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INTERREGIONAL LINKS OF THE SHIPBUILDING INDUSTRY

and in the chemical industry 0.20 per cent. Altogether in 1965 the two shipyards
absorbed 0.5 per cent of the total output of Poland’s industries.

The value of supplies from the particular industries show that 86.4 per cent
of the total supplies in 1965 were covered by the products of six branches of ma-
nufacturing, of which the machine-building industry supplied 36.2, metallurgy
22.0, the electrotechnical industry 11.9, the metal industry 9.3, the timber indu-
stry 3.7, and the chemical industry 3.2 per cent. The shares of the particular sup-
plying regions are roughly proportional to the output of the mentioned industries
on their territories. Thus, 82,5 per cent of the value of supplies of the machine-
-building industry come from Poznan-city and from the voivodships of Katowice,
Rzeszow and Gdansk (Table 1). The joint total output of the machine-b‘uilding

TABLE 1. The value of supplies from the fundamental industries, by voivodships in 1965

(percentages)
Machine-
Ferrous | building | Electro- ! y
Voivodships Total | metallu- |and metal | technical LS e
rgy structures
| industry
1
Poland 100 100 100 | 100 100 100 100

Gdansk 23.57 | 9.20* 19.95 23.75 15.59 38.83 47.65
Warsaw-city 2.32 0.01 1.08 5,15 9.16 3.45 0.06
Cracow-city 5.46 9.48 0,61 9.17 0.31 0,89 -
Lodz-city 0.72 - - 1.81 0.15 0.89 0.05
Poznan-city 16.98 0.29 40.22 14.00 2.68 2.06 3.36
Wroctaw-city 0.76 - 0.36 0.05 0.10 3.59 0.13
Biatystok 0.38 - 0.66 0.02 0.07 0.02 3.47
Bydgoszcz 792 | 0.04 8.92 19.43 8.48 0.94 16.19
Katowice 26.05 61.74 11.67 20.14 26.45 37.74 0.42
Kielce 0.88 3.07 0.05 | 0.03 1.43 1.14 0.09
Koszalin 1.93 - 142 | 082 5.56 0.10 5.07
Cracow 042 | 0.05 0.15 | 0.78 0.91 1.72 -
Lublin 0.06 - 0.01 - - - 0.18
L odz 0.47 - 0.39 0.84 1.65 1.27 0.71
Olsztyn 0.48 0.01 0.42 - 1.97 0.03 3.01
Opole 1.27 2.10 1.17 0.05 2.68 0.05 3.68
Poznan 0.88 0.02 0.25 1.09 1.94 0.70 9.68
Rzeszow 4.88 2.89 10.66 0.06 0.06 1.46 0.05
Szczecin 2.18 0.90 1.65 1.50 8.41 4.77 0.82
Warsaw 0.20 - 0.23 0.42 0.16 0.03 1.04
Wroctaw 1.66 0.20 0.13 0.39 12.07 0.35 2.10
Zielona Gora 0.53 - - 0.25 0.17 - 2.24

* Including purchases from wholesale dealers.



8 EWA ADRJANOWSKA

industry of these voivodships in 1965 amounted to 42.1 per cent of the corresponding
national total (Fig. 1). The voivodships with the biggest metallurgical production —
the voivodship of Katowice and Cracow-city, yielding 81.7 per cent of the total
output of Poland’s metallurgy — supplied 81.22 per cent of the value of supplies
in this branch of manufacturing (Fig. 2). 90 per cent of the electrotechnical pro-
ducts came from the voivodships of Gdansk, Katowice, and Bydgoszcz, and from
three city-voivodships — i.e. Warsaw, Cracow and Poznan. These regions accounted
for 55.6 per cent of the total national output in the electrotechnical industry. 86.6

“\': @{‘_‘,;_;_ZWQ :,w‘°°° @J %2 (]H[[)s Qz.

Fig. 1. The spatial structure of the supplies of machinery in 1965. The percentage values are given
for the individual voivodships and city-voivodships

1 - engines and electric machines, 2 - metal working machine tools and appliances, 3 - branch-type machines
and appliances, 4 — others
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Fig. 2. The spatial structure of the value of supplies of metallurgical products in 1965. The per-
centage values are given for the individual voivodships and city-voivodships

1 - rolled products, 2 — steel pipes, 3 — profiles, 4 — scrap and pig iron, 5 — others
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10 EWA ADRJANOWSKA

per cent of value of supplies of chemical products came from four voivodships:
Katowice, Gdansk, Warsaw-city and Wroclaw.

The production links of such establishments as shipyards are to some extent
a consequence of the spatial and branch structures of manufacturing industries
Accordingly, the voivodships with the highest industrial development have the
biggest shares in the supplies to the shipyards (Fig. 3). The small diversity of pro-
duction and still weak industrialization of the voivodships of eastern Poland ac-
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Fig. 3. The spatial structure of the total supplies in 1965. The percentage values are given for the
individual voivodships and city-voivodships

1 ~ ferrous metallurgy, 2 — machine-building and metal structures industry, 3 — electrotechnical industry, 4 — transport
equipment industry, 5 — metal industry, 6 — chemical industry, 7 - building materials industry, 8 — timber industry, 9 — other
industries
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12 EWA ADRJANOWSKA

have smaller indexes, not exceeding 1 per cent of their total industrial outputs.
Much higher indexes are exhibited by the shares of supplies from the particular
industrial branches from some voivodships. To mention but a few, the two ship-
yards used up 18.4 per cent of the value of the total output of machine-building
industry and 8.8 per cent of the electrotechnical industry of Poznan-city; 1.1 per
cent of the total output of the machine-building industry, 1.5 of that of the metallur-
gical industry, 2.2 of the electrotechnical industry and 1.1 of the metal industry
of the Katowice voivodship; 5.8 per cent of the machine-building industry, 2.4 of

|
L {J

oMs |

: 4 < 40km
Volue of supplies (,000zl) 7 \ ey
> 40 000000 - - - - - = s
[ == 2000001 ~ 40000000
1000001 = 2 000 000 IG5 o

/ A=} &
100004 - 500000 AN 500004 = 4000 000 ‘ Qz : .
< S0000 ----- e an 50004 - 100 000 @ 1 ”D @

Fig. 4. The spatial structure of supplies of the products of the timber industry in 1965. The percentage:
values are given for the individual voivodships and city-voivodships

1 - final products, 2 — sawn timber, 3 — other semiproducts, 4 — others
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14 EWA ADRJANOWSKA

Fig. 5. The value of supplies of products from the basic industries by poviats within distance zones
in 1965

1 — less than 300,000 zlotys, 2 — 300,000 to 1,000,000 zlotys, 3 — 1,000,000 to 10,000,000 zlotys, 4 — 10,000,000 to 100,000,000
zlotys, 5 — more than 100,000,000 zlotys, 6 — equidistants at 50 km intervals, 7 — boundaries of zones, 8 — boundaries of
voivodships, 9 — boundaries of poviats

Olsztyn, and Szczecin) provided 32.35 per cent of the total value of the supplies
from the machine-building industry. Together with the supplies from Poznan-city,
this percentage increases to 72.6. Furthermore, the closest zones supplied 45.5
per cent of all domestic products of the electrotechnical industry, 44.7 per cent
of the chemical industry, and 40.0 per cent of the metal industry.

The extent to which shipbuilding contributes to the development of the economy
of northern Poland is illustrated by the shares of supplies in the total output of
some branches of manufacturing. The region of northern Poland, including Po-
znan-city, supplied 11.6 per cent of its total machine-building output to the two
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MEASURE OF CONCENTRATION OF SETTLEMENTS 19

Fig. 1. Bobin 1890 Fig. 2. Bobin 1968

1) a preliminary general investigation of the spatial structure of settlement
for the given village,

2) superimposing the map of the village with a grid of 400 m squars in such
manner, that:

a) the pattern of the grid corresponds with the direction of the principal axis of
the village settlement (provided a principal axis exists),

b) the core of the village settlement occupies a central position in the grid, and
that the arrangement of the adjoining unit squares ties in with the central core
or with the main axis,

¢) a definite number of squares contains a maximum number of dwellings i.e. that
the position given to the grid should not distort the true concentration of dwel-
lings,

3) fragmentary squares next to the village border should be complemented
into full squares by combining them with adjoining fragmentary squares,

4) the total number of squares should equal the quotient of the village area
by the number area of the basic square,

5) conforming to the statistical principle ruling the index of concentration,
the summing up of the number of dwellings in successive squares yields succes-
sively increasing statistical series of the number of dwellings and of squares, follo-
wed by cumulative series; and finally to be calculated are the cumulative per-cent
values for the area and the corresponding per-cent values for the number of dwel-
lings,
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Fig. 3. Gronkow 1964

6) from the figures obtained in this manner, the Lorenz curves of concentration
are compiled (Fig. 9),

7) the concentration values illustrate accurately the degree of concentration
of settlement for the given village.

http://rcin.org.pl
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Fig. 5. Kaszow 1964
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Fig. 4. Kaszow 1890

PRACTICAL VERIFICATION OF THE PROPOSED METHOD

The application of the measure of concentration to investigations of the pattern
of rural settlement has been tested for several villages of the Krakow region, na-
mely for:

1) Bobin village, situated in an area of fertile loess soils — a village initially
densely settled, now a loosely-built multi-road village (Figs. 1,2),

2) Gronkow, situated in the Podhale region — a village in forest clearings (Fig. 3).

3) From the suburban zone of Krakow:

a) Kaszow — a developed one-street village (Figs. 4, 5),
b) Janowice — a dispersed settlement (Fig. 6),
c) Swoszowice — a loosely-built multi-road village in a dispersed pattern (Figs. 7, 8).

Table 1 illustrates the comparison of the values of the ratio of concentration (7).
This table gives evidence of the usefulness of this method for investigations of the
evolution of rural settlement and, in this particular instance, for the process of
dispersion of rural settlement.

