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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, 
liThe 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 clhnatological 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 climate s. 

This time I was concerned with the elucidation of the concept of"city climate'l 

and with defining clearly its position with respect to allied disciplines. The 
chapter liThe 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 II 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 page s 
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 ahdbuildersbut also a lucid andinstrlic:tiveWork 6:i:itheir 
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 Univer
sity, Herr Prof. Dr. Rudolf Geiger and his librarian, Herr Dip!. -Met Baum
gartner, the director of the Munich Climate Service, Herr Ob. -Reg. -Rat Dr. 
Reichel and his colleague s, the foreign lending service s of the various Germ.an 
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 painstftking 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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1. THE CLIMATE OF CITIES 

1. The Basic Concept of City Climate 

Fir st of all, let us make clear what we under stand 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 

prevalent 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

ct:mine 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 
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[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 po s sibility, 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 preventi~n 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 in

crease with size. 

2. The climate of specific parts of the city: business section, re

sidential areas, industrial area, 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. 
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4. Research Methods 

The particular subject at hand naturally calls for particular research 

Inethods. Of course, since the data are taken from instruments at weather 

stations or at siInilar installations, the technique involved is the same as 

for large -scale cliInate; 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 case s, the longer the series, the 

better. This method is taken over from macroclimatology. 

2. Establishnlent 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 

d. weather conditions (temperature). cloud cover, ground cover 
{snow}. 

4. Evaluation of one or more rural stations with re spect 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]. 
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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 const:ruction 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. 
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II. HISTORICAL SUR VEY 

1. A Short Sketch of the Development of Large Citie s 

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 301 with a 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 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 llgiant cities 11. 
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· Although the late Middle Ages and the beginning 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. - 640/0 of the total population [ 546. 173] -
1921 in England .....•. 30 mill. :: 790/0 of the total population [ 546, 107] 

1921 in France ........ 17 mill. =: 460/0 of the total population [546, 295] 

1921 in the U. S ........ 54 mill • .. 510/0 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 

Europe ..•.............• 10 23 48 147 245 348 

Asia ..........••......• 30 40 55 91 172 291 

Africa ...•.............. 1 1 2 7 15 39 

The Americas ......• , ... 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 investigating 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. 
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2. Previo\ls Investigation of City Climate 

It is tr\le that climate is dependent primarily on the S\ln, its rays and the 

angle at which these rays strike the earth{i. e., the solar climate}. However, 

climate is also infl\lenced in no small meaS\lre by the general condition of 

the earth's s\lrface and by those lowest air layers which the s\ln's rays strike. 

In the same way, the new man-made landscapes of O\lr large \lrban settle

ments m\lst 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 IIFumifugium" 

[270, 7] ~ IIFor 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. II 

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: IIBut 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. II He finds temperat\lre 

differences between the city and the country of from 1469 to l7600 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. II 

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 
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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 0.40 and l.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, usirtg observa

tional data from Berlin. A year later the same investigator examined the 

questi_0!l_oi~!I!d_1"e!a.ti.o!l~l:!ip~ i_n_l~~e_cjties_J_2~21. __ Th~~a~lB9h.-BaW-the

first report on observations on the effect of cities on cloud formation [532] . 

Sp~th [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 
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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 iocations 

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 m.ade 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 d~lJ:st 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 ~ 

the city [137], and only most recently have American investigators begun to 

employ observation balloons [106] for the purpose of securing more exact 

info rmatio n. 

A further impetus, and in another direction, carne 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 
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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 
II 

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 IISynopsis of literature by year and subjectll 

preceding the IIBibliography, II where individual works are listed according 

to year of publication. 
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III. THE CIT Y 

Cities have today become, in a large sense of the word, the home of 

mankind. Instead of the naturall 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 against our purpose here to begin directly with a 

consideration of precisely this question of the influence of cities upon the 

climate. 

Eckert and Pas sarge [Ill, 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 profes sional 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 cour se, 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. 
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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 

[ l6a] . 

l. Static Elements 

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

are constructed. While mo st country regions inhabited by humans are grown 
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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 abf:>orbent 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, 1£ 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 

ITletropolises 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 ITlust 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 

froITl the uniform expanse of dwellings [89, 155/212]. A reform of the building 

codes is now underway according to which distances between buildihgs 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 
II 

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,S to 17 of water, 20 of railroads,S 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. 

u b 

I I 11m 1 i· 1 
k 

15 40 (15) 5 1053 25(5) 17(5) 25(10) 20 

Fig. 1. Distribution of the area of a city in m 2 /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 (d. Rainer [381] and Goederitz [157]). 

We now give as ageneral 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, COIll

Illunityareas, cemeteries, etc. 

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

gardens, small gardens, areas for professional gardening and agricultural 

areas. 
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DISTRIBUTION OF VERDANT AREAS IN GERMAN CITIES 
individual 

lots 
( sq.ITl 

inhabi-

ScheITlatic Representation of the Mutual Relationships 
Between Different Types of Verdant Areas 

A For 75 sq. ITleters "" '''" E " " · · m 

B For 75 sq. ITleter s ¥iU!lJJ! C For 75 sq. ITleter s 

lITD individual lot s , sports areas, I I park areas, ~ forest 

Fig. 2. Distribution of verdant areas in ITlajor GerITlan cities 
1933/34 [453, 74]. 
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Every city dweller should be due a house garden area of at least 15 

square meters, The closer this verdant area ib to his dwelling, the greater 

the benefit for him. For of what use to the city dweller is the most beauti

ful city park if it takes him an hour to get there? The climatological 

value of verdant areas also increases, the more effectively they are distri

buted over the area of a city. For these areas exert their influence within 

very narrow limits. 

The distribution of verdant areas within a city is one of the most im

portant concerns of our city builders: the adaptation of structural dimen

sions and the classification of the structure of the city as a whole are in the 

foreground of any plan for the utilization of surface: lilts substantial impor

tance consists in placing the non-built up area in a definitely outlined area, 

for the unhindered mushrooming of construction in itself very orderly pro

duces those formless clumps of cities which expand in ever increasing stone 

rings into the free area, thus confining big city dwellers behind an ever 

thickening fortress of stone which robs him of his contact with nature. Public 

green areas should, however, be not simply isolated green flecks but con

nected and strung through the entire city. The construction plan should be 

so designed that the big city dweller can quickly and comfortably go from the 

sea of house s in the city into the open. " [441, 15]. The se requirements then 

lead to the most diversified suggestions for city plans, of which we will cite 
11 

only one example here (given by Herr Prof. Dr. lng. E. h. Goderitz), 

The form of the basic s:t<.etch can vary a great deal. Thus, Seiden .. 

sticker [446, 305] distinguishes the following types: 

1. the star city 

2. the satellite city 

3. the cell city 

4. the organic city 

5. the neighborhood city (see figure 3) 

6. the semi-circular inner city (Boston) 

7. the author I s own proposal: a city with a nucleus and a radial-ring 

network of streets unthreatened by any prospective construction, 

allowing one to skirt the city and avoid its busine S6 section. 
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8 9 10 

Fig. 3. An organically divided and distributed city {sketch} 

1. City administration, business finns. 2. Surrounding neighborhood. 
2a. Residential area. 2b. Main center of neighborhood. 3. Industry. 
4. Small industry between the neighborhood and the main street. 
5. Main traffic centers. 6. Recreation areas and connecting strips 

of verdure. 7. Sports area. 8. The main traffic street. 
8a. Assembly street. 8b. Street for adjacent residents. 9. Railroad. 
10. Boat canal. 
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" Finally, we cite Goderitz's plan [157, 864] from which the organic 

breakdown of a large city 'into city cells (small and medium sized cells) 

clearly emerges: 

City Units 

I Residence 

II House 

III 

IV 

Group of 
houses or 
block 

Re s idential 
area 

1 Small cell 
(rural type 
commun-
ity) 

2 Medium-
sized cell --
2 small 
cells (small 
city) 

3 Large cell :: 
3 medium
sized cells = 
12 small 

\ 

Dwellings 

1 

~ 1 

30 to 60 

1000 to 1500 

4000 to 6000 

12 000 to 
18 000 

cells (medium
sized city) 

4 Municipal 
district = 
4 large cells 
= .4B-SInail 
cells (large 
city) 

48 000 to 
72 000 

Inhabitants 

4 

~ 4 

120 to 240 

4000 to 6000 

16 000 to 
24 000 

48 000 to 
72 000 

192 000 to 
288 000 

Area 

55 to 85 m 
2 

~ 40 m 2 

1 hectare 

35 to 50 (60) 
hectares 

200 to 250 
hectares 

600 to 800 
hectares 

2000 to 3000 
hectares 

Schools 

Elementary 
school 

Junior high and 
High school 

Technical 
School 

Institutions, 
Academies, 
etc. 

"The primary idea of organization is the division of the city into a number 

of areas. of construction well linked from the standpoint of traffic according 

to their function in the total system. The body of the city grows out of the 

landscape and can be developed to an impressive total appearance, crowned 

by public buildings, in which a finished total image emerges through intel-

ligent planning of the distribution of cells." The English "new cities 

built at this time come very close to this ideal. 
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"The need for space, given intelligent organization and dispersion, is 

no greater than it ever has been in big cities exhibiting a scattered construc

tion and sharp contrasts of congestion and spaciousl;'css. " 

Using Bonn as an example, Emonds sets up, on the basis of his clima

tological studies, the following tabulation of climatological types of specific 

areas in a city, according to which city reconstruction may be planned. 

Types: I. Altitude of the principal terraces around Bonn: 
Venusberg, Kreuzberg. 

II. Open land around Bonn. 
III. Areas at the edge of the city 1-8. 
IV. Outer city center area 1-6. 

V. City center area 1-3. 

We must also direct our attention to the size relationships of our modern 

cities, for this artificial landscape has, in civilized lands during the last 50 

years, gained so much in area that in some provinces it has come to exceed 

the natural fallow land in area. We cite the following figures for German 

large cities for the year 1953 [552, 6/7]: 

City 
Berlin W 

Hamburg 

I' 
Koln 

" Munchen 

Stuttgart 
II 

Nurnberg 

AI:: citiesl (2) 

A 2 =cities (7) 

Inhabitants 
2 200 000 

1 700 000 

670 000 

907 000 

563 000 

399 000 

3 921 000 

4 578 500 

A3=cities (14) 4 582 600 

B : cities (25) 3 630 300 

C - cities (42) 2 943 800 

D : cities (144) 4 312 300 

E : cities (18) . 266 500 

Total (252) 24 235 000 

Total area 
481 

747 

251 

309 

207 

127 

1 228 

1 580 

1 957 

1 810 

1 911 

4454 

347 

13 286 

Houses 
149 

31 
134 

18 
47 
19 
78 
26 
22 
10 
21 
17 

283 
23 

360 
23 

439 
22 

324 
18 

320 
17 

562 
13 
56 
16 

2 345 
18 

Streets 
and 
Walks 

73 
15 
75 
10 
44 
17 
35 
11 
21 
10 
17 
13 

150 
12 

191 
12 

137+60 
10 

113+60 
10 

112+74 
10 

224+73 
7 

14+6 
9 

1 217 
9 

Woods 
79 qkm 
16 % 
28 qkm 
4% 

23 qkm 
9% 

12 qkm 
4% 

50 qkm 
24 % 
14qkm 
11% 

107 qkm 
9% 

168 qkm 
11% 

221 qkm 
11 % 
292 qkm 

16 % 
345 qkm 

18 % 
1 026 qkm 

23 % 
131 qkm 
38 % 

2 292 qkm 
17 % 

1. A-cities=cities with over 200,000 inhabitants. A =cities with more than 
1,000,000 inhabitants. A2: cities with 500,000 to 1, obo, 000. A3=cities with 
200,000 to 500,000 inhabitants. B-cities=cities with 100, 000 to 200,000 in
habitants. C-cities=cities with 50,000 to 100,000 inhabitants D-cities=cities 
with 20,000 to 50,000 inhabitants. E-cities=10, 000 to 20,000 inhabitants. 
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The total built-up area in Germany HI 1934 was 6620 square km; streets 

and roads occupied 22,660 square km. Fallow land and land unfit for cul

tivation together with marshy land cover, on the other hand, an area of only 

18,000 square km; wheat covers an area of 23,180, potatoes 28,890, rye 

45,240 [552, 80]. The proportion is similar in other lands; thus settled 

areas (houses and roadways) were the following in 

France 31 360 qkm, fallow land 43 670 qkm [235, 53] 

Spain 20 610 qkm, fallow land 38 140 qkm [235, 85] 

Denmark 1 340 qkm, fallow land 4 920 qkm [235, 73] 

2. City Energies 

Having considered the more static elements 0 f the city, we now come to 

the manner in which this dead space has been filled up by industrial man. 

Industry plays a great role here, since it draws men together into small 

areas and thus causes cities to become large cities. This concentration of 

human beings also creates a concentration of energies, which has its effect 

on the climate. It is certainly not a matter of indifference for the climato

logical influence of a city, whether human activity and industry pulse through 

or whether it simply lies there as an inanimate mass. 

It is the burning of coal which supplies the greatest part of the energy in 

large cities. Unfortunately, there is no compilation available on the con

sumption of coal in cities. I could find data on coal consumption for only a 

few cities: Berlin [535, 141] in 1931 consumed 3,955,000 tons of bituminous 

and 2,356, 000 tons of brown coal. According to Schmidt I s calculation [ 429, 

494] 1 this released approximately 20 x 1012 kg/cal into the Berlin area per 

year. Since the area of buildings and roadways in Berlin is about 30,000 

hectares, one square cm receives heat equal to 7 kg/cal a year or about 20 

g/cal a day. This does not take into account the consumption of gasoline 

fuel in motor vehicles or the heat of human beings and animals. 

For Vienna, W. Schmidt [429,494] calculates 8.1 (l2.2}kcal/{sq. cm. 

a year) compared to 52.3 kcal/(sq. cm. a year) of heat from the sun. In 

1. Schmidt calculates that 1 kg of bituminous coal gives off 4,000 kcal, 1 kg 
of brown coal 2, 000 kcal. 
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the winter 22.1 (33. 3) cal/(sq. cm. a day) result from combustion as 

against 29 in November, 15 in December, 23 in January, and 52 cal/{sq. 

cm. a day) in February from the sun. Thus we see that in winter arti

ficial heat almost exceeds the heat from the sun. 

A consumption of 656, 000 tons of bituminouf "I and 46,000 of 

brown coal was listed for Breslau [562, 38]. The}- at thereby produced 

is 5. 0 kgcal/ sq. cm. a year for the settled area. .nich consumed 

400,000 tons of bituminous coal and the same amount of brown coal. For 

the building and roadway surface of Munich this amounts to a heat of 4.8 

kgcal/sq. cm/year. Leipzig [562, 38] uses up 210,000 tons of bituminous 

and 1, 000, 000 tons of brown coal, which produce 5.4 kgcal/sq. cm. /year. 

For Cologne I quote figures from Kuske [265, 86]: 460» 000 tons of bitum

inous and 900,000 tons of brown coal J producing 5.8 kgcal/sq. em/year. 

The total consumption in Germany in 1933, amounted to 118,067,000 tons 

of coal [563, 39] and was distributed in the following way: 

Coal in tons 

Dornestic and agricultural use ... 36 850 000 

Waterworks .................. " 243 000 

Gas works ................... " 5 753 000 

Electricity ................... " 7 356 000 

Water transportation .......... . 

Railroads .................... . 

Mines, self-consumption ...... . 

2 623 000 

11 188 000 

16 505 000 

Industry. . . . . . . . . . . . . . . . . . . . .. 41 722 000 

Amount consumed in cities 

25 000 000 

100 000 

5 000 000 

5 000 000 

1 000 000 

10 000 000 

30 000 000 

The right hand figures refer to the consumption of cities with more than 

50,000 inhabitants. The result is approximately 67,000,000 tons of coal or 

more than 70% of Germany's total consumption. If we assume the business and 

industrial, residential and roadway area of these cities to equal together 

200,000 hectares, the heat will amount to 15 kgcal/sq. cm. /year or 51 gcal/sq. / 

cm. /day. Compared to these figures, all other heat sources such as the fuel 

consumption of motor vehicles and the body heat of human beings hardly have 
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any significance. Nevertheless,· in view of their production of gas and 

nuclei, let us cite the number of motor vehicles in cities [553, 287]: 

Private 
automobiles Buses Trucks Motorcycles Total 

A = cities 174 144 2664 61 768 154 416 412 992 

% of all of Germany 33.8 23.6 40.5 23.9 27.54 

B = cities 27 499 658 10 023 27 575 65 555 

% of all of Germany 5. 7 5.8 6.6 2.9 4.4 

Total 
Private motor 

1954 automo bile s Buses Trucks Motorcycles vehicles 

A = cities 456 295 4853 193 313 333 340 1 007 919 

B = cities 126 282 1448 52 031 114425 301 291 [ 554] 

The Federal Republic 1126 105 22348 554 546 2004796 3 707 795 [ 553, 
1953 351] 

In 1950, the coal output of the United States was 505, the USSR 240, 

Great Britain 220, West Germany 111, Poland 79, France 51, and Japan 38 

millions of tons; the total world output was 1,452 millions of tons of bituminous 

and 308 millions of tons of brown coal. Compared to the 1913 output of I, 220 

millions of tons this means an increase of only about 20%. In contrast to 

this, the production of electric current and the output of petroleum and natural 

gas is steadily rising [552, 54*, 55*]. 

Production of electric 
current in millions of Oil productions in 
kilowatts thousands of tons 

1938 1950 1953 1938 1950 1953 

The German Federal 31 096 44017 6.0 498 552 1 119 2 189 
Republic 

t,JSA 141 935 388 674 463 056 171 036 270 353 323 292 

The World 418 000 854800 1 111 300 250 000 486 600 606 700 
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". 

In the USA in 1954, natural gas already supplied 25% of energy re

quirements (35 years before the figure was 4%) as compared with 41. 8% 

for petroleum and 27. 5% for bituminous coal. 

These energies are used for the greatest part within large cities and 

release quantities of heat and impuritie~ into the city air. In this way they 

become an element in the climate. Large cities are centers which absorb 

energy from the most distant environment and, in contrast to what would be 

the case with a flat catchment area, it concentrates its effects at small 

points. 

The foregoing observations raise the following question: how and to 

what extent does the city area, its shape, size and energies affect the cli

tnate? 
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IV. CITY AIR 

Having by now developed a clear idea of the concept of city climate a 

its relation to neighboring disciplines, the material of which it consists 

and the tasks it presents; i. e.» having examined its exterior, let us now 

investigate and attempt to illuminate the interior of the question and some 

of its individual aspects. Hann [184.1] defines climate as, "the totality 

of meteorological phenomena charaCterizing the average condition of the 

atmosphere at a given place on the earth's surface." The question of the 

influence of cities on the climate is, therefore, one of the changes which 

atmospheric phenomena within cities undergo, and of their causes. 

Among these elements of climate there are two opposing groups; on the one 

. hand radiation with temperature, air pressure and wind, and on the other humidity 

with fog, cloud formation and precipitation. Within each of these groups the 

sequence corresponds to the casual connection. Since we are also attempting 

here to represent the phenomena with respect to their causes, we shall take the 

sequence we have named as a basis for the classification of our work. 

At the beginning of the chain of climate elements is the radiation 

budget. This is, however, not only dependent on the condition of the earth 

in the city» which was considered in the preceding chapter, but also, and 

perhaps more strongly, on the condition of the air in the city. The pollu

tion of city air by the industrial man, the so called "city vapor" or Ilvapor 

cover, "is, of course, the most noticeable and characteristic distinctive 

feature of the city landscape and its climate. For without taking into 

account this "vapor cover" city climate cannot be understood. 

Just as, e. g. , the climate of the Inn Valley at Innsbruck is chiefly 

characterized by the Alpine foehn, city climate is chiefly characterized by 

the vapor cover. For this reason, a discussion of city air, and particularly 

of its aerosols (the name given to the totality of all impurities in the air) 

must head any consideration of city climate and requires a special section 

to be devoted to it. 

The importance of this subject is already expressed in the fact that 

a very great number of works have been devoted to this subject: not only 
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monographs. but also comprehensive works, so that here I was able to take 

into account only a small selection of works which seemed to me of particular 

importance for an understanding of city climate. Let us first give a short 

historical survey. 

As the first investigator to concern himself with the aerosols of city 

air we must mention Russel [406] who in 1889 demonstrated the relationship 

between smoke and city fog in London. He is followed by Glan [154] in 1894 

with an investigation of the air over Berlin and by Emmerich [117] in 1897. 

These works were inspired primarily by the discovery by Aitken through the 

aid of his nucleus counter [151] of condensation nuclei in the atmosphere. 

After Langevin in 1905 had called special attention to the charged ions among 

these nuclei [274], it was found that they also were quite abundant in city 

air, albeit this discovery was not made until 1927 [307]. The first important 

comprehensive work: (The) Smoke Problem of Great Cities by Shaw and 

Owens [450] appeared in 1925. Since 1916 there has been a steady production 

of works, particularly those of H. Landsberg, Atmospheric Condensation 

Nuclei [270] 1938: Burckhardt and Flohn, Die atmosph~rischen Kondensation

skerne (Atmospheric Condensation Nuclei), 1939 [74]; Junge, Die Konstitution 
II 

des atmospharischen Aerosols (The Constitution of Atmospheric Aerosols), 

1952 [227] and H. Stratmann, Luftverunreinigung durch Rauchgase 2US 

Dampfkesselanlagen (Air Pollution through Smoke Gases from Boiler Instal

lations), 1955 [475 a]. In the beginning of the 1920s, furthermore. it was 

learned how to measure the cruder components of air - dust, with Owens I dust 

counter or with Zeiss's Konimeter. 

1. Size, Type and Number of Aerosols 

Figure 4, which I have taken from Junge [226], gives us a good idea of 

the size of aerosols: 

First of all, we see aerosols divided into two groups: ions and nuclei; 

each of these groups in turn has its own size classes. Ions: small ions, mediwn

sized ions, large ions or Langevin ions, and ultra large ions. 
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Nuclei are divided in the f?ame way into small nuclei or Aitken nuclei, 

large nuclei and giant nuclei (dust). The scale of their sizes is plotted on 

the abscissa below. The curves show their density in the air (city air). 

According to Junge; combustion processes are heavily involved in the 

formation of nuclei. Because of this, initial nuclei ranging from 10- 7 to 
-5 

10 cm are formed; on the other hand, nuclei can be formed by the frag-

mentation of matter on the earth1s surface: the raising of dust from 10-2 

down to 10-5 cm in traffic. Finally. the smaller nuclei can accum.ulate on 

equally large or larger nuclei - the coagulation nuclei. These and the in

itial nuclei are by far the preponderant (ones) over settled areas. Dust has 

a radius of about 10-3 cm. The smaller the diameter of the individual par

ticles, the slower the velocity of fall, the longer the nuclei remain in the 

air» the further they can be transported and the more far-reaching the in

fluence of cities on the overall climate. 

sman 
ions 

Fig. 4. General representation of the natural aerosols in air rich in 
nuclei. The ordinate gives the particle density. based on the unit of the log
arithmic abscissa. The classifications of the ions (according to Israel) and 
of the nucleus sizes, as well as the areas of the individual nucleus types with 
respect to their formation are also plotted [226. 4]. 
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This accounts for the often very high nucleus counts in high mountain 

areas and the regularly observed vapor horizon over flat country (in con

trast to the purity of the air over the sea or over the arctic areas). The 

dust particles, on the other hand, which are counted with Zeiss's Konimeter, 

have a great fall velocity and more rapid sedimentation. For this reason, 

local sources of dust (such as debris areas) have only a small range of in

fluence; for the dust is quickly filtered out by green areas and parks. City 

nucleus and dust counts have, to be sure, the same variation, and hence quite 

likely identical sources, but their ratio differs according to the city: Dublin. 

15:1; Innsbruck 52:1; Arosa 158:1; Assuan 500:1; [74, 82]. 

Many measurements have already been made of the number of nuclei 

in the air of large cities. H. Landsberg has compiled these into an extremely 

useful work [270, 230]. 

NUMBER OF NUCLEI IN CITIES PER CM2 

Average Average Absolute 
Average Maximum Minimu..."TI Maximum 

Large cities 147 000 379 000 49 100 4 000 000 
Small citie s 34 300 114 000 5 900 400 000 
The country 9 500 66 500 1 050 336 000 
The coast 9 500 33 400 1 560 150 000 
Mountains 500-1000 m 6 000 36 000 1 390 155 000 
Mountains 1000-2000 m 2 130 9 830 450 37 000 
Mountains 2000 m 950 5 830 160 27 000 
Ocean 940 4 680 840 39 800 

We now cite some individual cities fo r which nuclear counts have been 

made. 

No. of 
City Year observations Mean Maximum Minimum 

Helsinki 1896 54 4400 55000 650 
Dublin 1925 73 23 800 63 000 7 000 
Glasgow 1888 4 299 100 466 000 170 000 
London 1889 8 101 500 150 000 48 000 
Kew 1889 598 28 600 215 000 4 000 
Paris 1889 4 149 000 210 000 92 000 
Eiffe1turm 1889 15 34 000 104 000 230 
Mailand 1891/93 6 51 500 150 000 1 500 
Hamburg 1904 7 88 000 140 000 16 000 
Potsdam 1908 260 22 500 100 000 3 800 
Essen 1915 16 207 000 478 000 7 500 
Wiesbaden 1904 14 40 500 100 000 10 000 
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No. of 
City Year observations Mean Maximum. Minimum. 

Fljp.nkfurt a. M. 1929 230 67 300 200 000 22 000 
Munchen 1932 140 000 

1896 200 000 50 000 
Wiens Hohe Wade 1905 200 84 000 488 000 8 000 
Wien, Zentrum 1905 4 000 000 
lnnsbruck 1931 227 16 400 75 000 2 730 
Washington 1931/33 53 122 000 228 000 57 000 
Baltimore 1931/33 49 187 000 479 000 80 000 
Philadelphia 1931/33 49 223 000 436 000 82 000 
New York 1931/33 49 265 000 496 000 46 000 
Chicago 1931/33 53 279 000 528 000 116 000 
St. Louis 1931/33 56 246 000 590 000 74 000 
Los Angeles 1931/33 53 185 000 398 000 61 000 
Melbourne 1923/24 5 49 800 90 000 20 000 

These figures show at a glance the enormous production o·f condensation 

nuclei by large cities. One wonders that these 879 volcanos of nuclei and 

dust, which exceed the number of actual, geographical volcanos, do not in

fluence the climate even more strongly than they do. And might the same be 

true for the production of nuclei ? 

Next, we see that the activity in the individual large cities is quite varied. 

American cities are in first place; of European cities only Glasgow, Paris 

and Essen come close to them. In order to measure the strength of atmospheric 

pollution, one weighs the total amount of precipitation falling on a specific 

surface. a method which is much used in England. Thus C. E. P. Brooks 

[68,192] gives for London. 91 cities and the whole country respectively the 

following figures: 260~ 200 and 85 tons per square mile; in total, the yearly 

precipitation in the aforementioned areas amounts to lll,100, 301, 080 and 

+ 4,088.000 tons respectively, all of which equals 4.500,800 tons for the whole 

of England. Further figures are given by Schleichowski [420, 27] for Leningrad. 

290, Voroshilov, 365, StaUno 375 and Kharkov 456 tons/sq. km. a year. 

2. Daily Variation of the Nucleus Content 

Several investigations have been undertaken on the daily variation of 

nucleus counts. For Berlin, Heller [195. 185] finds 2 maxima. at around 

8 o'clock in the morning and from 6 to 10 0 'clock in the evening. The same 

maxima also obtain in English cities. The proportion of soot also depends 

on the weather. Before and at the beginning of rain the air contains more 

soot, after rain less; strong wind also lowers the quantity. however, when 

there is a strong wind blowing from the city there is a sharp increase. 
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Fig. 5. Quantity of solid im.
purities (soot) in the air over 
the center of Berlin from. 6. 4. 
to 3.5. 1933 [195, 187]. 

---- ::: Monday to Friday 
:: Saturday 

....•.• - Holiday 

50r---------------------~ 

40 

30 

20 

10 

Fig. 6. Daily variation of the 
particle count in Rochdale from. 
April 1925 to March 1926 [20, 
46] . 

----= Weekdays ----00- :: Sundays 

The curves dem.onstrate a distinct difference between weekdays and Sundays. 

In the curves for English cities the Sunday cooking periods m.ake an even 

more noticeable im.pression. 

The m.icrostructure of the daily variation in the nucleus content of 

city air along with the exchange processes is given to us in the following curve 

for Berlin and its northern outskirts (Flachs [131. 164]) {figure 7). 

He divides the daily variation of this cloudless October day into the 

following phases: 

a) Night ground invasion phase (Np) 

b) 1st forenoon exchange phase A a(l) 8 45 _ 1010 
10 40 

c) 2nd forenoon exchange phase A a(2) 10 - 10 
40 15 d} 3rd forenoon exchange phase A a(3) 10 - 12 

15 10 
e) 3rd afternoon exchange A p (3) 12 - 14 

10 00 
f) 2nd afternoon exchange phase A p (2) 14 - 16 

00 40 
g) 1st afternoon exchange phase A p (1) 16 - 17 

i) Night ground invasion phase (Np) 
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Fig .. 7. Daily variation of the nucleus content of the air in Berlin and 
its northern outskirts on a cloudless day in October» Oct. 15. 1951 [131, 
164] • 

Gb : Gesundbrunnen 
II 

Rz :: Rudnitz (places) 

Coxnpared to the rural station, the city station reveals a similar curve 

for the daily variation, but of course it reflects the great variation of the 

values within the city. The decisive factors here, besides the turbulence of 

the air stream due to wind direction and ground friction, are the vertical 

convection and exchange processes, as the preceding division suggests. 

Because, as the turbulence of the air promotes a compensatory fine 

distribution of the component parts of exhaust gas, the vertical exchange in

fluences the nucleus aerosol in two ways: 

a) it increases the variability of the nucleus number J as long as the 

sources of exhaust can make their influence felt at the measuring point 

the greater the degree of pollution, the larger it is; 

b) it lowers the variability of the nucleus count, as long as the exchange 

component directed vertically downwards produces its effect and at the sarne 

time sxnall exhaust influences xnake themselves felt. 
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3. Annual Variation of the Nucleus Content 

An annual variation of pollution was also established. The following 

curve, which I cite from an English work [521, 79] does not give the nucleus 

count but rather, on the basis of another method of measurement, gives 

the nlicrograms contained in a cubic meter of air. At the same time it 

shows the S02 content of the air in Leicester. the city chosen for these 

precise aerosol measurements, in volume of S02 per 100 million volumes 

of air. The lines portray the figures for 4 central stations in the city. 6 

stations at the edge of the city and 7 in the country (see. figure 8). 

I II iJJ IV V 11 Vl1 VIJ] IX X XI XU 

Fig. 8. Annual variation of smoke and S02 content in Leicester 
[521, 19]. 

upper curve: 4 central stations 

middle curve: 6 stations at the edge of the city 

lower curve: 2 stations in the country 

These curves require no clarification. 

4. Dependence of the nucleus Content on Wind Direction and Velocity 

The influence of the city on the nucleus content can be studied at a 

. station at the edge of a city or at a station in the outlying country by classifying 

the nucleus counts according to wind directions: when the wind direction is 
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from the city, the nucleus content increases according to the length of 
.11 

its path over built up or industrial areas. Wurfe1 conducted such measure-

ments for a full year; figure 9 presents the results [517, 334]. ' 

These year-long five times daily measurements revealed a distinct 

daily variation in the city edge area [516]. The curves show a maximum 

at 11 o'clock after a rapid increase from 7 o'clock on, then a quick decrease, 

which slows down toward evening. The quick increase is caused by the 

beginning of the working day and the turning of the wind from the direction 

of the city, all this in spite of the increase in the relative influence of the 

city and of the wind velocity (see figure 10) . 

.-------~------",------------~ 
\ 

Berlin 

~~=-----{--"\- .---~ 
\ >-4 

\ (c) 

(b) 

Fig .. 9. (a) Windrose for Berlin 
Buch (VI-195l- V -1952). 
(b) Industrial center s in greater 
Berlin /517, 334/. . 
(c) Buch with sparsely built-up 
residential section. 
+ Measuring point. 

Fig. 10. Mean daily variation of 
the nucleus content of the air and 
of the wind relationships in 
Berlin-Buch [516, 361]. 

a) NK = nucleus count 
Sr = relative influence of the city 
W s _0.: _s~~_e_Il~th _of th~ vvi~ci_ 

b} NK/Wi: nucleus count for winter 
(6 months) 
NK/So : nucleus count for summer 
(6 months) 

The difference between the summer and winter curves averages 2.1'103 

nuclei and reaches its high point at 6 0 'clock in the evening. the time of in

creased heat activity. 

We also note that this type of influence of the city is very dependent on 

the weather: 
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1. During sustained rain, the nucleus count is small; the air is moderately 

polluted. 

2. During intermittent showers the nucleus content sinks sharply, caused 

by descending air, change in wind direction and strength and decrease in the 

influence of the large city. 

3. On sunny summer days, marked changes, parallel with vapor pres

sure, occur in the nucleus count, due to strong convection processes. 

4. In winter, too, vertical exchange is possible, with resultant decrease 

in dust count. 

In summer, beginning at 6 PM, there is again an increase in nucleus 

content, brought about by decrease in wind, increase in traffic, . and so-called 

"rever se convection" (Schmaus s). Subsidence of air draws the pollutions back 

down again from the higher atmospheric layers. On cloudy days, the influence 

of local factors is decisive. 

The dependence of the nucleus count upon city wind velocity varies during 

the course of the day. 

In addition to the decrease in nucleus count up to velocities of from O. 6 

to 1. 5 mis, which is the same at any time of day, there is a varying increase 

in nucleus count up to velocities of from 4.6 to 5.5 m/s. It is especially strong 

at 11 AM and 2 PM and weakest at 6 PM and 9 PM. Only below velocities of 

4.6 to 5.5 mls do we note a decrease in nucleus content u~iformly throughout 

the day. This means that only in the case of higher velocities do we find, 

at the city's edge, penetration of the bottom layer by the less-saturated higher 

layer. 

R. Ginner and V. Hess [153, 22 ff.] give the following table showing the 

dependence of dust content on wind force in the city and the country: 

Summer 0 1 2 3 4 .5 > 5 mls 

Dust 346 312 230 176 84 56 38 City 
76 72 64 52 16 14 8 Country 

Nuclei 18 300 17 400 15 300 11 300 4700 3 200 1 600 City 
12 700 11 200 9 700 7 200 3 300 2 600 1 250 Country 
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Winter 0 1 2 3 4 5 > 5 mls 

Dust 1 070 890 850 776 350 146 City 
386 325 285 216 68 22 22 Country 

Nuclei 32 400 29 000 26 600 20 100 13 400 8 100 City 
22 700 20 400 16 900 13 700 5 200 1 800 1 440 Country 

5. Surveys; Nucleus - and Dust-Maps 

A large number of surveys were also conducted in order to ascertain the 

nucleus distribution throughout entire city areas. Using Zeis s I convenient 

konimeter, measurements were taken at many points in various cities. As a 

result, dust maps of Leipzig, Berlin [493. 296], Halle [129] and others werc~ 

produced. one of which, the dust distribution map of Leipzig for August 18, 

1950. is presented here by way of example (G. Schmidt [425]). In Leipzig, 

the inner part of the city was kept relatively free of dust by a closed ring of 

greenery. The map shows that differences within a city can be very great. 

Such dust maps constitute very valuable basic materials for progressive city 

planning (see figure 11). 

Fig. 11. Dust distribution over Leipzig, Aug. 18, 1950; 100 particles 
per liter of air [425. 202]. 

- 34 -



6. Vertica1 Distribution of Nuclei 

" We have a study by Lobner [296] dealing with vertical dust distribution. 

Dust content is minimal right over the earthrs surface. Directly over roofs, 

at a height of 22 m. we find further concentration of aerosols, fed from house 

chimneys. and at heights of 50 to 60 m, we find a maximum point of pollution, 

for it is here that factory smokestacks release their smoke into the city air 

(see figure 12). According to H. Berg, the haze layer over the city is very 

low in winter, whereas it reaches heights of up to 2,000 m in the summer 

[34, 62]. 

70 
60 
50 
';0 
30 
20 
10 

Fig. 12. Vertical dust distribu
tion within the city of Leipzig 
[296, 89]. 

7. Influence of the Surroundings 

This h~ze cover can be transported far 

from the city, a phenomenon that has often 

been observed. L. Weickmann [112, 311] noted 

Berlin I s haze cover as far away as the Baltic 

Sea. 

H. D. Krebs andW. Doege [259, 12] 

report similar transport of the haze cover 

from Munich, associated with changes in wind 

direction and temperature variation. Haze 

from the industrial area of central England 

is noticeable as far west as Ireland, 300 km 

away [420, 27]. At a point four miles from 

the industrial center of Pittsburgh, H. F. 

Heb1ey [191, 411] found 25% of that area's air 

pollution. Even individual factories have a 

far -reaching influence on the nucleus count 

100-
90-
80-
70· 
60-
50-
~-:- -

30-
20-
10-

_____ o! !h_e_aj.~ in_their~Ul."rQundjng -areas--{s-ee 

figure 14). 

Fig. 13. Distribution of air 
pollution due to wind in the in
dustrial area of Pittsburgh, on 
the Ohio River [191, 411]. 

Figure 15, which shows the extent of the 

smoke-layer over Berlin, illustrates con

clusively how far the influence of large cities 

can extend, confirming the preceding obser

vations. 
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Kerngehalt 
/.21.6.1950 

Fig. 14. Above: Nucleus content ~f t.he a~r in 1~3 nuclei (~cm); 
Below: Dust content of au 1n 10 part1cle s per hter. 
Saalfe1d and Unterwellenborn, June 21, 1950, from soundings 
made by the Berlin ... Buch Bioclimatic Research Station 
[252, 168]. 

Figure 15, which shows the extent of the smoke-layer over Berlin, illus .. 

trates conclusively how far the influence of large cities can extend, confirming 

the preceding observations. 

According to Reidat [389, 90], the city vapor barely reached an altitude 

of 700 m, and, from about 2000 m on, the smoke layer of Berlin stands out 

very clearly. It has about the same breadth as the city, and can be followed 

quite easily up to 50 km away. Figure 15 shows the visibility range of air

plane ascents made to 200 and 1000 m on September 20, 1930, and one m.ade to 

3000 m on September 23, 1930. The areas outside the lines are covered with 

city vapor and are not visible. The airplane's position is over Tempelhof 

Field. Both of the last visibility limits show clearly how far the city's influence 

can extend beyond its own boundaries. 

Seilkopf [470, 116] writes: "The appearance of the dark grey vapor cover 

over larger industrial areas. serves as a warning to us to avoid the consequences 

of further industrialization, by a thorough, well-planned campaign against smoke 

and exhaust gases." In the same place he discusses the extensiveness of urban 
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and industrial haze: "The influence of industrial areas is enormously far

reaching. The central German industrial area is discernible by the increasing 

density of its low vapor cover as one approaches by air from the north, from 

an im.aginary line drawn between Aschersleben and Aken (on the Elbe). II 

Landsberg [272, 8] quite properly raises the question of whether the pol

lutions which are continually being poured into the air from the large cities 

might not be able to create a change in the climate of the whole earth. He does 

not corne up with an answer, but his question is not one to be completely ignored. 

Perhaps the return of the glaciers,. especially in Europe a is symptomatic of 

something of the sort. It does actually coincide chronologically with the in

crease in the number of large cities. Pollution of the air leads to pollution of 

the glaciers. which in turn lessens their albedo and accelerates the melting 

process. 

G. N. Plass [372, 508] is of the opinion that in the next 125 years the 

average temperature in the atmosphere will rise 4% (in °C?)*, since two bil .. 

lion tons of carbon and six billion tons of CO2 are poured into the atmosphere 

each year, which plants can no longer absorb (even though sea-water can bind 

it to Ca!). This would cause ales sening of heat radiation, whereas insolation 

would not suffer any substantial decrease. 

Fig. 15. Visibility range over Berlin. airplane view. 

Ia} On Sept. 20. 1930, altitude 200 m. 
b) On Sept. 20, 1930, altitude 1,000 m. 

IIa) On Sept. 23. 1930, altitude 3,000 m. [389. 90] 

8. Ion Content in City Air 

Having discussed nuclei, we now turn our attention to the ions in city 

air. Here again we may make size-distinctions similar to those we made in 

figure 4, at the beginning of our discussion of nuclei: small ions (n) and 
* NOTE: This is the author's (1) as it appears in Original. 
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large ions {N}. Large ions are the result of the addition of small ions to 

large nuclei. In the city, large ions overwhelmingly predominate. According 

to H. Israel [222, 144], measurements taken in. Frankfurt-am-Main showed 

8060 N+ (positive large ions) and 8140 N- {negative large ions} against 556 n + 

and 525 n - in cm3 ; the proportion N:n is thus 15:1; in Paris, a ratio of 50:1 and 

130:1 was found; in Dublin it was 200:1. The greater the number of large ions, 

the poorer the visibility; the more small ions there are, the better the visi

bility. Country air contains more sm-all ions than large, and in this way dif

fers markedly from city air. According to Maurain [314, 95], the city of 

Paris has 86 positive and 66 negative small ions, whereas the country_ has 345 

positive and 283 negative ions. As for large ions, the country was found to 

have 1600, and the city 16, 700. 

M. J. MacLaughlin [305, 1183] shows a clear daily variation in these 

large ions, with 2 clear maximums from 6 to 8:00 AM and 6 to 8:00 PM (figure 

16). 

20000-

15000-
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Fig. 16. Daily variation in number of large ions in Paris [305, 1183] 
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Fig. 17. The relation of the number of large ions and the number of 
factory chimneys [305, '1183]. 

The sources of these large ions is shown in figure 17, which compares 

the number of large ions with the number of factory chimneys located in the 

same wind-direction. 
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A wind-rose chart of Frankfurt shows the same dependency-relation

ship of large ions to building areas: the longer the wind blows over a building 

area, the more large ions the wind carries with it (after Israel) (see figure 

18 ). 

, w E 

Fig. 18. Dependence of number of 
large ions upon wind ... 
direction in Frankfurt-am .. 
Main. [222, 293] 
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Fig. 19. Area of electric space 
charges in the wind direc
tion behind the city of Stutt
gart at wind velocities of 1 to 
2 m/sec. [340, 433] 

The large ions have proved to be good test-objects for measurement of 
Ii 

city influence at greater distances. Muhleisen [339] estimates the lifetime 

of the ions, and hence that of the space charge, at from 2 to 10 hours, and 

concludes that it is possible they are carried far from the city out over the 

country. Down-wind from Stuttgart a larger positive space charge was found 

at a distance of 10 km (at 4.45 m/ s wind); at a distance of 5 km a drop of 

potential three times as great was found (see figure 19). 

"At least within and near thickly settled areas, we must reckon not only 

with thunder-storms, but also with charges produced by industry, traffic and 

dwelling areas, which represent a second generator, located on the ground, 

for the electric field 11 [ 339, 156]. 

9. Influence of the Potential Gradient and Conductivity of the Air 

Ion-production of the big city thus also affects the potential gradient in the. 
il 

atmosphere, and this must be ultimately attributed to human activity. Muhleisen 

is able to furnish the following data from his investigations [339, 144]. A 

comparison of recordings made in the heart of the city and at the edge shows: 
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1. great differences between diurnal and nocturnal figures, 

2. great fluctuation ranges, 

3. distinguishable periods for these. 

In periods of over 4 hours, both measuring points give similar results, 

and the causes are the same: heating and solar radiation. Also, comparison 

of work-day and Sunday variation of the potential gradient within the city 

reveals the city· s influence; the potential gradient curve remains tlndisturbed 

only on Sundays of the summer half-year. even in the case of light winr' '3 as 

low as 2 m/s. The following table shows the influence of the seasons 2nd the 

weather upon the potential gradient: 

INCREASE OF POTENTIAL IN THE LARGE CITY 

Weather conditions 

Windy AM 

Windy 8 to 12 AM 

Clear Weather 

Cloudy 

Fog and Vapor 

II 

Winter 
Day Vim Night 

125 85 

200 

270 140 

175 120 

500 300 

Surn.rn.er 
V 1m Day V 1m Night 

85 65 

90 

150 95 

80 55 

155 80 

Vim 

Muhleisen has found that steam locomotives, the area of the main rail-

road yard, coking plants, and automobile traffic are especially important sources 

of field variation. Normal heating periods were also shown by marked daily 

variations, especially in winter (see figure 20). 

" 8 12" 16 20 
Fig. 20. Hourly mean potential gradients at wind velocities of 3 m/s in 

the large city [338, 377]. 
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All space charges produced from dwelling-areas, industry and traffic 

carry a positive sign. Fr. J. Whipple [505] gives us another study, wherein 

he finds 2 maxima and 2 minima. The morning minimum and the evening maxi

mum coincide with the corresponding extremes of the ionosphere, but the morn

ing maximum and the evening minimum are due to local conditions brought 

about by the production of condensation nuclei. 

By means of tests, G. F. Schilling and H. Seyer [419, 334] were able to 

show that the drop of potential sharply increased at the city's edge, while the 

conductivity of the air decreased proportionately (see figure 21). 
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Fig. 21. 
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10. Organic Matter in City Air 

Although bacteria in city air are of more interest from a medical point 

of view, they must also be considered as condensation nuclei. 

In Paris the following numbers of bacteria were found in 1 m 3 of air 

[184, 88]: 

* Translator's Note: the meaning of e. st. Ex10-5 is not clear. 
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City ••....................... 
Country ..................... . 

