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Abstract. The main trends expected for the change of Norwegian climate for this century are increasing tem-
peratures, precipitation and wind. This indicates a probable increase of climate-related risks to the Norwegian
built environment. Through co-operation between the Norwegian Meteorological Institute and SINTEF Build-
ing and Infrastructure, building and climate information have been combined to estimate changes in strain to
the built environment due to climate change. The results show that the risk of wood decay will increase for
the whole country. Almost two million buildings will be subject to an increase in risk of wood decay from
medium to high level. Similar analyses have been performed for other climate indices, demonstrating a clear
increase in potential damages due to water and humidity, while frost damage probably will decrease.

1 Introduction 2 Method

fTo assess the climate vulnerability of the Norwegian builf
environment, knowledge of the climate and of the built envi+
resolution of 1km by 1km. Downscaling of scenarios for ror)ment is combined.'This work is based on the 9?9'096“6
future climate based on global climate models and local cIi-dally 1km by 1km grids of temperature and precipitation,

mate knowledge has matured to a stage where the same kifoWledge of geographic distribution of damages and the cli

of grids are available for various projections of future climate Mate indices developed in the Climate 2000 programme.
(Engen-Skaugen et al., 2007). Risk of wood decay was first established for the North

SINTEF Building and Infrastructure and the Norwegian American continent by Slifer and adapted to Norway by

) . ; . Lisg et al. (2006). The wood decay index is described ir
Meteorological Institute have a history ofco-operation. In Eq. (1)

the research project Climate 2000, one of the projects fo-

cused on developing robust building techniques. A series of Dy (Tmear2)(D-3)

climate-indices were developed or adapted to the NorwegiarVood Decay 167 (1)
climate. Examples of such indices are wood decay (Lisg
2006), frost decay (Lisg et al., 2007) and driving rain (Ry-

dock et al., 2005).

In 2010 an dicial Norwegian report on climate—adaptation The Norwegian Map Authority administers a database of
(NOU, 2010) was launched. As a part of this report the V”"all Norwegian buildings, called “The Matrix’, where all

nerability of the Norwegian built environment was surveyed. buildings are represented by a set of coordinates. This givés
This survey consisted of a multipart approach with & sum-,q gets of geolocated data, climate indices and buildings.
mary of the Norwegian built environment and recorded dam-g5_qystems, in our case ArcGIS, facilitate the possibility of
ages. Another part lfocussed on chmatg |nd|c_es, both h'Stor'(foining these datasets to analyse geographically distributed
and future, and the influence on the built environment. impacts. In detail, the method classifies all the indices ir
zones according to threat level, and counts the number of
buildings in each zone both for historical climate data and

Correspondence tad. O. Hygen future climate data. The threat zones were simply generated
m (hans.olav.hygen@met.no) by splitting the range of the index in three equal parts. Thre
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The Norwegian Meteorological Institute has an archive o
daily historic grids of precipitation and temperature with a
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Tmeanis the monthly mean temperature ads the number
of days per month with more than 0.254 mm (i.e. 0.01inch
precipitation.
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Figure 1. Map of Norway classified in risk of wood decay in a Figure 2. Map of Norway classified in risk of wood decay in future
normal climate. Counties selected in Table 1 are marked. climate, based on projections by the Hadley Centre and scenario A2.
Counties selected in Table 1 are marked.

zones are employed for practical reasons, as a balance be-
tween detailed results and computing time. To give a mores Results
detailed picture, the output results were sorted by counties.

'_I'h_ere were some problems with the method. Some of th":Some of the indices used in this work are more robust than
bw!dlngs were geplocgted in the wrong UTM zone, t_hus 10- thers. One of the strongest indices in this study is the risk of
cating some buildings in Sweden or the north Atlantic. DueWood decay. Figure 1 shows a map of Norway classified in
to severe time restrictions in the project, there was no time, oo ;ones of wood decay risk for the normal period 1961~
to correct these kinds of error. Even greater uncertainty in gqq Figure 2 shows the risk of wood decay at the end of
the classification is related to how the shoreline was defineq,, century according to the projection by the Hadley Cen-
in the datasets. The climate grids were trimmed inside the[re and scenario A2. Figure 3 shows a comparison of the
shoreline so that tiles with both sea and land were defined a umber of houses in fierent risk classes based on histori-
sea. This resulted i_n some buildings bgir}g defined as situategal (1961-1990) and future climate data (2071-2100) on a
n the_ sea. Approximately 300000 buildings (8 %) were UN-hational level. The future climate is emission scenario A2
classified due to these two errors, mostly due to the prOble"&aIcuIated with the model of the Hadley Centre, and down-
of missiqg the shorelilne. A |:nore thorough description of thescaled at the Norwegian Meteorological Institute. Numbers
method is described in Aimas et al. (2011). of buildings on a national level in each zone are shown in

Fig. 3, while numbers (in thousands) for selected counties
are shown in Table 1.

Risk of frost decay is an index giving the risk for frost
decay of mineral materials, developed by Lisg et al. (2006).
A comparison of present and future risk of frost decay shows
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Table 1. Number, in thousands, of buildings in wood decay risk 4 Discussion

zones for selected counties in Norway. Upper number is the normal itiole di . b lvsed . h I
climate (1961-1990), and lower number is projected climate (2071_Mu tlp“e Imensions Can_ e ana yse. to estimate the vu
2100). nerability of the Norwegian built environment. We have

chosen to estimate the numbers of buildingiected by
various climate parameters in combination with a SINTER

County Period Un. Low Med. High s
Building and Infrastructure survey of reported damage tq
Oslo Normal 2 0 126 0 the present Norwegian building stock (Ingvaldsen, 2001 ang
HADAZ 3 0 0 125 Lisg, 2006). The results clearly indicate that precipitation
Vest Agder Normal 11 2 78 30 in combination with other elements, is the main threat to the
HADA2 12 0 0 108 built environment, both in present and future climates. Thig
Hordaland Normal 34 3 35 192 knowledge gave a sound platform for ad'vice on hpw to pret
HADA2 35 0 10 220 pare the buildings for the future. The main advice is:
Sgr—Trendelag Normal 9 6 184 25 — carry out more frequent inspections and maintenance;
HADA2 9 0 25 190 . . .
— use robust construction and detail solutions, compot
Troms Normal 18 11 82 0 nents, and building materials with proper documenta
HADA2 20 0 13 78 tion of abilities to withstand the challenges offdrent

climate zones of Norway (geographicallyfférentiated
building solutions).
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Figure 3. Number of buildings in Norway in normal climate and
future climate according to scenario A2. Normal climate in grey
and future climate in black.
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