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ABSTRACT
In almost all cases, building energy simulations are
done with an entire year of weather data. As building
models become larger and simulation programs become
more complex, simulation runtimes have become an
issue, despite the overall improvements in computer
speed.
One obvious way to reduce runtimes is to not run the
simulation for an entire year, but for a subset of days
extracted from the year. The trade-off for the quicker
runtimes is of course a loss in accuracy. Previous
efforts using this technique have simply taken a random
sampling of the time series, such as doing the
simulation for four arbitrary 15-day periods spaced
equally from a “typical year” weather file.
This paper investigates using the same technique
developed for selecting the most representative months
making up a “typical year” weather files but applies it
to select a 7-day time series, i.e., a “typical week”, that
best matches the average long-term climatic conditions
of a month.
If the source weather data is a “typical year” weather
file, this technique analyzes the cumulative frequency
distributions (CFD) of temperature, solar, wind, etc., for
each of the 22-25 7-day series within that month,
compare them to the CFD for the full month, and then
selects the 7-day series with the smallest deviation in
the CFDs as the “typical week”. The twelve “typical
weeks” are then concatenated to produce a reduced
“typical year” weather file containing only 12, rather
than 52, weeks of data. For simplicity, the date stamp
for each 7-day series can be set to the middle of each
month. There are many simple ways to make such
reduced weather files compatible with existing
simulation program, although relatively modest changes
would be needed to simplify their use and speed up
runtimes by eliminating re-initialization between the
“typical weeks”. Once that is done, runtimes should be
reduced to 1/4 with little loss in accuracy compared to
running the full year.
If the source weather data is the historical time-series,
that should be used instead for selecting the “typical
week”, which would greatly expand the number of

candidate 7-day series by the number of years in the
time-series. In such instances, it has been found that
the reduced weather data set has an equal or at times
even better fidelity than the “typical year” file to the
average long-term climate conditions.

INTRODUCTION
When building energy simulations first started in the
1980's, the computing power of personal computers
were so limited and slow that a number of simulation
programs such as MicroPas did hourly calculations for
10-day periods per month in lieu of an entire year to
speed up the computations. These techniques in turn
required the creation of reduced weather files, e.g., the
first set of "typical year" weather files developed in
Europe , i.e., "Design Reference Years", contained only
10 days per month.
As personal computers became faster and more
powerful, most of these techniques have been
abandoned and all building energy simulation programs
today do full annual simulations with at least an hourly
time step. Paradoxically, despite the vast improvements
in computer power, as building models get ever larger
and simulation programs ever more complex,
discussions about using reduced weather data have
resurfaced as simulation times have increased from
seconds to many minutes or even hours. Although some
have scoffed such complaints as irrelevant because
building a working model generally takes the lion's
share of staff time, this ignores the practical reality that
most projects require not just one pristine simulation,
but often repeat them dozens or hundreds of times due
to modeling mistakes, change orders, and parametric
studies of design options. Slow run times are felt most
acutely in policy studies where tens of thousands of
simulations are the norm, and for code compliance
where the turn-around time is generally measured in
days and at most a couple of weeks.
In address this practical need, Athalye et al. (2014)
described a "QuickSim" strategy where an EnergyPlus
simulation is done not for an entire year, but for four
15-day periods, i.e., once each season. Glazer (2015)
also reiterated his support of this method in a later

© 2016 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

447

presentation describing a large ASHRAE parametric
study on the energy performance of low-energy
strategies for commercial buildings in different US
climates and reported a 3x increase in speed with a
difference of 12% compared to doing full annual
simulations. In California, the CBECC-Com
compliance program has also adopted the “QuickSim”
strategy but only for preliminary calculations due to
concerns about its accuracy.
The only motivation for using reduced weather data sets
is to speed up runtimes, with accuracy loss seen as an
unfortunate but inevitable trade-off. However, in
returning to this method from decades past, something
seems to have been lost, which is that the reduced
weather data set could be selected not at random, but as
the most representative of the full data set. This is
rather ironic because the efforts to develop “typical
year” weather data over the past two decades, notably
the work by the National Renewable Energy Laboratory
(Marion and Urban 1995), have produced not only a
well-defined methodology for identifying and selecting
the most representative weather data from a long timeseries, but also resulted in various software
implementations of the TMY methodology (Seo et al.
2009, Huang 2013, Thevenard and Brunger 2001)

