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Abstract. Green roofs are complex technology systems, adopting a vegetation 
layer on the outermost surface of the building shell. A proper design implement 
environmental and energy benefits. Green roof are aimed to reduce roof tem-
perature and thus the summer solar gains, without worsening the winter energy 
performance. Most studies evaluating green roof performance have been con-
ducted in warmer climates. There are very limited studies of green roofs in cold 
climate. Some research has investigated the thermal effect of the snow layer on 
green roof. But no study has so far evaluated the energy performance of green 
roof in sub-arctic climate. This study evaluates the heat flow and thermal effect 
on a green roof situated on a passive house building in the sub-arctic town Ki-
runa, Sweden for a period from 25th of October – 4th of January. The ongoing 
measurements of temperature and heat flux is done on an extensive green roof 
and compared to the same roof covered solely by a roofing felt layer. The fluc-
tuation in temperature was consistently higher for the roof with the roofing felt 
layer than for the green roof. But the surface temperature of both roofs was get-
ting more and more align as the roofs are covered by snow during November 
and December. However during December month the green roof had a higher 
heat flux out of the building compared to the black roof. 
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1 Introduction 

Green roofs are considered to be an effective contribution to the resolution to several 
environmental problems at the building and urban levels. They are considered to be 
environmental benefiting the building and its surrounding by improving  storm water 
management [1,2] water run-off quality [3] urban air quality [4] reducing of the urban 
heat island effect [5] and preventing noise pollution [6]. Furthermore, are green roof 
known to improve building energy efficiency by enhancing the heat transfer trough 
roof [2,7]. Green roofs can reduce the heat flux through a building envelope since the 
growing media acts as an isolation layer, the plants shade the roof and are believed to 
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provide transpiration cooling [8,9]. Supplementary the higher thermal mass of a green 
roof system improve the thermal performance of the roof [10]. 

The main function of green roofs in terms of energy efficiency is to prevent the so-
lar radiation which heats building’s interior spaces. Green roofs are able to reflect 
27% of solar radiation and absorb 60% of the radiation through photosynthesis and 
transmit the remainder as much as 13% to the growing medium [11]. An experimental 
study conducted in Japan showed that green roofs can decrease the surface tempera-
ture of the roof around 30-60 °C [11] As Saadatian [12] summarized green roofs field 
studies were mostly been limited to cooling effects and to measure surface tempera-
tures of roofs. 

There are very limited studies of green roofs in cold climate. One of the few is the 
study conducted by Getter et al. [13] in the Midwestern U.S climate, with hot humid 
summers and cold snowy winters. Their result showed that the green roof impact on 
the heat flux through the roof was greatest during the summer by a heat flux reduction 
of 167% where the reduction in the winter had an average of 13%. The temperature 
difference of the green roof and gravel roof showed that the gravel roof was up to 20 
°C warmer during the summer. However, during spring and autumn the green and 
gravel roofs showed similar responses, as well as during winter when the roofs were 
cover with snow. Getter et al. [13] concluded that heat transfer and thermal differ-
ences between green and gravel roofs appear to be primarily influenced by solar ra-
diation, ambient outside temperature and volumetric moisture content of the growing 
medium. 

The green roof studied in this paper, is situated in the north of Sweden in Kiruna 
on Sweden’s northernmost passive house. It was built to demonstrate and evaluate the 
environmental benefits, as reducing of storm water flows and enhancing the water 
quality and increasing building energy efficiency in a subarctic climate. The climate 
characterized by long, usually very cold winters and short cold to mild summers. Ki-
runa is situated above the polar circle, which include polar night during the winter and 
midnight sun during the summer. This special condition of no sunlight for approxi-
mately 28 days during the winter and 24 hours of sunlight for approximately 50 days 
during the summer in combination with a rather cold climate makes this study unique. 
The investigations are still ongoing regarding hydraulic and hydrological perfor-
mance, storm water contamination, heat flux and surface temperature. The measure-
ments started in October 2016. 

