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A modified typical meteorological year (TMY) method is proposed for generating TMY from practical measured weather data.
A total of eleven weather indices and novel assigned weighting factors are applied in the processing of forming the TMY database.
TMYs of 35 cities in China are generated based on the latest and accurate measured weather data (dry bulb temperature, relative
humidity, wind velocity, atmospheric pressure, and daily global solar radiation) in the period of 1994–2010. The TMY data and typ-
ical solar radiation data are also investigated and analyzed in this paper, which are important in the utilizations of solar energy sys-
tems.

1. Introduction

China lies in the northeast part of East Asia between 4◦

and 53◦ North latitude and 73–135◦ East longitude with a
population of about 1.3 billion [1, 2]. China, as the largest
developing country, is the second largest country in energy
consumption [3]. To relieve the dual pressure from rising
energy demand and growing environmental problems, re-
newable energy sources are considered for satisfying a signifi-
cant part of the energy demand in China [4–6]. As one of the
renewable energy, solar energy is a clean energy source and is
extremely abundant in China. More than two-thirds of China
receives an annual total solar radiation above 5.9 GJ/m2

(1639 kWh/m2) with more than 2200 h of sunshine per year
[7–9]. On the other hand, solar radiation is the fuel of solar
energy systems. Solar radiation data are the basic and key
parameters in the applications of solar energy systems [9–
11].

Since solar radiation data can vary from year to year,
there is a need to generate a customized solar radiation data-
base that can well represent the long-term averaged soar radi-
ation over a year [12, 13]. Representative databases for one
year duration, known as typical meteorological year (TMY)

[14], are often employed for computer simulations of solar
energy conversion systems and building systems. Based on
the TMY method, typical solar radiation data are formed by
the selection from the real recorded weather data.

In the past, several methodologies [15–20] for forming
TMYs have been reported, such as Sandia method, Festa-
Ratto method, and Danish method. Among the different,
TMY generation methods, the Sandia method is widely
adopted. Hall et al. [19], Said and Kadry [21], Marion and
Urban [22], Petrakis et al. [23], Kalogirou [24], Chow et al.
[25], Wilcox and Marion [26], Yang et al. [27], and Jiang
[14] generated TMYs for different locations with different
weather parameters and assigned weighting factors. These
methods in above literatures are in fact similar, the main dif-
ferences lie in the numbers of daily indices (weather indices)
to be included and their assigned weightings [25].

A few studies for selecting TMYs in China have been
found in recent years. In the paper authored by Chow et al.
[25], typical weather year files for Hong Kong and Macau
were produced and analyzed. Zhou et al. [9] developed typi-
cal solar radiation years and typical solar radiation data for
30 meteorological stations in China only using the long-
term daily global solar radiation records. In the paper of
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Yang et al. [27], TMYs for 60 cities in five major climatic
zones of China were investigated through nine recorded
weather indices (only the global solar radiation and not
including the direct solar radiation data). But the data of the
nine measured weather indices are before the year of 2000.
Jiang [14] generated TMYs using nine weather parameters
(including the global and the direct solar radiation data).
However, only eight cities were considered and generated.

It is suggested that the TMY selection process should
include the most recent meteorological observations [25].
In this present study, based on the modified TMY method
(eleven meteorological indices and the novel assigned wei-
ghting factors), the TMYs and typical solar radiation data for
35 stations are formed and analyzed using the latest and ac-
curate long-term weather data.

2. Selection of Cities and Data Used

In order to organize and generate the TMY database, the
daily weather data are required. The available weather data
are managed and provided by China meteorological stations.
Due to space limitation, 35 cities having the local meteoro-
logical stations are investigated and selected. These stations
cover latitudes range from 18◦14′N (Sanya) to 53◦28′N
(Mohe), longitudes from 75◦59′E (Kashgar) to 130◦17′E
(Jiamusi) and have considerably varied altitude from 2.5 m
(Tianjin) to 4507 m (Nagqu). All the complex climates
within China are represented in the cities, and the relevant
information for the 35 stations is shown in Table 1.

