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FOREWORD TO THE FIRST EDITION

The initial stimulus for the present work was given to me by my
honored teacher, Herr Prof. Dr. E. Fels, in a seminar in geography at
Munich University in the fall of 1934. Among the subjects he treated was,
"The Influence of Cities on Climate'. Since this subject was particularly.
in line with my climatological bent, I took up the problem and presented a
lecture on it in December of the same year. With the consent and assis-
tance of Herr Geheimrat Prof. Dr. E. von Drygalski, to whom I also ex-
tend my gratitude at this time, I developed from this rough draft my qualifying
paper for the state examination in the physical sciences. Herr Prof. Dr.
Gredner, who examined my paper, arranged for a concise extract of it to
be printed in the September, 1935, edition of the '""Geographische Zeitschrift''

At the further suggestion of Herr Prof. Dr. E. Fels, for whose stimula-
tion I would here like to express my deep gratitude, I expanded this work,
for the most part by including European and American sources, into a doc-
toral dissertation, which I presented to the Faculty of Philosophy (Section
II) at Munich University. The greatest part of this work originated, naturally
enough, in the offices of the Munich Climate Service, which most obligingly
placed its library and other resources at my disposal. I am especially
pleased to express my thanks to all the gentlemen at the Institute, particularly
to their supervisor, Herr Geheimrat Prof. Dr. A. Schmauss, to Herr Prof.
Dr. Geiger, who allowed me to look into his collected writings, and to Herr
Reg. -Rat Dr. Zierl for his untiring advice and assistance, and for his pro-
curement of the necessary bibliography.

Since, in the opinion of the gentlemen named above, the work is of general
interest, I am offering it to a wider range of readers than is usually the case
with dissertations.

Ettal, October 1937.

Dr. P. Albert Kratzer O. S. B.
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FOREWORD TO THE SECOND EDITION

When the publisher of this collection, Herr Prof. Westphal, requested me
to consider a new edition of my book on the climate of cities, I accepted, albeit
I was aware not only that a second edition would require supplementing par-
ticular sections, but also that the profusion of investigations and the increasing
complexity of climatological sciences, as well as works in the area of geopo-
litical and agricultural planning demanded a new organization of the subject.

At the same time, the necessity of rebuilding cities destroyed during the war
presented the opportunity of applying the knowledge of city climate gained up to
that point to the practical situation.

It was for this reason that, after some initial doubts and despite many other
duties, I was unable to resist the challenge of once more taking up the problem
of city climates.

This time I was concerned with the elucidation of the concept of ''city climate"
and with defining clearly its position with respect to allied disciplines. The
chapter '""The City'" deals in more detail with the problems of geopolitical and
city planning. A special chapter on city air and its aerosols was included in the
chapter '"Radiation'' in order to demonstrate the fundamental importance of the
former for city climate. The chapter itself was divided according to the in-
tensity and duration of the solar radiation. The remaining chapters, while often
supplemented and enlarged, have undergone no essential changes beyond my
efforts to organize them more clearly.

The bibliography has grown to more than double its original size. An American
compilation by Brooks /67/ contributed substantially to it, thereby saving me
much work.

Thus, I feel that the second edition has not only grown in number of pages
and figures but also has gained in clarity.

I would like to express the hope that the book will be received as well as its
predecessor, in Europe and in the Americas as well. I also hope that it will
fulfil its purpose everywhere and will prove not only a useful took in the hands
of city planners and builders but also a lucid and instructive work on their
climate for all interested city-dwellers. May it also provide inducement to
further studies and particularly to the monographs which have still to be written
in the field. ' :

It is my pleasant duty to thank all those who have helped me in my work, most
of all, the Board of Directors of the Meteorological Institute of Munich Univere~
sity, Herr Prof. Dr. Rudolf Geiger and his librarian, Herr Dipl. -Met Baum-=
gartner, the director of the Munich Climate Service, Herr Ob. «Reg. -Rat Dr.
Reichel and his colleagues, the foreign lending services of the various German
and English libraries without which it would have hardly been possible to assemble
the widely scattered bibliography. Finally, I would like to express my sincere
thanks to Herr Professor Dr. Westphal for his painstaking examination of the
manuscript as well as to Herr Professor Dr. -Eng. Goderitz for his pertinent
comments and supplementary suggestion in the area of city construction and for
doing the model for figure 3.

