOMEPHOCTW MNMPOUECCA KOHLUEHTPAL UMW
B CUCTEME PACCENIEHWA 3CTOHCKOW CCP

A. Mapkcoo

Pestome

HayuHo-TexHM4Yeckas peBONIOLMA CONPOBOXAAaeTcA BCE Yrny6-
NAOWeNnca KOHUeHTpauueld NPOM3BOACTBA M couManbHOM WHMPpa-
CTPYKTYpOil. 3TO BbI3bIBAET HEMOCPEACTBEHHble W3MEHEHWS U B
CUCTeMe pacceneHus, ssnsawwelicd GOpMOin TeppuTopuanbHO opra-
HM3auuy NPON3BOAUTENbHBLIX cu. MNoYTU BCe U3MEHEHWA B CTPYKType
CUCTeMbl pacceneHuns, B Nepeyt oyepedb B ypbaHM3aLuu, BbipaxawT
B TO XK€ BpPeEMS M npouecc KoHueHTpauuu. Camoil ABHOW popmoii npo-
ABNEHUA MNOCNefHero ABNSETCA POCT Y[eNbHOro Beca rNaBHOro LEeHT-
pa (MM LEHTPOB) B CUCTeMax paccefneHus pasHOro Mepapxmyeckoro
paHra.

B paHHOlW paboTe aHanu3upylTcA 3aKOHOMepPHOCTW Mpouecca
KOHLEHTpaumnmn B cucteMe paccefneHns IcToHckoit CCP Ha ocHOBaHuUM
N3MEHeHNs pemoreorpaguyecknx mnokasaTeneih B nepuoge 1959—
1974 rr. Wcxoaa u3 0COGEHHOCTe BHYTPEHHEro CTPOEHWS CUCTEMbI
pacceneHns — MePapXMYyHOCTM W pa3fefieHNs Ha TeppuTopuanbHbie
NoOACUCTEMbBI — MPOLECC KOHLUeHTpauum 6bI1  MCcCNefoBaH B [BYX
acrnektax. Bo-nmepBblX KOHLUEHTpauus usyyanacb no mepapxuye-
CKUM CTYMeHsiM pecnyb6/MKaHCKOW CUCTeMbl pacCeneHus B LENoM,
4yTo6bl YCTAHOBUTL (haKTOpbl, Bbi3biBalOLUIME MepeMelleHne HaceneHus
C OLHMX Mepapxumyeckux CTyneHel Ha gpyrve. KoHueHTpauus Bbipa-
XaeTcsa Mpu 3TOM B 3aKOHOMEPHOCTW, 4YTO UYUC/JEHHOCTb HACeNeHus
YMeHbllaeTcs Kak abCoONTHO TakK M OTHOCUTENbHO (MW TONbKO OT-
HOCUTENbHO) Ha HU3KUX 6onee pasfpobfieHHbIX CTYMEeHAX W yBenu-
YMBAETCA Ha BbLICWIMX TCYMEHAX, COCTOAWMX W3 HEMHOTMMX KPYMHbIX
LeHTpoB. BO-BTOpPbLIX, TO Xe fABAeHWe O6biN0 NMpoaHanM3MpoBaHO
no TeppuTOpManbHbIM MOACUMCTEMAM pacceneHus, obpawas rnaBHoe
BHMMaHWE Ha MPUPOCT YyAeNbHOro Beca LeHTPOB B 00Ul YMCIEHHO-
CTW HaceneHWs COOTBETCTBYHOLWMX MNOACUCTEM.

Pe3ynbTaTbl MccnefoBaHUsA MOKa3blBAT, 4YTO Haubonbwmii abco-
NOTHbIA MPUPOCT HaceneHWs HabnwfaeTcs Ha BbICWIMX CTYMEHAX
nepapxmm paccefnieHus, T. e. B YyXe CHOPMUPOBABLUUXCA TNaBHbIX
A4paxX KOHUEeHTpauum — B CTONMLE, PernoHanbHbIX W MPOMbILIAEH-
HbIX LeHTpax pecny6/MKaHCKOro 3HavyeHus. OfHAKO B HacToslee
BPEMS WMHTEHCUBHOCTb MCCMEfYyeMOro npouecca CuibHee OTpaxaeTcs
Ha HU3LWKX CTYNEHAX Mepapxuu paccefieHus, rge nposaBaseTcs TeH-
OEHUMA K YMEHbLIEHNIO YNC/IEHHOCTU OTAEe/NbHbIX NMOCENEeHU, a Takxe
TeppuTOpMUaNnbHbIX MOACUCTEM HUMXXHEro paHra. JlaHHoe HanpasfieHue
pa3BuUTUA NOAFOTOBAAET APYroi, yrny6neHHblli 3Tan npouecca KOH-
LeHTpayuu, Korja HauyMHaeT yMeHbllaTbCH W YUC/IO CTyneHeid mepap-
XUW pacceneHus.
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LOCAL CENTRES IN SETTLEMENT SYSTEMS

E. Tsopp

It is a prominent feature in modern settlement geography that,
in accordance with the modern systemic approach to objects of
study, the mutually related settlement communities are treated
and investigated as systems. In a broad sense, system implies
unity of individual parts in a uniform distinctly articulated whole,
in which each component part has its strictly fixed place and
function. In the theory of geography, which generally considers
its object of research as a component of a complex whole devoting
particular attention to the relations holding between the pheno-
mena, the systemic theory is, in principle, not a new approach.

The ’rational core’ of the concept of the ’local centres’ which
dates back to the 1930’s, and is so popular in the literature on the
settlement problems abroad, consists in treating the settlements
not in isolation but as a definite networke, i. e. as a system. In
Soviet economic geography elements of systemic research made
their first appearance as early as around the middle of the 20th
century (bapaHckuin, 1946; KonocoBckuin, 1947), although without
the terminology employed in the systemic theory.

Well known is the division of settlements into urban and rural
ones, and on that account they are kept apart in traditional treat-
ment. However, the development of human settlement is a uniform
steady process of change in the size, character and extent of the
functions and relations whose nature and regularities are revealed
only when the whole of the phenomenen is investigated as a
system.

In geographical settlement studies, townships have always
received more attention. The first attempts at the systemic study
of the settlement problems were made in the treatments of systems
of towns, which were followed by a systemic-structural analysis
of the rural settlements. Several investigators of settlements have
realized the need for a unified treatment of townlike and rural
settlements, which has ked to the study of integral territorial
systems (NOmmik, Murel, 1971; N6mmik, Marksoo, 1974).

An integral system of settlement is a whole made up of parts
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or components. These components are individual settlements
(towns, rural settlements) or subsystems hierarchically depending
on the higher stage, the main system. The structure of a settlement
system viewed as an articulated whole is determined by the links
and relations between its elements. The structure of the system
can variously be described through the dimensional relations, the
character of its functions, the extent of the links of the settlements,
etc. A peculiar feature of a settlement is the existence of a certain
territory, which, in addition to the area containing its material
elements (buildings and lay-outs, etc.) includes also the hinter-
lands (the attraction area) around it. On the process of communic-
ation between the settlement and its hinterlands is based the
functional unity of their territory and their socio-economic
complexity.

What N. Baranski has said about towns also applies to the
nature of the whole of settlement. Towns, like the armed forces,
have a hierarchical arrangement. With in each economic region
of a country, the towns are subordinated and co-ordinated in a
certain fashion. Each has its peculiar functions and a more or less
defined area of activity, its radius of influence and attractions
(BapaHckuii, 1946). The hierarchy of the settlements is not determ-
ined by their spacing, i. e. by their “geographical situation”
(Kristaller-Losch), but by their functions and mutual intercourse.
The basic functions of a settlement are those of production, all
other functions being supplementary.

The above features characteristic of settlements allow us to
treat settlement as a functional-territorial hierachical system or
a functional-hierarchical spatial system. By ‘system of settlem-
ent’ on the analogy of the system of towns is meant the integral
dynamic community of both townlike and rural settlements, which
are mutually interrelated and linked by a common economic basis
and undivided territory. Ranking as systems of economic geogr-
aphy, settlement systems possess the following specific features:
1) unity of natural conditions, production and population, 2) links
with the territorial organization of the productive forces, 3) fixed
territory, 4) temporal and spatial dynamism.

Description of the settlement of various territoral units (states,
large economic areas, member states of federations (sister repub-
lics), their parts, etc.) as systems of different stages is currently
the basic trend in the geographical study of settlements. The task
of investigating the settlement systems rises as a dual prob-
lem involving 1) elucidation of the functions and hierarchical
ranking of the settlements, 2) consideration of the territorial
settlement systems. The methodology, and also the outcome of the
study of the problem is a functional-hierarchical classification of
the settlements with the specification of the territorial settlement
systems of different ranks. Although there exist numerous rese-
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arches of various regional settlement systems (territories, areas,
sister republics), there are as yet few investigators in the Soviet
Union who regard the settlement systems as a unique whole.

The settlement of the whole of the Soviet Union is viewed as
a unique system by the settlement investigator of the Department
of Economic Geography of Tartu State University. To determine
the position of a settlement in a hierarchical system and to define
the territorial systems of settlements, one has to determine the
community of the enterprises belonging to both productive and
nonproductive spheres of the settlement concerned and the extent
and nature of its socio-economic links. Accordingly, in broad
outline, one can distinguish in the settlement system of the
U.S.S.R. the following components: village, farming centre, local
centre, regional centre, capital — centre of a Union Republic or
region, intraterritorial (intrarepublican) centre, Capital of the
Soviet Union (Heimmuk, Mapkcoo, 1974). Within the framework of
this supersystem, these settlements, in their turn, build a number
of territorial subsystems with similar structures, but differing in
the extent of their hierarchical scale. Such structural isomorphism
permits of the application of analogous methods to the study of
different settlement systems. This is borne out by the delineation
of the structure of the settlement systems in the Estonian S.S.R.,
as a result of concrete investigations (Table 1.).

In this classification, the place between the district centres and
the interfarm centres is occupied by the so-called local centres.
This hierarchical type is one of the most heterogeneous components
of the settlement systems as regards their functional, economic
and other potentiality. The need to study the nature, development
and perspectives of these settlements has prompted us to examine
about 70 local centres in the Estonian S.S.R. So far, R. Ehrlich has
carried out an investigation of the towns and townships func-
tioning as local centres, rural local centres have been studied by
V. Murel. U. Pragi was guided by the principle of functional unity
in his choice of target settlements when he studied towns and
rural settlements with urban functions. Without a strict formal
delimitation of our object of research (according to the administ-
rative adherence, number of population, etc.), and without taking
into account the genetic-functional unity of settlement, we propose
to deal with settlements which are at a transitional stage from
rural to urban. In doing so, our aim is to elucidate the nature of
the local centres, to throw light on the basis of their social and
economic development and, accordingly, their role in the settle-
ment system concerned.



Hierarchical type

Capital
Regional centres
District centres

Local centres

Farm centres
Villages

Table

Settlement System of the Estonian S.S.R.

Polyfunctional

Tallinn
Tartu, Parnu

Rakvere, Paide, Voru,
Haapsalu, Valga,
Viljandi

18 small townlike
and 39 larger rural
settlements

ca 170 villages

(Ndmmik, Murel, 1974)

Functional type

Polyfunctional, with one
prevailing function

Kohtla-Jarve

10 small townlike and
29 larger rural settle-
ments

63 villages
ca 1450 villages

Territorial
system
Narrowly specialized
— Republican
— Regional
Narva District
15 small townlike and
18 larger rural settle-
ments Local
145 villages Interfarm

ca 2200 villages
+ 2900 dwelling villages



1 LOCAL CENTRES. NATURE AND NOTION

There are two main approaches to the nature of local centres
as settlement types. All settlements, polyfunctional as well as the
narrowly specialized ones, from district centres to collective and
state farm centres are broadly regarded as local or local economic
centres (S. Kovalyov, V. Yershova, K. Krasnova, V. Drushkova,
N. Schevtsova, et al.). Specific types of local centres include
district centres, additional local centres, economic centres with
different variations (basecentres, specialized centres, etc.). Such
a treatment can be considered to be partly justified, as all the
above mentioned settlements exercise a certain power of attraction
on the settlements of the lower stage. Yet, as a rule, a local centre
can be distinguished as a settlement in its own rights only when
considered as part of a larger territorial unit. B. Khorev has rightly
pointed out that not all settlements that at all possess the required
“central functions” can be classified as local centres, but only those
in which the above mentioned functions are in overwhelming
majority (Xopes, 1968). Hence, it is not correct to view the local
centres as embracing also the district centres which are character-
ized by the administrative, political, economic and other specific
functions within the boundaries of one administrative unit. In the
other, narrower approach, only part of the settlements mentioned
above, namely the polyfunctional local centres are considered as
local centres proper. Also K. SeSelgis, V. Maldziunas and most of
the authorities in settlement planning (in Estonia, Latvia, Lithua-
nia, the Ukraine, etc.) regard such intermediate stages between
the district and interfarm centres as local centres. In this paper we
propose to deal with the local centres in the latter, narrower sense.

Unlike many authors who regard non-productive functions
(servicing of the population) as the primary or sole characteristic
feature of the local centres, we consider the functions of produc-
tion as the basic factor in their development. The specific features
of the local centres are first and foremost determined by the socio-
economic division of labour within the administrative unit. Depend-
ing on that division of labour, this type of settlement has to fulfil
various functions in the sphere of production and servicing, cater-
ing for a definite area in the district. In a way, the local centres
serve to assist the district centres in the fulfilment of certain
decentralized functions.

A local centre is a polyfunctional intrafarm centre whose basic
task is to satisfy the various requirements of the economy and
population of its attraction area. The specific functions of a local
centre include 1) processing of the mineral resources (oil shale,
peat, clay, etc.), timber and agricultural raw materials (wood,
milk, meat), 2) economic and organizational servicing of the area
(the “Agricultural Implements Repairs and Maintenance” (Po6llu-
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majandustehnika), housing construction, road building and trans-
port organizations, communication systems); 3) catering for the
various, mostly periodical cultural and communal needs of the
population of the attraction area.

2. SOCIO-ECONOMIC BASIS OF THE DEVELOPMENT OF LOCAL
CENTRES AND ITS INVESTIGATION

The socio-economic basis of the development of a settlement is
an integral problem and admits of various interpretations. In prin-
ciple, the development of any settlement depends on all the natural,
economic, demographic, historical, etc. conditions present.
Acknowledging the decisive role of the productive forces in the
evolution of a settlement, we cannot overlook the impact of the
settlement itself on the development of its economic branches.
“Towns (settlements), whatever their function, constitute a kind
of capital which cannot remain unproductive”, J. Beaujeu-Garnier
and J. Chabot (1967) have observed. This “Capital” (people and
labour invested in things) finds its application, is synthesized and
reveals itself in the function of the settlement. On account of this
we can study the socio-economic basis of a settlement through the
various spheres of activities or functions of its population.

What is generally meant by the functional structure of a settle-
ment is the whole of its national-economic substructure, although
some authors are of a different opinion, claiming that its economic
base and functions only comprise such branches of economy as
turn out export goods and are thus placed in the service of the
inhabitants of the other settlements as well. The evolution of the
functional structure of a settlement is best viewed as a chain
reaction in which the primary functions contributing to the making
of a settlement are inevitably accompanied by such activities as are
concerned with its servicing. Each function or field of activity has
its “ceiling”, that is to say, its individual need for co-functions
and, accordingly, its characteristic potentiality in the making of
the settlement concerned. It is the above objective factors that give
rise to the functional variety in the settlements and determine the
individual character of every local settlement.

The development of a settlement ranking as a local centre is
not confined to the specific functions it fulfils in its attraction
area. It has a broader national-economic basis. Apart from the local
inter-settlement factors there are also remote links at work in the
making of each local centre. Life has shown that settlements with
plants of merely local importance very soon tend to reach their
ceiling and their growth stops. This is caused by the peculiarities
of the functions and the territories that gave rise to the develop-
ment of these settlements. The rise and development of the settle-
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ments have to be regarded as depending on the territory with
which they are in close contact.