In view of the actual situation in China and the character-
istics of solar energy systems, eleven meteorological indices
are applied in this paper. These weather indices are maxi-
mum, minimum, and mean dry-bulb temperature; mini-
mum and mean relative humidity; maximum and mean
wind velocity; maximum, minimum, and mean atmospheric
pressure; daily global solar radiation. In addition, the relative
errors of global solar radiation recorded data are changed
from ±10% to ±0.5% since 1993 owing to new observation
instrument in China meteorological stations. So, the most
recent and accurate weather data during the periods between
1994 and 2010 are chosen and gathered for the present re-
search.

The missing and invalid measurements, accounting for
0.38% of the whole database, are marked and coded as 32744
or 32766 in the data. Moreover, these problematical data are
replaced by the values of previous or subsequent days using
the interpolation method [15]. In the data processing, if
more than 5 days measured data are not available in a month,
the month is eliminated from the database.

3. Method Used

The Typical Meteorological Year (TMY) method, developed
by Sandia National Laboratories, is selected and modified in
this paper [19]. It is one of the most widely adopted method-
ologies for combining 12 typical meteorological months
(TMMs) from different years over the available period to
form a complete year. The procedure for selecting the 12
TMMs consisted of two steps.
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Figure 1: CDFs for June daily global solar radiation for Nanjing.

3.1. Selection of Five Candidate Years. According to the
Finkelstein-Schafer statistic [28], if a number, n, of observa-
tions of a weather index x are available and have been sorted
into an increasing order x1, x2, . . . , xn, the cumulative distri-
bution function (CDF) for this weather index is determined
by a monotonic increasing function CDF(x). The formula of
function CDF(x) is given as follows:

CDF(x) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

0 for x < x1,
(i− 0.5)

n
for xi ≤ x < xi+1,

1 for x ≥ xn.

(1)

The FS comparison statistics between the long-term CDF
for each month and the CDF for each individual year of the
month are calculated by the following equation:

FSx
(
y,m

) = 1
N

N∑

i=1

∣
∣
∣CDFm(xi)− CDFy,m(xi)

∣
∣
∣, (2)

where FSx(y,m) is FS(y,m) statistics for each weather index
x (y means year and m means month); CDFm is the long-
term and CDFy,m is the short-term (for the year y) cumula-
tive distribution function of the weather index x for month
m; N is the number of daily readings of the month (e.g., for
January, N = 31).

Based on the FS statistic and the meteorological database
used in this work, the CDF curves of daily global solar
radiation (DGSR) for the months of June and December
(choosing Nanjing as an example) are shown in Figures 1 and
2. It can be concluded that the short-term CDFs follow quite
closely their long-term counterparts. In Figure 1, the CDF of
DGSR for June 2000 is most similar to the long-term CDF
(smallest value of FS statistic), while the CDF of DGSR for
June 2005 is least similar (largest value of FS statistic). Like-
wise, in Figure 2, the DGSR CDF for December of 2006 is
closest to the long-term CDF, while the DGSR CDF for
December of 2010 is most dissimilar. Even though they are
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Table 1: Geographical locations and data period of the meteorological stations used for this study.