Ettal, the beginning of 1956.

Dr. P. Albert Kratzer O.S. B.
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I. THE CLIMATE OF CITIES

1. The Basic Concept of City Climate

First of all, let us make clear what we understand by city climate.
We could be referring to the effects which the overall climate exerts on
cities in hot, dry areas, the tropics, temperate zones, polar zones and
other areas. Each city differs in its aspect according to the type of climate
prevaient in the area in which it is located. Or we could be speaking of that
climate peculiar to the city itself i. e., the climatic characteristics which
distinguish the city from its surrounding area, and what gives rise to them.
Finally, we could mean the effects and consequences of this climate for
city dwellers and their health. The bibliography includes works which ex-
amine all three of these possibilities. This book will confine itself to the
second viewpoint: What change does a city's climate undergo due to the in-
fluence of man-made congested areas which, in a generalization of a term
ordinarily limited to the countryside, have been designated ''city landscapes?"
Here we will try to go ever deeper into the origins and peculiarities of city
climate as a part of this city landscape. Since, in this era of technological
progress, these effects are assuming ever greater proportions; they are
shifting more and more into the sphere of geographical and climatological

science. I refer to E. Fels, The Businessman as a Shaper of the Earth [126].

Thus, changes in city climate have increasingly attracted the attention of
climatologists. The purpose of this work is to unite these individual works

into a unified picture.

2. Position with Respect to Climatological Science as a Whole

City climate cannot be considered as a large-area climate, since even

the largest cities are but small areas when compared to continents or nations.

Nevertheless, city climate cannot be included among microclimates, since

its data are taken in a weather station oriented for macroclimates.

City climate research concerns itself only incidentally with the actual
microclimate, i.e., with the climate of the air layer near the ground. Its

place thus clearly falls between its two sister disciplines so that, as Scaetta



[ see Geiger 149, 3] has suggested, we may term it mesoclimate. In

German one could also say '"Zwischenklima'' (intermediary climate). City
climate is a typical mesoclimate, a small-area climate, a climate for

human beings within a limited area.

This theoretical separation does not mean, however, that city cli-
mate bears no relation to its neighbors. On the contrary, it bears many
such relations. As an example, influences of the city on large-area cli-
mate and on the course of the weather in general are completely within
the realm of possibility, as is the influence of air pollution on the climate
in general, in particular on cloud formation, stagnation effect, dissolu-
tion of cloud covers, retardation of frontal passages, formation of stationary
funnel clouds, the effect on thunder storms and precipitation, and atmo-

spheric electricity.

The same applies for microclimate: How does the influence of a city
behave with respect to its location in a valley? The prevention of seas of

cold air, is only one example.

3. Classification

Let us now turn to the problem of classification of city climate itself.
We can consider

1. City climate as a unified whole: formation of the vapor cover
from aerosols, radiation factors, duration of sunshine, wind factors, stag-
nation effect, characteristic ‘wind system, precipitation, temperature ine

crease with size.

2. The climate of specific parts of the city: business section, re-
sidential areas, industrialarea, congested or non-congested‘, center of city,

edge of city.

3. Climate of specific streets according to their direction with re=-
spect to the sun and wind, according to their width, location of squares and
parks. Every street has its own climate, particularly as far as temperature

and exchange processes are concerned.

uZ-



4.  Research Methods

The particular subject at hand naturally calls for particular research
methods., Of course, since the data are taken from instruments at weather
stations or at similar installations, the technique involved is the same as
for large=-scale climate; however, its manner of application is entirely dif-

ferent.

