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Introduction
Weather is the main exterior factor, that governs the construction and structure of buildings. Buildings protect us against undesired outer influences, especially unsuitable air temperature, precipitation and wind. If we want to have constant suitable room temperature in the building we are planning, we need to know the energy balance of the building. We can calculate then the required power of heating and cooling devices, which are used for regulating the room temperature on a desired value. One-year time series of meteorological variables, which serve as input data into the model of the energy balance, is needed for this purpose. Testing the energy response of a building on specific weather types or climate usually requires the so-called Test Reference Year (also Standard Reference Year or Typical Meteorolgical Year).
In most of the cases, test reference year represents 365-day series of hourly values of the selected meteorological variables, which are necessary for the calculation of the energy balance of a building. The test reference year can be constructed in two ways. The first is based on sintetically constructed synhronic daily ranges of the most important meteorological variables. Syntetically means that the models reckoning daily ranges are based on time series, spectral analysis and similar processing of complete archive (Kajfež-Bogataj and Hočevar, 1986). Another, historical way, is less time consuming, but usually requires longer measurement series. In this way we extract shorter periods out of the whole series and combine them to make the test reference year. Such a series has to resemble the average yearly range according to important meteorological variables as much as possible. Nevertheless it should preserve the majority of weather variability at few-days scale (e.g. warm, cold, rainy, sunny periods). Since majority of meterological variables after excluding yearly and daily range is poorly inter-correlated, it is difficult to construct an annual series out of few-years measurement series that resemble the main statistics of the measurement period. The statistics includes monthly cumulative distribution function, mean monthly value, standard deviaton of daily values and the trend within a month. 
Until recently, authors have considered only the daily values when constructing the test reference year. The underlying reason for that was time-consuming calculation due to very large sets of measurements. Computer development has enabled calculation of the test reference year directly from hourly values.
1. Method description
The first step in the selection of months, best suitable for the reference year, is usually the calculation of the Finkelstein-Schafer statistics for each month and each variable (Finkelstein and Schafer, 1971):
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where 
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 denotes the cumulative distribution function (CDF, codomain between 0 and 1) up to the class 
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, while 
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 represents the number of the classes. Climatological mean of the CDF up to the 
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-th class is 
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. Closer the value of 
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 of the given month to the climatological average is, the more suitable the month for the test reference year is (an exampe is shown on Figure 1). The
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-statistics is normally calculated for air temperature, relative air humidity, solar irradiance and also often for wind or other variables. Due to a large amount of missing data and bad quality of the series of some meteorological variables we decided to calculate the 
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-statistics for air temperature and global solar irradiance on a horizontal plane only. 
Before calculating 
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, we need to make a quality control of the whole series and fill the gaps of missing data. This task has been done in Climatology section by an inspection of all the measurements at automatic meteorological stations and filling the gaps with timely-interpolated values or manual measurements by classical instruments at the station.  
We have calculated values of 
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 for each of the selected variables. The results for station Ljubljana Bežigrad are shown in Tables 1a, 1b, 1c. Since the selection of suitable months depends on two variables, new statistics, 
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, is needed, to consider both 
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 values. Because standard deviation of 
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 depends on the characteristics of the variable itself, we have normalised or standardised the series. According to the literature (e.g. Levermore and Chow, 2003; Song, 1989; Marion and Urban, 1995) we used linear combination of 
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-statistics, but with the standardised series: 
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A special problem, that needs to be taken into account, is a determination of the weights (
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) ahead of each 
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-statistics. In the literature (e.g. Levermore and Chow, 2003; Song, 1989; Marion and Urban, 1995) the weights differs from author to author with air temperature and solar irradiance usually being the most important. Therefore we decided to use equal weight, 0.5, for both selected variables.
By using 
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-statistics we selected the three most appropriate candidates for every month. Months selected in this way are sufficiently close to the CDF of climatological mean for both variables, but some may be more or less suitable for the reference year considering other statistics. The CDF namely does not consider the monthly course, so we applied the mothly course of average daily temperature to extract the best candidate. The candidate months were then compared by the 12-year average (reference period 1995–2004) in average monthly temperature, the trend of average daily temperature series within the month and the standard deviation of daily average temperature.
Each set of three months was ranked according to the aforementioned statistics in an ascending order of absolute deviation from the climatologial mean (rank). All the ranks were sumed and the month with the lowest sum was selected as the best. In some cases, where two or all three months got the same sum, the one with the smallest deviation in average temperature was chosen.
After combining the best months together into a one-year series, we have to correct the shifts in values between months from different years. Corrected values, 
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, for the last day of the first month and for the first day of the second month were calculated by linear combination of the values in both years:
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where index 1 represents the year of the first month and index 2 the year of the second (consecutive) month in the reference year. The first term (0:00 the last day the in the first month) is marked by 
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 and the last (24:00 of the first day in the second month) by 
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. As an example, in case of Ljubljana, where January 2004 and February 2001 were selected, the value at 12:00 on January 31 is a sum of 75 % of the value at the same time in 2004 and 25 % of the value at that time in 2001. Such a linear combination, where the weights are time-dependent, results in a smooth transition between two timely non-connected day. The beginning of the first and the end of the second day remain unaltered as the weights equals 0 or 1, respectively.
2. Results
The test reference year for five meteorological stations has been prepared: Ljubljana Bežigrad, Ljubljana JP Airport (Brnik Airport), Šmartno pri Slovenj Gradcu, Murska Sobota, and Portorož Airport. Files with the reference year include hourly data of air temperature, relative air humidity (both at the time given in the first three columns), series of mean global solar irradiance on a horizontal plane in the hour prior to the given time, mean wind speed and direction in the hour prior to the given time.
Annual series of daily average air temperature and solar irradiance in the reference year for Ljubljana is shown in Figures 2 and 3. Table 2 presents a comparsion between the reference and the average year in Ljubljana. 
The reference year for the selected stations can be found in the following files:
· Ljubljana Bežigrad: test_ref_year_ljubljana.xls
· Ljubljana JP Airport (Brnik Airport): test_ref_year_brnik.xls
· Šmartno pri Slovenj Gradcu: test_ref_year_smartno_pri_slovenj_gradcu.xls
· Murska Sobota: test_ref_year _murska_sobota.xls
· Portorož Airport: test_ref_year_portoroz.xls
Tables 1a and 1b. Non-normalized FS-statistics for the station of Ljubljana Bežigrad for all months.
a) temperature
	year\month
	Jan
	Feb
	Mar
	Apr
	Maj
	Jun
	Jul
	Avg
	Sep
	Okt
	Nov
	Dec

