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The effects of a built environment on its climate, i.e., the urban heat island (UHI), has 
been under extensive research for more than 200 years. However, most of the research has 
focused on cities and regions at low and mid-level latitudes, while cities positioned at high 
latitudes have gained much less interest. In this article, we focus on summarising a total of 
22 Finnish UHI research studies from 1961 to 2021 in cities located between the 60° and 
65° north latitude. In these research studies, statements are made about UHI intensity and 
extent, and about the utilised analysis methods and techniques. Nine of the studies refer 
to the Finnish capital Helsinki, while the others concern the larger cities Turku, Oulu, and 
Lahti, as well as the medium-sized municipalities Hyvinkää and Joensuu. Our paper pre-
sents the previous studies in chronological order, thereby illustrating the methodological 
development of UHI research in Finland. One of the most important findings is that the 
past Finnish studies show a high level of scientific understanding and similar scientific 
practices to those in corresponding international research. However, the study also shows 
the challenges of comparing UHI characteristics between different cities because the spe-
cific local features (such as topography, water proximity, green infrastructure, etc.) typi-
cally play a significant role in local climatological conditions. The results of our investiga-
tion show that, firstly, there is a significant difference between the intensity of the summer 
and winter urban heat island. The UHI intensity can reach up to 14 K under the influence 
of local conditions. Secondly, the urban heat island intensity, where it could be studied 
over a longer period of time, has not essentially increased. However, there have been initial 
indications of an increase in recent studies. Thirdly, the research methods and results show 
a consistency in content over time, so that early research results can serve as the basis of 
further investigations. This study highlights the challenging nature of observing urban cli-
mate in high spatial-temporal detail and the different methods that have been traditionally 
used for UHI examinations: the conclusions are that all of these methods are also needed at 
present in order to grasp the full picture of urban climatic characteristics.
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level (Oke 1976). The third UHI type, surface 
UHI, is mainly used in the context of remote 
sensing, and denotes the difference in land sur-
face temperature between the urban and rural 
areas (Voogt and Oke 2003). In this study, we 
will focus on the canopy layer UHI.

The UHI is a worldwide phenomenon and 
can be found even in the most remote human 
settlements such as Barrow, Alaska, USA 
(Hinkel et al. 2003) as well as in the most 
densely populated New York City, New York, 
USA (Bornstein 1968).

The formation and development of UHI can 
be enhanced or suppressed by the geographi-
cal location, terrain topography, the proximity 
of water bodies, soil characteristics and green 
infrastructure (Wienert and Kuttler 2005; Oke 
et al. 2017).

The UHI phenomenon in its most extreme 
manifestation has an impact on outdoor thermal 
conditions in parks, public places, and streets 
as well as on indoor thermal conditions in resi-
dential buildings, kindergartens, schools, and 
hospitals. Widely recognised measurement and 
analysis methods make it possible to have the 
results of investigations processed directly by a 
broad scientific community. Thus, urban clima-
tological findings are directly available to urban 
planners and architects.

The UHI phenomenon was first demon-
strated in 1818 by the English chemist and ama-
teur meteorologist Luke Howard through his 
measurements of air temperature at two loca-
tions within and on the periphery of London. 
Through his many years of research, he was 
able to identify, among other things, a daily 
urban heat island intensity of ~2.1°C and rea-
sons for each season of urban warming: the 
anthropogenic energy sources for wintertime, 
urban geometry as a radiation trap, urban 
roughness that suppressed general air exchange, 
and the lack of humidity that reduced the cool-
ing impact of evaporation, in the months from 
spring to autumn (Howard 1833, Mills 2008). 
By the 1920s, comparable research was con-
ducted in almost every capital and larger city 
in Europe (Kratzer 1956). Prior to the 1920s, 
research focussed on comparing stationary 
observational sites in urban and rural areas. 
The introduction of automobiles as a measur-

Introduction

The urban climate is determined by the changes 
of meteorological parameters, such as air tem-
perature, humidity, wind, and precipitation 
— caused by urbanization of a defined size 
(Kratzer 1956; Chandler 1965). In the pre-
modern era, when urban clusters were consid-
erably smaller than contemporary cities, urban 
development was guided inter alia by tradition 
and gained experiences. If we consider the 
influences of different (e.g., historical, social, 
economic, and geographical) conditions on the 
physical development of cities, we will oper-
ate with the understanding that each city has 
its own pattern of urban development. For this 
reason, it does not always seem useful to com-
pare cities with each other (Hietala et al. 2009). 
Urban climate research is the realm of multi-
disciplinary natural sciences research, which 
describes, analyses, and in its best form, pre-
dicts the physical characteristics of an area most 
people live in today. It can be assumed that 
centuries ago, there were thermal and hydro-
logical climatological differences between rural 
and urban areas. However, only technical and 
scientific developments have made it possible 
to measure and compare these differences with 
reliable instruments and observation methods.

It is well known that cities alter the local 
climate (Alcoforado and Matzarakis 2010). In 
addition, the overall climate is changing due to 
ongoing human-induced climate change. The 
feedback of the urban climate into the local 
and regional climate, on the other hand, is not 
well understood; after all, increasing urban heat 
island (UHI) intensity can be mitigated to some 
extent through urban planning.

The urban heat island is a phenomenon 
that describes the differences in the meteoro-
logical parameters of an area compared with 
its surrounding areas (Oke et al. 2017). Under 
certain circumstances, UHI has been charac-
terised as follows: cities are warmer, drier, and 
calmer than areas in their surrounding vicinity 
(Landsberg 1981). In addition to the canopy 
layer UHI, which refers to the air temperature 
differences below the rooftop level height, UHI 
has also been determined for the boundary layer 
that extends vertically well above the rooftop 
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heat island intensities are emerging in modern, 
more sprawling urban areas (Fogelberg et al. 
1973; Drebs 2011). This increasingly extends 
the urban heat island phenomenon with its 
effects on whole urban areas.

Finnish UHI research began in the early 
1960s. The late start of Finnish UHI research 
was due to delayed urbanisation and the limited 
number of major cities. Until the 1950s, more 
than half of Finns lived in rural areas (United 
Nations 2018), and there were only three cities 
in Finland with more than 100 000 inhabitants: 
Helsinki, Turku, and Tampere (City of Helsinki 
2012; City of Turku 2017; Central Statistical 
Office 1959). By 1990, the urbanisation rate 
reached 79 % in Finland, and it is predicted 
that by 2050 about 90% of Finnish people 
will live in urban surroundings (United Nations 
2018). From the point of view of the grow-
ing urban population, various researchers have 
shown the connection between population size 
and UHI intensity (Oke, 1973). In Finland, the 
general municipal development has often been 
influenced by the amalgamation of towns and 
municipalities, so that an increase in popula-
tion has usually been explained by an increase 
in territory. The objectives of this study are to 
present Finnish UHI research in its historical 
sequence and to analyse the individual research 
results in the context of one another primar-
ily by using four large sample cities (Helsinki, 
Turku, Oulu, and Lahti) with the two medium-
sized cities (Joensuu and Hyvinkää) to obtain 
a condensed overall picture (Table 1). Further-
more, this summary is intended to activate UHI 
research in high latitudes by encouraging the 
university students and researchers to replicate 
UHI studies in cities where UHI studies have 
already taken place, and finally to also conduct 
UHI studies in other cities. This study also aims 
to enhance the utilisation of UHI-related knowl-
edge in urban planning to, e.g., improve climate 
change adaptation on an inner-city scale.