1. Evaluating quite lengthy observation series from permanent urban
and rural weather stations, in both of which cases, the longer the series, the

better. This method is taken over from macroclimatology.

2. Establishment of a network of several permanent observational
sites both in and outside of the city, wherever possible, using instruments
which record only for a limited period [118; 465; 485; 504], as is already

often the procedure in microclimatology.

3. Measuring trips through the city touching all the points designated

for local climate purposes. The trips are selected according to

a. time of year
b. time of day
c. wind direction

weather conditions (temperature), cloud cover, ground cover
(snow).

4. Evaluation of one or more rural stations with respect to wind direc-

tion from the city as compared to other directions.

5. Evaluation of climate values from an urban station by week days,
[82, 98, 21].

6. Examination of long series of observations for rapidly growing cities.

7. Observation balloon and radiosonde ascents for the purpose of ex-

amining air layers over the city.
8. Evaluation of occasional observations.

9. Experiments on models [ 405].



5. Evaluation of Information

Only when we possess sufficient knowledge of the bright and dark sides
of city climate are we in a position to use this information and-to formulate
a technique for city construction based on considerations of climate. Yet
something is already accomplished, when we realize that we do not have to

accept city climate simply as a fact but can influence it
a. by choice of a suitable location for a new city or city district.

b. by composing a climatologically accurate city plan, according to
whose considerations the construction takes place, with proper distribution

of industries, residential areas, green areas and streets.

c. in striking a blow at the haze which plagues so many urban areas

through legal measures, improved heating and electrification, etc.



II. HISTORICAL SURVEY

1. A Short Sketch of the Development of Large Cities

Very early in the history of mankind, we find evidence of the existence
of large cities. We have already encountered a few of them by the beginning
of the third millenium before Christ. In 1500 BC the inhabitants of Babylon
were estimated at 1, 2 millions; a thousand years later Carthage and Thebes,
Egypt approached these figures with 600, 000 and 800, 000 respectively. Rome,
in its prime, had more than a million and Constantinople more than 800, 000.
A first high point in the development of large cities was achieved by the Roman
Empire, which boasted 30l with é combined population of 7 million; i. e., 10%
of the population lived in cities. The collapse of the' Roman Empire saw these
cities lose both in size and significance. Not until the rise of the Arabic
world do we again see people gathering in large cities; in 750 AD this empire
boasted 22 large cities with a combined population of 4. 4. million compared
to a total population of 57 million. Baghdad at that time had a million re-
sidents [ 542, Table 1/4, 7, 8; see also 350].

Number of Percent of

Large entire
Year Cities Population population
1870 8 1 968 000 5.34
1880 15 3 580 000 7.90
1890 26 6 258 000 12. 47
1900 33 9 209 000 v 16. 36
1905 41 11 500 000 18. 97
1930 53 19 868 000 30,00

1951 55 19 300 000 26. 00
' Federal Republic [ 243, 1953]

1951 47 13 600 000 28.10

1. Here, as in the following tables, all cities with populations of over
100, 000 are regarded as large cities. O. Blum (according to 157, 852)
considers as large cities only those with 150, 000 or more while de-
signating cities with more than 700, 000 as ''giant cities'".

—5-



“Although the late Middle Ages and the beg‘inning of modern times
certainly witnessed a burgeoning of cities, the monumental acceleration
in the development of large cities awaited the middle of the 19th century.
The figures given in [ 552, 7 ff. ] for Germany demonstrate that this accelerated
growth continues today, and it is the same with the rest of the nations in
Europe and other continents. Furthermore, if we include the middle-sized
cities, the proportion of city-dwellers is much larger. Thus, for cities

with over 2,000 inhabitants:

1925 in Germany..... . 40 mill, = 64% of the total population [ 546, 173]
1921 in England....... 30 mill. = 79% of the total population [ 546, 107]
1921 in France........ 17 mill, = 46% of the total population [ 546, 295]
1921 in the U.S........ 54 mill, = 51% of the total population [ 546, 295]

The following table from A. Fischer, Latest World Statistics [ 535] shows

that the urbanization of humanity has in no way ceased but rather has reached

proportions far beyond anything in history.