	1994
	2,96
	1,02
	3,64
	0,71
	1,08
	0,52
	1,38
	1,18
	1,58
	2,58
	1,89
	1,23

	1995
	0,54
	1,99
	2,06
	0,45
	1,16
	2,74
	1,24
	2,02
	1,30
	0,78
	0,91
	0,91

	1996
	1,76
	3,50
	3,59
	0,98
	0,80
	0,39
	2,15
	1,76
	2,47
	1,17
	1,48
	1,97

	1997
	1,17
	1,27
	0,53
	2,20
	0,22
	0,92
	1,15
	0,72
	1,21
	2,20
	1,04
	1,76

	1998
	2,58
	2,43
	1,28
	0,67
	0,58
	1,00
	0,49
	1,07
	0,38
	0,48
	2,81
	4,13

	1999
	1,07
	1,69
	1,28
	0,98
	0,43
	0,89
	0,55
	0,70
	2,40
	0,59
	3,01
	0,58

	2000
	2,46
	1,25
	0,93
	2,70
	0,70
	0,81
	1,48
	1,05
	0,56
	1,47
	2,37
	3,77

	2001
	2,77
	2,13
	1,92
	0,82
	1,04
	1,36
	0,76
	1,88
	1,89
	2,53
	2,49
	3,00

	2002
	1,31
	2,50
	1,85
	0,82
	1,09
	1,31
	0,53
	1,13
	0,55
	0,88
	3,24
	1,72

	2003
	1,63
	3,47
	0,53
	0,87
	1,96
	3,81
	1,44
	3,29
	0,30
	2,40
	2,26
	1,21

	2004
	0,82
	1,12
	1,90
	0,40
	2,01
	0,98
	0,58
	0,39
	0,39
	1,81
	0,46
	0,81

	2005
	0,68
	2,59
	1,66
	0,38
	0,90
	0,23
	0,34
	2,50
	0,88
	1,05
	1,06
	1,62

	avg.
	1,65
	2,08
	1,77
	1,00
	1,00
	1,25
	1,01
	1,47
	1,16
	1,49
	1,92
	1,89


b) global solar irradiance
	year\month
	Jan
	Feb
	Mar
	Apr
	Maj
	Jun
	Jul
	Avg
	Sep
	Okt
	Nov
	Dec

