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WEATHER CONDITIONS

Michele De Carli

The architecture in the past is designed based on local 

climatic conditions

In the past few resources and materials forced to invent 

architecture rules based on the weather conditions.

Important observation:
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Weather 
conditions

Parameters affecting building performance

Indoor 
conditions

Source
Alamy

Source
Italiafeed

HOW TO DEFINE THE CLIMATE OF A ZONE

• Outside air temperature

• Relative humidity

• Speed   and wind direction

• Solar radiation
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 GROUP A: Tropical/megathermal climates
 GROUP B: Dry (arid and semiarid) climates
 GROUP C: Temperate/mesothermal climates
 GROUP D: Continental/microthermal climate
 GROUP E: Polar climates
 GROUP H: Alpine climates

Köppen climate classification 

Source
Peel et al. 2007

• Design temperature during winter and summer

• Average yearly temperature

• Degree Day

• 12 monthly average temperature

• 12 profiles for the average day of the month (24 hours for 12 
months)

• TRY    (Test Reference Year): 8760 hourly values

HOW TO DEFINE THE TEMPERATURE



10/03/2020

4

Average yearly temperature

Design temperature in winter conditions

Minimum temperature (conservative condition):

It is used for calculating the peak power for heating: 
• size the emission systems (radiators, radiant floor, fan-coil)  

room by room
• size the generation system (boiler, heat pump, etc.).

A single value for the average temperature during all the year 
(ground temperature)

Example of design tempetratures 1/2
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Example of design tempetratures 2/2

Usually defined in standards

Design temperature in summer conditions

Values for the term ph used in the evaluation of the 

external air temperature  according to the hour of the day

ambhambhamb tptt  max,,

hour 1 2 3 4 5 6 7 8

ph 0.87 0.92 0.96 0.99 1 0.98 0.93 0.84

hour 9 10 11 12 13 14 15 16

ph 0.71 0.56 0.39 0.23 0.11 0.03 0 0.03

hour 17 18 19 20 21 22 23 24

ph 0.1 0.21 0.34 0.47 0.58 0.68 0.76 0.82
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Degree Day  (DD)

Degree days (DD): simplified representation of outside air temperature 
data (effect of outside air temperature on building energy 
consumptions).

Heating Degree Days (HDD) are a measure of how much (in degrees), 
and for how long (in days), outside air temperature was lower than a 
specific base temperature or balance point. They are often used for 
calculations related to energy consumption required to heat buildings.

Cooling Degree Days (CDD) are a measure of how much (in degrees), 
and for how long (in days), outside air temperature was higher than a 
specific base temperature. They are often used for calculations 
relating to the energy consumption required to cool buildings.

DD is the sum, for each day j, of the difference between the internal 

temperature (ti) and the daily average external (ambient) temperature   

(tamb,d,j). The limits of the heating/cooling season are usually defined 

by a threshold external reference temperature below which there is 

heating and above which there is cooling:

H 



365

1
,, )(

j
jdambi ttDD  if jdambt ,, < tthreshold,heating 

C 



365

1
,, )(

j
jdambi ttDD  if jdambt ,, > tthreshold,cooling 

There are different ways to choose the inner temperatures and the 

threshold temperatures since different buildings have different base 

temperatures 
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Example of degree days (DD) 1/2

Example of degree days (DD) 2/2
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Usually in most of the European countries the HDD is quite well 
established, while the CDD definition is not always clear. In many 
countries (e.g. Italy and Germany) the reference threshold base 
temperature for heating condition is fixed at 12°C. The indoor 
reference indoor temperature depends on the building, but usually it 
can be considered equal to 20°C. The heating degree day (HDD) can 
be calculated in an easier way as the difference between the indoor 
temperature and the mean outdoor monthly temperature   times the 
number of days of the considered month nd,z if the considered zth

month has an average temperature lower than 12°C:

  



12

1
,,,

z
zdzmambi nttDDH
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Monthly average temperature

Hourly average temperature during the month 1/2

Gennaio - Temperature nel giorno medio
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Luglio - Temperature nel giorno medio
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Hourly average temperature during the month 2/2

Test Reference Year (TRY)
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Solar radiation 1/3
The spectrum of the Sun's solar radiation is close to that of a black body with a 
temperature of about 5800 K. By Wien law:

lmax =               =              =  0.5  mm 
2898       2898

T           5800
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Atmospheric 
scattering

Direct
Diffuse

Absorbed

Reflected

Through the atmosphere different 

phenomena take place:

Sunlight reaching the Earth's surface 
unmodified by any of the atmospheric 
processes is termed direct/beam solar 
radiation. 

