DOI: 10.35614/I1SSN-2341-6408-1K-2021-08-RL

Received 9 Feb. 2021, accepted 2 June 2021, first online 7 June 2021, published 24 June 2021

The socio-spatial patterns of heat stress
exposure in Helsinki on two hot days of 2018

and 2019

Exposure to heat stress varies due to the large-scale weather pattern and local factors
such as the urban heat island effect, type of built environment, and—like in Helsinki—
impact of the sea and may vary significantly between heatwave events. Moreover,

the vulnerability characteristics of the exposed population play a notable role in the
health impacts. We present case studies of the socio-spatial exposure patterns to
heat stress in the Helsinki metropolitan area during two hot days of the 2018 and 2019

heatwave events.
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Heatwaves and urban resilience.
Temperature extremes, floods,
drought and water scarcity—along
with impacts on human health—
are indicated by the IPCC as the
key climate change risks in urban
areas (Revi et al. 2014). Address-
ing unequal exposure and vulner-
ability to temperature extremes
across demographic groups has
direct links to the UN’s Sustainable
Development Goals and the notion
of systemic resilience. As the cli-
matology of heatwaves is chang-
ing, necessitating the updating of
warning systems and architectural
or urban planning standards, infor-
mation on the spatiotemporal be-
havior of heatwaves, interface with
the built environment, and impacts
on residents is becoming crucial.
The urban heat island (UHI) effect
may magnify the health impacts
of heat stress in urban areas. In
Helsinki, the mortality attributa-
ble to heatwaves can be about 2.5
times higher than in the surround-
ing, more rural area (Ruuhela et al.
2021). However, the intensity and
spatial distribution of the UHI also
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% POPULATION

% ELDERLY 75+

% WORKPLACES % DWELLINGS

EXPOSED EXPOSED EXPOSED EXPOSED

risk level 2/8/ 28/7/ 2/8/ 28/7/ 2/8/ 28/7/ 2/8/ 28/7/

2018 2019 2018 2019 2018 2019 2018 2019
-, green 0.8 0.7 0.9 0.8 1.1 1.1 0.9 0.9
hot, 30.9 1.6 33.4 9.2 56.4 6.7 34.7 10.3
yellow
very hot, 68.4 87.6 65.7 90.0 42.5 92.2 64.4 88.8
orange

TABLE 1: Key exposure and vulnerability indicators during the 2/8/2018 and

28/7/2019 heatwaves.

vary depending on the synoptic
situation, and in a coastal city like
Helsinki, the impact of the sea is
substantial. In these case studies of
two hot days during heatwaves in
2018 and 2019 with different weath-
er patterns we demonstrate the role
of weather, specifically wind direc-
tion, on the spatial distribution of
exposure to heat stress, and on the
severity of the exposure according
to selected factors affecting vulner-
ability of the population.
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Spatial patterns from MEPS
gridded operational forecast data.
A hot day in Finland is defined as
one with T, >= 251 °C. A heat-
wave occurs if this lasts for at least
three days, although no official
definition exists. Two recent heat-
wave events in a large Finnish ur-
ban region, in the Helsinki metro-
politan area, occurred in 2018 and
2019. To benefit from a continuous
spatial coverage and account for
the non-trivial interaction between
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FIG 1: Morning (left) and afternoon (right) static snapshots of apparent temperature (°C) in the Finnish capital
region on 2/8/2018 (top) and 28/7/2019 (bottom).

meteorology and the built envi-
ronment, we retrieved data from
the MetCoOp Ensemble Prediction
System (MEPS), an hourly weather
forecast product based on HAR-
MONIE-AROME that covers the
Nordic Region at a 2.5 km horizon-
tal resolution (Muller et al. 2017).
A SURFEX land surface model is
coupled to this operational fore-
cast of the Finnish Meteorological
Institute, including information on
surface physiographic character-
istics such as land use, vegetation
types, and urban morphology.
From the forecast data we pro-
duced a gridded representation

of the spatiotemporal variation of
thermal comfort conditions on two
hot days during the heatwaves us-
ing apparent temperature (AT)
(Steadman 1994) based on air
temperature and relative humid-
ity at 2 m, and wind speed at 10
m. Fig. 1 presents the progression
of AT during the hottest days of
the two heatwaves: 2/8/2018 and
28/7/2019.

These animations show how
the direction of the airstream af-
fected the spatial distribution of
thermal exposure. During the hot
day in 2018 mainly southwester-
ly wind from the sea prevailed.

This wind direction led to cooler
conditions on the shoreline than
inland. In addition, the relatively
narrow band of the highest ther-
mal exposure north of the most
densely built urban area suggests
that the southwesterly winds ad-
vected warmer air from the area
of the strongest UHI. During the
hot day in 2019 northerly wind
from inland prevailed. This led to
a nearly opposite pattern in the
spatial distribution of thermal ex-
posure. In this case, the cooling
effect of the sea was lacking, and
the shoreline was warmer than the
inland during both day and night.
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The highest thermal exposure on
the shoreline suggests in this case
that the northerly wind advected
warmer air from the densely built
areas.

Exposure and social vulner-
ability. Exposure to heat stress
in Helsinki varies due to several
factors, notably the urban heat
island effect, type of built envi-
ronment, weather pattern and
impact of the sea. An additional
factor is the population vulnera-
bility during heatwaves. As an ini-
tial overview, we provide in Table 1
an overlay of the gridded socioec-
onomic data by Statistics Finland
with the spatiotemporal distribu-
tion of the national heat warning
risk levels, namely ‘hot (yellow)’ (if
Tyrax >= 27 and T, >= 20 °C)
and ‘very hot (orange)’ (if T, _ >=
30and T ... >= 24 °C). More spe-
cifically, the MEPS gridded data
enable the calculation of the risk
levels in a geographically resolved
manner, making it possible to un-
derstand the exposure patterns of
the population, infrastructure, and

of different vulnerability groups in
better detail than with city-wide
aggregate data.

The selected indicators demon-
strate that the exposure of the
population to different levels of
heat stress may vary substantially
in Helsinki—in addition to meteor-
ological factors and characteris-
tics of the built environment—due
to the spatial distribution of pop-
ulation and their daily activities.
These first case studies on the
spatial distribution of exposure to
heat stress during heatwaves in
Helsinki reveal the need for further
studies on vulnerability factors
that would benefit health impact
studies and urban planning. The
use of forecast data from the oper-
ational weather prediction model
suggests that there is also poten-
tial for targeted, tailored forecasts
for urban areas to prepare for
heatwaves. Lastly, meteorological
data from a longer time horizon
and the addition of mortality, mor-
bidity and productivity data will
enable the detection of possible

location-specific human adapta-
tion or acclimatization trends in
the population, thus making a fur-
ther step in understanding adap-
tation pathways and sustainability
transitions in urban areas.
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