Our decision to focus on Finnish UHI stud-
ies stems from the fact that it is challenging to 
separate the influence of the general climate 
from city-specific characteristics when com-
paring cities in different geographical regions. 
These city-specific characteristics are often 
more relevant for urban planning.

ing platform allowed for the expansion of the 
studied area (Schmidt 1927; Peppler 1929). 
From the 1960s, the use of computer technol-
ogy became evermore popular, which made it 
possible to handle a large amount of data and 
a deeper exploration of theoretical approaches. 
Additionally, growing concern for the environ-
ment led to an increased focus on UHI research. 
In one regard, understanding the connection 
between air pollution and urban climate led 
to the use of UHI research in city planning 
(Kratzer 1956). Other aspects of the changing 
urban climate that may have a direct impact 
on at-risk groups (e.g., the elderly, the sick, or 
children) in the urban population include an 
increase in extreme weather events such as heat 
waves, heavy rain and high winds and other 
undesirable weather events (Revi, A, et al. 
2014). For example, an increase in premature 
longevity due to the more frequent and longer 
occurrence of heat waves has also been demon-
strated in Helsinki (Ruuhela et al. 2017, 2021; 
Votsis et al. 2021).

At present, the UHI research results are 
important for global climate change research 
due to the impact of urban climate on global 
climate. The research focuses on two oppos-
ing assumptions about the development of UHI 
intensity, the measure that indicates the larg-
est daily temperature difference between urban 
built-up and rural undeveloped areas. By the 
end of this century, Oleson et al. (2011) esti-
mated that a slight decrease of the urban-rural 
air temperature differences is mainly due to a 
different response of rural and urban areas to 
increased long-wave radiation from a warmer 
atmosphere. On the contrary, Wilby (2007) con-
cluded that there will still be an increase of 
the UHI intensity in the future despite global 
warming. Due to the varying progress of the 
earth's climate warming, globally, the UHI phe-
nomenon will develop differently in its expan-
sions and intensities. Cities and communities 
at higher latitudes will experience greater and 
faster changes in their UHI phenomenon than 
cities in other regions of the world (Wienert 
and Kuttler 2005). In addition to the well-
known linear UHI relationships between open 
spaces, suburbs and city centres, sub-centres 
with the same characteristics but with lower 



84	 Drebs et al. • BOREAL ENV. RES. Vol. 28

Urban heat island research in 
Finland

Helsinki

The first known UHI survey in Helsinki was 
conducted by Tommila (1961). He compared the 
city centre weather station (Kaisaniemi) to three 
more northerly stations and an island station in 
the Gulf of Finland about eight kilometres off 
the coast of Helsinki. Here, the air temperature 
was measured three times a day with mercury-
in-glass-thermometers according to the World 
Meteorological Organisation (WMO) standards 
in a hut two metres above ground level. The 
monthly air temperature means were calculated 
by adapting a different monthly correction value 
to the means. Tommila compared the monthly 
air temperature averages from the years 1947 
to 1949, creating graphs to illustrate his find-
ings. He concluded that, under certain circum-
stances, the Helsinki city centre should have 
been between 0.4–1.0 K warmer than the sur-
rounding areas. Furthermore, he compared a 
longer series of observations between the city 
station in Kaisaniemi and a climate station four 
kilometres to the north. From this relationship, 
he was able to estimate that the difference in the 
annual mean air temperature grew by 0.12 K 
over the course of 45 years.

The study by Fogelberg et al. (1973) was 
the first in Finland to use a car as an instrumen-
tal platform for meteorological measurements. 
Fogelberg carried out his three measurement 
runs on low-wind, slightly cloudy nights at the 

end of February (24, 26, and 28. Feb. 1973). The 
air temperatures were measured by an electrical 
resistance thermometer, which was kept outside 
the car during the measurement runs. The regis-
tration of the air temperature measurement was 
done manually with an accuracy of 0.5 K. The 
measurement runs lasted two to four hours and 
were carried out on alternating routes in the city 
centre and the surrounding area at a speed of less 
than 40 km/h. The analysis of the measurement 
results was illustrated graphically, where the air 
temperatures were mapped by isothermal lines 
on the Helsinki city centre. The results of the 
three measurement nights were presented in a 
synthesis map in such a way that it showed the 
median values determined for each 1 km² city 
area as the arithmetic mean of the three night's 
values. Fogelberg et al. thus obtained an urban 
heat island intensity of 8 K for Helsinki at the 
end of February 1973. Air temperature differ-
ences of up to 13 K were established in isolated 
places due to individual terrain forms. The syn-
thesis map of all three measurement runs further 
confirmed that there was not only one Helsinki 
urban heat island, but that in addition to the 
pronounced urban heat island in the city centre, 
there were also other weaker sub-centres in the 
suburbs.

In 1973, a second research project was also 
carried out in Helsinki. Here, Alestalo (1975) 
wanted to determine the UHI intensity by means 
of motor vehicle measurement runs under winter 
and summer conditions and especially in urban 
areas near the coast. However, the measurement 
runs in winter and summer each comprised only 

Table 1. Compilation of geographical and demographic data as well as the number of known urban heat island 
surveys.

	 City	 Coordinates	 Population*	 Population	 Land/water	 No. of traceable
				    density**	 areas***	 UHI research

	 Helsinki	 60°10´15´´ 24°56´15´´	 658 339	 3062	 215.19 / 500.29	 8
	 Turku	 60°27´05´´ 22°16´00´´	 195 350	 797	 245.66 / 60.69	 8
	 Hyvinkää	 60°37´50´´ 24°51´35´´	 46 686	 145	 322.69 / 14.08	 1
	 Lahti	 60°58´50´´ 25°39´20´´	 120 202	 262	 459.49 / 58.14	 1
	 Joensuu	 62°36´00´´ 29°45´50´´	 77 284	 32	 2391,69 / 369,27	 1
	 Oulu	 65°01´00´´ 25°28´00´´	 209 197	 70	 2971.14 / 845.13	 3

* Number of inhabitants, Statistics Finland 2021
** Number of inhabitants / land area
*** km2, National Land Survey of Finland 2021.
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one favourable measurement day or measure-
ment night (low cloud, low wind, 12 March 
and 15–16 August 1973), so that no gener-
ally valid statements could be established about 
Helsinki's urban heat island. The measurement 
sensor consisted of platinum wire thermocou-
ple, protected from solar radiation, and mounted 
on the roof of a car at a height of 2.5 metres. 
The measurement results were recorded with a 
plotter. During the summer measurement trip, 
one fixed measurement point each in the city 
centre and one in the undeveloped suburban area 
were also available. Alestalo also had a 10-day 
period around 12 March for comparison, from 
which there were still some air temperature 
averages from four urban areas: the city centre, 
parks, coastlines, and undeveloped areas sur-
rounding the city centre. The means of the air 
temperature, and the dispersion showed the same 
characteristics as those of the measurement run 
of 12 March, only in a smaller dimension. The 
summer measurements and, above all, the air 
temperature comparison between the two fixed 
measurement sites again showed a measured 
UHI intensity of up to 9.1 K. The two studies 
(Fogelberg, 1973 and Alestalo, 1975) were car-
ried out independently of each other and there 
is no indication as to whether they were even 
aware of each other at the time.