The comparison of the maps of particular villages (Figs. 1-8) with the figures
indicating their ratio of concentration as shown in Table 1, and the graphs cha-
racterizing concentration (Figs. 9-13) imply, that application of the method may
be useful for classifying and typefying rural settlements. However, this assumption



Fig. 7. Swoszowice 1914

Fig. 8. Swoszowice 1964

Fig. 6. Janowice

-\.J'ﬁ.’
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MEASURE OF CONCENTRATION OF SETTLEMENTS

Fig. 9. Curves of concentration of rural
settlement for a basic village area of
400 x 400 m. Village of Bobin

gr

< n (S ~ [

Perceatage of area [cumulabive series

Fig. 11. Curves of concentration of rural
settlement for a basic village area of
400 x 400 m. Village of Kaszow

23

wer ey

Fig. 10. Curves of concentration of rural
settlement for a basic village area of

400 x 400 m. Village of Gronkow

i Il i L i
< 2 » . w - n ~ L (S8

Pereentace of area [cumilative serey/

Fig. 12. Curves of concentration of rural
settlement for a basic village area of
400 x 400 m. Village of Janowice
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/
//
1 //
S/ / Fig. 13. Curves of concentration of rural
« // . settlement for a basic village area of
N 7/ 7 400 x 400 m. Village of Swoszowice
i /

TABLE 1. Ratio of concentration

. Ratio of concentration(?) for

s Year |, basic area of 400 x 400 m
Bobin 1890 0.955
Bobin 1968 0.762
Gronkow 1964 0.848
Kaszow 1963 0.850
Janowice 1968 0.338
Swoszowice 1914 0.579
Swoszowice 1939 0.340
Swoszowice 1965 0.298

requires further confirmation, which would have to be based on a greater number
of case studies covering diverse spatial patterns of dwellings within one village,
selected from different parts of Poland.

CONCLUSIONS

obtained may be considered favorable, because:

1
2)

3)

The method under discussion has been presented by the authors in its appli-
cation to detailed investigations of the concentration of rural settlement. The results

the ratio of concentration or dispersion is expressed by a numerical value between

0 and 1;

one can compare the degree of concentration of different villages by means of

numerical values and graphs;

the changes and their importance in the structure of rural settlement are fully
illustrated and expressed by definite numerical values;
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42 MARIA W. KRAUJALIS

(1) the quantity of fuel consumed per unit of time and area,

(2) the properties of the fuels used, expressed in caloric values,

(3) the character of the processes by which the fuels are transformated into
heat, where in these transformations each of the processes applied has its own
thermal efficiency.

If then the information obtained from (1) is supplemented by additional data
pertaining to (2) and (3), it will be possible to answer the basic question how large
are the totals of heat emitted.

The principal difficulty met with in collecting the statistical material for small
spatial units, explaining the quantity and the characteristic properties of the fuel
used, lay in the information, available for the three group mentioned above, being
inequally detailed.

In all the accessible statistical records reffering to (1), the units of time and
space are very large: full years, and the whole country or whole voivodships. For
spatial units as large as this there is no way of analysing spatial distribution of the

TABLE 1. Properties and indices of fuels and of combustion processes, adopted as constants in
estimates of heat emission from artificial heat sources in Poland

Fuel type:
Index )
1 2 3 4 5 6 7
Index of transforming fuel into heat () 095 | 095 | 095 | 095 | 0.95 1.0 1.0
1) in production processes 095 | 095 | 095 | 095 | 095 1.0 1.0
2) in transportation 0.90 \ - 0.90 - - - 1.0

3) in domestic and communal hearts ‘
and in power plants

a) rural consumers, group A 0.80 | 0.80 | 0.80 | 0.80 | 0.80 1.0 1.0
b) rural cunsumers, group B 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 1.0
c) urban consumers, group A 090 | 090 | 0.90 | 090 | 0.90 1.0 1.0
d) urban consumers, group B 0.80 | 0.80 | 0.80 | 0.80 | 0.80 1.0 1.0
caloric value (c), in kcal/kg and |
kcal/cu. m 5262 | 2000 | 6500 | 2500 | 2000 | 4000 A 10000

Note: the following kinds of fuel were distinguished: 1 — bituminous coal, 2 — brown coal, 3 — coke, 4 — peat, 5 — wood-
6 — gas, calculated for 4000 kcal/cu. m heating value, 7 — liquid fuels.

phenomena under investigation. The information in group (2) is more detailed, re-
porting the properties of the fuels used; but the differences in the way combustion
takes place are enormous. Every domestic fireplace, every furnace operated in
industry and in communal heating plants has a different efficiency in converting
the fuel into heat. In consequence it became necessary to apply some rules: going
into greater detail for some of the available data and assuming more general inter-
pretations for other data. Hence, in calculating the quantity of fuel used, the author
subdivided large areas into smaller spatial units such as poviats and city-poviats,
while she took averaged values for the character of the combustion processes. The
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44 MARIA W. KRAUJALIS

TABLE 2. Annual figures for artificial heat S and for values of indices S/Q and S/E in selected
towns, for 1965

Values of S

Group Town in Tca | in S/0 S/E

kcal-10'° [ kcal - cm=2 - year™! |
S less than 50 Zakopane 17.0 0.2 0.2 0.7
kcal-101° Sopot ‘ 36.0 2.0 2.4 6.6
50 <S<100 Rzeszow L 975 2.5 3.0 8.6
Zielona Gora | 88.0 1.6 1.9 5.1
100 < 5<200 Bialystok [ 156.2 2.2 2.6 7.6
Kielce { 111.8 2.6 3.0 8.6
200 <.§$ <400 Lublin 316.0 34 4.0 10.6
Opole 296.8 5.6 7.0 17.6
400 <.5S<800 Lodz | 7276 34 4.2 11.3
Poznan 770.0 3.5 4.3 11.3
Wroclaw 7817.5 35 4.3 11.3
800<S<1200 Katowice 818.0 8.2 10.8 26.7
Zabrze | 1032.0 12.9 17.2 41.6
1200<S<1600 | Szczecin | 1234, 43 5.4 14.5
Warszawa 1561.0 3.5 4.4 114
1600 < .S <2000 Krakow | 1794.0 7.8 9.3 29.2
Watbrzych 1928.2 31.1 38.9 103.7
S$<2000 Chorzéw 2 029.5 61.5 83.1 198.4
Czestochowa 2033.2 22.1 27.6 74.7

ANNUAL SUMS OF HEAT FROM ARTIFICIAL SOURCES, AND THEIR SPATIAL
DISTRIBUTION

1. Total heat obtained. from fuels used for productive purposes

Among the artificial heat sources, industrial processes take first place. On an
all-Poland scale they release 449 of all the artificial heat emitted when converting
fuel into energy.

The spatial differences occurring in the consumption of energy in processes
of production are reflected in analogous differences in heat emission due to these
processes. On the whole, these differences are consistent with the spatial structure
of industry and, first of all, with the degree of concentration of production in the
most energy-consuming industrial branches. Hence this gives a picture of the spatial
structure of industry characterized by the amount of energy consumed. To give
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Fig. 1. Heat emission from fuel used for production purposes in 1965

hachure marks annual sums for poviats (in kcal-10%/sq-km) circles mark annual sums for cities (in kcal-108/sq-km)

an example, areas where metallurgical plants, which consume great quantities
of energy, are concentrated, show the highest indices of artificial heat (Fig. 1).

It seems worth while to mention the figures obtained for the cities situated in
the Upper Silesian Industrial District, where the annual totals of artificial heat
created are from about 1000 kcal - 108 - km 2 - year ! for Gliwice and Zabrze
to about 6000 kcal - 108 - km™2 - year—! for Swigtochlowice and Chorzéw.

In industrial regions the share of the industry in the total heat emission is very
much higher than Poland’s mean index. However, industrial expansion leads also
to a rise in the remaining two most important groups of heat sources: household
and communal fuel consumption, and transportation. As result of the process of
industrialization the absolute figures of total artificial heat emitted from regions
and centres with concentrated industries are many times higher than for the re-
maining areas of the country (Fig. 4).
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2. Total heat obtained from fuels used for domestic and communal purposes

The distribution of these kinds of heat shows a picture slightly more uniform
for all-Poland than the heat emitted by the remaining branches of the economy.
On the average, fuel consumption for domestic and communal :purposes generates
369, of the total artificial heat, thus taking second place after industry.

As mentioned above, heat emission from this source grows with expanding
industrialization; however, here the index rises at a much slower rate than the
index for industrial production. Where population is much concentrated, the use
made of the energy is more economical than in a dispersed economy. With the
process of urbanization the index of consumption of energy and heat emission is
growing. At a certain stage, however, this growth slows-down due to the construction
of central heating systems and by the use of more efficient equipment for home

Fig. 2. Heat emission from fuel used for communal and domestic purposes in 1965

hachure marks annual sums for poviats (in kcal 109/sq-km) circles mark annual sums for cities (in kcal-108 /sq-<m)
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heating and kitchen service in the modern housing developments. Fuel‘used by
collective consumers for heating, and for cooking in mess halls maintained for
factory workers and schools, and by large restaurants — all this raises the efficiency
of fuel consumption and lowers the mean caloric value of the fuel used per unit
of land surface. In particular this applies to the largest cities like Warsaw, £6dz,
Wroclaw, Poznan and Cracow where the mean heat emission per square kilometer
of urban area is much smaller than in the majority of industrial towns in which
heat emission is high in relatively small areas.

