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Abstract Green roofs are a resource for the city: they mitigate pollution, decrease
the urban heat island effect (UHI), and regulate storm runoff.Within a climate change
scenario, green roofs might instead become an issue, and in particular, in mitigating
UHI at mesoscale level. The aim of the contribution is to define the water balance
and thus the water consumption of a typical green roof, considering its variation
when immersed into different climate scenarios that took place in the past five years
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1 Green Roof Water Demand and Climate Change

The content ofwater in green roofs affects the thermal performance of the roof surface
layer, given the modified conductivity of the ground layer and the evaporative effect
generated by thewater state change. Green roofs have proven to be a good strategy for
reducing the urban heat island effect, the stormwater runoff in lowwater permeability
surfaces areas, air pollutant concentrations, plus the reduction of solar gains from
the roof exposure (Demuzere et al. 2014).
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Nevertheless, climate change is threatening the efficiency of these alternatives,
given the strong heat stress, the large amplitude of the temperature variation to
which the vegetation is exposed, and/or the increase of water vapor and decrease
of liquid water in warm seasons (i.e., higher air’s water vapor carrying capacity)
(Wong et al. 2012). In consequence, some vegetation might not withstand the climate
variations undergone at their location, modifying the thermal properties of the green
roof (Paolini 2015). Fiori et al. (2013) and Simmons et al. (2008) have studied
green roof performance for different green roof types, obtaining significant variance
according to the combinations of soil, vegetation, and irrigation. Simmons et al.
(2008) explored the variance of green roof maximum runoff retention and thermal
properties at different water contents, for different green roofs’ layer composition.
Farrell et al. (2012) studied the survival of green roofs’ vegetation when subjected
to drought, testing their tolerance to limited irrigation, highlighting the importance
of proper selection of the type of vegetation according to the climate.

Environmental alterations have been witnessed during the last five years (Wong
et al. 2012); thus the way the green roof would respond for delivering the desired
heat rejection. The research intends to show how the green roof has adapted to the
variations in the temperature changes along the past decade and how these variances
could be aided by the control of water content delivered to their vegetation and stored
within the soil.

The following study has been presented and developed by SEEDLab.ABC, ABC
Department, and Politecnico diMilano. All data has been surveyed thanks to the sen-
sor installation done by METEOLab.ABC, and the data monitoring is carried out by
SEEDLab.ABC. From the stored data, outdoor temperature, relative humidity (RH),
total solar radiation, surface temperatures, and water content have been inspected for
a green roof of a two-story office building inMilan, Italy (45° 28′ 47′′N; 9° 13′ 47′′E).
The green roof is divided into eight parcels with different vegetation, plus a gravel-
filled reference parcel, representing the original finishing of the roof. Each layer
temperature has been surveyed to establish the heat transfer through them. A plan
view of the green roof is shown in Fig. 1. The sensor distribution is described in the
roof slab cross section as shown in Fig. 2. The data collected has been confronted to
see how the local climate variances have affected the heat transfer.

2 Weather and Green Roof Condition Variance

All the data gathered has been condensed into three typical days for summer, mid-
season, and winter. From the average value encountered for the 24 h of June, March,
and December, this was done for green roof parcels 5 (i.e., vegetation layer as sedum
on moss) and 6 (i.e., vegetation layer as sedum on lapillus), during 2012, 2017, and
2018. Air temperature, relative humidity, and total solar radiation data, gathered from
an on-site weather station, have been screened, together with the surface tempera-
tures. Figure 3a shows how the fluctuation on solar radiation is high for March (i.e.,
~1.5 times higher in 2012 than in 2018), but the air temperatures are approximately
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Fig. 1 Green roof plan view specifying sensor location. This work has concentrated on roof 5
and 6 (i.e., sedum on moss and sedum on lapillus). All dimensions are presented in cm by ©
SEEDLab.ABC, ABC Department, and Politecnico di Milano. Vegetation type is then described
beside Fig. 2

Fx# : heat flux on parcel x at position # [W/m2] 

Tx# : temperature on parcel x at position # [°C]

Wx# : water content on parcel x at position # [%]

