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Abstract

During their long service life, buildings are faced with
a changing climate. Hence, qualitative long-term
data on weather conditions is required to assess the
energy performance of buildings by means of building
energy simulations. Convection-permitting climate
models are promising, though requiring high com-
putational time. This paper investigates the repre-
sentativeness of one-year representative and extreme
weather years derived from a 30-year convection-
permitting climate model in a current and future cli-
matic context for an office building. While the av-
erage heating and cooling load is well presented by
the average years considered, only considering tem-
perature to select an extreme warm year leads to an
underestimation of the maximal cooling load.

Introduction

Due to their relatively long service life, buildings will
face a changing climate. In Flanders, this might lead
towards comfort and well-being problems of occu-
pants at a regular basis and to an increase in elec-
tricity consumption for active cooling. Local weather
and climate are affecting the building performance
to an important extent. Hence, future climate data
are needed to assess the impact of climate change on
building performance.
To assess the energy requirements and thermal com-
fort performance of buildings, dynamic building en-
ergy simulations are typically used. Besides the build-
ing characteristics, these require weather files as in-
put. In order to assess buildings in a changing cli-
matic context, future weather files are hence needed.
As discussed in Ramon et al. (2019) various methods
exist to create future weather data, such as dynami-
cally downscaled models, stochastic weather genera-
tors and morphing. Dynamically downscaled climate
models can be used for both average and extreme
assessment purposes. Climate models simulate the
state and evolution of the atmosphere, including the
atmospheric circulation and exchanges in terms of ra-
diation, heat and moisture. In particular, when dy-
namically downscaled to convection-permitting scale

(<4km)1, these models are interesting to be used for
estimating the average energy consumption and ther-
mal comfort in average and extreme situations. These
models have an improved performance of predicting
physical processes, urban effects (e.g. urban heat is-
land effect) and the climate change signal in compar-
ison with regional climate models (10-100 km spatial
resolution) or general circulation models (150-600km
spatial resolution). Convection-permitting climate
models (CPMs) require a high computational time
and they are typically available for only one or a few
realizations of the future climate. As such, CPMs
lack information on the uncertainty of the climate
change signal stemming from either physical param-
eterizations or climate variability. They furthermore
are only available for a few regions in the world (e.g.
Belgium, UK, Alps, Kilimanjaro region, north west-
ern Pacific Ocean, Sahel regions (Prein et al. (2015))).
For Belgium a CPM is available for the RCP8.52 fu-
ture climate scenario. This CPM consists of weather
data for a 30-year period which requires high compu-
tational time if to be used for building energy simula-
tions. If a combination of representative and extreme
weather files could be deducted from this 30-year pe-
riod, the computation time could be reduced to an
important extent so that performing these runs is fea-
sible in a normal design situation.
The methodology of Nik (2016) proposes such a com-

bination of a typical year with extreme years. Three
years are synthesized out of a multi-year period, ex-
tracting a typical, an extreme cold and extreme warm
year from regional climate models (RCMs) (multi-
ple if available). A typical downscaled year (TDY)
is extracted representing the typical conditions of a
multi-year period. Further an extreme cold and ex-
treme warm year are extracted representing respec-
tively coldest and warmest conditions from the con-
sidered period. To derive these three years a similar
methodology is used as the one for the typical meteo-

1This spatial resolution allows to resolve convective pro-
cesses explicitly without parametrisations

2Representative Concentration Pathways used by the IPCC,
named after the radiative forcing established by the greenhouse
gas emissions in the year 2100 relative to pre-industrial values
(+8.5W/m) (IPCC (2013); Ramon et al. (2019))
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Table 1: Overview used typical and extreme years in the building simulations.
Acronym Complete name Weather variables + weights (in %)

TMY
Typical Meteorological Year

(Thevenard and Brunger (2002))

Tmin (5%), Tmax (5%), Tmean (30%), TDmin (2.5%),
TDmax (2.5%), TDmean (5%), Wspd,max (5%),

Wspd,mean (5%), R (40%)
TDY Typical Downscaled Year (Nik

(2016))
T

EWY Extreme Warm Year (Nik
(2016))