Year Mean 

4790 
345 

Winter Mean 

3250 
190 

Surruner Mean 

6550 
550 

Hence, we have a maximum in summer and a minimum in winter, as 

well as a considerable difference between city and country. Here also studies 

in Paris [234, 70] showed a daily variation depending on traffic and street

sprinkling times. Paris air contains the following bacteria per 1 m 3 

7 8 9 10 11 12 1 2 2:30 3 4 5 o'clock 

400 1500 2500 4000 6000 8000 9000 10 000 Sprink- 5000 7000 11 000 o I clock 
ling 

In Lyons the following daily variation was found [ 371. 212] : 

7 10 11 12 2 4 6 7 o'clock 

640 780 1800 23 000 72 000 75 000 80 000 88 000 

11. Gas Content in City Air 

Russel [184, 90] found the following amounts of gas in 100 cubic feet of 

London city air: 

Sulphuric 
acid 

mg 

Clear weathe r. • • . . . . . . . . . . . . . • •. 13 
Overcast .. "" ......... e .. e'. v ............. 110 31 
Foggy " .... 0 " 0 ..... 0 " ..... 0 .... " ... III ". 46 

It 

Hyrochloric 
acid 

mg 

1 
3.6 
2.8 

Carbonic 
acid 
Vol. =% 

0.038 
0,045 
O. 051 

The output of CO2 in Saarbrucken amounted to approximately 1.673,908 kg. 

in 1933; added to this is 130,000 kg. of CO2 given off by 130,000 inhabitants 

[365, 33]. Golchner stein [159. 5] estimates a daily CO2 production of 20,250. 000 

kg. for Berlin. Pfaff [365, 18] gives the following figures for the amount of 

1 3 f . . m 0 alr In: 
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II II 
Saarbrucken Hamburg Manchester Konigsberg London 

Summer ..... 1.2 Country 0.5 O. 09 1.5 0.04 1.9 
Winter ...... 1.8 Country O. 7 O. 02 2.4 0.2 1.9 
Fog ......... 7.4 14. 1 

In Manchester, 12. 1 mg. of sulphuric acid was found in 100 cubic feet of air, 

and in the country 6.5 mg. was found [184, 90]. In automobile exhaust gases 

we find carbon monoxide, phosphoretted hydrogen and methane [187, 37]. 

Given the amount of automobile traffic in a city, one can imagine the enormous 

amount of harmful waste gases which daily fill the city air. Another abundant 

source of such gases is industry, and still another is household fuel. It is 

clear that the harmful effects of these gases are not restricted to human and 

animal lungs; among plants, the conifers are especially sensitive, since they 

keep their needles in the winter. They are consequently disappearing from the 

city and city-park landscape. Fruit trees also suffer from this pollution of 

city air. Their yield is less in the cities than in the country. A pear tree in 

the city of Berlin produces only 34 lbs., while in Brandenburg Province the 

average yield is 49 lbs. of pears per tree [552, 84]. Lichens also are highly 

sensitive to gases, and as a result are disappearing in heavily built-up central 

urban and industrial areas, as Sauberer [411, 116 ff] has shown. 

In Leicester [523, 38] the weights of the following foreign gases were 

determined (weight given in ton.s/km2 in,a month): 

Summer Winter 
Distance from Center in Miles 

0 1 1 3/4 2 3/4 0 1 1 3/4 2 3/4 

S04 0.96 0.83 0.66 0.42 1. 33 O. 73 0.74 0.50 

Cl" O. 21 0.24 O. 12 0.09 0.46 o. 29 o. 19 O. 17 

NH + 
4 

O. lO 0.08 0.06 o. 05 O. 10 O. 07 0.06 O. 04 

Gas content for one year in Tokyo was determined by Matsui [313, 367]: 
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months 1 2 3 4 5 6 7 8 9 10 11 12 
..... 

-Cl 2.3 3.3 3. 1 6.3 4.8 5.3 4.1 5.5 5.2 5.3 2.8 
1 3 

4.81' )/m 
SO - ... 

2 13. 1 12.4 12.9 8.8 3.5 3.8 1.2 3.5 5.0 3.8 2.3 
1 3 

18. 31' >/m 

Emonds [118, 33], from tests made in Bonn, gives the following informa

tion on ozone content (i. e. J "aran"* content, where "aran" stands for all oxidiz

ing ag ent s, chief! y ci zone): 

1. The heart of the city has only 1/10 the "aran" content of the open country. 

2. Main increase of concentration in the first quarter of the slope, hence 

directly over the area of housing density. 

3. Poppelsdorf has twice as much "aran" as the heart of the city. 

The daily curve is very large. Further investigations, carried out syn

chronically, are greatly needed. 

12. Air Turbidity and Lowering of Visibility 

City vapor is composed of dust and soot particles. Its thickness and density 

is determined by their number, as is the turbidity of the sky. The sky loses 

its beautiful blue, and becomes a dirty violet-grey; at some distance from the 

city one sees a blackish-grey vapor cover over the housing area. This vapor 

cover is continually augmented by chimneys; it is a phenomenon peculiar to the 

city, especially the large city, and can only be dispersed by strong (pa~ticularly 

gusty) wind [54, 95]. The phenomenon of city vapor is very important for the 
--- --- --- -- ---- -- - ------- ---- - --- -- ----- - --------------------- --------- -- - - - -

heat environment of the city, as we shall discuss in more detail in a later chapter. 

The magnitude of the vapor cover is numerically determined by the decrease of 

the sky blue toward the left on the blue scale, or by an increase of the turbidity 

factor, which tells how much more effective the total air lying above the obser

vation point is than pure air in weakening solar radiation. 

* 
l) 

Translator's Note: No English term for the author's word 'Iaran l ' could 
be found. 

1 - 10-6 '(.. g. 
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" Lettau [284, 267] measured the vapor cover over Konigsberg by decrease 

of sky-blueness. He found, in open country, a sky-blueness of 10.5; in the 

city, on the other hand, he found 7.6, i. e., a difference of 2.9. This corresponds 

to a loss of heat of 455 - 338 : 117 cal (cm 2 per day) (see figure 22). 

Chemical Fac~<?-ry 

1, rlo.m 
I ! I I 

II 
Fig. 22. Lines of equal sky-blue in Konigsberg, Oct. 17, 1930 [284, 265]. 

Lauscher and Steinhauser [276, 31/32] measured the turbidity factor in 

Vienna and found between the I'Hohe Warte" ("High Observatory") and the inner 

city a difference of more than 1. 0 during north wind, and during SE wind from 

O. 8 to 1. 0 of the turbidity scale. Just as in the case of radiation intensity, here 

too the difference between city and country shows great variation, depending 

upon wind conditions [276, 20]. 

The following figures provide information on a one -year period: 

8 country towns 
in Europe 

8 large cities in 
Europe 

2 stations at an 
altitude of 1860 
m. in the Alps 

Potsdam 
Leipzig 
Leipzig. country 
Difference city-

country 
Frankfurt 
Vienna, mean 

maximum 
Mean 
Mean minimum 

1) [47 0, 115] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

2. 1 2. 3 2. 5 2. 9 3. 3 3. 6 3. 7 3. 5 3. 0 2. 6 2. 3 2. 3 

3. 1 3. 2 3. 5 3.9 4. 1 4. 2 4.3 4. 2 3.9 3.6 3.3 3. 1 

1. 8 1. 9 2. 1 2.2 2.4 2.7 2.7 2.7 2.5 2. 1 1. 9 1. 8 
1) 

2.5 2.3 
3.3 3.0 
2.1 2.3 
1. 2 O. 7 

4.0 4.7 
3.8 5. 1 

2.5 3.4 
2.2 2.2 

2.5 
3.2 
2. 4 
O. 8 

4.2 
6. 0 

3.3 
2. 2 

2. 6 
3.9 
2.5 
1.4 

4.2 
6. 1 

3.5 
2.4 

3. 1 
4. 2 
2. 7 
1.5 

4. 1 
6.0 

4. 1 
2.8 

2) [185, 278 ff.] 
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3. 2 3. 5 4. 0 3.2 3. 0 2. 4 1. 7 
3. 6 4. 2 4. 1 3. 3 4. 0 3. 4 2. 7 3. 6 
2. 3 2. 9 3. 0 2. 4 2. 5 2. 3 2. 1 2. 5 
1. 3 1. 3 1. 1 O. 9 1. 5 1. 1 O. 6 1. I 

5.15.14.74.63.93.54.04.32 ) 
5.8 5.9 5.8 5. 2 4.4 3.5 3. 2 5. 1 

3.9 4. 1 3.8 3. 3 3. 3 2. 8 2. 8 3. 5 3 
2. 9 2. 8 2. 6 2. 3 2. 0 2. 0 2. 2 2. 4 ) 

3} [279, appendix] 



Karlsruhe 
(1919-1924) 

Feldberg 

4) [301, 270] 

Jan Feb Mar Apr 

2. 9 2. 7 2. 2 2.8 

I. 9 2. 1 2. 2 2.4 

May Jun Jul Aug 

3. 0 2.9 3.3 3.5 

2. 2 2. 5 2. 1 1.9 

(CONT'D) 

Sept Oct Nov Dec Year 

2.9 2.9 2. 9 2. 8 2. 9 

1.8 1.7 1.6 1.8 2.0 4} 

These curves show great divergencies, but all show an increase of the tur

bidity factor in SUITlmer as a result of heightened convection processes, Even 

the annual figures are different» though no correlation to the nUITlber of inhabi

tants can be determined. It probably indicates that geographical factors are at 

work. Distance froITl the sea and location in a basin increase the turbidity of 

city air: Potsdam 2.9; Hannover 3.2; Leipzig 3.6; Karlsruhe 3.8, and Frank

furt 4.4, 

* The stronger the vapor, the lower the Ortshelligkeit. Dorno [103, 370] 

has furnished figures for London and vicinity for the year 1925 (see figure 23) . 

••• r---,------r---cc--....----y----;r-, ......... "' .. 

:::f---,-+-----i-:-. -l-.j~~~ .. ~ ------l---l--l ./ I' \ I ..... 

)00 

100 f---,--t.';-.' -;"..t'_-!- t ---'\-'r.~ .... ""/ ,,/ \~\'\ ~+ 
10° ........ ;.; .... / \, .. ,~~.:~ ............ .. 

11 l' " 

Fig. 23. The num.bers indicate m.ean m.onthly day-totals of IIOrtshellig
keit, II measured relatively. The dotted line is for Ham.pstead 
(north of London); the broken line is for Kew (SW of London, and 
the unbrokenhne is for King sway (Genter of the city). [10,3, 
370] . 

* By Ortshelligkeit we m.ean the am.ount of visible light, as m.easured by 
Eder's "Graukeilphotom.eter II (Gray wedge photom.eter) and sim.ilar apparati. 
The num.bers in the table are only relative figures, as given on the scale 
of the instruITlent. 

Translator's Note: No English term for the author's word 'IOrtshelligkeit l' 
could be found. I suggest "spot-brightness II or "light 
intensity". 
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Mean Monthly Daily-Totals of "Ortshelligkeit" (relative meas. ) 

(measured photochemically) 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov 

Hampstead 39 75 155 304 (553) 585 464 190 178 75 49 
Kew 17 44 102 176 268 487 283 144 84 29 19 
King sway 17 41 69 114 163 231 165 103 138 44 24 

Dec Year's 
Total 

29 2806 
13 1666 
13 1122 

Both the table and the figure show very clearly the detriinental effects on 

the city in contrast to its environs. 

Just as the vapor cover weakens the sun's rays, it also impairs visibility. 

Hence, measures of visibility can also serve as gauges of the magnitude of the 

vapor cover. Samec [408, 1527] noted, in Vienna, a dependence on direction, 

i. e., visibility toward the city is considerably poorer than in the direction of 

open country. The limit of visibility in the direction of the city was only 4 km. , 

while in the direction of the country it was 11 km. Reidat [ 289, 92] observed 

the same relationship at the Berlin airport. He found that, for the various direc

tions, the relationship "visibility against the wind to visibility with the wind, II 

which normally is 1 to 1, was very irregular, and explains it by the fact that, 

when looking with the wind, one is always looking at the smoke lay.er blowing 

from the city. L. Besson [48, 781] also studied visibility distances from over 

a dozen stations in Paris, and arranges them according to wind direction. The 

result is always the same: visibility is poorest in winds from the center of the 

city: 

Le Bourget, 11 km NNE of center of town: 

NNW-N NNE-E 

2000 3000 

ENE-E 

4500 

Saint Cloud, 10 km W: 

NNW-N 

800 

NNE-E 

800 

ENE-E 

400 

ESE-S 

1800 

SSE-S 

900 

ESE-S SSE-S 

500 1200 

SSW-SW WSW-W WNW-NW 

800 1100 1200 m 

SSW-SW WSW-W WNW-NW 

1200 2000 1500 m 

The turbidity factor is also dependent upon wind force. 

Hruditka [216, 340] gives the following table for Prague: 
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Wind force (Beaufort): 

Turbidity factor - summer 
Turbidity factor - winter 

o 

4. 25 
5.42 

1 

3.80 
4.46 

2 

3.50 
4.34 

3 

3.20 
3.90 

4 

2.94 
3.62 

5-8 

2.69 
3.13 

Long series of observations in Paris make it possible to compare more 

recent observations with earlier ones. L. Besson [44. 882] notes that under 

identical conditions of humidity. at identical hours and identical times of year. 

the visibility from 1919 to 1922 had become much worse than in the period 

1896-1903. 

1896 - 1903 12 noon 

1919 - 1922 12 noon 

80 

5300 

2600 

Relative humidity 
85-90 95 

3600 

2100 

2200 

1400 

1000/0 

1200 m. Visibility distance 

700 m. Visibility distance 

The turbidity factor, "Ortshelligkeit" * and visibility distance are thus means 

of measuring the content of aerosols in the city air. The most important con

sequence for city climate of the presence of city vapor is the influence on the 

total radiation budget of city air. Both the incoming and outgoing radiation are 

diminished by the constant vapor cover over the city. 

* Translator's Note: "Ortshelligkeit" re-appears. 
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V. RADIATION 

" The study of photochemical climate made by Kremsmunster in 1896 was 

the first study dealing with radiation changes in populated areas. In 1904, 

Lempfert made reference to sunshine loss in the city and provided some figures. 

Indeed, the facts of the case have been known for quite some time. The los s 

of radiation intensity was measured for the first time in 1922 by Besson in 

Paris [45], then by Hand [175] in 1926 in Washington, and by Marten in Pota-

" dam [311]. In 1928 came Grundmann [165] and Buttner [75], the latter furnishing 

further measurements in 1938. He is of the opinion that city vapor does not 

weaken ultra-violet rays any more than it does other rays. In 1933, Ashworth 

[21] showed the almost complete suppression of ultra-violet rays in English 

industrial cities, and Liandrat showed the same for Lyons [289]. In 1924, 

Steinhauser [470] described the radiation climate of Vienna, and dealt with it 

again in 1951 [472]. In the same year Dirmhirn [97] reported on total radia-

tion at the "Hohe Warte ll in Vienna. In 1935, F. Danmeyer [90] treated the 

ultra-violet climate of Hamburg. 

We shall deal first with the weakening of solar radiation intensity and then 

with the role of the metropolis in cutting the duration of sunshine. 

1. Weakening of Solar Radiation Intensity 

On their way from the upper strata of the atmosphere to its bottom, the 

sunls rays lose 4/10 of their original energy. Within the large city the rays 
" undergo further weakening. Buttner [75, 524] measured the following percen-

tage figures as compared with ra"Cliation measurements in Potsdam on a clear 

June day in Berlin: 

Total 
Wave lengths 310 mfJ. 320 mfJ. 370 mfJ. 480 mfJ. Radiation 

Berlin. . . . . . .. 77% 78% 79% 81% 79% 

Red 
Radiation 

81% 

Grundmann [165, 296] in Breslau, 1928, arrived at similar figures. The 

loss of intensity increases toward the interior of the city, i. e., the decrease of 

radiation is proportional to the size of the city [276, 20]. 
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Dirmhirn [97] made studies of total radiation in relation to wind direction 

from 1946 to 1950, at the "Hohe Warte" in Vienna. Maxima were revealed during 

westerly and northwesterly winds (from the direction of the country), while mini

ma were associated with southwesterly winds, out of the city. According to him,. 

ordinary vapor (water droplets) does not weaken sky radiation, whereas city 

vapor (compact particles) absorbs it. At noontime, sky radiation varies 32%, 

solar radiation up to 67%. Water vapor weakens it from 40 to 120 times as much 

(after Steinhauser [472, 86]). 

We have a study by Hand [176, 252], from Boston, dealing with the daily 

variation in the difference in radiation between city and country. 

Daily Variation in Radiation Difference Between City 
and Country, Boston, 1944 - 1948 

AM PM 
8 9 10 11 12 1 2 3 

All cases: 52 72 78 81 84 86 84 84 

Cloudless days: 78 82 84 85 85 85 84 

4 5 o'clock 

78 70 % 
79 % 

Thus, with the advance of the sun the city receives a relatively higher 

intensity of radiation. 

" Buttner [77] finds great differences in the weakening of sky radiation 

and solar radiation in the city: 

UV Fi ures for Clear Summer ed 
According to Height of Sun 

200 300 400 500 600 

Height of sun H S H S H S H S H S 

Berlin 16 4 34 14 53 32 68 47 78 60 
Potsdam 16 6 33 20 54 42 69 62 82 80 
Brandenburger Hause 16 18 35 47 54 82 73 116 92 145 

(3300 m) 
H = Sky S = Solar 

Differences in radiation decrease are also felt during the week. Ash-

worth; [21, 130] finds an increase in radiation on Sunday, a minimum on 

Wednesday, especially in the summer, and attributes this to the absence of 

factory smokestack activity. In the winter, however, this absence is 

compensated for by increased household heating (see figure 24). 
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Fig. 24. Weekly variation in radiation, Rochdale, 1932-1935. 
Unbroken line: UV radiation 
Broken line: Visible radiation [21, 131] 

On a yearly basis also, Sundays show a different curve from that of 

work-days. In the spring there is a noticeable weakening of radiation, due 

to the continuation of house-heating, while at mid-summer there is an 

especially high maximum, due to the absence of the latter. To check this, 

Ashworth made measurements in districts with electrical heating, where 

this difference between Sunday and work days did not appear. 

With reference to the yearly variation in weakening of radiation, Ash

worth also presents a very impressive comparison between industrial towns 

and sea-coast towns in England [20, 106]. While the coastal towns show 

a sharp increase in ultra-violet radiation during the summe r, the three 

industrial towns, and especially Rochdale, completely suppressed such an 

increase. This means the radiation loss in summer is especially great. 

Reth1y, in Budapest [397, 48], arrives at similar results (see figure 25). 

~r---~--------------~ 

~70 
..d 
bO 
.~ 8 
~ 

1\ 
2 sea-coast cities 

) \ 
3 industrial cities 
~ 

Rochdale 

1 jjj Y .'t!l 

Fig. 25. Yearly variation in UV light 
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The increase in weakening of 

radiation is very strong as rays approach 

the ground. At the tower of St. Stephen I s 

Cathedral ("Stephansturm II) in Vienna on 

July 15, 1931, (a cloudless, calm, but 

hazy day), Lauscher and Steinhauser 

[276, 25 to 28] found a mean intensity of 

solar radiation amounting to 1. 084 cal 

(cm 2 :: min); 72 meters lower down, 

1,00 

Fig. 26. Measurements of solar 
radiation in Vienna on the "Gra
ben" (a) and on the "Stephansturm if 
(b ). 

I. 

II. 

July 15, 1931: 

July 17, 1931: 

heavy city 
vapor, no wind 
great air move
ment ( 276, 27] 

in the street below (If Graben" ), they 

found a mean of 1. 022 cal (cm 2 ~ min), 

i. e., 5.7% less than the above figure. In 

contrast to this, a measurement made on 

July 17. 1931, (a very windy day), showed 

almost no difference (see figure 26). 

The difference between city and country is hence very much dependent on 

air movement. The largest figures are to be expected when there is no 

wind. Light, steady wind moves the vapor masses, unchanged. This ex

plains the sharp variations in the curves, caused by compact vapor clouds 

which passed overhead. They account for 18% of the average figure. A 

strong. gusty wind, on the other hand, disperses the vapor masses. This 

explains the reduction of space between the two curves and the irregularities 

in them. Unfortunately, no comparable measurement is available for a 

calm winter day. Such a measurement would presumably show an even 

greater difference, since in winter there is no rising movement of air to 

push the vapor upward. Hand [175, 19] was able to observe a fine example 

of transport of vapor clouds in Washington on January 19, 1926. At the 

National Academy of Science the decrease in intensity begins an hour earlier 

than at the Anlerican University, which is located 5 km away (see figure 27). 
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Fig. 27. Decrease in radiation during the passage of a smoke cloud, 
Washington, Jan. 19, 1926. 

a) Total theoretical amount of heat on a horizontal plane 
in kw per 10 km2. 

b) Actual heat energy at the American University. 

c) Actual heat energy at the National Academy of Science 
from Hand [175, 20]. . 

The figure also shows the absolute values in kw of energy which such a 

smoke cloud takes away from the land area below it. These figures amount 
2 

to over 9,600 calls for every km. Similarly, Lauscher and Steinhauser 

[276, 31] find that during light winds the city vapor in the Danube Valley and 

the Vienna Woods Valleys moves out compactly and can at times be found as 

far away as 25 km in almost the same density. 

W. Marten [311, 13] found that movement of such vapor clouds from 

Berlin brings about decrease in radiation of from 1. 3 calls to 0.877 calls, 

or 19%; i. e., from a radiation decrease of from 1. 3 calls to 0.877 calls is 

19% from 1. 25 calls to 0,93 calls about 26% (1).* 

The question of the wave range in which solar radiation is most subject to 
If 

weakening has been answered in various ways. According to Buttner [75, 523] 

and Sutter [478], weakening is about the same in all wave ranges; according to 

Grundmann [165, 296], however, radiation loss occurs mainly in the short 

* Translator I s note: The phrase "decrease in radiation of from 1. 3 calls 
to 0.877 calls. or 19%" is repeated twice, apparently 
a typographical error. Also, the 19% figure does not 
seem to be correct. 

- 53 -



"¥ r---;-------:::::=:::;::;::::-i 
Ij() 

36 
Jzl-L-~---;F=----'''''---1 

28 
H 
wl--~----------~~ 
16 
1~ 8 _-L _____________ ~ 

~ 'Iv; 11'( 

OL-__ ~~~----~--~--~ 8" (J) ,! 41,1 (I 11'& 

Fig. 28. Short-wave rays in the 
total radiation in the city of 

IT 

Saarbrucken, measured in per-
centage of total radiation. 

a) Dec. 4, 1930 - heavy vapor 

wave rays. He finds that the wave range 

over 510 mf.L undergoes no greater weakening 

in the city than in the country. This means 

that the inhabitants of the city lose the benefits 

of the important short-wave rays. Pfaff 

[ 365, 45] found the same true for the indus-
II 

trial city of Saarbrucken [ see figure 28]. 

Figure 28 shows that the decrease in short

wave rays is greatest when the vapor develop-

ment is increased. Grundm.ann attributes this 

selective absorption to dryness of the city air, b) Oct. 16, 1930 - light vapor 
[365,45]. 

the more moist country air. 

which lets more red rays through than does 

Bielich [54, 97] finds the same true in the case 

of Leipzig. On the other hand, the above investigators found that sky radiation 

sustains no appreciable loss. 

On this point Marten [311] found that the longer wave lengths are weakened 

to a lesser degree than the shorter ones. L. Hermann and F. Bernstein [371, 

204], Prull [378] and Liandrat [289, 229] are of the same opinion. Liandrat 

attributes the results found in Berlin to that cityl s peculiar conditions: the 

city is very spread out, factories are located mainly on the periphery, and 

there is an abundance of lakes. He does not believe there are universal prin

ciples applicable to all cases. According to sunshine-recorder studies made 

by myself for a period of more than 10 years, the city of Berlin proper receives 

more sunshine than the northern environs. There are thus many unanswered 

questions in the problem of radiation. F. Steinhauser [463] says that measure-
II 

ments should be made, with a radiation balance meter of the Ruckstrahlung und 

Eigenstrahlung* of city air. Also, the differences between the various wave 

ranges should be more accurately determined, and a thorough study should be 

made of the influence of effective outgoing radiation through the city vapor, 

in view of its importance ot the heat budget and the relatively greater heating 

of the city as compared to the open country, especially at night. 

II * Translator's Note: The references to Ruckstrahlung and Eigenstrahlung are 
unclear; no English terms could be found that fit the 
context. 
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2. Shortening of Duration of Sunshine 

Our first report on this subject comes from W. J. Russel [407, 19], in 

1892, who gives the following table: 

Hours of Sunshine in London and Environs, 1890/91 

Woburn (NW) .............. . 
Kew (W) .................. . 
City ...................... . 
Greenwich (E) .............. . 
Eastburne (SW) .........•.... 

Nov. -Feb. 

206 
172 

96 
150 
268 

March-Oct. 

1214 
1233 
1062 
1105 
1455 

Year 

1420 
1405 
1158 
1255 
1724 

C. E. P. Brooks [68, 191], gives an excellent illustration of the above 

figure s in the year 1951 (see figure 29). ~ 
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Fig. 29. W -E cross-section of London, showing the relationship 

between sunshine and air pollution [68, 191]. 

Since the 20 IS, Greenwich has been drawn more and more into the city 

area. Hence the number of sunshine hours has continually increased [309, 

143] : 

Difference in Sunshine Hours in Greenwich-Kew 

1911 - 1915 62. 1 hra. per year 
1916 - 1920 65.3 hrs. per year 
1921 - 1925 17.0 hrs. per year 
1926 - 1930 66. 1 hrs. per year 
1931 - 1935 133. 2 hra. per year 
1936 - 1938 158.6 hrs. per year 

- 55 -



Dan:meyer found the following figures for Ha:mburg [90, 106]: 

Sunshine Hour s in Ha:mburg and Environs 

Hamburg ...................... . 
Sahlenburg .................... . 

1929 
1562 
1876 

1930 
1333 
1594 

1931 
1525 
1663 

Mean 
1477 
1711: + 234 

H. Parry [355, 352] gives the following figures (in %) for the land station 

sunshine hours (see also W. L. Absalo:m [1, 261]): 

Land station .................. . 
Suburbs ...............•....... 
Center ........................ . 

Dece:mber 

100 
84 
44 

June 

100 
99 
94 

Year 

100 % 
94 % 

82.5% 

Many cities show an increase in sunshine over the last decades: 

Paris [49, 22, 1934] 

1894 - 1903 
1904 - 1913 
1914 - 1923 
1924 - 1933 

1582 hrs. of sunshine 
1658 hrs. of sunshine 
1786 hrs. of sunshine 
1895 hrs. of sunshine 

In Lyons [371, 32] a slight increase in sunshine duration was found, to

gether with a decrease in nu:mber of sunless days (see also cloud dissolution 

over the city, page 145 ). 

Nure:mberg, according to M. Sperk [463, appendix], also belongs to the 

nu:mber of "sunny cities ". 

Yearly Variation of Differences in Sunshine Duration Between 
Nure:mberg (city) and Surrounding Country, 1934-1938 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Year 

.. 0.5 -5.1 -0.615.113.412.514.915.07.5 5.5 -0.3 -0.1 77.8 

To these figures which I have gleaned fro:m the literature, I should like to 

add the following calculations for a nu:mber of Ger:man cities which provide 

co:mparable recordings fro:m city and country stations: 
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1. 

Munich-Bogenhausen ......... . 
Munich, Botanical Garden ..... . 
Difference between Bogenhausen 

and Botanical Garden ........• 

Munich-Bogenhausen ..•....... 
Munich, Botanical Garden ..... 
Difference between Bogenhausen 

and Botanical Garden ....... . 

1 

55.6 
52. 1 

+ 3.5 

7 

2 

81. 3 
82.9 

- 1. 6 

8 

266.7 233.5 
269. 1 239.6 
.. 2. 4 - 6. 1 

3 

160. 1 
161. 4 
- 1. 3 

9 

4 

190.2 
194.3 
- 4. 1 

10 

177.9 137.9 
180.8 132. 9 
- 2. 9 + 5. 0 

2. Yearl Variation in Sunshine Between Munich-Bo enhausen 
and Puch (25 kIn. west of Munich. 1948-1953 

Munich-Bogenhausen ........•.. 
Puch .............•........... 
Difference between Bogenhausen 

and Puch ................... . 

1 

55.6 
54.3 

+ 1. 3 

7 

Munich-Bogenhausen ........... 266.7 
Puch. . . • . . . . . . . • . . . . . . . . . . • .. 285. 2 
Difference between Bogenhausen -18.5 

and Puch ......••............ 

2 

81. 3 
85. 1 

- 3.8 

8 

233.5 
246.3 
-12.8 

3 

160. 1 
154.1 
-+- 6.0 

9 

4 

190.2 
194.2 
- 4. 0 

10 

177.9 137.9 
274.2 130.8 
+ 3.7 + 7.1 

5 

228. 1 
235. 1 
- 7. 0 

11 

6 

231. 3 
236.9 
- 5.6 

12 

61.9 47.8 
62.7 40.8 

- O. 8 + 7. 0 

5 

228. 1 
234.6 
- 6.5 

11 

61. 9 
63.7 

- 1. 8 

6 

231.3 
243. 1 
-11. 8 

12 

47.8 
48.9 

- 1. 1 

3. Yearly Variation in Sunshine Between Munich-Bogenhausen 
and Munich and RieIn (3 km. east) 1950-1953 

1 

Munich-Bogenhausen ............ 51.3 
Munich-Riem. . • . . . . . . . . • . . . . • •. 53. 2 
Difference between Bogenhausen - 1. 9 

and Riern .. . Go • 0 •• It <II • ill 0 0 II ••• " to .. 

7 

Munich-Bogenhausen ............ 272.2 
Munich-Riern ................... 283. 5 
Difference between Bogenhausen -11. 3 

and Riem ................... . 
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2 

71. 3 
71. 7 

- 0.4 

8 

238.7 
252.9 
-14.2 

3 

149. 0 
152.8 
- 3.8 

9 

153.0 
161. 1 
- 8. 1 

4 

188.4 
189.6 
- 1. 2 

10 

127.7 
128. 1 
- 0.4 

5 6 

231. 4 222. 4 
239. 2 239. 3 
- 7.8 -16.9 

11 

62.2 
63.3 

- 1. 1 

12 

47.9 
41. 8 

+ 6. 1 



All three curves show a maximwn of difference, ie, a greater decrease 

in sunshine in the city during the swnmer months (during the time of strongest 

cumulus cloud formation); the winter and autwnn months show slight difference; 

if anything, they show somewhat more sunshine in the city. The daily varia

tion is similar: 

1. Hourly Figures of Duration of Sunshine in Munich
Bogenhausen and Munich, Botanical Garden, 1948 - 1953 

4-5 

Munich-Bogenhausen. . 3.6 
Munich, Botanical.... 1. 9 

Garden 
Difference between 

Bogenhausen and 
Botanical Garden . . . - 1. 7 

5-6 

39.6 
37.6 

2. 0 

6-7 

77.4 
78.0 

- 0.6 

7-8 

111.8 
110.2 

1.6 

8-9 

142. 3 
140.6 

1.7 

9-10 

165.3 
164. 2 

0.9 

10-11 11-12 

177.8 
179.0 

.. 1. 2 

181. 1 
190.7 

- 9.6 

12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 

Munich-Bogenhausen .. 187.0 186.2 179.2 157.1 124.3 79.9 45.3 8.7 
Munich, Botanical 

Garden. . . . . . . . . ... 199.6 196.9 186.3 160.8 126.2 85.8 29.6 
Difference between 

Bogenhausen and 
Botanical Garden ... -12.6 -10.7 - 7.1 - 3.7 - 1. 9 - 5.9 +15.7 + 8.7 

2. Hourly Figures of Duration of Sunshine in Munich-
Bogenhausen and Puch, 1948 -1953 

4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 

Munich- Bo genhausen ... 3.6 39.6 77.4 111.8 '142.3 165. 3 177.8 181. 1 
Puch .................. 3. 1 35.7 71. 1 103. 1 134.9 160.3 176.2 187.2 
Difference between 

Bogenhausen and 
Puch ............... 0.5 3.9 6.3 8.7 7.4 5.0 0.6 - 6. 1 

12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 

Munich-Bogenhausen ... 187. 0 186. 2 179.2 157. 1 124.3 79.9 45.3· 8.7 
Puch ................. 193.9 194.2 185. 7 172.6 137.6 93.8 51. 6 1.9 
Difference between 

Bogenhausen and 
Puch ............... - 6.9 - 8. 0 - 6.5 -15.5 -13.3 -13.9 - 6.3 + 6.8 
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3. Hourly Figures of Duration of Sunshine in Munich
Bogenhausen and Munich-Riem, 1950-1953 

4-5 5-6 6-7 7-8 8-9 9-10 

Munich-Bogenhausen, .. 4. 1 41. 0 78.8 109.7 137. 6 160.2 
Munich-Riem .......... 6.3 41. 6 80.8 107.8 134. 2 160. 2 
Difference between 

Bogenhausen and 
Riem III 01 • II .. .. " " I) • <ill II 1/1 e " ..... 2.2 - 0.6 - 2. 0 0.9 3.4 o. 0 

12-13 13-14 14-15 15-16 16-17 17-18 

Munich-Bogenhausen ... 180. 5 179.0 171. 5 152.3 121. 8 80.5 
Munich-Riem .......... 184. 0 183. 2 177.8 159. 1 126.4 92.8 
Difference between 

Bogenhausen and 
Riem. 0 D g ., ., " ... 0 • " ... ., ..... 3.5 - 4. 2 - 6.3 - 6.8 - 4.6 -12.3 

10-11 11-12· 

170.7 174.5 
173.0 177.8 

- 2.3 - 3.3 

18-19 19-20 

47.5 9.3 
51. 5 14.1 

... 4.0 - 4.8 

Again, the greatest shortening of sunshine duration occurs during cumulus 

cloud formation; in Puch and Riem, the maximum moves up to late afternoon. 

Unfortunately, data for longer periods were not available; for this reason I at

tempted to obtain some from other German cities. Through the courtesy of the 

Central Office of the German Weather Service I was able to get data on Berlin, 

Essen, Frankfurt, Wiesbaden, Stuttgart and Braunschweig. The figures for 

Frankfurt, however, had to be rejected, since the sunshine-recorder set .. up had 

been changed during the time of measurement. Among the other cities, Wies

baden and Essen give the same results as Munich; Berlin and Braunschweig, on the 

other hand, show more sunshine for t~e city. (Stuttgart was not considered, 

because the measurement period was too short.) Of all the German cities, Essen 

4. Hourly Fi ures of Sunshine in Braunschwei -
Gliesmarode, 1930-193 

4-5 5-6 6-7 7-8 8-9 

Braunschweig-Stadt .... 9.9 40.4 71. 0 100.9 129.3 
Gliesmarode .......... 5.6 38.4 67.9· 98.4 128.5 
Difference between 

Braunschweig -Stadt 
and Glies:marode .... 4.3 2. 0 3.9 2.5 O. 8 
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9 .. 10 10 ... 11 11-12 

150.9 165.9 169.7 
149.8 164.7 168.7 
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12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 

Braunschweig-Stadt .... 167.8 
Gliesrnarode ....•..... 170. 1 
Difference between 

Braunschweig-Stadt 
and Gliesrnarode .... - 2.3 

168. 5 
167.7 

0.8 

. 

160. 1 138. 9 
159.6 136.5 

0.5 2.4 

109. 1 
107.9 

1.2 

ures of Sunshine Berlin-Seestr. and 

77.4 
74.6 

2.8 

Berlin-Blankenburg country station, 1902-1918, Ex
cepting 1905, 1912, 1916) 

46.5 
39.5 

7. 1 

13. 7 
7.8 

5.9 

4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 

Berlin-Seestr ........ . 
Berlin-Blankenburg ...• 
Difference between 

Berlin and 
Blankenburg •......• 

3.2 
O. 2 

3. 0 

29.3 
19. 1 

10. 2 

58.1 81.7 
55. 1 83. 9 

3. 0 - 2. 2 

116.8 145. 6 159.5 
116.4 140. 2 154. 1 

0.4 4.4 5.4 

166. 7 
161. 1 

5.6 

12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 

Berlin-Seestr ......... 169.0 
Berlin-Blankenburg .... 162. 0 
Difference between 

Berlin and 
Blankenburg. . . . . . . . 7. 0 

165.4 153.7 126.4 
158.8 147.4 126.5 

6. 6 6. 3 - O. 1 

93.5 65.2 
95. 2 65. 4 

- 1. 7 - O. 2 

40.4 
29.4 

11. 0 

6. 2 
0.5 

5. 7 

6. Hourly Fi ures of Sunshine Wiesbaden-Geisenheirn 
25 krn west 1934-1942, 1948, 1949, 1952 

Wiesbaden ...•....... 
Geisenheirn ......... . 
Difference between 

Wiesbaden and 

4-5 

10.3 
1.0 

5-6 

43.6 
29.1 

6-7 7-8 

78.4 109. 1 
68.2 99.3 

Geisenheirn. . . . • . . . . 9. 3 14. 5 10. 2 9.8 

8-9 9-10 10-11 . 11-12 

132.2 147.6 154.8 
127.4 148.6 157.7 

157. 6 
163. 0 

4. 8 - 1. 0 - 2. 9 - 5. 4 

12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 

Wiesbaden ........••.• 157.5 155.9 149.9 132.3 107.5 77.7 29.8 0.6 
Geisenheirn ........... 164.6 165.0 157.6 138.7 111.1 80.6 37.8 2.9 
Difference between 

Wiesbaden and 
Geisenheirn ........ - 7. 1 - 9. 1 - 7. 5 - 6. 4 - 3. 6 - 2. 9 - 7. 2 - 2. 3 
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7. Hourly Figures of Sunshine Essen and Essen Airport, 
1935, 1936, 1937 {without 8}, 1941 through 1943. * 

Essen-Stadt ....•..•.. 
F1ughafen ........... . 
Diffe rence between 

Stadt and 
Flugha£en .......... . 

4-5 

4.2 
3.3 

o. 9 

12-13 

Essen-Stadt ........... 144.0 
F1ughafen .......•..... 154. 1 
Difference between 

Stadt and 
F1ugha£en ........... -10. 1 

5-6 

28.8 
27.4 

1.4 

13-14 

140.3 
152.9 

-12.9 

6-7 

53.1 
55. 1 

- 2. 0 

14-15 

129.9 
146.4 

-16.5 

7-8 

76.5 
85. 1 

- 8.6 

15-16 

llO.8 
124. 1 

-13.3 

8-9 

102.4 
110.2 

- 7. 8 

16-17 

81. 9 
97.5 

-15.6 

9-10 

128.4 
134. 1 

- 5.7 

17-18 

51. 6 
66.5 

-14.9 

10-11 

139.5 
145.9 

- 6.4 

18-19 

22. 1 
34.3 

-12. 1 

11-12 

145. 3 
154. 2 

- 8.9 

19-20 

1.7 
3.9 

- 2.2 

fares the worst as far as its radiation climate is concerned. Here again the 

greatest difference occurs during formation of cumulus clouds. By way of 

consolation, however, one may say that Essen is the "hardest-working II city, 

and that its citizens get up the earliest. It is literally true here that "die Sonne 

bracht' es an den Tag."**A second maximum from 7 AM to 9 AM probably is 

caused by the beginning of working hours. 

If, by way of conclusion, we total up the balance of our observations of 

these two fundamental features of city climate, the results are hardly gratifying: 

the city, with all its activities, produces an enormous mass of gases and chemical 

agents which fundamentally alter the nature of city air, to the immediate detri

ment of the health of its citizens and of its radiation climate. 

The distinguishing feature of city climate is the never-ending production 

of vapor cover$ which in its turn causes changes in a whole complex of other 

phenomena such as radiation, temperature, cloud formation, fog and precipita

tion. A decrease in the aerosol content of city air would bring about substantial 

changes in city climate: greater incoming radiation, longer duration of sunshine, 

greater outgoing radiation, with consequent rise in temperature extremes (higher 

maxima and lower minima), quicker cooling in the evening, less sultriness, 

Translator's Notes: 
* The phrase "without 8" is unclear (omitting August ?) 
** The German saying, IIDie Sonne bracht' es an den Tag" means something 

similar "It will all corne out in the wash II or, "The truth will out, II but 
no English saying fits well here. 
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and elimination uf widespread effects on environs. The battle against city 

vapor has been going on for a long time. The first legal measures were 

taken in Paris. According to Grundke [164, 70 ff. ], the French Ministry 

of the Interior, as early as 1805, commissioned a group of scientists to de

vote their attention to the question of regulating industrial plants which were 

nuisances to the vicinity or dangerous to health. In 1810 a law was passed. 

In 1863 and 1881, England followed suit with the Alkali Acts, which set limits 

for waste gase s, hydrochloric acid and other chemicals. Thus England, too, 

can look back on a long history of dealings with this problem [99]. Similarly, 

in Lyons [371, 214 ff], an attempt was made to combat the menace by means 

of the Morizet Law of April 20, 1932. For further details, refer to H. Strat

mann [475a]. Two possible solutions present themselves: 

1. Eliminate the sources, through better heating and fueling systems -

substitute gas and electrical heating. Regulations should be set up covering 

industrial fuel usage. the improvement of heating installations and of the fuel 

itself, as well as filtering and washing of waste gases. This solution has 

already scored some successes. Smoke sources have disappeared, and by 

1938, 90% of heating systems had been converted in accordance with the law. 

The fight against automobile exhaust gases is more difficult -- certain fuel 

admixtures must be prohibited. For this and other reasons, possible solution 

No. 2 should not be disregarded: 

2. Quick removal of the foul air. Sarnetzky [410] recommends under

ground removal of industrial gases into the sewage system, instead of spreading 

them evenly above the chimney-tops over the long- suffering population. Per

haps the erection of fans such as have long been used for mine ventilation might 

bring some relie:C£or the situation. According to a model in the Munich 

Deutsches Museum, such a fan takes care of 600, 000 liters per hour, or 

14,400,000 liters per day. If one such fan were set up for every square kilo

meter of built-up city area, a layer of air 14 meters thick would be drawn off 

over the area. The air removed would have to be cleaned in some way before 

being returned to the surface. 
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In winter this would bring about a perceptible alleviation of conditions; 
, 

in any case, London fog would no longer be dangerous to life, and might 

even disappear altogether. Since important hygienic and climatic considera

tions are at stake here, the risk (even of possible failure) must be taken. 

According to newspaper reports of May 28. 1955, laws against air pollution 

are already in preparation in the German Bundestag. 

- 63 -



VI. TEMPERATURE 

The findings we have so-far discussed are fundam.ental to an understanding 

of the influence of cities on clim.ate, for solar radiation is the "working capital" 

of every piece of the earth's surface. The independent local clim.ateof a giv~n 

place depends upon the am.ount of radiation energy absorbed, how m.uch of it and 

for what length of tim.e it is retained, and how m.uch is given up. It is from. these 

conditions that differences in the other elem.ents arise between city and coun-

try. 

Tem.perature conditions are directly dependent upon the radiation budget. 

Tem.perature differences were am.ong the first things investigated, and there 

are a large num.ber of studies on the subject, the m.ost im.portant of which I 

m.entioned in Chapter II, 2. We shall now present the m.ean conditions, the 

yearly and daily variations and highest and lowest figures. Then we shall go 

into special types of weather, and, finally, we shall discuss intra-urban dif

ferences. The dependence of tem.perature variation upon city growth requires 

further treatm.ent. A brief section will, finally, be devoted to tem.perature dif

ferences between city and country insofar as they depend on size and location. 

1. Mean Differences in Tem.perature Between City and Country 

a) Facts 

aa) The m.ean annual difference 
o The m.ean annual difference is from. o. 5 to 1. 5 C. Data is given 

below for som.e cities whose tem.perature variation has been studied. These 

figures seem. negligible; however, they take on m.eaning when one considers that _ 
---- - - -- - --- ------- - --- - --",- -- --- -- -- - ---- - - - -- - ------ ------- --- --- -- ---- -- -- ---- - -- - -- -- -- -- --- - - -- - --- -----

all stations in Germ.any (with the sole exception of those located high up) vary 

between 7 and 100C m.ean annual tem.perature, i. e., a variation of only 30 C. 

A tem.perature difference of 10C corresponds to an altitude difference of 200 m.. 

Partenkirchen, which lies 161 m.eters lower than Ettal, has a m.ean tem.perature 

of only O. BOC higher. 
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Paris [395, 83] 1816-1860 
Vienna* 
Budapest* 
St. Louis* 
Calcutta* 
Moscow [60,153] 
Munich [511, 87] 
Munich 1923-1926 
Nure:rnberg 1922-1931 
Berlin [261, 211] 1891-1900 
Berlin [544, 7] 1881-1910 
Cologne 1912-1931 
Stuttgart 1924-1932 
Stockholm 1915 -19 24 
Milan 1921-1924 
Budapest 1911-1914, 1916 
St. Petersburg 1901-1910 

°c 
0.7 
0.4 
0.7 
1.1 
0.4 
O. 7 
1.4 
0.9 
0.9 
1.0 
1.0 
0.8 
1.0 
0,72 
1.3 
O. 7 
0.65 

°c 
Moscow 1901-1910 O. 74 
Baku 1901-1910 O. 4 
Tiflis 1901-1910 0,8 
St. Louis 1920-1929 0.35 
Philadelphia 1920-1929 0.82 
Washington 1920-1929 O. 60 
Chicago 1920-1924 O. 58 
Los Angeles 1922-1931 O. 73 
New York 1917, 1918, 1920-19271. 1 
New York (Jersey City) 1917, 

1918, 1920-1927 
Paris [314, 113] 
London [ 215, 3] 1807 -1809 
London 1810~1812 
London 1813-1816 

1. 83 
1.5 
1. 76°F 
1. 470 F 
1. 51 0 F 

In order to make m.eaningfu1 comparisons, I have assembled the average 

yearly temperatures of a number of places in Germany which have a temperature 

difference of roughly 1. 5 to 1. 9 0 C. From the difference shown by these places 

in their climate, one can get a correct picture of the great significance of city 

climate. 

Augsburg (500 m): 8. OoC and Speyer (105 m): 9. 7o C. 

Reichenha11 (473 m): 7. 6°C and Ascha££enburg (136 m): 9. lOC 
o "0 Peibenberg (994 m): 6.0 C and Landshut (396 m, N von Munchen) 7.6 C. 

According to Hann [179, 37], the difference between individual cities is 

independent of their sizes. American cities show low figures in relation to their 

size, since the city stations are generally located in the upper floors of tall 

buildings. For this reason the figures given do not correspond to tbe actual 

climate situations in the respective cities. The climate at the normal altitude 

where most of the population lives is surely different from the heights of these 

stations. The setting up of co:mparison stations at normal living altitudes (e. g .• 

from the 1st to the 4th floor or in small parks), would be especially important 

for studying the city climate in which millions of Americans live. The only 

station I could find following the above specifications was in J e r sey City on the 

south bank of the Hudson River. This station showed the expected large dif

ference between city and country. All the stations of the Old World show great 

* These figures were reduced by Hann to the period 1851-1880 [178, 459]. 
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differences. The smallest variation is shown by Baku, with O. 4°C. Since 

it has the warmest climate, one would tend to assume some connection here. 

However, Tiflis, with a similarly warm climate, has a variation of O. 8°C. 