NUMBER OF LARGE CITIES

1700 1800 1850 1900 1932 1951

FEurope.......vovvinenn . 10 23 48 147 245 348

Asia . iivveennn ceeeencne 30 40 55 91 172 291
Africa...evee e eenene. 1 1 2 7 15 39
The Americas...... ceees == 1 ’ 9 50 143 191

Australia, Oceania,...... - -—- -—- 4 10 10

Among these 879 large cities, there were in 1951, 69 with a population

of a million or more, with a combined number of 160 million inhabitants.

These and similar [126] compilations make immediately clear the impor-
tance of investigéting the manner in which these great concentrations of human
beings influence their climate, when we consider the great role climate plays

in their health and economic and cultural achievements.



2, Previous Investigation of City Climate

It is true that climate is dependent primarily o.n the sun, its rays and the
angle at which these rays strike the earth (i. e., the solar climate). However,
climate is also influenced in no small measure by the general condition of
the earth's surface and by those lowest air layers which the sun's rays strike.
In the same way, the new man-made landscapes of our large urban settle-
ments must also exert their own changing influence upon the surrounding cli-

mate.

First to pay any attention to the unfavorable effects, and particularly to
the turbidity of city air was Evelyn, who wrote in 1661, in his "Fumifugium"
[270, 7] "For when in all other places the air is most serene and pure, it
is here eclipsed with a cloud of sulphur, as the sun itself, which gives day to
all the world besides, is hardly able to penetrate and impart it here; and the
weary traveler at many miles distance, sooner smells than sees the city to

which he repairs. "

These effects and variations of the climate of large cities, their extent
and the direction they take, has been a subject of investigation for quite some
time. The first man, however, to conduct an experiment concerned specifically

with city climate was L. Howard [ 215], whose book, Climate of London, de-

duced from Meteorological Observations, appeared in London in 1833, already

in the third edition. On page 3 he writes: ''But the temperature of the city

is not to be considered as that of the climate; it partakes too much on an
artificial warmth, induced by its structure, by the crowded population, and
the consumption of great quantities of fuel in fires.'" He finds temperature
differences between the city and the country of from 1469 to 1760°F, the maxi-
mum in winter and the minimum in summer, in addition to the above reasons
for this, he points to the reduced air circulation and the lower humidity

characteristic of cities, "

In 1841, Mahlmann [178, 754] follows him with general references to
the effect of cities on climate. In 1855 Renou [395] studied the Paris weather
records and established the city-country temperature difference. The Bavarian
meteorologist Wittwer [ 511], who in 1860, called attention to the difference in
temperature between Munich and Bogenhauson and explained it on the basis of

the many stone houses in Munich, also belongs to this group of pioneers in



city climate. Kremser's studies of temperature differences in Berlin
followed more than 20 years later, in 1886. Hann [178], in 1885, com-
pared the temperature differences between several cities and their vicinities
from the most diverse regions and boasting the most diverse climates and
found that the city=country difference oscillated between 0. 4° and 1. lOC, the
variable being, however, not the size of the city but primarily the distribu-

tion of_the instruments.

Next to attract the attention of investigators were fog and atmospheric
impurities in this area, together with the Frenchman Anget [12] and the
German Emmerich [117], it was primarily the Englishmen F. A. Russel
[406] and W. J. Russel [407], Scott [ 445], Brodie [183, 276 and 530], a-
mong others, who concerned themselves around the turn of the last century
with studies of the harmful and troublesome effects of big cities. A second
German, Friese [49] joined their ranks in 1909. Shaw and Owens [ 450]
summed up the problems of urban atmospheric impurities and urban fog in

their 1925 work, Smoke Problem of Great Cities.