In the analysis of Heino (1978), he described 
the differences in UHI intensity and other urban 
climatic parameters for two Finnish cities, Hel-
sinki and Jyväskylä, based on 15-year monthly 
and annual averages (1961–1975). It was the 
first time in Finland that besides air temperature, 
humidity, cloudiness, and precipitation were sys-
tematically investigated. For Helsinki, in addi-
tion to the climate station in the city centre, 
Heino had a station to the south, located on an 
island in the Gulf of Finland, and five others 
fanned out to the north around the city centre. 
For Jyväskylä, about 240 kilometres north of 
Helsinki, a climate station in the city centre 
and one in the north and south were avail-
able for analysis. All stations were operated 
by the Finnish Meteorological Institute. The 
measurement results used for his analyses were 
partly produced with recording instruments (air 
temperature and humidity) and partly observed 
manually (cloud cover, precipitation, days with 

snow cover). His main findings included that the 
annual mean air temperature in the city centre 
was 0.4–0.8 K higher and the daily fluctuation of 
air temperature extremes was 1 K lower. Like-
wise, the days with frost, a daily air temperature 
minimum under 0°C, and days with snow cover 
were 10% less frequent in the urban centres than 
at the rural stations.

In 2004, Piispa published the results of his 
19-month (July 2001 to January 2003) urban 
heat island study, which he conducted as a thesis 
for his MSc. degree at the Geography Depart-
ment at the University of Helsinki. For his study, 
he installed 10 Optic StowAway temperature 
loggers in predetermined locations such as gar-
dens, open agricultural areas, public squares, 
and occasional densely built-up residential areas 
in simple radiation shields, mainly fixed in trees 
two metres above the ground. In addition, he 
used measurement results from seven measur-
ing points of the public services. The air tem-
peratures were measured at half-hourly intervals. 
Based on this observation material, Piispa cre-
ated isotherm maps using the IDW interpola-
tion method. However, without additional back-
ground data such as distance to the coastline, 
population density, terrain height above sea level, 
or land use, it is not possible to approximate the 
temperature ratios between the measuring points. 
Therefore, all his results are subjectively influ-
enced by the interpretation method and only give 
a limited overview of the temperature conditions 
in Helsinki from 2001–2002.

Between 2002 and 2006 (Drebs 2003; 2005; 
2006), a stationary measurement network of up 
to 20 low-cost recording air temperature data 
loggers in standard radiation protection was set 
up at representative locations in the metropoli-
tan area. The aim of this short-term measuring 
network was to estimate the air temperature 
distribution under different large-scale weather 
conditions. For this purpose, special attention 
was paid to the distribution of the measuring 
points on a north-south as well as east-west axis. 
Through these measuring point arrangements, it 
was possible to confirm certain patterns of the 
air temperature distributions at the individual 
seasons in the different weather situations for 
the metropolitan region. Furthermore, the differ-
ent air temperature gradients between built-up 
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and unbuilt areas confirm another internationally 
known property of the UHI magnitude for Hel-
sinki as well. This is the relationship of the sky 
view factor to the UHI magnitude. The sky view 
factor is the ratio of the width of the street to the 
height of the building on site, which appears to 
the observer as an open area of sky when viewed 
from the ground. For Helsinki, this meant that 
the UHI magnitude of 9 K was reached (Oke 
1987). Depending on the small-scale climatolog-
ical locations, the distances between the obser-
vation points and the distance to the Helsinki 
coastline, air temperature differences between 
8 K and 13 K could generally be observerd. The 
short-term measurement network was later used 
to evaluate the Helsinki Testbed Observation 
Network (Koskinen et al. 2011). Later, some of 
these observation points were part of the Hel-
sinki Testbed observation network (Koskinen et 
al. 2011).

In another published MSc. thesis from the 
Department of Geography at the University 
of Helsinki on the UHI phenomenon, Drebs 
(2011) further explored his previous research 
on the spatial and temporal distribution of air 
temperatures. For this purpose, he conducted a 
12-month mobile long-term measurement cam-

paign (July 2009–June 2010) on about 100 kilo-
metres of predefined routes with different terrain 
characteristics such as topography and distance 
to the coast. 

In 104 measurement runs, which were car-
ried out in two parts on each Tuesday of the 
measurement campaign at 11:00 and at 23:00, 
31 kilometres passed through the city centre 
(speed ~30 km/h) and 75 kilometres through 
the suburbs (~40 km/h). The air temperature 
was measured with a ventilated platinum wire 
thermometer mounted on a van (diesel) at a 
height of two metres above the ground at an 
interval of one second.  Location information 
was determined by GPS and stored along with 
the measurements. In addition, the four compo-
nents and measurements of short- and long-wave 
radiation were measured, and the humidity was 
calculated. Along the routes, 336 fixed points 
with a diameter of 100 metres were determined 
to cover the different building and environmental 
characteristics of the city. In addition, the four 
components and measurements of short- and 
long-wave radiation were measured. Along the 
routes, 336 fixed points with a diameter of 100 
metres were determined to cover the different 
building characteristics of the city. The measure-
ments falling within the fixed-point circle were 
combined into one measurement. The automatic 
synoptic weather station Helsinki Kaisaniemi, 
located in a park, was used as a control station. 
The difference between the measured values was 
calculated.

The results were interpolated according to 
Kriging to 12 monthly and one annual map 
using additional information such as building 
characteristics and land use. The interpolated 
grid size was 100 metres. The annual interpola-
tion as a summary of all measurements shows 
air temperature differences of up to 2.8 K on an 
annual basis between the station in Kaisaniemi 
and several grid points in the Helsinki city centre 
(Fig. 1). On a monthly basis, the interpolation 
results did not show such large differences, but 
effectively reflect the influences of environmen-
tal parameters on the local air temperature distri-
bution. The greatest influence on air temperature 
was in built-up areas, where larger buildings 
exacerbated the heat island phenomenon. Com-
parisons of single individual air temperatures at 

Fig. 1. Mean urban heat island effect in Helsinki, Fin-
land, measured from July 2009 to June 2010, when 
104 measurement runs were carried out. The reference 
station was the synoptic weather station Kaisaniemi 
(green dot) in the city centre of Helsinki. The analysed 
temperature differences between the measurement 
route and Kaisaniemi are presented in 100-metre grids. 
In addition to the warmer Helsinki city centre, numerous 
urban sub-centres with increased mean temperatures 
can be seen (Drebs 2011).
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the same time in selected locations under favour-
able meteorological conditions (little wind, clear 
sky) confirmed an intensity of the urban heat 
island of up to +9.2 K. An overview of Helsinki's 
UHI research is compiled in Table 2.

Turku

The local climate of Turku, in the southwest of 
Finland, has been studied with various study set-
tings from 2005 onwards. The studies have been 
based on the stationary TURCLIM local climate 
observation network, established in 2001 by the 
Department of Geography at the University of 
Turku. Measurements began with approximately 
60 temperature observation sites, and at present, 
temperature and relative humidity is measured in 
75 sites in Turku and neighbouring municipali-
ties. From 2001 to 2010, temperature was meas-
ured with Onset HOBO H8 Pro temperature log-
gers, and from 2011 onwards with Onset HOBO 
U23-001 Pro v2 temperature/relative humidity 
loggers. Loggers have been placed inside Onset 
RS1 radiation shields at a height of three metres, 
and the observation interval has been 30 minutes 
since the start of the measurements.