T

ECY Extreme Cold Year (Nik (2016)) T
Notes:
(1) T= dry-bulb temperature, TD = dew-point temperature, Wspd = wind speed, R = radiation.
(2) Weather variables and related weighting factors changed over time for some of the methods
and/or differ for different locations.

rological year (TMY), making use of the Finkelstein-
Schafer statistics (Finkelstein and Schafer (1971)). A
typical year (TMY or TDY) is a compilation of rep-
resentative typical months which are selected based
on one or multiple meteorological variables (see Ta-
ble 1). A comparison is made between the distribu-
tion of each month with the long-term distribution of
that month for all observations or model data avail-
able. The month which has the best fit with the long-
term distribution is chosen. If multiple variables are
considered in the selection of a month, a ranking is
made per variable which is thereupon multiplied by
a weighting factor to obtain a total ranking used for
the selection. In the case of the TDY temperature
is considered as variable to select the most typical
months. To select an extreme cold year (ECY) or
extreme warm year (EWY) the same methodology is
used, however selecting the most deviating months
from the long-term distribution.
This paper discusses the use of CPM data and one-
year weather files derived from these to be used in dy-
namic building energy simulations in future climate
conditions. More specifically, representative and ex-
treme one-year weather files are derived from the 30-
year CPM data for the Belgian context and their
representativeness in terms of average and extreme
weather conditions is investigated. A representative
Flemish office building is used in the building energy
simulation for this paper.

Methods

Weather Data

For the purpose of this paper, two CPM datasets are
used from which average/representative years and ex-
treme years are extracted. The weather files are ex-
tracted for Uccle, centrally located in Belgium (120
km from the coast, 104 m above sea level). The
two CPM datasets (present-day and future) are mod-
els driven by the EC-Earth model (Hazeleger et al.
(2010)). The CPM uses COSMO-CLM (version 5.0)
as regional climate model. As discussed in Ramon
et al. (2019) a two-step nesting strategy is used to

obtain the model which is extended with the urban
land-surface scheme TERRA URB (v2.0) (Wouters
et al. (2016)) and operates at a 2.8 km horizontal res-
olution. From the model simulation an EnergyPlus
weather data (epw) file is extracted for the 30-year
period 1975-2004 (further referred to as present-day
CPM) and the 30-year period 2069-2098 (further re-
ferred to as future CPM) based on the methodology
described in Ramon et al. (2017). The first year
served as spin-up for the climate model run and is
excluded from the building simulation results. For
the future time period, a RCP 8.5 scenario is used,
selecting the EC-Earth member with a median cli-
mate change signal regarding temperature, precipi-
tation and widespread circulation patterns for Bel-
gium (IPCC (2013); Vanden Broucke and van Lipzig
(2017)).
From these climate models four one-year files are gen-
erated. A Typical Meteorological Year (TMY) and a
Typical Downscaled Year (TDY) are selected as typi-
cal years and an Extreme Warm Year (EWY) and Ex-
treme Cold Year (ECY) as extreme years. The TMY
methodology selects per month the most typical year
from the climate model data based on the Finkelstein-
Schafer statistics. Table 1 gives an overview of the
weighting of the different climate variables consid-
ered in the selection of the TMY. The TDY, ECY
and EWY methodology applies the same Finkelstein-
Schafer statistics, but only based on dry-bulb tem-
perature (Nik (2016)).

Building Energy Model

As described in Ramon et al. (2019) a cellular
office from a representative Flemish office building
is simulated for this study making use of the dy-
namic energy simulation program EnergyPlus v8.7.
The building has a concrete structure and a high
insulation level (average U-value of 0.42 W/m2 K).
A more detailed overview of the building element
composition is given in Table 2. The cellular office
room located in the middle of the building is chosen
for the simulations (Figure 1). The temperature of
internal walls, floors and ceilings is assumed to be
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Table 2: Building element composition.
Building element Element Composition Total U-value [W/m2/K]