Vegetation layer type: 
• Small Bushes (Parcel N.1)
• Aroma c plants (Parcel N.2)
• Flowers and plants (Parcel N.3)
• Flowering meadow (Parcel N.4)
• Sedum on Moss (Parcel N.5)
• Sedum on lapillus (Parcel N.6)
• Common Grass (Parcel N.7)
• Mediterranean Scrub (Parcel N.8)
• Gravel – Reference sample (Parcel N.9)

Fig. 2 Roof construction layer configuration, sensor location, and labeling.On the right, the descrip-
tion of the vegetation layer type for every parcel

similar for all three years (i.e., 2012, 2017, and 2018). Meanwhile, for air tempera-
ture during December, a difference of ~2° and ~3° was found from 2012 to 2017 and
2018, respectively (Fig. 3c), for a rather similar solar radiation exposure. The most
significant behavior fluctuations can be seen for March and June (see Fig. 3a, b) for
the heat flux F65, installed at greenery level on the exterior surface, monitored from
2012 to 2017 and the surface temperature T55 surveyed from 2012 to 2017 or 2018.
Even at rather similar air temperatures and solar radiation average values, not only
the amplitude of the hourly average during a day is significant (especially for the
former) but also there is a notorious different trend (in particular, from T55-2012 to
T55-2017 or 2018). This could be explained given the notorious difference on water
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Fig. 3 Air and surface temperature, solar radiation, and heat transfer behavior ([+] toward environ-
ment, [−] toward room) for a typical day in a March (mid-season); b June (summer); c December
(winter)

Fig. 4 Soil water content and external side of the insulation layer temperature behavior on a typical
day for a March (mid-season); b June (summer); c December (winter)

content of the soil from 2012 to 2017, that is from ~4 to ~15% probably supplied
throughout irrigation (hence, the similar values of RH; see Fig. 4a).

From Fig. 4, it can be concluded that most of the soil’s water content was given
by the water input transported through irrigation, as there can be seen almost no
influence of the air’s RH.

3 Heat Influx Behavior Change

As internal air temperatures are designed to fluctuate within a range, it is normal
to find a moderately constant behavior of ceiling surface temperature as shown in
Fig. 5. Only the visible oscillations go along the trend of the external air temperature.

On the other hand, the heat flux read by the sensor at the interior surface has a
very particular behavior for March and December (see Fig. 5a, c), with a peak on
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Fig. 5 Internal surface temperature and heat transfer behavior variance for a typical day in aMarch
(mid-season); b June (summer); c December (winter)

the early occupancy hours and by the end of occupancy hours that correspond to the
presence of internal heat gains combined with the most direct beam solar radiation
entering the room beneath the roof surface. In 2018 and 2017, with a higher water
content on the soil, it is noted that the heat flux from the interior to the exterior is
larger; meanwhile, the heat coming from the exterior is lower.

It shall be noted as well how the two different types of vegetation (greenery
and moss) on the green roofs behave in terms of inward heat flux, especially for
March and June (see Fig. 3a, b). The green roof type 5 seems to have a greater
water content retention (presents higher water content), thus, a lower peak amplitude,
and it turns positive around midday. In contrast, green roof type 6 presents a much
higher amplitude, in particular for March and June of 2012 (>−90 W/m2) given
its vegetation’s high evaporative properties, and it is always on the opposite flux
trajectory.

4 Conclusions

Green roofs are key passive strategies that bring great benefit in terms of sustainability
to the urban scale and of energy savings to the local building scale. It must be noted
that it is not a strategy that behaves equally throughout the year; it varies in accordance
with the soil water content and the vegetation cover.

The significant variance of the green roof behavior at different water contents has
been presented, and how climate fluctuations alter the green roof’s thermal perfor-
mance, requiring higher water input that determines different thermal conductivity
values of the soil.

Further studies are foreseen to evaluate the water input required per each roof,
maintaining a constant water content and how the roof’s thermal performance varies
throughout the year; measure roofs’ vegetation proliferation and compare the ther-
mal performance at normalized vegetation density conditions; and compare the aging
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effect on the roof’s performance for green and cool roofs exposed to the same weath-
ering conditions. Moreover, additional work is expected whenmore data is collected,
that is after ten years of exposure and data collection, evaluating the presumed climate
change effect on sustainable building passive strategies.
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