In Turku, the first broader study focused on 
the UHI intensity and characteristics of spa-
tial-temporal temperature variability in general 
(Suomi 2005). Temperature data on the 3-year 

period from 1 Sep. 2001–31 Aug. 2004 was 
utilised, and the UHI intensity was assessed in 
different time scales extending from momentary 
situations to monthly summaries. In monthly 
summaries, the data on the whole 3-year period 
was utilised, whereas the short-time analyses 
were mostly based on the data of the year 2003. 
Based on preliminary analyses, the temperature 
data of seven observation sites were analysed 
in more detail. As one subtopic, the impact of 
cloudiness and wind speed on UHI intensity was 
analysed. In September 2003, during one night 
at two o’clock local time, the combined effect 
of city, topography and sea caused the market-
place in the city centre to be 11.8 K warmer 
than the relatively low-lying uninhabited rural 
site Niuskala, 10 km northeast of the city centre 
(Fig. 2). On average, the UHI intensity of the 
respective night defined by the times of sunset 
and sunrise was 9.1 K.

The focus of later research in Turku has been 
on understanding the effects of environmental 
factors such as land use, topography, and prox-
imity to water bodies on variations in tempera-
ture across different regions. The effects of envi-
ronmental factors have been estimated with vari-
ous GIS data and statistical and spatial modelling 
methods such as the generalised linear model, 
the generalised additive model, and the boosted 
regression tree method (Hjort et al. 2011; 2016; 
Suomi et al. 2012; Suomi and Käyhkö 2012; 
Suomi 2014; Väyrynen et al. 2017). Of the envi-
ronmental factors, land use, i.e., principally, the 
heating impact of urban land-use types, primarily 
has the largest effect on spatial temperature dif-
ferences in Turku, but the impact of water bodies 
is emphasised in autumn and spring, and that of 
topography during inversion conditions.

In the research focused on the impact of 
environmental factors on temperatures, the inten-
sity and spatial aspects of the UHI are included 
in the analysis, although not as the main focus 
of the studies. In those studies, the strongest 
observed UHI intensity was reported by Hjort 
et al. (2016); in February 2006, the urban effect 
and topography together resulted in the Luos-
tarivuori school yard on the slope of a hill in the 
city centre to be 12 K warmer than the relatively 
low-lying rural patch in Kurala, four km ENE of 
Luostarivuori.

Fig. 2. Temperature in Turku on 21 Sep. 2003 at 02:00 
local standard time. The UHI of Turku city centre is 
detectable (area 1). A warming effect of sea at that 
moment is even larger than that of the city, and con-
sequently, enhanced by the impact of topography, the 
high areas in the vicinity of seashore (areas 2,3 and 4) 
are principally warmer than the city centre (Suomi 2005; 
TURCLIM database 2022).
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Along with the lengthening observation his-
tory, Suomi and Meretoja (2021) studied the 
change of spatial temperature differences in 
time during the 17-year period from 2002 to 
2018. Trends indicating relative cooling of cer-
tain areas, as well as trends showing relative 
warming of certain areas, were observed. Rela-
tive cooling occurred in semi-urban and urban 
areas that had remained unchanged during the 
study period. Relative warming trends were most 
typical at the semi-urban sites at the immedi-
ate neighbourhood of the city centre grid plan 
area. In addition to relative cooling and warming 
of certain areas, fluctuating variation of spatial 
temperature differences was observed. The fluc-
tuation was strongly connected with the severity 
of winter and related sea ice extent. Between 
2002 and 2018, the UHI of Turku had a statisti-
cally significant intensifying trend of 0.11 K per 
decade. An overview of Turku's UHI research is 
presented in Table 3.

Joensuu, Hyvinkää, Oulu, Lahti

Ekholm (1981) studied the local climate of Joen-
suu, eastern Finland, during the summer of 

1980 and winter from 1980 to 1981. During 
the summer, mobile temperature, relative humid-
ity, and wind measurements were taken using 
a bicycle, while during the winter, they were 
taken using a car while driving a pre-determined 
route. The temperature measurements were made 
with a resistant thermometer at a height of 1.5 
metres. If necessary, linear time corrections for 
observations were made in relation to the tem-
peratures at the beginning or at the end of the 
respective measurement session. During calm 
and clear summer nights, temperatures in the city 
centre and nearby suburbs were 7.5 K warmer 
than surrounding areas.  The topography caused 
even more significant spatial temperature dif-
ferences, as the hilltops of Niinivaara were 9 K 
warmer than the surrounding valley bottoms. 
During winter nights, the city centre was 6 K 
warmer than the average temperature in the area, 
and 8.5 K warmer than the lakeside of the frozen 
Lake Pyhäselkä.

Laaksonen (1994) investigated spatial tem-
perature differences in the city of Hyvinkää, 
southern Finland, during six summer nights in 
June and July 1988 by conducting mobile temper-
ature measurements at a height of one metre on 
foot with a digital Sensotherm thermometer 100 

Table 3. Urban heat island research in Turku in chronical order: the main researcher, research period, the maxi-
mum temperature difference between the urban and rural area (max Tu-r), research type, and remarks in the Turku 
city area with up to 75 observation points.

	 Year	 Researcher	 Period	 Max Tu-r	 Research	 Remarks

	 2005	 Suomi	 3 years (2001–2004)	 11.8 K	 climatological	 long-term and momentary
					     comparison	 UHI, UHI and weather
	 2011	 Hjort	 6 years (2002–2007)	 —	 statistical	 impact of environmental
					     analyses	 factors
	 2012	 Suomi	 6 years (2002–2007)	 —	 statistical	 impact of environmental
					     analyses	 factors
	 2012	 Suomi	 2 years (2006–2007)	 —	 statistical	 impact of environmental
					     analyses	 factors
	 2014	 Suomi	 6 years (2002–2007)	 10 K	 statistical	 impact of environmental
					     analyses,	 factors, UHI and weather
					     climatological
					     comparison
	 2016	 Hjort	 2006 and 2007	 12 K	 statistical	 extreme urban-rural
					     analyses	 temperatures
	 2017	 Väyrynen	 6 years (2002–2007)	 —	 statistical	 impact of sea on
					     analyses	 temperature
	 2021	 Suomi	 17 years (2002–2018)	 —	 statistical	 increasing of UHI intensity
					     analyses
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(Digitalthermometer Ni 100) in the inner-city 
area and nearby open spaces. To reduce the set-
ting time of the thermometer and to increase the 
measuring accuracy, the thermometer was used 
in a similar way to a sling thermometer. Calibra-
tion measurements were made each night just 
before and after the actual measurements to take 
account of the general temperature change during 
the night. As a result of the combined effect of the 
city and greater differences in altitude, the largest 
observed temperature differences between the 
inner-city areas and the lower-lying clay plains in 
the immediate vicinity amounted to 9.2 K.