OBJECTIVE
The objective of this paper is a proof-on-concept
investigation to see whether the same method used to
create "typical year" weather files can be applied to
create reduced weather data sets containing one “typical
week” per month with minimal loss of accuracy as
compared to the full “typical year” file or the actual
long-term historical time series.
The paper describes the creation of reduced weather
data sets following NREL’s TMY methodology for
five representative US locations (San Francisco, New
York, Minneapolis, Miami, and Phoenix) wherein each
month has been represented by a single actual 7-day
time series, i.e., a “typical week”.
These “typical weeks” have been selected in two ways:
(1) from the 15-year time series from 2001 through
2015 (file name extension SHT for “Short”), and (2)
from a previously generated “typical year” weather file
created from the same time series (file name extension
TYPSHT for “typical year short”).

cooling degree days, and average wind speeds, and
average global horizontal and direct normal solar
radiation.
Finally, DOE-2.1E computer simulations were done
using all 15 years of historical data, the full “typical
year” , and the two reduced data sets, and the resultant
energy uses and space conditioning loads compared for
the four climate conditions (LTA, TYP, SHT, and
TYPSHT).

DESCRIPTION OF THE TMY METHOD
The TMY Method refers to the selection process
developed by the National Climatic Center (NCC 1981)
for producing the first set of 56 TMY files. Although its
intended use is for identifying the most representative
“typical month” from a number of candidate months,
e.g., 30 months from 30 different years, the
methodology can also be used to identify the most
representative “typical week” from out of the same
candidate months.
The key metric of the TMY Method is to compare the
Cumulative Frequency Distribution (CFD) of the
candidate time-series to that of the long-term timeseries for each climatic variable, and then select the
candidate time series with the smallest absolute
difference between the two CFDs. This is illustrated in
Figure 1, which compares the CFD of average daily
temperatures in January for 1991-2006 in New Delhi.
The thin lines are the CFDs for the 15 candidate
Januarys. The smoother thick red line is the long-term
CFD for all 15 Januarys. The absolute difference
between the CFDs for each individual month and the
long-term CFD is called the Finkelstein-Shafer Statistic
(FS) and equivalent to the total area enclosed between
the two CFD lines.
The thick orange line in Figure 1 is for 2002 which has
the smallest FS and is thus regarded as the most typical
January for average daily temperature. The thick light
blue line in Figure 1 is for 2001, which was selected as
the most typical January, once the other seven climate
parameters have also been considered.

Comparisons will be done between the mean of the 15year time series (file name extension LTA for “longterm average”), the full “typical year” file (file name
extension TYP for “typical year”), and the two reduced
weather data sets (SHT and TYPSHT), looking first at
the monthly and annual weather statistics of heating and
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Figure 1. CFDs for average January daily temperatures in
New Delhi 1991-2006 (Huang et al. 2015)

The same analysis is applied to the following eight
daily parameters: maximum, average, and minimum
dry-bulb and dewpoint temperatures, maximum and
average wind speed, and total global horizontal and
direct normal solar irradiance. The FS statistic for each
parameter is weighted by its perceived significance,
which are then summed to produce the Cumulative FS
or CFS. Table 1 shows the different weightings that
have been used to produce recent “typical year”
weather data sets. For this study, the weightings have
been kept the same as for TMY2/TMY3 or IWEC2.
The time series having the smallest CFS of all the
candidate time series is regarded as the most
representative (Huang et al. 2015)

For example, in creating the standard “typical year”
weather file from a 15-year time series, there would be
15 candidate months. However, when the TMY Method
is used to select a “typical week” to represent a month,
the number of candidate 7-day time series increases not
by a factor of 4, but by 25 for a month with 31 days, 24
for a month with 30 days, etc., since a running 7-day
time series can be analyzed for each day of the month
up to 6 days before the end of the month. Therefore, for
the 15-year time series used in this paper, the number of
candidate 7-day time series would be 15x25 or 375 for
a month with 31 days, 15x24 or 360 for a month with
30 days, etc.
This mushrooming effect is illustrated in Figure 2,
which shows the CFDs of candidate 7-day time series
for January maximum daily dry-bulb temperatures in
San Francisco from 2001-2015 . There are so many
candidate CFDs that they’ve been plotted on two charts
for clarity.