External wall
Facing brick Air layer - PIR insulation 15cm
Concrete panel 20cm

0.14

Internal wall
Gypsum plaster board 2.5cm Metal stud
with mineral wool 5cm Gypsum plaster board 2.5cm

n/a

Internal floor
Suspended ceiling Air layer - Pre-stressed concrete 35 cm
Cement screed 9 cm PVC Tiles 1cm

n/a

Windows
Aluminium frame (with thermal bridge)
Double-glazed (g-value 0.275)

1.4

Figure 1: Simulation set op: schematic buidling and
considered office room. (Ramon et al. (2019))

the same at both sides of those elements. Heat can
be accumulated in those elements and dissipated
later, but there is no resulting flow. This is only a
good assumption if the use of the adjacent rooms is
similar to the room studied, leading to only small
temperature differences between the rooms. To
study the effect of orientation, the model is run for
four orientations, the glazed façade facing north,
east, south and west.
The schedules for occupancy, lighting and equipment
in the office room are modelled based on the NCM
modelling guide (BRE (2008)). The number of
people per zone is defined in terms of area per person
based on the architectural plans with a metabolic
rate of 117 W/person (American society of heating
and air-conditioning engineers (2009)). Lights are
modelled based on the lighting level (Watts) installed
in the building. The office equipment is set to a
load of 11.77 W/m2 and a radiant fraction of 0.2

(American society of heating and air-conditioning
engineers (2009)). For the HVAC system, an ideal air
loads system with unlimited capacity is implemented
to get insights in the increase/decrease of energy to
keep the room comfortable. Because of the unlimited
capacity, heating and cooling is performed till the
set points are met. The operative temperature
(average of air temperature and surface temperature
of walls, ceiling and floor) is used to control the
ideal air loads system. Heating and cooling are
assumed all year long. The heating set point is
set on 22°C during occupancy and 15°C for other
moments. Cooling is set to 24.5°C during occupancy
and 35°C for unoccupied periods in the summer
period and during the whole heating season. The
building energy model is calibrated based on the
performed EPB calculation during the design process.

Results

In the following paragraphs the results for the
monthly heating and cooling load are discussed and
further analysed with diurnal cycles when needed.

Heating Demand

Figure 2 and Figure 3 show that for the West and
East oriented office room the monthly heating loads
estimated with both the TDY and TMY correspond
well with the median monthly heating load for the
long-term CPM simulations. Furthermore, the ECY
gives a good representation of the maximum heating
load of the long-term CPM simulation and the EWY
for the minimum. These observations also hold true
for the other orientations. For these simulations, the
combination of a typical downscaled year with a ex-
treme warm and extreme cold year is found to give a
good representation of the heating load range.

Cooling Demand

Figures 4 to 9 show the results for the cooling load.
The results of the West oriented zone are similar to
those of the East oriented zone and left out in this
discussion. The EWY* weather files presented in the
figures are explained further in the paper.
For the monthly cooling load, the TDY and TMY re-
sult in loads mostly within the 25th-75th percentile
of the long-term CPM results (Figures 4 to 9). Look-
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Figure 2: Distribution total monthly heating load for
the present-day using a CPM and total monthly heat-
ing load for TMY, TDY, ECY and EWY weather files
for West oriented room.

Figure 3: Distribution total monthly heating load for
the future using a CPM and total monthly heating
load for TMY, TDY, ECY and EWY weather files
for East oriented room.

ing to the ability of the EWY to represent the maxi-
mum cooling load, an overall good fit is observed. In
some months the EWY underestimates the maximum
cooling load (i.e. March, September and October for
the South oriented present-day CPM simulation, Fig-
ure 6; July for the North oriented future CPM sim-
ulation Figure 7; March, July and October in the
South oriented future CPM simulation, Figure 9)
even though a month with a higher average tem-
perature is selected for the EWY. Moreover, in the
September month of the present-day CPM simulation
this month even had some days fulfilling heatwave re-
quirements (minimum temperature above 18.2°C and
maximum temperature above 29.6°C (Wouters et al.
(2017))). In this case, the lower cooling need is caused
by some days with a very low temperature and in ad-
dition lower irradiation on the façade. The diurnal
cycle for the dry-bulb temperature (Figure 10) and
the net direct radiation3 (Figure 11) confirm this.