Solar radiation that reaches the Earth's surface after it was altered by the 
process of scattering is called diffused solar radiation. 

Solar radiation 2/3

The incident radiation varies according to:

- Latitude, altitude, and time of the day of the year
- The cloudiness and humidity

The absorption is proportional to the volume of the 
crossed atmosphere, function of the inclination 
between the Sun and the considered horizontal 
plane in a certain location 

The concept of the air mass (AM):

• AM = 0: Outside the atmosphere
• AM = 1: Crossing of the atmosphere 

along the normal direction with 
respect to  the surface of the Earth

• AM > 1: Crossing the atmosphere in 
any other direction
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Spectral distribution of direct solar radiation:

Solar radiation 3/3

- Ultraviolet (0.2 ÷ 0.38 mm), 6% of the incoming radiation 

- Visible (0.38 ÷ 0.78 mm), 48% of the incoming radiation 

- Infrared (0.78 to 10 mm), 46% of the incoming radiation 

Depending on the AM more or less solar energy reaches the location.

Solar radiation and the building

Mutual position between the Sun and the location

Equator

Earth’s axisN

S

Winter
solstice

Summer
solstice

d
• Latitude of point P (f)
• Longitude of point P (m)
• Sun’s declination (d)
• Hour angle of the Sun (w)

But it is important also the 
position of the surface we are 
considering!
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Solar radiation and the building
Mutual position between the Sun and 
the surface:

• Solar height (b): angle of the
impinging direct solar radiation on
the horizontal surface;

• Solar azimuth (ysolar): angle,
measured on the horizontal surface,
between the vertical angle containing
the Sun and the North-South line;

• Surface azimuth (ysurface): angle
measured on the horizontal surface
between the normal direction of the
surface and the South direction;

• Slope of the surface (Csurface): angle
between the plane containing the
surface and the horizontal plane.

N

S

EW

180°

270°90°

0°

N

S

EW
90° - 90°

180° / -180°

0° Usual definition of solar azimuth angle 
in a building simulation software

Components of the solar 
radiation

Direct radiation:
- index of cloudiness
- solar path
- Azimuth of the surface
- Surface slope

Scattered radiation:
- Index of cloudiness
- Tilt of the surface

Reflected radiation:
- Reflectivity of the surrounding   

environment
- Surface slope

Surronding
surface

Reflectivity r

Urban
environment

0.14 ÷ 0.2

Grass 0.15 ÷ 0.25

Fresh grass 0.26

Fresh snow 0.82

Wet snow 0.55 ÷ 0.75

Dry asphalt 0.09 ÷ 0.15

Wet asphalt 0.18

Concrete 0.25 ÷ 0.35

Red tiles 0.33

Aluminium 0.85

Copper 0.74

Galvanized steel 0.35

Very dirty
galvanized steel

0.08
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HOW TO EVALUATE THE SOLAR RADIATION

Solar radiation is usually measured on the horizontal
plane:

 Single value to define the annual average incident radiation on 
the horizontal

 12 values for the average monthly incident radiation on the 
horizontal (split into direct and diffuse)

 12 average daily profiles of 24 hours for the incident radiation 
on the horizontal (split into direct and diffuse) during a month 
(12 x 24 values)

 TRY  Test Reference Year: 8760 (365 x 24) values   for direct and 
diffuse radiation on horizontal

Daily average solar radiation
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Irradianza solare orizzontale
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Consequences of the orientation of the surfaces

Example of incident solar radiation on a 
horizontal plane during the year

Radiazioni diretta, diffusa e totale incidenti su piano orizzontale 
(Innsbruck)
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Solar diagram– Athens (38° Lat)
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Solar diagram– Rome (42° Lat)
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Solar diagram– Paris (49° Lat)
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Solar diagram– Stockholm (59° Lat)
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Solar Diagram– North Cape (72° Lat)
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