Investigating the development of the socio-economic basis of
the local centres one has to describe several aspects of the func-
tions of the settlements — their structure, links and dynamism.
Owing to the fact that there is no integral quotient to characterize
the functional structure of a settlement one has to resort to the
data concerning the basic funds, or output, or, most frequently,
the figures showing the rate of engagement of the population in
different branches of national economy. In the present discussion
we shall employ a combined method based on the degree of enga-
gement of the local population and the total number of workers.
We presume that 1) the functional nature of a settlement is deter-
mined, first and foremost, by the functional character of the estab-
lishments and the plants located in it. Here we take into account
only the workers employed locally, including also the commuters
who live elsewhere, and excluding the workers of the shops and
departments situated outside the settlement. 2) In addition to the
above, the functions of a settlement are also attributed to what
may be termed as regional fields of activity engaging the popula-
tion of a settlement and often constituting the economic and orga-
nizational basis for the settlement. Owing to the areal dispersion
of the objects of work (in farming, forestry, land amelioration) or
its itinerant character (construction work, transport, road repairs),
such arrangement of work is inevitable. Moreover, the the working
place is usually in the nearest vicinity of the settlement, therefore
such regional engagement cannot be regarded as regular commu-
tation; 3) the functions of a settlement do not include the data
characterizing the engagement of those inhabitants whose place of
occupation is at a distance considerably exceeding the radius of
the regional activities. The latter, the so-called commuters proper
are mostly employed in larger towns, and the settlements we are
concerned with only serve them as dwelling places. The function
of a dwelling place, however, is characteristic of all settlements
and we do not see any justification for singling it out as a specific
separate function in some of them. Very marked outwardly directed
commutation is a sign of scarcity of the national-economic func-
tions or a complete lack of a basis for development on the spot.

Below we shall consider the possibilities and ways of determi-
nation of the peculiarities of the functional structure of the local
centres employed in our Republic. The development of the settle-
ments was found to depend on six branches of the national
economy: 1) industry, 2) transport, building, servicing of roads
and communications systems, 3) “Farm Implements Repairs and
Maintenance”, 4) farming, forestry, fisheries, 5) communal
services, 6) various other branches including administrative, safety
services and special functions, science and the administrative



organization of the district centre. A comparison of the relative
importance of these groups will best bring out the prevailing, basic
functions in the local centres. Yet we cannot confine ourselves to
that, for a mere analysis of the co-existing functions and the
structural relations within a settlement fails to identify it as a local
centre. Here we have to resort to the examination of the territorial
aspect of its functions, that is to say, we have to define the extent
of the area over which these functions are revealed. This is one of
the basic problems in the study of the functions, and also the most
difficult one as it requires an analysis of the productive and non-
productive relations within the settlement. In the given situation
we are first and foremost concerned with the horizontal aspect of
the relations, i.e. with the area of their distribution in order to
determine the role and structure of the specific functions based on
local relations in the settlements under investigation. For this
purpose we distinguish between three groups of territorial links
with their corresponding functions: 1) predominantly intersettle-
ment, 2) comprising part of the administrative district — settle-
ment and its vicinity together with several farms, i.e. local links
characteristic of local centres; 3) links with the whole of the dist-
rict and those reaching outside its boundaries. According to
Z. Dzenis (1973), the local centres are chiefly characterized by
polyfunctional areal close or local links. These are primarily based
on the industry processing the local raw materials, regional fields
of activity and servicing of the population. The longrange connec-
tions of some few enterprises are mono-functional and narrowly
oriented to a few target and starting points. Such links are mostly
peculiar to large independent industrial enterprises connected with
local economy only through the use of its labour power and infra-
structure. As a rule, we only make a distinction between the func-
tions contributing to the making of a setlement and those of the
servicing of the latter. The former group is made up by local and
long-range functions, the latter, by those of a predominantly inter-
settlement scope.

It would be natural to presume that the role of a settlement in
the capacity of a local centre is determined in the first place by
local factors. In local centres, the local functions are the basic
ones, and those based on the long-range links serve to supplement
them. Prevailing intersettlement links show that functionally the
settlement has not. yet reached such a stage in its development as
might enable it to participate in the intrasettlement exchange.
Such treatment will result in summing up what functions combine
to form the attraction area of a local centre, and what functions
belong to the intradistrict level. Of particular significance is the
dynamism of the functions, especially in the prognosis of the future
of the settlement concerned. Yet it is hard to define the nature of
the individual functions without their corresponding temporal
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characteristics. Against the general background of the development
of national economy, we can still divide the functions of a settle-
ment into dynamic and stable ones. It is upon their relations and
nature that the future, i.e. the further growth or stagnation of the
settlement depends.

3. DISTRICT-FORMING ROLE OF THE LOCAL CENTRES

Elucidating the role of a settlement in organizing a districtl
we regard it as a framework filled in by the district. The role of
towns as attraction centres or organizers of districts is widely
acknowledged. In fact, both urban and rural centres are found to
generate districts of lower stages around them. The very notion
of local centre presumes the existence of a certain local territory
with the given settlement in its centre. This territory constitutes
its hinterlands. The hinterlands or the attraction area of a settle-
ment is the territory with a definite system of economic links in
the centre of which is the given settlement developing at its
expense. This area with which the settlement is in immediate con-
tact is also called the area of its economic attraction (Konstanti-
nov), its suburban zone (Knobelsdorf), the area of economic
impact (Pomus), etc.

Settlements, especially those resembling the local centres, owe
their district-forming role in the first place to their economic
attraction. A settlement without an area of attraction fails to exer-
cise an organizing influence over its surroundings. Therefore, in
the opinion of E. Knobelsdorf and J. Leizerovich, it is more correct
to speak of attraction to the settlements, which is essentially their
principal district-forming role (KHo6enbcgopd, 1967; JleiizepoBuy,
1972).

The attraction of the smaller settlements within the impact
area of a local centre to central settlements is due to the greater
socio-economic potentiality of the latter. In a local centre there
co-exist various plants and servicing enterprises, many of them
being unique for the whole of the vicinity. The variety of occupa-
tions in a polyfunctional settlement like a local centre creates
extremely varied links (see pp. 10—11). Of these, only the local
links with predominantly areal distribution possess a district-
organizing role. The system of local relations between the local
centres and their surroundings, which also serves as their district-
forming mechanism, reflects the specific functions of those local
centres. The latter include both productive and non-productive
occupations. Therefore, in order to determine the district-forming
role of a centre one has to study all the local links, which can be

1 B. Khorev suggests the term ‘district-organizing role’ of a settlement
instead of ‘district-forming role’. The former is also preferred by N. Baranski.
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broadly classified as productive and servicing. The links in the
sphere of labour supply are also important. These links can further
be differentiated as covering the spheres of 1) industry, 2) infra-
structure, 3) commerce, 4) culture, 5) communal services, 6) edu-
cation, 7) health services.

Special attention is devoted to the links originating in the
migration of the population (both for occupational and servicing
purposes) and the infrastructure. Their local character is depend-
ent on financial-temporal restrictions (in case of the migration of
the population) and technological-economic conditions (in case of
the infrastructure). In the study of the links within the servicing
sphere on can bring out areas which are concerned with free and
paid services, that is to say, areas that are either controlled or
uncontrollable. Such areas can be planned with great accuracy
(schools, hospitals) or smaller probability (commerce, communal
services, establishments of culture and entertainment). This has
proved to be an important methodological device in bringing out
cases of discordance between the existing state of affairs and the
imposed system.

The hinterlands of a local centre thus develop on the basis of
the variously linked branches of economy whose corresponding
areas seldom coincide. Every sphere of activity has its own definite
operation territory or territories which all combine to form a uni-
form attraction area of the settlement. In the process of manysided
and intensive intercourse, the local centre and its hinterlands get
inseparably linked, so that they can be treated as a territorial
system. This system is characterized by 1) articulation into com-
ponents or elements; 2) a relatively constant linkage of the ele-
ments, which is expressed in its structure; 3) existence as a unique
separate whole at the extrasystemic level. The basic components
of the system are, on the one hand, the local centre, and, on the
other hand, the attraction area with its numerous components
(establishments, enterprises, etc.) These are mutually bound by
intrasettlement links expressed in the regular migration of the
people, circulation of goods and information, etc. The systems that
are heterogeneous by nature, but are joined together into a whole
by such links are termed junction districts by B. Rodoman (1971).
According to him there may prevail relations of distribution,
attraction and exchange in them. Owing to its links of various
nature with other smaller settlements, the local centre with its
hinterlands constitutes a junction district based on relations of
mutual exchange. It is composed of two functional parts, the
servicing district and the serviced one. If these are unequal in
area, we have a district consisting of a servicing central core and
the serviced periphery. Such a smaller governing servicing core
in a micro-district is the local centre, and the larger dependent
territory serviced by the former is its attraction area. As a junc-
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tion district, a micro-district constitutes a taxonomical unit,
a special kind of economic region which results form the division
of a territory with different centres in it according to their respect-
ive spheres of impact. Here one can perceive orientation to the
basic elements in the territorial structure of the economy of the
district, which, as a rule, are the local centre as the largest settle-
ment, and one or two more important roads. This is expressed in
the power of attraction a centre possesses in the centralization of
the socio-economic links and the concentration of the population
and economy in the centre, near the main roads, etc.

To sum up, the role of the local centres in the formation of
districts manifests itself in their economic attraction. The centre
governs, organizes, supplies, caters for its hinterlands, primarily
owing to the specific production and servicing functions of the
local centres.

Most of the works on settlement planning, however, regard
local centres merely as servicing centres of a definite size category,
and see their task in the determination of the optimal community
of servicing establishments and the fixing of their proper servicing
radius. This is based on the presumption that the district-organiz-
ing role of the local centres is confined solely to their servicing
functions, which, however, will lead to the incorrect conclusions of
the notorious theory of “central places”. One cannot agree with the
statement of K. SeSelgis that the micro-districts are predominantly
social in content (LWWswensruc, 1968), and, hence, are to be
regarded as hinterlands with an optimal radius surrounding their
servicing centres.

Our investigation of the settlements in the Estonian S.S.R. has
shown that local centres play a district-forming role both in the
field of production and servicing.
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KOHALIKUD KESKUSED ASUSTUSSUSTEEMIS

E. Tsopp

Reslimee

Asustuse geograafia péaevaprobleemiks on asustussisteemide
uurimine. Vastastikku mo6ju avaldavaid ja funktsionaalselt seotud
linnalisi ja maa-asulaid, mida seob majandusliku aluse Uhtsus ja
thendab territooriumi terviklikkus, késitleme asustussusteemina.
Integraalne asustussiisteem on osadest koosnev tervik, mille kom-
ponentideks on (ksikasulad (linnad, maa-asulad) vO6i nendest
koosnevad alamsisteemid.

Kohalikud keskused paiknevad asustussiisteemis rajoonikes-
kuste ja pdllumajanduslike ettevdtete keskuste vahel. Need maalis-
telt linnalistele Gleminekutlipi asulad on heterogeensemaid asus-
tussusteemi koostisosi nii funktsioonide kui ka demograafilise,
majandusliku jm. potentsiaali poolest. Nende keskuste funktsioone
selgitati Eesti NSV 70 kohaliku keskuse uurimise pdhjal.

Kohaliku keskuse all mdistame polufunktsionaalset majandite-
vahelist keskust, mille pdhillesandeks on tagamaa majanduse ja
rahvastiku mitmekesiste vajaduste rahuldamine. Kohaliku keskuse
spetsiifilisteks funktsioonideks on 1) tagamaal leiduvate maa-
varade ning pdllu- ja metsamajandussaaduste tootlemine; 2) taga-
maa majanduslik-organisatoorne teenindamine; 3) tagamaa rah-
vastiku valdavalt perioodilise iseloomuga kultuur-elukondlike vaja-
duste rahuldamine.

Asula areng kohaliku keskusena ei piirdu Uksnes nimetatud
spetsiifiliste funktsioonidega, vaid toimub hoopis laiemal sotsiaal-
majanduslikul alusel. Asulate arengut uurides tuleb nende funkt-
sioone iseloomustada struktuuri, sidemete ja dinaamika seisu-
kohalt. Kohalike keskuste rajooni organiseeriv osa véljendub
majandusliku tdmbuvuse kaudu. Keskus juhib, organiseerib, varus-
tab, teenindab jne. oma tagamaad eelkdige kohalike keskuste spet-
siifiliste, nii tootmis- kui teenindusalaste funktsioonide baasil.
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MECTHbBIE UEHTPbl B CUCTEME PACCEJIEHNA
3. Tconn

Pe3ome

AKTyanbHOli npobnemoin reorpagum pacceneHus sBnsetTca W3y-
YyeHue cucTem pacceneHus. MNocnefHue NpefcTaBnAalT Co60W LenocT-
Hble AWHAMWYECKUE COBOKYMHOCTM (MYHKLUWOHANbHO B3aMMOCBA3aH-
HbIX W B3aMMOENCTBYIOWMX MNOCENEHUA, 06BbEANHEHHBIX €AWHCTBOM
XO03SINCTBEHHOW OCHOBbI 1 06WHOCTbIO Tepputopun. COCTaBHbLIMU
KOMMOHEHTaMMN WHTerpanbHbIX CUCTEM pacCeneHus ABAAKTCA Topoa-
CKWe W CeNbCKWE MOCENIeHNs WM cOCTaBnfowWmMe MX NOACUCTEMbI.

MpomMeXyTouHOe MEeCTO MeXAy pPaliOoHHbIMM LEeHTpaMuM U Mpous-
BOACTBEHHbLIMW LEHTPAMU CENbCKOXO3ANCTBEHHbIX NPeAnpuATUA 3a-
HUMAlT MECTHble UeHTpbl. Kak nepexofHble NOCeNeHns OT CeNbCKUX
K TOPOACKMM, OHW SIBASIOTCA reTepOreHHOl 4yacTbio CUCTEMbI paccene-
HUS KakK (YHKLUWOHANbHO TakK W B OTHOWEHWW Aemorpaduyeckoro,
3KOHOMMWYECKOro W Ap. MOTeHLKanos.

VicxogHbIM MaTepuanoM ANS npeanaraemMoro coobuieHns aBnaTCS
pe3ynbTaTbl MccnegoBaHnms 70 MeCTHbIX LEeHTPOB 3cToHckoi CCP.

MecTHble LEeHTpbl B HaweM MNOHMMaHWW MNpPeACcTaBAAT Co6oi
NONMNMYHKLNOHANbHbIE MEXXO03AACTBEHHbIE LEHTPbl, OCHOBHOW 3aja-
yeli KOTOPbIX ABASETCA MHOFOCTOPOHHee 06CAyXWBaHUE HYX]
XWHTepnaHga. Cneuynpuyeckumu  QYHKLUAMM  MECTHbIX LEHTPOB
ABna0TCcA: 1) 06paboTKa MECTHbIX MOJIE3HbIX UCKOMAeMbIX, CelbCKO-
X03AWCTBEHHOW NPOAYKLWUW W NIECHOTO CbipbsA; 2) NPOU3BOACTBEHHO-
opraHusaLunoHHoe 06CyXMBaHWEe 3KOHOMUKWM XWHTepnaHaa; 3) yaoBs-
NeTBOPEHUE MEepPUOANYECKUX KYNbTYPHO-6bITOBbLIX HYXJ Hace/leHns
XWHTepnaHaa.