3, Total heat obtained from fuels used by transportation

Heat emission from means of transport (Fig. 3) illustrates the importance of
the main arteries of the passenger and freight service of the railway system with
its large switching yards and junction stations, as well as of the bus network. The

Fig. 3. Heat emission from fuel used for transportation in 1965

hachur: marks annual sums for poviat (in kcal-10%/sq-km) circles mark annual sums for cities (in kcal-108/sq-km)



48 MARIA W. KRAUJALIS

part played by the State Autobus Service is particularly conspicuous in areas where
industrialization is less advanced and from which people commute to larger centers.
Bialystok and Bochnia poviats may serve as examples. In general, transportation
is responsible for 14% of the artificial heat emitted.

4. Total figures for artificial heat in Poland in 1965

The quantities od artificial heat emitted from economic processes are much
varied all over Poland. In areas outside towns the figures are of the order of 50 - 10°
kcal - km™2 - year™! for the north-eastern part of Poland. They rise to more than
5000 - 10¢ kcal - km™2 - year™* for Upper Silesia. The annual total of heat emitted
in Poland in 1965 is 621 - 103 Tcal, in the mean, this is 0.2 kcal - cm™ - year™!.
This figure is ten times higher than the global mean for the whole Earth, as has

been estimated by Budyko, Drozdow and Judin [2].

Fig. 4. Emission of artificial heat in Poland in 1965

hachure marks annual sums for poviats (in kcal-10%/sq km) circles mark annual sums for cities (in kcal-108/sq-km)
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Fig. 5. Ratio of artificial heat to solar radiation in Poland, in %}

hachure marks annual sums of artificial heat in 9 of solar radiation, for poviats and for cities (circles)

centres like Bydgoszcz with its 116 sq. km area, or some of the most extensive urban
areas like Poznan covering 220 sq. km, £.6dZ (214 sq. km), Wroctaw (225 sq. km),
Cracow (230 sq. km) and Warszawa with its 446 sq. km urban area.

This is why often for different towns the total heat emission of the same order,
calculated per unit area, yields figures widely differing from each other (Table 2).
It therefore is necessary to stress the relativity of the values presented which, ho-
wever, supply an unbiased comparison of the values of both man-created and na-
tural energy processes on the interface earth-atmosphere, considered in their spatial
pattern.

Institute of Geography PAN, Warsaw



http://rcin.org.pl



http://rcin.org.pl



p s

. L SN a1 Y s

mmwmm&rwmm&“

= e J o vt a',

de

9 Ak,

i i
¢ #‘T“‘“ﬁf :.-‘:'-‘: stk 9
S o R S
v 04-.‘.

A..)fﬂ--u'ws»‘ ;

M'-. s

E% W-vki*ﬁ""#‘ ‘. I T 2
: uv-\n m-g A i t ..CM‘_'-,, :

‘01—1 ”

'W! , . A ‘ ‘},",*l'\-r*’ 4. ‘ G

# éi‘l‘l’lﬁ" ‘.#r_us- e ‘
;m-.,,..\,(

Bl v {;‘sriﬁ s

“é;l

¥ .
VR
-_,f.
. B, | ou @

<

http://rcin.org.pl




http://rcin.org.pl



THE IMPACT OF THE RAILWAY ON THE DEVELOPMENT OF TOWNS 55
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Fig. 1. A diagram of correlation between

the number of towns with particular

railway facilities and the mean po-

pulation increase of Polish towns

between 1860 and 1910. Numbers

refer to the percentage of all towns
in the class of increase

Fig. 2. A diagram of correlation
between the number of towns with
particular railaway facilities and the
mean population increase in Polish
towns between 1860 and 1910. Num-
bers refer to the percentage of all
towns in the given group

in nearly half of them (47,9%) the increase exceeded the total mean, and 25.1 per
cent of these towns had the highest increase, i.e. more than 250 per cent.

The resulting picture exhibits a distinct correlation between towns with different
types of links with the railway network and the population increase. This corre-
lation is most evident in the case of the junction towns and those without railway
lines. But if the towns included in the examination are considered en bloc, without
differentiating their size, it is impossible to establish whether the high population
increase in the junction towns results actually from the impact of the railway or
is connected with the size of the town. Therefore the size of the towns has also
been studied. The analysis carried out disclosed a meaningful correlation between
the size of the town and the population increase in the junction towns up to 100,000,
in towns with intermediary stations up to 15,000, and in towns without railway
lines up to 12,000 population. These differences are illustrated by the curves of
the medians referring to the particular groups of the towns examined (Fig. 3).

The next step has been to investigate the effect that building a railway line to
a town has on the town’s development rate. Accordingly, the analysis has been
limited to small urban settlements largely deprived of the inherent developmental
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THE IMPACT OF THE RAILWAY ON THE DEVELOPMENT OF TOWNS

Increase (%)

intermediary stations

junction stations

—
: % of towns
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g ' 0
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towns without railway lines terminal stations
350
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3?0
%o of towns
40 20 30 40
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Fig. 4. The differences between the share of the junction towns in the particular classes of popu-
lation increase and the share of towns with intermediary stations and towns without railway lines

1 ~ the distribution of the share of all towns of a definite type of railway link, 2 — the distribution of towns with junction
stations of 2-10,000 population, 3 — the distribution of towns with intermediary stations of 2-10,000 population, 4 — the

distribution of towns without railway lines of 2-10,000 population
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Fig. 5. Examples of deviations of the curve of population growth in towns after building
a railway line

A - Jasto — an example of an immediate positive devialion, B - Lubartéw — an examiple of a positive deviation with a time
-lag, C — Parczew — an example of the absence of deviation after putting through a railway line, D — Czaplinek — an exam-
ple of a negative deviation occurring twice

metimes the railway line facilitated out-migration, leading eventually to the de-
population of these towns.

The present study included also the examination of the structure of deviations
of the curve in towns of different size. In 1860 to 1910, in the group of junction
and intermediary station towns, these with 2-10,000 population were predominant.
In these towns the distribution of deviations of the curve was different in the two
types of station. Whereas in the junction stations most towns had an immediate po-
sitive deviation (57.7%), and the share of negative deviations was very insignificant
(4.39%), among the intermediary stations towns with zero deviation were most
frequent (35.4%;), and there was a relatively high share of negative deviations (23.4%,).
In the group of junction stations in all classes of size, towns with an immediate
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CARTOLOGY 67

The term “apparatus’ is here understood in the broad sense of any tool faci-
litating the cognizance of reality by man. In the chorological transmission this tool
operates by codes and algorithms programmed by man. Thus it can be spoken
of apparatuses programmed for the collection (registration) of information, for
the transformation of information, and for its transmission. Considering the exis-
tence and operation of an apparatus in the process of transmitting information
we may distinguish between direct (sensory) information and indirect information,
that is, information by a means of transmission — the apparatus (Fig. 1).

. ! R Cc
Fig. 1
1 — direct information, 2 — indirect in-
formation; R — reality, C — man, 4 — 2 R A -4 C
apparatus or transmission set

In visual chorological transmission the role of the apparatus is fulfilled by dif-
ferent forms of systems of visual signs: writing, pictures (photography) or maps
and map-like objects!3. In this latter case we have to deal with a specific kind of
chorological transmission ~ with the cartographic transmission of information'*,
which is essentially different from the other forms. Namely, it is “one of those
transcriptions (ces transcriptions) that by itself involves all the properties of the
geographical order (I’ordre geographique). It is a homothetic transcription. These
properties secure the usefulness of topographical maps (cartes d’inventaire) making
possible direct registration and use without additional descriptions, thus rendering
these maps effective instruments of the study of the land surface”!®. A somewhat
different approach is presented by M.K. Bocharov!®, who indicates that the car-
tographic transmission “has the specific property of a direct visual transmission
of the mutual distribution of the designations of objects on any surface”, and that
*“‘each cartographical representation of the earth’s surface involves in itself a unity
of contents and form, an agreement between the substance of information and
the signs”.

This specific character of the cartographic transmission results from the special
principles and laws governing it and from the employment of a relevant code, that
is, a system of signs. This code includes semantic signs, both arbitrary and moti-
vated'”. In contrast to writing, the system of cartographic signs has, in its form

13 Globes, plastic models, panorams, anaglyphs, orthophotomaps etc.

14 The cartographic transmission of information is to be understood as a process. The form
of this transmission is the map.

15 J. Bertin, op. cit., p. 9.

16 M. K. Bocharov, Osnovy teorii proyektirovania sistem kartograficheskikh znakov, Izd.
Nedra, Moskva, 1966, 20-21.

17 Cf. T. Milewski. Jezykoznawstwo (Linguiestics), PWN, Warszawa, 1969, p. 15.
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Fig. 2. Model of cartographic trans-
mission
R - reality as source of direct information, Er — in-
formative emission of direct source, -, — relation of
the direct cognition, s;; — relation of direct emitting,
512 — relation of the direct perceiving, K — the car-
tographer, the sender of message, Ek — informative
emission of sender (message emission), s, — relation
of message creation, s;; — relation of message emit-
ing, s22 — relation of message perceiving, M — map
or the message informant, Em ~ informative emis-
sion of a map, s3 — relation of indirect cognition,

s3; — relation of indirect emiting, -3, — relation of
indirect perceiving, O - receiver (map user), P — men-
tal transmutation (mental processes), .4 — relation
of reconstitution of the reality image (relation of
cognition), s4; - relation of recalling, warning
145 — relatilon of imagination z. — message relation
z, - relation of identification (of map efficiency)
z3 - relation of making available (of informing the
receiver), a — degree of the transmission correctness

sory) information as it is perceived directly through the observer’s senses. The re-
ception of this information depends only on the training of the receiver; to put
it differently, it depends on whether it will be perceived and understood, that is,
whether a sufficient number of signals will be received to make up a correct picture
of the reality (R). In the course of the informative emission of the direct source (Er)
a definite selection of the substance of the primary information is occurring; this
is conditioned both by external factors and by the receiver’s (in this case, K’s) psy-
chophysical factors, and thus independent of his intentions. This emission consi-
sts of both the emitting of the source itself and the perceiving by the observer. The
direct emitting (s,,) is dependent on external factors (darkness, light etc.), whereas
the direct perceiving (s,,) — on the receiver’s intrinsic condition (tiredness, discer-
nibility of the eye, sensitiveness to color etc.). The factors mentioned here prevent
all the information inherent in the source being perceived. Consequently, we may
speak about the effectiveness of emitting. The effectiveness (capability) of the in-
formative emission of the direct source can be defined by a ratio expressed as a lo-
gical-mathematical formula:

Effectiveness
Zl nid w, (1)
S,
where
Sqy =1k ° Sy for 0 < k<1, (2)
San = e S, for 0 <1 < 1. 3)

The effectiveness of emitting determines the loss of information. In virtue of (1),
this loss may be expressed thus:

IR e L LY
g S, 4
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72 LECH RATAIJSKI

in the map emission (Em), a further reduction of the original information takes
place. In the relation of indirect emitting (s3,) adverse effects are produced by pos-
sible substantial errors, the defective form of the map, and by technical imper-
fections. In the relation of indirect perceiving (s3,) the success of the reception is
conditioned by the preparation of the receiver and by external conditions of map
reading (e.g., the lighting). Analogous to the previous stages of the transmission,
the successive loss of information can be determined from the difference between
the relation of indirect recognition (S3) and the effectiveness of this recognition
(emission):

Effectiveness of the map emission

7. _ 5317532
o T ©)

the conditions for s3; and s;, being analogous to those in (2) and (3).

Loss of information

e (10)
or
Us =83 —Z,.

The intermediary stage of the map in the transmission of information from the
sender (K) to the receiver (O) causes that the information emitted reaches the re-
ceiver in a more or less distorted form, which results from a number of disturbances
both in the course of the relation Ek and in that of Em.

The total value of these disturbances, which manifests itself in the losses of
information, is determined by the difference between the relation of informing the
receiver, (z3) and the effectiveness of the transmission in the order: K —» M -5 O:

D =z — ‘/ % :
Z (12)

The picture obtained by the receiver is thus encumbered with a further amount
of ignorance, which adds to the total entropy.

In virtue of the information received from the map, and by identifying the signs,
understanding the messages contained in them and comparing them with the re-
membered (learnt) meanings, the receiver creates in his mind an imagination of
reality (R’) by intellectual associations. Depending on the scope of his memory
and the ability of logical association this image will be a more or less adequate
reflection of the reality (R). Since the ultimate result of the correctness of the image
(R’) depends on the ability of recalling (s,;) and on the ability of imagination (s4,),
the effectiveness of the imagination can be written as the formula:

i Sa1 * Sa2 )
57 (13)

The degree of correctness of the image, that is, the degree of the transmission
efficiency (@) is composed of the effectiveness of the successive stages of the trans-

mission of information, which can be expressed thus:
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Fig. 3. Model of cartology

1 - auxiliary substantial branches, 2 — auxiliary methodical branches, 3 - auxiliary branches of training, 4 — applications
of cartology. 5 — map knowledge

Thus, the neighbouring, or the more distant but cooperating, branches of know-
ledge perform the role of substantial foundation as auxiliary to cartography. Con-
sequently, it seems to be legitimate to define the whole group of such sciences and
branches as the auxiliary substantial branches. These branches enter a reciprocal
cooperation with cartography: the latter uses the substantial achievements, whereas
the former utilize the cartographic research methods and ready cartographic pro-
ducts. As auxiliary to cartography, these branches oparate in the relation R -y K
and are located in the relations of the field RErK.

The transformation of the direct information into messages, the elaboration
of systems of cartographic signs, the anticipation of projection deformations and
their effects, the anticipation of disturbances in receiving, the working out of prin-
ciples of generalizing and the preparation of the map to the reproductive processes
as well as the reproduction itself require a knowledge of and cooperation from
still other branches of science and professional skills. By way of example, we may
mention here mathematics, automatics, semiotics, psychology, aesthetics, printing,
economics of production etc. But the cooperation of these branches with carto-
graphy retains its reciprocal character to a smaller extent than in the formes case.
Since the achievements of these branches of knowledge make possible a steady
improvement of the methodical aspect of cartographic transmission and techno-
logical processes of creating the map, we shall call the whole group of these sciences
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1. Cartology: | - theory of cartographical transmission, 2
1L Auxiliary branches of cartology: 6 - substantial, 7
in cartography, 10 - production of cart

ive cartography: 9 - teaching

processes of creation

Fig. 4. Model of cartography

methodical, 8
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cartology with the operative cartography
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94 JAN ZURKOWSK 1

(1 5 xo)f' (xo) >/ 1 — Xos
or

f(x) > 1. (2-6)

On the other hand, the tangent to curve y — f(x) at point x. intersects the x
axes at point of the abscissa, which satisfies the condition that

S (x0) =1 (%) (x — Xo)-
From this we obtain
_ Xuf ) —F (%)
S (x0)
In consideration of the assumption of our theorem, Equation (2-6) and the
assumption that f(x,)-x, <O give us

X, f(x,)
S (xo) -7

If we now take into account that function f(x) lies below the tangent to it at
point x,, then, in accordance with Equation (2-7), there is f(x) < O for every x
Xo —f (%)

I (xo)

The result thus obtained disagrees with the assumption that f(x) is a curve of
concentration. From this it appears that f(x) > x for U < x < 1. However, since
in accordance with Definition 2-1 f(1) =1, we ultimately obtain f(x) > x for
0 < x < 1, and this completes the proof of our theorem.

Theorem 2-3. If the function f(x) is any optional curve of concentration in
the sense of Definition 2-1, then there is f(x) < 1 for every x in the interval 0 <" x <" 1.
Proof. Let us assume that for a certain yet clearly defined x. of the sort that
0 . x, < 1, we have f(x,) > 1. Because in the interval 0 < x < 1 we have /" (x) > 0,
there also is f'(x)>> 0 for the interval x, — x 1.

This means that in the latter interval the function f(x) does not decrease, i.e. that

S > f(x) > 1,

of the interval 0 < x

or that

S >1,

in spite of Definition 2-1 according to which f(1) = 1. Hence from this and from
Definition 2-1 it results, that f(x) < 1 for 0 < x < 1, thus proving the correctness
of our theorem.

Definition 2-3. If the function f(x) is a curve of concentration in the sense
of Definition 2-1, and if the function g(x) is defined by Equation (2-2), then we
shall call the coefficient of concentration an equation of the form:
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96 JAN ZURKOWSKI

1
k,=2{fdx-1<2-1=1,
0

which proves the correctness of the second part of the double inequality (2-10).

3. CURVE AND COEFFICIENT OF SPATIAL CONCENTRATION

In chapter 2 we have limited ourselves to general reflexions on the curve and the
coefficient of concentration. Due to their general character these reflexions do
not allow us to calculate the coefficient of spatial concentration for some definite
socio-economic category. We shall now define the curve of spatial concentration
for some specified socio-economic category and that limited coefficient of spatial
concentration which corresponds to this curve. Here the basis of our reflexions
will be the assumption maintaining, that an area (for instance the area of the whole
country) investigated from the viewpointof a definite socio-economic category
comprises® areas showing a constant density of this category. For example, if as
the socio-economic category we consider the population of that area, then the
density of this category will be represented by the population per 1 sq.km of the
surface of this area.

Let us assume that the combined surface of the area P considered is composed
of m separate areas with the surfaces p,, p,, ..., p,,- Let us now assign to an area P
the positive number Q(R), and to the areas p,, p,, ..., p,, non-negative numbers’
which correspondingly are g¢,(ry), 42(r2), ..., 4,(r,) so chosen, that Q(R) =
= Zq;(Zr). And let us agree that p, = 0 and that g,(r,) = 0; then we can show
that the functions of the form?®:

f'(x)=‘@(xvp‘+p2“'+p"-‘ il SILANGA T e TR ety

pilp P / 0
o P1+p2+ ..+ P Q X< P1+P2+---+P_,~k,
P » P
where i =1, 2, ..., m and
fz(x)=q"/Q‘x—— N R e SR R \|+q1+q2+m+q;_52 3-2)
r /R \ R / R
Py L +r %;QJr r_Q <x< ry + rzi—zi— ool 1 LA

¢ Cf W. Isard [1].

7 The assumed non-negativeness refers here only to the a; numbers for =1, 2, ... m. On the
other hand, as to the numbers r; =1, 2, ... m we assume their being positive.

8 At times they are called Lorenz curves, although in the sense of the present paper the latter
in reality are merely approximations of a curve of concentration (as an example cf S. Szulc: Me-
tody statystyczne (Statistical methods) Warszawa, 1961, 251-271).
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where i = 1, 2, ..., m are curves of concentration in the sense of Definition 2-1,
f the corresponding inequalities are correct:

Gilg __ qi+1/Q (3_3)
Pilp Piyile
fori=1, 2, ..., m—1 and
dGlo __ dirilo (3-4)
r/r r,‘+1/R

fori1=1, 2, ..., m—1.