	1994
	0,28
	0,56
	0,57
	0,65
	0,77
	0,36
	0,61
	0,86
	0,43
	0,31
	0,39
	0,16

	1995
	0,07
	1,11
	1,11
	1,29
	0,68
	2,10
	0,68
	0,68
	0,34
	1,04
	0,47
	0,71

	1996
	0,73
	0,45
	0,70
	0,46
	0,57
	0,46
	0,32
	0,95
	1,57
	0,62
	0,12
	0,23

	1997
	0,61
	0,46
	0,81
	1,60
	1,16
	1,34
	0,20
	0,26
	2,01
	0,15
	0,17
	0,27

	1998
	0,20
	1,05
	0,88
	0,98
	0,39
	0,33
	0,36
	0,83
	0,68
	0,36
	0,24
	0,24

	1999
	0,39
	0,39
	0,70
	0,25
	1,03
	0,60
	0,88
	0,80
	0,58
	0,34
	0,11
	0,32

	2000
	0,75
	0,52
	0,31
	0,55
	0,55
	1,49
	0,35
	1,05
	0,75
	0,50
	0,48
	0,15

	2001
	0,85
	0,16
	2,26
	0,45
	0,28
	0,76
	0,26
	0,88
	1,55
	0,74
	0,50
	0,50

	2002
	0,20
	1,00
	0,81
	1,47
	0,48
	0,99
	0,21
	0,93
	0,13
	0,28
	0,20
	0,50

	2003
	0,23
	1,09
	1,36
	0,71
	0,97
	1,30
	0,46
	1,18
	1,05
	0,22
	0,07
	0,61

	2004
	0,15
	0,45
	0,18
	1,51
	0,28
	1,42
	0,28
	0,51
	0,32
	0,66
	0,17
	0,15

	2005
	1,02
	0,27
	0,38
	0,48
	0,73
	0,38
	0,88
	2,17
	0,36
	0,11
	0,31
	0,13

	avg.
	0,46
	0,63
	0,84
	0,87
	0,66
	0,96
	0,46
	0,93
	0,81
	0,44
	0,27
	0,33
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Figure 1. The cumulative distribution function for temperature in August at station Ljubljana Bežigrad.
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Figure 2. The series of daily average temperature in the test reference year (blue) and 11-day running mean of the period 1994–2005 (black) at station Ljubljana Bežigrad.
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Figure 3. The series of daily global insolation in the test reference year (orange) and 11-day running mean of the period 1994–2005 (black) at station Ljubljana Bežigrad.
Table 2. Average monthly temperature T (°C), global insolation jG (MJ/m2) and relative humidity RH (%) for the reference (ref) and the average (avg) year in the period 1994–2005 at station Ljubljana Bežigrad.
	Month
	Tref
	Tavg
	jGref
	jGavg
	RHref
	RHavg

	January
	-0,5
	0,3
	43
	44
	83
	82

	February
	4,4
	2,2
	87
	85
	71
	75

	March
	6,9
	6,6
	149
	134
	65
	69

	April
	10,6
	10,4
	174
	168
	66
	69

	May
	15,4
	15,9
	234
	227
	65
	68

	June
	19,2
	19,3
	253
	245
	66
	68

	July
	20,9
	20,8
	247
	248
	71
	68

	August
	20,5
	20,6
	221
	211
	76
	71

	September
	15,2
	15,4
	133
	147
	80
	78

	October
	11,0
	11,1
	76
	84
	84
	82

	November
	5,0
	5,8
	39
	43
	85
	84

	December
	1,4
	0,7
	30
	32
	85
	85

	Year
	10,9
	10,8
	141
	139
	75
	75
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