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1 Events under analysis

Blocking, long-term warming and drought
The record-breaking summer temperatures reported in Sweden in 2018 were caused by a combination
of a blocking1 high-pressure system over the Nordic and Baltic region and long-term warming in the
background. Typically, dry conditions take place in spring since blocking events divert the rain towards Iceland.
However, prolonged drought and continuous background warming resulted in the 2018 summer anomaly in
Sweden (Brennerfelt et al., 2018).

Heatwave and wildfires
The temperatures in summer 2018 were on average 1–3 °C higher in the northern half of Sweden and
2–4 °C higher in the southern half of the country (Fig. 1, left) (SMHI, 2018b). The highest monthly average
temperature ever recorded in Sweden was in July in Stockholm (22.5 °C) where there is a continuous 262-year
measurement history. As a result of the temperatures increasing and drought (Fig. 1, middle) intensifying,
severe forest fires broke out in central Sweden in the middle of July (Fig. 1, right) (SMHI, 2018a).

Fig. 1. Left: Average temperature anomaly in Sweden
during summer 2018 (SMHI, 2018b). Middle: The
precipitation as a percentage of normal during
summer 2018 (SMHI, 2018b). Right: Forest fires in
central Sweden observed by NASA's Terra satellite
on 17 July 2018 (NASA Earth Observatory, 2018).
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Blocking depicts the mid-latitude atmospheric circulation being in a stable state. It can extend over weeks or months.

1

Environmental consequences
Torched trees and ground release carbon dioxide, which stimulates further warming of the atmosphere
(Nancy Fresco, 2019). Extensive modelling studies show that there is a positive effect of fire-generated
aerosols on the gross primary productivity2, while the tropospheric ozone, produced downwind from the
biomass burning zone, damages the vegetation. Fire pollution has a net negative influence on ecosystem
productivity² (Yue & Unger, 2018). Moreover, the combination of multiple stress factors such as climate
change that alters physical, biogeochemical and ecological processes (Vincent et al., 2011) and summertime
long exposure to sunlight makes Arctic vegetation especially vulnerable to fire-induced air pollution (Eriksen et
al., 2012; Futsaether et al., 2015).

Stakeholders
The events under analysis had a significant impact on three groups of stakeholders (SFOR, 2018):
●
●
●

Local residents in large parts of Sweden were directly affected by health risks and evacuations.
Farmers in different parts of Sweden experienced risks of water shortage and financial losses.
Swedish municipalities, European governments and the EU commission organized and provided help
against the wildfires, preventing the destruction of villages and any casualties through fires, and
farmers’ financial losses.

2 Knowledge sources and gaps, predictive capacity
In recent years, a number of extreme weather events have been observed in the mid-latitudes, e.g., the
heatwave and forest fires in Russia in 2010, the drought in Texas in 2011, the flood in Europe in 2012 and the
cold winters in North America and Europe in 2009/10, 2011/12 and 2013/14 (Cohen et al., 2010; Overland et
al., 2011; Greene, 2012; Meleshko et al., 2019). These events have occurred against the background of a
strong Arctic amplification3, which is most pronounced during the winter season and is very weak in summer
(Allen et al., 2018). There have been many studies about the interconnection between the Arctic amplification
and the cold winter extremes over the continents as noted, e.g., by Coumou et al. (2018). However, there is
evidence that the present-day patterns of Arctic amplification may have much more severe consequences,
including changes in the summer atmospheric circulation. For instance, proxy records in the mid-Holocene,
when there was also a pronounced Arctic amplification, resemble present-day conditions regarding the
frequency and intensity of droughts in the mid-latitudes (Routson et al., 2016).
Climate predictions in Nordic countries indicate that typical warm seasons will become even warmer
due to the long-term background warming and will have less precipitation, which will lead to an increase in the
occurrence of heatwaves and droughts. The effects of changes in the large-scale circulation patterns, such as
the frequency of low- and high-pressure systems, remain uncertain (Brennerfelt et al., 2018).
A computer model analysis of the relationship between weather patterns and outbreaks of fire shows
that periods of low air humidity and high temperature are particularly good indicators of fire risk. Thus, precise
weather forecasts are crucial for forest fire predictions (Baraniuk, 2018).
The European heatwave in summer 2018 was predicted quite well using the ensemble model long-term
forecast4. However, the shift of the air temperature anomalies towards Northern Europe was barely captured
(Fig. 2). In addition to this, there is currently an underestimation of the maximum temperature in the diurnal
cycle by the weather forecasts, which may reduce the predictability of the forest fires (Fig. 3). Biases in
near-surface forecasts are related to the coupling between the atmosphere and the land surface and
parameterization of turbulent mixing, radiation and clouds in the weather prediction model (ECMWF, 2018a).
The summertime seasonal forecasts for Europe need to be improved (Dunstone et al., 2018). Recent studies
show that the usage of springtime atmosphere and ocean observations advances the predictive capability for
summertime rainfall and atmospheric circulation in Europe (Dunstone et al., 2018; Osso et al., 2018).
Primary productivity refers to the generation of biomass from carbon dioxide, which happens mostly in the form of
photosynthesis through plants. Ecosystem productivity combines the generation of biomass from all organisms.
3
Arctic amplification describes the fact that Arctic surface temperatures are rising more rapidly than the global average
under global warming.
4
An ensemble forecast is the attempt of predicting the weather based on a multitude of forecasts from the same model.
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Fig. 2. Analysis and forecasts5 of 2-metre temperature anomalies 7 May to 12 August 2018 (ECMWF, 2018b).