The object of this study was to quantify thermal properties of an extensive green 
roof installed on a good isolated roof (U-value 0,035 WK/m²K) against a convention-
al black roof with the same good isolation in a subarctic climate in Kiruna Sweden for 
a period of 2 months and 10 days (25th of October – 4th of January).  
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2 Method 

2.1 Roof construction 

The extensive green roof with a total area of 160 m2, was installed on a passive 
house named “sjunde huset” in the north of Sweden in Kiruna. The roof is divided in 
two equal sized parts of 40 m2, the left side is a moss-sedum roof. The other half is a 
sedum, wild flowers and grass roof with 30 mm vegetation, 40 mm roof soil, 40 mm 
grodan TT 100/40 see figure 1. As the schematic picture of the roof section shows, the 
roof is isolated with 1000 mm loose fill mineral wool and has including the studs a U-
value from 0,035 W/m²K. The roof is tilt by 1,26/12.The green roof was installed 
October 2014.  

 

  
Fig. 1. Left: Picture of the green roof in Kiruna with sedum on the left and sedum wild flowers 

and grass on the right. Right: Schematic picture of the roof sections 

2.2 Environmental monitoring 

The environmental monitoring was done on the right side of the roof, i.e. the se-
dum, wild flower and grass roof. To get a reference area with a conventional black 
roof, an area of approximately 1m2 has been removed see figure 1.  

The temperature and heat flux were recorded using tow CR800 datalogger (Camp-
bell Scientific, Inc. Logan, UT) one for recording the data on the roof and one for 
recording the data inside the building directly from the sealing. The temperature on 
the surface of the green roof and on the black roof (removed part) was measured with 
a thermocouple (Campbell Scientific Type T107 Temperature Probe). Thermocouple 
accuracy ranged from ±0,4 °C, ±0,9 °C for temperatures in the range of -24 to 48 °C 
and -35to50 °C, respectively. Inside the building directly against the sealing, on the 
opposite side of the measured spots, tow heat flux sensors pairs (HFP01SC-05 heat 
Flux sensor) has been installed and one thermocouple (Campbell Scientific Type 
T107 Temperature Probe) in-between the two pairs. The heat flux sensor has an accu-
racy of± 2%. 
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Fig. 2. Left: Installation of the Heat flux sensor pairs and the thermocouple. Right: Removed 

part as reference area 

The collection of the data started on the 25th of October 2015. The datalogger was 
programmed using the PC200Wdatalogger support software (Campbell Scientific, 
Inc. Logan, UT) to sample the temperature and heat flux every 15 minute. The data 
were averaged and reported at hourly intervals. However due to some short circuit on 
the roof equipment there is a lack of date under the period of January-March 2016. 
Therefore only the data from the autumn 25th of October 2016 to 4th of January 2017 
will be analyzed in this paper. The monitoring of the roof is still ongoing. 

Climate data as outside temperature, sun and snow were collected from the closest 
weather station 1,5 km south of study side (Kiruna airport). 

3 Results and analysis 

The measured data for the heat flux of the green roof and black roof are presented in 
combination with the monthly measured solar global radiation from the weather sta-
tion, figure 3, 5, 7 and 9. Negative and positive heat flux represents heat entering and 
leaving the building, respectively. Further the measured temperatures from the roof 
surfaces and the inside sealing of the building both for the green and black roof are 
presented together with the monthly outside air temperature, figure 4, 6, 8 and 10. 
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Fig. 3. Heat Flux and Solar Radiation data for the green roof and the black roof over the time 

period 25th-31th of October 2016 

 
Fig. 4. Temperature data for the green roof, the black roof and outside air over the time period 

25th-31st of October 2016 

During October a higher fluctuation of the heat flux for the green roof can be seen 
in comparison to the black roof. Further the surface temperature variations of the 
black roof are higher than for the green roof surface. During this period the tempera-
ture was around 0 °C and relatively high solar radiation during day time, which may 
lead to thawing and refreezing on the green roof surface and therefore may be an ex-
planation for this behavior.   
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Fig. 5. Heat Flux and Solar Radiation data for the green roof and the black roof over the time 
period 1st -30th of November 2016 

 
Fig. 6. Temperature data for the green roof, the black roof and outside air over the time period 

1st-30th of November 2016 

Considering the measured snow data, the first snow arrived at the 3rd of November 
and covered the roof with 3cm of snow, on the 16th of November the layer of snow 
increased up to 5cm. From the 17th of November the roof was constantly covered by 
snow layer at between 10 and 53cm until the 4th of January. This leads to the fact that 
during this period relatively small heat flux variations can be observed. Furthermore, 
the surface temperature of the black and green roof is getting more and more align as 
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the roofs are covered by snow. However, at some occasions higher variations of the 
heat flux can be observed, which explained by very low outdoor temperatures during 
those occasions.  
 