The difference is caused by the greater wind movement at Baku as compared 

with TifUs {S. 5 m/s: 3.3 m/s}. The same is true for Moscow and St. Peters

burg {Moscow 3.59 mis, Petersburg 4.39 m/s}. The sheltered positions of 

Milan and Stuttgart cause the great difference in their mean temperatures. 

This also explains why different investigator s found different figures for 

one and the same city. However. it was still found that with the growth of a 

city, the temperature recorded at a fixed observation point increased. Annual 

mean was: 

In Moscow [60, 154] 1854-1870: 3. 75°C, 1871-1880: 3. 88°C, 1881-1890: 
4.30oC, 1891-1900: 4. 19°C, 1901 .. 1910: 4. 50°C, 1911-1920: 4. 56°C; 

In Munich [251, 214] 1824-1880: 7. 4°C, 1901-1909 (reduced to the mean 
for 30 years): 8. OoC, 1923-1926: 8. 7°C. 

See also data given later. 

A small difference according to geographical latitude is also intimated: 

toward the north the heat excess of the city increases. Calcutta has a difference 

of O. 4°C, Berlin has 1. OoC. 

More impressive is the city-country difference in the number of Ilice, " 

Ilfrost, II and Iisummeril days*; the following table gives figures for Berlin [29. 

67], Munich, Nuremberg and Cologne. 

Berlin** (1889-1900) 
Munich (1923-1926) 
Nuremberg (1922-1931) 
Cologne (1912-1931) 
Basel (1928-1938) 

!lIce days" 
. City Country 

27 29 
26 27 
23 24 
4.5 4.9 

"Frost days!l 
City Country 

81 100 
88 119 
93 108 
19 29 
63.5 84.6 

"Summer days II 
CiiyCountry 

35 29 
30 34 
39 37 

43.7 69.5(52.5) 

* On Ilice days II the temperature always remains under OUC; on "frost days II it 
dips below OoC, and on "summer daysll it reaches 25°C and over. 

** The outlying station for Berlin, Blankenburg, is 12 km from. the city station. 
That of Munich, the Botanical Garden, is 7 km away. Nuremberg I s outlying station, 
the FUrth airport, is 10 km away, and Leverkusen, Cologne I s outlying station, is 
12 km from the city station. 

- 66 -



These figures indicate that the city has a considerably milder climate 

than the country. The figures for "frost days" show especially large dif

ferences. Particularly in the transitional spring and autumn periods, light 

ground frost occurs at night when the weather clears and the wind is still, 

whereas within the city the vapor cover serves to block the frost. 

The city of Cologne with its much milder climate is, in comparison, the 

most highly favored; only 2/3 the amount of frost recorded at the outer stations 

occurs within the city. "Ice days" occur chiefly with admission of air from 

the northeast from the cold continent, at which times the temperature will 

go so far below zero that the heat-activity of the city can no longer hold it 

above the freezing point. "Summer days, " as one might expect, are slightly 

more frequent in the city. In Munich, the number of "summer days" is lower. 

probably because the station is located on a rather narrow street running E- W. 

A chart of the dates of earliest and last frost days gives the same results: 

Last Frost Frost-free First Frost 
Day Time Day 

Berlin (city) [249, 7] April 4 204 days Nov. 1 
Berlin-Blankenburg April 30 171 days Oct. 16 
1892-1911 33 days 
Munich, State Weather Obs. Mar. 29 213 days Oct. 28 
Munich, Botanical Gar. May 11 152 days Oct. 11 
1923-1926 61 days 
Nnremberg {city} April 19 164 days Oct. 20 
Furth, (airport) May 7 148 days Oct. 2 
1922-1931 16 days 

The earliest and the last ice days fall on the same date both in the city 

and in the country. However, fro st-free time is from 3 to 8 weeks longer in 

the city. This means a great climatic lead for the cities. Spring comes 

earlie st to the city. 

I have looked for phenological data on the subject, and am able to give at 

least one example by way of proof. Altheimer and Hiltner give the following 

figures for the blossoming of lilacs in Bavaria [8, 370] in the city of Munich 

proper and in Munich-Haidhausen. I add Mering as the nearest station for 

comparison: 
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Munich (city) 

Munich-Haidhausen 

Mering 

Lilac Blossoming 

Beginning of Blossoming 
Altitude 1912 1913 Mean 

520 

551 

512 

May 7 

May 10 

May 10 

May 8 

May 14 

May 15 

May 7 

May 12 

May 12 

End of Blossoming 
1912 1913 Mean 

May 15 May 24 May 19 

May 28 

May 28 

May 28 

Jun 5 

May 28 

Jun 1 

The figures show beyond any doubt the antecedence of the city as far as 

awakening of plant-life is concerned. I have been unable to find data based on 

analogous observations of the earliness or tardiness of leaf-fall in autumn. 

Careful phenological investigations made by Baumgartner [26, 69 to 73] have 

shown that there are so many different factors involved in the blooming of plants 

and in leaf-fall, that it would probably be difficult to draw conclusions about 

local climate solely on the basis of phenological facts; in any case, great 

caution must be exercised, especially in the selection of plants. For example, 

the blooming of the horse-chestnut varies by 30 days, and the Norway maple 

by 35 days in Munich and surroundings. The cherry tree has the smallest 

variation, 16 days, and seems thus to be the best plant-indicator of local climate. 

In general, however. actual microclimatic conditions have more effect than 

more or less over-all local factors; for example, the proximity of a chestnut 

tree to a house-front will cause it to bloom sooner than will be the case in the 

center of a city. Further investigations are in progress and will furnish more 

accurate information on this question. 

There is another consequence of the city's favored position during the 

transitional spring and autumn seasons -- a consequence which has a direct 

eHeet-upon-htlIllan-econorny. - -lir the--city-une ca-ni:reglllt(Ytreatnornes raTer-aha. - -

discontinue household heating earlier. According to Raiss [382, 400], the 

heating requirements in cities, depending upon local conditions, are significantly 

smaller than in the country, and amount to up to 60 degree days*. 

In Berlin, differences occur, within individual sections, of up to 160 

degree days. This will, of necessity, have a favorable effect upon the coal 

expenditure of a given budget. 

* Degree days: the number of days during the heating period, multiplied 
by the difference in temperature between house and free air. Expressed 
in a formula: D days: Dt x Z, where Dt is the mean of the difference 
between house temperature and that of outside air, and Z is the length 
of time during which this difference exists. 
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bb) Annual Variation in Difference 

In the first edition of this book I :made thorough investigations 

concerning this yearly variation, especially fro:m a geographical point of 

view. These, however, have only :marginal significance to the purposes of 

this edition, and would take up unnecessary space. I shall therefore confine 

:myself here to a few representative exa:mples. 

First of all we shall consider the figures given by Howard in 1833 

for the city of London, figures which represent the very first investigation 

ever :made of city cli:mate: 

Te:mperature Variation in London 1807-1816 [215, 13] 

:months 1 2 3 4 5 6 7 8 9 10 11 12 

London 36. 2 41. 5 42.8 47.7 56.3 59.9 63.4 62.6 58.4 52.2 43. 1 39.4o F 
London 34. 2 39.8 41. 5 46.9 55.8 58. 7 62.4 61. 4 56. 2 50.2 40.9 37.7o F 
(country- 2.0 1.7 1.3 0.8 0.5 1.2 1.0 1.2 2.2 2.0 2.2 1. 70 F 

side) 

Howard interprets the:m as follows [215, 16]: the winter :maxi:mu:m 

is caused by heating; along with cessation of heating there occurs an abrupt 

decrease until the May tnini:mu:m. which is followed by a slow increase. He 

gives, as further causes (in 1833): 

1. Country: 
City: 

2. Country: 
City: 

3. Country: 
City: 

Flatness, with free radiation to the sky. 
Radiation back and forth between houses. 

Free accessibility of light winds. 
Interference of houses. 

Inexhaustible :moisture supply. 
No :moisture, quickly exhausted even after heavy 
rainfall. 

This shows strikingly the significance of city cli:mate. The all-i:m

portant vapor cover is lacking, however. 

In contrast to this first exa:mple, here is another, recorded :more 

than 100 years later, this ti:me for Lyons [371, 88], which reveals results 

exactly the opposite of the London data. 
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Temperature Differences Between City and Country 
in Lyons [ 371,88] 

Months 1 2 3 4 5 6 

Minimum 0.48 0.49 0.70 1. 18 1. 25 1. 31 
Maximum o. 03 0.24 0.06 o. 05 0.12 ·0. 15 
Mean 0.23 0.37 O. 32 0.61 0.57 O. 58 

Months 7 8 9 10 11 12 Year 

Minimum 1. 14 1. 44 1. 04 0.62 0.53 1. 21 0.950C 
Maximum 0.17 O. 09 0.34 O. 07 0.37 0.58 O. 01 0 C 
Mean 0.48 0.77 0.35 0.35 O. 08 0.90 0.47oC 

Thus, in Lyons, the greatest differences occur in the warmer seasons. 

December has its own high maximum. 

Vienna, on the other hand, shows hardly any change in difference at all 

[ 13 5, 1 ff. ] : 

Months 

Vienna, center 
Vienna, open land 

Months 

Vienna, center 
Vie-nna, - open -land-

1 2 3 

-0.9 0.6 5. 1 
-1. 2 O. 2 4. 7 

0.3 0.4 0.4 

7 8 9 10 

20.6 19.5 15.8 10.3 
- -2-6;-2- - - -tl1. i1-1~ .-.r- -- - 9.---f1 

0.4 0.5 0.4 0.4 

4 5 6 

10.5 15.5 18. 4°C 
9.9 15. 1 18.0o C 

0.6 0.4 0.4oC 

11 12 Year 

5.4 0.6 10. 1°C 
- - 5.-0- -- O:-Z- - 9.fOC-

0.4 0.4 0.4°C 

Finally, here are the figures for Munich, 1923-1926, compared with cloudiness 

and wind velocity (see also figure 30): 

Munich: Mean Temperature 1923-1926 

Months 1 2 3 4 5 6 

Munich (city) -0. 2 2.3 3.6 8. 7 13.5 14. 5°C 
Botanical Garden -1. 2 1.2 2. 7 7.9 12. 6 13. 7°C 

1.0 1. 1 0.9 o. 8 0.9 0.8oC 
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Months 

Munich (city) 
Botanical Garden 

Months 

Munich {city} 
Botanical Garden 

Months 

Munich (city) 
Botanical Garden 

Months 

Munich (city) 
Botanical Garden 

Months Z 
/ 

Munich (city) 
Botanical Garden 

7 B 9 

IB. 2 17. 0 14. 3 
17.2 15.9 13.1 

1.0 1. 1 1.2 

Mean Maximum 

1 2 3 

2.3 5.6 7.5 
2.3 5.5 7.7 

o. 0 O. 1 -0.2 

7 8 9 

23. 1 22. 1 19. 1 
23.4 23.0 19.9 

.. 0.3 - O. 9 -0. 8 

Mean Minimum 

1 2 3 

-3.0 -0. 7 O. 2 
-5. 1 -2.B -1. B 

2. 1 2. 1 2. 0 

7 B 9 

13.4 12.4 10.2 
11.5 10.0 7.9 

1.9 2.4 2. 3 
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9.B 
8.8 

1.0 

4 

13.5 
13. 7 

-0.2 

10 

14. 1 
14.4 

- O. 3 

4 

4.4 
2. 2 

2.2 

10 

6.4 
4. 2 

2. 2 

11 12 

3.4 -0.6°e 
2.6 -1. 6°e 

0.8 

5 6 

18.5 19. l o e 
1B.9 19.2o e 

-0.4 - O. l o e 

11 12 

6.5 1. BOe 
6.3 1. 40 e 

0.2 O.4o e 

5 6 

8.B 10. IOe 
6.5 B.4°e 
2.3 1.7o e 

11 12 

1.0 -3.0o e 
-0.6 -4.6°e 

1.6 1. 6°e 



Months 

Munich 

Months 

Munich 

Months 

Munich 

Months 

Munich 

Tenths of sky 
cover 

Wind Velocity, 1923-1926 in m/s 

Cloudiness, 

1 2 3 4 

1.8 2.3 2.2 2.2 

7 8 9 10 

2.2 2. 3 2.0 2.0 

1923-1926 

1 

7.8 

7 

6.3 

2 3 4 

7.8 7.0 6.5 

8 9 10 

5.7 6. 1 6.7 

Wind vel. m/sec. 
Cloudiness 

Min. Dif. 
Mean Temp. Dif. 
Max. Dif. 

5 6 

2. 1 2.2 

11 12 

1.9 2.2 

5 6 

6.3 7.3 

11 12 

7.9 8.4 

Fig. 30. Variation in difference of temperature, Munich, 1923-1926. 

This curve shows: 

1. A maximum in autumn, a minimum in April and June; however, the 

difference is very slight. 

2. A certain dependence upon cloud conditions, for example in October

November. 

3. This dependence is absent from December to March (heating period). 
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4. Hardly any dependence upon the wind, SInce the latter changes very 

little. 

5. The curve of variation in minimum temperature runs parallel to the 

curve of mean temperature, though it shows higher values and greater breadth. 

6. The maximum difference curve shows slight negative values through 

almost the whole year, becoming positive only in winter. 

Similar data are produced by the other cities of the New and Old Worlds 

studied. The relation of difference in temperature to cloud conditions and 

precipitation is visible in most curves, although it is very slight in the cold 

seasons, for we find almost everywhere greater cloudiness and ail' move

ment in the winter, and yet many stations show their greate st temperature dif.

ference precisely at this time. 

The cause, we may presume, is probably to be sought in the warming up 

of the city by household and industrial heating. Household heating in the winter 

time constitutes a great additional source of warmth, which in winter climates 

is so considerable that it is the decisive factor in differences in temperature 

between city and country. The degree of variation between maximum and min

imum values is also quite variable, and is greatly dependent upon the amount 

of variation in cloud conditions and wind velocities and their absolute values. 

cc) Daily Variation in Difference 

The following tables will serve to illustrate daily variation in temper<\l.

ture difference: 

7 AM 2 PM 9 PM 

Berlin 1891-1900 [261, 211] : 
Year 0.7 0, 2 1. 5°C 
Winter 0, 9 o. 3 1. OOC 
Summer 0.5 O. 1 2.00C 

Munich, 1923-1926: 
Year 0.78 0, 01 0.450 C 
Winter 1. 20 0,20 1. 33°C 
Spring 0.60 -0. 07 1. 430 C 
Summer O. 10 -0.04 1. 63°C 
Autumn 1. 30 -0. 11 1. 43°C 
Cloudine s s, Year 7.28 7. 10 6.55OC 

Nuremberg, 1922-1931: 
Year 0.69 O. 12 1. 21 0 C 
Cloudines s, Year 6.70 6.90 5.800 C 
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BreInen, 1931/32 [325, 294/295]: 

2aIn 4aIn 6am 8am lOam 12n 2pm 4pm 6pm 8pm 10pm 

Year 1.3 1.2 0.9 0.8 O. 2 -0. 1 -0.2 0.1 0.8 1.3 1.4 
January O. 7 O. 5 0.5 0.5 0.4 O. 2 O. 2 O. 6 O. 7 0.8 0.8 
June 2.4 2.4 1.2 0.8 O. 1 O. 0 - O. 4 0.0 0.9 1.5 1.9 

Dresden 1932/33 [428, 202] (city-airport) 

2am 4am 6aIn 8am lOam 12n 2pm 4pm 6pm 8pm 10pm 

Year 2. 1 2. 2 -0. 1 -1.6 -0.7 1.3 O. 7 1.3 1. 0 2. 5 3.0 

Jena [252, 28]' Daily variation during clear sunny days 1945: 

2aIn 4am 6am 8aIn 10aIn 12n 2 pIn 4pm 6pm 8pm 10pm 

Summer 2.8 1.1 0.1 0.8 0.3 O. 7 0.5 0.5 1.0 2.0 3.0 

The following tables illustrate the difference in outlying and inner 

stations with regard to maxiIna and miniIna: 

Munich, 1923-1926: 

Differences in: 

Year 
Winter 
Spring 
Summer 
Autumn 

Nuremberg, 1922-1931: 

Differences in: 

Year 

Maximum 

-0.25 
-0.01 
-0.44 
-0.44 
-0.30 

Maximum 

0.21 

Minimum 

2. 22°C 
1. 67°C 
2. 130C 
2.00oC 
2. 17°C 

Minimum 

12midn. 

1. 4°C 
0.7oC 
2. 5°C 

12Inidn. 

1. 8°C 

12midn. 

2. 7°C 

L. Besson [43] furnishes even higher figures for Paris, averaging 2.30C 

in the center of town during the years 1919,...1923. The isotherms cluster tightly 

around the city. The difference dp ·ds upon wind direction. When the wind 

come's from the city, the difference is O. 4°C smaller than average; when 

wind is from the country, it is O. 6°C greater. Clear-weather minima show 

much larger figures. 
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As a supplement to the above tables. here is a curve of the temperature 

difference between city and country, taken by Peppler [360, 231] from ther

mograph tapes made at the State Weather Observatory in Karlsruhe-Ost and 

the garden suburb of RU.ppur, 3 km to the south (see figure 31). 

\WJJlf: 
o 2 ~ 6 8 10 12 1 ~ 16 18 20 22 Z~ h 

Fig. 31. Differences in tempera
ture between Kal'lsruhe-Ost and 

II 

Ruppurr* on hot summer days. The 
sun rose about 7 a. m. and set about 
7 p. m. The greatest decrease and 
increase, respectively, in tempera
ture difference occurred at these 
times [360, 231]. 

Figure 31 represents the mean 

from the least cloudy and windy sum

mer days from August 9-12 and 18-21st, 

1932. 

Before attempting to draw general 

conclusions from the above figures, 

we must remember that it is very dif

ficult to find exposures in a city that 

will give mean values. This will also 

be borne out later. Therefore, we 

must not expect that the daily variation 

in temperature difference between out-

lying and inner stations will be strictly 

parallel in all cities. With a certain 

amount of reservation, the following facts and principles may be set down: 

1. The lowest difference figure occurs at noon; it increases in the morning 

and even more so during the evening, reaching its highest point at night, which 

means that daily temperature range becomes greatly reduced in the city. The 

extent of variation is made much sm.aller by the leveling off of the nocturnal 

minimum, as can also be seen in the differences between the maxim.a and minima. 

2. A change in the temperature curve is associated with the reduction of 

amplitude. The difference decreases steadily in the morning hours, and 

can even go into negative figures, as shown by the Dresden data and figure 31. 

This means that the country warms up more quickly than the city, but also 

cools down m.ore quickly toward evening. 

3. The extent of daily variation depends on the season of the year. The 

observations m.ade at 7 a. m., 2 p. m. and 9 p. m. especially show notable dif

ferences according to season. In the winter and fall the 7 a. m. observation 

still belongs to the night and hence shows a great city-country difference. In 

* Translator I s Note: . II " 
SpellIng of Ruppurr/Ruppur - found no map with 
this town on it to verify spelling. 
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spring and summer the more rapidly warming country has almost overtaken 

the city at this hour. 

It is evident from the hourly readings made in Dresden and Jena that 

the city is a little slow in warming up between the hours of 6 a. m.and 10 a. m. 

This is especially true of clear summer days. Around noontime the dif

ference is greatest in the winter, even though the absolute figures are very 

small. During the other seasons, however, the city temperature remains 

below that of the country. At the time of the evening observation the difference 

is greatest in the summer, since it is relatively near sunset, and as a result 

the city with its slower cooling-off rate lags considerably behing the country. 

In winter, on the other hand, there is sufficient time for the city temperature 

to become equal with that of the country. 

4. As was the case with annual variation, here too we find dependence 

upon cloud conditions. The minimum cloudiness in the evening is expressed 

in the maximum of difference in variation. 

These facts reveal a great similarity between city climate and maritime 

and forest climate [440, 65]: decrease and delay of the extreme values (see 

figure 32). 

'---------------------------------------------0· 
--open ground---- forest I 

Fig. 32. Daily temperatures on Eberswald [440, 65]. The in
struments were on the ground. The jagged sections of the 
forest curve are due to brief moments of illumination, 
when the sun was able to affect the instruments through 
clear spaces among the trees. 
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As can be seen in figure 32, the range of daily variation in tempera-

. ture is made smaller both in the forest and in the city. In the forest, how

ever, in contrast to the city, the maximum is affected in the same way as 

the minimum by this reduction. The delaying of extreme values is especially 

noticeable in the fore st at the minimum point. Also, the slow fading of 

temperature in the afternoon is shown nicely in the curves, a phenomenon 

which also occurs clearly in city climate. 

A comparison between city and fore st climate made by Polis, 1896-1899, 

in Aachen, also shows a wide range of maxima: 

Differences in Temperature Between City and Forest, 1896-1899 

Mean Temperature 

Aachen (city) 
Aachen (forest) 
Difference between city 

and forest 

Maximum 

Aachen (city) 
Aachen (forest) 
Difference between city 

and forest 

Minimum 

Aachen (city) 
Aachen (forest) 
Difference between city 

and forest 

Jan. 

3.0 
1.4 

1.6 

Jan. 

5. 1 
3. 1 

2.0 

Jan. 

0.7 
-0.6 

1.3 

April 

8;4 
6.4 

2. 0 

April 

12.4 
9.9 

2.5 

April 

4.4 
2.8 

1.6 

July 

17.5 
15.2 

2.3 

July 

22. 0 
18.8 

3. 2 

July 

12.9 
11. 6 

1.3 

Oct. 

9.8 
8. 5 

1.3 

Oct. 

13.8 
11. 5 

2.3 

Oct. 

6.6 
5.9 

o. 7 

Year 

Year 

Year 

Forest climate, however, differs from city climate, in that the mean 

temperature of the forest remains below that of the open country [184, 195]: 
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Yearly Variation in Difference Between Fore 6t and Open Country 

Jan. April July Oct. Year 

Vienna, open country 1851-1880 -1. 3 9.6 20.0 10.2 9.4oC 
Vienna, woods ",1. 5 9. 0 19.2 9.6 8.80C 

0.2 0.6 0.8 0.6 0.6°C 

Daily Variation in Difference Between Forest and Open Country 

Difference between Vienna woods and Open Country. 1875-1884: 

Winter 
Sum.mer 

7 a. m. 

-0.8 

2 p.m. 

O. 0 
-0.2 

9 p.m. 

-0.8 

Mean 

-0.6°e 
-1. 1 -2.3 -1. 4°C 

As a conclusive statement concerning the general temperature relation

ships between city and country, we may say the following: The large city is 

all-in-all about 1°C warmer than the c6untry. The extent of variations in the 

yearly and daily curves is made smaller by the leveling off of the maximum. 

and minimum yearly variation and of the minimum. daily variation, due to wind 

velocity and cloud conditions. Comparison with maritime and fore 8t climate 

shows points of similarity as well as differences. 

dd) Weekly Variation in Temperature Difference Between City and 
Country: 

If we are able to determine a fluctuation during the week in the 

temperature difference between cityand country or even within city temperature 

alone, then we must attribute it without hesitation to human activity, which alone 

shows variation during the week. Clowes [82, 31] has shown this for New 

York temperature. In the winters of 1928/29 and 1929/30 he found the following 

minimum temperatures: 

Minimum. Temperatures in New York, Winter 1911-15, 
1928/29, 1929/30 

1928/29, 1929/30 
1911 to 1915 

Sun. 

25.5 
26. 7 

Mon. 

27.2 
26.3 
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Tues. 

29.9 
25.8 

Wed. 

28.4 
25.8 

Thurs. FrL 

30.6 
25.8 

Sat. 



In both the 1928/29 and 1929/30 winters, Sunday was 2. SOF colder than 

the average of the working days. Clowes attributes this to the use of poor 

coal, since in the years 1911-1915, used for comparison, good coal was used, 

and the difference did not occur, the minimum temperature on Sunday being, 

instead higher than on work days. F. L. Disterdick [98, 330] also men

tions the fact that the minima on Saturday, Sunday and Monday are lower than 

on the other weekdays. To date this method has actually been used very little 

[20; 21; 38], and even then only a few years were studied. Since only one 

station is required, this method ought to be more fully employed; by means 

of it one can test, above all, the influence of human activity and its combined 

effect on the whole area of the city landscape -- it is thus a typically meso

climatic metho d. 

b) Causes 

The explanation for these data can be derived, for the most part, from 

the preceding chapters. The first, most important cause of the city's heat 

excess is its vapor cover. The vapor cover reduces the incoming radiation by 

day, and, even more, outgoing radiation by night. In this way it particularly 

suppresses long-wave heat radiation. The greater the vapor cover, the greater 

its affect on temperature variation. Its magnitude depends on the force of the 

wind. According to Mey [ 325, 298], all temperature differentiation between 

city and country cease s at a wind velocity of 8 m/ sec. 

A second cause of heat excess of the city lies within its own houses and 

streets. Next corne s the construction material from which they are built: 

bricks, concrete in roofs and walls, stone and asphalt in the streets, mostly in 

dark colors. In the process of heat-increase they function much as solid rock, 

for they heat up more than the vegetation-covered open land. 

Eaton [108, 801], in Riverside, Illinois, measured temperature over 

an asphalt street on August 7, 1918, and found that the nearer he measured to 

the surface, the greater was the temperature difference in relation to the coun

try (figure 33). 
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SS·r---~--.------, 

Fig. 33. Temperatures over 
an asphalt-paved street (River
side, 8 .. 7-l918). 

a) at the surface 
b) 30 cm above 
c) 120 cm above 
d} 10 m away from street in 

shade [108, 802]. 

Bricks and asphalt have a greater 

heat capacity than the loose ground of the 

country. i. e., they can retain more heat 

than the latter. Hand in hand with this 

goes greater conductivity downwards, so 

that solar radiation is able to penetrate 

deeper into the earth, Both these last fea

tures result in slower and longer-lasting 

heating, but also prevent too-rapid cooling. 

" . Brunt has set up the following formula 

for such a heating process for time!.. (quoted 

from Sundborg [476 3 94]): 

SN 

where SN is outgoing radiation, N is cloudiness, PI is the thickness of the earth 

stratum (of the material), c l specific heat capacity, and Kl the coefficient of 

specific heat conduction. 

W. Schmidt [ 432, 34] gives the following values for the expression for 
\ 

various materials: 

Steel Granite Gravel Sand Ice Snow Water 

PI c i ""KI : 0.32 O. 048 0.033 0.015 0.032 0.0017 O. 039 

1 3 21 30 67 31 590 26 
PI cl""KI 

In water, heat transport is accomplished least by conduction, and most 

by convection. We can see from these figures the great difference in heating 

and conduction downward between granite (the city) and sand or snow""covered 

ground. Dryness of the ground is of great importance. This dryness is the re"" 

suIt of the smooth surface of roofs and streets and the sewage system, which 
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carries off almost all down-corning water. Coupled with the bareness of the 

surface, it brings about a great number of temperature variations., hot days 

and summers, cool nights and cold winters; for the evaporation by the moist 

plant covering of the country absorbs a great deal of the solar energy, which, 

in turn, is again freed by condensation. 

Figure 34 shows a comparison between granite, sandy, and marshy 

soil. 

I 

a 

c 

1l In" 

Q 
~~.-i 

17'rr;..-71 ~ =t t[i~~;: 

Fig. 34. Heat budget of 
various types of ground. 
I. Granite II. Sandy soil 
III. Mar shland 
a) Released into air 
b) Used for vaporization 
c) Stored in ground [149, 

13, 1. A. ] . 

From this figure it can be seen that the thick 

rock can store half of the energy, while sandy 

soil and marshland use increasingly more of the 

energy for vaporization. However, this effect 

of the dry ground is more than offset by other 

climatic factors. Vapor and ~reduce the varia

tion, so that dryness can only effect an absolute 

increase in city temperature. Herein also lies 

an explanation for the difference shown in this 

respect by city climate versus forest climate. 

Thus the heat consumption resulting from assimi-

lation processes of plants is eliminated within the city area. 

The same reduction effect upon temperature variation is brought about 

by the form of the city's surface, up-and-down configurations between roof and 

street surface. The two fold plane of roofs and streets permits deeper pene

tration of solar radiation and plenty of absorption. By way of comparison, 

we may refer here to Geiger's description of shoal-water phenomena [256, D 42]. 

He was able to find two heat strata, one at the surface of the water, compar-

able to the plane of our roofs, and the other at the bottom of the water, corre

sponding to our street level, the latter of which absorbed all remaining radia

tion. At night, however. radiation from street-plane is reduced, since the 

radiation angle is narrowed by the houses, and these themselves release their 

heat to the street air. 

According to measurements made by Knochenhauer [250, 16], the heat 

excess of the stone pavement remains until morning and raises the temperature 

of the street air. It is precisely this last which causes the already-mentioned 

"bake-oven effect" of the inner city after hot summer days. It manifests itself 
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in the great temperature difference at the evening observation. Albrecht [3] 

conducted interesting experiments on this subject. showing the complexity of 

temperature aud circulation relationships in streets and courtyards (figure 35). 

Fig. 35. 

11 
220 . 1 I 

S 

19 
221 

&20 

; 
~---'I}1m -'----..... 

Temperature distribution in a courtyard in Berlin .. 
Charlottenburg s July 27, 1931. 6 p. m. 

The colder air at the lower left and right is outgoing 
cellar air» 1. e.» from the entrance to the courtyard. 
One can see very clearly the effect of the house wall 
which is in the sun (N) [3. 96]. 

Another investigj3.tion made by Albrecht [ 4]» with additional equipm.ent~ 

showed that wind conditions are in most cases brought about dynamically 

rather than thermally; the air sweeping over the houses veers against the 
-- ----

opposing w'all.whe-Uier warm or not, and moves upward on the other side due 

to suction effect. {See also Chapter VII. Wind}. 

The roof-level is the primary warming plane. In London, [527, 177]. 

4 roof stations were compared with 4 ground stations, and almost identical 

temperatures were found: 76.10 F on the roofs and 76. 40 F on the ground level. 

In A:m.erican cities, one would expect to find increasing temperatures 

the closer one moved toward the city .. core with its skyscraper .. contour; as a 

matter of facts temperature measurements made in San Francisco [106. 198] 
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showed a sharper temperature increase than in European citie s 0 f the same 

size. The isotherms shown by the measurements follow the building density 

exactly, and enclose the central skyscraper area. Figure 35a is an aerial 

photograph showing the isotherms. The investigators found a temperature 

difference of 200 F ::::: nOc between the business district and a park at the edge 

of the city. Since San Francisco» with its 784, 000 inhabitants is smaller than 

Munich and is furthermore surrounded by the ocean on three sides, the great 

difference in temperature can only be attributed to large amounts of building 

in the third dimension (figure 35a). 

Lastly, there still remains to be answered the question of whether and 

to what extent energies transformed in the city contribute to the increase in 

. temperature. Opinions on the matter vary. Authorities such as Eaton and 

Schmidt assert there is a marked, direct increase in temperature, and have 

calculated it. Eaton [109, 313] finds, for London, a 1. 2°e increase in warmth 

for a 30 m air stratum due to industrial heating, and a O. zOe increase due to 

human activity and other causes, for a total of 1. 4o e. Schmidt [429, 494] made 

calculations for Vienna and found 8.1 x 103 cal/cm2/yr. for the total built-up 

city area, 12.2 x 103 cal/cm2/yr. for the city area without parks, which means 

that the artificial heat supply is equal to 1/6 to 1/4 that of direct solar radiation 
3 Z. 3 2 

(52.3 x 10 cal/cm /yr.). For Berhn, he calculated 16. 8 x 10 cal/cm /yr. or 

1/3 that of direct solar heat (53.9 x 103 ca1/cm2/yr.). Similarly, Bolton [329. 

1280] found in New York an artificial heat increase of 2. 74o e. We should also 

recall, in this respect» the figures for coal consumption in Germany (see pp. 

20-21). These figures are for the most part lower than those of Schmidt. Other 

authors have dealt with this problem, and conclude that the difference between 

city and country in winter should be greater than in summer; this, however, is 

not the case. Mindling [329, 1280/81] for example. opposes Bolton, declaring 

that a wind from 19 to 29 k:m/h is sufficient to change the air over New York 

twenty",four times per day, and hence the above figures must be divided by 24. 

He maintains that the previously mentioned factors are much more important 

than artificial heat. Palmer [354] also opposes over -rating of the influence 

of artificial heat. 
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The solution to these two opposing views is probably to be sought in 

the question of the extent to which the climate of a city is an independent 

phenomenon. That is, whether local temperature conditions at a given point 

are dependent exclusively upon the amount of radiation reaching that point 

according to its geographical t;;:xtent, or whether heat supplies are procured 

from other areas, so that direct solar radiation is only partly responsible for 

the local climate. Thus the above figures maintain their full validity; it 

depends upon the proportional role played by direct solar radiation in the climate 

of Berlin. This proportion is greater in the summer, for in the winter we 

receive the benefit of the Gulf Stream I s warmth. At the 50th parallel, mean 

yearly temperature is 5. 7°C; in January it is -7. OOC, and in July it is 18.loC 

[255, 47]. In Berlin {latitude 52}, the yearly mean is 9.lo C, the monthly mean 

in January is -O.loC, and in July it is 18. 80 C [544, 7], producing plus-dif

ferences of 3. 40 C, 6. 9°C and O. 70 C respectively. In the winter, therefore. 

we have a non-independent climate, 1. e .• we receive a great deal of warmth 

from the sea, and consequently artificial warmth figures less prominently. 

It is for this reason that we have minimal temperature difference in Berlin in 

the winter, corresponding also to the greater cloudiness and stronger wind 

velocities. In Munich, on the other hand, as well as in many other (especially 

Ar.nerican) cities, we see from our studies that there is a second maximum of 

difference in the winter, despite the increase in cloudiness and wind velocity. 

Mindling's objection can, therefore, make no claim to universality. This 

second maximum must be attributed to artificial heat. This artificial heat is 

suppliedduring the cold seasons by household fuel, which, because of the large 

nUInber of heated dwellings, turns the scales. It also gives off large amounts 

of soot which contributes toward increasing the vapor cover. This is easily 

understandable, for the more inclement the weather, the greater efforts ex ... 

erted by man to protect himself. Here wind velocity is all-important. During 

cold, calm weather it is easier to heat than during relatively cool, but windy, 

weather. According to Reich [384» 15] 80% of the coal brought into Berlin is 

used by household heating and small industrial plants. Thus, results of inves

tigations on yearly variation in temperature differences between city and country 

have answeredthe question: artificial heat has a decisive effect upon city tem .. 

perature. 
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2. The E:ffect of the City Under Various Weather C_'?~~~i_~"~~~I_l~ 

These considerations bring us to the second section of this chapter, de;llillg 

with temperature differences in relation to certain weather-types. The dif

ference between city and country can, in the case of large-scale weather situa

tions, reach full development, while in the case of other s it is reducpd 1:0 a 

minimum. 

Linke [294, 75] writes, quite correctly: "City climate is a fair-weather 

phenomenon, revealing its fullest scope when there is no wind and !lot: a cloud 

in the sky. " 

a) Average Conditions 

Treibich [490, 341] studied records in Berlin and environs for the 

years 1911-1912 and found: 

1. During windy, cloudy weather, the difference between city and 

country remains about at the mean; daily variation, however, is alnlOst com

pletely suppressed. On summer evenings a certain windbreak effect is ob

servable, which hinders mixing with cold country air: 

Summer 

Winter 

Differ'3nce Between City and Country 

7 a.m. 

0,5 

O. 7 

2 p.m. 

0.6 

o. 7 

9 p.m. 

2. During clear winter weather, in the absence of snow cove"r, the 

diver"gence of city from country was greater, and the daily variation was very 

pronounced. The presence of a snow cover makes the difference even sharper. 

Th.e above-mentioned factors, which impede outgoing radiation, are able to 

produce their full effect and thereby cause the sharp difference in the nlOrning 

and evening. In smnmer, however, the morning observation shows negative 

values for the city, since the newly-risen sun warnlS the open, even-surfaced 

country-side more quickly than it does the thick housing areas of the city, 

where it also penetrates in depth. The low figure for the evening observation 

has not been established by other studies (see pp. 73-74). 
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Difference Between City and Country 

Winter» without snow 

Winter, with snow 

Summer 

7 a.m. 

1.7 

3.9 

-0.9 

2 p.m. 

0.4 

0.3 

O. 0 

9 p.m. 

As can be seen, a sharp difference between city and country occurs as 

soon as local factors are able to take effect. This is especially visible in the 

weakening of lower temperatures. A moderation of the climate takes place. 

Berenyi [33, 278]. in Debrecsen. Hungary, made a more precise study 

of the relationship between temperature difference, cloudiness and wind velocity. 

with the following results: 

Average Difference in Minimum Temperatures in Relation 
to Cloudiness and Wind Velocity 

Wind Velocity mls 
Mean Cloudiness O. 0 - 1. 0 1. 1 - 2.4 2. 5 - 5. 0 

0.0- 2. 0 3.7 2.1 1.5 

2.1 - 4.0 2.9 2.2 1.4 

4.1 - 6. 0 2. 1 2.3 0.9 

6.1 .. 8.0 1.8 1.1 0.5 

8.1-10.0 1.0 0.8 O. S 

O. 0 .. 10. 0 2.4 1.7 0.9 

>5.0 all winds 

0.2 2.6°C 

O. 7 2.0o C 

0.8 1. 7°C 

O. 2 O. SoC 

O. 1 O. SoC 

0.4 1. 4°C 

The above table shows that increase in wind and cloudine s s cause diminu

tion of temperature differences, which can be numerically determined. L. 

Besson [43. 7 f. ] found similar relationships in Paris. 

M. Bider [52, 5-7] furnishes the following table for Basel: 
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Temperature Differences Between City and Country -
Basel Cloudiness 

Wind o '" 3 4 .. 7 8 .. 9 

o ... 1. 0 m/s 3.0 2.3 1.8 
1.2 - 2.3 m/s 2. 6 Z. 0 1.6 
Z.3 .. 4.0 mls 2.4 1.9 1.1 

>4.0 m/s 1.2 0.9 0.9 

10 

1. ZOC 
1. 10C 
1. 10C 
O.9O C 

The city station in this case was located in the shadow of a large building, 

wh~reas the country station was completely in the open. 

b) Mathematical· Correlation of the City-Country Temperature Difference 
With Other Climatic Elements 

The regular decrease in temperature difference occurring with in

crease in cloudiness and wind velocity suggest,:; that there might be a relation .. 

ship here expressible by a simple correlation. Furthermore, it would be very 

desirable, for many technical and hygienic purposes, to be able to predict 

temperature differences between city and country on the basis of other climatic 

figures. For example, one might wish to know the mean figures for a heat .. 

period in a particular city, or, one might wish to estimate and take measures 

to offset the danger of late frost on a clear spring night for a suburban plant 

nursery. 

The first attempt to determine mathematically the effect of various 

climatic elements on the city-country difference, and to state it in a simple 

regression equation was made by Sundborg [476, 86] in his excellent study 

of thec1imateof Upsala. He computesthe dHie:renceQn the_pasis of cloudiness 

N, wind velocity v (m/s), temperature T and vapor pressure p (mm Hg). The 

daytime difference produces the following formula: D:: 1.40 - O. 01 N ... O. 09 v .. 

0.01 T .... 0.04 p (in °C), Nighttime: 

D :: 2.80 - 0.10 N .. O. 38 v - O. 02 T + O. 03 p (in °C) 

This applies only to the statistical average, and only for Upsala. 

Following this pattern, H. Emonds [118, 50] set up his regression equa .. 

tions for Bonn» arranging them according to the different wind directions (p 

vapor pressure): 
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NNW-E: D 
.. 

2.74 - 0.21 N 0.31 v + O. 44 p .. O. 34 T (in 0 C) - -
ESE .. SE: D ::: 3.68 0.18 N O. 32 v + 0.17 p .. 0.22 T (in °C) 
SSE ... W: D ... 2.37 O. 17 N O. 17 v + o. 20 P .. o. 15 T (in ° C ) .. - .. 
WNW-NW: D ... 3.26 0.11 N O. 31 v + O. 07 p - O. 10 T (in ° C) -
Night: D - 3.05 O. 18 N O. 18 v + O. 17 P ... O. 18 T (in °C) -
Day: D - 1. 72 - 0.03 N .. O. 13 v 0.10 p + 0.03 T (in °C) 

From this he calculates that a difference of lOC occurs wh~n N : 4.6/10, 

v :: 2.08m/s. p :: 4.8 mm Hg, and T :: 9. 36°C. 

Setting up these equations entailed long, painstaking calculations, which 

may be referred to in Emondus monograph on Bonn city climate. but the 

result is that he now has in his hands a convenient means of computing the 

temperature difference between city and country on the basis of other given 

climatic elements. It can render great service in connection with the technology 

of :municipal construction advocated by the author (see his book Klimatechnik 

des St~dtebaues). 

c) Case Examples 

All the data gathered by Treibich, as well as the calculations of Sun

borg and Emonds are based on means from a number of similar days. In order 

to fully grasp the climatic character of a place, however, one must also take 

into consideration extreme cases. Precisely such extreme, special cases are 

especially important to mankind, and are of great significance in relation to 

health, economy and human behavior. The climates of two different places 

which, from point of view of the mean, are very similar» may differ substan

tially in such extreme cases, depending on their nature, number and scope. 

Even in the case of our central problem, such individual cases can show how 

strong the effect of the city is upon climate, even when the difference in mean 

is quite small. An example: Peppler [358, 59; 359, 305/408] on July 23, 

1929. at 9 p. m. measured a city-country difference of 7. OOC (figure 36)in 

Karlsruhe. 

The noon temperature curves. however, show almost no difference. 

Grunow [169, 398] found differences of up to lOoe in Berlin. Even as high 

as 300 m over the city the air is 1°C warmer than over the country. This 

warm air is driven by the upper wind to the lee-side of the city and brings about 

higher temperature and great turbidity. In Vienna, May 12, 1927. with a clear 
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Fig. 36. Temperature conditions in Karlsruhe! July 23, 1929. 

A. Map of Karlsruhe. showing isotherms observed on W-E and 
N-S journeys, evening. July 23. 1929. 

B. Temperature curve along the W-E journey a) 7 p. m. to 9:30 p. m. 
b} 1:15 p. m. to 2:45 p. m. 

C. Temperature curve along the N-S journey a) 9:35 p. m. to 10:10 p. m. 
b) 2:55 p. m. to 3:30 p. m. [358, 60]. 

sky and no wind. Schmidt [433, 5] made a nighttime temperature measure

ment in the interior of the city and found + SoC, while in the country. not 10 km 

away, the temperature was - 30 C (see also figure 46. p. 101). 

The rapidity with which the difference in temperature can change in re .. 

lation to weather conditions, especially cloudiness. is shown clearly by the 

temperature profiles II and IV made of Upsala on January 18-19. 1949 [476. 

,73] I only a few hours apart (figure 37). 

L. Besson [43] reports that under clear sky conditions, the minima in 

Paris in the period 1899-1925, October .. March, were 5. OoC higher than other .. 

wise, and April .. September had 6.lo C higher. 

Larn.mert{ 267,145 ]l'epol'ts a tem.peratu-re~iHerence of T 9.- 09C in fne 

center of Hanover on March 3 ... 4, 1947. These cases illustrate very clearly 

the advantage which city climate has over country climate during this critical 

late-frost period. The same is true in the fall. B~del and Wolf [72, 8]. on 

November 5, 1931, found +4o C in the heart of Munich, under a vapor cover, while 

in the open country the air was cooled down to .. 3 0 e through outgoing radiation. 

This protection occurs spontaneously whenever there is danger of frost, for 
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Fig. 37. Temperature profiles of Upsala, January 18-19. 1949 
[ 476. 73] 

Profile I 14:35 Sc 1 W 1. 3 mls F 3. 2 (92%) * II II 16:45 Sc 8W 2.6 " 3. 1 (94%) 
II III 20:05 Sc 10 NW 4.0 II 3. 2 (92%) 
II IV 01 :00 Sc OSW 1.6 II 2. 1 (89%) 
II V 08 :20 Sc Ac 3 NNE 1.9 II 1.8(91%) 

fro sts occur only during calm, clear weather, when the ground is very much 

cooled off. However, it is precisely under these conditions that city climate 

factors come into full play, as we have already seen. Hence the number of 

"frost" nights in the city must of necessity be considerably less than in the 

country, as pp 66 and 67 have already shown. 

3. Temperature Differences in the City 

Having shown in the preceding discus sion how great the difference can 

be between city and country, we are naturally impelled to ask whether temperature 

differences can occur within the city itself, brought about by the artificial urban 

topography. The density of built-up areas, thE heights of the houses, their 

distance from one another, the width of the streets and squares, their orien

tation and theirplant-life--all of these have their effect on the temperature 

picture of a city. There are two ways of approaching these intra-urban dif

ferences: 

1. Setting up a sounding network of observation points within the city, 

such as is commonly done for study of precipitation. 

2. Temperature surveys along a previously determined route with many 

measuring points, at which temperatures can be measured with the least amount 

of time lapse. 

* Translator's Note: The meaning of "F" in Figure 37 is not clear. 
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Both methods requIre a good sense of which points are most character

istic or representative of a given city district. To my knowledge, the first 

method has been tried so far only by Emonds [ll8]. For his trail-blazing 

climate studies ~f Bonn, he set up a network of ten stations within the city at 

especially important points (heart of town, edge, Rhine River bank, the Melb 

Valley, etc.) and kept them in operation for almost two years. He arrived 

at the following results: 

1. The heart of the city is O. 90 C (annual mean from May 1951 to January 

1953) warmer than the edge near the weather observatory. This is true of 

all months without exception. 

2. This difference is approximately the same in spring, summer and 

fall, but 50% smalle r in winte r. 

3. The curve for the heart of the city and for the edge indicates, in all 

cases. greater "heat-inertia" for the city. In the case of the heart of the city: 

a) a less sharp rise in the forenoon 
b) a less sharp fall in the evening and night hours 
c) delay in the minimurn and maximum 

The second method, however 9 has been widely used ever since 1927, when 

Schmidt, Tollner and Steinhauser made the first surveys in Vienna. It has 

been shown that this is the method for city climate and especially for the micro

climate of various urban elements such as gases, yards, broad streets, 

squares, varying contours, etc. We have this m.ethod to thank for important 

and interesting data on city clim.ate, and so shall at this point exam.ine SOIne of 

the surveys which have been made. 

TlieexactnesswitliViTliicn density ofount=upareas is ren-e-cteaTil the tem-
II 

perature picture of the city was shown by Budel and Wolf [72, 9] on NoveInber 

14, 1931, in Munich. An overcast provided uniform. conditions, with the result 

that the absolute difference in temperature between city and country was very 

small: 5.5 - 4.0 : 1. 50 C. According to figure 38, the 50 C isotherm. en-

closes the thickly built-up section of the city almost exactly. The English 

Gardens and the Isar meadows stand out clearly, shown by the indentations on 

both sides of the isotherm. 
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Fig. 38. Isotherms in Munich, Nov. 14, 1931, 7 a. m .• sky cloudy 
[7Z, 9]. 