Number Location
Latitude

(N)
Longitude

(E)
Elevation

(m)
Period Total years

1 Beijing 39◦48′ 116◦28′ 31.3 1994–2010 17

2 Changchun 43◦54′ 125◦13′ 236.8 1994–2010 17

3 Changsha 28◦13′ 112◦55′ 68 1994–2010 17

4 Chengdu 30◦40′ 104◦01′ 506.1 1994–2003 10

5 Dongsheng 39◦50′ 109◦59′ 1460.4 1994–2010 17

6 Fuzhou 26◦05′ 119◦17′ 84 1994–2010 17

7 Guangzhou 23◦10′ 113◦20′ 41 1994–2010 17

8 Guiyang 26◦35′ 106◦44′ 1223.8 1994–2010 17

9 Haikou 20◦02′ 110◦21′ 13.9 1994–2010 17

10 Hami 42◦49′ 93◦31′ 737.2 1994–2010 17

11 Hangzhou 30◦14′ 120◦10′ 41.7 1994–2010 17

12 Harbin 45◦45′ 126◦46′ 142.3 1994–2010 17

13 Hefei 31◦52′ 117◦14′ 27.9 1994–2010 17

14 Jiamusi 46◦49′ 130◦17′ 81.2 1994–2010 17

15 Jinan 36◦36′ 117◦03′ 170.3 1994–2010 17

16 Kashgar 39◦28′ 75◦59′ 1288.7 1994–2010 17

17 Kunming 25◦01′ 102◦41′ 1892.4 1994–2010 17

18 Lanzhou 36◦03′ 103◦53′ 1517.2 1994–2003 10

19 Lhasa 29◦40′ 91◦08′ 3648.7 1994–2010 17

20 Mohe 53◦28′ 122◦31′ 433 1997–2010 14

21 Nagqu 31◦29′ 92◦04′ 4507 1994–2010 17

22 Nanchang 28◦36′ 115◦55′ 46.7 1994–2010 17

23 Nanjing 32◦00′ 118◦48′ 7.1 1994–2010 17

24 Nanning 22◦38′ 108◦13′ 121.6 1994–2010 17

25 Sanya 18◦14′ 109◦31′ 5.9 1994–2010 17

26 Shanghai 31◦24′ 121◦29′ 6 1994–2010 17

27 Shenyang 41◦44′ 123◦27′ 44.7 1994–2010 17

28 Taiyuan 37◦47′ 112◦33′ 778.3 1994–2010 17

29 Tianjin 39◦05′ 117◦04′ 2.5 1994–2010 17

30 Urumqi 43◦47′ 87◦39′ 935 1994–2010 17

31 Wuhan 30◦37′ 114◦08′ 23.1 1994–2010 17

32 Xian 34◦18′ 108◦56′ 397.5 1994–2004 11

33 Xining 36◦43′ 101◦45′ 2295.2 1994–2010 17

34 Yinchuan 38◦29′ 106◦13′ 1111.4 1994–2010 17

35 Zhengzhou 34◦43′ 113◦39′ 110.4 1994–2010 17

not the best months, respect to the long-term CDF, June
of 2007 and December of 1998 are finally selected as the
TMM for June and December, respectively. This is a conse-
quence of additional selection steps described in the follow-
ing.

For each of the candidate months, the FS statistics of the
eleven weather indices are grouped into a composite weigh-
ted sum (WS) by (3). Moreover, the five years with the small-
est WS values are selected as the candidate years

WS
(
y,m

) = 1
M

M∑

x=1

WFx · FSx
(
y,m

)
, (3)

where WS(y,m) is the average weighted sum for the month
m in the year y; WFx is the novel weighting factor for the
xth weather index (in Table 2); M is the number of meteoro-
logical indices (11 in this study).

The novel assigned weighting factors, which are signifi-
cant for generating typical meteorological data, are shown in
Table 2. A large weighting factor of 0.5 is assigned to global
solar radiation because the criteria is mainly used for solar
energy systems and the other weather variables (e.g., dry bulb
temperature, relative humidity, and atmospheric pressure)
are affected by solar radiation. For instance, in general, the
higher for the solar radiation, the higher for the dry-bulb
temperature. Furthermore, the weighting factor of the mean
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Table 2: Meteorological indices and weighting factors for the FS
statistic in this study.