For this purpose we have to prove, that

3-1. the functions f; (x) and f,(x) are continuous in the interval 0 < x < 1,

3-2. f1(x) > 0 and f5(x) > 0 in the interval 0 <L x < 1 and fi(1) =1 and
() =1,

3-3. £1(x) >0 and f(x) > 0, f(x) < 0 and f5(x) < 0 in the interval 0 . x 1.
At least in the interval 0 < x < 1 these functions can be (twice) differentiated.
Proof 3-1. On the basis of Equations (3-1) — (3-2) we conclude, that the functions
f1(x) and f,(x) are defined in the interval 0 < x << 1 and that they are linear in
intervals and that as such they are continuous functions.
Proof 3-2. This will be omitted as being too simple.
Proof 3-3. Because in accordance with Equation (3-1) for every i =1, 2, ..., m
the function fi(x) is linear in the interval

P1+ P2t e+ P pr+p2t .+ p;

e ’
& i

therefore its derivative in this interval equals EL$_9 _ This results directly from the
Pilp

Equation cited. As can be seen, this derivative is a non-negative number, because
¢, >0 and p, > 0 for i =1, 2, ... m. However, considering the fact that in the
interval 0 << x < 1 the function fi(x) can be differentiated by intervals because
at the points

L P+ P2+ ... +p;
P

where i =1, 2, ..., m—1 there is

f,”/pl-*—Pz-I-...—l-p,\ ?E/Q L g L'/P1+P2+---+Pi\._q »‘/Q, (3-5)
P AR i P N e

therefore we still have to make sure whether in accordance with footnote 2 there is

: + e 4 P, :
f_l(px pz;r +p )>f+1(p‘+p2j +pi)>/0}

The correctness of this inequality results directly from Equations (3-3), (3-5),

7 — Geographia Polonica 21
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P
0 - ;’[ = p—; ’
Si(xg) = Zalx} (3-6)
Fy(x,) = Z ax;- (3-7)
—_ — e —
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104 LESZEK STARKEL

SITUATION OF THE AREA OF INVESTIGATIONS

The Darjeeling Hills represent the lower part of the Sikkim Himalaya (fig. 1),
lying immediately to the north of the vast Bengal Plain, forming not only an element
of the foreland graben, but also a gate between the Deccan Plateau and the Assam

A

o.Cal.c.una

A 'y

o 7 A
(@2 []s
=3 [==]s

Fig. 1. Position of Darjeeling Hills and track of cyclone at the begin of October 1968

1 — mountains and highlands, 2 — area of investigations, 3 — track of cyclone, 4 — main Himalayan ridge,
5 — zone of heavy rainfall at 2-5 Oct. 1968, 6 — state boundaries

Upland (Khasi-Jaintia Hills). Masses of moist air have here an easy access to the
border of the Himalayas. The Great Himalaya of Sikkim, constituting a climatic
barrier, is composed of the mighty mountain massifs of Kanchenjunga (8581 m
above sea-level) and Pauhunri (7130 m.). On the foreland of these massifs and of
the Upper Tista Basin dividing them the wide (up to 30 km) zone of the Darjeeling
Hills extends, forming part of the Lower Himalaya (Plate 1), They culminate in
the summits of Sandakphu (3639 m), Tonglu (3303 m), and Tiger Hill (2580 m),
being dissected by the Tista valley. These hills rise in the form of a distinct step
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TABLE 1 Chemical analyses of Darjeeling gneisees and Daling schists *)

Series Locality Si0; |ALO, | TIO; | Fe;04 FeO | MgO | CaO | MnO | Na,O | K;O +H,Oﬂ -H;0| Total
Darjeeling Sukiapokhri 66.70 | 13.55| 0.79 | 0.81 | 422 | 1.87 | 0.87 | 0.08 | 4.11 | 625 | 0.87 | 0.07 100.19
Darjeeling Mahanadi-

-Kurseong 63971541 076 | 068 | 404 | 2,13 | 089 | 0.15 | 459 | 606 | 1.71 | 0.18 100,59
Darjeeling Mahanadi-

-Kurseong 69.78 | 12.08 | 092 0‘9‘7 432 | 1.58 | 1.26 | 007 | 3.62 | 292 | 1.11 | 0.35 98.98
Daling unknown 5473/ 2239| 080 | 305 | 401 | 161 | 0.59 | 002 | 1.79 | 543 | 542 | 0.18 100.02

* Analyses of Darjecling series after Chakraborty [9], of Daling one after Gansser [20)

TABLE 2 Mechanical and some chemical characteristics of soils®)

901

ity alti Grain si KO | P
Locality altitude Geomorphological locality el __®H [ KO|POs| Mg | Fe
as.l. ~1.0mm | 1.0-0.1 mm |<0.1mm|H,;0 |KCl | in mg per 100 g of soil
6| Sukiapokhri 2050 m | NW slope, inclination about 30° 6.7 66.0 273 4.7 |- 39 8.0 0.5 1.50 | 700
14 | Mani Bhanjan-
<Tonglu 2200 m NE slope, inclination about 20 09 77.8 21.3 5.3 4.2 4.0 0.1 0.66 | 27.5
15| Ringtong 1150 m W gentle slope 1.3 68.5 20.2 49 4.0 4.0 0.1 096 | 490
16 | Bannockburn
920 m E slope, inclination about 25 13.8 694 13.8 48 39 40 0.3 105 | 475
17| Chongtong 1320 m | flat elevation of Chongtong Spur 2.0 74.7 233 5.0 39 6.0 0.1 |036 | 47.5

* Mechanical composition made by A. Welc and chemical analyses by J. Kainica in Cracow,

http://rcin.org.pl
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Fig. 2. Geological map of Darjeeling Hills (after Ganser and others)

1 - Darjeeling gneisses, 2 — Daling series, 3 — Damuda series, 4 — Siwaliks, 5 — dip od beds, 6 — state boundary, 7 - roads,
8 — railway line

pany the transversal valley gorge of the Tista river, lying on the axis of a transversal
elevation [32, 21]. These ridges represent the zone of less resistant shales of the
Daling series. Within the inversive central highland the rectilinear course of many
ridges and valleys relates also to the structures — hence the frequent NNE - SSW
directions [27]. Thus, the ridge on which the town Darjeeling lies is synclinal and
that of Kurseong monoclinal.

Geomorphological observations were carried out by the author chiefly within
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Tindhario Kurseong Tiger Mil Dorjeeling Ramman R

g . :
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Fig. 3. Geological section across Darjeeling Hills (after Heim 1939)

A - Alluvium, P — Pleistocene boulders, S — Siwaliks, C - Damuda series, D — Daling phyllites and slates, M - Mica
schists, G — Darjeeling gneisses

the Darjeeling gneisses (partly on the Daling shales). The character of these rocks
as material being subject to weathering and denudation, is therefore described
more fully. Table 1 shows that silica prevails among gneisses (63-70 per cent), the
share of Al,O; being smaller (12-17 per cent), while that of iron, potassium, and
sodium is also significant. In the less resistant Daling shales the content of SiO,
1s much lower (55 per cent) and that of Al,O; higher (>22 per cent).

Fig. 4. Section across the typical narrow ‘ > A *
farming terrace west of Darjeeling / : D ¥ "B

a - sandy — loamy soil, b — sandy eluvium with [~ B = > /
unweathered derbis, ¢ — weakly decomposed gneis-

b (b) P -
ses / o 2 ;". / gl
4 P___———-4
o

In spite of the steep slopes, the rocks are fairly deeply weathered. The thickness
of the waste covers amounts to 0.5-2.0 m on the steep deforested slopes, to 2-4 m
on the more gentle ones and in the forests, and even to 6-10 m on the flattened
spurs below the height of 1500 m above sea-level. On the terraced cultivated terrains
(cf fig. 4) it varies greatly on a short section. The soil as a rule changes slowly into
a weathered solid rock. On gneisses it is very sandy and the rock fragments are
often weakly decomposed, which is related to the intensive degradation of soils.
The sandy fraction represents about 70 per cent (Table 2). While on the steep slopes
in shallow soils the content of debris is high, on the flattened spurs and in the dense
forests the share of clay and silt matter increases (sometimes up to 30 per cent).
Red soils approaching in laterites character prevail here. Owing to the mechanical
composition, the water capacity and permeability of soils is considerable [31], their
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plasticity ranges from 25 to 35, and the fluidity from 35 to 55. According to Dutta
[15], debris soils on steep slopes have an angle of repose of 30-40°. The soils show
an acid reaction (pH of water 4.7-5.3), they are rich in potassium and iron [43].
(Table 2).

The soils on the Daling shales are much more clayey anf subject in greater
measure to flows [26].

GEOMORPHOLOGICAL CHARACTERISTICS

The part of the investigated Darjeeling Hills between the valley of the Tista
in the east and the border of the Nepal in the west is composed of the central high-
land, (with a type of middle mountains relief with ridges of an altitude of 2200-
—-3000 m, dissected by valleys 1000-1500 m deep), the wide zones of the Great Rangit
and Tista valleys bordering it, and the Sub-Himalaya zone. The Tista and Rangit
valleys lie at an altitude of 100-300 m. the denivelations therefore jointly exceed
2000 m. The Sub-Himalaya zone south of a height of 900-1200 m above sea-level
has an energy of relief of 500-800 m.

The pattern of ridges is the result of dissection by dendritic valley patterns
(Fig. 5). The central part is composed of the meridionally elongated Sandakphu —
Tonglu hump (3000 m above sea-level), to which the Tiger Hill (2850 m) mountain
junction is joined by the Sukiapokhri dividing ridge 2200-2300 m high and running
W-E (between the basin of the Little Rangit and Balasan). This junction is compo-
sed of a meridional hump diversified by single peaks of a course Darjeeling — Kur-
seong. In the northern part numerous branches depart from it, breaking at a height
of 1800-1500 m on escarpments several hundred metres high, lying at the front
of outcropping Darjeeling gneisses (Fig. 3). The central area is dissected by a net
of valleys mostly obsequent in relation to the structure, often of a NNE - SSW
course and a depth increasing with the course of the valleys from 700 to 1500 m

ne
il
\ —
\ —
~_
\ . S
\—\

Fig. 6. View from Darjeeling to the South - west. Upper part of the Little Rangit river
basin. Between valleys flattened spurs at the altitude about 1300-1600 m a.s.l.
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The net of these main valleys is sparse. They are accompanied by distinct steps
in the form either of wide flat spurs (with an axis inclined at 3-10°) often 2-4 km
long, or of flat segments above breaks on slopes (15-25°). These fragments jointly
mark out the vast destructional level, which penetrates deep into the valleys in the
area of gneisses, especially along the Little Rangit and Balasan to a height of over
1500 m above sea-level (Figs. 6, 7 and 8). This level also developed along the Tista
and Rangit (at an altitude of 900-1000 m [27]) and in the Sub-Himalaya zone on
less resistant rocks. Numerous valleys are incised into it, having their sources on
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Fig. 7. Lower segment of Little Rangit valley. View from Chongtong to the North. Above wide
river channel and undercuttings there are visible fragments of two levels at relative hight
of about 200 and 800 m.

slopes of the highest ridges (Fig. 6). Along the large rivers Tista, Great Rangit,
and Balasan a lower level also runs, of a relative height of 200-300 m (600-1000 m
above sea-level), described above the Tista by Kar. In the smaller valleys, as e.g.
those of Rangnu or near Ringtong, breaks as knick points on slopes probably
correspond to it (Fig. 9).