Fig. 39. Temperature profile through Vienna: Hohe Warte-Stefans
platz-Parkring-Habsburgergasse-the quay, on Aug. 4-5. 
1931. 

1. Hohe Warte, 2. low ground. 3. street, 4. open square,S. begin
ning of the compact city district, 6. Chemical Institute, left park, 7. 
boulevard, 8. Wollzeile. 9. Luegerplatz, 10. Parkring. 11. Kursalon 
lZ. Schwarzenbergplatz, 13. Schubertring, 14. Kl:lOrntnerring, 15. the 
Opera, 16. Operngasse. 17. Augustinergasse. 18. Habsburgergasse. 
19. Tuchlauben, ZO. the quay. 

(the italicized squares and streets are referred to in the 
next figure. ) 

The weather was calm, clear and hot. Fir st of all, the curves show 

great instability which reaches a maximum. during the mid-day hours and de

creases toward night. The range of variation around noon is on the average 

lOC to ZoC, but can go as high as 6°C. A closer examination of the curves re

veals the following details: the broad streets and squares which do not have 

trees are very hot at noon, but cool off more noticeably in the evening (Sch

warzenbergplatz). The avenues and squares containing trees are cooler and 

have a narrower daily range in variation (Parkring). The narrow streets, how

ever. are distinguished by m.uch greater coolne s s during the noon and afternoon 
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hours, amounting to from 5°C to 6°e lower than the temperature of the sur

rounding area. At night the difference disappears or the sign is reversed 

(Wollzeile, Habsburgergasse). It is the high degree of blocking of outgoing 

and incoming radiation that causes the great reduction of the daily variation 

curve. The diver sity of daily variation at the above-mentioned points is 

shown in figure 40. 

Fig. 40. Daily temperature variation in Vienna, Aug. 4-5. 1931. 

a) in a large square (Schwarzenbergplatz) 
b) in a narrow street (Habsburgergasse) 
c) on an avenue (Parkring) 

Prepared from figures from figure 39. The above
mentioned places are indicated by vertical lines on 
figure 39. . 

The resilience of house fronts and interspersion of small parks and play 

areas thus tend to lower the temperature. Sirnilarly~ in the case of large 

courtyards surrounded by buildings, the cold air of the inner courtyard streams 

out into the street and causes a difference of up to 20 e. All the above-men

tioned details have been proven constant during the various seasons, in studies 

made by Steinhauser [468, 562]; as soon as macroclimatic weather-types 

occur which permit free development of an independent microclimate, the 

same differences re-occur. The temperature profile for the city of Vienna 

for February 18, 1932, shows the same structure as that of May 27. 1932. 

although the temperature range is about 200 e (figure 41). 

The differences measured have been shown to be uniformly valid - .. they 

can no longer be considered fortuitous. Accordingly, one may now speak, 

not only of a specific city climate. but also of a specific climate of broad streets, 
I 

avenues and squares, and narrow streets. The favorable climatic effect of 

narrow streets brought about their widespread use in the Orient as well as the 
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Fig. 41. Comparison of analogous temperature cross-sections for 
Vienna, February and May, 1932. 

The cross-section cuts from Kobenz1 through 1he inner city to Indersdorf. 
The temperature figures on the left are for the May 27-28, 1932 curves 
(a); those on the right are for February 18-19, 1932 (b). 

Mediterranean area. The disadvantage to traffic circulation did not seem to 

represent much of a drawback. In many cities, sheets of cloth are stretched 

across narrow streets in order to keep the temperature even lower. 

The cause of coolness in narrow streets is the small amount of direct 
11 

sunlight they receive. Precise figures on this are given by Kampfert [230, 222] 

according to orientation, width and height of houses. A 6-meter-wide NE-SW 

street (Fleischstrasse in Trier) received only eight hours of sunshine (about 

half of the potential) on June 21. Outgoing radiation in a street is quite another 

matter. Outgoing radiation from the street itself decreases with breadth, but 

the total outgoing radiation of street and walls corresponds approximately to 

the upper plane of the street (i. e., the plane of the housetops) [278]. Liese 

[292] .. as well as others, also dealt with this problem. 

Fl,lrther temperature surveys were made in Freiburg by H. Lossnitzer 

and H. Freudenberg [302, 30-39]. Of the 23 trips, 7 were made on 5 cold 

winter days, 7 during bad weather and 9 during high-pressure weather. 21 

measuring points were visited each time. Measurements were made with a 

therm.ograph. 

- 95 -



Mrose [336] determined the special temperature and wind conditions 
II 

III Jena (the wind from the Muhl Valley) by means of 7 surveys. M. Sperk 

[463, 58] rode a bicycle through Nuremberg with an ordinary thermometer 

and recorded differences of up to 3 0 e. Sundborg, of Upsala, Sweden, in 

his previously mentioned study [476, 67-78], reports the following identical 

re sults from a number of surveys: buildings, street width, contour of the 

terrain, and, above all, cloudiness, wind and humidity, the effects of which 

Sundborg computes numerically, bring about changes in temperature differences. 

He used a resistance thermometer for these measurements, and was especially 

careful in selecting test points which were representative of a wider area. This 

is a very difficult job, since, as we have seen, every little street has its 

own climate. 

In Bonn, Emonds made 24 night surveys and 9 during the day; the results 

showed differences of from O. sOe to 1. oOe, with greater differences in the 

individual districts and streets, while at night the city-country difference 
o 0 

reached a mean of from 2.5 e to 3.5 e. Differences in the city were smaller; 

only at the edge of town was there a sharp temperature rise. 

K. Eger [113, 451] made surveys in Bad Nauheim and reports a clear rise 

in temperature at the city's edge even in rainy weather. Even the cooling effect 

of the cooling tower shows up clearly in the temperature curves. H. Deters 

[96] made temperature surveys in G~ttingen during July and August, 1946, which 

showed differences of up to 3. zOe. The city is like an island in a sea of cold 

air produced by the terrain. I am acquainted with American temperature sur

veys made by W. Middleton and F. Millow [328] for Toronto, in which the 

influence of buildings along main thoroughfares is clearlyrefJEOcted in __ the tern .. 

perature profile. The surveys made by F. S. Duckworth and J. S. Sandberg, 

together with a large staff, sirnultaneously in San Francisco, San Jose and 

palo Alto in 1951-52, were on a large scale, both in planning and execution. In 

each city 300 C) measuring points were set up, and for the first time balloons 

were used to measure air tenlpcrature over cities and country-side. The sur

veys were made at night, and showed sizeable differences in temperature (20°F 

on April 4, 1952). The isotherms coincided exactly with the perimeter of the 

heavily built-up district (see figure 3Sa). Figure 3Sa shows a sharp increase 
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in tem.perature even within the city itself. The maximum. value s cluster 

around the downtown district with its many skyscrapers. The investigators 

considered aa the chief reason for the increase the physical structur~, with 

massive house blocks and the concrete and asphalt layers, which are very thick 

and possess higher heat conductivity. Although San Francisco is smaller than 

Munich, it nonetheless reveals the largest differences in temperature so-far 

known. The concentration of the skyscrapers in a small area seems to be 

the decisive factor in this. Temperature surveys in giant cities such as New 

York or London should produce even more striking differences. 

In connection with all this, the question of which street arrangement, in 

terms of direction, is most practical arises. I shall limit mysel£to indicating litera

ture on the subject [115, 345 and others], and shall mention by way of example 

only the first attempt made to solve the problem. Dr. Faust [373, 403]. in 

1824, drew up a city plan for the Hof which burned down in1823 (figure 42). 

The residential streets run E- W, with all house-fronts facing south, so that 

each house may get as much sunlight as possible. 

Fig. 42. Dr. B. C. Faust1s IIPlan of a City. II 1824 [373, 403]. 
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4. The Role of Size, Shape and Location of Cities in Chan es in the City1s 
n£luence 

From the preceding it is clear that the size of a city must have an influence 

upon the amount of temperature difference between city and country. Figure 36 

shows that even relatively small populated areas such as Durlach to the east 

of Karlsruhe produce marked differences J but that the temperature differences 

increase with city size. The isotherms enclose the center of the city in con

centric lines. The fact that this is not indicatedin the figures given on page 65 

is mostly due to wind conditions. The city-country difference is almost identical, 

for example, in Berlin and Munich; however, mean wind velocity in Berlin is 

more than twice that of Munich {4. 5:1. 8 m/s}. In any case. the largest known 

mean temperature difference belongs to the largest city area recorded here: 

Jersey City. New Jersey with a difference o~ 1. 830 C. 

F. S. Duckworth and J. S. Sandberg, whose work we have already refer

red to [106], made an informative study of this question. They made surveys 

in three western U. S. cities of different sizes but located relatively close to 

one another, with the following results. Figure 35a, a survey of San Francisco g 

shows increasing temperatures right up to the downtown skyscraper district. 

The following table gives data for all three cities: 

San Francisco San Jose Palo Alto 

Inhabitants 784 000 101 000 33 000 
City area insq;miles 45.1 PI.S· 8.6 
Population density per sq. mile 17 383 6 824 3 837 
Average evening temp. dif. (0 F) 10-12 7-9 4 ... 6 
R/Diff. T in miles 0.30-0.40 O. 15-0. 25 0.05-0.15 
Area in sq. miles 4.0~6.0 1. 5-2. 0 0.1-0.3 

Highest values: 
(OF) Evening temp. dU. 20.0 14.2 12.6 

R in miles o. 179 O. 143 0.054 
Area in sq. miles 6.99 4.47 1. 02 
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Temperature differences are given in °Fahrenheit. First of all, we see 

from the table that city .. country temperature difference increases with the 

size of the city, both in terms of space and population. R gives the distance 

in miles between isotherms with an average difference of 10F within the par

ticular city. The smaller the R is, the greater the temperature difference 

between the center of the city and the outer edge. It follows, from these figures, 

that the small city will have the relatively highest increase in temperature. 

In Qthe r words, temperature difference s are greate st at the city's edge at any 

given time. A represents the area (in sq. ITliles) in which was recorded a 

temperature of 20 F above the average for the entire area. This area of dif

ferences corresponds to the size of the city. (5.0 : 0.2 as against 45.1 : 8.6). 

The large city thus shows a definite predoITlinance in the formation of a special 

city climate. The size of a city therefore also has an effect upon the stability 

of such a climate. A large city offers ITlore opposition to changes in weather 

than does a sITlall one. For exaITlple, it takes SOITle tiITle for a cold air wave 

to enter a large city. SchITlauss [423, 196] reports two invasions of cold air 

into Munich during the night of March 12-13, 1925, which were both absorbed 

by the warmth of the city, while the temperature at the airport steadily decreased. 

See figure 43. 

Fig. 43. Nocturnal cooling in Munich and environs, March 12-13, 1925. 

a) TeITlperature curve at the state weather observatory. 
b) TeITlperature curve at the airport [423, 196]. 
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Fig. 44. Temperature difference on the night of 24 Sept. 
1931 over N. W. Germany (Rhur industrial area) 
[333, 371]. 
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Industry likewise causes increase in temperature difference. Durlach 

(figure 36) is an industrial district. That industrial influence can be effec

tive in te'rms of area is shown by an example from the Ruhr industrial area 

[333, 368/72] (figure 44). The large bulge in the zero-isotherm over the 

industrial area is very clear, and can almost certainly be attributed to the 

influence of the latter. 

A city· s shape also has an effect on temperature difference. 

The isotherms follow the contour lines of the city: Karlsruhe serves as 

an example of an elongated city, Munich is circular in shape. Mey [325, 295], 

in Bremen, showed how important the location of the main axis in relation to 

wind direction of an elongated city can be with respect to the temperature dif

ference between city and country. He calculated the figures for the di~ference 

between the city and the airport according to the individual wind directions, and 

arrived at the results shown on figure 45: 

r- ........ 
\ " N \ 

_-.1-
)--I!t~~~E 

Fig. 45. Difference in 
lowest hourly values be
tween the observatory and 
the airport in Bremen re
corded in relation to wind 
direction from the observa
tory. 

The dashed-line, wedge - shaped 
area indicates the direction of 
the city from the airpo rt [325, 
295] . 

The country station is 5 km from th,e 

city station, 2 krn from the edge of the 

dwelling area, and lies to the southwest of 

the city. In the ENE sector, up to N, lies 

the minimum, since all the city air comes 

to the country station in this sector. One 

of the maxima, in the NW quadrant, is 

caused by polar air,· which creates clearing 

and consequently stronger outgoing radiation 

in the open country. The other maximum, 

in the southeast, is caused by the greater 

elongation of the city in this direction, i. e. , 

the protective vapor masses accumulate 

over the city station, whereas the country 

station remains open. If this direction is the 

main wind direction, then the temperature 

difference between city and country ought to be greater than otherwise. When 

the opposite is true, however, i. e., when the main axis lies at an angle to the 

main wind direction, only small difference values will occur. This is the case 

in New York, according to Mindling [ 329, 1280] (Cf. p 98). 
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A city's location in a valley or basin is favorable to creation of a special 

climate, since it always involves restriction of air circulation. More or less 

isolated basins are centers for stubborn pools of cold air during the cold 

season. On the other hand, alm.ost com.plete elimination of air movement means 

that all the city .. climate factors previously discussed can come into full play. 

Thus it happens. as Schmidt [433] showed in a study m.ade in Vienna during a 

"£rost"-night J May 12, 1927, that the city influence within the center of the 

metropolitan area amounted to more, in terms of figures, than the eiiect of 

the country influence of the Vienna Woods Heights (Kobenzl) (figure 46). 

-:-.-.-~-' j;oliypsw 
o/.(I/J OeO{fl.f/es fp!ifr;!f9 

12 IZ.27 ~J" 

Fig. 46. Minimum temperatures in the Vienna area on a "frost" 
night, May 12, 1927 [433]. 

Even small cities such as Jena are able, at least within their own area, 

to impede the formation of a cold-air pool, and form an island which juts out 

of the cold air. In this case also city influences can be easily compared with 

country influences, as can be seen by the isotherm map in figure 47. Com

pared with Vienna, the difference is half as great. [252, 25]. 

The question as to whether city influence is substantially diiierent de

pending on its belonging to maritime or continental climate is answered by the 

fact that the difference in mean will be the same. Proof of this is furnished 

by the figures for Paris and Moscow, O. 7°C and O. 7°C. Within certain limits, 

the differences in city and natural landscape are similar in both climate areas. 

The large differences in the particular case discus sed previously are more 

frequent in the area of continental climate, since there the cloud cover, which 
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Fig. 47. Isotherms in the vicinity of Jena on the clear, windless 
night of Sept. 10-11, 1951 [252, 25]. 

curbs the development of a special climate is, on the average, less pronounced. 

An increase in the difference between city and country according to geographical 
o 

latitude is indicated. Calcutta, on the 23rd parallel, has a difference of O. 4 C; 
o 

Berlin, on the 52nd parallel, has,· on the other hand, 1. 0 C. 
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5. Relationship of City Influence and the Growth of the City 

When cities of different sizes show unlike temperature differences, one 

assumes that differences in climatic elements will increase along with the 

growth of a particular city. This point has been studied a good deal, and an 

increase in temperature was found [47; 60; 245; 251], however no comparison 

was made with neighboring stations. 

Only Kola~ek [253, 114] did this. His study of a small district in Moravia 

and Czech Silesia showed an increase in temperature difference toward the 

interior of the industrial area. I used this method in the first edition of this 

book in dealing with American cities, since they have undergone very rapid 

growth during the last 50 years. The cities were Los Angeles, Detroit, Chicago 

and New York. Among Old World cities, I studied Frankfurt-am-Main, 

Cologne, Leipzig, Hamburg, Stuttgart, Milan, Rome, Naples, Budapest, War

saw, Stockholm and Lyons; also Osaka, Tokyo, along with the corresponding 

country stations, for a period of roughly 40 to 50 years. But results were 

negative in a great number of stations, The city-country difference underwent 

variation; however the figures toward the end of the period did not differ sig

nificantly from those at the beginning. The only exceptions are Frankfurt, 

Cologne, Milan and Warsaw. Here, therefore, is at least the final result com

bined with that of the American cities: 

Temperature Difference Between City and Country 

Los Angeles 
Detroit 
New York 
Chicago 
Cologne 
Frankfurt 
Milan 
Warsaw 

1892-1896 
1892-1896 

1892 
1892 
1881 
1888 -
1880 
1877 -

Mean Maximum Minimum 

5. 30 F 4. 70 F -2. 70 F ~O. 30 F 
1. 7o FZ. 40 F 2. ZOF 2.8°F 

The American data would have turned out a little more clearly, were it 

not for the fact that the city stations were frequently moved up to higher eleva- , 

tions. 
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Nonetheless, a steady increase in the city-country difference was 

noted as the cities themselves grew larger. The question of why many 

growing cities do not show an increase in difference remains unanswered. 

One can only guess that in these cases microclimatic conditions in the 

vicinity of the station are more effective than mesoclimatic ones such as 

city growth. 

Besson [43, 20] was able to demonstrate this in the case of Paris; 

the expansion of Paris from 1897 to 1926 caused no palpable change in city

country temperature difference. However, as the "country" station becam.e 

surrounded by buildings and thus drawn into the city area, a marked decrease 

" in temperature difference occurred. Similar conditions were found by Karnp-

fert in Trier. An increase of O. 70 C from 1902 to 1938 was valid only for 

summer and fall; winter experienced a decrease. Thus, the increase was 

not caused by growth of the city and increase in heating, but rather by in

creased building up of the vicinity of the city station. Studies made by various 

people fo r Baltim.o re [125], Rome [121], Pari s [287]. Be r lin [ 442] and 

Vienna [497] produced no results. Maurain [314, 113] found, in Paris, an 

increase from between O. 30 C and O. 40 C in 1890 toO. 7So C in the forties. 

S. Morawetz [334, 230] gives the following figures for Graz: 

1864 - 1943 
1871 - 1880 
1881 - 1890 

1891 - 1900 
1901 - 1910 
1911 - 1920 
1921 - 1930 
1931 - 1940 

8.9So C 
9.2 0 C 
9.1 °c 

8.2 0 C 
8.7 °c 
8.9 °c 
9.2 °c 
9.0 °c 

City station 344 m 

University area 369 m 

This reveals an increase of O. 80 C for the last 50 years. 

Arakawa [15] arrived at almost completely positive results for Japanese 

cities: 
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Kagosim.a 181 736 inhabitants 16.7°C mean temp. O.7oe increase 
Hiroshima 310 118 II 14. 7°C II 0.7oe II 

Osaka 2 989 874 " 15.0o C II 1. 5°C II 

Numazu 49 824 II 15.30 e II 0.9°e Ii 

Tokyo 5 875 667 VI 13.9OC If 0.9°e II 

Kyoto 1 080 593 II 13.8oC 1\ 1. OOC II 

Twenty-one cities were studied. However. the few examples given here 

serve to demonstrate that city growth alone is not decisive; other influences 

(general climatic changes) make themselves felt as well. 

6. Temperature Increase Above the City 

Having discussed temperature conditions at the normal height of from 

2 m to roof-level, we may now approach the question of temperature conditions 

above the city. How high does city influence reach? G. Fritsche and R. 

Stange [137] published studies in 1930 dealing with lower strata (up to 80 m 

high), the results of which are shown in figure 48. 