Table 1. Weightings used for different climate parameters in
recent “typical year” data sets(Huang et al. 2015)
Daily Climate Variable
Max. Dry-bulb Temp
Avg. Dry-bulb Temp
Min. Dry-bulb Temp
Max. Dewpoint Temp
Avg. Dewpoint Temp
Min. Dewpoint Temp
Avg. Wind Speed
Max. Wind Speed
Global Horiz. Solar Rad.
Direct Normal Solar Rad.

TMY
1/24
1/24
1/24
1/24
1/24
1/24
2/24
2/24
12/24
not used

TMY2,
TMY3
1/20
2/20
1/20
1/20
2/20
1/20
1/20
1/20
5/20
5/20

IWEC
1/20
6/20
1/20
0.5/20
1/20
0.5/20
1/20
1/20
8/20
not used

IWEC2
1/20
2/20
1/20
1/20
2/20
1/20
1/20
1/20
5/20
5/20

ADAPTING THE TMY METHOD TO
CREATE REDUCED WEATHER SETS
The main differences in using the TMY Method for
selecting a reduced time series are: (1) the greatly
increased number of candidate time series, and (2) the
reduced length and hence greater granularity of the
CFDs.

Figure 2. CFDs for 7-day time series of January maximum
daily temperatures in San Francisco 2001-2015

Figure 3 shows, on the left, the actual long-term CFD of
January maximum daily temperatures in San Francisco
from 2001 through 2015, and, on the right, compared to
the CFD of the 7-day time series with the smallest FS
statistic. The blue line in the left plot shows the detailed
hourly CFD, while the red line shows the aggregated
CFD with seven bins used to evaluate the 375 candidate
7-day time series. The red line on the right plot is the
same line, while the blue line shows the CFD for the 7day time series from Jan. 7-13, 2007.

In the original use of the TMY Method to select
“typical months”, there are only as many candidate
months as there are years in the long-term time-series.
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Figure 5 is similar to Figure 3 in comparing the CFD
for January maximum daily temperatures on the San
Francisco “typical year” weather file to the 7-day time
series from that file with the closest matching CFD.

Figure 3. Long-term CFD for January maximum daily
temperatures in San Francisco (left) compared to CFD for
selected 7-day “typical week” (right)

While it’s preferred to create a reduced weather set
from the long-term weather data, there may often be
difficulties in obtaining such data, leaving the only
option to use an existing “typical year” weather file. In
such cases, the reduced weather set would be based on
only a single year of data, and would always be
degraded in some way from that source “typical year”
weather file.
To study how severe is the data degradation, reduced
weather sets have also been created using “typical year”
weather files created for the same five locations as the
source weather data. Since these have only single
months of source data, the number of candidate 7-week
time series goes down by a factor of 15 to only 25 for a
month with 31 days. Figure 4 is similar to Figure 2 in
showing the CFDs for the 25 7-day time series and the
CFD for the entire month in the bold red line for
January maximum daily temperatures in San Francisco.

Figure 4. CFDs for 7-day time series of January maximum
daily temperatures from San Francisco “typical year” file

Figure 5. CFD for January maximum daily temperatures in
San Francisco “typical year” weather file (left) compared to
CFD for the best matching 7-day “typical week” (right)

The match in the CFDs is noticeably poorer compared
to using the full 15-year data set. It should also be noted
that the CFD from the “typical year” file is not as
smooth as that from the 15-year data set, nor does it
pick up the extreme maximum and minimum
temperatures (see plot on left of Figure 3).
For illustrative purposes, Table 2 indicates the “typical
weeks” that were selected by the software for the San
Francisco reduced weather sets.
Table 2. “Typical weeks” selected for San Francisco reduced
weather set (SHT based on 15-year time series, SHTTYP
based on “typical year” weather file)

Month
January
February
March
April
May
June
July
August
September
October
Novem ber
Decem ber

Selected 7-day period
(year/begin day)
SHT
SHTTYP*
04/19
11/10
02/06
04/11
10/12
07/19
15/13
02/24
06/05
03/13
15/20
10/08
02/09
08/12
13/11
02/24
15/01
11/07
15/03
12/11
15/13
04/21
09/17
12/10

* years already set in "typical year" file
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Minneapolis St. Paul IAP