Pa3BuTne nmoceseHWii B Ka4eCTBE MECTHbIX LLeHTPOB He OrpaHuyu-
BaeTCA MX chneynpuyeckumMm ®QYHKUMAMKU, a NPOUCXOANT Ha 6onee
LWUMPOKOA COUManbHO-3KOHOMUYECKOW OCHOBe. [MpW U3Yy4YeHUM OCHOB
pa3sBUTUS MOCENEHUA MUX (PYHKLMWM HYXXHO paccMaTpuBaTb B OTHOLIE-
HUN CTPYKTYpbl, CBA3EA WM AWHAMUKW (YHKUWIA. PailoHOOpraHu3yto-
Wwas pofib MeCTHbIX LLeHTPOB COCTOUT B XO3ANCTBEHHOM TATOTEHUM K
HUM LEHTPOB HM3LWero paHra. MecTHble LEHTPbl PYKOBOAAT, OpraHu-
3YyKT, CHabXalT, 06CNYyXWBAKOT CBOW XWMHTepnaHa Ha 6a3e Mpowms-
BOACTBEHHbLIX M 06CNYXMBalOWMX, NPEUMYLLECTBEHHO CneLudnyeckmnx
0N MECTHbIX LEeHTPOB (DYHKUUNA.
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MEASURING SHAPE IN GEOGRAPHY

U. Pragi

It appears that the shape of areas does mean something to
a geographer. Consequently, it is worthwhile to give some thought
to the investigation of shapes.

In the literature there are three ways of approaching the prob-
lem: coding shapes, measuring shapes and classifying them on the
ground of some measures.*

Coding means fixing a different code number to different
shapes. The problem here is to ascertain the existence of a differ-
ence between twro shapes, the fixing of code numbers is easy while
optional. So far the authors have concentrated on code numbers
and little has been done to ascertain differences. (ByHre, 1967,
Taylor, 1971). We shall not linger long on that approach.

Passing over to measuring, we must first of all state that
shape as such is a quality and can not be measured fully. But, as
any quality, shape has quantitative aspects which can be measured.
These measures are partial and even in there sum they do not
make up the shape, as the sum of quantities never quite explains
the entire quality. But they do explain some aspects of quality,
provide insights into the shapes and hence are useful.

One of the quantities of a shape is its compactness. Geometry
asserts that compactness means to have the minimum perimeter
provided a fixed area or to have the maximum area provided
a fixed perimeter. Thus compactness is relationship between peri-
meter L and area S. So it was defined by Nagel (1835):

But this formula has been used so far either with the indefinite
coefficient Kk or the coefficient is conventionally fixed to unity
(KO. C. ®ponos, 1974). The last convention is not proved or
explained anyway.

* We do not touch upon indices of population, production etc. distribution
inside the shapes.
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To specify the value of k, we must graduate compactness mea-
sure y, which means that we must choose at least two standard
shapes and fix some values of compactness to these standards.
It is useful to choose a circle for the first standard, as the circle
is the most compact shape, and fix the value of y in case of a circle
to unity. The second standard should then be the shape of mini-
mum compactness. Such a shape is a straight line, that is a limit
of real shapes in case the perimeter approaches M and area to O.
As compactness cannot be negative (both perimeter and area are
non-negative), the value of y in case of a straight line should be
fixed to 0. ThusO< y<1 and measuring any real shape we always
are provided with a scale to judge the results.

If the area of the shape to be measured is S and the perimeter
L, then an equiareal circle also has an area S= jtR2 and the peri-
meter P =2nR = 2yjiS. The relation between perimeters of our
shape and an equiareal circle is hence

, 2¥Ynb 0 . VS *
Y= — =2Vit— *

Consequently, if k= 12\/n?M, then

V'= 4 -

The dimension of this equiareal compactness is Vm2:m=0, which
means that the values of compactness do not depend on the sizes
of measured shapes. For example, all squares with any size have
the same value of y' (approximately 0.89).

The twofold definition of compactness permits an alternative
deduction of y by way of equal perimeters. If L= P, that is the peri-
meters of the shape to be measured and a standard circle are equal,
then the area of the standard circle is L2:44 and equiperimetral
compactness

with dimension m2:m2=J2T equiperimetral compactness also does
not depend on the size of shape (V. C. Miller, 1953).

Thus we have two measures of compactness. But this produces
no confusion. Note that y"—y'2 and as always y~O, there is a fully
definite relation between the two measures, they are fully equi-
valent and give always concordant results. The only difference is
in scale. Judging from dimensions, the equiareal compactness has
a linear, the equiperimetral — a parabolic scale. For example, the
equiareal compactness of shape, equally different from both stan-

*

This index has been widely known for a long time. As far as we know,
the first use of it in literature is by Muraveiski (C. [. MypaBelickuii, 1948).
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dards, must be 0.5, equiperimetra] — 0.25. As we see, in case of
relatively compact shapes the equiperimetral compactness y" has
a greater discerning capacity and vice versa.

Although the described compactness index has been known for
a long time, it is not universally admitted by geographers. For
example, Yu. S. Frolov (lO.C. ®ponos, 1974, p. 282) argues that,
first, it does not measure all the quantitative aspects of a shape,
and second, it does not measure compactness at all. We
shall show that the first argument is inaccurate and that second
one is founded on a misunderstanding. Let us begin with the
second argument.

It appears that Yu. S. Frolov uses a different definition of com-
pactness. He says that compactness means some measure of near-
ness between the points of the shape and is opposed to alienation
of these points (FO.C. ®ponos, 1974, p. 282). We prefer to call
such nearness measure massiveness, while we think that it contains
some relations with the size of the shapes. But personal prefer-
ences count for little, if at all in science*. The matter is that the
definition given by Cu. S. Frolov is intuitive, not operationalized,
unable to produce a measure without further specifications. The
definition used by us is an operational one and contains a formula
of shape measure. And that difference between two definitions
should settle the matter, at least, preliminarily.

An intuitive definition, besides not permitting immediate trans-
formation into a formula, is usually indefinite. Proceeding from
such a defnition if we ever come to some measure, the last is
usually somehow deficient: it measures more or less than requested
and measures it sometimes in one way, sometimes in another way.
Such a measure could be useful in situations where no high preci-
sion, adequateness or reliability are needed, it could function as
a provisional solution of a problem or as a step to a more adequate
solution, but not any more. Let us convince ourselves of that on the
basis of some examples.

The Rohrbach index is defined as the mean distance of the
shape (figure) points to its outline (C. Rohrbach, 1890. C. A. My-
paBelickuin, 1948, p. 88):

ff cpdxdy
Yr A dxdy
F
where F is the figure in question, ¢ — the distance to the outline.

First we shall note that practical calculations can be done only
for a sample, a finite subset from the infinite number of points.

* Sufficient to say that L. Ya. Nutenko explicitly requires that a compact-
ness index must measure size. See J1. A. HyTeHko, 1971, p. 127.
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Thus in practice (almost always) the Rohrbach index is a sample
one with certain limits of confidence. These limits seem to be
unestimable at present. Thus we do not know whether our sample
is correct or not.

Moreover, using the theoretical formula, one can show that
squares of various size acquire different values of the Rohrbach
index although their shapes are absolutely identical. Further one
can show that the Rohrbach index sometimes measures size with
the shape and sometimes not, that is, the manner of measuring
shape or size by this index is obscure.

Consider a square with a side length a, situated with the left
lower corner A in the beginning of Descartes’ coordinates so that
two sides of the square coincide with the axes (Fig. 1). The area

Fig. 1

of such a figure is a2 For to calculate the sum of distances, it is
useful to draw square diagonals AC and BD and symmetry axes
MN and PQ. Eight triangles formed thus are congruent and the
sum of distances to the square outline is equal in each of them.
(The reader could easily prove this assertion, we do not present
the proof as it is rather lengthy.) Consequently, it is sufficient to
consider only one of these triangles, e. g. ABO. The distance to the
square outline is x in this triangle and the sum of all distances



Thus the sum of distances in the whole square is a36 and the
Rohrbach index equals a/6. This means that squares of various
size have different Rohrbach indices, g.e.d. at first. But one can
demonstrate, using polar coordinates, that all circles of any size
have the same value of the Rohrbach index. Accordingly, in case
of squares the Rohrbach index measures size, among other things,
in case of circles — it does not. How could we know which quanti-
ties are measured and which not in case of a more complex figure?
The measuring results may be interesting and perhaps even cor-
rect, but they are never reliable, which greatly lowers the useful-
ness of the Rohrbach index.

The Blair and Biss centrality index (D. J. Blair, T. H. Biss,
1967, also HO. C. ®ponos, 1974, p. 290)

Ybb 2.t SfQZdS

(where S is the area of the shape and g — distance of a point from
the centre) is a size measure in case of circles. Let us consider
a circle with a radius R, centered in the beginning of polar coor-
dinates. Then

2n R
i § r2dg)dr = 2@K°
0 O

and
voo = 2 VR

But using Descartes’ coordinates one can prove, that the Blair and
Biss index does not depend on the size of the square, centred in
the intersection of diagonals. Thus the circumstances are the same
as in the case of the Rohrbach index: the measurement results are
unreliable.

The cause of such unreliability is in the empirical nature of
both indices, which are based on intuitive (at least partly) defini-
tions of “compactness” and centrality, and employ trial-and-error
procedures for fixing the values of coefficients.

Always when we are limited to indefinite, obscure, ill-structured
knowledge about a study object, we cannot and should not avoid
the use of empirical measures and models as a first step to a more
adequate solution. The question is: what we know about the shapes
and are we able to make a second step? The author hopes so.

K rather promising avenue of study opens when we consider
all possible shapes as distortions of some initial shape in some
geographic process. Given the process we may restore the initial
shape and vice versa, given the initial shape we may understand
something about the process. The relation between compactness of
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actual and “restored” shape may serve as a measure of shape
distortion: indentation of contours, elongation, twisting, etc. There
are many kinds of distortion. We may hold that each process is
lawful not only in its essence but also in form, that is, each process
is characterized by a certain kind and degree of shape distortion.

Unfortunately, geographical processes are almost uninvestig-
ated in respect of their spatial shapes. We must proceed in the
opposite direction: beginning from the actual shape, try to restore
the initial shape, “smooth down” the distortions. This approach is
quite popular in the literature (C. 4. MypaBeickuin, 1948, JI. A. Hy-
TeHko, 1971, KO.C. ®ponos, 1974). But not knowing the process of
distortion, we cannot choose a correct smoothed shape, where
a certain kind of distortion and only that kind is eliminated. The
matter is that most shapes are in some degree indefinite. The only
fully definite shape is a circle. A regular polygon is indefinite in

its orientation and number of its sides, an ellipse — in orientation
and elongation, a rectangle — in orientation and elongation,
a parallelogram — in orientation, elongation and obliqueness, etc.

The most we can do is to follow a certain arbitrary convention.
For example, if we choose to smooth all shapes to a rectangle, we
may agree that the rectangle is always oriented in a north-south
direction, touches an actual shape with all four sides and comple-
tely includes the actual shape. Then we could calculate the elonga-
tion of the actual shape as the relation of length and width of
a smoothing rectangle, as is often done (see K. K. Mapkos,
O. N. fo6popees, HO. I. CumoHoB, W. Ai CyetoBa, 1973, p. 158—
159). But this procedure obviously does not work in the case of
Japan’s territory. Moreover, does the elongation of the Somali
Republic’s territory make any sense whatever?

There is a procedure for discerning indentation by way of
smoothing the shape (S. Gunther, 1874, 1882, C. [. MypaBeicKuii,
1948). One has to draw tangents to the shape in some points.
A polygon formed by segments of the tangents between intersection
points makes up the smoothing figure. Then the indentation equals
the relation between compactnesses of the actual shape and the
polygon. We would advise the use of equiperimetral compactness
as in that case the relation of compactnesses is reduced to the
relation of the length of the border lines and the measure is applic-
able not only to figures, but also to curves (C. A JlyKbAaHOBA,
H. A. XonogunuH, 1975, p. 51).

This smoothing procedure has a great practical value and just
for that reason we must point out the theoretical deficiency of the
measure. Namely, a smoothed-down convex polygon results not
automatically, by itself, using a floating along the border-line
tangent (as is asserted by Yu. S. Frolov, }O.C. ®ponos, 1974,
p. 287), but only by using a certain sample of contact points where
tangents are drawn. The floating tangent only re-draws the
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original shape. The selection of the contact points is fully arbitrary.
If a researcher possesses extensive experience and takes into
account his unformalized knowledge of matter, this sample may be
adequate and the results usable. But we never can formalize the
rules of such a procedure and therefore it will always be to some
some extent art and not science with all the resulting con-
sequences.

Thus we are forced to give up the exact distinguishing of differ-
ent kinds of distortion and to concentrate on the measuring of the
distortion degree as a whole. Evidently the fully smoothed-down
shape is the circle. As the compactness of the last is unity, the
compactness of the actual shape turns out to be a total measure of
distortion of any kind, though in a backward direction.

Now we are able to correct the argument of Yu. S. Frolov
referred to above (on p. 124). It appears that compactness does
measure all aspects of shape, but in total, jointly, not distinguish-
ing various kinds of shape distortion. And as exactly such distin-
guishing is most interesting to a geographer, since it provides an
insight into the nature of processes, Yu. S. Frolov is right in
asserting the insufficiency of compactness as a shape measure.

We can discern some degrees of distortion although we cannot
relate them with certain processes. Namely, all regular shapes have
a constant compactness, independent of their size and orientation,
which could be calculated and compared to the compactness of the
actual shape. So we can ascertain whether the degree of distortion
of some shape is greater, equal or lesser than, e. g. the degree of
the distortion of a square. Unfortunately, the great majority of
shapes are more distorted than even the most distorted regular
shape — a triangle. Only in few cases we get results when
applying this approach.

Let us also say some words on the classification of shapes.
Here the following procedure is applied (D. R. Lee, S. G. Thomas,
1970, W. A. V. Clark, G. L. Gaile, 1973). Some standard shapes are
chosen and some of there quantities measured. Then the same
quantities of the shapes to be classified are measured and the
results compared to the values of that measure in case of a stan-
dard shape. An actual shape is classified to that standard one,
where the difference is the smallest. As we can see, the procedure
realizes a qualitative classification of shapes.

The goodness of results depends first of all on the adequate
sample of standard shapes. They must be representative of numer-
ous actual shapes and be well discernible. Their differences should
be approximately even. And there should not be too many stand-
ard shapes. Nothing to say about the awkwardness of a classificat-
ion with too many classes, the measures used are more often than
not empirical, that is rough, approximate, not fully reliable. If
there are few well-discernible classes, the deficiency of measures
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most likely does not exerts an influence on results. If classes are
numerous and similar to each other, serious errors are probable.

As we see, the classification of shapes is in some degree
independent of the measuring problemes. But only in some degree.
The improvement of measures makes possible more detailed
classifications, distinguishing between more similar shapes and
therefore improves even the coding of shapes. Exactly as shape
links inseparably together quality and quantities, so are all three
approaches to shape investigation related.

CONCLUSION.

There are three interdependent approaches to shape research:
coding, classifying and measuring shapes. Shape is a quality,
only its quantitative aspects can be measured. Compactness mea-
sures the total distortion of shape in all possible processes causing
that distortion, among them ungeographic ones. The distortion
degree can be calculated also in relation to regular polygons. All
other shape indices are empirical, theoretically deficient, and may
cause confusion. But some of them may be very useful if used
reasonably, allowing for their limited reliability and taking into
account unformalized knowledge of the matter.
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VORMI MOOTMISEST GEOGRAAFIAS
U. Pragi

Reslimee

Eksisteerib kolm omavahel seotud l&dhenemist geograafiliste
objektide vormide uurimisele: kodeerimine, md6tmine ja klassifit-
seerimine. Vorm on kvaliteet, md06ta saab ainult selle kvantitatiiv-
seid aspekte. Vormi kompaktsus on tdpne ja tUhene moodt, mis Kir-
jeldab antud vormi summaarset moonutatust kdikvdimalikes (seal-
hulgas ka mittegeograafilistes) protsessides, voOrreldes ringiga —
kdige médaratletuma vormiga. Kdik teised vormi indeksid on empii-
rilised, teoreetiliste puudujdédkidega, vodivad tekitada vasturédéki-
vusi. Ent mdned neist (nditeks kontuuri tasandamisel pdhinevad)
vOivad osutuda vdgagi kasulikeks, kui ei unustata nende piiratud
usaldusvéérsust ja vdetakse arvesse mitteformaliseeritud teadmisi
uurimisobjektist. Neile md6d6tudele tuginev vormide klassifitseeri-
mine peab siiski jddma vordlemisi vahedetailseks.