Number
Parameter

indices
Present
article

1 Temperature Max dry bulb temperature 1/24

2 Min dry bulb temperature 1/24

3 Mean dry bulb temperature 2/24

4 Humidity Min relative humidity 1/24

5 Mean relative humidity 2/24

6 Wind Max wind velocity 1/24

7 Mean wind velocity 2/24

8 Pressure Max atmospheric pressure 1/48

9 Min atmospheric pressure 1/48

10 Mean atmospheric pressure 1/24

11
Solar

radiation
Global solar radiation 12/24
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0 2 4 6 8 10 12 14
0

0.2

0.4

0.6

0.8

1

C
u

m
u

la
ti

ve
 d

is
tr

ib
u

ti
on

 fu
n

ct
io

n

Daily global solar radiation (MJ/m2)

Best (2006, Dec)
TMM (1998, Dec)
Worst (2010, Dec)

Long term (1994–2010)

Figure 2: CDFs for December daily global solar radiation for
Nanjing.

weather index is larger than that of the max and min weather
parameter, for example, 2/24 for Mean Relative Humidity
and 1/24 for Min Relative Humidity.

3.2. Final Selection of TMM. The final selection of the TMM
from the five candidate years involved a selection process
by Pissimanis et al. [29], simpler than the original Sandia
method. This method utilizes the root mean square differ-
ence (RMSD) of global solar radiation

RMSD =
⎡

⎢
⎣

∑N
i=1

(

Hy,m,i −Hma

)2

N

⎤

⎥
⎦

1/2

, (4)

where RMSD is the root mean square difference of global
solar radiation; Hy,m,i is the daily global solar radiation values
of the year y, month m, and day i; Hma is mean values of the
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Figure 3: The minimum RMSD and the selected years for each
month of the year.

long-term global solar radiation for the month m; N is the
number of daily readings of the month.

Moreover, the month with the minimum RMSD is finally
selected as the TMM.

4. Results and Discussion

Using the above modified TMY method, the typical mete-
orological years (TMYs) for the 35 stations listed in Table 1
are generated, consisting of the selected most typical years for
12 months. Furthermore, the detailed typical solar radiation
data sourced from the TMYs are analyzed in the following.

Table 3 shows a summary of the TMYs selected for the 35
stations in China. In the final selection, the month with the
minimum RMSD of global solar radiation is selected as the
TMM. The selected months for creating the TMY of Hami
and the minimum RMSD in the corresponding month are
shown in Figure 3. From Figure 3, the value of the RMSD of
global solar radiation varies between 0.92% (Dec of 2006)
and 5.30% (Jul of 1999). And it is obviously that several years
are used to form the typical months, and data of year 2000
and 2006 are more used than other years in the TMY of
Hami.

Although typical solar radiation data obtained from the
TMYs are formed for all the 35 stations in the research, owing
to space limitations, it is not practical to present all of them
in the paper. So, only typical solar radiation data of the Hami
station are shown in Figure 4. These data would be useful for
the designers of solar energy systems in China. In Figure 4,
the maximum and minimum values of daily global radiation
data are 30.80 MJ/m2 on July 6 and 3.87 MJ/m2 on December
18, respectively. Figure 4 shows the variation of typical solar
radiation data derived from the TMY data and the long-term
(1994–2010) measured data for Hami stations. It can be seen
that both the long-term and the typical solar radiation data
are variable and fluctuant through the year. Furthermore,
typical solar radiation data (green panes) and the long-term
recorded data are comparable in size.
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Table 3: Summary of the TMYs for the 35 stations in China.