Since then, many persons have concerned themselves with the inves-
tigation of the aerosols of city air, for which, in addition to the Aitken coun-
ter, the Zeiss-Konimeter proved to be a convenient instrument. Today, the

central problem which concerns city climate research is air pollution.

The general question of humidity was not taken up until 1908, when
Kremser [ 261] devoted a fairly rigorous investigation to it, using observa-
tional data from Berlin. A year later the same investigator examined the
question of wind relationships in large cities [ 262]. The year 1896, saw the
first report on observations on the effect of cities on cloud formation [ 532].
Spath [ 461] considered these observations again in 1920, and the flight meteoro-
logist Seilkopf [ 447] carried them to a point where he was able to offer quite

accurate results.

Hellmann [196] first studied the effect of city climate on precipitation
in 1896, in Berlin. Augustin [ 23] followed in 1906, with certain statements
about rainfall in Prague and vicinity. Kassner, in 1915, demonstrated Ber-
lin's relatively light snowfall. Schmauss [ 424] dealt with the diversity in

the intensity and frequency of precipitation in Munich in 1927. This last



work indicates one of the directions which studies in city climate took

after the war and which have lead to a significant broadening of our know-
ledge of city climate. The chief stimulus here was the newly developed
field of microclimatology, which showed what great differences can exist

in climate values in even the smallest areas; this naturally directed the
attention of investigators to climate differences which can exist within in-
dividual cities. During so-called ""measuring trips'' temperature curves
were plotted through the city profile, through which a clear picture of the
temperature regime of the city landscape quickly emerges. The pioneering
studies here were undertaken by Schmidt [ 413] in Vienna in May 1927, and
Peppler [ 358 and 359] in Karlsruhe in July 1929. In Munich, in 1932, Budel
and Wolf [ 72] took up the problem of relative humidity. For all these trips,
and for those that followed, the automobile and the bicycle rendered yeoman
service in bringing the observer to even the most widely dispersed locations
in the area quickly enough so that one may, without great error, regard the
measurements as having been taken for one point in time, which is obviously
indispensable for any comparison. In this way, the automobile can replace an_
extensive tightly woven observation network. According to Steinhauser's:

data, 30,000 such individual observations were made through these auto-trips

[ 469, 106].

These measuring trips remain to this day a frequently used method for
probing the climate in all the different parts of a city. Recen’ly, relative
and absolute humidity, wind relationships and nucleus and dusi distribution
have also been investigated and plotted on charts during these trips (see

the specific chapters involved).

There has been little investigation of temperature relationships over
the city [137], and only most recently have American investigators begun to
employ observation balloons [106] for the purpose of securing more exact

information.

A further impetus, and in another direction, came from bio-climatology,
which called attention to new elements of climate and emphasized their im-

portance beside temperature, humidity, wind and precipitation. As a primary



example, the influence of the large city on solar and sky radiation so vital
for life has been given more attention, and the English works on fog for-
mation and the dependence of the latter on solid and gaseous materials in
the atmosphere thereby elaborated. The first work on this subject was pro=-
duced by Buttner [ 75] in 1929, and Lauscher and Steinhauser [ 276] offered
a thorough and informative study in Vienna in 1931. The sum of elements of
climate taken together at one point in their effect on the human body, we
understand as the so-called 'cooling factor. ' The influence of buildings on
this factor was investigated by Lauscher [ 275] in Vienna in 1931. And
finally, even the electric-potential gradient was drawn into the area of city
climate investigation; Markgraf [ 308] and Goldschmitt [160] 1929, and Pfaff
[365] 1931, established that cities exert a powerful influence on the electric-
potential gradient. These experiments have also been recently elaborated

by Muhleisen [ 339, 338].

This historical sketch has not mentioned all works connected with the
field; anyone wishing more detailed information on the history of urban
climatology is referred to the ""Synopsis of literature by year and subject"
preceding the '""Bibliography, ' where individual‘works- are listed according

to year of publication.