Ob MSMEPEHNUWN ®OPMbl B TEOITPA®UNA
Y. TMparu

Peswme

CyliecTByeT TpM B3aMMOCBA3aHHbIX MOAX0Aa K W3YyYeHU0 (hopMmbl
reorpamyeckmx 06BLEKTOB: KOAMPOBaHWE, WU3MepeHMe U Knaccugpu-
Kauusa. dopma SBNAETCA KA4YeCTBEHHOW CTOPOHON 06beKTa M M3Me-
pUTb MOXHO TO/MbKO €€ KOAMYEeCTBEHHble acnekTbl. KOMMaKTHOCTb
hopMbl — TOYHas M OAHO3HauyHas Mepa, ONWCbIBaKOLWas CYyMMapHYHo'
MCKaXXeHHOCTb AaHHOW (hopMbl MO CPaBHEHMWIO C KPYrom — Haubonee
onpeaenieHHOl reoMeTPUUYECKO (Urypoil B pe3ynbTaTe BCEBO3MOX-
HbIX, B TOM u4ucfne U Hereorpauueckux npoueccoB. OcCTanbHble
MHOEKCbl (POPMblI SIBASKOTCA 3MMNUPUYECKUMU, KOTOPbIM CBOMCTBEHHO
TeopeTMyYecKoe HEeCOBEPLUEHCTBO, WM WX WCNOMb30BaHWE MOXET npu-
BECTM K MpPOTMBOpeYMo. Ho HekoTOopble M3 HUX (Hampumep, MCMOJb-
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3yloUmne CcrnaxuBaHue KOHTypa) MOTyT OKasaTbCSl MOJIE3HbIMU, €CAU
He 3a6blBaTb 00 UX OrpaHUYEHHOM [OBEPUTENBHOCTU U y4YecTb Hedop-
MaNnn3oBaHHble 3HAHWA 006 06beKTe M3yyeHUs. Bce e Knaccuduka-

umMs qopm, onuparolwascs Ha 9TU Mepbl, AOMKHA OCTaTbCA CPaBHM-
TeNbHO ManofeTanbHOMA.

131



PRACTICAL APPLICATION OF THE BASIC
PRINCIPLES OF NATURE STUDY PATHS IN RECREATION
AND NATURE CONSERVATION AREAS
OF THE ESTONIAN S.S.R.

J. Eilart

The practical application of the basic principles of nature study
paths has become an important means for regulating the load of

visitors to the recreational and nature conservation areas in the
Estonian S.S.R. The same principle is also being widely and
successfully used in many other countries (Eilart, 1964; Grosser,
1965; Komarkova, 1967; Bauer, Weinitschke, 1967; Pacanovsky
a kolektiv, 1967; Information for Visitors to the KrkonoSe National
Park, 1967; Yellowstone National Park, 1967; Flynn, 1969; National
Parks in Japan, 1969; Haapanen, Mikola, Tenovuo, 1971, etc.). The
huge capacity for visitors in the National Parks of Japan, for
example, results directly from the extensive practical application
of the prerequisites of walking on nature study paths. In the Tatra
and KrkonoSe National Parks of Czechoslovakia, nature study
paths have been laid out very methodically and thoroughly. The
same principles are successfully applied in John Muir’s sequoia
stand, in the marshes of Canada, the Algonquin Provincial Park
and other places.

In the Estonian S.S.R. several nature study paths have been
projected and some even partially laid out for the first (1962) under
the general guidance of the Chair of Physical Geography of Tartu
State University and the Nature Conservation Society of Estonia
(Eilart, 1972; 2nnapt, 1973, 1975), where detailed general ground
rules for this field have been elaborated not only on the basis of
experience gained in the field in other countries, but also on the
basis of local prerequisites. The Tartu Students’ Nature Conserva-
tion Circle has greatly aided the actual setting-up of several nature
study paths. The Alatskivi nature study path was actually laid out
on the Nature Conservation Day of Tartu State University.

The length of the planned paths or their systems varies from
4.2 km (Kédsmu) to 43 km (Komi National Park), this being
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dependent upon the nature of the landscape and the possibilities
of traversing the path. The longest path-systems have been
projected by our explorers in unpopulated territories (Komi
A.S.S.R.) where the very distance between the path’s starting and
termination points dictates the necessity of planning numerous
observation points. It is assumed that in future there will be still
longer path-systems (e.g. Lahemaa National Park), as a result of
combining already existing systems (e. g. K&smu—Viitna, Muuk-
si—Pudisoo—Parlijoe, N&mmeveski—Joaveski—Palmse, etc.). Of
course, in such a situation it would be essential to preserve the
autonomy of paths that acquaint one concisely with the features of
the entire territory, i. e. the so-called minimum paths. Contingent
on the period and the hindrances faced in transversing it, this
minimum path should be fully representative of the existing possi-
bilities of recreation or conserved species. The Paganamaa path,
which was drafted at to republican meeting of the Estonian Nature
Conservation Society, can, in this light, be considered a typical
path and a model for the projects of the majority of later pahts.
There exist a 5.7 km path variant and a 10 km path variant. One
of these, an account of points of interest, etc. is simply a “must”
for nature-fans, whereas the other would be considered optional.
A special Raadi observation tower enhances its value.

Let us examine the following methodological and basic prin-
ciples for paths.

1 On the one hand, nature study paths guarantes preserva-
tion of the laid-down system and regulate the extent of use of the
given areas, whereas on the other hand, they are a means of intro-
duction to the dierse features of the nature of the area.

2. The nature study paths are meant first of all to be covered
on foot. They should also be well-suited to the landscape and
should consist of trails suitably marked to facilitate hikes. It
should also be easy to cross-check these trails.

3. The paths do not only consist of sights worth seeing, but
should also acquaint one and provide information about the
general sights of the natural habitat, the species of the flora and
fauna and associations of the given area.

4. The paths should form a suitable unit having a uniform
numbering system for all points, different variations of each being
differing lengths, difficulties in traversing them, and a varying
total number of observation points on each.

5. The shortest part should acquaint one with, logically and in
proper sequence, the most characteristic spets of the entire area.

6. A general map of the various tracks, where all observation
points of the habitat are indicated number-wise, and particulars

about the length of each individual part given, should be provided
at the starting-point.
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7. The shown tracks should be easily visible, at the same time
they should be laid out in harmony with the surrounding nature.
Besides numbered points about which accurate information is
available, guiding marks and indicators are utilized. Their colours
are different for alternative paths.

8. Study path routes should be not noly informative, but also
such as to offer emotional stimulation. Attention should per-
ticularly be directed towards lovely views. The views should be
improved, if necessary, by felling parts of the forest.

9. The study path routes should desirably lead back to the
starting-points. In case of availability of general transport routes
the paths could be planned in such a manner that they begin and
end at different points.

10. In addition to durable indicators and weatherproof
explanatory boards, it is also desirable to use seasonal signa,
depending upon the process of phenological growth in the area.

11. The study paths should not be constructed very fundament-
ally from the point of view of the materials used for their construc-
tion, but in such a way as to preserve their natural appearance in
spite of the fat that it might be essential to improve the paths
partially (log-tracks in bogs, tree-trunks across streams, stones in
watery hollows, etc.). Materials and means which preclude pollu-
tion and spoilage of the environment should be used (marked sites
for littercans gathering or taking away of objects prohibited, etc.).

12. Permanent resting sites, camping, parking and camp-fire
sites should normally be located away from the track system,
advisably in the vicinity of their starting-points, where depending
upon needs and available possibilities, additional services could
be provided and check-points arranged.

13. Plans of nature study paths should make provisions for
reserve trails, so that whenever necessay, some portions of the
regular tracks could be given a “rest”, also so as to facilitate the
maintenance and restoration of the regular tracks.

Different types of nature study paths have been methodically
developed and laid out on these principles. Besides the common
type of paths special-purpose paths (ornithological and paths
exploring marshes in the Lahemaa National Park) have made their
debut. Although ideally the paths should be traversible in both
directions (increasing and decreasing numner-wise) a major
difficulty in planning a path is due to the very fact that the inform-
ation to be obtained on the path should be available in the right
sequence. The study path should not lead one to a point, comp-
rehension of which presupposes a knowledge of other (later)
points. The general information about soil structure, relation
between different elevations, history, etc. should precede detailed
scientific explanations. From this standpoint, the main sequence
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of points on the Puhajdrve—Munamée track is not a success. The
Kdrvemaa—Tammsaare track and the track passing through the
Koérvemaa marshes has been inadequately set up, etc. On some
paths information provided for observation of nature is insufficient.
So also the information concerning the seasonal changes in nature
is rather inadequate.

In summing up the methodology of the nature study paths we
should once again like to draw attention to various experiences of
landscape conservation, of scrupulously abiding by the precedures
set up. and of regulation of the volume of visitors. Being aware of
the fact that excessive trampling could lead to the degradation of
species may continuous full loads even to their destruction, differ-
ent researches have attempted, in the first place, to formulate
standards about the total number of persons who may simulta-
neously visit a landscape with a given type of association. Such
investigations are highly essential in order to obtain a proper pers-
pective of the anthropogenic dynamics of the landscape; however,
they are of less assistance in the actual work of landscape con-
servation, in guaranteeing the proper implementation of the set
procedures and in the regulations of the extent of use.

The very principle of the creation of nature study path is to
enable proper direction of visitors. Hence the most visited areas
can be made use of only with the aid of nature study paths. By
accurately planning the capacity of the parking lots'at the starting
points, camping sites, etc. and by instituting a system of souvenir-
passes for visitors, it might be relatively easy to regulate the
general volume of visitors. And this really is the only means of
preserving the landscape, preventing the spoilage of nature, and
facilitating relatively undisturbed enjoyment of nature and learn-
ing to understand it. The hills also provide favourable conditions
for rope-ways which enable a higher frequency of visitors.

The system of the paths should be planned in such a manner
that there would be a minimum of damage to nature. The pos-
sibility to block off any given portion of the path should exist so
as to facilitate restoration. For example, for keeping out of sight
unique relics or consciously planning the paths for species which
can easily tolerate interference from various exterior factors (for
example eagles, Margaritana margaritifera, Pteromys volans,
Ursus arctos, etc.), the security of the most ecologically sensitive
species of the ecosystem is guaranteed. At the same time the
visitors assume that well-marked paths containing a large volume
of information are meant to enable everyone to visit the most
exciting objects in nature. It is generally known that restricting
signs cause unpleasant reactions, in fact, even special curiosity
amongst those who regard themselves as having the right to go
everywhere in nature. Nature study paths solve these complications
in a psychologically admissible manner. The extent of the damage
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caused through the paths depends in a certain measure on the
surface, which should be, so to say, artificially strengthened (log-
tracks in the bogs, stones on the slopes, etc.). This should, as far as
possible, be done in a manner, that is in harmony with nature.
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LOODUSE OPPERADADE POHIPRINTSIIPIDE
RAKENDAMINE EESTI NSV PUHKE- JA
KAITSEALADEL

J. Eilart

Reslimee

Artiklis késitletakse looduse Odpperadasid kui {ht véimalust
kilastajate koormuse reguleerimiseks puhke- ja kaitsealadel. For-
muleeritakse looduse Opperadade rajamise pohilised printsiibid
ning ndidatakse nende rakendamise vOimalusi. Tutvustatakse
Eesti NSV puhke- ja kaitsealadel looduse Opperadade rajamisel
senini tehtud tdédd ning eelseisvaid Ulesandeid.
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MPAKTUNYECKOE MNMPUMMEHEHWME OCHOBHbBIX MPUHUW-
NnoB MPNPOAHO-YYEBHbLIX TPOIMN HA PEKPEALMOHHbIX
Y OXPAHAEMbIX TEPPUTOPUAX ICTOHCKOW CCP

A. JnapT

Pesome

B cTatbe paccMaTpuBalTCA NPUPOAHO-Y4YeOHble TPOMbl, Kak 04Ha
M3 BO3MOXXHOCTEN perynupoBaHus MOCEeWwaeMoCTU peKpeaLuoHHbIX U
OXpaHsfeMbIX TeppuTOpWMil. [alTcsd OCHOBHble MPUHLWMNBLI OpraHu3a-
LUK cucTeM NPUPOAHO-YyUYeBHbIX TPOM, a TakXe BO3MOXHOCTM UX Npu-
MeHeHus. XapakTepusylTca npogenaHHas paboTta W npegcToAwme
3afiauy no opraHu3aunmyM NPUPOAHO-y4YeOHbIX TPOMN Ha peKpeaLnOoHHbIX
N OXpaHAeMbIX TeppUTOpPUAX ICTOHCKon CCP.
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PUPILS” ATTITUDES TO DIFFERENT METHODS
OF TEACHING AND FORMS OF WORK
USED IN LEARNING GEOGRAPHY

A. Benno

Teaching in itself is a joint activity of both the teacher and the
pupils. The greater the mutual understanding that exists in it, the
better are the results. The material to be taught is provided for in
the syllabus. How well the pupils acquire it depends greatly on
their previous knowledge, skills, habits and attitude to work. The
last factor plays a particularly important part in the success
achieved in instruction. A contented and interested attitude to
learning creates a positive emotional background that influences
the results of work. In the Soviet Union the pupils’ attitudes have
become an object of research only recently. J. Ots (1972), for
example, has studied the pupils’ preferences for the different types
of exercises in teaching Russian. V. Ennulo (1975) has been
interested in the factors having an effect on the children’s attitude
to their school. K. Tarro (1975) has dealt with the pupils’ attitude
to different activites. U. Kala and H. Liimets (1974) have studied
the pupils’ attitudes to several objects connected with the activi-
ties in learning. The discussion of the problem in the present paper
has been influenced by all the studies mentioned above.

1) What kind of methods and organizational forms of inter-
action are preferred by pupils and teachers respectively in acquir-
ing different knowledge of and skills in geography.

2) What connection is there between the methods and forms
of interaction most frequently used by the teacher and the prefer-
ence of the pupils for some of these methods? The pupils’ positive
attitude towards the use of a certain teaching method or form of
work most likely contributes favourably to the acquisition of
knowledge. Their negative attitude, however, brings about a dis-
taste for the subject which, no doubt, has its effect on the result
of work. That is why the teacher should know his pupils’ opinion
of their attitudes to the subject so that he could better organize his
own activities.
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In order to limit the extensive material the present paper is con-
fined only to the work at lessons. From the methods’ point of view
it is based on questionnaires. The latter were drawn up after
some survey was obtained of the classification of teaching methods
and forms of work employed in class.

TEACHING METHODS AND FORMS OF INSTRUCTION

All teaching is connected with the use of one or another teach-
ing method. Different scientists have proceeded from different
aspects of teaching in defining teaching methods N. M. Verzilin
(Bep3unuH, 1957) and V. F. Shalayev (LWanaes, 1954) consider
the teaching method as a device or way by means of which the
pupils are given knowledge and the acquisition of it as a whole
by the pupils. N. N. Kuzmina (Ky3amuHa, 1970) and T. A. llyina
(MnbnHa, 1969) in their turn regard teaching methods to be devices
used by the teacher in his activity. In the opinion of I. T. Ogorod-
nikov (OropogHukos, 1968) and B. P. Yessipov (Eccunos, 1968)
teaching methods are the devices of both the teacher’s and pupils’
activities and they are aimed at the solution of tasks given during
tuition.

The Soviet “Pedagogical Encyclopedia” characterizes teaching
methods as the ways of work used by both the teacher and the
pupil, which help to acquire knowledge, skills and experience to
form the pupils’ world outlook, to develop their abilities (1965,
p. 813). The same idea is expressed by A. V. Darinsky (JapuHckuia,
1966) in his book dealing with the teaching methods of geography.