When analysing this terrain the first thing noticed is the scarce system of large

*:--ﬁ_;;, 5 = —
3 ”~
o
A
e —— — —'“;‘;—»
P— 2
P

Fig. 8. Balasan valley to the South of Poobong. Above convex volley sides are ranging
wide and flattened spurs
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and deep valleys (Fig. 5; Table 3 shows by way of example features of some of the
investigated drainage basins), whose density does not reach even 300 m length
per sq.km. If we take into account the dissections of slopes of a depth of over 50 m,
it will increase to 600 m per sq.km. This is distinctly related the considerable depth
of the valleys (700-1500 m), the great length of the slopes (1-3 km) and their steep-
ness (20 — 40°). The slopes and at the same time the sides of valleys are usually
rectilinear or convex, undercut at their base, this being related to the lowering ero-
sional base. There also occur stepped slopes, which may be connected either with
the structure (different resistance of the beds of gneisses and shales) or with
the occurrence of benches of old levels. The gentle sections have then an inclination
of 15-25°, whereas the upper sections of slopes are steep. This is related to the dis-
section of the lower parts by slope gullies, and ,,sapping” of the higher parts. Con-
vex-concave slopes are encountered in sections of valleys with a small fall of chan-
nels (hanging) and scarp-slopes on the border of the central highland.

As was mentioned earlier, the degree of dissection density of slopes of big
valleys is often insignificant. This is illustrated by a sketch of the upper section
of the Rangnu valley, on which we see the (elaborated by Jahn’s method [25])
very small degree of dissection density (Fig. 10). However, if we take into account
all slope dissections S to 50 m in depth and of an inclination of axis approximate
to the fall of the slope, the density of dissection by valleys will increase to nearly
1.8 km/km?2. This suggests that there does not occur here a fragmentation but a
back-wearing of slopes, taking place only with the participation of erosion. The
same refers to many other valleys. Site observations show, however, that the
surface of slopes is greatly diversified by shallow (1-3 m deep) troughs, often
running parallel to each other at a distance of some twenty metres.

The gradients of valley bottoms of smaller and larger streams are uneven, de-
creasing downstream from 50 to 5 per cent (Little Rangit, Balasan) (Fig. 11). The
bottom is occupied by a wide channel covered with rock debris, or locally cut in

Fig. 9. Valley head of Pachim creek near Sonada and Ringtong, Breaks in slope profiles
give the sign of the rejuvenation of valleys



TABLE 3. Morphometrical characteristic of some surveyed catchment basins

T

e S = Little Rangit
. . angnu 2
Catchment basin (locality) TE) (i ikben) i h middle segment
(near Pul - Bazar)
catchment area in sq. km 53 9.0 331
lenght of main river in km 1.9 5.1 8.1 6.3 16.5
total length of creeks, dissecting
slopes deeper than 50 m 1.3 - 39.0
total length of creeks, incising
slopes less than S0 m 5.5 57 114
density of valleys (deeper than
50 m) in km per 1 sq. km 0.604 0.566 0.586
total density of drainage system
(valleys) in km/sq. km 1.641 1.200 1.764
relative heights in valley head in
meters 700 800 900-1200 -
relative heihgts in lover segment in
meters 1350 300-500 100-1250 - 600-1400
gradient of main river in percent
(upper segment) 50 40 24 25 -
gradient of main river in percent
(lower segment) 25 12 10 - 5
mean length of slopes in km 0.5 1.0-1.5 1.5-3.0 1.0-20 0.5-2.5
inclination of slopes in valley head
in degrees 25-40 25-30 20-35 25-35 -
inclination of slopes in lover seg- E
ment in degrees - 12-25 23-31 - 15-30 N
types of slope profiles (most x =
frequent) convex | NEBRMEGHNOTY. P step-ike, convex convex E
convex convex E
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Fig. 10. Upper part of drainage basin of Rangnu river (near Bannockburn)

- river pattern, 2 - isohypses each 1000 feet, 3 — dimension of: slope retreat measured as dissection by valleys (method
presented by Jahn [25])

solid rock. It is accompanied by small banches of terraces 5 to 10 m high (some-
times higher), usually preserved as cones at the outlets of affluents, built of gravel
and sandy covers with single boulders 5 to 10 m in diameter. In valleys of larger
rivers the channels of a slightly winding course are accompanied by undercuts of
slopes (walls often 10 to 30 m high), testifying to a considerable discharge of rivers
and accentuating the share of lateral erosion in the formation of convex slopes.

The Darjeeling Hills, therefore, have features of a young relief with deepened
V-shaped valleys and convex of rectilinear slopes. The development of the relief
shows a deepening of valleys occurring by stages, this being related with the period
of the uplift of mountains after the last orogenetic phase in the Lower Quaternary
[29, 20].

8 — Geographia Polonica 21
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THE CLIMATE

The heights and exposure to southern rain-bearing winds determine the distri-
bution of thermal conditions and precipitation. While Bagdogra, lying in the Ganga
and Brahmaputra Lowland, notes extremes of maximum and minimum tempera-
tures of +42° and+4°C, in Darjeeling, situated at a height of 2100 m, they
amount to +27° and -5°C. At an altitude above 2000 m the author often
observed ground frost and needle ice, which shows that on uncovered surfaces
frost weathering takes place. The seasons are related to the course of the
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Fig. 11. Precipitations in Darjeeling

On the left annual rainfalls in the years 1949-1968, On the right monthly distribution of rainfall in the years 1950, 1968
and mean value for 1901-1950. With cross — hatched signature maximal annual rainfall in 24 hours, with hachured one -
in 72 hours
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Fig. 12. Areal differenciation of precipitation in Darjecling Hills
1 — main ridges, 2 — rivers, 3 - roads, 4 — boundary of India, 5 — passes and peaks, 6 — rain gage station, 7 — automatic
raingage stations

In frames going from top: mean annual rainfall in 1901-1950, total amoung of precipitation during heavy rain 10-14
Juni 1950, amoung of precipitation during heavy rain 2-5 Oct. 1968

No value in frames means no information
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THE CHARACTERISTIC OF WATER CONDITIONS

The analysis of precipitation indicates that water falls on the earth’s surface
chiefly during the period of the summer monsoon. Its amount is spatially differen-
tiated, varying from 2 to 5 million m3/km?2/year. During a heavy rainfall up to
0.2-0.5 million m3 per sq.km falls in 24 hours (at a fall of 200-500 mm). At a full
saturation of the soil the coefficient of run-off may amount to 100 per cent, which
equals a mean discharge of 5.8 m3/sec./km?. The run-off on steep slopes occurs
rapidly in ravines cutting them. In the sandy waste mantle conditions permit the
run-off of water percolating in the soil. The slope of stream beds (5-50 per cent)
and the concentration of the run-off at the confluence of valleys favour a considerable
specific discharge. On occount of the lack of investigations in the region of Darjeeling,
the author will report the values of measurements from catchment basins lying
east of the Tista valley in an area of similar geological structure [14] (Table 4).
In 1952 four rivers of this terrain of an area of 50-160 sq.km (annual precipitation
of 5000-6000 mm) carried at the most from 1.8 to 5.2 m?3/sec/km?. Assuming
that the intensity of precipitation often noted here is 1 mm/min, it follows that
the unit discharge can amount to 16.7 m3/sec/km2. This is difficult to explain.
When the intensity of rainfall is higher (during orographic downpours e.g. in
the region of the Caucasus 9-10 mm/min are noted [47], a sudden expelling of water
from soils and a support of beds by landslides can occur, both resulting in an
increase of discharge.

TABLE 4. River discharge of some rivers in Kalimpong Subdivision in the year 1952

(after G. N. Dutt [14])

| Drainage | Forests ' Maximum Minimum ) A}'lnual
o i Maximum run-off discharge | Maximum : | rainfall

River i N discharge in in cu.m. in :mmnfnum in drain-

o b cu.m. per sec. per sec. cu.m. ratio figg area

| per sq. km. | per sec. in inches

|
Lish 49.2 37 254.7 5.176 0.25 1000 192
Gish 160.6 42 630.2 3.922 0.08 7423 | 212
Chel 103.6 47 184.5 1.777 0.06 3260 \' 240
Neora 134.7 69 | 242.1 1.797 2.4 101 i 250
| |

Although floods occur here every year, rainfall bringing about catastrophic
floods is most frequent at the beginning and end of the summer monsoon. As was
reported by Chaudhury and Das [16], of the 22 investigated floods in the neigh-
bouring Assam 10 occurred at the break of monsoon and 6 were related to the
migrating cyclonic centres from above the Bay of Bengal, usually during the aba-
tement of the monsoon.
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Waters sometimes flow impetuously from the mountains to the foreland, often
in the form of a billow overfilled with material /flash flood). Large quantities of
material are carried away [2]. Observations from the neighbourhood of Kalimpong
[14] indicate that some rivers, as e.g. Chel lift their cones by about 45 cm every
year. The river Manas and other Himalayan tributaries of the Brahmaputra give
annually about 670 m? of suspended load from 1 sq.km [15]. During their high-
water period rivers often carry 1000-7000 times more water than at their lowest
stages (Table 4). As a result of these fluctuations they often alter their channels
-within their cones, as e.g. the river Tista, which till 1787 flowed in three channels
and was a tributary of the Ganga [29, 46].