New York JFK

Phoenix Sky
Harbor IAP

San Francisco
IAP

Heat Degdays 65 Cool Degdays 65
-day F) %
-day F) %
66
2564
49 -34.7
2466
-4.0
87 31.8
2495
-2.7
28 -42.9
2556
3.6
4083
487
4058
-0.6
435 -12.0
4272
4.6
382 -21.6
3972
-2.1
366 -15.9
2647
596
2682
1.3
564
-5.7
2663
0.6
716
20.1
2473
-7.8
585
3.7
475
2677
443
-7.2
2724
1.7
459
-3.4
2596
-3.0
503 13.5
2796
2.6
1455
96
1487
2.2
95
-1.1
1380
-5.2
102
6.3
1521
2.3
79 -16.8

Global Horiz
W/m2
1986
1947 -2.0
1798 -9.5
1960
0.7
1509
1499 -0.7
1506 -0.2
1487 -0.8
1454
1428 -1.8
1425 -2.0
1419 -0.6
2052
2048 -0.2
2066
0.7
2050
0.1
1764
1744 -1.1
1702 -3.5
1738 -0.3
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Figure 4. Comparison of heating degree days for four
weather file types
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Figure 4 compares the heating degree days and Figure 5
the cooling degree days of the “typical year” and the
two reduced weather sets files to the 15-year average.
In locations with significant heating (Minneapolis, New
York, and San Francisco) the “typical year” files are 0.6%, +1.3%, and +2.2%, while the reduced weather
sets are +4.6%, +0.6%, and -5.2% of the 15-year
average heating degree days, respectively. In locations
with significant cooling (Miami and Phoenix), the
“typical year” files are -4.0% and +1.7% ,while the
reduced weather sets are -2.7% and -3.0% of the 15year average cooling degree days, respectively. It is
surprising that in all four cases the “typical year” files
have more cooling degree days than the long-term
averages, although one reason may be the use of daily
rather than hourly climate parameters in selecting the
most representative months or monthly weeks.

Miami IAP

wthfile
type
15 yrs
TYP
SHT
TYPSHT
15 yrs
TYP
SHT
TYPSHT
15 yrs
TYP
SHT
TYPSHT
15 yrs
TYP
SHT
TYPSHT
15 yrs
TYP
SHT
TYPSHT

15 Year Avg
TYP
SHT
TYPSHT

Once the “typical week” for each month has been
identified, a reduced weather file with only 12 weeks of
data, one per month, is created by concatenating the
“typical weeks”, similar to how a full year “typical
year” weather file is created. Climate statistics are
calculated from the two reduced weather sets (TYP
form the 15-year data and TYP from the “typical year”
weather file) and scaled by the actual number of days in
that month, e.g., the statistics for January are
multiplied by 31/7 or 4.43, for February by 28/7 or
4.00, etc. These climate statistics are then compared to
those for (1) average of the 15 historical years, and (2)
the full “typical year” weather file developed from the
same 15 years of data. Table 3 summarizes these
climatic statistics at the annual level. Please note that
the % ’s for the reduced “typical year” files (TYPSHT)
are relative to those files rather than the 15-year
averages. That’s because the TMY Method cannot be
faulted for any discrepancies between the source
“typical year” file and the historical data.

City

Heating Degree-Days ( C)

COMPARISON OF CLIMATE STATISTICS
FOR DIFFERENT WEATHER SETS

Table 3. Heating and cooling degree days and global
horizontal solar radiation averaged over 2001-2015, a full
“typical year”, and two types of reduced weather sets.

Cooling Degree-Days ( C)

In summary, the reduced weather sets appear to
replicate the average distributions of the climate
parameters quite closely when created from the longterm weather data, but are less so when created from a
“typical year” weather file containing only a single year
of data. In the latter case, the reduced weather sets are
hampered not only by the limited amount of data but
also by the fact that “typical year” weather files are not
perfect representations of long-term weather conditions.
In both cases, the reduced weather sets have difficulty
capturing extreme condition outside the bounds of a
“typical week”, but the same is also true for a “typical
year” weather file that contains “typical months”.

Phoenix

San Fran

Figure 5. Comparison of cooling degree days for four
weather file types
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gas consumption. Of the 10 energy end uses (gas and
electricity for the 5 cities), the reduced weather set
(SHT) was closer for 4 of them, while the “typical
year” (TYP) weather was closer for the remaining 6.