50 

20 
~~~~u--w~~~~~~~~~~~ 

o 
-m 

80 
65 
50 
35 
20 

10 11 12 13 14 15 
DC 

1'1 1615 

'~~~~~~~~~~~~-L~~~ 
o ;} :] (; 5 () '1 8 9 10 11 12 13 1(; 15 

°c 

Fig. 48. Mean temperature variation given heights at the radio 
tower in Leipzigs from April 1, 1934, 6 a. m. ~ to April 
2,1934,7 a.m. [137,99]. 

At 7 a.:m. heating of the lower 20 :m begins, but is overtaken by heating 

up of roofs (9 to 10 a. m. ) at from 35 to 50 m high. Around noon the heating 

of this "second floor II slacks off, since the whole space up to 80 :m is warmed 

and strong vertical :mixing results (as the succeeding figures show). This 
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leads to the formation of a super adiabatic temperature gradient, which at 

3 p. m. reaches a height of 65 m. With cessation of direct radiation, heat 

storage begins. as is shown very clearly in the curves from 4 p. m. to 6 p. m. 

The heat-releasing stone masses and the warm air rising from the streets 

and courtyards (displaced by cooler air masses) contribute to this. Then, 

because of considerably stronger wind, all levels cool off quite uniformly. 

Vertical mixing does not occur continuously, but rather in separate spurts, 

periodically repeated. At higher levels the mixing depends also upon pre

vailing winds. Thus, thermal and dynamic factors act together in mass-ex

change* processes over the city. In lower strata of from 4 to 35 m the exchange 

is slow with an exchange coefficient of 10; from 35 m to 80 m it increases to 

100 during strong incoming radiation. This difference in the two zone s is 

observable even during outgoing radiation, when the exchange-coefficient of 

the upper strata decreases to from 20 to 30. 

What about temperature conditions above 80 m? Berg [37]. in his 
II 

Einfuhrung in die Bioklimatologie (Introduction to Bioclimatology) puts forth 

some theoretical considerations on the subject. 

H 

Fig. 49. Temperature curve over city and country (schematic) [37, 70]. 

In figure 49 he illustrates these temperature conditions. Above the city. 

the temperature decreases more rapidly than above the country, due to the 

rising air, until, at a certain height, it becomes colder than over the country. 

The inversion level is a bit higher than over the country (visible in the mag

nitude of the vapor cloud over the city). Responding to the strong absorption. 

* Translator's Note:, Translation of "Massenaustausch" (lit. mass-exchange) 
is not clear meteorologically. 
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the city vapor cover will radiate more strongly and hence will cool down more 

than the corresponding vapor-free heights over the surrounding area. How

ever, these theoretical statements lack experimental proof. Only passing 

mention is made that air at 300 m over the city is 10 C warmer than over the 

country. Systematic studies of this question were J to my knowledge, first 

made by Duckworth and Sandberg [106] " of heights up to about 1000 ft: (330 m), 

and these are reported in their previously-mentioned publication. Simultaneous 

measurements were made over city and country, so that comparisons are 

possible. For this purpose, they sent up balloons over the center of the city 

and over the open country. These balloon-soundings were all made in the 

evening or at night. In most of the 32 cases they found temperature inversion 

over the o},:>en country, while over the city they found only 7 inversions, 7 iso

thermal and in 18 cases normal lapse rates. They show that the effect of the 

super-heating of the city reaches great heights and is capable of causing in

stability in the airstrata over the city. At a height of from 200 to 300 ft. (70 

to 100 m) the temperature over city and country is the same, but from there 

on the air over the city is cooler in 6 out of 12 cases! The curves show a clear 

cross-over. The temperature difference after this cross-over amounted to 
o 

an average of 2 F up to the top of the curves. Over Palo Alto, the much smal-

ler city, no cross-over was observed (see figure 50). 

Fig. 50. Temperature conditions over San Francisco and vicinity 
(radiosonde observations), March 26, 1952, 10 p. m. P. S. T. 
[106, 206]. 

The authors suggest three possible theories for this, without deciding 

in favor of one or the other. 
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1. Vertical air mixing over the city causes thermal and mechanical 

(dynamic) effects on the built-up surface. 

2. Urban convectional cell, with compensating subsidence over peri

pheral open lands. 

3. Radiation loss in a layer containing a much greater amount of smoke 

and CO2 above the city. 

Thus, Berg l s theoretical ideas are given partial experimental corrobora

tion for cities of the size of San Francisco. Further investigations on this 

subject are, however, urgently needed, in order to build a broader basis for 

a valid theory. Moreover. they could at the same time shed light on the still 

unclear matter of circulation conditions above the city. 
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VII WIND 

Special temperature conditions in cities are closely connected with the 

- formation of special air pressure and wind conditions. 

1. Difference in Air Pressure 

Figures for air pressure differences are available. Hann [179, 38] fur .. 

nishes the following data on daily variation in air pres sure difference for Paris 

and vicinity (July, 1891 .. December, 1893): 

6am 9 am 12 n 3 pm 6pm 9 pm Mean 

+0.01 .. 0.01 -0.02 +0.01 +0.05 + 0.08 +0.04 mm Hg 

Sperk [463, 75] established a value for Nuremberg 10 times as great: 

-0.4 mmHg, which remains the same almost the whole year around: 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

-0.4 -0.4 .. 0.4 -0. 3 -0.4 .. 0. 3 -0.4 .. 0.4 -0.4 -0.4 -0. 3 -0.4 mm Hg 

Daily variation was found to be just as small. 

Neither of these reports seems to fit the usual city climate picture; if 

there is a variation in temperature difference. then there should also be a 

daily and yearly variation in pressure difference. which is. after all, brought 

about by the former. At the end of the preceding chapter we also saw that 

higher temperature values of a city stop at a certain altitude and move in the 

. oppos-ne- directiun-,-so-rtIat in the -end--the weight-of---the-tot-al-air-m:as-s- does not- -- --- - -- -

undergo any substantial change. 

There is room for some doubt as to Sperk I s figures, since the value he 

states would have to cause a wind of at least > 10 m/s. In any case, the sub

ject should be pursued by further study. 

Two points lead to the conc,lusion that the city has an effect upon wind condi .. 

tions: 
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1. Higher urban temperatures bring about a specific wind system. 

2. The urban landscape. i. e., the housing area, provides increased 

friction and hence has an effect on general air movernent. 

2. The Specific Wind System of the City 

According to dynamic principles, warrner city air must rise and draw 

into itself air from all directions. Assuming windless weather, this gives 

rise to the specific wind system, city-wind, or better, "country wind" (Ger. 

"Flurwind" ). 

It is a rniniature depression, which has been observed on nwnerous 

occasions. Scbm.auss [422, 226] reports such a situation in Dortmund, Eckardt 

[HO, 376] in Essen, and Lauscher and Steinhauser [276, 15] in Vienna. 

Emonds [118, 23], by means of 24 night tests in the city of Bonn, clearly 

identified the country-wind. Ten special wind tests showed that country-wind 

sets in when the general, prevailing wind diminished to less than 3 m/s; at 

this point opposing winds were observable, moving toward the heart of the city 

at about 2 m/ s. 

According to H. Berg [36, 65]. SoC in temperature difference and only 

O. 07 mb of pres sure difference is required for the development of a specific 

wind-system. These are figures which are especially characteristic of hot 

summer evenings and nights. Under these conditions a wind of 3.3 m/s could 

be produced. According to him, the country-wind could appear directly only 

on the edge of the city. Thus. the Schelde Tunnel in Antwerp is ventilated 

only by country-wind. Since the O. 07 mb dHferenceextends over a distance of 

about 10 km. this means a difference of ~ 1 mb at a distance of 100 km, a figure 

which lies within the range of usual weather data, and can cause a gradient 

wind of 16 m/ s. Because of the short distance, however, earth rotation effect 

(Coriolis force) is not noticeable. Thus. the country-wind flows normal to 

the isobars and attains a velocity of only ~ 3. 3 m/ s. 

According to Berg, airplane observations of smoke layers never show 

country .. wind, but rather blocking and diversion, as around an obstacle. Despite 

this, the re is no doubt as to the existence of country-wind. Further proof is -

- 111 -



furnished by a test of wind direction made at the airport of the city of Freiburg 

[427, 83] for 27 clear days in June through August, 1929. It showed a definite 

prevalence of winds in the direction of the city. The Moos Forest, which lies 

in the same direction from the city, but further away, was also included in 

the test. On a line Moos Forest .. airport - city, there is a great drop in 

temperature. Within the city there was no trace of it, only light winds from 

various directions, and, 5 time s, no wind at all (figure 51). 

-----------------------'------

Fig. 51. Mean wind direction and velocity for each daytime hour, 27 
clear days from June to August, 1929 at the Freiburg Airport 
[427,83]. 

This specific local wind system is noticeable in the difference between 

wind distribution within the city and that of peripheral areas. Behre [29, 107] 

compared wind directions NW and SW of Berlin. His table shows that more 

winds with N .. components blow on the N side, and more with S-components 

blow on the S side of the city. The effect of the country-wind is more clearly 

seen in the wind-rose of Prague shown in figure 52 [335, 172]: 
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Fig. 52. Wind directions 
in Prague and vicinity. 
Unbroken line: . Astron.-

Observatory (city) 
Broken line: Petrin Ob

servatory (country) 
[335,172]. 

The Petrin Observatory to the NW of the city -

had significantly more NW wind than the Astrono

mical Observatory inside the city. The difference 

remains throughout the year. 

Reth1y [397, 57] has compared wind"'roses for 

Budapest and its vicinity. The station in the western 

part of the city recorded more west winds, especially 

in winter. The city's blocking or quieting effect is 

revealed in the large number of windless periods. 

The country-wind revealed itself in an interes

ting way when the weather observatory in Nuremberg 

was moved from the Old Orphanage (Altes Waisen

haus) near the center of town, the Home for the Aged 

(Altersheim), 0.8 kIn NW of the center, in 1925. 

Yearly Wind Direction at Observation Times 

Nuremberg, 
Old Orphanage 1922-1925 
Home for Aged 1926-1930 

II 

Furth, 
Airport 1922-1925 
Airport 1926-1930 

NE 

50 
50 

o 

32 
31 
-1 

E 

138 
187 

+49 

SE S SW W NW N 

163 129 200 166 106 80 
76 155 94 276 100 140 

~~ 
-167 +164 

75 122 145 131 235 74 65 
73 85 109 106 209 82 66 

-2~~ 
-98 -17 

Due to the relocation of the weather observatory to the NW of the city, the 

yearly figure for winds from W-NW-N increased by 164, and that for winds from 

the SE-S-SW decreased by 167, while the corresponding wind directions at the air--

" port weather station in Furth decreased by 17 and 98, respectively. 
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According to M. Sperk [463, 85, 192]. the city station was moved in 1930 

to the firehouse, close by the Old Orphanage. Again changes occurred in the 

frequency of wind-directions; this time, however, they were reversed. 

This country-wind is a system which sustains itself and increases, so long 

as one cause, the excess of heat of the city, remains. The vapor cover of the 

city become s ever-greater because of the incoming air, which picks up pollutions 

on its way in. In this way the air mass is warmed up to a greater degree through

out, rises» and is replaced by new air from outside, which, in turn, is warmed, 

etc. 

According to Linke [294, 86] the country-wind attains great heights over the 

city. He writes, "Even when a free balloon rises high over the city, it is seized 

by the upward current which, in glider terminology is called 'Grossstadtthermik' 

("big city thermal"). The balloon is, however, borne at the same time around 

the city. 1£ we examine the ground winds, however, we see that they converge 

toward the interior of the city. All the vapor of the suburbs, the industrial dis

tricts, is transported at night into the city, while country air is brought to the 

suburbs but does not push on into the center. Thus, the interior of the city is the 

least healthy area, especially at night, where there is a 'fallout r of sediment. 11 

This country wInd usually begins in the morning wIth the warming up of the 

city and lasts till noon, the time of least temperature difference, although it m.ay 

frequently last all day [276, 19], as is indicated by the previ?us examples. Only 

"moderate" (or greater) winds have the capacity to break up the specific local 

city wind system and disperse the vapor cover. Similar conditions are found in 

Munich at the State Weather Observatory (in the middle of town) and at the Bo

tanical Garden, 8 km. WNW of the center: 

Munich, 1923-1926 

State Weather Obs. 
Botanical Garden 

N 

22 
50 

+ 28 

NE 

87 
54 

-33 

E 

92 
121 

+ 29 

- 114 -

SE 

92 
28 

-64 

S 

95 
51 

-44 

SW 

296 
82 

-214 

W 

140 
387 

+ 247 

NW Calm 

77 
22 

- 55 

194 
303 

+ 109 



The great predominance of west winds p first of all, and, secondly. the 

decrease in winds from the SE, Sand SW. corresponds to the location of the 

outer station with respect to the city. Also peculiar is the predominance of 

Nand NE directions as compared with the decrease in the NE and NW at the 

outer station. while winds are equally distributed at the inner station. The 

increase of Nand W at the expense of the NE and NW fits the explanation given; 

the greater amount of E wind at the Botanical Garden remains, for the moment. 

unexplaine d. 

While investigating the yearly variation in temperature difference between 

city and country, I also made note of wind directions in some cities. in the hope 

of reinforcing the preceding data with new examples. This hope was only par

tially fulfilled. While there were significant differences in wind direction dis

tribution between city and country stations. no clear relationship between the 

location of the country station and that of the city was evident. It is true that 

there are many country stations (Stuttgart. for example) where the direction 

away from the city is favored. but this is not as regular a phenomenon as one 

might expect. The only statement that can be made is that distribution of wind 

directions around a city are subject to great changes. Here are the figures: 

N NE E SE S sw W NW Calm 

1924-1932 

Stuttgart 32 139 65 41 50 306 100 113 251 
Ess1ingen 15 64 314 128 14 149 194 184 33 

+ 17 + 75 -249 .. 87 + 36 +157 -94 -69 +214 
1912-1931 

Cologne 10 36 51 372 41 125 257 203 0 
Leverkusen 49 59 170 294 103 III 207 66 34 

.. 39 -23 -119 + 78 -62 + 14 + 50 +137 -34 
1911-1914 

Budapest 85 58 42 79 90 99 152 241 249 
II 

146 62 Kobanya 35 88 112 55 79 191 328 
-61 + 23 -26 + 17 -22 + 44 + 73 +150 -79 

1901-1910 

Moscow 105 95 80 167 155 166 170 132 25 
Country Station 83 88 71 125 196 149 191 105 89 

+ 22 + 7 + 9 + 42 -41 + 17 -21 + 27 -64 
1901 .. 1910 

Petersburg 62 110 98 164 155 148 188 167 3 
(Leningrad) 

Country 106 104 70 111 208 204 150 139 4 
-44 + 6 + 28 + 53 -53 -56 + 38 + 28 ~l 
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3. Blocking (Stagnation) Effects of the City 

a) General Decrease in Velocity in the City 

Just as every obstacle, every hill and every forest, retards the free 

flow of airs so too does the city. With its masses of houses, chimneys and 

towers, the city represents a formidable obstacle for air movement. A city 

which protrudes more or less directly up out of a flat area bears great resem

blance, in this respect, to a wooded, hilly piece of terrain. On and between 

the houses, friction is so great that a large part of the internal energy of the 

moving air is spent in passing over them. Consequently, air movement slows 

down within the citYa as well as directly before and above it. A cushion of air 

occurs in the city, over which the on-coming air must pass. Because of this, 

the amount of available space is reduced, so that air at some altitude over the 

city sweeps on at accelerated speed. Not until it reaches the lee-side of the 

city does the available space widen out, and movement becomes slower again. 

Hrudi~ka [217,69 and 289] presents similar findings. Cities increase 

the turbulence of the wind and decrease its, ground velocity. An increase must 

then occur above the city. This takes place at a higher altitude in summer than 

in winter, since it is dependent upon a drop in temperature. Hummel [218, 

119] furnishes a table on the subject, giving the frequency distribution of wind 

velocities in Karlsruhe and the surrounding countryside. It shows, first of all, 

a greater number of low velocities in the city: L e., stagnating effect; secondly, 

however, an increase in greater velocities for the city in winter, since the anemo

meter, placed at an altitude of 20 m, reached the acceleration zone of the city. 

Frequency Distribution of Wind Velocities in Karlsruhe 

o to 4 m/s 4 to 12 mls 12 mls 
Country City Country City Country City 

Spring 81. 6 93.3 18.4 6.7 
Swnmer 85.0 98.6 15.0 1.4 
Fall 81. 2 89.8 18.8 10. 2 
Winter 78.3 72. 1 21. 5 27.6 0.2 0.3 
Year 81. 5 88.6 18.5 11. 3 0.0 O. 1 
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H. Emonds [118, 29/30] writes with regard to the problem, "When one 

takes into account that no other urban effect is so physically simple, clear and 

plausible as the retardation of air ... f1ow and the creation of a stagnant ail' 

cushion, it becomes easy to see that urban ventilation is really a cardinal pro

blem. Under equally important conditions of cloudiness, the city's effect is 

even more complex and more difficult to overlook. Special, thorough work 

on this matter is needed. II 

Kremser [262, 260] examined wind measurements at the tower of the 

Joachim.sthal Gymnasium SW of Berlin. In 1894 the area was completely open, 

but by 1900 was heavily built-up. The mean velocity of 5.12 m/s in the years 

1884-1893 fell to 3.93 m/s in 1894-1903. The highest hourly figure fell from 

10 to 15 m/s. Building up of the area drew the tower into the range of the air 

cushion. with the resultant decrease in wind velocity. The yearly variation in 

wind velocity has also changed. During the first ten years the maximum occurred 

in March, the minimum in September. with a sharp rise in October. In the 

second ten-year period the maximum came between January and February, the 

minimum in May. Amplitude decreased from 1. 7 to 1. 0 m/sec. The daily curve 

of wind velocity changed in a similar manner. Mean variation was as follows 

[262, 264]: 

Year 
Summer 
Winter 

b) Velocity Decrease and City Growth 

1884-1893 

1.49 m/s 
2. 09 m/s 
0.94 m/s 

1894-1903 

1. 20 m/s 
1.60 mls 
0.80 m/s 

Excellent confirmation of the effect of city growth on velocity is 

furnished by the figures for wind velocity in Los Angeles and Detroit. which 

we give here. 

Here. too, we see a steady decrease in the Los Angeles figures, con .. 

trasted to the steady increase or stability of those recorded at the San Diego 

station. which was used for comparison purposes. It goes without saying that 

changes in altitude entail marked differences in wind velocity. When the Los 

Angeles station was moved to a higher elevation in 1908 the difference became 
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slightly positive; when the San Diego station was moved to a lower one in 1913, 

the difference became negative. From then on, however, there was a slow 

increase in the difference in both stations, negatively for Los Angeles. In both 

stations the wind strength decreased, though more rapidly in Los Angeles than 

in San Diego. The drop noted in both stations between 1927 and 1928 was prob-

ably due to general climatic conditions. However, for the years 1912-1927, the 

difference in the sets of figures for Los Angeles and San Diego is unmistakable. 

In the former, wind velocity drops steadily from 6.0 m. p. h. to 5.1 m. p. h. , 

while in the latter, the figures stay around the mean of 6. 0 m. p. h. 

1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
19L2 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1918 
1929 
1930 

Mean Velocities in m. p. h. 

Los 
111 AlIgdes l1! 

(23) 3,5 (26) 
3,7 
3,6 
3,4 (21) 

(25) 3,8 
4,4 (31) 
4,3 

.4,2 
4,3 
4,5 

(38) 4,6 
5,0 
5,3 
5,3 
5,3 
5/2 

(58) 5,6 
6,2 
5,8 
6,1 
6,0 
5,7 (21) 
5,6 
5,7 
5,6 
5,5 
5,8 
5,8 
5,7 
5,5 
5,6 
5,5 
5,2 
5,1 
5,1 
5,1 ~ 

4,6 
4,6 
4,5 

Dif
San fer

Diego ence 

4,7 --- 1,2 

5,0 -.- 1,3 

5,0 --- 1,4 

5,3 -. 1,9 
4,9 -.- 1,1 

5,6 -.;.1,2 
5,7 -1,4 
5,8 --- 1,6 
5,7 - 1,4 
5,6 -- 1,1 
5,8 -- 1,2 
5,8 -- 0,8 
5,8 - 0,5 
5,9 - 0,6 
5,9 --- 0,6 

5,8 .-- 0,6 

5,9 -- 0,3 
{),O -I- 0,2 
5,6 + 0,2 
6,0 -I- 0,1 
6,0 0,0 
6,2 -- 0,5 
6,2 .. - 0,6 
6,3 -- 0,6 
6,2 . - 0,6 
5,8 - 0,3 
6,2 -- 0,4 
5,9 --- 0,1 
6,2 - 0,5 
6,3 . - 0,8 
6,0 -- 0,4 
6,0 .. - 0,5 
6,3 --- 1,1 
5/8 - 0,7 
6,0 -. 0,9 

. 6,0 ... 0,9 

5,3 .- 0,7 
. 5,3 .-- 0,7' 

5,3 -- 0,8 

III 

(49) 

(51) 

(58) 
(59) 

(79) 
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Detroit 
III 

10,4 (33) 
11,6 
11,0 
10,8 
10,2 

9,1 
9,7 
9,8 

10,1 (37) 
11,5 
11,8 ® 

11,5 
11,4 
11,2 
11,0 
1;>,,2 
14,3 
14,8 
13,7 
1~,7 

13,1 
12,5 
12,3 
11,6 
11,2 
12,0 
12,0 
11,6 
11,9 
11,1 
10,8 
10,9. 
11,0 
10,1 
10,7 
10,5 

9,4 
.9,7-

8,7 

Dif
Port fer

Huron 
ence 

11,0 - 0,6 
11,5 + 0,1 
11,7 -- 0,7 
li,3 - 0,5 

.11,2 -1,0 
10,6 --,- 1,5 
11,1 -- 1,4 

11,0 -1,2 
11,1 -1,0 
11,5 0,0 
11,8 0,0 
11,4 -\- 0,1 
11,5 - 0,1 
11,2 0,0 
11,1 -- 0,1 
11,4 + 0,8 
11,7 + 2,6 
11,7 + 3,1 
11,1 -\- 2,6 
11,0 -I- 2,7 
11,0 + 2,1 
11,5 -I- 1,0 
11,0- -I- 1,3 
10,8 -I- 0,8 
11,4 -I- 0,8 
11,5 -I- 0,5 
11,3 -I- 0,7 
10,5 + 1,1 
11,1 + 0,8 
11,2 - 0,1 
10,8 0,0 
-11,2 . -- 0;3 
11,1 - 0,1 
11,1 -- 1,0 
11,5 -- 0,8 
11,3 - 0,8 
10,0 - 0,6 
10,3 -- 0,6 
- 9,6_ - 0,9 

~-;y;:\r mean 
dif-

.ference 

" . 
--: 0,5 
- 0,7 
--1,0 

- 1~1 

-1,9 
-1,0 
- 1,7 
- 0,4 
- 0,2 

0,0 
0,0 

+ 0,1 
+ 0:6 
+ 1,3 
+ 1,8 
-I- 2,4 
-I- 2,6 
+ 2 .. 3 
+ 2,0 
+ 1,8 
-I- 1,2 
-I- 0,9 
-I- 0,8 
-I- 0,8 
+ 0,8 
+ 0,5 
-I- 0,;; 
-I- 0,3 
+ 0,1 
.-- 0,3 
-- 0,4 
-- 0,6 
- 0,7 
-- 0,8 
- 0,7· 



In Detroit, the anemometer was also raised a number of times: in 1892, 

49 m above ground; 1896, 51 m; 1900,. 58 m; 1901, 59 m; 1907, 79 m. In Port 

Huron it was moved from 33 In to 37 m in 1900. This has much better results 

in the case of wind measurements than in temperature. Up until 1907-1909 the 

wind velocity increased in Detroit. Since there was hardly any change in 

Port Huron, the country station, the difference between the two had to decrease; 

as a matter of fact it takes on another sign. While the difference was -1.5 

m. p. h. in 1897 for Detroit, it amounted to +3.1 m. p. h. in 1909. 

The raising of the stations more than offset the influence of the city, as 

is understandable in view of the more rapid increase in wind velocity at greater 

distances from the ground. An interesting and surprising fact revealed by these 

figures is that in the years following the last re":,,locationof the station tip until 

the end of the recorded years the wind velocity in Detroit decreased at the same 

rate as it had previously increased. Once the location of the station 'was made 

permanent, it became possible for increasing effect of the city's growth to make 

itself felt: wind velocity fell from 14.8 miles p. h. in 1909 to 8. 7 miles p. h. in 

1930. That this long-period decrease cannot be attributed to some parallel 

climate change is shown by the figures for Port Huron, which show an almost· 

u,nchanging wind velocity. The velocity in Port Huron fell from 11. 7 m. p. h. to 

only 9.6 m. p. h. Meanwhile the difference between the two stations fell from 

+3.1 m. p. h. to -0.9 m. p. h. , which is almost the same as at the beginning. 

This means that thecity's growth offset the effect of raising the station 32 m. 

The expansion of the city is accompanied by an increase in height of the stagnant 

air cushion, and thus causes a decrease in, wind velocity. While in the case of 

the JoachimsthalGymnasium such a decrease may be attributed to the building 

up of the previously open area surrounding the station, i. e., is local in charac

ter (microclimate), in the case of the American cities it is the result of general 

city growth (mesoclimate). That is why the difference between the two stations 

did not decrease suddenly, but rather fell gradually, in proportion to the increase 

in population. 

c} Wind Conditions in City Streets 

Just as temperatures within the city are subject to great variation, so 

too the wind conditions. in the individual streets are extremely varied. The angle 
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at which the street lies to wind direction~ its width, the height of its buildings. 

its orientation with consequent change in sun exposure~. all these bring about 

i.."'nportant differences. Berg [37, 74] describes these as follows: 

"House-tops in streets running east .. west will heat up the most. The air 

rising from the roofs is replaced by air mas ses at the same height above the 

streets» which themselves are replenished by air descending from above, In 

this way a specific circulation above the roofs is created. In the street itself 

a circulation is produced between the cool house walls and those exposed to the 

sun, which is supplemented only by an influx from the upper circulation. On a 

street running north-south, a symmetrical flow is created around noon-time. 

The descending branch of the circulation pushes into the middle of the street. 

At night the house-tops cool off, the cold air flows down from them to the street 

and pushes the still-warm air upward; thus a unique circulation is created, with 

an actual replacement of the street air. " 

Figure 53 illustrates Berg I s statements. 

Solar Radiation 

\ \ \ 
, 1,\ t 1\ t 

s 

street c courtyard streeJ courtyard 

Fig. 53. Schematic representation of typical air circulation, patterns 
in streets and courtyards of a city during the day (a and b) 
and night (c and d) [37 D 74]. 

This is true of purely thermal conditions; if. however. there is a prevailing 

large- scale gradient wind, it will take precedence over this microclirnatic 

circulation. Albrecht [3] and Grunow [169] found that the dynamic effect of 

even slight winds is sufficient to prevent the thermally determined circulation 

just described. 
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All this shows the strong effect of the city on its wind conditions. The 

climate of the city becomes substantially milder than that of the country due 

to this protective influence, Here too one should point out the similarity of 

this to the effect of forests on their climate. 

Moderation of city climate is also expressed in the so-called cooling 

index, which indicates the amount of heat lost in one second by a body at 36°C. 

The instrument is exposed to all the weather conditions of the locale whose 

climate is to be measured. Landes [268] and Lauscher [275] found that the 

cooling index is lower in the vicinity of buildings than in the open country. 

4. City Planning and Wind Direction 

We shall make brief mention of the relationship between city planning and 

wind direction. First of all,the great output of smoke and soot in industrial 

areas demands that these be kept away, insofar as is possible, from the resi

dential districts. By way of example. I should like to give Wagner IS plan of 

Los Angeles [498,213], (figure 54). 

Fig. 54. Plan of Los Angeles 

1. Morphological boundaries, 2. Dry river beds. 3, Mostly fallow 
land, 4. Park. 5. Residential district, 6. Residential. with businesses 
on main streets only. 7. Residential with businesses scattered 
throughout, 8. Residential bordered by industry, 9. Predominantly 
industrial, 10. Businesses and warehouses predominate, 11. Tall 
business buildings, predominant or isolated, 12. Tall civic buildings 
under construction. 
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The industrial district juts up from. the south like a widge toward the 

m.iddle of the city. The residential districts are situated to.the east and west 

of it. Though they are spatially divided, they still rem.ain under the unfavor

able influence of the industrial area. In allocating the individual districts, 

attention should be paid to the principal wind directions. This requisite, which 

has been voiced for a long tim.e by intelligent persons, has scarcely been heeded. 

in the patterning and developing of our newer large cities. For exam.ple,. in 

Munich the m.ain railroad statior.Land a large part of Munich's industry lie right 

in the path of the m.ost frequent winds. Only since the 1st World War have these 

ideas becom.ecurrent am.ong city planners; they are m.aking every effort to 

com.pensate for the errors of earlier generations. One of the first practical 

proposals along these lines com.es from. Schm.auss [421, 181/83], who designed 

a plan for division of individual city districts according to the prevailing wind 

direction (figure 55) . 

• 

Fig. 55. City planning on the basis of prevailing wind direction 

I. Plan of city on flat land surface', II and III. Modifications of the 

plan to suit location in a valley [421, 182]. 

The residential areas are always' situated toward the wind, and the indus

trial district is in the lee of the residential areas. A line norm.al to the wind 

direction through the m.iddle of the city divides it into a clim.atically favored 

windward side and a clim.atically disadvantageous leeward side. All industrial 

plants and freight railroad stations should be banned from. the windward side. 

This suggestion has been very successfully carried out in a num.ber of Russian 

cities. New Russian cities are not bound by any traditions, and hence the plans 

can be set up very freely. Such cities as Stalingrad and Magnitogorsk (see 

figures 56 and 57} are laid out as so-called "strip-cities ". The city sections are 
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Fig. 56. City plan for Magnitogorsk. 

1. railroad, 2. industrial zone, 3. green area, 4. traffic zone, 
5. residential district, 6. park, 7. Ural River, 8. prevailing 
wind direction. 

/s 

Fig. 57. City plan for Stalingrad 

Explanati9n same as figure 56 [234, figure 16] . 

not grouped about a central point, but rather lie in "strips" beside each other. 

The order in which they are arranged depends upon wind direction. Nearest 

the wind is the recreational park, then the residential district, followed by a 

strip of greenery which conceals the main traffic thoroughfare and separates 

the residential district from the next strip, which is the industrial area. Along

side the industrial plants runs the railroad. In this way the best possible 

climate is achieved for the residential district, which at the same time does 

not lie more than 20 minutes from the factories. This is the first case where 
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city climate together with wind direction were considered as city .. planning 

elements, certainly not to the detriment of the physical health of the working 

population. 

The destruction wrought by World War II has confronted the administra

tors of many German and European cities with the task of re-building. There 

is an enormous amount of literature published on the subject, endeavoring to 

turn the havoc of destruction to good use - ... to transform the fields of rubble 

into strips of greenery. I can only refer to the bibliography [186 3 331, 107, 

494, 257, 381, 73, 388, 220, 409, 466, 529, 446, 114, 243, 441, 391, 332, 

59. 64, 390, 425, 163, 453, 346] and to the chapter on the city. 

(See also the II Planning " colwnn in the "Synopsis of Publications "). 

In Figure 3 there is no indication of wind direction; according to what we have 

just discussed. the prevailing winds must come from the west (left side of the 

sketch), since the railroad station and factory area are to the right. 
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VIII HUMIDITY 

Another important element in the over-all climate picture, besides 

radiation and temperature of the air with its effect on air pressure and wind. 

is water vapor content and its resultant cloud formation and precipitation. 

Humidity and precipitation conditions are of great importance to the character of 

land and its climates and for this reason they form a basic principle for class

ification of the climate areas of the earth. The city1s influence on this cli:matic 

ele:ment is therefore very important. First we shall describe this influence 

in general terms, so that we can better approach the subject of its most im

portant manifestation, city fog. 

L Humidity in General 

As would be expected in view of the higher temperature of the city. city 

air is on the whole drier than country air. According to Kremser [261]» from 

whose work we draw the following data (excepting for Munich), the difference 

amounts to: 

Vienna (20 yrs) 
Berlin (14 yrs) 
Trier (1904-1905) 
Cologne (1903-1905) 
Breslau (1896-1905) 
Munich {1923-1926} 

Absolute Humidity 
m:m Hg 

-0.2 
-0.2 
-0.5 
-0.4 
-0.5 
-0.25 

Relative Humidity 
% 

-4 
-6 
-6 
-6 
... 6 
-5.5 

For purposes of comparison we should add that the span between maximum 

and minimum figures for the whole of Northern Germany is 0.9 mm for absolute 

humidity and 10% for relative humidity, i. e •• not quite double the difference 

between city and country. In the cold season this difference is small or alrn.ost 

zero; in summer. however, it rises to 1. 0 mm absolute humidity and 9 to 10% 

relative humidity. 
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Absolute Hum.idity Relati ve Hum.idity 
mm Hg 0/0 

Vienna, January +0. 1 - 1 
June -0.4 - 6 

Berlin, January +0. 1 - 2 
June ... 0.8 -10 

Trier, January +0. 1 .. 1 
June -1. 1 -10 

Cologne, January -0.2 - 3 
June -0.6 .. 6 

Munich, Winter +0. 01 .. 4.3 
Spring -0. 18 - 5.7 
Sum.mer -0.50 .. 6.7 
Fftll -0. 14 - 6.3 

Nuremberg .. Furth -0. 2 

Daily variation in city-country difference of absolute humidity runs parallel 

to temperature. This means that the maximum occurs at noontime. 

Berlin 
Breslau 
Munich 
Nuremberg-Erlangen, 1926-1928 

" Nuremberg .. Furth, 1926 .. 1928 [463. 117] 

The daily curve varies with the season: 

Munich, winter 
spring 
summer 
fall 

7 a. m. 

-0. 1 
-0.3 
-0.10 
-0. 1 
-0.2 

7 a. m. 

+0.04 
-0, 15 
-0.35 
+0.01 

2 p. m. 9, p. In. 

.. 0.4 -0.2 mm Hg 
-0.8 -0.4 mm Hg 
-0.35 -0. 10 mm Hg 
-0. 1 -0. 1 mrn. Hg 
-0.3 0.0 mIn Hg 

2 p. m. 9 p. m. 

+0.17 +0.14 mm Hg 
-0.25 -0.09 mm Hg 
-0.63 -0.53 mm Hg 
-0.33 O. 00 mrn Hg 

In summer the difference shows its highest values, while in the winter the 

daily curve becomes reversed: city air, in comparison to country air" is more 

hum.id at noon than in the morning or evening. An explanation of this is found on 

pages 73 and 74, for in Munich the noontime temperature is higher than in the 

country only in winter. A contributing factor to this might be the thawing effect 
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of the winter noon-day sun on roofs which face southward. It is also possible 

. that streets moistened by traffic activity are also involved. These causes could 

be sufficient to explain this slight additional humidity in the city. 

The difference in relative humidity varies with the city-country temperature 

difference. It decreases toward noon and reaches its maximum in the evening: 

Berlin 
Breslau 
Munich 

7 a. m. 2 p. m. 9 p. m. 

5 
5 
4 

4 
5 
4 

80/0 
80/0 
90/0 

This daily fluctuation also varies according to season. In the winter it almost 

completely disappears. while reaching its maximum in early summer. In summer 

the evening observation shows especially great ~differences. At that time the city 

is from 12 to 150/0 drier than the country. Like temperature differences, humidity 

differences also show especially high figures when local factors due to special 

weather conditions, especially clear weather, can come into full play: 

1. On hot and warm days dryness in the city is especially high in the evening: 

2.1 mm Hg absolute humidity, or 280/0 relative humidity drier than the country, 

while the daily average is 1. 2 mm Hg or 120/0 [261, 213]. According to BUdel and 

Wolf [72, 4] the differenCE: ~'mich on such a day was 300/0 relative humidity from 

Karlsplatz to the English Gardens (see figure 58). 

Fig. 58. Relative humidity in Munich, July 1, 1932 at 6 p. m. [72, 4] 
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2. On hu:mid, rainy days the city is so:mewhat more hu:mid$ in absolute 

terms, for the te:mperature is also higher and enough water is available for 

vaporization. 

3. The same is true of clear, cold days~ for the temperature of the city 

is much higher than in the country and as a result more moisture can be absorbed. 

In Berlin, H. Lessmann and P. Zedler [283] 1935 made tests with an Assmann 

Psychrometer and found on a 14 km stretch with 46 measuring points differences 

in relative humidity of up to 18%, and in vapor pressure only up to 1. 0 mm Hg. 

The lines of equal relative moisture follow those of the built-up area rather 

closely (figure 59). 

Fig. 59. Distribution of relative humidity in terms of deviation from 
the mean (80%) in Berlin, November 14, 1935 [283, 165]. 

The same test is plotted for absolute humidity in figure 60. 

Fig. 60. Deviation from the mean vapor pressure (5. 9 mm Hg) in 
units of 1/10 mm Hg in Berlin, November 14. 1935 [283, 165]. 
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The deviations are small, but run in the same direction as deviations in 

temperature» which means that the effect of a rise in temperature in the city 

outweighs the relative dryness, so that the picture of vapor pressure is 

similar to that of temperature differences. 

H. K. Metzler [322] carried out similar tests in Hanover in 1935. The dif

ference in relative humidity reached as high as 250/0 at the nocturnal maximwn$ 

which occurred at 2 a.:m. in the country and 6 a. m. inside the city. The slower 

cooling-off rate of the urban stone masses is clearly discernible here. A rapid 

change in the figures was especially noted at the city's edge» just as in the case 

of ternperature. 

Kremser lists as causes for this relative dryness (besides higher tempera

ture): 

1. The increased number of smoke and dust particles around which the water 

vapo:r may collect in the form of droplets» thereby lessening its effectiveness in 

vapo:r pressure and humidity. Yearly variation must also be taken into account; 

since there is more smoke in the air during the winter than during the summer, 

the difference should also be greater. The figures, however, indicate just the 

opposite. 

2. The lack of ground humidity. In the city, rain-water is scarcely absorbed 

by street and roof surfaces at all; it is immediately removed through underground 

sewage systems. It cannot vaporize as it does in the country. Over-all, about 

one third of fallen rain-water is vaporized. Street-sprinkling seems to compen

sate only slightly for this. This is probably the chief cause for cities' dryness, 

and it brings about an absolute increase in temperature as well. Dryness, there

fore, is a very strong distinguishing feature of city climate as opposed to moist 

forest climate. 

3. The lack of vertical mixing. Mixing is great in summer, small in winter, 

I would also consider the following as responsible for the small difference in 

winter humidity: snow cover, frozen ground, and absence of plant vaporization 

processes. The difference in winter is small because at that time the city and 

country ground surfaces are in many ways similar. 
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2, City Fog 

From the preceding~ we have seen that the city is warmer and drier than 

its environs. As a consequence of this, any phenomenon connected with lower 

temperatures and higher humidity should likewise be weaker in the city than in 

the country. Thus it is surprising that city fog, because of its frequency. ten .. 

acity and unfavorable effects. has achieved such a bad reputation. I mention 

only the fog of London; however. any big city not particularly favored by its 

location could produce similar phenomena. The study of this peculiarity of 

urban climate, so striking and so important to the city's physical picture, was 

for this very reason begun early, and it is the English who have done the most 

intensive and productive work on it. The "Air Analysis Committee. II "Man

chester Field Naturalist Society. II and the "National Smoke. Abatement Society" 

were all founded with this purpose. 

a) Facts 

The fact of the city's influence on fog is best revealed in the increase in 

fog which accompanies the cityU s growth. Brodie. [183. 276] found increased fog 

in the following years (the increase pertains mostly to fall and winter): 

Increase in Foggy Days in London 

Foggy days per year 
Population. in thousands 

1871 .. 1875 

50.8 
2804 (1871) 

1876 ... 1880 

58.4 
3816 (1881) 

1881 ... 1885 

62.2 
4150 (1886) 

1886-1890 

74.2 
4767 (1890) 

Behre [29. 116] found 15. 8 foggy days (mean) for 1887 ... 1906 in Berlin. while 
If 

Hellm.ann [201» 904] found 47 in 1921. In Nuremberg-Furth the difference between 

city and country for the 1922 .. 1931 period was 88.8-43.3. : 45.5 foggy days. 

Figures from Munich. on the other hand, showed no difference. probably because 

the country station there is situated near the Dachau peat-bogs (IiDachauer Moosli). 

Russel [406. 34] was able to show that the amount of fog at the 8 a. m. observation 

grew right along with the increase in city size. The initial and final figures of his 

listings will suffice: 

Aberdeen, pop. 105,000$ has 20/0 foggy days. 

London, pop. 4, 767 2 000, has 13.50/0 foggy days. 
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A. Rethly [396. 101 f] provides the following figures for "fog-days" in 

Budapest: 

1782-1792: 31. 3 
1910 -1938: 56.2 

1871-1900: 26.6 1901-1930: 46.2 

B. Hrudi~ka [217, 337 f] gives very interesting figures for Prague. 

1800-1819: 82.8 
1860-1879: 78.7 

1820-1839: 79.5 
1880-1899: 158. 0 

1840-1859: 86. 8 
1900-1919: 217.0 

From then on there was no further increase. Yearly variation also changed. 

Months 

1800-1839 
1880-1919 

Yearly Variation in Foggy Days in Prague 

1 2 3 

13.9 13.0 9.0 
10. 6 9. 1 9.9 

4 5 6 7 

5.2 3.2 2.8 2.8 
7.6 5.6 4.2 4.2 

8 9 10 11 12 

3. 8 8. 2 13. 0 13. 1 12. 00Xa 
6. 4 9. 0 11. 2 11. 0 11. 00Xa 

Increase in Foggy Days from 1800-1839 to 1880-1919 in Individual Months 

Months 1 2 3 4 5 6 7 8 9 10 11 12 year 

Days 8.5 6.6 11. 3 10. 1 7.9 5.6 5.6 8.9 10.2 10.4 10. 2 11. 0 106.3 
0/0 75 63 155 240 304 243 243 287 155 98 95 11 131 

Fall and spring show the greatest absolute increase, while the relative in-

crease is in the warm season. C. Maurain [314, 104] found double the number of 

foggy days in 1933 as compared with 187'4. in Paris. Hader (according to Topitz [488, 

95 if] ) in Vienna. on the other hand. found a decrease in foggy days since 1920: 

1906-1935: 70.3 
1921-1950: 58. 3 

1911-1940: 72.5 1916-1945: 66.6 

However. this decrease should be attributed more to regulation of the Danu1j>e 

and lowering of the ground-water level than to improve:ment of city air. 

Direct co:mparison of city and country stations yields further reliable proof 

of the great influence of the city upon fog. In 1902 and 1904. Carpenter [79. the table 

at the beginning of the book} tabulated the figures for London fog on this basis: 
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Fo~~y Dars in London and Environs 

Months 1 2 3 4 5 6 7 8 9 10 11 12 

London 8. 7 5.7 4.7 2.3 1.1 0.4 0.5 0.8 5.5 8.6 7.8 9.5 
Greenwich 3.8 2. 8 2.4 1.4 0.8 0.8 0.4 1.2 3.8 5. 1 5.2 5.0 

Difference 
betw. L. and G. 4.9 2.9 2. 3 0.9 0.3 -0.4 O. 1 ':'0.4 1.7 3.5 2.6 4.5 

These figures are means drawn from the years 1811-1890 for Greenwich and 

1876-1890 for London, and are, therefore, not perfectly comparable. Besides~ 

they are kept within very modest limits, and are superseded by later investigations. 

Maurain provides us with more impressive figures for a period of 8 years in 

Paris [314, 121]: 

Number of Days with 

Light Fog Medium Fog Heavy Fog Total 
Winter Summer Winter Summer Winter Summer Winter SUIPmer 

Tour St. 350 49 49 3 8 0 407 52 
Jacques 

Le Bourget 219 38 39 2 16 0 274 40 
Edge of City 219 49 43 3 14 1 276 53 
Country 60 6 28 2 5 0 93 8 

According to G. W. Sch1eichowski r 420, 26 f. ], Hamburg has 126 foggy days 

per year, while the islands of Sylt and He:gdand have 40. 

The most fog was always found when wind was from the city. This was the 

case in Vienna [483, 501 f.] and London [92, 13; I, 261]; in the latter case, 10 

times more fog was found during city winds than otherwise. 

According to Schmauss [421, 182], Munich-Har1aching had a mean of 23. 2 for 

the period 1901-1906, whereas the State Weather Observatory in Munich recorded 
II 

58.5 foggy days. Pfaff [365, 9] found, in Saarbrucken, 1925-1930, 55.2 foggy days 
II 

in the industrial district of Dur1ach, 29.3 in the city of Saarbrucken proper, and 

12. 5 on the slope of the Sonnenberg. 

London had 40 foggy days in 1936/37 [536, 134] J as compared to 15 in the out

lying country-side. 
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Fig. 61. Num.ber of foggy days per year in North Germ.any [448, 29]. 

City influence can be seen directly on the fog-m.ap of North Germ.any (figure 

61). 

The port-cities of Ham.burg and Brem.en stand out particularly, for in both 
II 

case s m.an I s and nature I s effects are in the sam.e direction. Koppen [254, 248] 

com.piled a sim.ilar table for Sweden. The m.axim.a occur in Stockholm, with 58. 8 

foggy days per year. and Upsala, with 66. 2 (1886-l895). 

The fog-m.ap of The British Isles [380, 79] discloses m.axima in the central 

English industrial district and in Glasgow, both of which are due to hum.an activity, 

as com.pared with the natural m.axim.um. on the Channel coast (figure 62). 

Elevations of m.ore than 500 ft. (150 m.. ) are not included on this m.ap. which 

coincides very closely with the m.ap of air pollution over England [524, 10]. 

Asworth [20, 71] found a weekly fog ... curve for industrial cities, just as he 

did in the case of precipitation: 

Foggy Days in English Industrial Cities, 1927-1930 

Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

22.5 52.0 42.5 43.0 41. 0 34.0 29. 0 
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Fig. 62. Fog-map of the British Isles [380. 79] 

This table requires no further elucidation. 

M. Sperk [463, ref. 62] gives a yearly curve for the difference in fogginess 

between city and country for NureITlberg: 

1 2 3 4 5 6 7 8 9 10 11 12 Years 

9.9 5.6 3.2 3.5 1.5 0.0 o. 9 1. 3 1. 4 4.8 7.2 8. 2 47.5 

Naturally, the ITlaximum for fog in general as well as the city! s great amount 

of fog occurs in the winter. (Cf. the yearly fog variation for London and vicinity 

shown earlier. p. 132) 

A difference in the daily curve can be seen, since city fog becomes especially 

thick between the hours of 6 and 10 a. m. J while in the country, fog is thickest 

during the night hours. Russel [406, 34] and Carter [80. 276] found this to be 

the case in London and Lincoln, as shown in figure 63. 
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Fig. 63. Daily curve of city fog in Lincoln, Nebraska [80, 276]. 

The figures on the left are the total number of fog-hours for the period 
1908-1927 

From 6 to 10 a. rn.. during the period 1908-1927, 276 fog-hours were recorded, 

that is, 65% of the total fog-hours. 

General weather conditions which are necessary or conducive to the formation 

of city fog are, according to Armington [16, 104]. the following: 

L High barometric pressure and weak gradients centrally located over the 

city during the night before the fog. 

2. Late fall, early spring, long clear nights, small amount of air move

ment. 

3. A particularly low temperature is not necessary. Coolip.g alone is not 

sufficient. Fog formation in the city begins when chirn.neys begin to srn.oke. 

In many cities distinctions are made. by laymen as well as specialists, among 

various types of fog, on the basis of cause» origin or times of occurrence .. Thus s 

for example, Fr. Hader [170, 116] sets up the following fog-types for Vienna: 

1. Actual city-fog, in the center of town; in winter. especially from the early 

evening hours to rn.orning hours of the following day. In summer, it reaches its 

rn.aximum between 7 a. m. and 1 p. m., as a result of household heating. 

2. Danube fog. 

3. Pseudo-City-fog; on the Marchfeld, southeast and southwest. 

4. Suburban fog. 

5. Country fog. 
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H. Marsh [309. 138] distinguishes typical city-fog. which lasts all day and 