Hara et al. (1999) studied the UHI of Oulu 
in summer and winter from 1996 to 1998. The 
study was based on hourly observations on three 
fixed weather stations and six mobile measure-
ment campaigns both in winter and in summer. 
The mobile measurements were performed with 
an automobile. Hara et al. (1999) concluded that 
the UHI was detected more clearly in winter 
than in summer. The strongest UHI, 9.1 K, was, 
however, observed in summer, whereas in winter, 
the strongest UHI was 6.2 K. The city centre was 
the warmest area both in winter and in summer, 
whereas the areas to the NW of the city centre 
acted as secondary cores of the UHI. The rural 
areas to the SE of the city centre were coldest 
both in summer and in winter. The authors con-
sider the observed temperature differences to be 
mostly due to the urban effect as the Oulu region 
is so flat that the effect of topography is minor. 
Kananen (2011) studied the wintertime urban heat 
island in the city of Oulu. The study was based on 
seven separate mobile measurement campaigns 
performed in January, February, and March 2011. 
The impact of environmental factors on spatial 
temperature variation was studied with multiple 
linear regression models, including explanatory 
variables for land use and topography. The largest 
observed UHI intensity was 12.9 K, whereas the 
average UHI intensity was 9.0 K. At the time of 
the maximum UHI intensity, the most important 
environmental factors explaining the tempera-
ture differences were the distance from the city 
centre, relative elevation, built areas and forests 
and parks. The city centre was the warmest site, 
whereas the rural areas 8.5 km SE of the city 
centre were the coldest. Kekkonen (2015) studied 
the impacts of environmental factors on spatial 

temperature differences in Oulu with GIS data, 
hierarchical partitioning, and a linear regression 
model. The temperature data of the study was 
collected with a T&D RTR-52A Wireless Tem-
perature Recorder with three mobile measure-
ment campaigns during calm and clear summer 
nights in July and August 2014. The temperatures 
were corrected afterwards using a reference tem-
perature from one site to take into account gen-
eral temperature change during the measurement 
circuit. The reference temperatures were meas-
ured with a Hobo UA-001-64 temperature logger. 
The city centre was the warmest site during each 
measurement campaign. The largest temperature 
difference to the rural site four km SE of the city 
centre was 8.4 K. Urban land use was the most 
important environmental factor explaining spa-
tial temperature differences in the area.

Suomi (2018) studied the impacts of environ-
mental factors on large temperature differences (a 
momentary situation, 99th–100th and 99th–100th 
percentiles) with open-access GIS data, warmth 
order of the observation sites and a linear regres-
sion model on a monthly basis in the city of Lahti 
in southern Finland. As temperature data, the 
30-minute interval observations of eight sites 
during a two-year period (June 2014–May 2016) 
were utilised. Temperature was measured with 
Onset HOBO U23-001 Pro v2 temperature and 
relative humidity loggers placed inside Onset 
RS1 radiation shields a height of three metres. 
The largest momentary temperature difference 
occurred during inversion conditions in the 
morning in February 2015, when the semi-urban 
hilltop site Kivistönmäki was 11.1 K warmer than 
the observation site in the detached house area 
Laune. During the summer season, the city centre 
was found to be the warmest area. In the autumn 
and early winter, the harbour on the lakeside of 
Lake Vesijärvi was the warmest location. Of the 
various environmental factors, topography had 
the greatest impact during momentary situations 
and winter, while the impact of urban heating was 
at its strongest in the summer and evident at the 
99th and 95th percentiles of the ranked spatial 
temperature differences. In October, the heating 
impact of the relatively warm Lake Vesijärvi was 
the most dominant factor. An overview of UHI 
research in the municipalities Joensuu, Hyvinkää, 
Oulu, and Lahti is presented in Table 4.
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Discussion and Conclusions

The effects of the urban heat island phenomenon 
are fourfold at higher latitudes. First, in winter 
the UHI phenomenon reduces the amount of 
heating required for residential and public build-
ings, but increases, for example, maintenance 
costs for the public road network due to more 
frequent crossing of the zero-degree line caused 
by constant freezing and thawing. Research 
in Slovenia on the relationship between large-
scale weather patterns and UHI in a small town 
showed an increase in UHI intensity of 0.6 K 
for anticyclonic weather patterns (Ivajnšic and 
Žiberna 2018). Winter high-pressure weather 
conditions increase the UHI intensity due to low-
cloud and low-wind phenomena. However, such 
weather patterns are not the predominant winter 
weather patterns. Yang and Bou-Zeid (2018) 
demonstrated that anthropogenic waste heat 
from the buildings of 12 North American cities 
contribute more than 30% of UHI intensification 
during winter. 

Secondly, the urban heat island extends the 
growing season in spring and autumn. More 
detailed studies on the extension of the growing 
season for Finnish cities are not yet available. In 
Madison, Wisconsin, USA, Schatz and Kucha-
rik (2016) found a 14% increase in vegetation 
length comparing rural and urban areas. Aalto 
et al. (2022) observed an increase in the grow-
ing season for northern Europe of 3.3 days per 
decade for the period from 1990–2019. Higher 
temperatures also increase the vulnerability of 
urban green infrastructure to diseases and infes-
tation by pest insects (Lehmann et al. 2020). Pre-
ventive urban planning must already think about 
introducing more climate-resistant shrubs and 
trees so that the green infrastructure has enough 
time to acclimatise.

Thirdly, the urban heat island in summer 
contributes to a significant increase in the occur-
rence of heat waves and thus to the increased 
incidence of thermal health stresses with pos-
sible premature mortality in human risk groups 
(Ruuhela et al. 2021). Ward et al. (2016) discov-
ered that northern European cities are more vul-
nerable to heat waves than their southern Euro-
pean counterparts. The impact of summer heat 
waves on the population is increasingly related 

to thermal conditions in buildings. Here, risk 
groups such as the sick, children and the elderly 
are particularly affected by thermal conditions. 
Finally, the effects of the urban heat island on 
the building material are still largely unexplored. 
The urban building fabric, which was designed 
and built for different climatic conditions, is a 
particular focus of urban planning in view of the 
increasing development of the urban heat island 
and climate change. For example, it is assumed 
that precipitation amounts could increase by 
up to 60% in winter months in the worst cases 
(Ruosteenoja et al. 2016). This can lead to an 
increase in water damage to buildings, which in 
turn can lead to mould and rotting of residential 
and public buildings due to inadequate air condi-
tioning and ventilation.

The UHI research can be divided into two 
groups, mobile and stationary measurements. 
Mobile measurements can represent high spatial 
and temporal resolution but only via the meas-
urement route, while stationary measurements 
can represent high temporal resolution and long 
data sets, but only in a specific point. The mobile 
measurements are typically considered only in 
weather conditions that are favourable for the 
studies (e.g., light cloud cover, i.e., < 2/8 sky 
cover, low wind), while all stationary measure-
ments are commonly used for the heat island cal-
culations. Different mobile measurement studies 
established in the same city (e.g., those of Fogel-
berg et al. 1973 and Alestalo 1975) in practice 
always represent a different measurement route 
and a small number of measurement trips. A 
combination of mobile and stationary methods 
has also been used (Drebs (2011). The results 
from the stationary methods in a specific city are 
similar to those from the mobile investigations. 
For instance, in Helsinki, the urban heat island's 
long-term average temperature ranges from 
0.8 K (Tommila 1961) to 2.8 K (Drebs 2011).