2000
1500
1000
500

15 Year Avg
TYP
SHT
TYPSHT

15 Year Avg
TYP
SHT
TYPSHT

Minn-StPaul New York

15 Year Avg
TYP
SHT
TYPSHT

Miami

15 Year Avg
TYP
SHT
TYPSHT

0
15 Year Avg
TYP
SHT
TYPSHT

Global HOrizontal Radiation (w/m2-day)

2500

Phoenix

San Fran

This indicates that there is no apparent difference in
accuracy between the two types of files, although the
reduced weather based on the “typical year” weather
has roughly double the errors of the other two. It seems
that any loss due to the increased granularity in the
shorter time series (a week rather than a month) is made
up by the much larger pool of candidate weeks from
which to select.
Table 4 Simulated energy consumption for prototypical large
office building in five cities using different weather sets.

Figure 6. Comparison of global solar radiation for four
weather file types

Figure 6 compares the annual global horizontal solar
radiation of the “typical year” file and the two reduced
weather sets to the 15 year average. All three file types
are within a few percent of the average.

COMPARISON OF SIMULATED ENERGY
USAGE WITH DIFFERENT WEATHER
SETS
DOE-2.1E simulations have been done for a
prototypical large office building in the five locations.
Table 4 shows the simulation results using the average
of the 15 historical years as the benchmark standard.
Please note that the% ’s for the reduced “typical year”
files (TYPSHT) are relative to those files (TYP), rather
than the 15-year averages.
For electricity consumption, of which the weatherdependent end use is for cooling, the “typical year”
weather and the two types of reduced weather sets
showed similar correspondence to their target data, i.e.,
to within a percent to either the 15-year averages (0.6% for TYP, -0.3% for SHT), or within a half
percent of the “typical year” weather file for the
TYPSHT reduced weather set.
For gas consumption, of which the weather-dependent
end use is heating, the variations are larger but very
similar for the three weather file types. The “typical
year” file (TYP) differs from the 15-year average by 7.9% while the first reduced weather set (SHT) differs
by 6.5%, respectively. The second reduced weather set
(TYPSHT) differs from the target “typical year”
weather file by a similar 6.7%.
It’s interesting that the reduced weather set based on the
15-year data (SHT) has smaller overall errors than the
“typical year” weather (TYP) for both electricity and

Gas
(MBTU)

Miami IAP

San Francis co IAP

Average of 5 cities

(% )

4891

TYP

3778

-22.8

1557.1

-0.9

SHT

4045

-17.3

1544.9

-1.7

TYPSHT

3263

-13.6 *

1558.2

Minneapolis-St. Paul TYP
IAP
SHT

Phoenix Sky Harbor
IAP

(MWH)

15 Year Avg

15 Year Avg

New York JFK

Electricity
(% )

1571.3

30885

0.1 *

1324.3

29546

-4.3

1314.6

-0.7

29030

-6.0

1291.9

-2.4

TYPSHT

26938

-8.8 *

1287.6

-2.1 *

15 Year Avg

27440

1920.8

TYP

26615

-3.0

1922.9

0.1

SHT

26880

-2.0

1945.1

1.3

TYPSHT

24063

-9.6 *

1910.4

-0.7 *

15 Year Avg

7918

1546.5

TYP

6322

-20.2

1538.8

SHT

7914

-0.1

1570.1

1.5

TYPSHT

6363

1545.3

0.4 *

0.6 *

-0.5

15 Year Avg

14722

TYP

12841

-12.8

1267.3

1285.3

SHT

12368

-16.0

1273.1

-0.9

TYPSHT

13137

1262.6

-0.4 *

2.3 *

-1.4

15 Year Avg

17171

TYP

15820

-7.9

1520.1

1529.6
-0.6

SHT

16047

-6.5

1525.0

-0.3

TYPSHT

14753

-6.7 *

1512.8

-0.5 *

* relative to TYP

CONCLUSIONS
This exploratory study has found that an optimized
procedure in selecting the reduced weather set can
produce weather files that are of comparable accuracy
as the 8760 hour “typical year” weather files currently
in use. Previous work had found that “typical year”
files do not eliminate differences compared to the longterm weather data, but reduce them by half compared to
a year selected at random, from the range of 12-15% to
6-8% (Huang and Crawley 1996). It appears that an
optimized selection of “typical weeks” to represent
each month can produce similar accuracy in the results,
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with the advantage of a 3- to 4-fold speed up in
computer runtime.
Since “typical year” weather files are used exclusively
to estimate annual building energy performance, there
does not seem to be any disadvantages to replacing
them with the use of reduced weather sets.
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