«10 -



IIl. THE CITY

Cities have today become, in a large sense of the word, the home of
mankind. Instead of the na.tura.ll landscape which still surrounds the peasant,
the individual farmer, the village and even the small city, new man has
created for himself in the city, and particularly in the large city and the
metropolis, an artificial landscape which differs in every sense from the
surrounding natural landscape. Modern, industrial man has, through his
large cities, exerted a strong influence on the landscape, and thereby on
the climate, where originally he merely stood passively before them. The
purpose of this work is to trace and summarize the effects which this in-
dustrial man and the city landscape he has created exert upon the climate.
Accordingly, it is not agaihst our purpose here to begin directly with a
consideration of precisely this question of the influence of cities upon the

climate.

Eckert and Passarge [111, 1] define 'city landscape'' as a ''more or
less compact settlement, protruding from the natural landscape, of human
beings who have consciously consolidated their living quarters in order to

facilitate their professional and spiritual activities. "

Rainer [ 381, 21] defines it as ''that world in which the greatest part
of all cultural and all civilized development takes place, a world which man
is constantly creating and reshaping according to all the needs of his personal,
social and spiritual life, according to what ever genius (or evil genius) is
guiding him at the time. It is the most all-embracing, diversified, but
also, of necessity, the most constantly changing work, or work of art, that

the human aggregate undertakes. "

1. "Natural' is not used here in the narrower sense of utter virginity,
but serves here rather as a contrast to city landscape, in which there
is nothing anymore which suggests the natural landscape. The artificial
landscape of our civilized nations still contain, of course, elements
of the natural landscape, e.g., trees, shrubs, water, etc., even
though their form and arrangement have been altered by human hands
in many ways. These alterations, however, have not been without their
effect on the climate, and this further impingement of artificial land-
scape on the city landscape represents a further essential step in the
departure of the latter from the natural landscape, whose consequences
we will investigate here from the standpoint of climate.

- 11 -



In our formulation of the question we are concerned precisely with
these objects which man has superimposed on the natural landscape, with
houses, residential, industrial and public structures, streets, parks and,
finally the industrial man and his implements of commerce and traffic.

We shall attempt to isolate the difference between this superimposed land-
scape and the surrounding natural landscape and the effect on the climate

which this difference involves. The basic location of a city, on a mountain

or in a valley, on a slope, on a river, on the sea, in the interior of a continent,
in a particular geographical latitude is a simple natural factor which, to be
sure, exercises its own peculiar effects on the climate, however, we will

be concerned with this factor here only insofar as it either abets or de-

tracts from the effect on the climate of the city itself. We shall see that

city climate manifests itself on many different levels of the overall climate.

Only in the rarest cases did people consider any of the effects re-
ferred to above or their consequences. One had first to attain some sort of
knowledge of the effects; only then could one plan cities so that they would
exert the most favorable possible effect, or, barring this, the least harm-

ful effect, on city climate.

This seems, then, to be the sense of all our efforts in the organization
of space in rural and urban planning. But first we must be aware of the
favorable and unfavorable effects of the city on its climate, so that we may
include or eliminate them according to what is best for the city residents
(Goderitz [157, 863]. |

The opposite question: '""What effect does the climate exert upon the
city, its form, construction, its location in the countryside, type of houses,
layout of the streets, etc. is posed and answered by E. Egli [114] in his ex-

cellent book, The New City in Landscape and Climate, which we warmly re-

commend to the reader, and also, in quite general form, by J. E. Aronin

[16a].

1. Static Elements

Cities differ from the country first of all in the material of which they

are constructed. While most country regions inhabited by humans are grown

o 12 =



over with plant life, cities are, essentially, great artificial cliffs composed
of the bricks and concrete of the roofs and walls of buildings and of the stone
pavement and asphalt of streets. Instead of the soft, moist absorbent plant-
covered soil of the country, the city offers a face of stone, solid, thick, dry

and impervious to water.

