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Abstract. Weather data plays an important role for energy performance assessment in the design of buildings and urban environments.
Many researches have been carried out to generate and analyse various weather files for different simulation platforms. However, investigations have been lacking in the development of weather files that account for urban heat island (UHI) problems. As a result of global
warming and the complexity of the urban environment, the weather
file for a modern city cannot be simply based on climate information
from 20 years ago. The objective of this research is to demonstrate a
method for creating different micro-scale typical meteorological year
(TMY) weather files based on different urban texture values. This research includes three steps: 1) Recent years weather data is obtained.
2) Considering the UHI impact, a series of new TMY weather files are
generated for different micro-scale areas in Singapore based on relevant urban texture variables. 3) A comparison of the results shows that
there is a big difference between the new and the old TMY. The temperature of the new TMY is 1-2°C higher, while the solar radiation is
lower than the original TMY data. Hence the new weather files will be
more credible than the original TMY for energy performance simulation in the design process.
Keywords. TMY; UHI; Sandia method; energy performance.

1. Introduction
Thermal and energy performance simulation requires hourly weather data
such as dry bulb air temperature, relative humidity, solar radiation, etc. Since
weather conditions can vary significantly from year to year, there is a need
to derive a set of typical weather year data to represent the long-term typical
weather conditions over a year. There are various types of typical weather
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data sets including the Typical Meteorological Year (TMY, TMY2 and
TMY3), Weather Year for Energy Calculations (WYEC and WYEC2), International Weather Years for Energy Calculations (IWEC), etc. However, it
is recognized that a TMY weather dataset is more reliable in replicating average historical conditions (Chan et al, 2006; Crawley 1998).
Singapore has a tropical rainforest climate with no distinctive seasons.
The current TMY file for Singapore was developed by the American Society
of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) in the
early 1990s. However, as a result of global warming, the current weather
conditions are different from those 20 to 30 years ago. Hence, current simulations would need an updated weather file based on more recent data.
At the same time, Singapore, as many other cities in the world, suffers
from the urban heat island (UHI) phenomenon. The UHI effect means that
an urban area is significantly warmer than its rural surroundings due to the
influence of human activity. The currently available weather data used in
building simulation software mainly comes from weather stations located at
airports or in areas with relatively low urban influence. Therefore, without
considering the UHI impact, the current TMY file for evaluating the thermal
and energy performance of buildings located in Singapore will not be accurate, or the average energy consumption of buildings may be underestimated.
The objective of this research is to create micro-scale TMYs considering
the urban heat island effect in Singapore. The research includes the following steps: 1) Data sources: the recent 13-year basic weather data is obtained
from the National Oceanic and Atmospheric Administration (NOAA) and
the Geography Weather Station at the National University of Singapore
(NUS). 2) Development of micro-scale weather files: using the Sandia method and considering the UHI impact (Wong, 2011), new TMYs are generated
for three different locations in Singapore. 3) Comparison: the current weather file is compared with the four newly generated weather files. There is no
doubt that TMYs should be developed for Singapore to better assess the energy performance and to assist energy efficient building/urban design.
The remainder of the paper is organized as follows: first, the literature review is presented; next, the proposed method is described; subsequently, the
resulting weather files are compared with the original TMY file; finally, a
conclusion and future work are presented.
2. Literature review
The literature review is conducted in two parts: TMY development and urban texture variables.
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2.1. TMY DEVELOPMENT
Although there are a number of methods to generate the TMY files, most of
these methods are modified from the Sandia method (Hall et al, 1978), developed by Sandia National Laboratories. Pissimanis et al (1988) utilized the
root mean square difference of global solar radiation as the last step within
the Sandia method to generate TMY files for the city of Athens. The selection criteria for weather parameters, however, remained the same. Both
Petrakis et al (1998) and Kalogirou (2003) developed TMYs for the city of
Nicosia, Cyprus considering additional selection criteria for weather parameters, including visibility, precipitation, snow fall, etc. Sawaqed et al (2005)
used a similar method to create the TMYs for different cities in Oman. However, they changed the weight value for the weather parameters in order to
satisfy the simulation objectives. Chan et al (2006) followed the Sandia
method to develop the TMYs for Hong Kong based on a 25-year hourly
measured data record (1979-2003). Chan (2011) considered the UHI influence in an update of the previous weather file of 2006. Most of these studies
exhibit the same limitation: they did not take into account the impact from
urban texture values into the development of TMYs. Hence this research
proposes a new modified Sandia method to construct the TMYs by considering urban texture variables. This will not only help to bridge the knowledge
gap between weather file data and urban texture variables, but also support
energy simulation with respect to design parameters.
2.2. URBAN TEXTURE VARIABLES
The influence of urban texture variables on building/urban energy performance is obvious from previous research. However, urban texture involves a
complex interaction between many miscellaneous parameters. Wong et al
(2002) evaluated the impact of the surrounding urban morphology on building energy from different parameters, such as: air temperature, green plot ratio (GnPR), sky view factor (SVF), surrounding building density, the wall
surface area, pavement area, albedo, etc. They identified a varying degree of
impact for each variable. The highest impact is attributed to GnPR, which
relates to the presence of greenery, followed by height and density. Wong et
al (2011) investigated how the air temperature variation of the urban condition can affect the building energy consumption in the tropical climate of
Singapore. The results show that GnPR has the most significant impact on
the energy consumption by reducing the temperature by up to 2°C. Zhang et
al (2012) developed a case study to reveal the relationship between density,
urban block typology and sky exposure. The results indicate that the existing
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environmental performances as indicated by facade and ground level sky exposures vary across the built form typologies under study.
In order to develop TMYs by considering the urban texture variables, this
research adopts the following variables as reference:
• Percentage of pavement area over 50 m radius (R) surface area (PAVE %)
(Wong et al, 2011);
• Average height to building area ratio (HBDG) (Wong et al, 2011);
• Total wall surface area (WALL m2);
• Green Plot Ratio (GnPR): total leaf area / site area (Ong, 2003);
• Sky View Factor (SVF): illuminance E / arbitrary luminance L * π (Compagnon, 2004).