So far there is no consensus of opinion as to the classification
of teaching methods either in pedagogical literature or in publica-
tions on methods. A many-sided review of different trends is given
by Z S. Kharkovsky and R. G. Tchurakova (XapkoBckuii, Yypa-
koBa, 1973). E. J. Golant and N. N. Kuzmina (lMegaroruka, 1966;
KysmunHa, 1970) think that the basis of the classification is the
source from which the pupils get their knowledge. The word,
audio-visual aids and the practical activity of the pupils make up
that source and according to these component 3arts they differ-
entiate three types of methods:

1 Verbal methods: the teacher’s narration, explanation, work
with the book, lecture.

2. Visual methods: demonstration, independent observation,
excursion, demonstration of tables and the analysis of them by the
pupils, demonstration of slides, models and other visual aids.

3. Practical methods: oral exercises, exercises on teaching
machines, written papers, drawings, cartographic and laboratory
work, solution of problems.

Teaching methods have been grouped in a similar way also in
the literature on the methods of teaching geography ([JapuHCKuii,
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1966, c. 68; MeToguka 0b6y4yeHus reorpagumu B cpegHein wkone, 1968
c. 222).

Such a division is evidently rather conventional. It is based
not on the manner of work but on the sources of knowledge. The
demonstration is always accompanied by the teacher’s narration
or explanation; independent observation, however, is purely the
pupil’s activity firmly linked with laboratory work.

T. A llyina (WnbuHa, 1969) is of the opinion that the guidance
of pupils’ cognition by the teacher forms the basis of the classifica-
tion. Proceeding from that the author distinguishes five groups of
methods:

1) methods of the preliminary acquisition and consolidation of
new knowledge; dialogue, work with the text-book and book,
demonstration, laboratory work and experiment, methods of drill
and revision;

2) methods for providing new information: explanation, narra-
tion, school lecture;

3) methods for working with technical aids;

4) methods for checking;

5) methods of programmed teaching.

But here, too, one can find contradictions. Technical aids and
programmed teaching are used both for the acquisition and
imparting of knowledge. Through the dialogue the pupils do not
only acquire new information but the teacher also imparts it to
them, etc.

M. M. Levina divides the methods of teaching into two groups:
a) informative methods by means of which the teacher gives the
pupils some new knowledge, b) organizational methods to guide
the pupils’ cognitive activity (JleBuHa, 1974, c. 60).

In the syllabus of pedagogy for the Tartu State University the
following classification of teaching methods can be found:
1) methods of the teacher’s presentation (oral presentation*
demonstration); 2) dialogue; 3) methods used by the pupils in
their work (work with a book, exercises, observations, experiments,
practical and laboratory work (1972, p. 8). The activities of both
the teacher and the pupils and their mutual integration are taken
as the basis of the classification. One part of them is the methods
used by the teacher. They are usually accompanied by the pupils’
active work. The other half of them deals only with the pupils’
activities which the teacher in most cases does not directly part-
icipate in. During the dialogue the activity of the teacher and
that of the pupils constantly alternate.

The choice of methods for the lesson depends first and foremost
on the didactic aims and the educational pursuits of the school.
N. K. Krupskaya writes that the choice of methods depends on what
is being aimed at — whether to bring up a slave of capitalism or
a conscious, independent member of socialist society. In the latter
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case all scientific achievements should be used to teach children
to think independently, to act collectively and in an organized way
(1969, p. 70). The choice of methods is largely due to the contents
of the material to be taught. It would be useful to teach some parts
of school geography employing narration or school lecture, another
part by using maps, etc.

The pupils’ age, their level of development, their former experi-
ence and several other factors must be taken into consideration as
well. Usually it is not only a single method that is used in class
but their various combinations. That helps to make the pupils more
active and retain their attention.

The contents of instruction, its didactic tasks and teaching
mehtods are realized in its organizational form which in our
schools is mainly the lesson. Proceeding from the pupils’ activities,
H. Liimets (1970, 1972) groups the forms of instruction used in
class as follows: 1) work with the whole class, 2) individual work,
3) group work (universal and differentiated), 4) collective work.
When educationalists are mostly of the same opinion how to define
individual work and work with the whole class, then the cha-
racterization of collective, especially group work, has often caused
misunderstandings. The most frequently occurring mistake is that
group work is considered as individual teaching within the class
(Golant, Yessipov, 1970). Defining group work H. Liimets points
out that it is such a form of instruction in which the class is divided
into groups of 3—8 members to fulfil one or another task. The task
is given to the group and not to any individual pupil. The work
is planned by the group as a whole, consequently the intercom-
munication of the members of the group can be taken for granted
(1970, p. 839; 1972, p. 5).

Different forms of work have different didactic and educational
possibilities. The use of various forms of work in class creates
conditions for making learning more interesting and the acquisi-
tion of knowledge more collective. Such tuition enables us better
to take into account the individual peculiarities and abilities of the
pupils and to carry out the educational tasks of the school.

I M. Tcheredov (Yepegos, 1970, 1973) has given examples
how various forms of work can be combined at the lesson consider-
ing the individual differences of the pupils.

E. Sepa (1972, 1975) has described the combination of different
forms of work in teaching mathematics.

The part of group work played in the formation of an integral
process of study is characterized by H. Liimets in the following
way: “Group work seems to occupy a specific place in the inter-
relation of the forms of work. But it cannot exist alone, without
other forms of work. In any case it presupposes their existence.
It appears to have an integrating effect on the whole complex of
work forms” (1972, p. 8).
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PUPILS’ PREFERENCE FOR DIFFERENT
FORMS OF WORK AND TEACHING METHODS

On the basis of the classification of teaching methods and
principal forms of work, simple and understandable questionnaires
were drawn up in order to find out what kind of teaching methods
and forms of work were preferred by the pupils of different classes
at geography lessons.

Pupils of the 6th, 7th and 8th classes of Tartu Secondary
Schools Nos. 3, 5 and 10 and Viljandi 8-year School No. 4 were
questioned. The number of those who answered amounted to 294
(in the 6th class — 41; in the 7th — 122; in the 8th class — 131).
The questioning was carried out in the school-year of 1973—74
and in the second and third quarters of the 1974—75 academic
year. The questionnaires had to be provided with the pupils’ names
and the conditions for carrying them out were the same in all
schools.

The questions could be divided into four groups which included

from the pupils’ point of view the chief aspects of teaching geo-
graphy: 1) How do you like to learn the subject best of all? 2) How
can you easily memorize geographic notions? 3) What is the most
convenient way to learn themes of greater difficulty? 4) How to
iearn map reading? Out of the possibilities given in the question-
naire 1—2 could be chosen by the pupil in case he considered them
equal. A survey of the results for all the classes is given in Table 1
To facilitate the comparison of the results the data are presented
in percentages.
As we can see geography is considered a narrational subject by the
pupils as well. In all the classes the teacher’s narration and
explanation made up nearly half of the possible choices (in the 6th
class — 54%, in the 7th — 41 %, in the 8th — 48%). These methods
are particularly preferred by the pupils in learning geography in
general (geography is the favourite subject) and in the acquisition
of the more difficult parts of the subject. The former shows clearly
the pupils’ attitude to geography as a subject. Quite understand-
able is that the teacher’s help and explanations are needed in order
to comprehend the more complicated problems. Pupils in the 6th
class prefer the teacher’s narration and the dialogue even in learn-
ing geographic notions and map reading. The same methods used
for the same aims are considerably less preferred in the 7th and
8th classes.

Computation shows that the difference between preferences is
statistically essential only when it amounts to 18—20% (t> 2).
Taking that into account, it becomes clear that the pupils of the
7th class attach remarkably less value to the teacher’s narration
and explanation in learning geographical notions than those of the
6th classes. In the 8th class the difference is smaller but
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approaches reliability (t= 1.6). Pupils of the 7th class choose the
teacher’s narration considerably less frequently in learning map
reading, preferring work in groups of 2—3 pupils. The question
about map reading was left out of the questionnaire for the
8th-class pupils.

Independent work ranks second in the pupils’ preferences. The
olny exception is the 7th class which is more interested in group
work. Quite according to expectations the importance of independ-
ent work showed an increase hand in hand with that of the
pupils’ age. The difference is not statistically significant between
any of the classes. The pupils of the 8th class, in particular, like
independent work in learning geographic notions. The percentage
of preferences is noticeably above the mean of the class (differ-
ence 21%). In the 8th class a new part of the geography course
begins — economic geography of the Soviet Union. In connection
with the new syllabus and text-book the number of notions is
abnormally large in this class and that their acquisition requires
serious work has been evidently grasped by the 8th-class pupils

Independent work was preferred by the 6th-form pupils most of
all in learning map reading. That is understandable because the
acquisition of geographic nomenclature and its association with the
map requires quite definitely more individual or joint training.
From the statistic point of view the 7th-class pupils have regarded
work in 2—3 member groups while learning map reading as
essentially more appropriate.

Differences between schools likewise offered some interest. The
answers of the 7th-class pupils were studied just from that stand-
point because the number of pupils was larger there and they were
from different schools. Results according to schools are given in
Table 2

It turns out that differences between schools are big enough.
As before, the teacher’s narration and explanation have been pre-
ferred most of all. The school in Viljandi, however, is the only one
where preference for these methods shows an overwhelming pre-
valence. The pupils of Tartu Secondary School No. 3 have been in
favour of independent work. The difference between the teacher’
narration and the preference of independent work, however, is not
great (t=0.7). Tartu Secondary School No. 10 is conspicuous for
its extremely even (similar) preferences. In comparison with other
classes, pupils in that school prefer working in groups of 2—3
members on all the parts of the geography course pointed out in
Table 1 The reason may be in the fact that pupils know group
work because this form of work was used experimentally in that
class during the previous school-year when teaching a new theme
It is interesting to note that the dialogue plays only a modest part
in all the classes, although it is rather often used in teaching

geography.
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Table 2

Assessment of Different Teaching Methods and Forms of Work by the 7 th-Class

Part of geography course
its contents

and

What kind of geography lessons
are liked most of all?

What way

complicated
ject?

Geographic
memorized

of learning helps
better to understand the more

parts

notions

of the sub-

are better

Total:

T.3
T.10

Pupils of Different Schools
Data given in percentages

Teacher narrates

: . Independent Working in groups
and explains the Dialogue work of 2—3 pupils
material
Schoo s
\% T3 T.10 \ T3 T.10 \% T.3 T.10 \% T3 T.10
56 48 59 3 16 13 5 20 7 7 16 21
76 47 38 5 10 15 12 34 12 3 9 35
29 31 16 9 12 13 33 50 37 24 7 34
47 35 31 7 n 17 16 46 25 16 8 27
— Viljandi 8-year School No. 4

— Tartu Secondary School No. 3.
— Tartu Secondary School No. 10.



In order to make possible a comparison of actual tuition in
schools with the pupils’ wishes, 23 geography teachers were asked
to fill in the questionnaire. Results in percentages are presented
in Table 3. In teaching geography teachers make most use of
narration and explanation. The pupils are evidently accustomed to
these methods because the majority of them consider them to be
the best way of learning geography. On the other hand, the pre-
dominating use of these methods by the teachers may have influ-
enced the pupils’ preferences. The dealogue occupies the second
place among the methods enumerated by the teachers. Pupils, how-
ever, show little interest in it. As a rule, the dialogue in class is
onesided — the teacher asks questions and the pupils answer them.
In case of a big class, it is obvious that the role of a single pupil
remains modest and he does not gain much profit from it. Group
work is used by the teachers very seldom, but the pupils’ assess-
ment of it is high enough. In teaching different parts of the sub-
ject the biggest difference appears to lie between learning and
teaching geographic notions. According to the teachers, the best
suited methods are narration and explanation, the pupils, however,
do not prefer them to the other methods. The pupils of the 7th and
8th classes think altogether that the most fruitful way to learn
geographic notions is to do it either independently or in 2—3
member groups.

Table 3

Teachers” Assessment of Different Teaching Methods and Forms of Work
(in percentages)

Narration

Part of the subject } . Independent

and its contents and tL;;(rﬁ)lana Dialogue work Group work
Most often used methods
in teaching geography 44 34 20 2
Methods used in teach-
ing more difficult themes 44 28 28 0
Methods preferred in
teaching notions 64 18 18
Teaching map reading 18 39 36 7.2

Total: 42 25 24

To sum up all the above said one can conclude that geography
is considered to be a narrational subject by both the teacher and
the pupil. Besides the teacher’s narration and explanation the
pupils think highly of both independent work and work in groups
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of 2—3 people. The teachers in their turn like the dialogue better.
In the pupils’ preferences the dialogue stands at the end of the
list. In the conditions of big classes this method most likely gives
very little to a single pupil. The number of people who participated
in the experiment is too small to draw more definite conclusions.
Nevertheless, certain tendencies can be seen even in the obtained
results. The dialogue should be employed rather modestly, espe-
cially in senior forms. More attention ought to be paid to group

work because so far it has been neglected. The pupils, however,
want to work together.
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OPILASTE HINNANGUD ERINEVATE OPPEMEETODITE JA
TOOVORMIDE KOHTA GEOGRAAFIA OPPIMISEL

A. Benno

Reslimee

Opetamine koolis on dpilaste ja dpetaja Ghine tegevus. Uksteise
parem mdistmine avaldab seetdttu kahtlemata mo6ju ka Oppetdd
tulemustele. Seepdrast on viimasel ajal hakatud uurima Opilaste
suhtumist mitmetesse dppetddga seotud kisimustesse.

Artikli esimeses osas antakse Ullevaade Opetamise meetodite ja
Oppet6d vormide klassifikatsioonist. Teine osa kasitleb ankeet-
kusitlusel saadud andmeid Gpilaste suhtumise kohta mdningatesse
dppemeetoditesse ja tdd vormidesse geograafia Opetamisel. Neid
vOrreldakse Opetajate kusitlemisel saadud andmetega selle kohta,
milliseid meetodeid ja toovorme nad enam kasutavad.

Ilmneb, et geograafiat hinnatakse koolis nii dpetaja kui Gpilaste
poolt jutustavaks 6ppeaineks. Opetaja jutustuse ja seletuse jarele
asetavad Opilased individuaalse iseseisva t60 ja t60 koos 2—3
kaaslasega, Opetajad aga vestluse. Opilaste valikutes jaab vestlus
viimasele kohale. Kindlamate jarelduste tegemiseks on kusitlusega
haaratud isikute hulk liialt vaike, vGib aga arvata, et see siiski nai-
tab kindlate aspektide kujunemist.

OTHOWEHWME YYEHMWKOB K PA3JIMUHbBbIM METOAOAM WU
POPMAM PABOTbI TP OBYYEHWUW TEOIMPA®PUU

A. BeHHO

Pe3wome

LUkonbHOoe 06y4yeHWe — 3TO COBMECTHOE 3aHfTWe Yyuyalxucs u
yuntens. MoaToMy xopollee B3aMMOMOHMMAaHWE HECOMHEHHO OKa3bl-
BAeT NOMOXMUTENbHOE BAUSHWE Ha Pe3ynbTaTbl 00ydyeHUs. Mcxoas u3
3TOro B MOC/efjHee Bpemsi BCe LUMPE MNPOM3BOAUTCH WUCCef0BaHUe
OTHOLUEHUS yYalyMXcs K BOMpocam 06yueHus.
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B nepsom pa3sgene crtatbuM fJaétca Knaccudukauus MeTOAOB U
thopm 06yuyeHusa. BTopoii pa3gen MNOCBAWEH W3YYEHUKO OTHOLWEHWUS
yyalmnxca K HEKOTOpbIM MeTofam W opmam npenofjaBaHWs reorpa-
vy no oTeBeTaM Ha aHKeTy. [loflyyeHHble OTBETHI yyallMxcs COMNoO-
CTaBNAKTCA C OTBeTaMW y4uTesell Ha BONPOC O TOM, KakMM MeTO-
faM 1 popmam npenojaBaHWs OHM OTAAIOT MNpejnouvTeHWe B CBOEN
pab6oTe.