VEGETATION AND LAND USE

The Darjeeling Hills lie within belts of evergreen tropical forests. To the height
of 900 m this is a tropical forest, the so-called Lower Hill Forest (according to the
Working Plan of the Darjeeling Forest Division [37]), within which 3 types are dis-
tinguished: a sal forest (with Shorea, Schima), a dry mixed forest (Engelhardtia,
Castanopsis), and a wet mixed forest. The drier forests are related to deep valleys
lying in the rain shadow [7]. From 900 to 1500 m a jungle with mixed vegetation
(Schima, Engelhardtia, Castanopsis, Machilus, and others) grows. From 1500 to
2850 m the Upper Hill Forest extends with rich mixed forests (Betula, Alnus, Buck-
landia, Quercus, Magnolia, Acer, Juglands, and many others). Worthy of note
is Alnus nepalensis, which is the first to penetrate into the areas of landslides [45].
The large range of thees not welcoming the dry season is related to the considerable

Ak MR .'J‘-Lf---e,

Fig. 13. Daily rainfall records during summer period 1968, at Darjeeling (Planters Club Station)
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CHART SET AT 83 45 2 0ct. 1968
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Fig. 14. Pluviogram from automatic rainfall station in Nagri Farm (set on 2 Oct. and removed
on 5 Oct. 1968). By permission of Dr F. Rahman from Tea Research Station



ROLE OF CATASTROPHIC RAINFALL IN SHAPING THE RELIEF 121

40 4
mm
NAGRI FARM
. 1158 m asl.
20
40
mm KALIMPONG
(ca1200m a.s.l)

! J YN 1  poe

] L T 14
7" 16 20 4 4 2 16 20 24 4 8 12 16 20 24 4 8
2.X.68 | 3.X.68 - ¥

0- . .hnllmy “,l“, ”““l“l’ “ .

4.X.68 5.X.68

Fig. 15. Rainfall intensity per hour during heavy rain at 2-5 October 1968. The diagram besed
on the automatic records (pluviograms) from Nagri Farm (Tea Reseach Station) and Kalimpong
(Meteorological Dept. of the Govt. of India)
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rasteristic here is the full concordance of both curves in spite of the two stations
lying 29 km apart. On the basis of still other data it was possible to learn the areal
differentiation of the rainfall (Table 5). The heaviest occurred on the edge of
mountains in the neighbourhood of Kurseong (1091 m) and in the ‘Upper Tista
Basin (according to the information of the Meteorological Department). If in Nagri
Farm and Kalim pong700-800 mm were noted at a maximum hourly intensity
of 40-55 mm, it might be presumed that in Kurseong the hourly precipitation greatly
exceeded 60 mm/h.

TABLE 5. Rainfalls in the days 2-5 October 1968 in Darjeeling region (in mm)

Station For 1968 2 Oct. 1968 | 3 Oct. 1968 | 4 Oct. 1968 2-5 Oct. 1968
Jaipalguri 120.0 113.0 =
Nagri Farm 91.4 260.1 382.8 734.3
Nagri Farm
(automatic rec) 87.6 241.6 368.9 697.1
Kurseong
(St. Mary Col-
lege) 4878.5 152.0 301.0 638.0 1091.0
Ringtong T.E. 3197.8 151.1 209.5 241.0 601.6
Poobong T. E. 3975.1 110.0 255.0 400.0 765.0
Darjeeling
(Planters Club) 2651.2 93.5 210.3 303.3 607.1
Darjeeling
(Meteorol. Obs.) 85.0 215.0 275.0 575.0
Bannockburn
IPRES 2689.6 83.3 207.0 356.1 646.4
Chongtong T. E. above 650.0
Kalimpong
(Meteorol. Obs.) 73.4 257.8 465.1 796.3
Kalimpong
(automatic rec.) 71.1 261.3 | 456.1 788.5

At the same time in Darjeeling and its vicinity and in the deep mountain valleys
the rainfall did not always exceed 600 mm, while on the foreland of mountains it
amounted to about 400 mm. The characteristic trait of the 60-hours’ rainfall occur-
ring towards the end of the summer monsoon when the soil was saturated with
water, was the increasing intensity and strongest accent at the end of the down-
pour (Fig. 13 and 15).
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they will still be considerable, exceeding 3-5 times the highest noted intensity of
precipitation (about 1 mm/sec). As follows from the accounts of the local popu-
lation and observations of the results of the flood, there occurred on the 4th Oc-
tober at about 11 p.m. a violent flow of masses from the slopes and a rise of flood.
This was probably followed by a release of immense masses of water confined
in the covers (seepage pressure). With the additional damage of the channels by
landslides and superposition of flood waves it seems that the values of the unit
run-off of the order of 50 m3/sec/km? are*not overestimated for some catchment
basins.

TABLE 6. Characteristic of discharge and size of boulders in some river channels

1 p Depth ; Mean 4 Specific
River Width of Grad'lent e Average size velocity Plscharge 'run-off
(locality) c.hannel of.' r1:/er o of }')oulders Aol in cu.m. in cu.m.
in m. in % (4 Oct) in m. per sec. per sec. per sec.
per sq. km.
Posam
(Poobong) 30 25 2-3 5-6 13 780 156.0
Pachim
(Ringtong) 10 10 2 2 6 120 14.3
Little-Rangit
(Pul-Bazar) 150 5 5 2-3 7.5 5625 75.0
Tista
(Tista-Bazar) 250 0.2 20 2 5.5%) 27500 3.8

* The same values have been measured and computed from the size of boulders

During the decreasing of the flood wave, probably also occurring suddenly
(large boulders were not covered with fine material), the inflow of water from slopes
rapidly decreased, while the springs related to the deeper retention continued to
be active.

The violent water rise also occurred in large rivers. According to the information
obtained, the level of water in the Tista rose locally to 80 feet. At Tista Bazar near
Anderson’s bridge which was carried away at about 11.30 p.m. the author noted
that the high-water. level was 18 m higher than that observed towards the end of
November 1968. The water overflowed the bridge. If one takes into account the
mean velocity of flow of the flood wave reported by the press as amounting to
5.5 m/sec (to the Seroka bridge the water flowed 12 miles in the time of an hour).
which is in occordance with the size of bed load, the flood discharge at Tista Bazar
was about 27,500 m3/sec. This equals a unit discharge of 3.8 m3/sec from 1 sq.km
(the catchment basin occupying an area of 7200 km?). 2 The value of the Tista

2 In the preliminary report [52] 3,6 m?/sec were wrongly given.
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eliffs formed by lateral erosion, 27 - river channels, 28 — alkivial fans, 29 - Aceumulation in chandel facies (boulders, graveh), 30 - accumulation in temracs fadkes (sads and graveh)
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Fig. 17. Types of mass movements during heavy rain October 1968

a; — Mudflows connected with suffosional channels, a, — slumps — mudfows, b — mudflows directed by slope gullies, ¢; —

debris — rock slides connected with deep percolation, ¢, ~ landslides and slumps created by lateral erosion

1 — slope surface before movement, 2 — new erosiosal profile, 3 - joints conducting ground waters, 4 — sufosional channel,
5 - flowing or sliding material, 6 — soil cover with tea bushes

corresponding to the thickness of the waste mantle), a long gully like channel
usually with a torn down layer of soil about 0.5 m thick, corresponding to the depth
of rootage of the tea bushes. The channel with steep margins was from several
to 40 m wide, being often centrally or marginally cut by a furrow 0.5-2 m deep,
sometimes cut into the rock. The fall was variable; the flowing mass overcoming
the unevenness of the slope had a varying velocity, slowing down and spreading
wider on flattenings (10-20°). The winding course of the gully and preserved single
trees (sometimes tea bushes as well) on the axis of the flow suggest that it was a li-
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ROLE OF CATASTROPHIC RAINFALL IN SHAPING THE RELIEF 1

quefied mass, behaving like a liquid (Plate 3). On long slopes some flows reached
a length of 600-1000 m (Fig. 16, Plate 4). The front of tongue often moved down
as far as the valley bottom, coming then to a stop on a terrace, where in the final
phase of the downpour it was washed away, forming alluvial cones with an incli-
nation of 10-15° (Plate 5). The best preserved were tongues of flows which had
been held up by tea bushes on slope shelves. Inclinations of the order of 15-20°,
characteristic of accumulations of tongues, correspond to the angle of internal
friction of loamy sands saturated with water.

The flows described were formed under the influence of the seepage pressure
of percolating water circulating in the waste mantle. The water gushing out under
pressure together with the liquefied mass flowed over the slope. That is why many
courses of flows were simultaneously cut by streams of water flowing from suf-
fosion channels (Plate 6). The cutting could have continued towards the end of the
downpour after the formation of the flow (cf. Rapp [41]), as like as the retreat of
the niche (fig. 17).

At smaller inclinations of 12-20° flows formed on the gentle slopes of Chong-
tong Spur, where in the more clayey thick soils liquefaction occurred more rapidly.