Despite the complexity of the individual UHI 
studies and the assumption that all of them 
were carried out independently of each other, 
the result of our analysis shows surprisingly 
high agreement. Therefore, the individual studies 
established in Helsinki from 1961 to 2011 can 
be summarised into an overall picture according 
to the used methodology, data sources and the 
primary results, respectively. In Finland, notable 
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impact on the UHI characteristics comes from 
the vicinity of the city to a water body. Similar to 
Helsinki, Oulu and Turku are coastal cities of the 
Baltic Sea, whereas inland towns Joensuu and 
Lahti have relatively large lakes in their immedi-
ate vicinity. Of the cities/towns studied in this 
paper, Hyvinkää has the fewest water bodies in 
its surroundings (Table 1). However, most large 
urban areas in Finland are close to either a sea 
or a lake. Regarding topography, Finland does 
not exhibit extreme elevations, and therefore 
the topographical effects to UHI are not very 
large but should not be neglected. With respect 
to elevation, in the most variable town, Lahti, 
the differences in relative elevation are up to 150 
m, whereas in the other end, the Oulu area is 
generally very flat. In the UHI studies of Lahti, 
Oulu and Turku, the impacts of topography and 
water bodies on temperatures have been recog-
nised, statistically analysed, and interpreted. In 
the studies of Helsinki and Joensuu, the roles of 
topography and water bodies have been noticed. 
In Hyvinkää, the impact of topography has been 
interpreted, whereas due to the scarcity of water 
bodies, their impact has not been assessed. In 
summary, the previously mentioned UHI studies 
can be considered comprehensive in a way that 
in addition to the impacts of a city, they have rec-
ognised and assessed the roles of other relevant 
local factors on spatial temperature variability. 
In Turku, where the studies have been based 
on a stationary observation network, the impact 
of water bodies on spatial temperature differ-
ences is generally at its largest in spring and 
autumn (Suomi and Käyhkö 2012; Väyrynen et 
al. 2017). In Lahti, the impact of Lake Vesijärvi 
is emphasised in autumn (Suomi 2018). To get 
more information on seasonal variability of UHI, 
it would be interesting to perform measurement 
campaigns during suitable conditions in spring 
and autumn, especially in Joensuu and Oulu, 
where the impact of water bodies on spatial 
temperature differences could be emphasised in 
a similar manner to the approach in Lahti and 
Turku.

As the studies in Helsinki have followed 
traditional UHI research by focusing mainly 
on UHI intensity and its spatial characteristics, 
the studies performed in Turku have principally 
concentrated on the impacts of environmental 

factors on spatial temperature variability. As the 
seasonal and diurnal differences in the relative 
importance of land use, topography and water 
bodies have been studied with various time peri-
ods and various statistical methods, the principal 
observations on their weights have been remi-
niscent of one another, an observation which can 
be considered to strengthen the reliability of the 
results. As the impact of urban land use has been, 
without exception, a warming one (Hjort et al. 
2011; Suomi and Käyhkö 2012; Suomi et al. 
2012; Hjort et al. 2016; Väyrynen et al. 2017), 
the direction of the impact of the water bodies 
is twofold, characterised by daytime cooling in 
spring and general heating in autumn (Hjort et 
al. 2011; Suomi and Käyhkö 2012; Väyrynen et 
al. 2017). The impact of topography is for the 
most part rather weak, but its impact is empha-
sised during inversion conditions, when the cold 
air pooling is often the strongest agent behind 
the spatial temperature differences (Hjort et al. 
2016).

In the studies of Turku dealing with the 
impacts of environmental factors, remarkable 
time- and factor-specific variation in the size of 
the footprint area that best reflects the thermal 
impact of the factor has been observed. For 
urban land use/land cover types, the optimal 
footprint area has been between 100–1000 m in 
radius, whereas for non-urban factors, the foot-
print area has been on average larger, and more 
variable, extending from 100 m up to 20 000 m 
(Suomi et al. 2012; Hjort et al. 2016). The obser-
vations on the optimal footprint area for urban 
land use types is in line with Oke’s (2006) con-
siderations on 500 m as an appropriate footprint 
area for screen-level temperature measurements. 
The larger footprint area for non-urban factors is 
supported by the statements of Giridharan and 
Koloktroni (2009) and Stewart and Oke (2009), 
who suggest a larger footprint area for sparsely 
built and natural environments. Seasonally, the 
footprint area of non-urban factors is larger in 
summer than in winter, both in long-term aver-
age temperatures and during momentary situ-
ations, whereas for urban factors, the footprint 
area is larger in summer in long-term average 
temperatures, but during momentary situations, 
the footprint area of urban factors is larger in 
winter (Suomi et al. 2012; Hjort et al. 2016). In 
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only with the combination of different types of 
methods.

Acknowledgements: The authors would like to thank Profes-
sor Miska Luoto from the University of Helsinki’s Depart-
ment of Geosciences and Geography for his objective criti-
cism of the content and form of this publication. Further-
more, we wish to thank two anonymous reviewers for their 
critical and helpful comments that improved the manuscript.
This work was financially supported by LIF17 IPC/
FI/000002/LIFE-IP CANEMURE-Finland and by the 
CLIHE programme of the Academy of Finland (Consortium 
HEATCLIM, funding decision 329307).

References

Aalto, J. et al. 2022. High-resolution analysis of observed 
thermal growing season variability over northern 
Europe. Climate Dynamics, Vol. 58, No. 5-6. pp. 1477–
1493.

Alcoforado, M. J. and Matzarakis, A. 2010. Planning with 
urban climate in different climatic zones. Geographica-
lia, Vol. 57, pp. 5–39.

Alestalo, M. 1975. Esimerkkejä ns. lämpösaarekeilmiöstä 
Helsingin alueella. Report University of Helsinki, 
Department of Meteorology, Helsinki, 16 p (in Finnish).

Bornstein, R. D. 1968. Observations of the Urban Heat 
Island Effect in New York City, Journal of Applied Mete-
orology and Climatology, Vol. 8, pp. 908–918.

Central Statistical Office 1960. Statistical Yearbook of Fin-
land. New series 55th year 1959, Helsinki, 449 p.

Chandler, T. J. 1965. The Climate of London. Hutchinson of 
London. 292 p.

City of Helsinki 2012. Urban Facts, Statistical Yearbook of 
Helsinki. ISSN 1799-5264, Helsinki, 320 p.

City of Turku 2017. Statistical Yearbook of Turku. ISSN 
2242-2293, Turku, 160 p (in Finnish/Swedish).

Drebs, A. 2003. Pääkaupunkiseudun ilmastollinen verkosto, 
Ilmastokatsaus -lehti 03/2003, ISSN 1239-0291, Ilmati-
eteen laitos, Helsinki (in Finnish).

Drebs, A. 2005. Pääkaupunkiseudun lämpöolot melko 
tasaiset talvella 2004–2005, Ilmastokatsaus -lehti 
04/2005, ISSN 1239-0291, Ilmatieteen laitos, Helsinki 
(in Finnish).

Drebs, A., Vajda, A., Tuomenvirta, H. 2006. Air temperature 
gradient studies in Helsinki Metropolitan Area during 
2002-2005. Preprint 6th International Conference on 
Urban Climate, Gothenburg, Sweden, pp. 736–738.