Oka3blBaeTCs, YTO Kak yualluecsd, Tak W nNpenofaBatenn OTHOCAT
reorpauio K NoBecTBOBaTeNbHbIM AucuunanHam. Ha BTOpoe MecTo
no MpuBMeKaTenbHOCTWM MOCNe pacckasa U 06bACHEHMA npenofjasa-
Tena ydauimecs BbIABUTalOT MHAUBUAYaNbHYIO CaMOCTOSITENbHYK pa-
60Ty, a TakXe COBeCTHyK paboTy C OfHOKNAacCHUMKaMKU B rpynnax mno
2—3 yenoBeKa: YuuTens Xe CUYMTalT BTOPbIM N0 3(PKHEKTUBHOCTU
cobecefoBaHMe C y4eHMKOM. B oTBeTax ydawmxca becega CTOUT Ha
nocnefjHemM MecTe.

MpoBefeHHbI ONPOC 0XBaTbiBAeT CAWLWIKOM Mano4YuUCNeHHOEe KO-
NNYecTBO yualyuxcs W npenojasateneil And [JOCTaTOYHO AOCTOBEp-
HbIX BbIBOJOB, HO MOXHO MoOnaratb, YTO OH MOKa3biBaeT Hanuuue
onpeAeneHHbIX acnekToB O06LWECTBEHHOr0 MHEHUS.
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GEOGRAPHY OLYMPIADS OF GENERAL-EDUCATIONAL
SCHOOLS IN THE ESTONIAN S.S.R.

A. Benno

Geography as a study subject of a very wide range provides
vast possibilities of extracurricular activities. As a rule, extra-
curricular work on geography takes place within the school itself.
The final contests of the Olympiad, however, are republican events,
involving the participation of general-educational schools through-
out the Republic. The term “Olympiad'” itself alludes to the contest-
like nature of the event, constituting one of the typical features of
the schoolchildren’s extracurricular activities.

In our republic, the Geography Olympiads are jointly organized
by the Ministry of Education of the Estonian S.S.R., the Estonian
Geographical Society, the Pedagogical Scientific Research Insti-
tute, and the Geography Department of Tartu State University. The
stable instruction of the Olympiad was elaborated in 1966. Its
compilers proceeded from two basic principles: 1) extracurricular
work on geography must differ in form from curricular studies,
particularly from those done in class; 2) participation in Olym-
piads must be voluntary. The aim has been to launch extra-
curricular geographical work upon a profoundly scientific basis,
rouse the pupils’ interest in the subject, raise the level of their
geographical knowledge as well as their socio-political conscious-
ness, contributing to a materialistic life-outlook. With the aim of
improving the knowledge of the surrounding environment, pupils
are encouraged to carry out independent observations and, collect
materials, and on that basis make plausible conclusions and
generalizations. The Olympiads have become events of importance
for all schoolchildren who are interested in geography and wish to
improve their konwledge of that subject.

In the Estonian S.S.R., an obligatory 11-year secondary shcool
education is in force. The participants of Geography Olympiads
are divided into two age-groups: Group A, including the 9th— 11th-
formers, and Group B, including the 6th—8th-formers. The Olym-
piad is carried out in two rounds. In the first round, the pupils may
write a paper based either on personal observations and collected
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data and materials, or on a therne chosen by themselves, with the
helb of relevant literature. The papers are presented to the geo-
graphy teacher of the school who forwards the best ones to the
district or town Committee of the Olympiad. That committee, in
turn, selects the best papers and sends them on to the Republican
Olympiad Committee. When marking the papers, the committee
considers the correspondence of the content to the theme, the
expediency of the structure of the paper, the thoroughness and
groundedness of the material, the skill in using the sources, the
correctness of style and the exterior form of the paper. Ever since
the very first Olympiad, the “research work” of the schoolchildren
has been of a remarkably high standard. Participation in the first
round is also possible by way of presenting written answers to
the questions or tasks published by the Olympiad Committee in
periodicals for teachers and pupils. As a rule, the tasks are public-
ated in March, with the consideration that the pupils can work on
them in their leisure time during the spring holidays. Contrary to
the traditional quiss questions, the Olympiad’s tasks require longer
answers and the making use of various handbooks, observations
of a short duration, and an analysis of results. Thus, for example,
one of the tasks, for several years, consisted in meteorological
observations (in the course of 10 days, as a rule) and in conveying
them in graphical form, with subsequent analysis. When the tasks
are fulfilled, the pupils may send their work to the Republican
Committee, directly. This has been made possible so as to enlist
the participation of pupils of such schools where geography teach-
ers are rather inert and do not always encourage the children to
enroll in the contests of the Olympiad.

The first Geography Olympiad took place in the schoolyear
1965/1966 (in 1965), with a total of 56 pupils participating. The
Republican Committee received 217 papers, on the basis of which
47 pupils were invited to the final contest. The second round took
place in Tartu, at the State University, during the spring holidays.
The contestants had to write answers to questions compiled on the
basis of the geography course at schools as well as according to
relevant publications in popular-scientific books and youth periodi-
cals of recent years. Further, the contestants had to show their
skill in reading the map, using the compass, and in the knowledge
of the minerals occurring in the Republic. Since geography is a
natural science, above all, it was decided to arrange the final
rounds of the next Olympiads as near to the nature as possible. In
the following years those events were organized in the first week
«of July in different picturesque natural sites of the Republic, which
also represented a definite landscape type of interest.

Thus, every year the Olympiad has taken place in a different
region of Soviet Estonia. Since the participants have to be
.accommodated in tents and most of the practical work is done in
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Fig. 1. What is the bias of this slope? (Photo by
A. Marksoo).

field, one has to choose a site suitable for camping and bathing,
and having a varied landscape. Some final rounds have been
organized at the seaside or on the banks of the major lakes. The
programme, in that case, also included a baot-trip that was
immensely enjoyed by the children. One of the considerations at
the selection of the site was also the presence of historical, natural
or cultural relics.

Traditionally, the final contest is held for three days. At the
opening, every participant is presented with an emblem of the
Olympiad and a brochure concerning the corresponding region,
since the main thing here is not the winning of the contest, but
the participation in it, and getting new knowledge and experience.
The authors of the best papers in the first round as well as those
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Fig. 2 Is this the right direction? (Photo by
A. Marksoo).

who have given the best answeres to the published questions are
awarded with diplomas and souvenirs. Those are given to the
three best pupils in either age group.

The first day of the contest is reserved for written work. There
are separate questions for either age group: theoretical questions,
for checking the knowledge of general — geographical concepts
and regularities and of relations between man and his environ-
ment. Some questions concern the geography of the Soviet Union
and foreign countries, but most are connected with the native
republic and the region where the Olympiad is taking place. There
have also been questions about the history of geography, topical
problems of geography, and environment protection. Several tasks
are of a practical nature, i. e. work connected with the knowledge
of the map: filling in the contour map, drawing the profile after
a physical map from the atlas, compiling diagrammes on the basis
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Fig. 3. How do you mark a well in a plan? And
a pile of stones? (Photo by J. Lankots).

of climatic maps, or a complex description of a country or region
on the basis of special maps, etc. For a change, some tasks have
been given on a perphorated cassette, or slides have been shown
to let the children recognize the geographically typical sites. The
lastmentioned mode, by the way, has always evoked lively response
and was of great interest for the participants.

The second day has been reserved for an excursion, so as to
acquaint the children with the particular district. During the
excursion, the participants have to keep diaries which are marked
later; both the content of the notes as well as the exterior form is
considered.

The third day is devoted to contests in practical skills. The bias
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Fig. 4. An outcrop has to be described in a gravel
pit. (Photo by A. Marksoo).

and height of a slope are measured (Fig. 1), the direction (Fig. 2)
and distance of an object in steps, the distance and height of a
singly growing tree, a simple plan is drawn by the eye (Fig. 3),
an outcrop is described (Fig. 4). All of those tasks require
corresponding skills, a good eye and a firm hand. And it is in the
know-how that even the best ones are lacking. As a rule, the best
results have been shown by those pupils who have been particip-
ating in the contest for some years running, and thus have ac-
quired corresponding experience.

The second half of the day includes contests in orienting in
the landscape. Thus, geography is combined here with sports. The
contest begins with an orienting race, with the checking-times
being chosen so as not to exceed the abilities of all the participants.

155



| I Group B

Fig. 5 The number of the papers presented in the Republican Olympiad
Committee in 1966— 1974.

Thus, the main thing in the contest is the skill in orienting, i. e. in
finding the checking points in the landscape.

The Olypiad ends with a camp-fire, at which the winners of
single events and of the total contest are awarded with diplomas
and souvenirs.

Beginning with the first Geography Olympiad, the results and
surveys of the contest have been published, in brief or in detail,
in the press. The articles have contained descriptions of the contest,
the names of the best participants, and analyses of shortcomings.

In recent years, participation in the Olympiad has been grow-
ing. The dynamics of participation are reflected in Fig. 5.

It is also a gratifying fact that participation of the older pupils
has been increasing. This is of particular importance in the aspect
of geography, since the course of that subject in Estonian second-
ary schools is completed in the 9th form. Thus, further work on
geography for highar-formers is made possible by extra-curricul-
arly, only. There have been participiants from all regions of the
Estonian S.S.R. Participation in the final contest has often inspired
pupils to try a hand at the next contests, as well. Several “vete-
rans” have taken part in the final contests in 4—5 years running.
A number of them have taken up university studies after graduat-
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ion. Thus, during the last 9 years, 26 Olympiad participants were
enrolled in the Geography Department of Tartu State University.
A number of them are the best scholars of the department, and
winners of personal scholarships.

The Geography Olympiads have helped to raise the pupils’
interest in the subject. The compilation of an independent work
has provided them with skills in using reference books, presenting
results, and making generalizations. Practical field work has
brought the pupils nearer to nature and contributed to improving
their knowledge of the native country.
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GEOGRAAFIAOLUMPIAADID EESTI NSV
ULDHARIDUSLIKES KOOLIDES

A. Benno

Reslimee

1975. aastal toimus kiumnes vabariiklik uldhariduslike koolide
geograafiaoliUmpiaad. Alates 1966. aastast on igal aastal juulikuu
alguses viidud Ilabi olimpiaadi I6ppvoor Eesti NSV erinevates,
looduslikult huvipakkuvamates kohtades. Olimpiaadist saab osa
votta iseseisva uurimusliku tdé6 koostamisega. Sellised t66d on
enamasti kodu-uurimusliku suunaga. Samuti vdib I6ppvooru pdaa-
seda koostades vastused maértsi koolivaheajaks vabariiklikus aja-
lehes_ avaldatud kusimustikule. Aastast aastasse on suurenenud
osavotjate arv.

Ollimpiaadi Idppvoor toimub tavaliselt traditsioonilise kava
jargi. Esiteks on kirjalik t66 geograafiliste teadmiste kontrollimi-
seks. Sellele jargneb ekskursioon ja ekskursioonipdeviku koosta-
mine. LOpuks kontrollitakse valitédde kdigus mitmesuguseid prak-
tilisi oskusi ja toimub orienteerumisjooks. Ollimpiaadide eesmér-
giks on Opilaste huvi tdstmine geograafia Oppimise vastu koolis.

FTEOFrrPA®PNYECKNME ONMTMMIMNALBLI OBWEOBEPA3SOBATE/b-
HbIX LIKO/1 B 9CTOHCKOW CCP

A. BeHHO

Pesywme

B 1975 rogy coctosAnach fgecatas pecnybnmkaHckas reorpaguye-
ckas onumnuaga obuweobpasoBaTeNibHbIX WKoA. HaymHaa c 1966
rofja B Hauafe MIONA €XerofHo NPOBOAUCA 3aKJHUYUTENbHBLIA Typ
oMMNMagbl B pa3finyHbIX NpUMeYaTenbHbIX B MPUPOSHOM OTHOLLEHUM
MecTax CTOHCKoW CCP. HpaBo Ha y4yacTue B 3aKMHOUYUTENbHOM Type
onumMnuagbl MNpeAoCcTaBNAeTCA Ny4YlWUM aBTOpaM CaMOCTOSATENbHON
nccneaoBaTeNbCKOW paboThbl. B 60NbWMHCTBE C/lyyaeB Takue paboThbl
HOCATKpaeBefuecknii xapakTep. Ha 3aknouUMTeNbHbIA Typ MOryT
O6bITb NpurnaweHbl TakXe ydvaluecs, KOTOpble faBanu fnydylwiune oT-
BETbl Ha BOMPOCHI, ONYy6ANKOBaHHblIe B pecny6/MKaHCKMX rasetax BO
BpeMA MapTOBCKMUX KaHWKyn. Yucno y4yacTHMKOB B Oonumnuage pac-
TeT M3 roja B rof. 3ak/lUWUTENbHbIA Typ ONMMMUALbI MPOBOAUTCH
00bIYHO MO TPagULMOHHOIK Nporpamme: 1) NpoBepKa 3HaHWi No reo-
rpadumn (B NUCbMeHHOW Qopme), 2) 3KCKYpCUA C COCTAaBNEHUEM [He-
BHUKA 3KCKypcuu, 3) npoBepka NpPakTUYECKUX YMeHUl B Xofe nofe-
BbiIX paboT, 4) OpMeHTUpPOBAHUE Ha MECTHOCTMU.

Lenb onmmnuagbl — MOBbIWEHNE Y YyyalUXcAa MHTepeca K reo-
rpacgun.
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THE LIGHTHOUSE OF KOPU (FORMERLY DAGERORT)
L. Tiik

The Kopu lighthouse attracts one’s attention in many respects.
It is not situated on the seaside, but in the centre of the Kopu
headland, on its high moraine deposits — on Tornimagi hill. The
massive four-sided (4x4 fathoms) and 34 metres high tower, the
whitewashed upper part of which rises well above the dark-green
forest background can be seen already from a score of kilometres
out at sea. The volume of the tower is about 2,500 cubic metres
and approximately 6,000 tons of stones and lime were needed to
build it, but in comparison the modern equipment on the top of
the tower does not weigh even a ton. We can be sure that the
building of such an irrational tower is out of the question nowa-
days. But why was it built by merchants who always calculate
and think in an economical way? When and in which conditions
and for what purpose was it built?

In order to find an answer to these questions we must turn
back some centuries and take a look at the requirements and
possibilities of those times. First of all, it must be mentioned that
viking ships with their draught of up to a metre could be pushed
off any shallow by their crews as long as the vessels were still
seaworthy. When on the second half of the 12th century the first
cogs began to sail on the Baltic Sea floating them off shallows
became considerably more difficult. Subsequently cogs grew
larger and in the middle of the 15th century already three-masted
and square-rigged vessels appeared on the Baltic. The reefs and
coastal shallows were usually a mortal danger for them.

The compass was already in use and according to manuscripts
or written navigation directions it was possible to sail without
losing one’s way from one point to another in case of favourable
wind. But if because of the changing wind the course had to be
changed frequently and at last an island, headland or a bit of
coast became visible a skipper could make a mistake in determin-
ing his location and steer the ship onto a shallow. To avoid such
dangerous situations mariners tried to remember coastal silhou-
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ettes and surely also to make some sketches of them, but some
outstanding and exceptional natural objects or structures formed
even better marks for orientation. The latter were at first called
in Low German “kenninge” and “landes kenninge”, later on also
“piler” and “bake” or “baken”. The Kd&pu tower, the original name
of which was also “kenninge” (German kennen = recognize) is
likewise built as such an orientation mark or landmark.