3The net direct radiation (shortwave) reaching the surface

Figure 10 shows the high temperatures for the EWY
while Figure 11 shows the low radiation values. The
month causing the highest cooling load (annotated as
year 28 in Figure 10 and Figure 11) has lower temper-
atures, but higher direct radiation values for its mean
diurnal cycle. This underestimation is also visible for
other months when looking to the monthly mean for
the net direct radiation (see Figure 12).

Figure 4: Distribution total monthly cooling load for
the present-day using a CPM and total monthly cool-
ing load for TMY, TDY, ECY, EWY and EWY*
weather files for North oriented room.

Figure 5: Distribution total monthly cooling load for
the present-day using a CPM and total monthly cool-
ing load for TMY, TDY, ECY, EWY and EWY*
weather files for East oriented room.

The ECY represents the minimum cooling load over-
all well, though some overestimations of the monthly
cooling load are noticed. As an example, the South
oriented present-day CPM simulation (Figure 6)
shows an overestimation for amongst others Septem-
ber, which is even higher for the future CPM simula-
tion (Figure 9). Figure 12 shows a higher mean net
radiation (direct and diffuse component of the short-
wave radiation) for most months in the ECY than the
minimum monthly mean net radiation for the long-
term CPM period. Hence, the heat gains through
the windows increase and cause higher cooling needs.
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Figure 6: Distribution total monthly cooling load for
the present-day using a CPM and total monthly cool-
ing load for TMY, TDY, ECY, EWY and EWY*
weather files for South oriented room.

Figure 7: Distribution total monthly cooling load for
the future using a CPM and total monthly cooling load
for TMY, TDY, ECY, EWY and EWY* weather files
for North oriented room.

Though, the overestimation of the minimal cooling
load is important, the further paragraphs focus on
the estimation of the maximum cooling load as this
one is important for (re)sizing of HVAC systems.
For cooling, the results shown in Figures 4 to 12 sug-
gest the importance of taking into account radiation
when deriving the one-year weather data files. There-
fore the methodology of an EWY is adapted (further
referred to as EWY*) considering both the dry-bulb
temperature and the net radiation (direct and diffuse
component) to investigate whether this improves the
representation of the extreme cooling loads. The dry-
bulb temperature and the net radiation get a similar
importance in weighting (50%) and the most devi-
ating month is selected based. An equal weighting
was opted for as a first attempt to improve the rep-
resentation of the extreme cooling load. In addition,
it is shown that while the EWY* results in extreme
cooling load for one orientation, this is not necessar-
ily the case for other orientations. Building typology
and construction play an important role in the impor-

Figure 8: Distribution total monthly cooling load for
the future using a CPM and total monthly cooling load
for TMY, TDY, ECY, EWY and EWY* weather files
for East oriented room.

Figure 9: Distribution total monthly cooling load for
the future using a CPM and total monthly cooling load
for TMY, TDY, ECY, EWY and EWY* weather files
for South oriented room.

Figure 10: Diurnal cycle dry-bulb temperature
September present-day CPM for TMY, Year 28, TDY
and EWY weather files.

tance of different weather variables on their cooling
(and heating) loads which is also argued in the work
of Ji et al. (2016). It is hence difficult to define one
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Figure 11: Diurnal cycle net direct radiation Septem-
ber present-day CPM for TMY, Year 28, TDY and
EWY weather files.

Figure 12: Global radiation distribution present-day
CPM with monthly mean for ECY, TDY, EWY and
TMY weather files.

weighting scheme for an extreme year resulting in ex-
treme cooling loads for different buildings.
Considering both dry-bulb temperature and the net
shortwave radiation improves the the representation
of the maximal cooling load for March, September
and October in the present-day CPM simulation for
the South oriented room(Figure 6), July in the future
CPM simulation for the North oriented room (Fig-
ure 7) and October in the future CPM simulation
for the South oriented room (Figure 9) in compar-
ison with the standard EWY weather file. Table 3
shows the maximum yearly cooling load for the 30-
year period and the cooling load for the EWY and
EWY*, and their relative difference with the maxi-
mum yearly cooling. Only for the North orientation
(also see Figures 4 and 7), the EWY* underestimates
more in comparison with the EWY weather file. Fig-
ure 13 shows the average temperature profile of the
year selected for the April month of the EWY*. Look-
ing to the diurnal cycles of the different radiation
components (Figure 14), the direct component of the
EWY* has the has higher values resulting in higher

Figure 13: Diurnal cycle dry-bulb temperature April
future CPM for Year 13 and EWY* weather files.