Drebs, A. 2011. Helsingin lämpösaareke ajallisena ja pai-
kallisena ilmiönä (The Helsinki urban heat island as a 
temporal and spatial phenomenon), University of Hel-
sinki, Master’s Thesis, 79 p. (in Finnish).

Ekholm, J. 1981. Joensuun paikallisilmasto. Terra 93:4 pp. 
145–154, (in Finnish).

Fan, Y. et al. 2022. Urban heat island reduces annual building 
energy consumption and temperature related mortality 

the Turku area, stationary temperature measure-
ments have continued since the summer of 2001. 
Lengthening the observation period will form a 
good basis for climate change-related UHI stud-
ies in the future. So far, the best view of temporal 
change of UHI can be obtained by the study of 
Suomi and Meretoja (2021), who detected an 
intensifying trend of UHI by 0.11 K per decade 
during the 17-year period from 2002–2018. The 
observation is in line with that of Wilby (2007), 
who predicted an intensifying trend of UHI 
because of climate change but is the opposite of 
Oleson et al. (2011), who predicted a weaken-
ing trend of UHI in the future. The population 
of Turku grew from 174 000 to 191 000 during 
the 17-year period, but the surroundings of the 
marketplace that presented the core area of UHI 
in the study, remained rather unchangeable. To 
summarise, a 17-year period is too brief to reli-
ably estimate the factors behind the intensifying 
UHI in Turku, and further research is needed.

Accurate knowledge of thermal conditions 
in cities and peri-urban areas enables sustainable 
urban and environmental planning; this can also 
be seen as one of the main drivers for the past 
UHI research in Finland analysed in this paper. 
Common UHI features in high-latitude urban 
areas are the significant seasonal differences 
(even up to 14 K) and the somewhat constant 
nature of UHI intensity during the recent dec-
ades; only recently has the UHI intensity shown 
increasing features. Also, an important finding is 
that the previous studies have been established 
with similar methods, suggesting that these early 
research results are also valuable for current UHI 
research.

As can be seen from the review of existing 
studies, UHI research has been a combination or 
mix of different kinds of methods, mobile and 
static in-situ observations. We can safely say that 
each method has its benefits but also downsides. 
While mobile measurements provide the pos-
sibility to have spatially detailed observations 
from the route, the measurement represents only 
one timestep. On the other hand, while static 
in-situ measurements may provide detailed tem-
poral time series, the observations represent only 
a single fixed point. This suggests that the com-
plete or optimal understanding of the climatic 
characteristics of urban areas can be achieved 



BOREAL ENV. RES. Vol. 28 • Urban heat island research at high latitudes	 95

in severe cold region of China. Urban Climate, Vol. 45, 
p. 18.

Fogelberg, P., Nikiforow, M., Söderman, G., Tornberg, L. 
1973. Havaintoja Helsingin talvisesta lämpöilmastosta. 
Terra 85:4, pp. 234–239.

Georgiadis, T., Nardino, Marianne; Cremonini, L. 2017. 
Tools for Urban Planners to Improve the Wellness during 
Urban Spaces Renovation. Environment and Ecology 
Research 5(3): 173–177.

Giridharan, R. and Koloktroni, M. (2009) Urban heat island 
characteristics in London during winter. Solar Energy 
83: pp. 1668–1682.

Hara, Y., Tabuchi, H., Heikkinen, O., Autio, J., Oka, Y., 
Tsuji, T. 1999. Urban heat island phenomena in Oulu, 
central Finland, as an example of heat island within high 
latitude, Preprint 4th International Conference on Urban 
Climate, Sydney, Australia. 7 p.

Heino, R. 1978. Urban effect on climatic elements in Fin-
land. Geophysica 15:2, pp. 171–188.

Hietala, M., Helminen, M., Lahtinen, M. (editors) 2009. 
Helsinki: historiallinen kaupunkikartasto. Scandinavian 
atlas of historic towns. New series, No. 2, Helsingin 
kaupungin tietokeskus, Helsinki, 208 p.

Howard, L. 1833. The Climate of London, Volume I-III, 
Reprint International Association for Urban Climate in 
two volumes: ISBN 978-1-190554-19-4 and ISBN 978-
1-1905254-20-0.

Hjort, J., Suomi, J., Käyhkö, J. 2011. Spatial prediction 
of urban-rural temperatures using statistical methods, 
Theoretical and Applied Climatology, Vol. 106, No. 1–2, 
https://doi.org/10.1007/s00704-011-0425-9.

Hjort, J., Suomi, J., Käyhkö, J. 2016. Extreme urban-rural 
temperatures in the coastal city of Turku, Finland: 
Quantification and visualization based on a general-
ized additive model, Science of the Total Environment, 
Vol. 569, 507-517, http://dx.doi.org/10.1016/j.scito-
tenv.2016.06.136.

Ivajnši, D. and Žiberna, I. 2018. The effect of weather 
patterns on winter small city urban heat islands, Mete-
orological Applications, 2019; 26: 195–203. https://doi.
org/10.1002/met.1752.

Kananen, R. 2011. Oulun kaupungin lämpösaareke-ilmiön 
voimakkuus ja siihen vaikuttavat tekijät talviolosuh-
teissa. University of Oulu, Master’s Thesis, 62 p. (in 
Finnish).

Kekkonen, R. 2015. Ympäristötekijöiden vaikutus Oulun 
kaupungin lämpösaarekeilmiöön kesällä. University of 
Oulu, Master’s Thesis, 75 p. (in Finnish).

Koskinen, J.T., Poutiainen, J., Schultz, D. M., Joffre, S., 
Koistinen, J., Saltikoff, E., Gregow, E., Turtiainen, H., 
Dabberdt, W. F., Damski, J., Eresmaa, N., Göke, S., 
Hyvärinen, O., Järvi, L., Karppinen, A., Kotro, J., Kui-
tunen, T., Kukkonen, J., Kulmala, M., Moisseev, D., 
Nurmi, P., Pohjola, H., Pylkkö, P., Vesala, T., Viisanen, 
Y. 2011. The Helsinki Testbed - A Mesoscale Measure-
ment, Research, and Service Platform. Bulletin of the 
American Meteorological Society, Volume 92:3, 325–
342, http://dx.doi.org/10.1175/2010BAMS2878.1.

Kratzer, A. 1956. Das Stadklima, 2. Auflage. Die Wis-
senschaft, Band 90, Friedrich Vieweg & Sohn, 

Braunschweig, 184 p. (in German).
Laaksonen, K. 1994. Lämpötilan jakaumia Hyvinkään kau-

pungissa keskikesän öinä, Terra, Vol. 106:3 pp. 326–342 
(in Finnish).

Landsberg, H.E. 1981. The Urban Climate. International 
Geophysics Series, Volume 28, Academic Press, New 
York, 275 p.

Lehmann, P. et al. 2020. Complex responses of global insect 
pests to climate warming. Frontiers In Ecology and the 
Environment. https://doi.org/10.1002/fee.2183.

National Land Survey of Finland 2021. Area of Finland by 
municipality, fi.wikipedia.org, (accessed 13.5.2021).

Mills, G. 2008. Luke Howard and The Climate of London. 
Weather, Volume 63, No. 6, pp. 153–157.

Oke, T.R. 1973. City size and the urban heat island. Atmos-
pheric Environment, Volume 7, pp. 769–779.