3. TMYs development
The raw weather data is collected from the National Oceanic and Atmospheric Administration (NOAA) and the Geography Weather Station at the
National University of Singapore (NUS), from 2003 to 2015. NOAA does
not contain the hourly global solar radiation; the data read from the sensor of
solar radiation at NUS can complement this missing part. Considering the
total area of Singapore (about 720 km2), we can argue that the solar radiation
data from NUS is effective enough to represent the entire city. The raw data
from NOAA is decoded by the Integrated Surface Reporting Hourly (ISH)
format. Hence the two data sources can be integrated by their time series.
Using the new integrated database, the proposed modified Sandia method
for TMYs development contains four main steps (Figure 1). The first three
steps follow the original method. The last step carries out the morphing algorithms to modify the dry-bulb temperature by considering the UHI impact.

Figure 1. TMY Progress sequence diagram.
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3.1. FIRST STEP
Based on the 13-year weather data, there are three functions to produce the
weight value for each of the parameters from the short-term and long-term
perspective. The parameters are the dry bulb temperature (mean, min, max),
relative humidity (mean, min and max), wind velocity (max and mean) and
global solar radiation data. The Cumulative Distribution Functions (CDFs)
for a given parameter for a given month data are calculated as follows (1):

(1)
where n is the number of days in a given month and k is the ranking number
for each parameter.
The Finkelstein-Schafer (FS) statistic (Finkelstein and Schafer, 1971)
measures the monthly closeness between the short-term and the long-term
CDFs (2):
(2)
where n is the day number of the month, m is the month, y is the year and x
represents each parameter.
Due to the difference in importance among the parameters for energy performance simulations, each FS value is multiplied by a corresponding weight
factor w. This research adheres to the original weight values: 1/24 for drybulb temperature (max, min) and 2/24 (mean); 1/24 for dew point temperature (max, min) and 2/24 (mean); 2/24 for wind velocity (max and min);
12/24 for global solar radiation. The weighted statistics (WS) is then defined
as (3):
(3)
where d denotes the day number of the month, y is the year, m is the month
and w represents the weight of each parameter.
3.2. SECOND STEP
The five candidate months are ranked with respect to closeness of the month
to the long-term mean and median with the two parameters: mean dry-bulb
temperature and global radiation. The final result is shown in Table 1.
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Table 1. Ranking results of five candidate years.