Next we must consider the shape of the surface of the city landscape.

Its profile is characterized by the rise and fall between buildings and street.
We may distinguish two levels; that of the street and that of the roofs, between
which the profile line rises and falls. This type of profile alone is enough to
produce a considerable increase in the surface of the city. The building codes
of cities mostly used require that the heights of buildings do not substantially
exceed the widths of the streets they faced. The same was true for inner
courts. If we take the ratio of building height to street width and to court
width as equal to one and the area covering the buildings as equal to the court
surface, we obtain a doubling of surface for the part of a city with a closed
building style. And when we consider that in the centers of European cities
and in the skyscraper districts of the New World the ratio of building height

to street width is immeasurably greater (in New York and other American
metropolises the skyscraper districts include, furthermore, no inner courts
(this is called whole block occupancy)), this doubling of surface represents
the absolute minimum. Of course, we must take into account that only a

part of the surface is directly exposed to the sun's rays.

Aside from buildings and streets, cities also have gardens, parks and
walks, bits of more or less altered natural landscape in the stone domains
of the city. According to the compactness of the buildings we distinguish
areas of closed and open construction. In cities of the Old World a ring of
open construction usually surrounds a nucleus of more compact construction.
On the other hand, in many cities in the New World the density of construction
is uniform all the way from the center to the outskirts of the city; only the
"City," the business section, with its thickly spaced skyscrapers, stands out
from the uniform expanse of dwellings [ 89, 155/212]. A reform of the building
codes is now underway according to which distances between buildings will

have to be from 1. 2--2. 5 times their height [157, 887 ff. ].
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Since the question of verdant areas is of importance not only from
the standpoint of climate but from that of the health of city dwellers, let
us consider it in more detail here. According to Goderitz [157, 863] there
are on the average, 15 square meters of residential area, 20 of industrial
area, 5 to 17 of water, 20 of railroads, 5 to 25 park areas, 3 of cemeteries,
5 of public buildings, 5 of sports and recreation areas, 10 of streets and

walks and 15 to 40 of inner courts and gardens per one city dweller. Figure

1 illustrates this.

v b cd efg h J k

15 40(15) 51053 25(5) 17(5) 25(10) 20

Fig. 1. Distribution of the area of a city in mZ/E

a~b: dwellings, b-c: inner courts and gardens, c-d: public and
industrial buildings, d-e: walks, streets, squares, e-f: sports and
recreation areas, f-g: cemeteries, g-h: parks and other verdant
areas (not including fields and forests), h-i: water, i-j: railroads,
j-k: industry. = The minimum values are given in parenthesis [157,

863].
Thus, we see that a large percentage of free or verdant area is avail-

able. Figure 2 gives the pictures for individual German cities.

The residential area is very small compared to the verdant area. And
it is only with these 15 square meters that vertical construction saves space.
Furthermore, the gain in space due to building higher becomes smaller with

each succeeding story (cf. Rainer [ 381] and Goederitz [157]).

We now give as a g—enéral orientation the following classification of
verdant areas, as the German Academy for City Building tabulated them in
1943 (Space Planning Research and Space Regulation, 1943, H. 3/4: quoted
from Siebert [ 453, 50] (see also Goderitz [157, 877]):

A. Public areas: grass strips along streets, secluded squares,

radial and cross-connecting areas, woods, meadows.

B. Areas with a specific purpose: recreation and sport areas, com-

munity areas, cemeteries, etc.

C. Areas used by individuals: public gardens, private parks, house

gardens, small gardens, areas for professional gardening and agricultural

areas.

- 14 -



DISTRIBUTION OF VERDANT AREAS IN GERMAN CITIES
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Schematic Representation of the Mutual Relationships
Between Different Types of Verdant Areas
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Fig. 2. Distribution of verdant areas in major German cities
1933/34 [ 453, 74].
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