Oke, T.R. 1976. The distinction between canopy and bound-
ary‐layer urban heat islands, Atmosphere, 14:4, pp. 268–
277, DOI: 10.1080/00046973.1976.9648422

Oke, T.R. 1987. Boundary layer climates. Routledge, 
London. 2. edition. 435 p.

Oke, T.R. 2006. Initial Guidance to Obtain Representative 
Meteorological Observations at Urban Sites. Instruments 
and Observing Methods Report No. 81. World Meteoro-
logical Organization, Geneva.

Oleson, K. W., Bonan, G. B., Feddema, J., Jackson, T. 2011. 
An examination of urban heat island characteristics in a 
global climate model. International Journal of Clima-
tology, 31: pp. 1848–1865, http://dx.doi.org/10.1002/
joc.2201.

Peppler, A. 1929. Das Auto als Hilfsmittel der meteoro-
logischen Forschung, Das Wetter — Zeitschrift für 
angewandte Meteorologie, Leipzig: pp. 305–308 (in 
German).

Piispa, H. 2004. Helsingin lämpöolot 1.7.2001–31.1. 2003 
(Heat conditions in Helsinki 1.7.2001–31.1.2003, Uni-
versity of Helsinki, Master’s Thesis, 88 p (in Finnish).

Revi, A., Satterthwaite, D.E., Aragón-Durand, F., Corfee-
Morlot, J., Kiunsi, R.B.R., Pelling, M., Roberts, D.C., 
Solecki, W. 2014: Urban areas. In: Climate Change 
2014: Impacts, Adaptation, and Vulnerability. Part A: 
Global and Sectoral Aspects. Contribution of Working 
Group II to the Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change [Field, C.B., V.R. 
Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, 
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. 
Genova, B. Girma, E.S. Kissel, A.N. Levy, S. Mac-
Cracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cam-
bridge University Press, Cambridge, United Kingdom 
and New York, NY, USA, pp. 535–612.

Ruosteenoja, K. et al. 2016. Terminen kasvukausi lämpe-
nevässä ilmastossa (Thermal growing seasons in a 
warming climate). Terra 128: 1, pp. 3–15. (in Finnish)

Ruuhela, R., Jylhä, K., Lanki, T., Tiittanen, P., Matzarakis, 
A. 2017.Biometeorological Assessment of Mortality 
Related to Extreme Temperatures in Helsinki Region, 
Finland, 1972–2014, International Journal of Environ-
mental Research and Public Health 14, 944, 19 p. 
doi:10.3390/ijerph14080944.

Ruuhela, R., Votsis, A., Kukkonen, J., Jylhä, K., Kankaan-



96	 Drebs et al. • BOREAL ENV. RES. Vol. 28

pää, S., Perrels, A. 2021. Temperature-Related Mortal-
ity in Helsinki Compared to Its Surrounding Region 
Over Two Decades, with Special Emphasis on Inten-
sive Heatwaves, Atmosphere 2021, 12, 46. https://doi.
org/10.3390/atmos12010046.

Schatz J. and Kucharik, C. J. 2016. Urban heat island effects 
on growing seasons and heating and cooling degree days 
in Madison, Wisconsin, USA. International Journal of 
Climatology, Vol. 36, No. 15, pp. 4873–4884

Schmidt, W. 1927. Die Verteilung der Minimumtemperaturen 
in der Frostnacht des 12.5.1927 im Gemeindegebiet von 
Wien. Fortschritte der Landwirtschaft 2, Heft 21 (in 
German).

Statistics Finland 2021. Preliminary population structure by 
area, accessed through the Statistics Finland's interface 
service, https://pxnet2.stat.fi, 30.9.2021, licence CC BY 
4.0

Stewart I.D. and Oke T.R. 2009. Classifying urban climate 
field sites by "local climate zones": the case of Nagano, 
Japan. In: Preprints, 7th International Conference of 
Urban Climate, 29 Jun − 3 Jul 2009, Yokohama. 

Suomi, J. 2005. Kaupungin lämpösaarekkeen ominaispiir-
teitä Turussa. University of Turku, Master's Thesis, 92 p. 
(in Finnish).

Suomi, J., Hjort, J., Käyhkö, J. 2012. Effects of scale on 
modelling the urban heat island in Turku, SW Finland, 
Climate Research, Vol. 55, No. 2, p. 105–118, https://
doi.org/10.3354/cr01123.

Suomi, J. and Käyhkö, J. 2012. The impact of environmental 
factors on urban temperature variability in the coastal 
city of Turku, SW Finland, International Journal of Cli-
matology, Vol. 32 p. 451–463, https://doi.org/10.1002/
joc.2277.

Suomi, J. 2014. Characteristics of Urban Heat Island (UHI) 
In A High-Latitude Coastal City – A Case Study of 
Turku, SW Finland. University of Turku, PhD’s Thesis, 
70 p.

Suomi, J. 2018. Extreme temperature differences in the 
city of Lahti, southern Finland: Intensity, seasonal-

ity and environmental drivers. Weather and Climate 
Extremes Vol. 19: pp. 20–28, https://doi.org/ 10.1016/j.
wace.2017.12.001.

Suomi, J., Meretoja, M. 2021. Trends and irregular variation 
of spatial temperature differences in the high-latitude 
coastal city of Turku, Finland, Climate Research, Vol. 
84: pp. 41–57, https://doi.org/10.3354/cr01649.

Tommila, M. 1961. Eräitä kaupunki-ilmaston piirteitä sekä 
Helsingin kaupungin ja sen ympäristön lämpötilavertai-
luja. Terra 73, pp. 68–77 (in Finnish).

TURCLIM database 2022. Geography Section, University 
of Turku, Finland. https://sites.utu.fi/turclim/ (accessed 
18.1.2022).

United Nations 2018, Department of Economic and Social 
Affairs, World Urbanization Prospects: The 2018 Revi-
sion, Online Edition. <https://population.un.org/wup/
Download/Files/WUP2018-F02-Proportion_Urban.xls> 
(accessed 31.1.2021).

Väyrynen, R. et al. 2017. Fine-scale analysis of sea effect on 
coastal air temperatures at different time scales. Boreal 
Environment Research. 22, pp. 369–383.

Voogt J.A. and Oke T.R. 2003. Thermal Remote Sensing of 
Urban Climates. Remote Sensing of Environment 86: pp. 
370–384.

Votsis, A. Ruuhela, R., Gregow, H. 2021. The socio-spatial 
patterns of heat stress exposure in Helsinki on two 
hot days of 2018 and 2019, FMI’s Climate Bulletin 
Research, https://doi.org/10.35614/ISSN-2341-6408-IK-
2021-08-RL.

Ward et al, 2016. Heat waves and urban heat islands in 
Europe: A review of relevant drivers Science of the Total 
Environment, Vol. 569 Elsevier Science Bv, pp. 527–539

Wilby, R.L. 2007. A Review of Climate Change Impacts on 
the Built Environment. Built Environment Vol. 33 No. 1 
pp. 31–45, http://dx.doi.org/10.2148/benv.33.1.31.

Yang, J. and Bou-Zeid, E. 2018. Should Cities Embrace 
Their Heat Islands as Shields from Extreme Cold? Jour-
nal of Applied Meteorology and Climatology. Vol. 57, 
No. 6, p. 1309-1320 DOI: 10.1175/JAMC-D-17-0265.1