grows thicker, and country-fog, which is present only in the morning and dis -

appears by noon at the latest. 

Lyons has very complicated fog conditions [371. 192 H. ]. As a result of its 

location in the Rhone Valley, city and country fog mix. There. distinctions are 
I I i I 

made among "brouillard general, II "br. local." "br. bas. II "br. eleve." IIbr. 
I 

avec ciel plombe," "br. du matin, II 11du soir, II "du minuit. II It is practically a 

science in itself! 

From all these data it is evident that the city is a great fog-production center, 

far out-distancing the country in abundance of fog in general, other things bein~ 

equal. 

b) Causes 

The cause of this peculiar phenomenon is to be found in the way in which 

fog is created in general. Fog is produced when water vapor condenses, i. e .• 

when it forms into droplets. This condensation occurs only around some nucleus, 

any particle to which the water vapor can cling. The more such nuclei are pre

sent, the easier it becomes, water vapor content of the» air being equal, for fog

formation to occur. We know from Chapter IV the enormous amounts of dust and 

smoke produced in the city each day. They constitute convenient condensation 

points for water vapor. The amount of fog will consequently be greater at those 

times when (1) humidity and (2) the supply of nuclei are very great. Such is the 

case both in winter and in the morning. For this reason, the amount of fog is 

especially large on winter mornings. This is very characteristic of London fog. 

According to Russel [406, 3], it is created as follows: If Usual white fog covers the 

city at 6 a. m. ; shortly thereafter, about a million fires are started. The air 

becomes filled with huge amounts of smoke and gases which carry coal particles 

with them. As soon as these particles cool down to or below the air temperature, 

the water droplets and condensed water vapor present attach themselves. A thick 

layer of such particles holds the light out; very small amounts of finely divided 

coal can completely obliterate sunlight. The smoke prevents the slanting sun rays 

from reaching and dissipating the white fog at the bottom. Ii This description points 

out clearly the two effective conditions here: humidity. and production of soot 

particles. Only the second of these factors is dependent upon the city; the first 

- 136 -



belongs to general climatic conditions. For this reason,' the location of the city 

is a decisive factor in large-scale formation of this fog: coastal location or 

location in areas rich in water, or in valleys. These locations are such that re

lative humidity frequently reaches 90 to 100%. Whereas a relative humidity of 

100% is required for fog to form in the pure air of the flat country, it can form in 

the city earlier, at about 90%. For this reason, ,cities located at river-mouths, 

e. g.» Hamburg, Bremen and London, head the list in this respec t. 

Besides coal, all the other solid impurities mentioned in Chapter IV figure 

as condensation points for water vapor. They lend the city fog their own violet

grey to black, often brownish-yellow, color, which distinguishes it from white 

country-fog. According to Aiken [184, 275 and 2,55] ,they also cause its stability, 

its resistance to dispersion, for, in contrast to the country-fog nuclei, they have 

a great affinity to water, i. e. , are hygroscopic. As a result of this affinity, 

the nuclei take the water vapor from the surrounding air and condense it into 

liquid form, even when the air is not saturated. This process is facilitated by the 

great radiation power of the coal particles, which cool down to below the tempera

ture of the air. The"'water vapor must condense onto them sooner than the air 

temperature would warrant. Both causes, affinity and radiation power, nat.urally 

prevent early dispersion of fog. Moreover, the city-fog nuclei are much larger 

than those of the country, so that even the nuclei alone interfere with visibility. 

This is how typical dry city-fogs are created. 

Thus the principal blame for city fog is borne by coal and improper heating 

plants where the coal is not completely burnt up. The plague of city-fog hence 

began with the use of coal as fuel. Symons [183, 274] reports that increased fog 

formation in Paris began with the introduction of coal. Quite the contrary, a de

crease in fog, occurs when better heating plants are installed which an aim toward 

complete burning up of the coal. Brodie [533, 135] found that London fog decreased: 
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Mean foggy days 
Hours of sunshine 

Winter: 1883/84-1891/92 

29.9 
55.6 

1893/94-1900/01 

20.7 
70.1 

1901/02-1909/10 

10,6 
93.5 

Similarly, according to records made by the Munich State Weather Observa

tory, 1923-1926, there was no increase in foggy days as compared to the surround

ing area (see also p. 120 if). Brodie attributes this decrease to the installment 

of water and gas heating, both of which lessen the creation of smoke. The best 

method is probably electrical "de-sooting, II which eliminates all solid smoke 

particles, or electrical heating. 

c) Harmfulne s s 

There is no need to waste words concerning the harm caused by city fog. 

A few statistics will suffice. According to Shaw and Owens [450. 164], light-

loss due to city fog in London amounts to one-half in winter» and one-sixth in sum

mer. Furthermore, fog prevents the dispersion of harmful gases and smoke in 

the air; the carbon dioxide content in London air on a foggy day can rise from O. 04 

to as high as O. 14%. All the other gase s also increase in like proportion. This, 

of course, increases the persistance of the fog. This is another example of a 

self-contained and expanding weather phenomenon which can be overcome only 

by means of factors from without: solar radiation and air movement. The cost 

incurred by one foggy day in London is estimated at from 20,000 to 50,000 pounds. 

During the foggy period from January 24 to February 14, 1889. 2,994 more deaths 

than usual were recorded, and cases of illness amounted to about ten times as 

much. The greatest fog disaster of all time, however, occurred in London from 

December 4th to 9th, 1952 [ 506]. More than 4,000 deaths resulted from fog. 

The curves in figure 64 show clearly the relationship of deaths to the S02 and smoke 

(fog) concentration, as well as its delayed after-effects, since the death curve, 

. even as late as December 15, had not yet falled back to its earlier level. 

- 138 -



'-123456789101214 
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Fig. 64. Daily air pollution and deaths in Londin, December, 1952 
[506, 270]. 

Absalom [1, 265] enumerates, besides the now-famous fog situations in 

Liege, 1930, and Donora, Pennsylvania, 1948, a large number of similarly heavy 

and fatal fog periods in England. 

On the basis of all we have seen, we must consider city-fog not only one of 

the most harmful, but also one of the most characteristic phenomena of city 

climate. Glory and honor to the man who can free the big city and its populace 

from this scourge! 

3. Cloud Formation 

a) Statistical tables with various results 

The powerful effect of the big city upon fog-formation suggests that such 

effect continues higher up in the atmosphere. Indeed, increased cloud-formation 

has been found over many cities. The analysis of figures from Munich (State 

Weather Observatory and Botanical Garden) for the years 1923-1926 provides the 

following table: 

Estimated Cloudiness (in tenths of sky-cover) 

Months 1 2 3 4 5 6 7 8 9 10 11 12 year 

Munich: 
State Obs. 7.8 7.8 7.0 6.5 6.3 7.3 6.3 5. 7 6. 1 6.7 7.9 8.4 7.0 
Bot. Gar. 7.6 7.4 6.9 6.2 5.9 6.8 5.8 5.3 5.7 6.4 7.9 8.2 6. 7 
Di£. betw. 

st.Ob. and 0.2 0.4 O. 1 0.3 0.4 0.5 0.5 0.4 0.4 0.3 0.0 0.2 0.3 
B. Gar. 
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m.onths 1 2 3 4 5 6 7 8 9 10 11 12 year 

Nuremberg: 
DU. betw. 
city and 
country: 0.1 -0,1 -0.3 -0.5 -0.3 -0.3 -0.3 -0.4 -0.3 -0.3 -0.1 0.0 -0.3 

Nuremberg is thus one of those cities in which the dissipating effect predom.

inates [463, ref. 62]. 

The city has more cloudiness than the country the whole year through. In 

summer, the period of ascending air flow, the difference is greater than in winter. 

The city consequently has more cloudy days and fewer clear days than the country: 

Munich, city 
Munich, country 

Cloudy days 

166 
157 

Clear days 

34 
43 

Nuremberg, on the other hand, is apparently not large enough to exercise a 

marked effect. Despite a much larger number of foggy days, it has more clear 

days than the surrounding country [463, ref. 62]: 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 

-0. 2 1. 4 1. 5 1. 8 2.0 1. 1 1. 6 1. 1 1. 6 0.6 0.5 O. 2 13.2 

and fewer cloudy days: -2. 3. 

Berg [36, 65 if.] gives the following data for Hanover and Cologne: 

Hanover 
Niemburg (country) 
Cologne 
Leverkusen (country) 

Clear Days 

35.2 
38.6 
35.6 
42.3 

Cloudy Days 

119.9 
127. 2 
99.5 

136.2 
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Besson [45, discussion p. _ 253] arrived at positive results in Paris. 

According to him, the city of ParJ.:;; receives daily a half .. hour less sunshine 

than the open country. He explains this by the heavier cloudiness over the 

city. 

I have attempted to support the Munich findings with further investigations. 

I have compared the data from Stuttgart, Cologne, Budapest, Tiflis, Baku, 

Moscow, and St. Petersburg with those of their corresponding country-stations, 

but only Stuttgart and Moscow produced results analogous to the Munich example. 

In all the other cases, the respective cities seem to have less cloudiness than 

the open country. In any case, however, the differences remain within the 

limits of error, so that the question cannot be answered on the basis of ordinary 

weather observations. Only regular air photos from great heights could lead 

toward the desired solution. From the following figures for Vienna [497] it ap

pear s that there is a decrease in clear days and an increase in cloudy ones, if 

one disregards several side-factors: 

Number of clear days, 1871-1924: 60, 50, 71, 71. 68, 52, 67, 42, 58, 58, 

63, 78, 58, 75, 86, 76, 73, 52, 46, 64', 50, 76, 80, 57, 66, 48, 41, 49, 47, 

45, 40, 56, 61, 57, 43, 51, 56, 48, 29, 25, 33, 21, 40~ 33, 26, 22, 45, 26, 

35, 37, 86, 48, 39, 47. 

Number of cloudy days, 1871-1924: 111,.134, 98, 107, 103, 131, 108, 133, 

135, 124, 146, 100, 108, 116, 103, 121, 110, 115, 135, 91, 116, 121, 83, 97, 135, 

124, 144, 137, 109, 141, 106, 138, 125, 153, 131, 129, 134, 141, 153, 161, 146,166, 

149, 169, 189, 191, 155, 169, 153, 144, 92, 147, 158, 155. 

Fig. 65. 
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Five .. year totals of cloudy and clear days in Budapest, 1861-
1935 [396, 112]. 
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Similarly, A. Reth1y [396, 112] found a marked decrease in clear days 

and increase in cloudy days in Budapest (see figure 65): 

Clear Days Cloudy Days 

1861-1880 
1881-1900 
1901-1910 
1910-1938 

69.5 
79.6 
57.5 
51. 2 

72.4 
93.4 

110: 5 
113.3 

Finally, H. Landsberg made studies in Washington for the years 1891-1920 

and 1921-1950. Here, too, the figures show a decrease of 57 in clear days and 

an increase of 36 in cloudy days (see figure 66). According to Landsberg, how

ever, this increase is only partly due to the growth of the city; it is also partly 

due to the increase of maritime climate in the northeast of the U. S. In spite 

of this, the three parallel sets of figures indicate influence of the city on cloudi..., 

ness. 
til 

>-

~ r 
~200 

...-! 
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Fig. 66 Over-all ten-year means of clear and cloudy days in Washington, .... 
1900~1950 [271, 66].' 

b) Daily Variation 

The Munich figures offer little information on the daily variation. Thete 

are apparently two maxima, evening and morning, while at noon less cloud for

mation is indicated. The main period of cloud formation seems to begin in the 

afternoon, while the dissipation over the city in the evening occurs more slowly: 

Difference in Cloudiness Between City and Country 

Munich, city 
Munich, country 
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7 a.m. 

7. 28 
6.95 

0.33 

2 p.m. 

7.10 
6.88 

0.22 

9 p.m. 

6.55 
6.20 

0.35 



Hann [179, 38] arrives at different results. According to him, the city

country difference in cloudiness for Paris is: 

6 a. m.. 9 a. m. 12 n 3 p. m. 6 p. m. 9 p. m. 

+2.0 +0.8 +1.1 +1. 2 -0.3 -4.5 

Thus, in contrast to Munich, Paris has less cloudiness than the country in 

the afternoon and evening. It is possible that the contradiction in these results 

is caused by the differing locations of the outlying stations with respect to the 

cities, since the outlying station for Munich is to the west, that of Paris to the 

east of the city. In this case, too, only air photos and longer series of observa

tions can clear up the question. In the case of Cologne, we must assume some 

dissipation effect upon cloudiness, since there the city has less cloudiness than 

the airport throughout the day [35, 106]: 

City 
Airport 

:='h.i 1 .. ~: ariation in Cloudine s s, Colo gne and Surrounding s 

7 a .. m. 2 p. m. 9 p.m. 

7.4 7.1 7.2 
7.9 8.0 7.5 

-0.5 -0.9 -0.3 \ 

According to Berg [35, 106] the city of Cologne shows a pronounced tendenqy 

toward "broken" cloudiness. This is not caused by greater stability of city air, 

however, but rather by the blocking effect of the city's profile, which causes 

greater vertical mo'vement. 

To-date no study has been published concerning the weekly variation in cloudi

ness. Such a study would, however, show positive results in the case of indus

trial cities or cities unfavorably situated, that is, small amount of cloudiness on. 

Sunday, thus making the day's name scientifically appropriate! In the case of 

radiation, temperature, precipitation and fog, some studies have been made 

though only in the form of isolated experiments. Studies of this type are sorely 

needed, and would be very valuable, since they would show clearly the effect of 

human activity on the difference between work-days and non-work-days. Also. 
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they would show how the city influences its climate as a whole (mesoclimate) 

and not only the immediate vicinity of the weather ... station. And, finally, re

cords of one city station would be sufficient for such studies, providing as great 

an amount of data as possible. 

c) Tentative Explanation and Case Examples 

In ordeJ; to explain cloud formation over many cities during the day, we 

must take wind conditions into consideration: 

1. The city, because of its heat excess, is the cause of a special wind 

system. The warm air masses over the city rise and must condense as soon 

as the saturation point is reached. This cloud formation will be facilitated and 

hastened by the nuclei which are carried with the air, and supplied in such 
II 

abundant amounts by the city. Spath [461, 105], on October 23, 1918, in the vic-

inity of Cologne, was able to observe how a single ironworks in full operation 

gives rise to a large cumulus cloud (see figure 67). 

Fig. 67. Cloud formation above an ironworks [461, 105]. 

Similarly, Kassner [241, 104] observed a cumulo-nimbus cloud over a 

fire, with rain pouring out of it. We must picture the effect of the city in a 

similar way; though the city' s heat in comparison to the surroundings is not 

a$. great as in the case of a fire, nevertheless the total heat produced by the 

city is far greater than that of a single fire. Thus conditions are favorable 

above a city for cloud formation and precipitation. We are indebted to R. 

Geiger [146, 439] for direct observation of such a process (September 8, 1931, 

see figure 68); 
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") C-l 

A Oberwiesenjeld 

Fig. 68. Cloud formation and rainfall over Munich [146, 439] 

Above: (view from above) Dots: 
Arrows: 

Below: (side-view) Dashes: 
Arrows: 

rain 
wind direction 
rain 
wind direction 

A light NW wind prevailed. In the whole surrounding area, only small 

clouds were to be seen, but over Munich an enormous cumulo-nimbus cloud 

built UPJ and rain began to fall heavily. On September 17, 1934, at 1 p. m. , 

I myself had the opportunity to watch the formation of a huge cumulus cloud 

from Planegg. The city lay in thick vapor; only the nearest houses were vis

ible. Above the city, however, there loomed an enormous cloud which over

shadowed everything in the surrounding area. This cloud formation is also 

a process which is self-contained and increases as soon as condensation of water 

vapor begins, for at that point the considerable heat of condensation is released 
< II 

and strengthens the upward push. A reverse process was observed in Olmutz 

on June 4. 1897, in the afternoon, in which clouds already-present were dis

sipated by a highly heated city. The dissipation was accomplished in from 5 to 

7 minutes. Berg [36], as already mentioned above, was frequently able to 

observe from an airplane the dissipation of an overcast. Figure 69 shows one 

such case. Just as often, however, he found, as mentioned above, greater 
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, 69. of the big city upon a stratus layer (900 to 1200 m) 
in the process dissipation, March 3, 1938, 6:50 a, m. 
[ 36, 66]. Dotted s show remains of the cloud at 7: 20 a. m. 

rmation of cumulus clouds over the city. From the figures given above con-

ce and cloudy days in the city, he found, in the case of Hanover and 

Cologne, that the outlying stations show a greater number of both clear and 

cloudy days. 

The greater stability of country air is seen in the tendency toward cloud

lessness or to overcast; the "instability" of city air is shown in the tendency 

toward broken clouds. 

Similarly, observations by R. Schneider and K. Sonntag [437, 18] showed 

that the cloud levels over the Oberwiesenfeld Airport lay much higher than over 

the unbuilt-up part of the Munich plain, especially at night. It was noted that 

especially during light winds, the lower boundary of the clouds lay 100 m lower 

over Feld-Moching than over the airport. According to the above studies, these 

cases seem to be as frequent as their opposite, so that both processes are pro

minent in the mean figures of the station. 

The city, whose house-masses rise up out of the surroundings, blocks 

air movement by increased friction. Following air masses must ascend above 

those that are blocked. According to Seilkop£ [448, 28], this creates a surf

like zone with an adiabatic lapse rate. whereas in undisturbed flow areas a 



weaker lapse rate ·prevails. Thus, within the "surf-zone" the condensation 

level may be lowered. The corresponding lowering of a cloud layer over the 

city as against the surrounding area was often observed by Seilkopf [ 447, 116 f.] 

in Hamburg. Occasionally low clouds could be formed by the low land turbulence 

over the city, while in th~ surroundings no (or only high) cloud formation occur

red. On August 6, 1927, during easterly wind, fracto-cumulus clouds were 

formed at a height of 150 to 200 m over Hamburg and were closely packed over 

the windward side of the city (see figure 70). 

Fig. 70. Cloud formation over Hamburg (August 6, 1927) [447, 117]. 

Over the eastern half of the city the cloud edge followed the city's boundary 

quite closely, while in the outlying area only one single cloud was seen, at 

Volksdorf. 

From the sketch it can be seen that the same clouds occurred over the 

South Elbe and the chain of hills at Harburg. Thus, the city assumes in these 

cases the function of a wooded ridge. 

As a result of these seemingly contradictory studies, we can nevertheless 

assert that the city is conducive to the formation of cumulus clouds, but that it 

often has a dissipating effect on stratus overcasts which move across it. 
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IX PRECIPITATION 

1. Precipitation in General 

a) Statistics 

Increased formation of clouds over the city naturally leads to heavier 

precipitation within the metropolitan area. 

Generally an increase of precipitation is found within the city. Grosse 

[163, 78] found, for the years 1896-1910 in Bremen, a surplus of 16% in the 
" Burgerpark 2 km north-east of the market-square, compared to the Bremen 

free port, 1. 5 km north-west of the market-square. In Rochdale [18, 343] pre

cipitation increased as follows: 

1898-1907 ............... 42.9 inches 
1908-1917 ............... 45.8 inches 
1918 -1927 ............... 48.7 inches 

Bogolepov [60, 153] reports that an average of 604.8 mm of precipitation 

fell in the city of Moscow in the period 1910-1926, whereas only 539. 0 mm fell 

in the country 10 km to the west -- a difference of 69.4 mm or 11%. I was able 

to find interesting corroboration of these relationships in a study made by Ham

berg [173] ; he gives figures for precipitation in rapidly-expanding Stockholm and 

in Upsala for the years 1867-1910: 

1861-1865 
1-S06~1~0 
1871-1875 
1876-1880 
1881-1885 
1886-1890 
1891-1895 
1896-1900 
1901-1905 
1906-1910 

Precipitation in Stockholm and Upsala 

Stockholm Upsala 

369.6 mm 
430. 4 mTIl--
387.2 mm 
436.2 mm 
515.4 m.m 
478.2 mm 
461. 6 mm 
590.6 mm 
517.2 mm 
548.0 mm 

- 148 -

527.8 mm 
622. 8 mnr 
494.8 mm 
491. 0 mm 
545.6 mm 
540.8 mm 
501. 4 mm 
574.8 mm 
514.6 mm 
551. 0 mm 

Stockholrn:Upsala 

O. 70 
-0.69 

O. 78 
0.89 
0.94 
0.88 
0.92 
1. 03 
1. 01 
0.99 



Whereas Upsala shows no significant change in the amount of precipitation 

in any form, the amount for Stockholm continually increases. 

Tables are available for Trieste [377, 23], which show no increase in 

amount of rain, but do indicate an increase in the number of rainy days having 

~ 0.1 mm of precipitation, while the greatest daily values decrease in the same 

period. 

1841-1850 
r8-5 r -1860-
1861-1870 
1871-1880 
1881-1890 
1891-1900 
1901-1910 
1911-1920 
1921-1930 
1931-1940 

Precipitation in Trieste, 1841-1940 

Greatest 
Daily 

Am.ount of Rain Days with ~ 0.1 mm pro . Values 

1070 mm 95.2 80mm 
1222 mm 103.8 67 mm 
1009 mm 93.5 72mm 
1139 mm 108.4 71 mm 
1059 mm 123.0 66mm 
1028 mm 130. 0 61 mm 
1030 mm 126.4 60mm 
1170 mm 135.3 62mm 
1034 mm 124.3 60mm 
1034 mm 126.4 68 mm 

It is difficult to say what the reasons are for these increases. The instru

ment set-up was changed, to be sure, but not at the time the figures jumped. If 

it is not a question of more accurate observation, then one must assume an in

crease in light rains, such as are indicated in the Munich tables which follow 

shortly. In the above climate data, no change was found for storm, hail, snow 

and fog days. Another example of greater rain amounts is furnished by data 

from Hong Kong [465, 2 ff.] for the years 1938 and 1939; the station in the center 

of the city which showed the heaviest rainfall had 126. 5% of the average precipita

tion of over 21 stations distributed in city and country, while the drie st country 

station had only 79.50/0. However, the topography of the area is a factor here. 

Also, the special network was only in operation for two years. 

b) Where does the most rain fall over a city? 

Various answers have been made to this question. According to Schmauss 

[424, 339], more rain falls in east Munich than in the western section: taking the 

State Weather Observatory as a value. of 1, the astronomical observatory on the 
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east has 1. 05 of rain, and the botanical garden in the west has 0.98. Also, 

Harlaching, the southern section of Munich, has more precipitation than the 

center, 1. 02. This higher value for east Munich is especially true in summer. 

The summer figure is 1. 15. Particularly during heavy rainfall, the city re

ceives more than the country. If we group the precipitation figures by amount 

and compare the figures of the individual stations with one another, we get the 

following picture: 

Precipitation: 0.1-5.0 5.1-10 10-20 20-30 30-40 over 40 mm 

State Weather Observatory 1031 192 107 24 11 7 
Harlaching (S) 1901-1907 877 212 122 31 7 3 
State Weather Observatory 647 163 87 20 12 5 
Botanical Garden (W) 621 173 87 15 9 6 

1922-1927 
State Weather Observatory 2664 580 344 89 21 18 
Astronomical Observatory 2360 561 367 103 30 29 

(E) 1883-1900 

A further table for Munich [437, p. 18 f.] corroborate s the above figures: 

Precipitation in Munich and Environs 1901-1930 

Dftchau 
Fur stenfeldbruck 
Munich, St. Boniface 
Munich, Observatory 

Year1s Total 0.2 

781.0 mm 
842.7 mm 
886.4 mm 
906.3 mm 

165. 5 
171. 1 
172.7 
187. 1 

Days with> : 
1. 0 10.0 20.0 30. 0 40. 0 50.0 

mm precipitation 

126. 1 
132.6 
131. 0 
136.5 

19.8 4.8 
23.8 5.6 
24.7 7.0 
24.4 7.2 

1. 13 0.43 O. 17 
1. 60 O. 70 O. 20 
2. 70 O. 97 O. 33 
2.63 0.87 O. 30 

The£o-11owiagcone-lusions-Hlay-&e--drawn-from-these--figureS~ 

1. The center of the city shows a larger amount of light rain. 

2. The center also shows a larger amount of heavy rainfall compared to the 

south and west; however, in terms of the total it is surpassed by the east. 

The attraction of the large city for brief, heavy rainfall seems to be consider

able. Haeuser [188, Tables 6-11] gives a great number of cases in which pre

cipitation is confined strictly within the city limits, and the isopleths cluster con

centrically around the mid-point of the city. An example of an especially strong 

cloudburst over Munich is given here. It also shows the favoring of the eastern 

side and the clearly noticeable influence of the smaller town of Pasing (see 

figure 71). 
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Fig. 71· Cloudburst over Pasing and Munich on July 25, 1929 
(190, figure 1]. 

R. Schreyer [439, 102] finds great differences in rainfall distribution in 

Prague: little precipitation in the seuthern perdon, the center -of the city 

and the Moldau Valley, very much in the southeast, northeast and west. The 

difference between maximum and minimum amounts to 18% of the total. The 

average is 808 mm. In the case of especially heavy rainfall, Schreyer notes: 

1. A great difference between the areas with the most and those with the 

least rainfall (32. 6 to 50% of the total amount), and 

2. A striking similarity in the locations of the individual heavy rains. 

Berkes [41; 42, 108] gives a detailed report on precipitation conditions in Buda

pest. Here, as in Prague and Munich, topographical conditions also play an 

important role. However, the influence of the city as such upon distribution of 

precipitation is as follows: heavy rains and rainstorms during the summer are 

concentrated in southeast Budapest, in the lee of the predominating NW wind 

(see figure 72). 

In Vienna, according to Lauscher [277, 99], the Aspern airport (west) re

ceives 33.3 mm (i. e., 18%) less precipitation than the Hohe Warte. H. Emonds 

[118, 37] found that the center of the city of Bonn receives more precipitation 

than the edge of the city and the surrounding countryside. 
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Fig. 72. Precipitation for half-year (March-September) in 
Budapest, 1932-1941, given in percentage of total 
annual precipitation [42, 109]. 

c) Types of Rain in the City 

A thorough study of city rain was made by F. Werner [504] in Leipzig. 

He had a well-organized network of recording rain-gauges, distributed over 

the entire city, although unfortunately it did not cover the outlying vicinity. 

Also, measurements were made only during the summer half-year of 1934. 

Werner gives the following rain types for Leipzig as a result of his investiga

tion [504, 33]: 

1. turbulence rains 

2. showers; these have windward as well as central maxima 

3. rains with lee- side maximum for winds> 5 m/ s. 

4. rains with pronounced central excess values In the case of especially 

large positive and negative differences in temperature, i. e. , thermally deter

m.ined. 

5. the rest determined by local conditions. 

The rapidity of developm.ent of rain is dependent solely upon the force of 

the ascending air current. The same is true for prolonged excessive rainfall 

which is connected with fixed ascending air currents produced by the warlYl air 

current and the friction of the city (see further below). 

- 152 -



Rains over the center of the city fall mostly between 12 noon and 3 p. m. 

d} Yearly, Daily and Weekly Variation in Precipitation 

Of interest are the conditions in Helsinki and its vicinity, as studied by 

J. Angervo [11]. The city has 73.0 mm more precipitation than Tammisto, to 

the no rth. Ilmala, on the other hand, located on a hill to the south, has 706. 0 

mm, as against the city! s 651. 4, since it is from this direction that the moist 

sea-winds corne. In the summer, however. during the time of convection cur

rents, the outlying station in the north has more rain than either the city or the 

hill area. The influence exerted by the city upon rain in the Far North is thus 

chiefly the result of its blocking effect. 

months 

Yearly Variation in Precipitation in Helsinki and Vicinity, 
1924-1943 [11, 54 J 

1 2 3 4 5 6 7 8 9 10 II 12 year 

Helsinki 48.0 37.1 37.2 40. 1 47.5 40.4 55.9 75.2 70.3 79.8 65.4 54.6 651. 4 
Tamrnisto 29. 7 20.6 23.7 34.7 47.0 44.4 58.3 79.4 63.9 79.4 64.1 33. 1 
Ilmala 50.1 38.6 39.3 44.4 51. 2 45.8 59.8 81. 1 76.3' 87.8 74.9 56.7 

Ashworth [18, 341 ff.] reports on weekly variation for the factory-town of 

Rochdale, showing a minimum of precipitation on Sunday and a maximum on 

Monday, while a non-industrial town, Stonyhurst, does not show this variation 

so markedly. 

Weekly Variation in Precipitation 

578. 6 
7p6. 0 

1918-1927 Sat. Sun. Mon. Tues. Wed. Thurs. Fri. 

Rochdale 
Stonyhurst 

7.01 6.06 8.31 6.82 
7.15 6.66 8.12 6.82 

(The figures given are in inches) 

7. 12 
7,94 

6,84 
6,76 

6.49 
6. 29 

On Sundays, 130/0 less precipitation falls in Rochdale than the average for the 

week, 6,06 : 6.95 inches; in Stonyhurst, however, it is only 60/0 less, 6.66 : 7.12 

inches. The daily variation is also different on weekdays and Sundays. On week

days, between the hours of 7 a. m. and 6 p. m. (the working hours), more rain falls 

than on Sunday, as shown on figure 73. 

Of the total precipitation, the night hours during the week receive 775.3. and on 

Sunday 123.5 inches. The daytime hours (7 a. m. to 6 p. m. ) during the week re

ceive 882.5, and on Sunday 106.0 inches. The relationship of daytime hours to 
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5D ----.- ----+-. 

Fig 73. Daily variation in precipitation in Rochdale, 1926-1928. 

a) During the entire week (Sunday and weekdays) 

b) Sunday (multiplied by 7) 

The figures show the total rain-hours in the given 
period [18, 348]. 

nighttime hours is hence 1.14 during the week and 0.86 on Sunday. The dif

ference in precipitation during weekday working hours as compared to the same 

hours on Sunday is 14% in Rochdale and only 8% in Stonyhurst This difference 

fluctuates with the seasons. The difference is much greater in the winter than 

in the summer; in winter it is O. 78 and in summer it is 0.99. 

Because Sundays became working days during the war, the precipitation 

relationship of Sunday to weekday was no longer 1. 28, but 1. 12, while in another, 

non-industrial, city, the relationship hardly changed at all: 0.93 before the war, 

and O. 95 during the war, acco rding to a furthe r study by the same autho r [19, 

443] . 

Finally, we shall give data from cities with the most diversified climates, 

showing, in general, that there is more rainfall in the city than in the country, 

with some individual exceptions. 

Yearly Precipitation Difference 

Colo gne - Le -y;e r kus en 1912-1931 732 580 +152 mm 
Budapest-Kobanya 1911-1914 653 586 + 67 mm 
Tiflis (city) - country 1901-1906 566 549 + 17 mm 
Baku (city) - country 1901-1910 213 143 + 70mm 
Moscow (city) - country 1901-1910 668 572 + 96 mm 
Chicago (city) - country 1920-1924 33. 1 31. 5 +1. 6 inch 
St. Louis (c ity) - country 1920-1929 38.5 37.9 +0. 6 inch 

as compared with 
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Stuttgart - Esslingen 
St. Petersburg - Pavlovsk 
Philadelphia (city) - country 
Washington - College Park 

1924-1931 
1901-1910 
1920-1929 
1920-1929 

Yearly Precipitation Difference 

667 
517 
38.6 
40.3 

741 
574 
40.9 
40.5 

- 74mm 
- 74mm 
- 2. 3 inch 
- 0.2 inch 

These negative figures may be connected with the rain-gauge set-up in 

the re spective cities. In American cities, especially, the rain-gauges and other 

instruments are placed quite high up, with the result that the rain amount is 

reduced. In Stuttgart, the station is located on the flat roof of a 25-meter-high 

building. Esslingen also, being a factory area, is not too favorable a spot for 

comparison. 

Nuremberg also belongs to the group of cities having less precipitation 

than their outlying areas, according to M. Sperk [463, ref. 62]. It has 81. 2 mm 

less precipitation and 10. 4 days with;?; 0.1 mm of precipitation less than the sur

rounding area. Lyons likewise has 109 mm less than the outlying country [371, 

98] . 

e) Tentative Explanation 

In order to explain these facts, we must refer to the same causes as 

we did in the case of city fog and cloud formation. 

1. Precipitation, like fog and cloud formation, depends upon condensation 

nuclei. The enormous amount of such nuclei produced by industry, household 

heating and traffic must cause a correspondingly great amount of precipitation. 

Given equal or even somewhat Ie ss moisture in the city as in the country, the city 

will still be more susceptible to light drizzle than will the country. Because 

the production of nuclei is greater in the winter. than in the summer, we have a 

larger amount of such rains in the winter. In the port-city of Bremen, where 

location at a rivermouth is also a contributing factor, such rains are very fre

quent' and hence decisive for the yearly curve of the precipitation excess of the 

city [323, 293/94]. 

This nucleus output is also responsible for the singular dependence of 

amount of precipitation upon working days and hours, the times of greatest smoke 

production in an industrial city. The beginning of work on Monday, and the fresh 

re-firing of furnaces, must figure importantly h~re. This dependence is greater 
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in the colder season, since the saturation point of the air is more easily 

reached at that time than in the Bummer. 

2. Like cloud formation, precipitation is also dependent upon air cur

rent conditions. 

a) The city blocks air masses because of its contour, causing them 

to ascend, with resultant cloud formation; then, however, they must move at 

an accelerated velocity over the city, slowing down only upon reaching the lee

side, and precipitation may fall, for the carrying power of the air decreases 

with decrease in velocity. In a similar way,more snow falls on the lee-side of 

a mountain ridge, where it forms drifts, than on the windward side, where it 

is partially blown away. Thus clouds are formed more on the windward side, 

and rains fall more on the lee-side of a city. However, just as a ch~in of 

mountains as a whole blocks the moist sea-winds and causes rain to fall on its 

windward side, the outlying areas to windward of a city can also experience an 

increase in rainfall (see Leipzig example below). 

b) As a heat-source, the city produces an ascending air current 

above itself, which is conducive to cloud formation and, with sufficient available 

energy and moisture, the creation of precipitation. In the process, the cloud 

will be moved with the prevailing wind; for this reason more precipitation 

falls in the lee of the most frequent wind in a given city. In Munich it is the 

eastern side. This rule is particularly applicable to heavy rains, which are 

caused by just such ascending air streams. Glider-flying has shown that on a 

normal, warm summer day the atmosphere breaks up into ascending and de

scending convection cells. Cells of ascending air are mostly to be found over 

highly heated spots on the ground, which later, given sufficient moisture, be

come crowned wlth cumUlus clouds. Every city has such a "preferred" spot, 

over which cumulus clouds form, depending on weather conditions. The mois

ture is sucked up along with the air from the surrounding area. Since only a 

slight amount of fallen rain is vaporized, the greater part being carried off by 

sewage systems, the city has a drying-out effect on its surroundings. 

We must not forget the enormous amounts of water which large cities use 

up, constituting a further drainage upon the surrounding area. Linke [294, 89] 

found that this water consumption is equivalent to the amount of precipitation 

which falls on the city. In this regard, the city may well be compared to a 

desert, where heavy rainfall amounts are carried off in a short time, without being 

- 156 -



able to penetrate into the ground. In both cases, city and desert, absorption 

is lacking. Given the great areas occupied by industry, dwellings a:nd roads 

in the civilized countries (see pp. 19/20), the macro-climatic effect must not 

be disregarded. The city in this way drains increasingly large amounts of water 

from the small hydrologic cycle of its surrounding area. The cloudburst of 

July 25, 1929, reported by Haeuser (see p. 151), is an excellent example. Ap

parently the cloudburst moved north-east from the Ammersee region down the 

Isar over Pasing to Munich. On its way, its energy was augmented by locally 

warmed air, and so increased precipitation fell to the east of both towns. It 

looks as if the route of the cloudburst swerved first left from Pasing and then 

right from Munich. These small minima* over cities are places of least opposi

tion, which attract a small cyclone like this and detain it somewhat in its course. 

and:m.oreprecipitation can fall on their area. The attracting power, of cour se, 

increases with the size of the city: Pasing had a rainfall of 60 mm, Munich 80 

:mm. 

2. Thunderstorms 

Thunderstorms are nothing but heavy rains accompanied by electrical 

charges. For this reason higher thunderstorm activity over a city is probable; 

it is, however, somewhat difficult to ascertain this statistically, for audibility 

of a thunderstorm extends about 25 km. A thunderstorm in the city will be heard 

and recorded in the country. This is the reason that the Munich State Weather 

Observatory and the Botanical Garden report almost the same number of thunder-

" storms for the period 1923-1927. Furth, on the other hand. located further away 

from the Nuremberg station, recorded a mean of 27.8 "thunderstorm" days in 

1922-1931, compared to 32. 3 recorded in the city of Nuremberg. 

Sperk [463, ref. 62] reports 4.8 more' "thunderstorm" days in the city than 

in the country. If one includes the more remote surrounding area in the compari

son, the preponderance of the big city is clearly seen. I draw the following 

figures for Munich and more distant towns in its environment from the work of 

Alt and Weickmann [ 7] : 

* Translator's Note: The author has "Minima" here, but context seems to call 
for "Maxima. " 
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Thunderstorms. 1893-1907 

months 1 2 3 4 5 6 7 8 9 10 11 12 year 

Hohenlinden 
1 

1 6 31 86 109 136 88 31 2 490 
Munich 2 2 11 31 126 174 191 148 62 7 1 1 756 
Feldkirchen 1 1 11 34 84 123 155 97 32 6 2 2 548 
Maisach 1 1 14 59 62 78 56 27 6 303 

Of all the stations, Munich reports by far the most thunderstorms. An ex-

planation for this can be found in our previous discussions. 

Just as in the case of rain in general, different cities report various "pre

ferred" places for the breaking out of thunderstorm"s. In Dresden, thunder

storms moving in from the west have their greatest intensity immediately be

fore the built-up area, and arrive at the middle of the city somewhat weakened. 

[342,331]. Hellmann [196,173] reports from Berlin also that in 1892, on the 

bais of 6 years of observation, the western border area of Berlin had more 

thunderstorm activity than the center or east. Werner [504] reports the same 

for Leipzig. According to him, the traveling up drafts, which are strongest 

during thunderstorms, absorb the stationary up slope winds at the windward 

edge of the city as they reach it. 

In contrast to this, I have taken an example from the thunderstorm maps of 

Paris (figure 74) [ 347, 90] showing a thunderstorm to the north-east of the city, 

i. e .• on the lee-side. 

Fig. 74. Thunderstorm rainfall over Paris (July 11, 1927) [ 347, 90]. 

1. Hohenlinden lies 30 km. east of Munich; Feldkirchen about 60 km in the same 
direction, and Maisach 25 km west of Munich. 
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A thorough study of the delaying effect of the city is provided by W. Belger 

[30]. Thunderstorms are either local heat thunderstorms or else connected 

with cold-fronts. Belger found that the speed of advance of such a front through 

the city of Berlin was greatly retarded: 30 km/h over Berlin, as compared to 

40 km/h over Brandenburg. The rear of this front took 90 min. to pass over 

Berlin, a rate of 13. 3 km/h (see figure 75). 

Fig. 75. Beginning of rain from the passage of a front over Berlin, 
July 7, 1931 [30, 17]. 

Two other cases of frontal passages which were studied disclosed similar 

conditions. Total rain, duration and intensity were greater in the city than 

at the outlying stations (18.3 mm: 5.8 mm; 64 min: 48 min; 0.28 mm/min : 

0.12 mm/min). 

Especially great were the amounts of rain released over the city during the 

heat thunderstorm corning in from the east on April 4 (!*), 1934. One-sixth of 

the average yearly precipitation came down! The heating of the "city-desert " 

was a contributing factor to retardation in this case. A similar heat thunderstorm 

in Berlin is reported by von Ficker [127, 11]. Peculiarly enough, it occurred 

during the night, even though it was a stationary storm, for the rain zones 

broadened out from the center of town, returned again and produced very large 

amounts of precipitation: z 6 billion (6 x 109 ) liters of water (see figure 76). 

*Translator i S Note: The exclamation point in "April 4 (!) 1934" seems to refer 
to some famous occurrence, but we have not been able to 
find out which. Suggest it be eliminated from final copy. 
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Fig. 76. Extent of the rain area over Berlin, July 14/15, 1932 
[127, 11]. 

Solid line: 2:20 - 2:30 0 'clock a. m. 
Dashed line: 2:50 - 3:00 0 'clock a. m. 
Dotted line: 3:40 - 3:56 o'clock a. m. 
Checkered area: 4:00 - 4:10 0 'clock a. m. 

A. B. Tinn studied 135 thunderstorm rains, 1929-1938 in Nottingham and 

vicinity [ 485] on the basis of data from 35 stations. The maximum of occur

rence of the thunderstorms was again in the west, at the confluence of two 

rivers. Whether this fact or the influence of the city was the decisive factor 

is difficult to say. Since O. L. Fassig [125, 294], in his The Climate and 

Weather of Baltimore, found that thunderstorms in that city increased in number 

from 12 in 1878 to 37 in 1905, hence we can probably feel justified in attribu

ting it to the city's influence. 

3. Hail 
-------~- -~---~ -~-

The fust person to make a study of the city's influence on hail formation 

was Besson [49], in 1933, who came up with the results which follow. He used 

data from 34 stations in and around Paris for the years 1920-1931. Of the 11 

stations within Paris, only two showed figures higher than the ,average of 4. 4 

"hail I , days; this means a reduction of the danger of hail within the city. Only 

on the eastern edge was there an increase: 5.3 "hail" days. Besson feels that 

the great amount of condensation nuclei created by smoke production prevents 

the hailstones' reaching a large size, with the result that they melt again before 

reaching the ground. Significantly, however, the eastern side of the city had a 

higher frequency of hail. 
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I arrived at similar results in my studies in Munich, instigated by the 

unusually heavy hailstorm on September 21, 1936, which was immediately 

studied by the Precipitation Division of the Munich Air Ministry (figure 77). 

Fig. 77. Hail-fall over Munich, September 21, 1936. 

The extended lines indicate relative zones of precipitation. The 
numbers refer to the depth of precipitation for the whole day. The 
short dashes in the north and south of the city indicate the lateral 
limits of the hail-fall. The vertically drawn serrated strips give 
the chronology of the hail! s advance, from left to right: 5 :50 p. m. , 
,6 p. m., and 6 :10 p. m. 

The figure shows that the hail-fall was confined to the Munich city. area. 

Similarly, the greatest amount of rain fell on the city proper, with its high

point in the east. The similarity of the precipitation lines to those of the cloud

burst of July 25, 1929 (figure 71) suggested a certain regularity, which led to 

further investigation. First of all, hail recordings for that day were examined 

from a larger number of observation points in the area around Munich. The 

result was that several hail-falls had occurred over the Upper Bavarian Plain, 

but the recorded amounts of precipitation lagged far behind those of Munich 
II 

(Furstenfeldbruck 20.8 mm, Planegg 25.1, Starnberg 30.8, Dachau 6.2, Dies-

sen 37.9, Hohenlinden 18.1, Isen 13. 7). It was still possible that this was co

incidental. In order to be sure, I examined the records of the rain- stations in 

Munich and surroundings for a number of years. Unfortunately, among the 

numerous weather stations, there are only a few which furnish reliable reports 

on hail. Those few, however, were enough to enable me to arrive at sure re

sults. They appear in the following table: 
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Hailfall in Munich and Environs, 1921-1936 

Months 1 2 3 4 5 6 7 8 9 10 11 12 year 

Observatory 2 1 11 9 1 4 6 34 
Max- Josef - Bridge 1 5 17 27 22 4 9 9 2 96 
Nederling 1 1 6 7 4 1 1 3 24 
Pasing 1 8 1 2 12 

" Fur stenfeldbruck 2 3 3 2 1 5 1 15 
Eglfing 1 6 6 14 3 2 6 1 39 
Sauerlach 1 4 4 2 1 1 13 

From these figures it is absolutely clear how much Munich is "preferred" 

by hail, even though a part of its higher figures must be attributed to more care-

ful observation at city stations. Alt and Weickmann [ 7] furnish the following 

similar re suIts: 

Hail-Fall, 1893-1907 

Months 1 2 3 4 5 6 7 8 9 10 11 12 year 

Maisach 5 5 1 1 12 
Eglfing 1 4 6 7 7 3 3 1 32 
Munich 1 7 1 17 14 5 2 1 58 
Hohenlinden 1 3 2 8 3 17 
Burghausen 1 7 7 4 6 1 1 27 
Feldkirchen 2 7 6 7 8 3 33 
A~dechs 1 2 9 7 14 12 8 6 2 1 63 
Munsing 1 4 9 7 1 22 

Munich's figures were surpassed only by Andechs in the more remote sur

roundings. The reason for this is probably Andechs' location at the highest point 
------------------

------

on the east shore of the Ammersee. 

Unfortunately, these data are based on the few stations of the official Weather 

Service., which offer only rough approximations for hail-fall, a phenomenon so 
II 

often confined to small areas. Weinlander [501] was more fortunate, having, 

in 1942, the statistics for hail-insurance at his disposal; and on the basis of this 

great amount of material was able to make a hail-map covering a period of 

almost 100 years. The map shows a definite minimum in the center of the city 

(partly due to the small number of insurance holders)' and a large maximum to 

the east and at the eastern edge of the city. It is in this area that the above 
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Wvather Servic.e Stations are situated, which indicated Munich's propensity 

to the danger of hail in cOHlparison to places in the 1110re rernote surroundings 

(figure 78). 

Fig. 78. Hail distribution in Munich and enVlrons, 1844-1940 [501, 391]. 

The Munich figures are corroborated by those of Paris. 

The explanation of this fact is not difficult, in view of all we have seen con

cerning heat and wind conditions in the city. Hail can fonn only through conden

sation at great heights. Over the city, ascending air movement is especially 

strong and in a position to deliver moist air up to the height required for for

mation of hail. This hail falls mostly down-wind from the city, i. e., to the 

east in the case of Munich. Eglfing, to the east of Munich, also has many hail

falls. This information might instigate investigations in other cities as well. 

4. • Snow Conditions 

Since the city is warmer than the country, one would expect that this to 

have some effect upon the form of precipitation; there is, as a matter of fact, 

less snow-fall in the city than in the country. According to Kassner l237, 137], 

in the period 1900-1914, compared to 100 snow-falls in the country, the city had 

only 72 snow-falls, 14 cases of snow mixed with rain, and 7 cases each of rain 

or no precipitation. If snow mixed with rain fell in the country, then the city 

received 25% snow, 50% snow with rain, about 20% rain and 5% no precipitation. 

Kassner attributes the 25% snow partly to inexact observations, and partly to 

the fact that the wind warms up over the city and then partially melts the snow. 
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The data froln :Nlunich and Nurenl.berg, which agree with one another, both 