The coastal waters of Hiiumaa Island are rich in shallows.
N&ckmangrund_ (Neckman’s Ground) stretches 11 miles to the
north of the Ko&pu headland and Mardihansu inlet (Hundswiek)
to the south is full of small shallows. Evidently the increasingly
frequent shipwrecks in the 15th century were one of the reasons
why the official manor of the Bishop of Saaremaa Island was
established where the present Vanamdisa village now stands and
the foundation of Lauka Manor can also be connected with ship-
wrecks. When shipwrecks that took place off the west coast of Hiiu-
maa Island became a source of profit for the bishop, then the
Hanseatic merchants interested in reducing the perils of naviga-
tion could hardly do more than draw up and hand in applications.
Bishop (1471—1491) Petrus Wetberg did not probably even reply
to the Hansa, but in 1499 the Hanseatic Assembly (Hansetag)
charged Tallinn with the building of the Kdpu tower. When Tallinn
applied officially for permission to do this, Bishop Johannes Orgies
granted it on April 20, 1500. The tower was allowed to be built
only as a massive and solid one, without any openings in it. Tal-
linn had to bear the costs and direct the building of the tower and
the armorial bearings of the bishop had to be attached to it. This
was meant to underline the fact that the tower did not belong to
the town but to the bishop as did the land around it.

Some letters and account-books in the archives of Tallinn
enable us to follow the construction work of the tower. Although
the site had been selected by a representative of Tallinn already
in 1499, the work of construction was postponed till the summer
of 1504 because of war. In the autumn of that year Hiiumaa Island
was stricken by the plague and construction was interrupted for
ten years. In the spring of 1514 work began again and was con-
tinued every summer up to 1519, the supervisor Clawes Duker,
servant of the town council, being usually present for 15— 17
weeks. Stone-cutters, masons and smiths were hired from Tallinn,
the other auxiliary workers were probably local ones. The wages
of the latter were brought by town councillors and merchants, who
also were authorised by the council to solve various other prob-
lems connected with the work of construction, etc. In 1517 the
Hiiumaa bailiff (German lantknecht) on one occasion provided
105 lasts (= 1,260 barrels) of lime on credit and judging by the
sum of money involved, even more on another occasion (about
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1,600 barrels). Salt and repeatedly grain as well as bread, how-
ever, had to be sent from Tallinn.

During 1520— 1525 no expenditures were made on the tower,
but in the spring of 1526, Clawes Duker was sent to complete its
construction. In the correspondence of 1529, the town council
applied for permission to make the tower higher, but construction
work evidently did not follow. In connection with the tower,
accounts were nevertheless finally settled with Clawes Duker in
November, 1530 (on account of 1528) and in August, 1532. Civil
war in the diocese for some years interrupted the realization of
the plans to make the tower higher, and it was only in January,
1538 that the town council came to an agreement with Bishop
Reinhold Buxhdvden according to which the town council acquired
the right to repair the tower (kennynge des landes Dageden) and
to add to its height in case of need. In return the bishop received
the privilege to buy every year 16 lasts of salt duty-free directly
from the ships which arrived in Tallinn. It must also be mentioned
that the bishops had repeatedly tried to secure for themselves a
solid compensation in salt trade and in some cases their efforts
had been successful, but it was not until after 38 years of bargain-
ing that this special right was acquired in perpetuity.

As we have no account-book covering those years, we do not
know whether the height of the K&pu tower was finally increased
in 1538 or the next year. But it can certainly be realized that no
piece of land or dwellings around the tower belonged to the town.
Neither are there any notes about intentions of burning to light at
the top of the tower. There is no record of any service personnel or
even a watchman. We can conclude that the Kd&pu tower was
intended and built as a landmark (kenninge!) of the headland. As
there were as yet neither spy-glasses nor field-glasses in those
days, the tower was made so massive that even the unaided eye
could notice it from a score of miles in clear weather. According
to our modern terminology it was a “beacon” but not a lighthouse.
The maintenance of such a tower wras not very troublesome for
the Tallinn town council and therefore one cannot find any corres-
ponding entries in later ledgers either.

The beacon on the Kdpu Tornimagi Hill was changed into a
lighthouse not before the 17th century. According to C. RuRwurm
and the wellknown historian A. Soom, the old lighthouse was
again put in order at that time. This, however, is a mistake as it
becomes evident from the above-mentioned and the quotation cited
by A. Soom (a proposal to the Tallinn town council on May 10,
1639, which suggests that the town council should hire a person
to light a fire on the top of old beacon (auf dem Pfeiler auf Dag-
ddén) on autumn nights to show the way for passing ships. The
town council was of the opinion that some other towns (Porvoo,
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Helsinki, Viipuri, Nyen and Narva) should share the expenses
involved and turned to them but without any results.

Ten years later, the governor of the Estonian province (1646—
1653) Erik Oxenstierna decided to set up lighthouses on the
Islands of Hiiumaa, Osmussaar and Naissaar. In a letter to Jacob
de la Gardie (May 9, 1649) he writes that Queen Christina wishes
to build a lighthouse and a small dwelling on Hiiumaa Island to
promote commerce. We can supplement the sources used by
A. Soom with some letters from the archives of De la Gardie
family (in the library of Tartu State University) and thus obtain
a small survey of events. The governor sends Eberhard Delling-
hausen, a merchant from Tallinn to Hiiumaa to inspect the old
tower, to adapt it into a lighthouse and at the same time to ascert-
ain the possibilities of buying firewood for it. The postal service
was very slow at the time, especially by sea, and therefore the
orders of Jacob de la Gardie arrived in Hiiumaa Island with great
delay. The governor had wished the lighting period to begin on
August 1, and to end at the close of the year, but the construction
work had not begun even at the end of August. In September a
wooden staircase was built on the outside of the tower and the
upper part of the tower was levelled, an iron fire-grate and a winch
were installed. Coal ordered from the Netherlands was late in
arriving, but at the beginning of October, E. Dellinghausen
announced that he had got six lasts of coal from the store of the
Sorve lighthouse. In this way the lighting period could neverthe-
less begin in October.

The first inspector of the lighthouse was E. Dellinghausen, but
he died already in the summer of 1651, and the next inspector was
Thimen Corneliszen Turlau, who came form the Netherlands. He
began to buy firewood from local peasants and no longer from
the steward in the nearest manor. The forest-guard engaged by
the manor could not entirely prevent this and the steward called
the attention of the young Axel-Julius de la Gardie to the fact
that T. C. Turlau had to buy firewood from the manor or restrict
himself to the use of coal; the profit of the manor would increase
considerably if the count could maintain and supply the lighthouse
with fuel for fixed payment. As a result of the count’s application,
the Kopu lighthouse was enfeoffed (in Stockholm on June 30,
1659) to Axel-Julius de la Gardie and 800 state thalers per year
were assigned from the public exchequer for the maintenance of
lighthouse.

The next inspector of the lighthouse (1659— 1664) was Cordt
Lang, the steward of K&rgessaare Manor, but after that these posts
were separated, so that an inspector of the lighthouse (usually
called Baakmeister) permanently lived there. The manor of Kérges-
saare supplied the lighthouse with labour and currently needed
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materials and therefore it remained an accessory of the estate up
to the beginning of the 19th century.

The new situation was very favourable for the manor owner
as the sum of money annually paid him from the state formed
almost a net profit since very little was bought from elsewhere
and outside artisans were only rarely hired (e. g. in 1662 for the
building of new staircase). The peasants cut firewood in the forests
of the manor, transported it to the lighthouse and took care of the
light on the top of the tower and all this involved no expenses for
the manor.

According to C. RuBwurm it was not before 1810 that the Kopu
lighthouse passed into the possession of the state and its moderni-
zation began. A room for six men was made in the lower part of
the tower and an inner staircase was built. A larger opening was
also made in the upper part of the tower and it was formed into
two rooms one on top of the other and a room for lamps was built
on top of them. Mirrors of polished brass were installed and 25
oil lamps were placed in front of them in such a way that light
was directed to the sea from three sides and was visible up to 55
versts (over 30 miles) out at sea. About 200 poods of lighting oil
(= 3.28 tons) was needed per year. The personnel of the lighthouse
consisted of a petty officer and six men.

Because of a crack in the upper part of the tower some ten
metres were broken off and then built up in the spring of 1845.
And apparently this was the only major reconstruction of the
tower during the 450 years of its existence. The system of lighting,
however, has frequently been innovated in accordance with
advances in technology since 1810.

Nowadays it is difficult to imagine that the Kd&pu lighthouse
could meet the requirements of navigators also without any light
for more than a hundred years and that in the second half of the
17th century and in the 18th century the lighthouse was on holiday
during the busiest period of navigation, i. e. from the beginning
of May until the middle of August, and was lit only from March
16 till April 30, and from August 16 till December 31. From time
to time these dates were shifted, but the summer interval remained.

If we thus consider the changes in the requirements of seafar-
ers and the development of engineering possibilities to meet their
needs, it also becomes evident that the lighthouse of Kdpu with
all its peculiarities is a logical product of the development of
society. It then becomes comprehensible why in 1499 Hans Sche-
rer, a citizen of Tallinn, decided to build the tower just on that
elevation and why it was built in this manner during 1504— 1526.

Nowadays the Kopu lighthouse is an exception among other
lighthouses as it has gone through all the stages from a medieval
“kenninge” up to a modern electric lighthouse. By way of com-
parison it might be mentioned that in 1532 the merchants of Riga
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were allowed to build a “kenninge” on the strait of Irben on the
northwestern tip of the present Latvian S.S.R., but that tower
and the next one are things of the past, and in the last quarter
of the 19th century, as needs and possibilities had altered, a third
lighthouse was already established there (former Domesnds, pre-
sent Kolka). On the other hand, the lighthouse of Kdpu (former
name Dagerort) has been able to keep up with the times for about
450 years and will continue servicing navigators since its site has.
proved to be well chosen.
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KOPU TULETORNIST
L. Tiik
Resimee

Kdpu tuletorn asub Tornimdel, Kopu poolsaare kdrgel moreen-
kuhjatisel. Massiivne neljatahuline torn, mille dlemine valgeks
lubjatud osa k&rgub tumerohelise okasmetsa kohal, on selge
ilmaga merele ndahtav juba mitmekimne kilomeetri kauguselt.

Tallinna Linnaarhiivis ja TRU Teadusliku Raamatukogu kési-
kirjade fondis sdilitatud dokumentidest selgub, et selle torni ehi-
tamine toimus vaheaegadega aastail 1504— 1526. Kdpu poolsaar
ja terve laanepoolne Hiiumaa kuulus tol ajal Saaremaa piiskopile,
kellelt ettevOtjana tegutsenud Tallinna raad oli sunnitud hankima
lubasid nii torni ehitamiseks kui ka hilisemaks kdrgendamiseks.

Ule saja aasta oli torn ilma valgusallikata, nii et meresditjad
said selle jargi orienteeruda ainult pdeva ajal. Meresdidust ja kau-
bandusest huvitatud ringkondade taotlused andsid Idpuks tulemusi
ning 1649. aastal toimunud Umberehitusega muudeti Kodpu torn
tuletorniks. Esialgu pdletati 66siti torni otsas asuvas l6kkes kitte-
puid koos kivisdega, hiljem kasutati ainult puitkltust.
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1659. aastal andis Rootsi valitsus K&pu tuletorni koos 800 riigi-
taalrise aastamaksuga selle Ulalpidamiseks Axel Julius de la Gar-
die’le, kellele kuulus suurem osa Hiiumaast ning ka Kdrgessaare
mois, mis hakkas torni varustama poletispuudega. Alles 1810.
aastal vOeti Kopu tuletorn kroonu valdusse ning sellest peale on
korduvalt muudetud varustussisteemi, kuni nild on joutud elektri-
varustuseni. Ehituslikult on suuremaks muutuseks see, et umb-
sena ehitatud torni sisemusse rajati sisetrepp ning kolm ruumi,
Uks torni alumisse ja kaks torni Ulemisse ossa. Nii on torn juba
tle 450 aasta olnud meresditjate teenistuses ja suutnud sammu
pidada tehnika arenguga, kuigi oma tuseduse tdttu ta ndib mone-
vOrra vanamoodsana.

MAAK KbIMY (5b|BBL|J|/I|7| OATEPOPT)
Jl. Twiik

Pesome

Mask Kbiny ycTaHOB/NEH Ha XO0/Me TOPHWUMArN, PacrnonoXeHHOM
B cpefiHeil uacTu nonyoctposa Kbiny. MolHaas uYeTblpexrpaHHas
KaMeHHas 6OawHa 6enoro uBeTta C KOHTpadopcamum MogHMMaeTcs
BbICOKO Haj OKpYXawwWWUM XBOWHbIM NECOM.

Mo apXWBHbIM [aHHbIM, KOTOpble HaxXo4ATcAd B Tan/IMHCKOM roO-
poAckOM apxuBe M B HayuyHoil 6mbnmuoteke TapTyCcKOro rocyHusep-
CUTeTa, BblCHAETCS, 4TO 6awHa nocTpoeHa ¢ 1504 no 1526 rr.
mMarumcTpatom ropoga TannmHa Ha 3emne, NpuHajnexaslei enncko-
ny octposa Caapemaa.

bonee cta ner 6awWwHA cnayxuna MopennaBaTefiiM KakK HeOCBe-
WaeMbll 3HaK, MO KOTOPOMY MOXHO 6blI0 OPUEHTUPOBATLCA TONbKO
B fHeBHOe BpemsA. 10 TpeboBaHWIO 3aMHTEPECOBAHHbLIX KPYros B 1649
rogy 6binnm nNpesnpuHATLI HEKOTOPble NEPecTPOrKM H6allHy 1 B OKTAGpe
3TOro roga OoHa cTana paboTaTb Kak Masik. WcTouyHuMkOm cBeTa
ABNANICA KOCTEp Ha BepluHe 6GawHW. TONAUBOM CAYXWAM [pOBa C
pobaBfieHNEM KaMEHHOrO0 Yrfs, Mo3)e TO/IbKO ApOBa 3aroToB/seMble
B MECTHbIX Jlecax.

B 1659 rogy mask Obin nepefjaH WBeACKUM MPaBUTENbCTBOM BO
BNajeHue MecTHoro nomeuimka A.-HO. ge na Fapan c exerogHom Ao-
nnatoin B cymme 800 TanepoB v Tonbko ¢ 1810 roga mask 6bin nepe-
JaH Mopckomy BefioMcTBY. C TOro BpeMEHW HECKO/IbKO pa3 OCHOBa-
TeNbHO 06HOBMANACb CUCTEMa OCBELEHUSA, HO GallHA BEPHO CAYXUT
mMopennaBaTensm yxe 6onee 450 X0TA N0 CpPaBHEHWIO HOBbIMWU Mas-
KaMW OHa BbITNAAUT TPY3HbIM U YCTApeBLINM COOPYXXEHUEM.
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150 YEARS SINCE THE BIRTH OF RICHARD MAACK

E. Varep

Estonia is the birthplace of many a famous seafarer and
explorer, whose courageous expeditions have considerably enriched
our knowledge of distant regions of the world. In this connection
mention should be made of A.J. Krusenstern, F. G. Bellingshausen,
K. E. Baer, A. Th. Middendorff, Ed. Toll and many others, whose
names are well known from the history of geographical discoveries
and explorations. We are fully justified in adding to this list the
name of Richard Maack, who has made a great contribution to the
exploration of Siberia and the Far East and the 150th anniversary
of whose birth was marked in 1975.

Richard Otto Maack was born in the town of Kuressaare
(Arensburg, the present Kingissepa) in Saaremaa Island on Sep-
tember 4, (all dates are given according to the Gregorian calen-
dar), 1825. He first attended the local district school, and after his
parents had moved over to St. Petersburg he continued his educa-
tion at one of the gymnasiums (secondary schools) there. In 1852
he graduated from the faculty of natural sciences of St. Peters-
burg University and was sent to work in East Siberia, where he
became senior teacher of natural sciences at the gymnasium of
Irkutsk. Here he joined the Siberian Department of the Russian
Geographic Society.