Number Station Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 Beijing 2007 1998 2004 1996 2010 1997 2001 2002 2000 2004 2004 2000

2 Changchun 2009 1997 2006 2007 1996 2001 2003 2008 2006 2006 2006 1999

3 Changsha 2004 1997 2007 2001 2004 2003 2008 2000 1998 2003 1999 2006

4 Chengdu 1998 1998 1996 2001 2002 2000 2000 2002 2000 2000 1999 1994

5 Dongsheng 1997 2006 2000 2007 1997 2006 2004 2005 2000 1998 2002 1999

6 Fuzhou 1999 2006 1995 1997 2002 1995 1998 2008 1998 2007 1999 1998

7 Guangzhou 1999 2003 2003 2006 2001 2007 2008 2003 1998 1999 1999 2004

8 Guiyang 1995 2002 2005 2008 2001 2007 2000 2007 2001 2007 2004 2005

9 Haikou 1994 1994 2001 1998 2004 2003 1998 1999 2000 1996 2005 1998

10 Hami 1994 2008 2009 2007 2001 2006 1999 2000 1996 1998 2000 2006

11 Hangzhou 2005 1994 2004 1999 1996 2000 2000 2008 2001 1997 2005 1998

12 Harbin 2003 1998 2005 1996 2001 1995 1998 2009 1996 2004 2009 1996

13 Hefei 2003 2006 2004 1997 2005 2003 2008 1996 2002 1994 1999 2009

14 Jiamusi 2009 1997 2000 2008 2001 1995 2010 2008 2002 2008 2009 2003

15 Jinan 1997 1997 2010 2007 2008 2010 2007 2001 1999 2005 2001 2006

16 Kashgar 2005 2004 2006 1998 1997 2005 2001 2003 2000 1998 1998 1997

17 Kunming 2003 1998 2001 2005 1995 2004 2000 1997 2005 2000 1998 2000

18 Lanzhou 2000 1997 2000 2000 2003 1998 2002 2000 2002 1998 1999 2003

19 Lhasa 2001 1996 2006 2008 1994 1994 1996 2005 2001 2000 2001 2001

20 Mohe 2010 1999 2006 2010 2010 1999 2006 2006 2007 1998 2005 2006

21 Nagqu 1995 2003 1995 1996 2000 1999 1998 2009 2008 1995 1998 1994

22 Nanchang 2010 1995 2004 1994 1998 2007 2008 2004 1996 2003 1999 1998

23 Nanjing 1997 1995 1995 2004 1997 2007 1995 1996 1996 1996 2001 1998

24 Nanning 2004 2002 2005 2000 2002 2000 2009 2004 2004 2010 2003 2004

25 Sanya 2002 2002 2001 2003 1998 2000 2000 1999 2004 1995 2002 1996

26 Shanghai 1997 1997 2004 2008 2000 1998 1998 2004 2003 1997 1999 1998

27 Shenyang 2009 1997 2004 2007 2006 1996 2005 2002 1995 2006 2006 1999

28 Taiyuan 1996 1995 2006 2006 2005 1998 1995 2009 2006 1999 2001 2003

29 Tianjin 2009 1999 2000 2004 2002 1997 2005 2002 1999 1999 2004 1999

30 Urumqi 1999 1996 2007 2004 2005 2006 1994 1995 2005 2008 2006 1996

31 Wuhan 1996 2000 2009 2001 1997 2003 2005 1995 2004 2008 1999 1998

32 Xian 1996 1996 1999 1995 1997 2003 2000 1999 1999 1996 2004 1998

33 Xining 2000 2001 2010 2000 2005 2009 2007 2002 2006 2008 2007 1997

34 Yinchuan 1998 2003 2000 2003 1997 2006 2001 1997 1999 2003 1999 2003

35 Zhengzhou 1997 1998 1995 1995 1997 1998 2002 1995 2000 2008 2001 1998

In order to find out which years tend to follow the long-
term weather patterns more closely than the others, the selec-
ted TMYs listed in Table 3 are investigated. The year selection
frequency for the TMYs derived from the period of 1994–
2010 is shown in Figure 5. In Figure 5, it is apparently that the
frequency occurrence of the year 1998 is up to 9.52% and the
year 2010 is only 2.38%. For intensive study, Table 4 gives a
summary of the times which the year is selected as the TMM.
Obviously, 1998 and 2010 are the most frequent year (40
times) and the least frequent year (10 times), respectively. In
each year during the period 1994–2010, the number of the
times vary from one month to another and 10 (November
of 1999) is the largest selected number. In other words, no

more than 10 stations are selected for the same month in any
particular year.