contradict the above. Both show rnore days with snow-fall in the cities: Munich 

(State Weather Observatory) had an average of 45 as compared to 44 at the 

Botanical Garden (1923-1926); Nuremberg an average of 40. 3 compared to 33.0 
II 

at Furth 1922-1931). The mean terminal dates show similar results: 

First Snow-Fall 

Munich (city) Oct. 25 Nuremberg (city) Nov. 5 
Munich (ctry) Nov. 2 Nuremberg (ctry) Nov. 13 
(1923-1926) (1922-1931) 

Last Snow-Fall 

Munich (city) May 1 Nuremberg (city) Apr. 18 
Munich {ctry} Apr. 22 Nuremberg {ctry} Apr. 16 

Thus, it snows more often and more lightly. I do not feel it is justified to 

attribute these results, at least those of Nuremberg, to observational errors. 

There is no doubt about the fact. I myself had frequent opportunity, in the winter 

" of 1932/33 {living in Furstenfeld, 25 km west of Munich, and commuting each 

day to the city} to observe how light, scanty snow fell from the city fogs, while 

clear weather prevailed in the country. Of course, the differences reported 

here are very small and remain within the limits of error in comparison to the 

Munich values, as Kassner [240] has noted. I also did not represent the Berlin 

data as unreliable. but have rather simply contrasted others to them. In the 

meantime, further studies have been published, all of which verify that the city 

receive s more snow-fall. 

First of all, I refer to the work of Sperk [463, Ref. p. 62] 111 WhICh he re-

ports 5 more days of snow-fall in the city as compared to the near -by su~ro~m~n~ ___ _ 

area. Even when compared with more distant places in'the surroundings, Nurem-

berg still has from 6 to 15 days more of snow-fall. According to this same source, 

the snow-cover even remains 3.1 days longer. J. von Kienle [244] observed a 

snow-fall on Jan. 28, 1949 over the city of Mannheim, between the hours of 7:05 

and 11:15 a. m., which by 10:00 a. m. created a snow-cover 7 mm thick in the city. 

Lauscher [277. 99] reports that at the Aspern airport outside of Vienna, in the 

years 1941-1943, 15. 4 fewer days of snow-fall occurred per year than at the Hohe 

Warte, which, it must be remembered, was located at a higher elevation. 
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Stranz [475] likewise reports a snow-fall on March 1, 1949 over Gothen

borg city proper. It created a l-cm snow-cover over a radius of about 5 kill. 

Stranz attributes this to the heat energy of the city,. which was able to lift the 

unstable air high enough to release the snow; Further evidence is furnished 

.by Angervo [11] for Helsinki; the city's 76. 7 days of snowfall compare with 

60.3 days at an outlying station to the north. The station south of the city, 

which is higher and nearer the sea, had, on the other hand, 81. 9 days of snow

fall, as one might expect. 

I find a possible explanation in the soot particles which are produced in 

large numbers by the city in the wintertime. The soot particles cool off quickly 

and form nuclei for snowflakes. This idea was confirmed for me by a city snow

fall of this type in Munich, Nov. 22, 1934, for it confined itself to the main 

" railroad station. The northern boundary was approximately at Konigsplatz, 

the eastern boundary at Odeons-Marienpla:tz. The rest oJ the city had only 

thick fog. The snowflake s were not large, but they were thick, like soft hail. 

The number of days with snow-cover is, nonetheless, sn1.aller than in the coun

try, with one exception (see above) (d. also [192, 150]). 
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CONCLUSION 

From all that we have learned in our study of individual climatic eleme~t~":' 
the following picture of specifically urban climate and its causes emerge s: 

The most outstanding feature which distinguishes cities from their surrounCJ.

ing areas is city vapor. Enormous anlOunts of gases as well as liquid and solid 

matter are poured into the air every day by urban industry household heating 

and traffic. It is not far-fetched to compare the city to a volcano which con

tinuously spews forth clouds of gas, dust and ashes. No person who must travel 

frequently from the suburbs into the center of the city can help but notice the 

great difference between city climate and that of the country. Out in the country 

the blue sky sm.iles down over the landscape, while in the city everything is 

veiled in grey, and the sun shines with a weak orange cast. In the country, 

church spires can be seen from 'miles away, while in the city the houses on the 

long streets soon disappear into impenetrable greyness. The larger the city, 

the thicker, denser and more formidable its vapor cover, which derives its 

name from its general appearance. As a result of its opaqueness, this cover 

almost completely envelops the city below, often leaving only church towers and 

smokestacks visible from above. Any large city is thus discernible from miles 

away, especially if it is a city where industry has sprung up. The vapor of a 

large city gives an entirely new appearance to the land about it. 

This great difference in the landscape picture is ultimately felt in the climatEt, 

City vapor modifies climate. It allows less solar radiation to pass through to 

the ground, since it absorbs an average of 10 - 20% of it and becomes warme~' 

itself, while the city beneath remains cOlllparatively cool. Thus the maxim\l.hlS 

are not much higher than those of the open country, despite the dryness and, " 
----------------,--------------------------

hardne ss of the city "floor." At night, however, the vapor protects the cityi:r'Q:Q1' 

excessive outgoing radiation. The minilllUlns here are considerably higher tha.Ii 

in the country. These effects are greater in the winter than in the summer -

given calm over-all weather conditions, produced by the typical winter "high, " 

then, because of lack of convection, the lowest air strata together with the vapor 

layer remain, while in suinmer they are dispersed by turbulence. Studies of 

the yearly temperature variation in various climates indicate the probability that 

energies developed from the use of coal in industrial and household heating play 

a decisive role in the raising of city temperature through the heat generated, 
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especially in the colder periods of the year. Given sufficient moisture, the 

effect of the vapor cover extends to the creation of fog. In the summer, the 

effects of the vapor cover are different again. At this time, the greate r warmth 

is sufficient to lift the air-masses, with their impurities, from the ground, 

thus creating a special wind system. The lifted air-masses reach the conden

sation point, and clouds are formed over the city. If heat energy and moisture 

are sufficient, the process becomes one of creating precipitation: the city, 

especially the down-wind side, receives more precipitation than the country. 

The increased dust-content increases the drop of electrical potential over the 

city. Whether this has any influence upon storm activity cannot yet be said 

with certainty. Finally, we have seen that the city influences the formation of 

hail. More hail falls on the down-wind portions of Paris and Munich than in 

their respective outlying surroundings. 

Another feature of the metropolitan landscape IS the change in the character 

of its "floor." The vegetation cover disappears as one moves toward the center 

of town, and only here and there do oasis-like park areas break up the city's 

"stone -desert" appearance. Higher temperature and drier climate are the re

sult. A greater temperature variation, both daily and yearly, might be expected, 

were it not for the preventive effect of the vapor cover. The increased dryness 

persists despite greater precipitation, since the "artificial rock" of the streets 

and roofs does not absorb and store water; instead, everything runs off quickly, 

just as it does in a desert. Thus, the city constantly draws amounts of water 

from the cycle, depositing more into rivers than is the case in the open country. 

A last important characteristic of the city is its form. The alternation of streets 

and building areas breaks the surface up into two effective plane s. In a manner 

analogous to what occurs in a loosely-grown forest, sunlight is able to pene-

trate into the depths of the city, and more heat can be stored. This means slower 

heating and slower cooling. Again like the forest, the city blocks the on-coming 

air streams. Inside the city, wind velocity diminishes, again resulting in modi

fication of the climate. On the windward side of town the upward movements 

caused by this interference can lead to the formation of clouds and precipitation. 

These influences are all to be found in every large city. They increase, 

moreover, with the growth of the city, as we Ive been able to show in the example 

of temperature difference and wind velocity, and superimpose themselves upon 
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Since the first edition, such investigations have been carried out on a 

large scale. Besides humidity and wind, aerosols in city air have also been 

mapped. However, the end is not yet in sight. The po st- World- War-II 

situation with its inheritance of ravaged cities, renders it doubly urgent to 

make studies of all the climatic elements and map them. According to the sug

gestion of Reisner [393, 125 ff. ] 9 these maps should show everything that 

causes any change in the air over a city -- not only the main wind-direction, 

but also pollution sources, according to location, type and height: chimneys, 

factorie s, railroad stations, every source located along the path of the main 

wind-direction; altitude and rate of subsidence of the pollution, the advance of 

bad air into streets, elevations and parks. Areas which interfere with or are 

favorable to ventilation, induce or prevent the presence of bad air, or weaken, 

moisten, heat it, etc. should be shown. 

Stagnant pools of bad air may serve as sources for infection. Also, the 

structure of the surrounding area (heights, fore sts, water surfaces, etc.) has 

a great deal to do with the condition of the air over a city. In the view of the 

editor, all survey, building and plant offices, city doctors, individual observers 

and school physicians should collaborate to "render service to the most impor

tant element in human life: air for breathing. II 

Also, a great deal more attention should be given to precipitation. Very 

fine networks of observation points within and outside the city are required for 

this, and these must be furnished with automatic instruments if precise infor

ma tion is to be obtained. 

Only on the basis of such thorough studies, made for every city, can a 

sensible, valid city building-plan be attempted. Emonds declares [118, 55]: 

"According to the present state of affairs, only a goodly number of painstaking 

experimental studies can provide the required degree of certainty. Only after 

the complicated functional relationships of the factors of city climate are de

termined quantitatively by a sufficiently large number of studies, will it be 

possible for a "Climate technique for city building" to wrest maximal benefits, 

for the city, from the macroclimate, by planning and correction. This would be 

a contribution to the maintenance and promotion of public health and well-being, 

which one may, and must, expect from climatolo gy. II 

- 169 -





ABBREVIA TIONS 

A. H. mar. M. ::: Annalen der Hydrographie und maritimen Meteorologie. 
I I I 

Ann. B. C. Met. Fr. :: Annales du Bureaux Centrale Meteorologique de France. 
I I I ! I 

A. S. Met. Fr. : Annuaire de la Societe Meteorologique de France. 

BiokL Bbl. :: Bioklim.atisches Beiblatt zur Meteorologischen Zeitschrift. 
II 

D. M. J. : Das Wetter, Zeitschrift fur angewandte Meteorologie. 

Erf. d. Flugw. :: Erfahrungsberichte des deutschen Flugwetterdienstes. 
II 

Gerl. B. G. Ph. :: Gerlands Beitrage zur Geophysik. 

G. lng. :: Gesundheitsingenieur. 

G. Z. :: Geographische Zeitschrift. 

G. W. ;: Geographische Wochenschrift. 

M. W. R. :: Monthly Weather Review. 

M. Z. ;;; Meteorologische Zeitschrift. 

Naturw. :: Die Naturwissenschaften. 

P. M. :: Petermanns Mitteilungen. 

Q. J. :: Quarterly Journal of the Royal Meteorological Society. 

S. W. A. W. Math. Nat. Kl. ::: Sitzungsberichte der Wiener Akademie der 
Naturwis senschaften, Mathematisch-Naturwis senschaftliche Klas se. 

II II II 

V. Pr. Met. 1. Abh. Tatb. : Veroffentlichungen Res koniglich-preussischen-
:meteorologischen lnstituts; Abhandlungen; Tatigkeitsbericht. 

Z. G. Ph. : Zeitschrift f~r Geophysik. 
II 

V. G. J. U. L. :: Veroffentlichungen des geophysikalischen lnstituts der 
Universitat Leipzig. 

W. L. : Wetter und Leben. 

Met. R. == Meteorologische Rundschau. 

- 171 -





year 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

,~ CJ,-4 & 
(\l ,.1 ~ .r! 

,-4 .r! Ql (:,D 
IP r-: t,~ l? 

357 

400 

150 144 
295 ~89 

122 

315 183 

156 202 
341 503 
356 

141 120 
312 265 
394 447 

281 145. 
350 363 
394 

89 62 
104 104 
III 256 
115 448 
321 

47 
65 

255 
284 

300 
365 
467 

- --or -I 
! rJJI CIj ~~ UJ 
0 ~ 0 UJ.r! s:: G' m '1j "ci 
s:: (\l ~; ,-4'0 0 p~ ~; c: ~ 

Hmo CIj .r! t, ~J .,-1 0 0 ~ ,1 G b.D (\l t: ~ +" .3 ~,~ 
0 

45! 95 95 95 
58 ~ 

94 400 
187 

489 

27 84 415 423 

60 
362 

458. 

497 

88 
162, 
4S0 
175 32 208 

134 
305 

44 
80 

491 
507 

18 
45 

:'·1 

• 311 432 
316 43 
103,249 

. 433 
490 
320 
399 
,~96 

301 358 242 
76 359 
75 
16 

478 
2~2 
165 

82 208 82 473 
98. 389, . 98 

434 

70 229'275 218 146 
159 365.' 324 . 
221 
285 
333 
365 
480 

I 
';.:1 ~; 
~~ ~ 

.£C'l 

214 14 86 268 6 116,82 3 385 
236 184 437 82 345, 167 4 
351 364, 510 449 449· 385 427 

- 173 -

468 . 487 
436 i 521 

I S::H 
p,O (D 

·rl .r! '0 
t.) 0 +" § 
o <D (\l 

'+-1 H +) ..c: 

16 
139 
528 

142 

P'r! +" 

. 189 

t>:. 
UJ +" 
c:::: I ',-1 
,~ 0 0 
H QJ ' o "n 
+' rl ~/ 
t1 QJ +, 

123 51 347 305 
, 424 

80 192 
501 323 

399 

3/0 18 

190 

160 

221 
365 





191-1 
19·15 
19~6 

1947 

19<18 

1949 

1950 

1951 

1952 

349 463 99 158 36 35 

1\18 
258 307 

143 371 
186 317 
331 25 206 314 

37 297 377 
171 391 

107 11 257 
257 493 
319 
381 
333 
409 
466 
493 
494 
220 10 330 2'16 

375 
481 

529 149 203 377 
68 299 ;104 

232 . 477 
10 

355 
114 235 411 277 
292 10 414 280 
332 277 96 
391 414 476 
441 472 508 
446 
529 

64 10131113 
59 24 280 

390 26 
67 

243 

380 
523 
454 

28 185 267 
69 413 

212 
309 
101 4 33 73 
191 310 . 
524 

176 231 55 
-1-18 332 

124 232 -152 
132 519 
298 
392 

36 
241 

272 97 271 501 501, 
92 292 277' 

210 405 481' 
405 412 
501 

131 259' 135! 
128 263' 
64 442·. 

129 522 
226 
259 
338 
425 
488 

- 175 -

36 

380 41 

42 
. 438 

334 
472 

465 

92 404 
501 

244, 
387 
439 

419 

338 





BIBLIOGRAPHY 

1... Absalom, H. W. L. "Meteorological aspects of smog," Royal 
Meteorological Society, Quarterly Journal, 80: 261- 266, 1954. 

" " 2. Aitken, J. "Uber einige Arten von Nuclei, die Trager wolkiger 
Kondensationen sind " (Several varieties of nuclei that carry 
condensation in clouds), Meteorologische Zeitschrift, 38: 55-56, 
1921. 

3. Albrecht, F. "Untersiichungen der vertikalen Luftzirkulation in der 
Gros s stadt" (Inve stigations of vertical air circulation in large 
cities), Meteorologische Zeitschrift, 50: 93-98, 1933. 

4. Albrecht, F. "Ein Beitrag zur Frage der vertikalen Luftzirkulation 
in der Grossstadt" (A contribution to the question of vertical 
Ci~r circtllCitioIliIl ~arge <:i~i~~), Meteorologische Zeitschrift, 
52: 103-108, 1935. 

t 
5. Allix, A. "Obscurcissement progressif de l'atmosphere lyonnaise et 

la visibilit~ des Alpe s" (Progres sive 0 bscuratiop of the Lyons 
atmosphere and the visibility of the Alps), Les Etudes Rhodanien
nes, Lyon, 9: 5-11, 1933. 

I 

6. Allix, A. "A prop,?s des brouillards lyonnais" (Apropos of the fogs of 
Lyons),Les Etudes Rhodaniennes, Lyon, 8: 133-144, 1932,' 

" 7. Alt, E., and~, Weickmann. "Unter suchungen ubet Gewitter und 

8. 

9. 

10. 

11. 

Hagel in Suddeutschland, " (Investigations of thunderstorms and 
hail in,lsouthern Germany)' Deutsches Meteorologisches Jahr
buch fur Bayern, 1909. 

" Altheimer, K., and L. Hiltner. "Studie uber die in Bayern im Jahre 
1912 und 1913 9,ei Schneeglb'ckchen, Flieder und Winterroggen 
gemachten phanologischen Beobachtungenl' , (Study of the pheno
logic observations made on snowdrops, lilacs, and winter rye 
in Ba,,;?-ria in the years 1912 and 1913) Landwirtschafliche Jahr
buch fur Bayern, 5, 1915. 

" . . Amelung, W., and H. Landsberg. "Kernzahlungen ln Frelluft und 
Zirnmerluft " (Counting of nuclei in open air and in rooms), 
Bioklimatische s Beiblatt zur Meteorologischen Zeitschrift, 
1: 50-53, 1934. 

American Institute of Architiects, Regional climate analyses and 
design data. Bulletin, 1949, 1950, 1951, 1952. 

Angervo, J. M. Helsingin sadeolot 1845-1944 (Precipitation over 
Helsinki 1845-1944), Helsinki, University, Meteorologian 
laitos, Mitteilungen, No. 61, 1948. 

- 177 -





25. 

26 .. 

27. 

28. 

29. 

30. 

31. 

32. 

B. 

34. 

35. 

36. 

Balchin, W. G. V., and N. Pye. "A microclimatological investigation 
of Bath and the surrounding district, " Royal Meteorological Society, 
Quarterly Journal, 73: 297-319, 1947. 

" I! 

Baumgartner, A. II Zur Phanologie von La ubholzer:>:lund ihre Anwendung 
bei lokalklimatologischen Untersuchungen" (The phenology of 
deciduous trees and their application to local climatic investigations) 
Berichte der Deutschen Wetterdienstes in der U. S. Zone, 42: 69-73, 
1952. 

Becker, L. "The climatology of Glasgow, 11 Meteorological Office Geo
physical Memoirs, 3(23): 49-144, 1925. 

Beer, C. G. P .• and L. B. Leopold. "Meteorological factors influenc
ing air pollution in the Los Angeles area, 11 American Geophysical 
Union, Transactions, 28: 173-192, 1947. 

Behre, O. Das Klimat von Berlin (The climate of Berlin). Berlin, 1908. 

Ii 

Belger, W.Der Gros s stadteinflus s auf nic,~tst~tionare RegenfrontE!n 
und ein Beitrag zur Bildung lokaler Warmegewitter. (The influence 
of large cities upon non-stationary rain fronts, and a treatise about 
the formation of local heat thunderstorms), Berlin 1940. 

11 " " Bender, K. J1Die Fruhjahrsfroste an der Unterelbe und ihre Bekampfung" 
(Spring season frosts in the lower Elbe region and protective mea
sures against it), Das Wetter, 56: 273-289, 1939. 

Benndorf, H., and W. Brausnitz. "Apparat zur Demonstration der 
11 

I 

Verteilung von Licht und Schatten bei Beleuchtung von Gebauden 
durch die Sonne" (An apparatus for showing the distribution of 
light and shadow tr sunshine on buildings), Archiv f~r Hygiene und 
Bakteriologie, Munchen, 66: 384-389, 1926. 

Berenyi, D. "Effect of house-blocks of towns on the fall of temperature 
at night, 11 Meteorological Magazine, London, 77: 277-278, 1948. 

I' II 

Berg, JI. "Beobachtungen des Himmelsblaus bis 5000 m Hohe uber 
Koln" (Observations of the blue of the sky to a height of 5000 m 
over Cologne), Bioklimatische s Beiblatt zur meteorologischen 
Zeitschrift, 5: 62-65, 1938. 

" "" " Berg, H. 11 Die Bewolkungsverhaltnisse uber der Gros s stadt Koln 
und ihre Umgebung" (Cloud conditions over Cologne and its sur
roundings) Das Wetter, 60: 108-117, 1943. 

11 

Berg, H. "Der Einfluss einer Grossstadt auf Bewolkung, Niederschlag 
und Wind" (Influence of large cities upon cloudiness, precipitation, 
and wind), Bioklimatisches Beiblatt zur Meteorologischen Zeit
schrift, 10: 65 .. 70, 1943 . 

.. 179 .. 





48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

". 

I 

Besson, L. "L'influence des fumees de Paris sur 1a temperature . 
de 11 air a 1a peripherie et les environs de la ville (The influence 
of the smoke of Paris' on the air temperature at the periphery 
and the suburbs of the city), Academie des Sciences, Comptes 
Rendus, 197: 781-783, 1933. 

Besson, L. "La gr~le ~ Paris et dans 1es environs" (Hail in Paris '. 
and in the suburbs), Anna1es des services techniques dlhygiene 
de Paris, 14: 18-36, 1933. 

Bes son, L. "Influence de 1a temperature et de 1a saison sur 1a 
morta1it~ ci Paris" (The influence of temperature and season on 
the death rate in Paris), Annales des services techniques d' 
hygiene de Paris, 16: 1-25, 1935. 

I 
Besson, L., and J. Nojer. "Le minimum de p1uviosite d' autre 

Marne et Seine" (The minimum rainfall of the Marne and Seine), 
Anna1es des services techniques d'hygiene deParis.~.8.;.. 41 .. ~927. 

Bider, M. "Temperaturunterschiede zwischen Stadt- und Freiland
stationen" (Temperature differences between stations in cities 
and in open country), Helvetica Physica Acta, Basel, 13: 5 ... 7, 1940, 

Bielich, F. H. "Einfluss der Grossstadttr~bung auf Sicht und Sonnens
trah1ung" (Influence of the haze of large cities upon visibility and 
solar radiation), Ver~f£ent1ichungen des eophysikalischen In-
stituts der Universita elpzlg, 933. 

" Bielich, F. H. "Was bei Si ed1ungen nicht ubersehen werden darf" 
(Indispensable factors to be considered for settlements), Das 
Wetter, 51: 94-98, 1934. 

Birkeland, B. J. "Old meteorological observations at Trondheim. 
Atmospheric pressure and temperature during 185 years, 11 

Geofysiske Publikasjoner, 17(5), 1949. 

B1atkin, S. C. Dust. London, 1934. 

" Blum, 0., G. Schimpff,and. W. Schwidt. "Stfidtebau" (Structure of 
the city), in R. Oltzen's Handbibliothek fur Bauing. Berlin, 1921. 
Part II, V. 1. 

" " " Boda, K., and H. Roth. "Der Trubungsgrad der Atmosphare uber 
Frankfurt a. M. und dem Taunusobservatorium" (Degree of 
haziness of the atmosphere over Frankfurt am Main and the 
Taunus Observatory), Meteoro1ogische Zeitschrift, 39: 369-374, 
1922. 

- 181 ... 





" I r 
71. Budel, H. "Sonderklima der Stadte" (The special climate of cIties), 

Geographische Wochenschrift, 1: 25-31, 1933. 

Ii" 
7 2. Budel' H. 3 and J. Wolf. "Munchener stadtklimatische Studien" 

(Climatic studies in the city of Munich), Das Wetter, 49: 4-10, 1933. 

" 73. Bullrich, K. "Durch1uftete Stadt" (The ventilated city), Die deutsche 
Stadt, 2: 359-361, 1948. 

74. Burckhardt, H., and H. F1ohn. Die atmosph~rischen Kondensation-

" 

skerne (Atmospheric condensation nuclei), Berlin, J. Springer, 
1939. 126 pp. 

75. Buttner, K. "Einfluss des Grossstadtdunstes auf die Sonnen~und 

" 

Himme1sstrahlung" (Influence of the haze of large cities upon 
solar and cosmic radiation), Meteorologische Zeitschrift, 46: 
521-525, 1929. 

76. Buttner, K., and E. Sutter. "Der Einfluss des Grossstadtdunstes auf 

" 

das Strahlungsklima, insbesondere imUltraviolett1r (Influence 
of the haze of large cities upon the radiation conditions, especially 
in the ultraviolet range), Die Naturwissenschaften, 17: 652, 1929. 

77. Buttner, K. "Physikalische Bioklimato1ogie" (Physical bioclimatology), 
Probleme der kosmischen Physik, XVIII. Leipzig 1938, 

78. Carpenter, A. London Fog Inquiry 1901/1902. London, Darling, 1903. 
27 pp. 

79. Carpenter, A. London Fogs, London, 1904. 

80. Carter, H. G. "Dense fogs at Lincoln, Nebr. ", Monthly Weather Re-
view, 56(7): 275-277, 1928. 

" 81. Cauer, H. "01 und olartige Bestandteile in der Luft" (Oil and 
" oil-like substances in the air), Zeitschrift fur angewandte Chemie, 

53:171,1940. 

82. Clowes, E. S. "Smoke influences on New York City temperatures, " 
American Meteorological Society Bulletin, 11: 104-105, 1930; 
14: 31-32, 1933. 

83. Coberly, E. D. "City and suburban temperatures, " Monthly Weather 
Review, 40(4): 573-574, 1912. 

84. Cohen, J. B., and A. G. Ruston. Smoke, a Study of Town Air. London, 
E. Arnold, 1925. 2nd ed. 108 pp. 

- 183 -





98. 

99. 

100. 

1 0 1. 

102. 

103, 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

Disterdick, F. L. "City smoke and heat effects on minimwn tempera
tures, II Monthly Weather Review, 58(8); 330-331, 1930. 

Dobson, G. M. B., and A. R. Meetham. "The air we breathe in town 
and country, " Smokeless Air, 14(52); 14-20, 1943. 

Dobson, G. M. B. "Some meteorological aspects of atmospheric 
pollution, " Royal Meteorological Society, Quarterly Journal, 
74: 133-143, 1948. 

" Dorffel, K. II Das Stadtklima von Marburg an del' Lahn" (The city 
climate of Marburg an del' Lahn)' Das Wetter, 53: 173-180, 1936. 

Dorno, C. Klimatologie im Dienste del' Medizin (Climatology in the 
service of medicine). Braunschweig, 1920. 

Dorno, C." ParaHelmessungen der photochemischen Ortshelligkeit 
zwischen n8rdlichen Polarkreis und Wendekreis mittels Eders 
Graukeilphotometer" (Parallel measurements of photochemical 
light intensity distribution between the northern Arctic Circle 
and the Tropic of Cancer, using Eder's gray-wedge photo
meter), Meteorologische Zeitschrift, 44: 369-380, 1927. 

II. H II 
DorTle s, ." Del' gegenwartige Stand der Stadtgeographie II (The 

present state of city geography), Petermanns Mitteilungen 
Wagnerbd., 310-325, 1930. 

Drinker, P., and T. Hatch. Industrial Dust. New York, McGraw
Hill, 1954. 401 pp. 2nd ed. 

Duckworth, F. S., and J. S. Sandberg. "The effect of climate upon 
horizontal and vertical temperature gradient, II American 
Meteorological Society Bulletin, 35: 198-207, 1954. 

" " " Duttmann, "Ein Planung svor schlag fur Dus seldorf" (A planning sug-
" gestion for Dusseldorf), Die Neue Stadt, 2: 222-233, 1948. 

Eaton, G. S. "High relative temperatures of pavement surfaces, II 

Monthly Weather Review, 47(11): 801-802, 1919. 

Eaton, H. S. "An addres s delivered by the President" Royal Meteoro
logical Society, Quarterly Journal, 3(22): 309~317, 1877. 

Eckardt, W. R. "Miniaturminima" (Miniature minima), Meteorologische 
Zeitschrift, 38: 376, 1921. 

Eckert, M. II Die Entwicklung der kartographischen Darstellung von 
Stadtlandschaften" (The development of cartographic representa
tions of city landscapes) in S. Pas sarge IS Stadtlandschaften del' 
Erde {City landscapes of the Earth}. Hamburg, 1930. pp. 1-14. 

M 185 -





128. 

129. 

130. 

131; 

132. 

133. 

134. 

135. 

136. 

137. 

" " Flach, E. "Uber kontinuierich durchgefuhrte kernzahlbestinunungen. 
ihre meteorologische und bioklimatologische Bedeutung" (The 
continuous measurement of the number of nuclei, and their 
meteorological and bioclimatological meaning), Berichte der 
Deutschen Wetterdienstes in der U. S. Zone, 38: 258-264, 1952. 

" Flach, E. "Uber ortsfe,~te und bewegliche Messungen mit dem 
Scholzschen Kernzahler und dem Zeissschen Freiluftkonirneter" 
(Stationary and moving measurements with the Scholz nuclei 

I, 

counter and the Zeiss open-air konimeter), Zeitschrift fur Meteoro-
logie, 6: 96-112, 1952. 

" Flach, E. "Ergebnisse von Freiluftionenuntersuchungen im westachsis-
chen Mittelgebirge" {Results of ion investigations in open air in the 
highlands of west Saxony}, Bioklimatisches Beiblatt zur Meteoro
logischen Zeitschrift, 2: 12-21, 1935. 

" Fl:acn,K ,aneIR. -WUffir.-TTZuf- Kenntnls . aerTLifiliy-gie-nis·clien Eigen-
schaften Berlins und seiner Randgebiete. Ein Beitrag zur bio
klimatischen Landesaufnahme" (A knowledge of the hygienic 
properties of the air in Berlin and its surrounding region -- a 
contribution to a bioclimatic topographical survey), Angewandte 
Meteorologie, 1: 161-169, 1952. 

Fletscher; R. D. and N. W. Manos. "The importance of several 
meteorological elements in the spreading of smoke, " American 
Meteorological Society, Bulletin, 31: 365-370, 1950. 

Flohn, H. "Bioklimatik der Kondensationskerne" (Bioclimatology of 
condensation nuclei), Abhandlungen aus dem. Gebiet der B~der
und Klimaheilkunde, No.3: 86-101, 1939. 

Florentin, D. "Sur la composition de l'air des rues de Paris" (The 
compo sition of the air of the streets of Paris), Academie des 
Sciences, Paris, Comptes Rendus, 185: 1538-1541, 1927. 

Fran«~ni, 0., and F. Lauscher. "Neue Temperaturnormalwerte 
fur das Stadtgebiet und die Landschaft urn Wien" {New normal 
value s of temperature for Vienna and its surrounding area}, 
Wetter und Leben, 4: 1-8, 1952. 

II 

Frie se, W. Beitrage zur Kenntnis de s Staube s in der Stadtluft 
(Contributions to the knowledge of dust in city air). Borna
Leipzig, 1909. Doctoral dissertation. Dresden. 

Fritsche, 
einer 
city), 
1936. 

. " G., and R. Stange. "Vertikaler Temperaturverlauf uber 
Gross,~tadt" (Vertical temperature dependence over a large 
Beitrage zur Physik der freien Atmosph~re, 23: 95 ... 110, 

... 187 ... 





"" II 
152. Gemund, W. "Beitrage zur Kenntnis der grossstadtischen Luftverun-

reinigung und des Grossstadtklimas auf Grund von Untersuchungen II 
mittels des Aitkenschen Staubzahlers" (Contributions to the know ... 
ledge of air pollution in large cities and of the climate of large 
cities on the basis of investigations with the Aitken dust counter), 
Deutsche Vierte1jahrsschrift fUr i:lffentliche Gesundheitsp£lege, 
40: 401 ... 429, 1908. 

II 
153. Ginner, R., and V. Fr. Hess. "Studie uberdie Verteilung der Aeroso1e 

in der Luft von Innsbruck und Umgebung" (A study of the dis
tribution of aerosols in the air of Innsbruckand its surroundings), 
Ger1ands Beitd{ge zur Geophysik, 50: 22-43, 1937. 

154. G1an, J. "Die Durchsichtigkeit der Luft Berlins" (The transparency of 

155. 

156. 

157. 

158. 

159. 

160. 

161. 

162. 

the air of Berlin), Meteoro1ogische Zeitschrift, 10: 474-475, 1893. 
II 

Glass, W. F. "Die Niedersch1agsverha1tnisse von Leipzig, Freiberg 
Reitzenhain wk:.hrend der 50 Jahre 1864 ... 1913" (The precipitation 
conditions in Leipzig, Freiberg, andlfteitzenhain during the 50 

--years from 1864 to 191~--J:R.--esden, Sachs, L. 'Wetterw. 1915. 

G1ey, W. "Die Grossstadte Nordamerikas l' (Large cities of North 
America), Frankfurter Geographische Hefte I (2). Frankfurt am 
Main, 1927. 

und 

Ggderitz, J. 'ISt~dtebau" (City planning), in F. Schleicher's Taschenbuch 
fUr Bauingenieure, Berlin, 1955. 

Godske, C. L. "On the minimum temperatures in the Bergen Valley, " 
Bergens Museums Rrbok, 1943. 

Go1d.rnerstein, J., and K. Stodiek. Wie atmet die Stadt? (How does a 
city breathe ?). Berlin, 1931, 23 pp. 

Go1dschmitt, H. "Stadtpotentia1gef~lle" (Drop of potential in cities), 
Festschrift an1~sslich der 16. Tagung der Deutschen Meteoro1ogis
chen Gesellschaft zu Dresden 1929. 

" Grebe, H. L. "Die Temperaturverhaltnisse in Jena von 1770- 1935; 
ein Beitrag zur Witterungsgeschichte von Mitte1deutsch1and" 
(Temperature conditions in Jena from 1770 to 1935 ..... a contribution 
to the weather history of Central Germany), Reichsamt fUr Wetter
dienst, Abhand1ungen 1(7}, 1936. 

Greenburg, L. "Studies on the industrial dust problem," U. S. Public 
Health Service Reports, 40: 291 .. 309, 765 .. 786, 1591-1603, 1925 . 

.. 189 .. 



163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

171. 

172. 

173. 

174. 

" Grosse, W. "Die Niederschlage in Bremen" (Precipitation in Bremen), 
Deutsches Meteoro1ogisches Jahrbuch, Freie Hansestadt Bremen, 
23:77,1912. 

Grundke, G. Die Bedeutung des Klimas fU.r den industriellen Standort" 
(The meaning of climate for industrial location). Gotha, Geo
graphisch-Kartographische Anstalt, 1955. 127 pp. 

Grundrnann, W. !TStrahlungsmessungen in Bres1au im Jahre 1928" 
(Radiation measurements in Bres1au in the year 1928), Das Wetter, 
45: 289-297 J 1929. 

II " 
Grundrnann, W. !TUber die Warmeeinstrah1ung von Sonne und Himmel 

in Bres1au-Krietern, Bres1au .. Stadt und auf der "Hohen Eu1e" 
(Absorption of the heat of the sun and of the atmosphere in Breslau-

" Krietern, Breslau-Stadt, and on the IHigh Owl til Ger1ands Beitrage 
zur Geophysik. 40: 177-186, 1933. 

Grunow, J. "Temperaturmessfahrt in Berlin am 12. Aug. 1932" 
(A temperature measurement trip in Berlin on August 12, 1932), 
Meteoro1ogische Zeitschrift, 49: 481, 1932. 

Grunow, J. "Wetter und Klimabeeinflussung" (Influences of weather 
and climate). Geographische Wochenschrift, I: 228-231, 1933. 

Grunow. J. IIDer Luftaustausch in der Grossstadt" (Air exchange in 
the large city), Zeitschrift des Verbands Deutscher Ingenieure, 
80: 70 .. 72, 1936. 

Hader, Fr. "Der Nebel in Wien a1s Erscheinung des Stadtklimas" 
(The fog in Vienna as a manifestation of the city climate), 
Biok1imatisches Beib1att zur Meteoro1ogischen Zeitschrift, 
4: ll6-121, 1937. 

Hakoda, A. and T. Kinka. "On micro-airmass of Osaka and its 
neighborhood ll , Meteorological Society of Japan, Journal, 2nd 
series, 17: 425-434,193.9. 

It 

Haller, K. Der derzeitige Stand der Staubbekampfung auf Strassen 
{The present state of dust prevention in streets}. Leipzig, 1920. 

Hamberg, H. E. IINederb~rden i Sverige 1860-1910" (Rainfall in 
Sweden 1860-1910), Bihang till Meteoro1ogiska Iakttage1ser i 
Sverige, Stockholm 1910. 

Hammon, W. H., and F. W. Duenckel. IIAbstract of a comparison of 
the minimum temperatures recorded at the U. S. Weather Bureau 
and the Forest Park Met. Observatories, St. Louis, Mo. for the 
year 189111. Monthly Weather Review. 30(1): 12-13, 1902. 

- 190 -



175. 

176. 

177. 

178, 

179. 

180. 

181. 

182, 

183, 

184. 

185. 

186, 

187, 

Hand, 1. F. "A study of the snloke cloud over Washington, D. C. 
on Jan, 16, 1926," Monthly Weather Review, 54(1): 19-20, 1926. 

Hand, 1. F. llAtnlospheric contanlination over Bo ston, Mass.", Aill .... 
erican Meteorological Society, Bulletin, 30;252-254, 1949. 

Handisyde. C, C. "The clinlate of the hOnle," Weather, 2: 82 .. 87, 1947. 

" Hann, J. v, "Uber den Tenlpel'aturunterschied zwischen Stadt und 
Land" (The tenlpel'ature difference between s and rural 

~ 11 
areas), ustel'reichische Gesellschaft fur Meteol'oiogie, Zeitschl'iit, 
20: 457-462, 1885, . 

Hann, J. v, "Die Unterschiede der nleteoro1ogischen E1emente in 
del' Stadt Paris und ausserhalb derselben" (The differences in 
meteorological elements in areas inside and outside the city of 
Paris), Meteorologische Zeitschrif!. 12: 37-38, 1895. 

Hann, J. v. lI 'I'ernpelOatUl'envonGraz undUrngebung11 {'I'ern:pelOatures 
in Graz and its surroundings). Meteorologische Zeitschrift, 
15: 394-400, 1898. 

Hann, J. v •. "Meteorologie von Wien nach den Beobachtungen an der 
k, k. Meteorologischen Zentra1ansta1t 1852 .. 1900" (Meteorology 
of Vienna according to observations of the Kaiser I s Central 
Office for Meteorology, 1852-1900), Akademie der Wissenschaften, 
Wien, Mathematisch ... Naturwissenschaftliche K1asse, Denk
schrift, 1901. 

Hann, J. v. "Die Temperaturen von Wien in dem Dezennium 1901~ 
1910" (Temperatures in Vienna in the decade 1901-1910), 
Meteorologische Zeitschrift, 28: 373-375, 1911. 

Hann, J. v., and R. SUring. Lehrbuch der Meteorologie (Textbook of 
Meteorology). Leipzig, iN. Keller, 1939-1951. 1092 pp. 5th ed, 

Hann, J. v,, and K. Knoch, Handbuch del' Klimato1ogie, Bd. 1. 
Allgemeine Klimalehre (Handbook of Climatology, Part 1. 
General climatology), Stuttgart, Engelhorn, 1932. 394 pp. 4th ad, 

Hartmann, W, "Werte del' Sonnenstrahlung im Gebiet der Stadt 
Hannover" (Solar radiation readings in the area around the city 
of Hannover), Neues Archiv fUr Land- und Volkskunde von Nieder
sachs en, 246 ... 288, 1947. 

Hassenpflug, G. "Neue Erkenntnisse inl Sd{dtebau" (New findings in 
city planning), Neue Bauwelt, 1: 9 .. 10, 1946, 

Hasterlik, A, "Grossstadtluft" (Air in the large city), Kosmos, 19: 
37 ... 39. 1923, 

.. 191 ... 



188. 

189. 

190. 

191. 

192. 

193. 

II. , . 
Haeuser, J. "Kurze, starke Regenfalle In Bayern" (Heavy raIn-

fall s 0 f s ho rt du ratio n in Ba var ia ), A __ b_h....,a;-n_d_1u"n-""g...."e:-:n"--d-,e,....s...,-K-!g"",,,1. 
• 1111-

Bayenschen Landesstelle fur Gewasserkunde. Munich, 1919. 

" Haeuser, J. Erganzungsband I zur vorigen Abhand1ung (The first 
supplementary volume to the previous treatise). Munich, 1922. 

. ". "" Haeuser, J. "Eln Wolkenbruch von aussergewohnhcher Starke uber 
" Munchen und Umgebung am 25. 7. 1929" (A cloudburst of unusual 

violence over Munich and its environs on July 25, 1929), 
Wasserkraft und Wasserwirtschaft, H. 18, 1930. 

Heb1ey, H. F. "Stability of the atmosphere and its influence on air 
pollution", Mechanical Engineering, N. Y., 70: 407-413, 1948. 

Hebner, E. Die Dauer der Schneedecke in Deutschland (The duration 
of the snow cover in Germany). Stuttgart, J. Eng1ehorns, 1928. 
70 pp. 

Heilig, W. Stadt- und Landbaukunde (Urban and agricultural planning), 
Berlin, 1935. 

" 194. Heilig entha1 , R. F. Deutsche Stadtebau (German city p1annirg). Heidel .. 

195. 

196. 

197. 

198. 

199. 

berg, C. Winter, 1921. 

Heller, A. "Bestimmung des Russgehaltes in der Luft mit dem Auto
matic ... Filter nach Owens" (Determination of the soot content of the 
air with the Owens -design automatic filter), Ge sundheitsingenieur , 
57: 187 ff., 1934. 

Hellmann. G. "Resu1tate des Regenmessversuchsfe1des bei Berlin 
1885-189111 (Results from the experimental rain .. measuring field 
in Berlin, 1885-1891), Meteorologische Zeitschrift, 16: 173-181, 
1892. 

" Hellmann, G. "Uber die Temperatur in und ausserha1b Berlin" 
(Temperatures inside and outside of Berlin), Jahresbericht, 
Berliner Zweigverein der Deutschen Meteoro1ogischen 
Gesellschaft, 1894. 

Hellmann, G. "Das Klima von Berlin, I" (The climate of Berlin, I), 
Ver~ffentlichungen des k8nig1ich-preussischen .. meteoro1ogischen 
Instituts, Abhand1ungen, No.4: 75-81, 1894. 

Hellmann, G. "Das Klima von Berlin, IIII (The climate of Berlin, II), 
Ver~ffentlichungen des kgniglich-preussischen-meteoro1ogischen 

. Instituts, Abhandlungen. No. 221, 1910. 

- 192 -



200. 

201. 

202. 

203. 

204. 

205. 

206. 

207. 

208. 

209, 

210. 

211. 

212. 

II 

Hellmann, G. !!Genauigkeit der Windbeobachtungen in Grossstadten" 
(Accuracy of wind measurements in large cities), Verb'ffentlichungen 
des koniglich-preussischen-meteorologischen Instituts, Berichte$ "
No. 305: 24 .. 29, 1919. 

Hellmann, G. !IDer Nebel in Deutschland" (Fog in Germany), Sitzungsbe
richte der Preussischen Akademie del' Wissenschaften, 52, 1921. 

Hellmann, G. "Die Entwicklun del' meteorolo ischen Beobachtungen .~ 
zum Ende des 18. Jahrhunderts" The development of meteorological 
observations until the end of the 18th century). Berlin, 1927. 

Hellpach, W. Geopsyche, Stuttgart, 1950, 6th ed. 

Hellpach, W. "Wissenschaft VOn der Grossstadt!' (The science of the 
large city), Umschau, 43: 531 .. 534, 1939. 

Hellpach, W. Mensch und Volk der Grossstadt (The person and the 
people in the large city). Stuttgart, Enke, 1952. 153 pp. 

Hellpach, W, "Witterungsbild und Landschaftswirkung im Hygrogramm" 
(The weather picture and the effect of the landscape in a hygrogramL 
Meteorologische Rundschau, 1: 129, 1947. 

I 

Henry, A. "Sur une application de 1!actinometrie a llurbanisme II 
(An application of actinometry to town-planning), La M~teorologie, 
21: 453~4741 1930. 

!'! 
Henze, H. 11 Zur taglichen Periode der Windge schwidigkeiten in 

Berlin" (The daily period of wind velocities in Berlin), Meteoro .. 
logische Zeitschrift, 43: 281 .. 288, 1926. 

Herrig, H. "Die Staubverteilung in Marburg an del' Lahn" (The distribuu 
tion of dust in Marburg an der Lahn), Bioldimatisches Beiblatt zur 
Meteorologischen Zeitschrift, 5: 49 .. 57, 1938. 

Hesse, W. "Neue st~dteklimatologische Untersuchungen in Leipzig" 
(New inVestigations in Leipdg on climatology of the city), Anna,len 
del" Meteorologi~!" 4: 62 .. 64, 1951. 

Hlav~c, V, "Die Temperatul'verh~ltniSll1e del' Haupstadt 
I" (Temperature conditions in Prague 9 Part IL 
~EE-di~.E1 8, 19:3 7 . 

Hochholzer, H. "Aero sol und Kryoplankton in Wiener Schneef~l1en 
1946/47 11 (Aerosol and cryoplankton in the snowfall in Vienna, 
1946/47), ~ikroskoEie, Wiens 2: 5 ... 244, 19 • 

~ 193 .. 



213. 

214. 

215. 

216. 

217. 

218. 

219. 

220. 

221. 

222. 

223. 

224. 

" Hoelscher, L. "Beitrage zur Kenntnis des Klimas von Halle (Saale) 
185l~1950 bzw. 1901-1950" (Contributions to the knowledge of the 
climate of Halle (on the Saale) from 1851 to 1950 and from 1901 to 
1950}, Meteorologischer und Hydrologischer Dienst, Abhandlungen, 
3(24}, 1954. . . 

" Hoepfner, K. A. Grundbegriife des Stadtebaues (Basic principles of city 
planning). Berlin, J. Springer, 1932. 

Howard, L. Climate of London deduced from meteorological observa
t~ London, 1833. 3rd ed. 

Hrudi~ka, B. "Zu den optischen und akustischen Eigenschaften des 
Klimas eines Grossstadt" (The optical and acoustical properties of 
the climate of a large city), Gerlands Beitr~ge zur Geophysik, 
53: 337-344, 1938. 

Hruditka, B. "Meteorologie im Dienste der Bautechnik" (Meteorology 
in the service of structural engineering), Das Wetter, 54: 37-47, 
69-76, 1937; 55: 110 .. 119, 289 .. 294, 1938; 56: 248 .. 255, 1939. 

II 
Hummel, F. "Vergleichende Untersuchungen der Boigkeit des Windes" 

{Comparative investigations in the turbulence of wind}, Beitr~ge 
zur Physik der freien Atmosph~re, 17: 264 .. 277, 1931. 

" " -Ilzhofer, H., and H. J. Giese. IIStrassenluftuntersuchungen in Munchen" II 
(Studies of the street air in Munich), Archiv fur Hygiene, 119: 195 if. , 
1935. 

Jobst, G. Leits~tze f~r st~dtebauliche Gestaltung (Guiding principles 
for design in city planning). T~bingen, 1949. 

" Israel, H. "Schw,yre Ionen der Atmosphare II (Heavy ions in the atmosphere), 
Zeitschrift fur Geophysik, 7: 127, 1931. 

." II 
Israel, H. "Untersuchungen uber schwere Ionen in der Atmosphare" 

{Investigations of heavy ions in the atmosphere}, Gerlands Beitr~ge 
zur Geophysik, 23: 144, 1929; 26: 283, 1930; 40: 29-43, 1933. 

. " 
Israel, H. "Bemerkungen zu meinen bisherigen Kernzahlungen und zur 

Frage der Ionenladungen" {Remarks about my previous nuclei counts 
and about the question of ionic charges}, Gerlands Beitr~ge zur 
Geophysik, 40: 29 .. 43, 1933. 

II 
Israel, H., and H. Kohler. "Luftelektrische Me s sungen in Leiden" 

(Static electricity measurements in Leiden), Bioklimatisches 
Beiblatt zur Meteorologischen Zeitschrift, 2: 129, 1935. 

- 194 .. 



225. 

226. 

227. 

228. 

229. 

230. 

231. 

232. 

233. 

234. 

235. 

236. 

237. 

II 
Israel, H., and H. Kohler. "Vom Stadtklima" (The climate of the 

city), Sterne, 18: 87 £., 1938. 

" Junge, Chr. I'Die Konstitution des atmospharischen Aerosols" 
(The constitution of atmospheric aerosols), Annalen del' 1:vleteor 
logie, Beiheft, 1952. 

Ives, J. E.» R. H. Britten, D. W. Armstrong, W. A. Gill, and F. 
H. Goldmann. U. S. Public Health Service Bulletin 224, 1936. 

Ives, J. E. "Studies in illumination, " U. S. Public Health Service 
Bulletin No. 197. 1930. 

Iyer, V. P. "Air temperatures given in meteorological reports on 
the first floor of a building at Poona, 'I Current Science, Banga~ 
1Q :re, 10: 3 29 - 33_0~19AL_ 

Kaempfert, W. "Sonnenstrahlung auf Ebene, Wand und Hang" 
(Solar radiation striking horizontal, oblique, and vertical sur
faces), Abhandlungen, Reichsamt ftir Wetterdienst, 9, 1941. 

Kaempfert, W. "Zur Frage del' Besonnung engel' Strassen" (The 
question of sunshine in narrow streets), Meteorologische 
Rundschau, 2: 222~227, 1949. 

'I l' Kaempfert, W. "Stadtklimaanderungen an del' meteoro ogischen StatlOn 
Trier" (Change s in the climate of the city recorded at the meteoro
logical station at Trier), Wissenschaftliche Abhandlungen, 
Deutscher Meteorologischer Dienst in Franz~sischen Besatzungsge
biet, 2: 32-36, 1950.· 

K~hler, K., and G. Brandtner. "Messungen des Staubgehaltes del' 
" Luft in Bad Tolz" (Measurements of the dust content of the air 

in Bad T~lz). Bioklimatisches Beiblatt zur Meteorologischen 
Zeitschrift, 5: 58 ... 62, 1938. 

Kahn, Fr. pas Leben des Menschen (The life of Man), Stuttgart, 1921. 

Kamiyama, K .• et ale "A survey on the dwelling conditions of com
munity houses from the climatological point of view, " Papers in 
Meteorology and Geophysics, Tokyo, 2(1): 90 ... 94, 1951. 

Kampfmeyer, H. Wohnst~tte und Arbeits stl{tte (Living places and 
working places). Stuttgart, J. Hofmann, 1932. 69 pp. 

Kassner, C. "Del' Ein£luss Berlins als Grossstadt auf die Schneever
haltnisse" (The influence of Berlin, as a large city, upon the 
snow conditions), Meteorologische Zeitschrift, 34: 136 f., 1917 . 

.. 195 ... 



238. 

239. 

240. 

241. 

242. 

243. 

244. 

245. 

246. 

247. 

248. 

249. 

250. 

" Kc.ssner, C. "Die meteorologischen Grundlagen des Stadtebaues" 
(Meteorological principles of city planning), Sdidtebauliche 
Vortr~ge, 3(6), 1910. 

" Kassner, C. "Uber die Zunahme des Nebels in Sofia und ihre Ursachen" 
(The increasing amount of fog in Sofia and its causes), Meteoro
logische Zeitschrift, 33: 135-138, 1916. 

Kassner, C. "Schneefall in und ausserhalb der Grossstadt" (Snowfall 
inside and outside the large city), Das Wetter, 56: 337-339, 1939. 

" Kassner, C. "Cumulonimbusuber einem Feuer" (Cumulonimbus over 
a fire), Meteorologische Zeitschrift, 60: 104-105, 1943. 

Keil, K. "Windrichtung und Sicht" (Wind direction and visibility), 
Beitr~ge zur Physik der freien Atmosph~re, 15: 87-89, 1929. 

Khromov, S. P. "Klimat, makroklimat, mestnyiklimat, mikroklimat" 
(Climate, macroclimate, local climate, microclimate), 
Vsesoiuznoe Geograficheskoe Obshchestvo, Izvestiia, 84(3): 289 ... 
298, 1952. 

Kienle, J. v. "Ein stadtgebundener Schneefall in Mannheim" (A 
snowfall confined to the city limits of Mannheim), Meteorologische 
Rundschau, 5: 132 .. 133, 1952. 

Kincer, J. B. "Is our climate changing? A study of long-time tempera
tures, " Monthly Weather Review, 61(9): 251-259, 1933. 

" Kirsti, E. "Die klimatischen Verhaltnisse des Stadt- und Landkreises 
Altenburg in Ostth~ringen, Weimar", (The climatic conditions of the 
cit'X' of Altenburg and its surroundings in East Thuringia, Weimar), 
Thur. L. W. W., Mitteilungen, No.9, 1949. 

Kita, T. "Town climate of Tokyo, " Meteorological Society of Japan, 
Journal, Second series, 17(14): 155-161, 1939. 

Kitaoka, T. "On the amount and magnitude of the dust particles sus
pended in the atmosphere over Tokyo", Meteorological Society 
of Japan, Journal, 14: 165-177, 1936. 

Knoch, K. "Die Eintrittszeiten der Sp~t- und Fr~hfr~ste in Nord
deutschland" (The beginning times of the late and early frosts 

or, " 
in Northern Germany), Veroffentlichungen des koniglich-preus-
sischen-meteorologischen Instituts, Abhandlungen, No. 349, 1927. 

Knochenhauer, W. "Mikroklimatische Erg~nzungen auf dem Flugplatz 
Hannover" (Supplementary information about microclimatic 
conditions at the airport at Hannover), Erfahrungsberichte des 
deutschen Flugwetterdienstes, 9 F. S. No.2: 15, 1934 . 

.. 196 .. 



251. 

252. 

253. 

254. 

255. 

256. 

257. 

258. 

259. 

260. 

261. 

262. 

263. 

If 11 f1 

Knorzer, A. "Die TeITlperaturverhaltnisse der schwab-bayer. Hochebene 
und des Alpenvorlandes" (TeITlperature conditions in the Schwabian,,· 
Bavarian plateau and in the Alpine foothills), Geographische 
.Zeitschrift. 17: 203-22, 1911. 

II 

Koch, H. G. WetterheiITlatkunde von Thuringen (The ITleteorology of 
Thuringia), Jena, 1953. 

Kola~ek, Fr. "Der Einfluss der ITlenschlichen T~tigkeit auf die kliITlatis= 
chen Verh~ltnisse in M~hren und tschechisch Schlesien" (The 
influence of hUITlan activity upon thecliITlatic conditions in Moravia 
and in Czechoslovakian Silesia). Meteorologische Zeitschrift, 
52: 114, 1935. 

" Koppen, W. "Land- und Seenebel" (Fog over land and water), Annalen 
der Hydrographie und ITlaritiITlen Meteorologie, 44: 233-256, 1916. 

II 
Koppen, W. Die KliITlate der Erde: Grundris s der KliITlakunde 

(Anout-line ufthe studyofclirrtate): Berlin, de Grllyter. 1931. 369 pp. 
2nd ed. 

K8ppen. W., and K. Wegener. "KliITla und Kultur ll (CliITlate and 
culture) in W. K~ppen and R. Geiger IS Handbuch der KliITlatologie, 
v. I, Part E (Handbook of CliITlatology). Berlin, 1930. 

II 

KottITlaier, J. IIVOITl Gesundheitswesen in der Stadteplanung" (Sanitation 
in city planning), Deutsche ITledizinische Rundschau, 184 ff.. 1948. 

Kraus, E. "CliITlate ITlade by ITlan, "Royal Meteorological Society, 
Quarterly Journal, 71: 397-412, 1945. 

II 

Krebs, H. D., and W. Doege. IIExtreITle"Falle der Sichtverschlechterung 
in Neubiberg durch Stadtdunst von Munchen ll (ExtreITle cases of the 
loss of visibility in Neubiberg because of haze arising in Munich), 
Meteorologische Rundschau, 5: 12-14, 1952. 

II 
KresITler. V. IIVortrag uber das KliITla von Berlin ll (Dissertation about 

the cliITlate of Berlin), Festschrift d, 59. Ver s. d. d. Naturf. 
und Artze. Berlin, 1886, pp. 37-38. 

KresITler. V. II Der Einflus s der Gros s stadte auf der Luftfeuchtigkeit" 
(The influence of large cities upon humidity), Meteorologische 
L ... tschrift, 25: 206-215, 1908. 

II 
KresITler, V. IIErgebnisse vie1jahriger Windregistrierungen in 

Berlin ll (The results of wind measurenwnts recorded over many 
years in Berlin), Meteorologische Zeitschrift, 26: 2S9~26S, 1909. 

Kreutz, W., and K. Schubach. I'Lokalklimatische Gel~ndekartierung 
'I I' 

der sudlichen Bergstrasse unter besonderer Berucksichtigung 
der GeITlarkung Heidelberg" (Local cliITlatic topographical mapping 
of the southern ITlountain road with particular attention to the 
district of Heidelberg). Mitteilungen des Deutschen Wetterdienstes 
in der U. S. Zone, No. 13, April 1952. 

- 197 -



264. 

265. 

266. 

267. 

268. 

269. 

270. 

271. 

II II 
Kuhn, H. IIStudie uber das luftelektrische Potentialgefalle und dessen II 

Unruhe unter besonderer. Berucksi,chtigung des Einflusses einer 
Grossstadt ll (A study of static electricity potential drops and 
their disturbances with p'articular attention to the influence of a 
large city), Zeitschrift f{lr Geophysik, 9: 238-252, 1933. 

II 
:Kuske, Br. Die Grossstadt Koln als wirtschaftlicher und sozialer 

K~rper (The city of cologne as an economic and social body), II II 
Koln, Muller, 1928. 

II 
Lachmann, G., and G. Schwalbe. Die Hohe der Schneedecke in Nord-

deutschland (The depth of the snow cover in northern Germany). 
M{lnster, 1913. 

II 
Lammert, W. IIBespiel einer extremen Strahlungskalte ll (An example 

oJ extreme cold caused by heat loss through radiation), Zeitschrift 
fur Meteorologie, 1: 145-146, 1947. 

Landes, P. IIKlimatologische Beobachtungen zu Bad Kohlgrub im 