Irkutsk, which had been a small town mainly inhabited by
traders and exiles, was having a considerable economic and cul-
tural boom about the middle of the last century. As gold had been
found in the adjacent regions, enterprising merchants who were
interested in the exploitation of the enormous natural resources of
East Siberia moved in from other parts of the country and settled
down here. The inhabitants of Irkutsk included a large number of
government officials among whom there were also representatives
of progressive scientists. Now the necessity arose to explore the
nature of East Siberia in greater detail than had been done
hitherto. The task of organising the research was entrusted to the
Siberian Department of the Russian Geographic Society, whose
activities were promoted by the energetic support of N. N. Mu-
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Fig. 1 R. Maack's expeditions.

1 — Maack’s itinerary in 1854—1855. 2 — The

itinerary of Maack’s companion in 1853'— 1855.

3 — Maack’s itinerary in 1855—1856. 4 —
Maack’s itinerary in 1859.

ravyov, Governor-General of East Siberia. This made it possible
for the Department to set out organising a great expedition to
explore the region of Vilyui, which was very little known at the
time. The leadership of the expedition was entrusted to Richard
Maack.

The expedition to Vilyui. Maack’ first scientific
expedition to North Siberia took place in 1853—1855. The first to
leave Irkutsk was the topographer Alexander Sandhagen and
Mihkel Fuhrmann, who set out for the river Lena in May 1853.
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Mihkel Fuhrmann, an Estonian, had accompanied A. Th. Midden-
dorff as a field assistant on his famous journey through Siberia.
Having sailed down the Lena as far as Kirensk, they proceeded to
the Lower Tunguska and from there moved on to the Chona and
Vilyui rivers. On April 12, 1854 they were followed by Richard
Maack and Alexander Pavlovski, a local explorer interested in
ethnography. Maack and Pavlovski first went to Yakutsk, where
they gathered additional data on the region they were going to
explore. In Yakutsk they met Sandhagen and Fuhrmann, who by
this time had completed mapping the Vilyui region. Together they
sailed down the Lena up to the mouth of Vilyui where they began
their investigations.

Now Maack’s expedition proceeded on horses up the valley of
Vilyui to the region of the Markha, a tributary of the Vilyui. Here
the surface relief and geological structure were investigated,
meteorological observations were made, and the local flora and
fauna were described. On the Markha river Pavlovski and Fuhr-
mann left Maack’s party and headed south-west for the settlement
of Suntar where they began to carry out observations. They were
to wait for Maack at the place where the Chona flows into the
Vilyui. Maack himself and Sandhagen moved northward, crossed
the upland lying between the Vilyui and the Olenek and in the
month of August they reached the bank of the latter at 68°15
northern latitude. Here they on September 10 turned back and
were once again at the upper reaches of the Vilyui.

The next stage of the expedition passed under very hard condi-
tions. The season of frost set in catching Maack’s party in their
summer equipment. They hoped to meet some Evenks from whom
they could buy winter clothes and yurts, but their hopes were in
vain. They were compelled to continue their journey through the
uninhabited taiga defying the severe frost, which made their prog-
ress very laborious. Their provisions were also running out. It was
only on December 30 that Maack finally reached the appointed
place at the mouth of the Chona. He and his party had been
awaited there for over two months. They were all thought to have
perished.

In January 1855, the expedition gathered at the settlement of
Suntar and from there headed for Olekminsk on the Lena. On
February 21, 1855, Maack returned to Irkutsk having covered over
8,000 kilometres in the course of thirteen months.

The scientific results of the Vilyui expedition were significant.
A comprehensive map of the region explored was drawn up and a
description of its surface relief and geological structure was given.
It was established that maritime sediments of the Jurassic period
ocurred over wide areas in the central part of the Yakut country,
and several deposits of rock salt and coal were dicovered. Copious
data were collected on climatic conditions as well as on the flora

168



and fauna of this hitherto almost unexplored region. In addition to
that, Maack compiled very detailed descriptions of the Yakut’s
ways of subsistence and living conditions and drew up lists of
plant and animal names in the Yakut and Evenk languages. Also
some historical facts were discovered regarding the activities of
Russian explorers in the Yakut country. Research work on the
copious materials collected by the expedition lasted for a very long
time. It was only thirty-two years later, when Maack was already
dead, that the third and last volume of the scientific results of the
expedition was published.

The expedition to the Amur. Maack’ second great
journey of exploration was the expedition to the Amur in 1855.
It was a great topographic expedition for military purposes
organised by Governor-General Muravyov, which was joined by
a small party of naturalists from the Siberian Department of the
Russian Geographic Society. Besides others, Maack was here again
accompanied by Sandhagen and Fuhrmann, who had been his com-
panions on his preceding journey. The explorers set out on April 18,
thus soon after their return from the difficult expedition to the
Vilyui. The explorations were started on the 4th of June from Ust
Strelki, the confluence of the rivers Shilka and Argun. From Ust
Strelki the party sailed on barges down the Amur. After having
reached Mari'nsk in the lower reaches of the Amur on August 20,
the expedition started on their way back. Maack accomplished most
of the journey on foot, moving along the bank of the Amur to
gather the necessary scientific materials. On October 11 the expe-
dition reached Aigun on the right bank of the river from where they
only on November 24 continued the journey on horses. They arrived
at Ust Strelki on January 11 and at Irkutsk on January 28, 1856,
with rich collections of various materials. Thus the expedition from
Ust Strelki to Mari'nsk and back to Ust Strelki had lasted for
222 days during which about 5,200 kilometres had been covered
along the Amur (268 km by raft, 1228 km on barges, 2863 km by
boat, and 830 km on sledges).

At the beginning of 1856, Maack and Fuhrmann travelled to St.
Petersburg with the materials collected during the expeditions
to the Vilyui and the Amur. There Maack started research on them.
Several well-known scientists (Vesselovski, Ruprecht, Maximo-
wicz, Brandt, Regel and others) participated in this work. The
materials that had been gathered were so copious that work on
them lasted for three years. The scientific results of the expedition
to the Amur were published in a book entitled “A Journey to the
Amur”, which appeared already in 1859. It was the first comp-
rehensive study of the Amur region and was later followed by
investigations by L. Schrenck, K. J. Maximowicz and other scien-
tists.
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Maack’s contribution to the exploration oi Siberia was highly
appreciated by the Russian Geographic Society. At their proposal
Maack was awarded the Order of Vladimir in 1857, Sandhagen
was promoted (to the next rank), and Fuhrmann was awarded
a silver medal. The correspondence with the authorities to this
effect has been preserved in the archives of the Geographic Society
of the U.S.S.R. in Leningrad (Stock 1, Series 1 item 22).

The expedition to the Ussuri. Maack’s third journey
of exploration — the expedition to the Ussuri — took place in 1859.
The initiative came from the Russian Geographic Society, the
money for it was raised by means of a collection. In February 1859,
Maack returned from St. Petersburg to Irkutsk and on May 9.
together with Dr. Brylkin, he started his voyage to the east along
the rivers of Shilka and Amur. On June 17 they reached the mouth
of the Ussuri. Having reached Lake Khanka on the September 9,
Maack was taken ill, and was compelled to turn back. On October 8
he arrived at Khabarovsk and in March 1860 he was back in
St. Petersburg again. The scientific results of the expedition to the
Ussuri region were published in 1861.

The expedition to the Ussuri had great importance in gathering
information about this region. At that time the first Russian
colonists were appearing in the Far East and Maack’s investiga-
tions made an essential contribution to opening up these regions.

After returning from the Far East, Maack worked a few years
at the Central Committee of Statistics in St. Petersburg, where he
supervised the processing of the data concerning Siberia. He
participated in the work of the Governmental Committee for the
Far East and took part in the compilation of a geographic dic-
tionary under the supervision of P. P. Semyonov. Then he returned
to Irkutsk, where in 1865 he was made director of the educational
establishments of the gubernia of Irkutsk, and in 1868 he was
appointed chief inspector of the schools in East Siberia. In 1879
he left Siberia for good and settled down in St. Petersburg. In the
same year he was made a member of the Council of the Ministry
of Education. Richard Maack died in St. Petersburg on November
25, 1886.

R. Mack’s expeditions contributed much new information on
extensive regions in Siberia and the Far East. He was a naturalist
in the best sense of the word. He gathered a wealth of material
about the geological structure, surface relief, climate, network of
rivers and lakes, flora and fauna of the areas he travelled through.
A proof of the great significance of Maack’s explorations is the
fact that the materials he collected during his expedition to the
Amur region included 31 plant species hitherto unknown to science,
such as the Amur corkwood (Phellodendron amurense Rupr.), the
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Amur grape (Vitis amurensis Rupr.), the Manchurian basswood
(Titia manshurica Rupr. etMax.), the Manchurian walnut (Juglans
manshurica Max.), the Korean pine (Pitius koraiensis Sieb, et
Zucc.), the ginnala maple (Acer ginnala Max.), Maack’s birdcherry
tree (Padus Maackii Rupr.), etc. About 'the same number of new
animal apecies were discovered by him, a new tortoise species
(Trionyx Maackii Brandt) among them. Maack’s contribution was
highly appreciated by contemporary naturalists. His name has
been given to 18 plant species, such as Maack’s burning-bush (Evo-
nymus Maackii Rupr.), Maack’s honeysuckle (Lonicera Maackii
Rupr.), Maack’s bird-cherry tree (Padus Maackii Rupr.) etc., and
to four animal apecies, such as Maack’s tortoise (Trionyx Maackii
Brandt), etc. A family of small papilionaceous trees and bushes
has been named Maackia after him.

Maack also made an essential contribution to investigation into
the ethnography of the natives of Siberia and the Far East. His
observations in this field have not lost their importance to this
day. A creditable feature was Richard Maack’s humane attitude to
the natives, with whom he managed to establish friendly relations
in all contingencies.

R. MAACK’S MOST IMPORTANT SCIENTIFIC WORKS:

Nachricht Uber einen neuen Fundort des Dioptas (Aschirit). Verhandlungen
der Russischen Mineralogischen Gesellschaft, Jahrgang 1852— 1853, p. 89—90.

[loHeceHMe HavanbHWKa Buntlickoli skcneauumm kKaHgupgata Maaka. «BecTHUMK
Pycckoro reorpaguuyeckoro obuiectBa», 1855, kH. 2, yacTb V, c. 25—31.

MyTewecTBne Ha AMyp, COBepLUEHHOe MO pacnopsxeHUw Cubupckoro oTaena
mMnepaTtopckoro Pycckoro reorpadguyeckoro obuiectBa B 1855 rogy P. Maakowm.
CaHkT-lMeTepbypr, 1859. 577 c. mn aTnac.

OuyepK pacTuUTenbHOW npupogbl  puyccypuiickoro Kpas  (l0ro-BOCTOYHOM
MaHbuxypun). «XKypHan cagosoactBa», 1859, Ne 11, c. 216—220.

MyTewecTBne No foNvHe peku Yccypu. CoBepwinmn no nopyyeHuno Cubupckoro
oTaena Pycckoro reorpadguyeckoro obuwectsa P. Maak. CaHkT-MeTep6ypr, 1861.
Tom I. VIII + 203 c. Tom II. 344 + XII c.

CnuCcKM HaceneHHbIX MecT Poccuiickoli mMnepuu, cocTaBfieHHble W U3jaBaemble
LleHTpanbHbIM CTATUCTUYECKUM KOMUTETOM MMWHUCTEPCTBA BHYTPeHHUX den (no
cBegeHmam 1859 r.), T. 51, EHwucceiickas ryb6epHus. CaHkT-MeTepbypr, 1864. 74 c.

Buniolickunii okpyr SAKyTckoi o6nactu. YacTb |. Matepuanbl fANA  M3yyeHus
KnumaTta SAKyTCKOW ob6nactu. WpkyTck, 1877. 282 c.

Buntolicknii okpyr AKyTckoi o6nacTu. YacTb |: Matepuanbl NS U3YYEHUS KNn-
MaTa SAKyTckoi obnactu. WM3gaHue BTOopoe, CaHkT-MeTepbypr, 1883. VIII 4- 287 c.

Buniocknii  okpyr SAKyTckoir o6nactu. Yactb Il. CaHkT-MeTepbypr, 1886.
CVII 4- 368 c.

Buniolickuin  okpyr $AkyTckon ob6bnactu. Yactb Ill. CaHkT-MeTepbypr, 1887.
XVII + 192 c.

Der Wiluikreis des Gouvernements Jakutsk. Referait mit einigen Bemerkun-
gen von Fr. Schmidt. «Neues Jahrbuch», 1888, I, p. 100— 102.
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150 AASTAT RICHARD MAACKI SUNNIST
E. Varep

Resimee

Richard Maack, silmapaistev Siberi ja Kaug-lda uurija, sindis
Eestis, Saaremaal Kuressaare (nuud Kingissepa) linnas 4. sep-
tembril 1825. a. Ta l|0petas Peterburi Ulikooli loodusteaduste alal
ning asus 1852. aastal tddle loodusteaduste vanemdpetajana
Irkutski gimnaasiumis. Vene Geograafia Seltsi Siberi osakonna
Ulesandel teostas ta kolm suurt teaduslikku ekspeditsiooni — Viljui
piirkonda (1853—1855), Amuuri joele (1855) ja Ussuuri joele
(1859). Tema poolt kogutud rikkalik materjal kdnesolevate piir-
kondade geoloogilise ehituse, reljeefi, kliima, vetevdrgu, floora ja
fauna kohta oli oluliseks lisaks nende varem vdga vahe tuntud
maa-alade tundmadppimisel. Maack avastas teadusele paljud uued
taime- ja loomaliigid; tema nimi on antud taimeperekonnale
Maackia ning 18 taime- ja neljale loomaliigile. Koérgelt tuleb hin-
nata ka Maacki etnograafilisi uurimisi. R. Maacki saatjaks tema
kahel esimesel ekspeditsioonil oli esimesi eesti péaritoluga looduse-
uurijaid preparaator Mihkel Fuhrmann.



150 NTET C POXAOEHNMA P. K. MAAKA
3. Bapen

Pe3ome

Puuyapn KapnoBuu Maak, BWAHbIW wuccnegosatens Cubupu u
[OanbHero BocToka poauncsa 4 ceHTa6ps 1825 r. B OcTtoHMK B T. Ky-
peccaape (ApeHcbypr, HbiHe I. KuHrucenn) Ha o. Caapemaa (33enb).
OkoHuMB TleTepOYprckuin yHMBepcUTEeT B KayecTBe eCcTecTBOBeAa,
P. K. Maak B 1852 r. npucTynun Kk pa6oTe cTapwum npenojasaTenem
eCTeCTBO3HaHUA B VIpKYTCKOW rumHasuu. o 3agaHuto Cubupckoro
oTaeneHus Pycckoro reorpaguyeckoro obuwectsa P. K. Maak coBep-
Wwna o6WMpHbIe 3kcneauumn B OKpecTHocTAX Bunws (1853— 1855),
Ha p. AMyp (1855) u p. Yccypu (1859). CobpaHHbIA B 3TUX 3Kcne-
anumax 6oratblii Hay4YHbll MaTepuan O TFe0N0rMYecKOM CTPOeHuu,
penbede, KnumaTe, ruaporpauueckoin cetu, ¢nope u gayHe 6bin
3HauYuTeNbHbIM BKajoM B u3yyeHue Cubupu. P. K. MaakK OTKpbIN
ANA HayKW MHOTMe BUAbl PAaCTEHWA W XMBOTHbIX; €r0 MMEeHeM Ha3Ba-
Hbl pof4 ApeBecHbiX nopofd Maackia, a Takxe 18 BUAOB pacTeHuii un 4
BMNA XWBOTHbIX. BbICOKOI/ OLEHKM 3aCNy>XWBaKT TakxXe 3THOrpagu-
yeckune wuccnegosaHna P. K. Maaka. B nepsble pABe 3kcneguuunu
P. K. Maaka conpoBoxgan npenapatop Mwuxkens ®ypmaH — OAWH
M3 MepBbIX 3CTOHCKUX €CTEeCTBOMCMbITATENEN.
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