Fig. 18. Geomorphological sketch of a big land-
slide in Poobong Tea Garden about 350 m long.
Upper part - rock slide, in the lower earthflow
I - niches and scarps, 2 - springs erosional o
€% and ArpS prings and ecrosional furrows r—’:—-
dis secting the sliding blocks, 3 - sliding mass, 4 - forehead, |
of siding mass, S carthflow, 6 lateral erosion of Posar —
. e
creek, terrace plain 8 m high, partly covered by flow | J :‘
P
|
K
— o ——
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Fig. 19. Two examples of mapping of forest areas in Little Rangit Block. New changes ofter October 1968 underlince by red colour

1 - contour lines each SO0 feet, 2 - roads, 3 ~ crecks, 4 — slips and flows formed in 1950, (mapped by forest officers - ¢f. 37) 5 - V ~ shaped valleys, inactive in Oct. 68, 6 - in-
active gullies, 7 - breaks and scarps, 8 - new gullies, 9 - channel ~ like mudflows, 10 - landslides, 11 - boulders accumulated in valley bottoms
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among landslips and dissections encountered along roads as many as 32 were inac-
tive during the downpour, 8 underwent rejuvenation, in 6 a fresh transportation
or accumulation of gravels was recorded, and only 6 new furrows had formed.
Thus, the forest inhibited the process of waste flow, the action of water being li-
mited to the deepening of channels. However, it had no effect on deep landlides.

Considerable changes occurred along roads. E.g. along the Siliguri-Darjeeling
highway over 200 new landslips were recorded (a large one near Godabari on the
Daling shales).

A differentiation though less distinct also appears between areas of varying
amount of rainfall. In Ringtong, where the slopes are often more mature (Plate 12),
and well drained by dissections, the fall of rain amounted to only 602 mm. In spite
of the steep valley head, the stream rose only slightly. The percentage of destruction
on the plantation was 2-3 times lower than e.g. at Poobong, where the fall amounted
to 765 mm. There also appears a differentiation in the transformation of slopes
in the longitudinal profile of rivers. In valley heads earth flows directed by fur-
rows were more frequent, leading even to a dissection (fragmentation) of slopes
(Plate 13), whereas down the rivers, with the increasing erosional force the under-
cutting of slopes played a more important role.

Assuming on the average that on 20 per cent of the surface of deforested slopes
in the altitudinal belt of 900-2200 m above sea-level flows and other types of mass
movements occurred, and that the mean thickness of the displaced layer was 1 m,
it follows that the whole surface of slopes was lowered by 20 cm on the average.
If we take into account the forest areas, the average degradation in the region of
Darjeeling will amount to 10 cm, which equals the removal of about 100 thousand m?
from 1 km?2. This value will increase by 15 thousand m? if we take into consideration
the actual surface of slopes of an inclination of 20-40° and not the one projected
on the horizontal surface.

The distribution of fresh furrows of flows and slides on slopes throws light
on the tendency of the transformation of slopes of the Darjeeling Hills. The pre-
vailing convex profile of the whole slopes gives evidence of the role of incision and

Fig. 20. Convex profiles of slopes
forming by many mudflows. Valley
side of Posam creek in Poobong

a - great landslide near tea factory in Poobong
(cfi Fig. 18)
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lateral erosion of large streams (Fig. 20). During the flood the sides of valleys were
undercut to a height of 10-30 m (usually slightly above the reach of the flood wave),
and on both sides even of meander channels. Apart from a few sections, where
at the base of slopes fragments of terraces above the flood plain occur, the river
carried away almost 100 per cent of the material brought down from the slopes.
The steep upper sections of slopes retreated, whereas the more gentle (usually middle)
sections were lowered by the flows. The slopes as a whole are subject to a distinct
back-wearing. This is also evidenced by rocks occurring on convex slope breaks.
The occurrence of traces of old furrows after flows and the formation of new ones
in other places indicates that by the alternate denudation of the particular stripes
of slopes their retreat makes progress. Whether this is a frontal or undulating retreat
is determined by the density of valleys dissecting the slope (Fig. 21). The erosional

Fig. 21. Two ways of valley side formation during catastrophic rainfall (independent of lateral
erosion)

a — with participation of linear erosion, frequently dissecting the slopes and directing the mudflows, b — by superficia
degradation it remains the flat slope surface (by spersely dissected slopes)
At the top the contour - lined slope surface with mudflows, down the transversal slope sections indicating the tendencies
of slope evolution

valleys 10-15 m deep with steep falls dissecting the middle and lower sections of
slopes play the part of intermediary in carrying away the material. Observations
in forests indicate that the development of these valleys was often started due to
large landlides and to the action of springs released by flows, and was continued
by the deepening by water not overloaded with material.
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Fig. 22. Transformation in the river channel of Posam creek. On the right former valley floor co-
vered by boulders. On the left incision in the bedrock (plate 17)

with a finer material in the lowered bottom of the valley. Below, in the Balasan
valley, accumulation prevailed at a smaller gradient (of the order of 5 per cent).

An example of a large valley in the investigated section, with a gradient of 5 per
cent and drainage basin of about 75 sq. km, is the Little Rangit near Pul-Bazar
(Figs. 16 and 23). Before the flood the river bed was 25-100 m wide and in the valley

\ ;
\‘\/7"'."'-'»‘"'*;!.;;-4* . ooo ) t

- ca 150m =

Fig. 23. Transformation of valley floor of Little Rangit to the southwest of Pul — Bazar

a - schematic section of valley floor before flood. b — erosion and accumulation during floor on 4th Oct. 1968

bottom were rice fields. In 1965 a new ferro-concrete bridge 13 m high and 35 m
long was constructed. The river during its rise widened its bed up to 80-200 m,
and in some sections from 30 to 180 m. The stream, flowing in December over
a width of 5-8 m, during the flow could not hold in the bottom and undercut the
slopes. Their back-wearing came up to 50 m. The bridge was an additional obstacle
in this section. The river-bed became covered here to a height of 10 m with boulders
2-3 m in diameter on the average (Plate 18). The bridge abutments were destroyed.
The water overflowed the bridge and part of Pul-Bazar was flooded. Below the
bridge the river eroded for the most part, while the side affluents partly poured
their fans on the preserved fragments of a 6-10 metres high terrace and partly dis-
sected it (Plate 11). In the Little Rangit valley one can observe sediments resulting
from the various phases of the flood. While during the flood crest boulders 8-12 m
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Fig. 24. Geomorphological sketch of Tista valley bottom near destroyed Anderson bridge

1 - river bed with levees and bars, 2 — aluvial fans formed in Oct. 1968, 3 — intensive lateral erosion, 4 — big landslides,
5 - road Darjeeling — Kalimpong, 6 — contour lines
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and after catastrophic rain on 10—

-14 Juni 1950 in Darjeeling (Planters
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and 10th of June up to 960 mm. Thus, the precipitation was distributed unevenly
both in space, since the fall was from 278 to about 1500 mm (Fig. 12), and in time,
the maximum rainfall occurring on different days. The rise of waters in the rivers
was considerable if, according to Krishnan [29], the Tista carried on the foreland
of mountains about 18,700 m3/sec.

A large number of new landslides were formed in the region of Darjeeling itself,
where the rain greatly exceeded the maximum for 1968 and the town, moreover,
had a poor sewage system. Whole slopes with houses built on them descended at
that time (Plate 20). In the geological-engineering works of Ray — Sarma [42], Dut-
ta [15], Nautival [36] and others one can find many details about the slides formed
then, which for the most part occurred on slopes with an inclination of 30-35°.
Ray — Sarma distinguished 3 types of slides: debris—slides, rock-slides, and slow soil
creep. Dutta dealt with the causes of the formation of earth-rock flows, laying
stress on the role of “seepage pressure of percolating water.”” The classification
of these forms was very correct. Large flows, according to Dutta, occurred in tea
gardens, where flow-tracks up to 30 m wide were formed. A big slide formed at
Sonada [36], becoming active again in 1968. The Working Plan of the Darjeeling
Forest Division [37] contains sketches of forest districts, on which slides formed in
1950 are marked (Fig. 19). They must have been very large and numerous since
the foresters recorded them. Worthy of note is the concentration of these slides
near roads, which was also observed by the author in the same regions in 1968. In
1950 near Manai Bhawan in the source section of the Little Rangit they were more
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OONTHNTS OF VOLUMES
GEOGRAPHIA POLONICA



Vol 14, Special [ssue for the 3ist International Geographical Congress in New Delhi,
1964, 43 papers prepared by Polish geographers: 24 dealing with physical and 19 with
economic and human geography. List of geographical institutions in Poland and
Polish geographars, 406 pp., B0 Figures, 1968, § 9.15

Vol. 15, Economic Regionalization and Numerical Melhods, The volume contains the
final report on the activities of the IGU Commission on Methods of Economic Regio-
nalization, as well as a collection of 8 papers by American, Canadian, Soviel, and
Polish authors. 240 pp., 54 Figures, 1068, § 5.60

Vol. 16, 11 papers dealing with research problems and technigues in both economic
and physical geography, 136 pp., 27 Pigures, 1909, § 2.70

Vol. 17. 2 Special issue prepared for the 8th Congress of the Imernational Union for
Quaternary Research, Paris, 1060, 28 papers by Polish authors, including studies in
stratigraphy and neotectonics (0), geomaorphology and paleohydrology (10), paleobo-
tany (3), sedimentology (5), archeology (4), 428 pp.. 122 Figures, 1069, § 8.30

Vol. 18 Studies in Geographical Methods. Proceodings of the $1d Anglo-Polish Geo-
graphical Seminar, Baranéow Sandomierski, September 1-—10, 1967, 200, pp., 54 Fi-
gures, 1070, $ 5.00

Vol 1. Essays on Agricuitural Typology and Land Utilization, 20 papers presented
at the meeting of the Commission on Warld Agricultural Typology of the IGU,
held 1968 in New Delhi, 200 pp,, 97 Figures, 1870, § 3.60

Vol. 20. 9 papers on various aspects of both physical and economic geography, -
including urbanization, International trade, changes in rural economy, indusicial
development, urban physiography and hydrographic mapping. 183 pp., 81 Pigures,
1972, § 200
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