Sommer 193111 (Climatological observations in Bad Kohlgrub in 
the summer of 1931), Zeitschrift fur Kurortwissenschaft, 2(9): 
552 f., 1932. 

II 
Lansberg, H. IIZahlungen von Kondensationskernen auf dem Taunus-

observatorium und auf dem Atlant. Ozean ll (Counting of condensa
tion nuclei at the Taunus Observatory and on the Atlantic Ocean), 
Bioklimatisches Beiblatt zur Meteorologischen Zeitschrift, 1: 125, 
1934. 

Landsberg, H. IIAtmospheric condensation nuclei, II Ergebnisse der 
kosmischen Physik, 3: 155-252, 1938. 

Landsberg, H. IISome recent climatic changes in Washington, D. C. II, 
Archiv f{lr Meteorologie, (B) 3: 65-71, 1951. 

272. Landsberg, H. IIClimatology and its part in pollution, II Meteorological 
-----~hs,--l{4-): 7-8, 19-9±.------------------ ----- ------ -- ----

273. Landsberg, H. E. IIMicroclimatology. II Architectural Forum, Boston, 
86: 114-119, 1947. 

I 

274. Langevin, P. IISur les ions de llatmosphere, II (The ions of the atmo-

275. 

276. 

sphere), Comptes Rendus, 140, 232, 305, 1905. 

II II II 
Lauscher, F. IIBeobachtun~en uber Abkuhlungsgrosse und Windschutz 

an der Zentralstation fJ.r Meteorologie in Wien ll (Obser.vations of 
cooling and wind protection at the Central Meteorological Station 
in Vienna), Beiheft zu den Jahrbuch der K. K. Zentralanstalt 
f{{r Meteorologie und Geodynamik 1928, Vienna, 67-83, 1931. 

Lauscher, F., and F. Steinhauser. lIStrahlungsuntersunchungen in 
Wien und Umgebung ll (Investigations of radiation in Vienna and its 
environs), Sitzungsberichte der Wiener Akademie der Naturwissen
schaften, Mathematisch-naturwissenschaftliche Klasse, Abt. 2 a, 
141: 15-32, 1932; 143: 175-196, 1934. 

- 198 .. 



. . 

" 277. Lauscher, F. "Flachland- und Hugelklima im Gebiet von Wien" 
(The climate in the flatlands and hills around Vienna) Wetter 
und Leben, 3: 99-102, 1951. 

" 278. Lauscher, F. "Warmeausstrahlung und Horizonteinengung "(Heat 
. Radiation and horizon narrowing), Sitzungsberichte der Wiener 

Akademie der Naturwissenschaften, Mathematisch-Naturwis
senschaftliche Klasse, 143: 503 .. 519, 1934. 

279. Lauscher, F. "Die Wiener Strahlungsmessungen 1930-32" (Radia-
tionmeasurements in Vienna, 1930-1932), Jahrbuch der K. K. 
Zentralanstalt flir Meteorologie und Geodynamik, 1939. Appendix. 

280. Lauscher, F. "Zum Stadtklima von Uppsala" (The climate 6f the 
city of Uppsala), Wetter und Leben, 4: 8-11, 1952. 

" 281. Le Corbusier, and H. Hilderbrandt. Stadtebau (City planning). 
Stuttgart, 1929. 

283. Lessmann, H., and P. Zedler. "Ein Beitrag zum Berliner Stadt-
klima" (A contribution .to the climate of the city 6f Berlin), 
Bioklimatisches Beiblatt zur Meteorolo ischen Zeitschrift, 
3: 1 3 -1 5, 193 . 

" 284. Lettau, H. "Uber den meteorologischen Einfluss der Grossstadt" 
(The meteorological influence of large cities), Das Wetter, 48: 
263~273, 1931. 

285. Lettau, H. "Die Wirksamkeit einer Grossstadt als QueUe von Luft .. 
verschmutzung" (The activity of the large city as a source of 

" air pollution), Gerlands Beitrage zur Geophysik, 31: 387 -397, 
1931. 

286. Levine, J. Atlas meteorologique de Paris (Meteorological atlas of 
Paris), Paris, 1921. 

287. Levine, J; "Le climat de Paris" (The climate of Paris), La Nature, 
49: 91-93, 1921. 

288. Leyden, Fr. Grossberlin. Geo raphie der Weltstadt {Greater Berlin. 
Geography of the Metropolis. Breslau, 1933. 

I , 

289. Liandrat, G. "Le probleme du brouillard et de fuinees a Lyon" (The 
problem of fog arid smoke in Lyon), Les Etudes Rhodanienries, 
Lyon, 9: 229-246, 1933. 

- 199 .. 



, 
290. Liandrat f G. "La brume des grandes villes, fumees industrielles et 

fumees domestiques" (The thick haze 01 farge cities, industrial 
and domestic smoke), Conference faite a Lyon Ie 12.3.1934. 
Lyon, 1934. 

" 291. Lieimann, H. Uber die Rauch- und Russfrage (The question of smoke 
and soot). Braunschweig, 1908. 

292. Liese, "Baupolizeiliche Besonnungsvorschriften" (Sunlight regula-
tions of building authorities), Neue Bauwelt, No. 35, 1951. 

" 293. Lindner, W., and E. Bockler. Die Stadt, ihre Pflege und Gestaltung (The 
City -- its maintenance and design). G. D. W. Callwey, 1939. 
288 pp. 

294. Linke, F., and B. de Rudder. Biologie der Grossstadt (The biology 
of the large city). Dresden and Leipzig, T. Steinkopf, 1940.210 pp. 

295. Lloyd, H. "Aspects of houses in relation to wind, rainfall, and sun-
shine, "R. J. of BritishArchitects, 31: 633-644, 1924. 

" 296. Lobner, A. "Horizontale und vertikale Staubverteilung in einer Gros-
sstaSlt" {Horizontal and vertical dust distribution in a large city}, 
Veroffentlichungeil des geophysikalischen Instituts der Universit~t 
Leipzig, Second series, 7(2): 53-99, 1935. 

" " " " 297. Lobner, A. "Uber lufthygienische Fragen in kriegszerstorten Stadten" 

" 

(Hygienic que stions concerning the air in cities destroyed by war), 
Gesundheitsingenieur, 68: 48-50, 1947. 

298. Lobner, A. "Verstaubungskarten von Berlin 1949/50" (Dust maps of . 
Berlin, 1949/50), Raumforschung und Raumordnung, 10: 142 ... 143, 
1950. 

299. Loewe, F. " 'Difficult days' at Melbourne, " Weather Development and 
Research Bulletin, No. 15: 12-17, 1950. 

" 3 O-O~- - b:>ewy; -k, -H-tloe r L(timatopliys 1610 glen-rClimato':;iili y s iolo gy )~ Deutsche- - ,-
medizinische Wochenschrift, 1931. 

" " 301. Lossnitzer, H. "Mittlere Trubungsfaktoren fur St. Blasien, den 
Feldbut:g und Karlsruhe" (Average haziness factors for St. Blasien, 
the Feldburg, and Karlsruhe), Das Wetter, 46: 270, 1929. 

302. Lossnitzer, H., and H. Freudenberg. "Temperaturmessfahrten im 
Gebiet der Stadt Freiburgim Breisgau" (Temperature measure
ment trips in the area of the city of Freiburg im Breisgau), Bio
klimatisches Beiblatt zur Meteorologischen Zeitschrift, 7: 30-39, 
1940. 

- 200 -
- \ 



303. 

304. 

305. 

306. 

307. 

308. 

309. 

310. 

311. 

312. 

313. 

Ludwig, G. "Gleichzeitige Messungen von Kondensationskernen an 
zwei benachbarten Orten" (Simultaneous measurements of condeD" 
sation nuclei in two neighboring locations), Meteorologische_ 
Zeitschrift, 53: 106 -108, 1936. 

" II 
Lutgens, R. IIWetter- und Klimabeein£lussung, kunstliches Klima 

und Wirtschait" (The influence of weather and climate, artificial 
climate and economy), Festschrift fUr C. Uhlig, Ohringen, 1932. 
pp. 264-272. 

I 

MacLaughlin, M. J. "Mesures sur les groB ions a Paris" (Measure-
ments of large ions in Paris), Comptes Rendus, 184: 1183, 1571, 
1927. 

MaIsch. W. 'IBestimmung der Extinktion der Grossstadtluft" (Deter
mination of the extinction of air in large cities), Sterne, 13: 178 if., 
1933. 

Manohin, V. "Podnebje Ljubljane" (The climate of Ljubljana), Geo
grafiski Vestnik Ljublj<l,na_J 11(1/4):3-48. 1945. 

II " 
Markgraf, H. IIDie Storungen der normalen Luftelekrizitat in Potsdam. 

Einfluss von Wind und Wetter" (Disturbances of normal static 
electricity in Potsdam. The influence of wind and weather), 
Meteorologische Zeitschrift, 41: 165 -170, 1924. 

Marsh, A. Smoke. London, 1947 

Marshall, W. A. L. IILondon temperatures, " Meteorological Magazine, 
London, 77:54-59,1948. 

Marten, W. "Das Strahlungsklima von Potsdam" (Radiation conditions 
in Potsdam), Ver~ffientlichungen des k~niglich-preussischen
meteorologischen In stituts , 8(4), 1926. 

Martiny, R. IIDie Grundrissgestaltung der deutschen Siedlungen" 
(Floor plan organization in German settlements), Petermanns 
Mitteilungen, Supplement. V. 197, Gotha 1928. 

Matsui, H. IIAtmospheric impurities in the central part of Tokyo, " 
Meteorological Society of Japan, Journal, Second series, 17: 
367 ... 372, 1939. 

314. Maurain, Ch. Le c1imat parisien (The Parisian climate). Paris, 1947. 

315. Mayer, E. Kleinstadt und Grossstadt (Small cities and large cities). 
Langensalza, 1926. 

316. Mayerson, H. S., and H. Laurens. "Total solar radiation at New 
Orleans, La. II, Monthly Weather Review, 62(8): 281-286, 1934 . 

... 201 -



317. 

318. 

319. 

320. 

321. 

322. 

323. 

324. 

325. 

326. 

327. 

328. 

Mazelle, E. "Temperaturen von Triest nebst einem Beitrag zur 
Kenntnis des Temperaturunterschiedes Stadt-Land" (Temperatures' 
in Trieste, along with a contribution to the knowledge of the 
temperature differences between citie s and rural areas), 
Meteorologische Zeitschrift Hannbd., 1906. pp. 162-174. 

McAdie, A. G. The clouds and fogs of San Francisco, San Francisco, 
1912. 

" " Mecking, L. ,"Die Vergrossstadterung im raumlich-zeitlichen Bilde 
Japans" (Historical and geo~raphical picture of the development 
of large cities in Japan), Gottinger Geographische Abhandlungen, 
v. 1, 1948. 

" " " Meinander, R. "Uber die nachtliche Warmeausstrahlung in Helsing-
fors" (The nocturnal heat radiation in Helsingfors), Commentationes 
physico-mathematicae (Societas scientarium Fennica), 4: 16, 1928. 

" Metz, Fr. Die Hauptstadte (Important cities). Berlin, 1930. 

Metzler, H. K. "Der Gang der relativen Feuchtigkeit zwischen Frei~ 
land und Aussenstadt in Hannover" (The variation in the relative 
humidity between the open country and city limits near Hannover)' 
Bioklimatisches Beiblatt zur Meteorologischen Zeitschrift, 2: 120-
121, 1935. 

" Mey, A. "25 jahrige Niederschlagsmessungen an verschiedenen Stel-
len Bremens" (25 years of precipitation measurements at different 
points in Bremen), Das Wetter, 45: 289-295, 1928. 

Mey, A. "Vergleich der Temperaturen innerhalb und ausserhalb der 
Stadt Bremen" (A comparison of temperatures inside and outside 

" . the city of Bremen), Deutsches Meteorologisches Jahrbuch fur 
Bremen, 42: 30-31, 1931. 

Mey, A. "Die Stadteinfluss auf den Temperaturgang" (The influence of 
the1:ity upon temperature variation), Das Wetter, 50: 293':'-298, 
1933. 

Meyer, E. G. "Sonnen- und Himmelsstrahlung in der Grossstadt und 
in die Mittelgebirge" (Solar and co smic radiation in large cities 
and in the highland areas), Strahlentherapie, 49: 161-165, 1934. 

Meyer, E. G. "Temperaturmessungen an heiteren Tagen in und am 
Rande einer Kleinstadt" (Temperature measurements on clear 
days in and around a small city), Meteorologische Zeitschrift, 
52: 26-29, 1935. 

Middleton, W. E., and F. G. Millar. "Temperature profiles in 
Toronto, " Royal Astronomical Society of Canada, Journal, 30: 
265-272, 1936. 

- 202 -



'C' ... 

329. Mindling, G. W. "Influence of artificial heating on the climate of . 
cities," Monthly Weather Review, 39(8}: 1280-1286, 1911. 

330. Missenard, A. Klima und Lebensrh hmus (Climate and the rhythm 
of life). Meisenheim Glonn, 1949. 

331. Mittelbach, H. A. Vom St~dtebau zur 10ka1en Raumordnun (From 
city planning to t e ocal arrangement of space. Stuttgart, 1947. 

332. Moest, W. "Stadtgliederung und Strassenp1anung" (Street planning 
and the organization of the city), Neue Bauwe1t, 6: 569, 1951. 

" 333. Molly, "Luftverunreinigung als Warmeschutz" (Air pollution as 
insulation against loss of heat), Das Wetter, 48: 368-372, 1931. 

" 334. Morawetz, S. "Temperaturen und Niederschlage von Graz (1864-l943)" 

335. 

336. 

337. 

338. 

339. 

340. 

341. 

(Temperatures and precipitation in Graz, l864-l943), Mitteilungen 
der Geographischen Gesellschaft in Wien, 91(10/12): 230-232, 1949. 

Moscheles,J .. "Das Klima von Prag" (The climate of Prague), Meteoro.., 
logische Zeitschrift, 35: 170-181, 1918. . 

" " Mrose, H. "Der Muhltalwind als Frischluftspender fur das Jenaer 
Westviertel" (The Mllhltal wind as a provider of fresh air for the 
western part of Jena), Das Wetter, 56: 377-383, 1939. 

Mrose, H. "Entl~ftung der Siedlungen durch ()rtliche Fallwinde" (Ven
tilation of settlements using local downdrafts), Gesundheitsin- . 
genieur, 63: 434-435, 1940. 

" . Muhleisen, R. "Positive und negative elektrische Raumladungen in 

" 

atmosph~rischer Luft bei Sch~nwetter" (Positive and negative 
electric space charges in atmospheric air in fair weather), 
Die Naturwissenschaften, 39: 376-377, 1952. 

Muhleisen, R. "Die lU:ftelektrischen Elemente im Grossstadtbereich" 
(Elements of static electricity in large city areas), Zeitschrift 
f~r Geophysik, Sonderbd., 142-160, 1953. . 

" Muhleisen, R. "Untersuchungen der Aerosole von Industrie und Ver-
kehrszentren durch luftelektrische Methoden" (Investigations of 
aerosols at centers of inC\tjlstry and traffic using methods of static 
electricity), Zeitschrift fur Aerosol£orschung und -Therapie, 
2: 426 -434, 1953. 

If. 

Nagel, E. Grundlegende Wertzah1en uber Wohndichte und Besied-
lungsdichte im Sta:dtebau (Fundamental numerical values for 
population density and settlement density in city planning). 
Munich, 1927. 

- 203 -



342. 

343. 

344. 

345. 

346. 

347. 

348. 

349. 

350. 

351. 

352. 

353. 

354. 

" Naeg1er, W. "Der grosse Regenfall vom 18. bis 19.6.1939 uber dem 
Dre'sdener Stadtgebiet" (The heavy rainfall of June 18-19, 1939 
in the vicinity of Dresden), Das Wetter, 56: 331-333, 1939. 

" Naeg1er, W. "Statistik der Temperaturverha1tnisse vO,n Leipzig 
(1831-1935)" (Statistics of the temperature conditions in Leipzig, 
1831-1935), Akademie der Wissenschaften, Leipzi , Mathematisch
-Physikalische K1asse, Berichte, 88: 7-10 , 1936. 

" Neumann, E. Das stadtische Sied1ungswesen (City settlements). 
Stuttgart, 1933. 

Neumann, E. "Der Einfluss der Besonnung auf Richtung und Breite 
der Wohnstrassen" {The influence of sunlight upon the direction 
and width of re sidentia1 streets}, Gesundheitsingenieur, 56: 85-88, 
1933. 

Neumann, G. J. "Der Einf1uss klimatischer Faktoren auf Sied1ung 
und Wohnungsbaukunst" (The influence of climatic factors upon 
the architecture of settlements and homes), Petermanns Mit
teilungen, 98: 13-17, 1954. 

I 

Najer, J. M. IlLes orages dans 1a region parisienne pendant 11anuee 
1926" (The storms in the region of Paris during 1926 {The storms 
in the region qf Paris during 1926}, Anna1es des services tech
niques d'Hygiene de Paris, 8 and 9, 1927/28. 

Norinda, H., and R. Siksna. IIVariations of the concentration of ions 
at different heights nel'fr the ground during quiet summer nights 
at Uppsa1a ll , Archiv fur Geophysik, 1: 519-541, 1953. 

" -
Oife, H. "Stadtehygiene und Mikroklima" (City hygiene and micro-

climate), Gesundheitsingenieur, 65: 248-251, 1943. 

01bricht, K. "Gedanken zur Entwick1ungsgeschichte der Grossstadt" 
(Thoughts about the history of the development of the large city), 

_ u __ De 0 g r aphi--S-Gh-e-Zei~i-ft,--~~-4el---4'7-§T-±9-29-0- --- - ---

" 01bricht, K. "Die Entwick1ung der deutschenGrossstadte l1 (The de-
velopment of the large cities in Germany), Geographischer Anzeiger, 
33: 371-378, 1932. 

" 01bricht, K. "We1tstadte heute und einst" (Metropolises of today and 
yesterday), Geographische Wochenschrift, 1: 7-13, 1933. 

Owens, J. S. "Pollution of the air by smoke", Journal of State Medicine, 
London, 42: 51-58, 1934. 

Palmer, A: H. "Is the heat generated by great cities changing their 
climates?", Monthly Weather Review, 39(8): 1284-1286, 1911. 

- 204 -



355. 

356. 

357. 

358. 

359. 

360. 

361. 

362. 

363. 

364. 

365. 

366. 

367. 

368. 

Parry, H. "The climates of towns", Weather, 5: 351-356, 1950. 

Pas sarge, S. Klima und Landschaftsbild (Climate and topographical 
features), Bielefeld, 1927. 

Passarge, S. Landschaft und Kulturentwicklung in unseren Klimabreiten 
(Landscape and the development of culture in our range of climate ), 
Hamburg, 1922. 

" Peppler, A. "Die Temperaturverhaltnis se von Karlsruhe an heissen 
Sommertagen" (Temperature conditions in Karlsruhe on hot summer 
days), Deutsche s Meteorologisches Jahrbuch fUr Baden, 61: 59 f. , 
1929. 

Peppler, A. "Das Auto als Hilfsmittel der meteorologischen Forschung ll 
(The automobile as an aid in meteorological research), Das Wetter, 
46: 305-308, 1929. 

II 

Peppler, A. IIZur Temperatur der Grossstadte an heissen Sommertagen ll 
(The temperature s in large cities on hot summer days), Das Wetter, 
50: 230-233, 1933. 

II 

Perlewitzl~ P. "Dber den Einfluss der Stadt Berlin auf deren klimatische 
Verhaltnis se" (The influence of the city of Berlin upon its climatic 
conditions), Das Wetter, 6: 97 .. 109, 1890. 

Perlewitz, P. "Das Klima von Hamburg" (The climate of Hamburg) in 
Hygiene und soziale Hygiene im Hamburg, Hamburg, 1928. 

Perlewitz, P. Wetter und Mensch (Weather and Man). Leipzig, 1929. 

Pesch, K. "Neue Methoden der Grossstadtstaubbestimmung" (New II 

methods of the determination of dust in large cities), Archiv fur 
Hygiene, 105, 1929. 

Pfaff, J. Die esundheitliche Bedeutung der Luft, Strahlung und Luft
elektrizitat im Grossstadtklima an der Saar The sanitary impor
tance of the air, radiation, and static electricity in the climate of 
large cities in the Saar}. Frankfurt am (Main), 1931. 

Pfaff, J. "Der Feinstaub der Grossstadt" (Fine dust in large cities), 
Natur und Kultur, 30: 299, 1933. 

Pfaff, J. "Sonnenstrahlung und Grossstadt" (Solar radiation and the large 
city), Das Wetter, 51: 196-198, 1934. 

Pfaff, J. "Vom Feinstaub der Stadt und Zimmerluft" (Fine dust in the 
air of cities and rooms), Gesundheitsingenieur, 57 :57, 1934. 

- 205 -



369. 

370. 

371. 

Pfaff, J. "Ergebnisse der Messungen von Sonnen- und Himmelsstrah
lung in SaarbrUcken und auf dem Schaumberg" (Results"of the 
measurements of solar and cosmic rfidiation in Saarbrucken and 
on the Schaumberg), Gerlands Beitrage zur Geophysik, 47: 342-345, 
1934. 

Pick, W H. "Fogs during winter with unsaturated air at various town, 
rural and seaside stations in the British Isles, " Royal Meteorological 
Society, Quarterly Journal, 55: 305-306, 1929. 

climate of Lyon and of the Lyon region . 

372. Plass, G. N. "Erh~hung der Erdtemperatur" (Increases in the tempera-
ture of the Earth), Naturwissenschaftliche Rundschau, 6: 508, 1953. 

373. PIes sner, H. "Dr. Bernhard Christoph Fausts 'Plan einer Stadt'" 
(Dr. Bernhard Christoph Faust's Plan of a city), Gesundheitsingenieur, 

.56: 403-405, 1933. 

374. Polis, P. H. J: Das Klima Aachens (The climate of Aachen). Aachen, 

375. 

376. 

377. 

378. 

379. 

1900. 

Pollack, V. "Zur Verwitterung durch Rauchgase und Schlagregen'" 
(Weathering from fumes and rain),' Meteorologische Zeitschrift, 
34: 298, 1917. 

Pollak, L. W. Ergebnisse der Messungen der U. V. E ... Strahlung von 
Sonne und Himmel in Prag und auf dem Donnersberg (Results of 
measurements of ultraviolet radiation from the Sun and the Sky 
in Prague and on the Donnersberg). Prague, 1936. 

Polli, S. "100 anni di osservazioni meteorologiche eseguite a Trieste 
_lBAL-l9Ail" -{lM -y:eax-s.--G-£ ~ee-l;'-e±eg-i-e-al--o b s e! vationscarried out 

in Trie ste, l84l-l940}, Pubblicazioni dell'Istituto geofisico di 
Trieste, No. 155, 1942; No. 214, 1946; No. 230, 1947; No. 234, 
1949; No. 260, 1949; No. 273, 1950. 

Prull, H. "Die Strahlung von Sonne und Himmel in Karlsruhe" 
" (Solar and cosmic radiation in Karlsruhe), Gerlands Beitrage zur 

Geophysik, 44: 266-287, 1935. 

" Prull, H. "Trubungskoeffizient und Himmelsstrahlung" (Coefficient 
of turbidity and cosmic radiation), Gerlands Beitr~ge zur Geophysik, 
44: 287-299, 1935. ' 

380. Pye, N. "The formatio:;.1. 0: land fogs and the atmosphenc pollution 
of towns, "Geography, London, 29: 71-BU, 1944. 

" 381. Rainer? R. Stadtebaullche Pr';)sa (Writings about CIty planning). 
Thbingen, 1948. 

- 2u6 -



382. 

383. 

384. 

385. 

386. 

387. 

388. 

389. 

390. 

391. 

392. 

393. 

" Raiss, W. "Der Ein£luss des Klimas auf den Heizwarmebedarf in 
Deutschland" (The influence of climate upon heating needs In 
Germany), Gesundheitsingenieur, 56: 397-403, 1933. 

Redway, J. W. "Urban versus suburban temperatures:, Monthly 
Weather Review, 47(1): 28-29, 1919. 

" Reich, A. "Leitfaden fur die Rauch- und Russfrage ll (Handbook of 
questions about smoke and soot) in Oldenburgs techno Hdbibl. 
v. 20, Munich 1917. 

Reichel, E. IIErgebnisse gleichzeitiger Registrierungen der Tem
peratur und Feuchtigkeit am Strande und im Orte zu Misdroy 
im Sommer 193211 (Results of simultaneous measurements of 
temperature and humidity at the beach at Misdroy and in Misdroy 
itself in the summ~r of1932)'Ver?ffe11.tlichungen des k~niglich
preussischen-rnetebrolbgischeri lristituts, Berichte, No. 395: 
94-104, 1932. 

Reichel, E. IIEin Beispiel grosser Temperaturunterschiede zwischen 
Stadt und Freilandstationenll (An example of great temperature 
differences between stations in cities and in open country), 
Ver~ffentlichungen de s k~niglich-preus sischen-meteorologischen 
Instituts, Berichte, No. 402: 72-75, 1933. 

II II 
Reichel, E. IIDie Niederschlagshohe in Munchen ll (The amount of 

precipitation in Munich), Witterungskurzberichte f{lr Bayern, 
April 1952. 

Reichow, H. B. Organische Stadtbaukunst (Organic city architecture). 
Braunschweig, G. Westermann, 1948. 212 pp. 

II II 
Reidat, R.IIUber den Einfluss der Stadt auf die Sicht uber das Tem-

pelhofer Feld ll (Concerning the influence of the city upon the 
visibility over Tempelhof Field), Erfahrungsberichte des deutschen 
Flugwetterdienstes, Sonderbd., 90 f. , 1930. 

Reidat, R. IIWetter, Bauwesen und Heizung ll (Weather, construction 
engineering, and heating), Nachtrichtenblatt f{lr Technik und Wirt
schaft im Hausbrand, April 1952. 

Reidat, R. IIBauwesen und Wetterdienst ll (Construction engineering and 
weather service), Der Deutsche Ho1zbau, No. 7/8, 1951. 

Reifferscheid, H. IIStaub in Tr{lmmerst~dtenll (Dust in ruined cities), 
Die Umschau in Wissenschaften und Technik, 566, 1950. 

Reisner, IIDie verunreinigung der Stadt1uft ll (Pollution of city air), 
Technisches Gemeindeb1att, Berlin, 42: 125-129, 1939. 

- 207 -



394. 

395. 

396. 

397. 

398. 

399. 

400. 

401. 

402. 

403. 

404. 

I I I 

Rempp, G. "L'emp1acement futur de 11industrie a Strassbourg considere 
en point de vue du regime du vent" (The future arrangement of 
industry in Strassbourg considered from the point of view of the 
wind regimy), Strassbourg, Universit~, Institut de Physique du 
Globe; M~teoro1ogie et Physique du Globe, 1: 100-101, 1928; 
2: 377-379, 1929. 

Renou, E. "Differences de temperature entre 1a ville et 1a campagne" 
(Temperature differences between city and country), Annuaire du 
Bureaux Centrale M~t~oro1ogique de France, 3 :79, 1855; 10: 105, 
1862; 16 :83, 1868. 

Reth1y, A. "A fe1hozet fokozatos nagyobbodasa Budapesten (1861-
1937)" (The stepwise increase of the cloudines s in Budapest), 
Jdojcirc1.s, 42: 101-120, 1938. . 

Reth1y, A. Budapest eghayhata (The climate of Budapest), Budapest, 
1947. 

Robb, A. D. "Comparison of temperatures from roof and ground ex
posures at Topeka, Kans. 1935-36", Monthly Weather Review, 
65(11): 388-392, 1937. 

Roger, E. "Moyennes de 1a pression, de 1a temperature et de 1a 
p1uie ~ Paris de 1806 c1. 1925" (Pressure, temferature and rain 
averages in Paris from 1806 to 1925), La M~teoro1ogie, 19: . 
233-235, 1928. 

Root, C. J. "City planning and the prevailing winds, " Monthly Weather 
Review, 51(6): 309-310, 1923. 

Root, C. J. "Airport and city temperatures at Detroit, Mich. ", 
Monthly Weather Review, 67(4}: 99, 1939. 

Roth, H. Aktinometer und aktinometrische Messungen in Frankfurt 
(Main) Mai 1920/21, unter besonderer BerUcksichtigung des Gros
s stadtdunste s. (Actinometer sand actinometric measurements in 
Frankfurt am Main in May, 1920/21, with particular emphasis on 
the city haze). Frankfurt (Main), 1921. 

, , " 
Rotschke, M. "Untersuchungen uber die Meteoro1ogie der Staubat-

mosphare" (Investigations of the meteorology of the dust atmo
sphere), ;yeroffent1ichungen des Geophysikalischen Instituts der 
Universitat Leipzig II Series, 11(1), 1937. 

I 

Rougetet, E., and M. Bourgeois. "Indices de micro-c1imat a Toulon" 
(Micro-climate indices in Toulon), La Meteoro1ogie, 42: 49-54, 
1951. 

- 208 -



405. 

406. 

407. 

408. 

409. 

410. 

411. 

412. 

413. 

414. 

415. 

Rouse, H. "Air-tunnel studies of diffusion in urban areas, " Meteoro
logical Monographs, 1(4): 39-41, 1951. 

Russel, F. A. "Der Nebel in London und seine Beziehung zurn Rauch" 
(The fog in London and its relation to smoke), Meteorologische 
Zeitschrift, 6: 33-36, 1889. 

Russel, M. J. "Stadtnebel und ihre Wirkungen" (City fog and its effects), 
Meteorologische Zeitschrift, 9: 12-21, 1892. 

Samec, M. "Durchsichtigkeit der Luft bei verschiedenen Witterungs
zust~nden in Wien" (The transparency of the air in Vienna under 
various weather conditions), Sitzungsberichte der Wiener Akademie 
der Naturwissenschaften, Mathematisch-Naturwissen-schaftliche 
Klasse, II a. 114: 1519-1568, 1905. 

Sanders, S. E. St!:{dtebau der Zukunft (City planning of the future), 
Vienna, 1948. 

Sarnetzky, H. "Der Staubg,ehalt des Rhein. ;",Westf!{l. Industtiebezirkes 
in unmitte1barer Erdnahe" (The ground level dust content of the 
air in the Rhine- Westphalian industrial area), Rauch und Staub, 
7: 30 m 31, 1916-17. 

Sauberer, A. "Die Vertei1ung rindenbewohnender F1echten in Wien, 
ein biok1imatisches Grossstadtprob1em" (The distribution of tree 
bark lichens in Vienna, a bioclimatica1 problem in a large city), 
Wetter und Leben, 3: 116-121, 1951. 

Sauberer, F. "Neue Messungen der Intensit~t der Sonnenstrah1ung in 
Wien" (New measurements of the intensity of sunlight in Vienna), 
Wetter und Leben, 3: 122-125, 1951. 

Sauberer, F. "Ergebnisse der Strah1ung~registrierungen mit dem 
Robitsch-Aktinographen bis 1947 in Osterreich" (Results of the 
radiation measurements made with the Robitsch actino!$,raph 
until 1947 in Austria), ()sterreichische Zentra1ansta1t fur Meteoro
logie und Geodynamik, Jahrbuch 1947, D 34- D 39. 

Sauberer, F. "Die heutige Bioklimato1ogie des Menschen" (The present
day bioclimatology of men), Wetter und Leben, 3{1l/12); 241-247, 
1951. 

Sawyer, L. D. "The effects of pressure distribution upon London'S 
sunshine in Winter'!, Royal Meteorological Society, Quarterly 
Journal 51: 121-129, 1925. 

- 209 -



416. Scaetta, H. "Termino1ogie climatologique, bioclimatolcgique, et 

417. 

418. 

419. 

420. 

421. 

422. 

423. 

424. 

425. 

426. 

427. 

microclimatologique" (Climatological, bioclimatologica1, and 
microclimatologica1 terminology), La Meteorologie, 11: 342-347, 1935. 

" Schachl, F. "Untersuchungen uber die Zah1 del' geladenen und un-
geladenen Kondensationskerne in Stadt und Gebirgs1uft ll (Inves .. 
tigations concerning the number of charged and uncharged conden
sation nuclei in city and mountain air), Beitrage zur Geophysik, 
38: 20 2 - 219, 19 33 . 

Schedler, A. IIWind und Wetter in Wien ll (Wind and Weather in Vienna), 
Meteorologische Zeitschrift, 61: 117 -123, 1944. 

II II 
Schilling, G. F., and H. Seper. IIUber die Abhangigkeit des luftelek-

trischen Potentialgradienten von del' Grossstadtlage in Wien ll 

(The dependence of the static electricity potential gradient upon 
position in the city of Vienna), Archiv fUr Meteorologie, (A) 2: 
334-341, 1950. 

II 
Schleichowski, G. W. IIVerunreinigung der Luft in den Stadten durch 

Rauch" {Smoke pollution of city air}, Die Technik, 26-30, 1953. 

II II' 
Schmauss, A. "Meteorologische Grundsatze im Haus- und Stadtebau" 

(Meteorological principles in the construction of houses and 
cities), Bayerisches Industrie- und Gewerbeblatt, new series, 
46:181-183,1914. 

II 
Schmauss, A. "Die Windbeobachtung in Grossstadten" (Wind observa-

tions in large cities), Meteorologische Zeitschrift, 38: 226, 1921. 

Schm.auss, A. "Eine Miniaturpo1arfront" (A miniature polar front), 
Meteoro1ogische Zeitschrift, 42: 196, 1925. 

II 
Schmauss, A. "Grossstadte und Niedersch1ag" (Large cities and 

precipitation), Meteorologische Zeitschrift, 44: 339-341, 1927. 

Schm.idt, G~ II Zur Nutzbarrnachung staubklirn.atischer Untersuchungen II II 
fur die stadtebauliche Praxis" (Utilization of climatic dust investiga-
tions in the practice of city planning), Berichte del' Deutschen 
Wetterdienstes in del' U. S. Zone, 38: 201-205, 1952. 

Schmidt, H. Citybildung und Bev~lkerungsdichte in Grossst;{dten 
(Urban patterns and population density in large cities). Munich, 
E. Reinhardt, 1909. 71 pp. 

II 
Schmidt, K. "Die Windverhaltnisse in Freiburg an heiteren Sommer-

tagen" (Wind conditions in Freiburg on fair summer days), Deutsches 
Meteorologisches Jahrbuch fUr Baden, 1932, pp. 80-83. 

- 210 -



428. Schmidt, K. "Temperaturunterschiede zwischen Stadt und F1ughafen 
in Dre sden" (Temperature differences in Dresden between the 

" city and the airport), Das Wetter, Zeitschrift fur angewandte 
Meteoro1ogie, 51: 200-202, 1934. 

" 429. Schmidt, W. "Zum Einfluss grosser Stadte auf das Klima" (The 

430. 

431. 

432. 

433. 

434. 

435. 

436. 

437. 

438. 

influence of large citie s upon climate), Die Naturwissenschaften, 
5: 494, 1917. 

Schmidt, W. "Temperaturmessungen im Windschutz" (Wind-protected 
temperature measurements), Meteoro1ogische Zeitschrift, 35: 
255-, 1918. 

Schmidt, W. "Messungen des Staubkerngehalts der Luft am Rande 
einer Grossstadt" (Measurements of the dust nuclei content of 
the air at the edge of a large city), Meteoro1ogische Zeitschrift, 
35: 281-285, 1918. 

Schmidt, W. "Der Massenaustausch in freier Luft und verwandte 
Erscheinungen" (Mass exchange in free air and related phenomena), 
Prob1eme der kosmischen Physik, v. 7, Hamburg 1926. 

Schmidt, W. "Die Vertei1ung der Minimurntemperaturen in der 
Frostnacht des 12.5.1927 im Gemeindegebiet von Wien" (Distribution 
of minimum temperatures in the vicinity of Vienna during the 
freezing night of May 12, 1927), Fortschritte der Landwirtschaft, 
2(21), 1927. 

Schmidt, W. "Kleinklimatische Aufnahmen durch Temperaturfahrten" 
(Small-climatic recordings from temperature measurement trips), 
Meteoro1ogische Zeitschdft, 47: 92-106, 1930. 

Schmidt, W. "Das Strahlungsklima einer Grossstadt" (Radiation 
conditions in a large city), Forschungen und Fortschritte, 18: 237, 
1934. 

II 
Schmidt, W., and E. Brezina. Das kunstliche Klima (Artificial climate), 

Stuttgart, 1937. 

" Schneider, K., and K. Sonntag. "Die meteorologischen Verhaltnisse 
" . . " von Munchen und Umgebung ln lhrer Bedeutung fur das Flugwesen" 

(Meteorological conditions"in Munich and vicinity and their meaning 
in terms of aviation), Veroffentlichungen des Wetterdienstes, 
Munich 1936. . 

" Schreyer, R. "Die Niederschlagsverhaltnisse in Prag und Wien 1898 
bis 1947" (Precipitation conditions in Prague and Vienna from 1898 

" until 1947), Jahrbuch der K. K. Zentralanstalt fur Meteorologie 
und Geophysik in Wien, 1947. Anhg. 3 z. 

- 211 -



439. 

440. 

441. 

442. 

443. 

444. 

445. 

446. 

447. 

448. 

449. 

450. 

II 

Schreyer, R. "Die Niederschlage in Gross-Prag" (Pr.ecipitation in 
Greater Prague), Wetter und Leben,4(5/7}: 102-104, 1952. 

" Schubert, J. "Das Klima der Bodenober£lache und der unteren Luft-
schicht in Mitteleuropa" {The climate in the ground-level and 
lower air layers in Central Europe} in E. Blanks Handbuch der 
Bodenlehre II: Die Verwitterungslehre und ihre klimatologischen 
Grundlagen. Berlin, 1929. 

" Schumrrcher, F. Yom Stadtebau zur Landes 
stadtebaulicher Gestaltung From city plannin~ to land organiza
tion, and questions of city planning design), TJ.bingen, 1951. 

" Schulze, A. "Die Sommerwarme in Berlin nach der Beobachtungsreih~ 
1766 bis 1952" (The summer heat in Berlin according to a series 
of observations from 1766 until 1952), Berichte der Deutscher 
Wetterdienstes in der U. S. Zone, 7: 176 f., 1952. 

" " Schwab, P. F. "Uber das photochemische Klima von Kremsmunster" 
{The photochemical climate of Kremsm{lnster}, Akademie der Wis
sens chaften, Wien, Mathematis che -Naturwis sens chaftliche Klas s e, 
Denkschriften, 64: 151-228, 1896. 

Schwalbe, G. "Bemerkungen zu den Temperaturbeobachtungen in Ber
lin und Umgebung" (Remarks about temperature observations in 

" " Berlin and vicinity), Veroffentlichungen des koniglich-preussischen' 
meteorologischen Instituts; Berlin, No. 272: 85, 1913, No. 292: 13, I 

1916. 

Scott, R. H. "Fifteen 'Years I Fog in the British Islands 1876-1890", , 
Royal Meteorological Society, Quarterly Journal, 19: 229-238, l893~ 

" Seidensticker, W. "Aufgaben des Stadtebaues" (Problems of city plan-
ning), Die Neue Stadt, 5: 301 .. 307, 1951. 

" . 13~j.J.l~9.p.L_H. _'~Beitra.ga zux_o.rographischenMeteoJ:01ogieNO-rdwe.s.t-
deutschlands" (Contributioris to the orographic meteorology of 
northwest Germany), Annalen der Hydrographie und maritimen 
Meteorologie, 56: 113-125, 1928. 

" Seilkopf, H. "Bemerkungen zur Frage der Forderung der Meteorologie 
durch den Luftverkehr"(Remarks about the furthering of meteoro
logy through air traffic), Erfahrungsberichte des deutschen Flug
wetterdienstes, 1 Sonderbd., 25-33, 1930. 

Segikuti, R. "A note on the dust content of the atmosphere as affecting 
the intensity of solar radiation observed in the middle part of 
Tokyo", Meteorological Society of Japan, Journal, Second Series, 
10: 277-281, 1932. 

Shaw, N., and J. S. Owens. Smoke problems of great cities. London, 
1925. 

451. Sheleikhowskii, G. V. Zadymlenie gorodov (Smoke-screen of cities), 
Moscow, Ministerstvo Komunal'nogo Khoziaistva, 1949. 234 pp . 

.. 212 .. 

.. 1-:. 



452. 

453. 

454. 

455. 

456. 

457. 

458. 

459. 

460. 

461. 

462. 

463. 

464. 

Shiotani, M., and G. Yainamoto. "Atmospheric turbulence over the 
large city-turbulence in the free atmosphere, II Geophysical 
Magazine, 21(2): 134-147, 1950. 

Siebert, A. "Grossstadt und Landschaft" (Large cities and landscape), 
Umschaudienst des "Forschungsausschusses, Landschaftsp£lege und 
Landschaftsge staltung ll del' Akademie fill' Raumfor schung und 
Landesplanung. No.2, 1953. 

Siegel, J., and B. Feiner. "Sootfall studies for New York Cityff, 
Treatment, 9(2): 42-47, 1946. 

Siksna, R. "Measurement of large ions in the atmospheric air at 
Uppsa1a", Arkiv fu'r Geofysik, 1: 483-518, 1953, 

Silhavy, F. "Untersuchungen des Keimgeha1tes del' Luft in Wien" 
(Investigations of the germ content of the air in Vienna), Wetter 
undLebenr6~ 16-19, 1954. 

Smith, J. W. "The climate of the city and the country compared, " 
Monthly Weather Review, 40(1): 30-31, 1912. 

Sohoni, V. V. "Meteorological normals of Calcutta, II Asiatic Society 
of Bengal, Journal and Proceedings, 25: 237-283, 1929. 

Sorre, M., and G. Mouriquand. Traite de Climatologie bio10gique et 
medica1e (The relationship between biological and medical clima- . 
tology)' Paris, 1934. 

II 

Spangenberg, W. W. "Die Niederschlagsverhaltnisse in der Stadt 
Schwerin ll (Precipitation conditions in the city of Schwerin), 
Mekl. Das Wetter 56: 205-209, 1939. 

II II 

Spath, W. "Zwei Beobachtungen uber Wolkenbildungen ll (Two obser-
vations of cloud formation), Meteorologische Zeitschrift, 37: 105, 
1920. 

Spence, M. T. "Temperature changes over short distances as shown 
by records in the Edinburgh districttr, Royal Meteorological 
Society, Quarterly Journal, 62: 25-30, 1936. 

Sperk, M. Das Klima del' Stadt NU.l'nberg im Ge ensatz zum Klima 
ihrer naheren Umgebung The climate of the city of Nuremberg III 
contrast to the climate of its nearby surroundings). Erlangen, 
1943. 

Spinnangr, F. "Temperatl'e and precipitation in and around Bergen, II 

Bergens Museums Rl'bok, 1942. 

- 213 -



465. 

466. 

467. 

468. 

469. 

470. 

471. 

472. 

473. 

474. 

475. 

Starbuck, L. "A statistical survey of Hong Kong rainfall, " Hong 
Kong, Royal Observatory R. O. 'T. M. 2, 1950. 

" Staubach, K. "Moglichkeiten und Grenzen der Grossstadtauflockerung" 
(Pos sibilities and 1hnitations in breaking up large cities), Raum
forschung und Raumordnung, 1: 138-141, 1948. 

Steinhauser, F. "Beobachtungen zum Stl{dteklima" (Observations of 
city climates), Meteoro1ogische Zeitschrift, 48: 491-493, 1931. 

II 

Steinhauser, F. "Temperaturverhaltnisse von Wien zu verschiedenen 
Jahres- und Tageszeiten nach Ergebnissen von Messfahrten in 
den Jahren 1931 und 1932"' (Temperature conditions in Vienna at 
various teimes of the year and of the day, as discovered in measure
ment trips in the years 1931 and 1932), Sitzungsberichte der Wiener 
Akademie der Naturwissenschaften, Mathematisch-Naturwis
senschaftliche Klasse, II a, 141: 553-566, 1932. 

II 

Steinhauser, F. "Neue Untersuchungen der Temperaturverha1tnisse 
von Grossstl{dten l Methode und Ergebnisse" (New investigations 
of the temperature conditions in large cities: methods and results), 
Bioklimatisches Beib1att zur Meteoro1ogischen Zeitschrift, 
1: 105-111, 1934. 

, II 

Steinhauser, F. "Die mittlere Trubung der Luft an verschiedenen 
Orten, beurteilt nach den Linkeschen TrUbungsfaktoren ll (The 
average turbidity of the air at various places, according to the 
Linke turbidity factors), Ger1ands Beitrl{ge zur Geophysik, 42: 
110-121, 1934. 

. . II 

Steinhauser, F. "Grossstadttrubung und Strah1ungsklima" (Turbidity 
in large cities and radiation conditions), Bioklimatisches Beib1att 
zur Meteoro1ogischen Zeitschrift, 1: 175-184, 1934. 

Steinhauser, F. "Ergebnisse und Aufgaben stadtklimatischer Unter
suchungen in Wien" (Results and problems in urban climatic inves
tigations in Vienna), Wetter und Leben, 3: 86-94, 1951. 

II II. _ U _. _ .. . _. .. _ --- -- -- _. - '- ... . 

Stbbe,W. t1Ergebriisse 10 jahr-iger stundlicher Windbeobachtungen zu 
N{{rnberg (1921-1930)" (Results of hourly wind observations in 
Nuremberg over the ten year period 1921-1930), Deutsches Meteoro
logisches Jahrbuch fUr Bayern, 1930.Series 1-4. 

II 
- Ste-e-kme-ye l' ~ - L;v-.- 1Y3i:-e-Auflo-sun-g-der --StadtHtBreaking- uptneclty), . 

Natur und Ku1tur, 39: 90, 1933. 

II II . - . 
Stranz, D. "Aus1osung von Schneefall uber e~ner Grossstadt" (D1S-

integration of snowfall over a large city), Zeitschrift fUr Meteoro
logie, 3:359-360, 1949. 

- 214 -

- L. 



475a .. Stratmann, H., et al. "Luftverunreinigung durch Rauchgase aus Damp
£kesselanlagen. Bericht Uber den Stand der Technik" (Air pol-

476. 

477. 

478. 

479. 

480. 

481. 

482. 

483. 

484. 

485. 

486. 

lution from fumes of boiler plants. A report on the state of enginee
ring), Mitteilungen der Vereinigung der Grosskesselbesitzer, 

. April 1955. 

Sundborg, A. "Climatological studies in Uppsala, with special regard to 
the temperature conditions in the urban area", Geographica, 
No. 22, 1951. 

Sundborg, A. "Local climatological studies of the temperature conditions 
in an urban area," Tellus, 2: 222- 232, 1950. 

Sutter, E. "Der Ein£luss des Grossstadtdunstes auf das Strahlungsklima, 
.. - - insoesonaeren-rm UItrav16IelP'(The influenc-e-o-rnazelnTarge 

cities upon radiation conditions, especially in the ultraviolet 
range), Strahlungstherapie, 34: 660-664, 1929. 

Taylor, G. J. "The formation of fog and mist, II Royal Meteorological 
Society, Quarterly Journal, 43: 241-268, 1917. 

Terada, T., and T. Utigasaki. "Physical investigations of conflagra
tions in Tokyo, " Institute of Physical and Chemical Research, 
Tokyo, Scientific Papers l6{3l2): 69-90, 1931. 

" . Thams, J. C. "Hitze und Schwule einer italienischen Grossstadt" 
(Heat and moisture in a large Italian city), Vierteljahrschrift 
der naturforschenden Gesellschaft in ZUrich, 96: 240-252, 1951. 

Thein, W. IIMassgebliche Schlagregenwirkung in der Bautechnik" 
(Important rainfall effects in structural engineering), Annalen der 
Hydrographie und maritimen Meteorologie, 61: 196-201, 1933. 

" " Thomas, O. "Uber die Nebelverhaltnisse in Wien" (Fog conditions 
in Vienna), Meteorologische Zeitschrift, 32: 501 .. 505, 1915. 

" Thraen, A. "Das Klima von Prag im Zeitrahrnen einer 89 jahrigen 
S~ularwelle ausgeglichen (1856-l944)" (The climate of Prague 
over a period of 89 years, 1856-1944), Meteorologie, 2 (11/12): 
323-324, 1949. 

Tinn, A. B. "Local distribution of thunder, rains around Nottinghamlf, 
Royal Meteorological Society, Quarterly Journal, 66: 47-64, 1940. 

" Tollner, H. "Untersuchungen uber die Temperaturverteilung in der 
Stadt Wien im Sommer 1931" (Investtgations of the temperature 
distribution in the city of Vienna in the summer of 1931), Sitzungs
berichte der Wiener Akademie der Naturwissenschaften, Mathema .. 
tisch-Naturwissenschaftliche Klasse, II a, 141: 1-15, 1932. 

- 215 -



487. 

488. 

489. 

490. 

491. 

492. 

493. 

494. 

495. 

496. 

497. 

II II 

Tollner, H. II Luftstromungen und Luftwirbel uber dem Wiener Stadt-
gebiet und ihre klimatisch-hygienische Bedeutung" (Air currents 
and air turbulence over the vicinity of Vienna, and their meaning 
in terms of climate and hygiene), Mitteilungen des Volksges
undheitsamtes, Vienna, 1932. No.7. 

II 

Topitz, A. "Uber den Wandel der Luftverunreinigung in Wien in der 
Zeit von 1900 bis 1950" (The variation in the air pollution in Vienna 
from 1900 until 1950, ) Wetter und Leben, 4: 95-102, 1952. 

Topolansky, M. "Der Geltungsbereich klimatologischer Stationen" 
(The range 0l{ validity of climatological stations), Das Wetter, 
Zeitschrift fur angewandte Meteoro1ogie, 41: 125-128, 1924. 

II 

Treibich, A. "Ub~r die Verschiedenheit der Lufttemperaturen in 
Innern der Stadte und in ihrer freien Umgebung ll (The difference 
in air temperatures inside cities and in their open surroundings), 
Meteoro1ogische Zeitschrift, 44: 341-347, 1927. 

Vasu, L. Strassenluftuntersuchun en in Dresden (Investigations of 
street air in Dresden. Dresden, 19 8. Doctoral dissertation. 

Villaret, B. Climatolo ie medica1e de la re ion panslenne (Medical 
climatology of the Paris region. Paris, 193 . 

Vogler, P., and G. Hassenpflug. Das Gesundheitswesen in der Bau
planung Berlins (Sanitation in the construction plans of Berlin). 
Berlin, W. Saenger, 1948. 

. II 

Vogt, H. W. "Auflockerung deutscher Grossstadte naCfh dem Kriege 
unter dem Gesichtspunkte der Raumordnung -- M~glichkeiten 
und Grenzen"( The breaking up of large German cities after the 
war from the point of view of space planning -- possibilities and 
limitations}, Raumordnung und Raumforschung, 1: 51-56, 1948. 

II II II 

Voig(s.l. JL _":Erge1>nl.sse YQll Kerll~~hlu.ngeu in_LlfPeck ... .Trav.enmnde ll 

(Results of nuclei counts in Lubeck-Travemunde), Bioklimatisches 
Beib1att zur meteoro1ogischen Zeitschrift, 3: 170-174, 1936. 

Wagner, A. "Die Abnahme der Jahresschwankung der Temperatur in 
den 1etzten Dezennium in Europa" (The decrease in annual varia
tions of temperature in the last decade in Europe), Meteoro1ogische 
Zeitschrift, 45: 361-367, 1928. 

II 

Wagner, A. "Der jahrliche Gang der klimato1ogischen E1emente in 
Wien 1851 bis 1920 11 (The annual variation in climatological elements 
in Vienna from 1851 until 1920), Zentra1anstalt fU.r Meteorologie 
und Geodynamik, Publikationeri,· No. 134, 1930. 

498. Wagner, A. La s Angeles. Leipzig, 1935. 

- 216 -

r-

- J.." 



499. 

500. 

501. 

502. 

503. 

504. 

505. 

506. 

507. 

508. 

509. 

510. 

511. 

" " " Wagner, M. Das sanitare Grun der Stadte (City sanitation through 
green plants). Berlin, 1915. 

Wagner, Th. Das Klima von Jena (The climate of Jena). Doctoral 
dissertation. Jena, 1920. 

II 
Weinlandler, A. "Grossstadt und Klima" (Climate and the large city), 

Das Wetter, 59: 390-393, 1942. 

II 
Weinlandler, A. "Meteorologische Erscheinungen beim Stadtbrande 

MU.nchens" (Meteorological phenomena caused by fires in Munich), 
Meteorologie, 4: 132-135, 1951. 

Wendler, A. IITechnische Wetterbeeinflussung" (Influence of the weather 
by scientific means), Probleme del' Kosmischen Physik, No.9, 
1927. Hamburg. 

II 
Werner, F. Die Niederschlagsverteilun uber Leipzi 1934 (The pre-

cipitation distribution in Leipzig, 1934. Doctoral Dissertation, 
Leipzig, 1942. 

Whipple, Fr. J. W. "The influence of urban conditions on the circula
tion of electricity through the atmosphere", Faraday Society of 
London, Transactions, 32(8): 1203-1209, 1936. 

Wilkins, E. T. "Air pollution aspects of the London fog of Decenlber 
1952", Royal Meteorological Society, Quarterly Journal, 80: 267-271, 
1954. 

Willett, H. E. "Fog and haze, their causes, distribution, and fore
casting, II Monthly Weather Review, 56(11): 435-468, 1928. 

Willi, A. "Die Stadt Rosenheim: ihre Erscheinung und Raumbeziehung f' 

(The city of Rosenheim; its appearance and spatial organization), 
Forschungen zur Deutschen Landeskunde, Landshut 1951. 

II II 
Winkler, C. "Sammlung von Abhandlungen uber Abgase und Rauchschaden" 

(A collection of treatise s about waste gases and smoke damage), 
Herausgeg. von H. Wislicenus, No.8: 62-68, 1913. Berlin. 

Witte, W. Das Problem der geographischen Klimadarstellung (The pro
blem of geographical climate representation). Hamburg, 1932. 

Wittwer, W. C. "GrundzU.ge der Klimatologie von Bayern" (Basic 
features of the climatology of Bavaria), in Landes- und Volkskunde 
d. Kgr. Bayern, v. 1. Munich, 1860. 

- 217 -





524. 

525. 

526. 

527. 

528. 

529. 

530. 

531. 

532. 

533. 

534. 

535. 

536. 

537. 

538. 

539. 

"Guilty chimneys. The evidence of authorities against smoke II, 
National Smoke Abatement Society. London, 1948. 

I I 

IIDuree de llinsolation, nebulosite et radiation globale en centre de 
Parisll, (Duration of insolation, nebulosity and global radiation I 
in the center of Paris), Anna1es des services techniques dlHygiene 
de Paris, 15: 17-39, 1934. 

IIEinfluss von Rauchschalden auf die Pflanzeproduktion ll (The influence 
of smoke damage upon vegetable 'raising), Rauch und Staub, 7: 
32, 1916. 

IITemperature readings on London roofsll, Meteorological Magazine, 
London, 68: 177-180, 1933. 

liThe high fog in London on Jan. 23rd, 192411, Meteorological Magazine, 
London, 59: 69-70, 1924. 

IIGesamtdeutsche St~dtebautagung in Berlin 7.5.1950 11 (The greater 
Germany City Planning Conference in Berlin, May 7, 1950), 
Ge sundheitsingenieur, 71: 230, 1951. 

liN. N. temperature readings on London roofs, II Meteorological Maga
zine, 68: 177-180, 1933. 

Meteorologische Zeitschrift, 9: 103, 1892. 

Meteorologische Zeitschrift, 14: 217, 1897. 

Meteoro1ogische Zeitschrift, 28: 135, 1911. 

II II 

Deutsches meteoro1ogisches Jahrbuch fur Bayern, Munchen, 1922-1931 
(The German meteorological yearbook for Bavaria and the 
Munich, 1922-1931). 

Statistisches Jahrbuch der Stadt Berlin, 1933 (Statistical yearbook of 
the City of Berlin, 1933). 

Climatological atlas of the British Isles, Meteorological Office, Air 
Ministry, London, 1952. 

II II 

Ficker. H. von. Veroffentlichungen des koniglich-preussischen-
meteorologischen Instituts, Ergebnisse der Beobachtungen an 
den Stationen 2 und 3. (Papers of the Royal Prussian Meteoro
logical Institute; Results of the observations at Stations 2 and 3), 
Ordnung, Berlin. 

Fischer, A. Neue Weltstatistik 2 (New World Statistics). 1951. 

I I 

Annales du Bureau Central Meteorologique de France (Annals of the 
Central Meteorological Bureau of France), Paris. 

- 219 -



540. 

541. 

542. 

543. 

544. 

545. 

546. 

547. 

548. 

549. 

550. 

551. 

552. 

553. 

" " Monatstabellen fur die Wetterwarte Furth, 1922-1931 (Monthly tables 
from the weather tower at Furth, 1922-1931), Archiv des Deutschen 
Wetterdienste s, Bad Kis singen. 

Geographisches Taschenbuch 1954/55 (Geographic Handbook, 1954/55). 

Gesellschaft und Wirtschaft. Bildstatistisches E1ementarwerk. 
(Society and economy. An elementary statistical work) Leipzig, 
Gesellschafts- und Wirtschaftsmuseum in Wien, 1930. 

" Haeuser, J. Die Niedersch1a sverha1tnisse in Bayern 1901-1925 (Pre-
cipitation conditions in Bavaria, 1901-1925 . Munich, 1930. 

Hellmann, G. Klimaat1as von Deutschland (Climate atlas of Germany). 
Berlin, 1921. 

Herders We1t- und Wirtschaftsatlas. Die Welt in Mass und Zah1. 
(Herders atlas of economy and the world. Measurements and 
figures of the world). Freiburg im Breisgau, 1932. 

11 I I 

Hubners geo~raphische statistische Tabellen aller Lander del' Erde 
1933 (Hhbner I s statistical geographical tables of all countries of 
the world, 1933). 7lst Edition. Frankfurt am Main. 

Annali delPUfficio Centrale Meteorologico e Geodinamico Italiano, 
Roma. (Annals of the Italian Central Office of Meteorology and 
Geodynamics ). 

Die Kohlenwirtschaft der Erde in Zah1en. (Figures of the coal economy 
of the world). 1953. 

Monatstabellen der Station 2. D. Leverkusen (Monthly tables of 
Station 2). 

II 
Monat tabellen fur die Landeswetterwarte und den Botanischen Garten 

Munchen 1923-192 (Monthly tables of the regional weather tower 
and the botanical garden of Munich, 1923-1926.) 

" I I Monatstabellen der Beobachtungsstellen fur Niederschlag in Munchen 
und Umgebung (Monthly Tables of the precipitation observation 
points in Munich and its vicinity). 

Statistisches Jahrbuch der Deutschen Bundesrepublik. (Statistical year
book of the Federal Republic of Germany) 1953. 

Statistisches Jahrbuch deutscher Gemeinden. 41. Jahrg. (Statistical 
yearbook of German communities, 41st Year) 1953. 

- 220 -



554. 

555. 

556. 

557. 

558. 

559. 

560. 

561, 

562. 

563. 

"The climatic handbook for Washington, D. C.", U. S. Weather 
Bureau, Technical Paper No.8, 1949. 

Royal Swedish Academy of Sciences, Central Meteorological Institute. 
Meteorological observations in Sweden, 22-60 Yearbook 1-6, 
1919-1924. Stockholm, 1880-1924. 

II " 
Jahrbucher der Kg!. Ungarischen Reichsanstalt fur Meteorologie und 

Erdmagnetismus. (Yearbooks of the Royal Hungarian Institute 
for Meteorology and Terrestrial Magnetism). Budapest. 

"Climatological data for the U. S. by sections, " U. S. Dept. of 
Agriculture Weather Bureau, Washington, No. 13. 

"Report of the Chief of the Weather Bureau", U. S. Dept. of Agriculture 
Weather Bureau, Washington. 

Wild, H. Annalen des physikalischen Zentralobservatoriums St. 
Petersburg 1880-1915. {Annals of the Central Physical Observatory 
of St. Petersburg, 1880-1915}. 

Woytinsky, WI. Die Welt in Zahlen, Bd. I (The world in numbers, 
Volume I). Berlin, R. Mosse, 1925. 

" " Deutsches Meteorologisches Jahrbuch fur WurttefPberg, Stuttgart 
(The German meteorological yearbook for Wurttemberg and 
Stuttgart) . 

Deutsche Eisenbahnen, Kohlenstatistik (German railroad and coal 
statistics),1933. 

" " Ubersicht uber die Kohlenwirtschaft des Jahres 1933 (A review of the 
coal economy in 1933). 

- 221 -




	Di4701002111649
	Di4701002111651
	Di4701002111653
	Di4701002111655
	Di4701002111703
	Di4701002111704
	Di4701002111705
	Di4701002111707
	Di4701002111708
	Di4701002111709