 

 

Fig. 7. Heat Flux and Solar Radiation data for the green roof and the black roof over the time 
period 1st- 31st of December 2016 

 
Fig. 8. Temperature data for the green roof, the black roof and the outside temperature over the 

time period 1st-31st of December 

Similar effects of outdoor temperature can be seen during December. During peri-
ods with low outdoor temperature also high heat flux variation can be observed. And 
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this trend continues as it can be seen in figure 9 and 10. The surface temperature of 
the black and green roof is very similar under the increased snow layer. 
 

 
Fig. 9. Heat Flux and Solar Radiation data for the green roof and the black roof over the time 

period of 1st-4th of January 2017 

 
Fig. 10. Temperature data for the green roof, the black roof and the outside temperature over 

the time period of 1st -4th of January 2017 

Table 1 shows the monthly cumulative heat flux of the green and black roof. Inter-
estingly it should be mentioned that during December month when the roofs were 
covered with snow and the surfaces temperature were similar for both roof types, the 
green roof had a higher heat flux out of the building (0.53 W/m²for the green roof 
compared to 0.43 W/m² for the black roof). This observation could be not found in 
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other studies where snow was covering the roof during the winter time. However the 
results for the remaining month agree with previous studies [13,14]. 

Table 1. Monthly cumulative heat flux (W/m²) of a green roof and black roof 

 
Month 

Cumulative heat flux (W/m²) Seasonal average 
reduction (%) 

Green roof Black roof 

October (25th-30th) 0,13 0,11 -14 
November 0,51 0,55 6,6 
December 0,53 0,43 -22,3 
January (1-4th) 0,01 -0,02 177 

Note: the heat flux sensor was placed such that a negative and positive signifies heat entering 
and leaving the building respectively 

While analyzing the data it should be considered that possibilities were limited 
where to install the sensors on the inside of the roof since most space of the roof in-
side was covered with an installation layer. Therefore, the two measured areas; green 
roof and black roof are close to each other, which imply that both areas possibly af-
fect each other. Further the black roof area is relatively small and gets affected by the 
surrounding of the green roof. 

The heat flux sensors were installed pairwise for the green and black roof area, to 
minimize measurement errors. Furthermore this was done to get an indication of the 
potential effect of heat flows closer to the edge of green roof to black roof. As the 
pairwise heat flux sensors show barely any difference in the measured heat flow, the 
affecting seems to be low. 

4 Discussion och conclusion 

The results are demonstrating how roof temperature and heat flux are influenced by 
an extensive green roof in Kiruna during the season 25th of October 2016 until 4th of 
January 2017. 

The period from November to January showed quite similar responses for the 
green roof and the black roof in contemplation of heat transfer and surface tempera-
ture after the roofs were covered with snow. 

This study agrees with other researchers result that heat transfer and thermal differ-
ence between green roof and black roof appear to be mainly influenced by solar radia-
tion, outside temperature, wind velocity and probably the volumetric moisture content 
of the growing medium.  

Research teams as Getter et al [13] claim that the volumetric moisture content of 
the growing medium influences the heat transfer and thermal difference this data are 
monitored in this study as well and need to be further evaluated and analyzed.  
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The monthly cumulative heat flux data for the green and black roof, show similari-
ties to the result of the studies [13,14] conducted in climate zones with longer snow 
periods during the winter time. However, contradictory results were observed for 
December, consequently this needs further research in terms of data collection and 
analysis in order to explain this behavior. 

To be able to conclude if green roofs in subarctic climates can lower energy con-
sumption a longer time period need to be analyzed. Especially the spring and summer 
time with snow melting and higher solar radiation in combination with night frost will 
be of interest. 
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