Figure 14: Diurnal cycle radiation (global, direct and
diffuse) April future CPM for Year 13 and EWY*

weather files.

global radiation values. For the diffuse component,
the values of the year leading to the maximum cool-
ing load, year 13 in the future CPM simulation, are
higher for the diurnal cycle. Although the differences
are relatively small on monthly basis, when looking
to the hourly time series for some days with a cooling
need (Figures 15 to 17) there is a significant differ-
ence in dry-bulb temperature and/or in diffuse radia-
tion. For the North orientation the diffuse component
has a higher importance for the cooling load than the
direct radiation component. Considering the diffuse
and direct radiation component separately could im-
prove the maximal cooling for the North orientation.
However, the overall absolute underestimation of the
cooling load is small compared to those for the other
orientations.
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Table 3: Comparison of the maximum yearly cooling load for 30-year period with yearly cooling load for EWY
and EWY* for different orientations, present-day and future CPM simulation.

present-day CPM future CPM

Max 30-year EWY EWY* Max 30-year EWY EWY*

Yearly cooling energy [kWh/m2]

North 22.5 21.66 21.34 34.9 34.64 32.79

East 46.66 45.19 46.55 64.28 62.55 64.13

South 71.41 63.27 71.12 87.47 80.34 84.98

West 45.91 44.66 45.91 60.15 58.66 59.31
Relative difference in comparison to the max 30-year yearly cooling [%]

North -3.7 -5.2 -0.7 -6.0

East -3.1 -0.2 -2.7 -0.2

South -11.4 -0.4 -8.2 -2.8

West -2.7 0.0 -2.5 -1.4

Figure 15: Hourly cooling load profile April 17th
- April 30th future CPM for Year 13 and EWY*

weather files.

Figure 16: Hourly dry-bulb temperature profile April
17th - April 30th future CPM for Year 13 and EWY*

weather files.

Figure 17: Hourly diffuse radiation profile April 17th
- April 30th future CPM for Year 13 and EWY*

weather files.

Conclusion

This paper discusses the use of representative and
extreme one-year weather files derived from 30-year
convection-permitting climate model data for the Bel-
gian context and their representativeness in terms of
average and extreme weather conditions. A represen-
tative Flemish office room is simulated for different
orientations for the current and future (RCP8.5 sce-
nario) climatic context.
The typical meteorological year is found to give a
good estimation of the average heating and cooling
load. The combination of a typical downscaled year
with an extreme cold year and an extreme warm year,
as proposed by Nik (2016) gives a good estimation of
the average and extreme heating load for both the
current and future climatic context. However, for the
simulations performed, the extreme warm year under-
estimates the maximum cooling load. The method-
ology of the extreme warm year was adapted con-
sidering global radiation and dry-bulb temperature
with an equal weighting (50%) in a first attempt.
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The adapted methodology was found to improve the
representation of the maximum cooling load by 1.1-
11%), except for the North orientation (decrease of
1.4-5.3%). However, the absolute decrease for the
North orientation is small compared to the cooling
loads of the other orientations.
Further research is needed to investigate whether con-
sidering the diffuse and direct component of radiation
separately would improve the representation. This
paper investigates only one office zone, but already
shows that while a weather file results in extreme sit-
uations for one building orientation this is not nec-
essarily the case for the other orientations. Building
characteristics play an important role in the influence
of weather variables on the heating and cooling load
of a building. Further research, considering multi-
ple building scenarios is required for validation and
eventually adaptation of the proposed methodology.
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