Fig. 3. Underestimation of the diurnal
cycle. The plots show the bias in
maximum (left) and minimum (right)
2-metre temperature for day-two
forecasts between 7 May and 12
August 2018, compared to SYNOP
weather station observations. Blue
colours indicate that on average the
forecasts were too cold, red colours that
they were too warm (ECMWF, 2018b).

3 Recommendations
The occurrence of active fires is monitored by human observation, fixed optical cameras, aerial surveys
and satellite remote sensing. Satellite sensors detect thermal anomalies and fire smoke plumes in mid-infrared
and thermal wavelengths of the electromagnetic spectrum. However, light detection in visible wavelength band
is limited during nighttime (Leblon et al., 2016).
Weather forecasting, climate analysis and modelling are essential contributions towards safeguarding
society and mapping risks connected with severe weather events. Data on heatwaves and fires in Sweden in
2018 from satellite imagery and field measurements collected by climate researchers, land managers,
ecologists, meteorologists, fire experts and rural and indigenous residents could be utilised for computer model
simulations of plausible events accompanying heat records in the future (Nancy Fresco, 2019). This will help to
survey the potential consequences, both from direct impact on, e.g., infrastructure, agriculture and
weather-dependent business, as well as indirect effects on politics (e.g. climate refugees) (Brennerfelt et al.,
2018).
In order to build capacity and strengthen resilience, international cooperation is needed at all levels.
Climate and weather data is disseminated to society by meteorological institutes that cooperate on the global
level (WMO). On the regional level, improved quality of extreme events prediction will be established through
collaboration between Swedish, Irish and Dutch weather forecasting institutions, which will result in better
preparedness for potential risks (Brennerfelt et al., 2018).
Analysis refers to a reconstruction of the observed state using models. Forecast is the attempt of predicting the weather.
A week-two forecast, e.g., consists of days 8–14 of the forecast.
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4 Considerations
Not addressed in the present case study are atmospheric teleconnections between Sweden, the rest of
northern Europe and other regions, which may affect the emergence and impacts of Arctic wildfires. On one
hand, variations in large-scale atmospheric circulation patterns such as the El Niño–Southern Oscillation
(ENSO) and the Arctic Oscillation (AO) may affect the interannual variability of forest fires in certain Arctic
regions, e.g., central Siberia (Balzter et al., 2005). However, the reverse is also true: The heatwave and
wildfires in Sweden in 2018 may have caused adverse effects in other regions of the world. For instance, the
warmer air associated with the heatwave in Sweden extended from Scandinavia to the High Arctic during the
summer of 2018. This allowed for long-range transport of pollution from the Scandinavian fires to Svalbard and
led to the accumulation of locally emitted aerosols close to the ground (Dekhtyareva, 2019).
Another factor to consider is the remoteness of Arctic communities that will likely be under increased
risk of fires in the future. This could lead to less effective rescue operations, since emergency personnel would
have to travel much farther and by more inefficient means to reach the victims of fires in remote locations.
Furthermore, an increased frequency of fires combined with thawing permafrost in a warmer climate could
compromise parts of the road infrastructure and reduce accessibility to these remote areas.
Finally, wildfires have also been occurring in Arctic countries outside of Sweden. For example, in June
2019, fires were detected in Arctic regions such as Alaska, Canada, Greenland, and Russia (NASA Earth
Observatory, 2019). This coincides with the diagnosis of June 2019 as the warmest June on record (NOAA,
2019). Since higher temperatures in the future may lead to larger, longer-lasting, and more intense heatwaves
and wildfires, these short-term events in Sweden in 2018 may be actually be harbingers of a new era of
climate change in Arctic regions.
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