In addition, the accuracy of TMY data is excellent on
monthly bases. Figures 6 and 7 show the monthly mean val-
ues of the actual dry bulb temperature and global solar
radiation for eight stations (Guangzhou, Lhasa, Hangzhou,
Chengdu, Lanzhou, Tianjin, Hami, Harbin), respectively.
There are three monthly profiles in Figures 6 and 7, which
are determined by the long-term (1994–2010), the selected
TMMs, and the worst months (the month with the largest
RMSD value in the final selection of TMM). From Figures 6
and 7, it can be concluded that the monthly mean daily dry
bulb temperature and global solar radiation derived from
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Table 4: Frequency of a year being selected to provide a TMM.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total times

1994 2 2 0 1 1 1 1 0 0 1 0 2 11

1995 2 3 4 2 1 3 2 3 1 2 0 0 23

1996 3 3 1 3 2 1 1 2 4 3 0 3 26

1997 5 7 0 2 7 2 0 2 0 2 0 2 29

1998 2 5 0 2 2 4 5 0 3 5 3 9 40

1999 3 2 1 1 0 2 1 3 4 3 10 4 34

2000 2 1 5 3 2 4 6 3 6 3 1 2 38

2001 1 1 3 3 5 1 3 1 3 0 5 1 27

2002 1 3 0 0 4 0 2 5 3 0 2 0 20

2003 3 3 1 2 1 5 1 2 1 3 1 4 27

2004 2 1 6 3 2 1 1 3 3 2 4 2 30

2005 2 0 3 1 4 1 3 2 2 1 3 1 23

2006 0 3 5 2 1 4 1 1 3 2 3 4 29

2007 1 0 2 5 0 4 2 1 1 2 1 0 19

2008 0 1 0 4 1 0 4 4 1 5 0 0 20

2009 4 0 2 0 0 1 1 3 0 0 2 1 14

2010 2 0 2 1 2 1 1 0 0 1 0 0 10
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Figure 4: Variation of typical solar radiation data and long-term
(1994–2010) measured data for Hami station.

the TMY data represent good agreement with the long-term
recorded average data. Moreover, in Figure 7, in general, the
difference between the long-term measured data with the
TMY data is smaller than that of the worst months.

5. Conclusions

Typical solar radiation data are the key elements for the
applications of solar energy systems and building energy
simulation. A modified TMY method using the Finkelstein-
Schafer statistical to generate TMY data from the long-term
measured weather database is implemented at 35 stations in
China. In particular, eleven weather indices and the novel
assigned weighting factors are proposed and applied in this
research.
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TMY.

TMYs for 35 stations in China are investigated and gen-
erated based on the accurate and the most recent long-term
(1994–2010) measured weather data, such as dry bulb tem-
perature, relative humidity, wind velocity, atmospheric pres-
sure, and daily global solar radiation. Typical solar radiation
data obtained from the TMY data, with Hami as an example,
are presented and analyzed in this study. It is found that
the global solar radiation cumulative distribution functions
(CDFs) of the selected TMMs tend to follow their long-term
counterparts well. It is also seen that the year 1998 follows
the long-term weather patterns more closely than the others.
Moreover, there is a good agreement between the typical
solar radiation data and the long-term measured data on
monthly basis.
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Figure 6: Monthly mean daily dry bulb temperature for the long-term and for the selected TMMs at eight stations.
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Figure 7: Monthly mean daily global solar radiation for the long-term, for the selected TMMs, and for the worst months at eight stations.
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It is expected that the TMY data and typical soar radi-
ation data generated in this paper will exert positive effects
on some energy-related scientific researches and engineering
applications in China. Future researches will focus on the
TMY data and typical solar radiation data on a larger regi-
onal scale. We hope to report on these works in the near
future.
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