3.3. THIRD STEP
The persistence of mean dry bulb temperature and daily global radiation is
validated by the frequency and length of runs of consecutive days, following
the original Sandia method. Table 2 shows the final 12-year of the months
constituting the TMY. In order to address the discontinuities at the month
interfaces, each side is smoothed using curve-fitting techniques for 6 hours.
Table 2. The final selected candidate years for the months of the typical year.

3.4. FOURTH STEP
According to the research result by Jusuf and Wong (2009), equation (4)
gives the correlation between the urban texture variables (building, pavement and greenery) and temperature:
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(4)
where T is the air temperature, radiation is the global solar radiation, pave is
the percentage of the pavement within the site, GnPR is the green plot ratio,
HBDG is the average height to building area ratio, Wall is the total area of
the wall of the buildings, and SVF is the sky view factor.
Considering the UHI daytime temperature map by Jusuf et al (2007), this
research identified representative locations and texture values from the central business district (CDB), the historical and a residential area (Figure 2).

Figure 2. Different locations and urban texture variables in Singapore.

4. Comparison and discussion
We distinguish four different TMY files: the new TMY without UHI, the
new TMY for the CBD area, the new TMY for the historical area and the
new TMY for residential Punggol. The dry-bulb temperature of the new
TMYs is consistently higher than the original TMY data (Figure 3). Ignoring
the UHI impact, the temperature is about 1°C higher. With UHI impact, the
temperature difference increases to 2°C. For the dew point temperature, the
new TMY without UHI is lower than the original TMY before May and
higher after June (Figure 4). With the UHI impact, the dew point temperature is 1-2°C higher. Because we did not apply the UHI impact for wind velocity and global solar radiation, we only compare the original and new
TMY without UHI impact (Figure 5). The wind velocity is similar to the
original. This is important when using the TMY for ventilation simulation.
For solar radiation, Figure 6 shows that the original TMY is higher than the
new TMY data. Since higher solar radiation should cause higher temperature, the UHI impact on the temperature proves to be even more important.
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Figure 3. Dry-bulb temperature comparison among the five TMYs.

Figure 4. Dew point temperature comparison among the five TMYs.

Figure 5. Wind velocity comparison between the old and new TMY.
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Figure 6. Global solar radiation comparison between the old and new TMY.

In order to understand the impact of the new TMY for simulation, we consider a typical 3-bedroom design as simulation model and run the simulations for all five TMYs. The differences with respect to the old TMY for the
cooling load are: 1) 1% without UHI impact; 2) 0.75% for Punggol; 3) 2.5%
for the historical area; and 4) 8.1% for the CBD area. This result again
proves the importance of considering the UHI impact. However, this research only considers the UHI impact for temperature; other variables like
wind velocity, illuminance, etc., are also affected by the urban variables. The
study of the impact of UHI on wind velocity and illuminance remains to be
done. Considering that temperature and solar radiation are the most important for simulation of solar energy conversion systems and building systems, the new TMYs with the different urban texture variables will be more
adequate than the original TMY.
5. Conclusion
The objective of this research is to create micro-scale typical meteorological
weather files (TMY) for different urban texture values. The results show that
there is a considerable difference between the new TMYs and the original
TMY for Singapore. From the performance simulation of solar energy conversion and building energy-efficiency, the differences of temperature and
solar radiation prove that the original TMY is not suitable for energy simulation analysis. Although the accurate deviation of energy consumption between the real-world and the new TMYs has not been calculated, the impact
from UHI can be confirmed. Hence using this proposed modified Sandia
method for generating TMYs will be more adequate. The generated microscale TMYs will also benefit energy efficiency building and urban design. In
the future, we will further compare energy simulation results when using the
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new and old TMYs. The impact for wind velocity and solar radiation from
UHI will also be included for different simulation objectives.
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