
1. Introduction

Sunshine duration is a useful indicator for weather
and cloudiness and it is affected by the astronomical,
meteorological, and geographical factors. Solar altitude
and azimuth angles are most representative
astronomical factor and they are determined by the
earth position on the revolutional orbit, celestial latitude
and longitude, and so on. Cloudiness and aerosols in
the atmosphere are most representative meteorological
factor and their effects on sunshine duration are

predictable (Liu et al., 2002; Darual and Kittler, 2004;
Kandirmaz, 2006; Kim and Kim, 2006; Park and Kim,
2014). Because morphological characteristics of urban
areas are diverse according to the regional and cultural
diversity, sunshine duration environment in urban areas
is also various. Change in ground surface structures as
buildings and topography associated with construction
can be classified in the geographical factor (Kim et al.,
2013; Park and Kim, 2014). Changes in sunshine
duration due to the astronomical, meteorological, and
geographical factors could affect local meteorological
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phenomena (Rebetez and Beniston, 1998; Du et al.,
2013).
Park and Kim (2014) developed a numerical model

for the evaluation of sunshine duration at Automatic
Synoptic Observation Stations (ASOSs) using
Geographic Information System (GIS) data. By
comparing the simulated sunshine duration to the
observed at the ASOSs, Park and Kim (2014) showed
that the numerical model is applicable to the evaluation
of observation environment at the ASOSs located in
the building congested areas, remaining a limitation that
the model is applied to a fixed point. Recently, Kim et
al. (2014) improve the model, so as that it can be
applied to the evaluation of sunshine duration
environment at every point in the model domain. In this
study, the improved model is applied to the evaluation
of sunshine duration environment and suitability of
measurement sites for pyrheliometer around the
Seonleung Park located near a building-congested area
in Seoul.

2. Method

1) Numerical model and experimental setup
The numerical model developed by Park and Kim

(2014) detects sunshine duration through following
steps. First, the model calculates solar azimuth and
altitude angles at a given time using Schlyter (2010)’s
method. Then, for a fixed position, it determines
whether solar beam is blocked by surrounding
topography and/or buildings in a model domain. This
procedure is repeated for every grid point within the
model domain and, finally, the model determines
whether solar beam arrives at ground surface and/or
building walls. For details, see Kim et al. (2014). In the
model, surface boundary is constructed using GIS data.
From GIS data, contour data for topography and
building data are extracted. By interpolating the

extracted topography data bi-linearly, model
topography is constructed first. Then, model buildings
are constructed on the model topography.
For applying the developed model to evaluation of

sunshine duration environment and suitability of
measurement sites for pyrheliometer, an urban area
around the Seonleung Park located near a building-
congested area in Seoul is selected as the target
area (Fig. 1). Around the Seonleung Park, National
Institute of Meteorological Research (NIMR) set up
meteorological measurement equipments, collecting
meteorological data. For a period of July 28 ~ August
9, 2015, NIMR plans an intensive observation
campaign there. Before the campaign, NIMR finds a
suitable observation site for pyrheliometer. To support
the campaign, the numerical model predicts sunshine
duration for the A and B sites in Fig. 1. The A and B
sites are respectively located at the north and west sides
of the Seonleung Park. We set up two numerical
domains where the measurement candidate sites, A and
B are located at the centers (Fig. 1). In the case of the
A site, high-rise apartment complexes are closely
located at the north and east sides. Also, high-rise
buildings appear near the east and south boundaries.
The B site is located near the crossroads and, near the
B site, relatively high-rise buildings are located
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Fig. 1.  A picture of the area around Seonleung Park including
the candidate sites (A and B) for sunshine duration
measurement.



sporadically along the roads. Near the south boundary,
high-rise buildings are standing along a road. It is
expected that there are large impacts of buildings and
topography on sunshine duration. The each target area
has horizontal sizes of 2 km × 2 km. Three-dimensional
building/topography configurations constructed by the
model for the A and B sites are shown in Fig. 2. In order
to apply the model to evaluation of sunshine duration
environment for each target area, seven days (from July
28 to August 9, 2015) are selected. To see the effects
of buildings and topography on sunshine duration
around the target areas, we assume that cloud amount
is 0%.

2) Model validation
In order to validate the model, simulated solar

altitude and azimuth angles are compared to those
calculated by Korea Astronomy and Space Science
Institute (KASI) for the target period. Fig. 3 shows the
difference in solar azimuth and altitude angles
calculated by KASI and the model in this study at the
center of Seonleung Park (37°50’87.10, 127°04’94.07).
The maximum differences are 0.45° for the solar
altitude angle and 0.5° for the solar azimuth angle. The
Root Mean Square Errors (RMSEs) are 0.21° for the
solar altitude angle and 0.27° for the solar azimuth
angle. In the case of solar altitude angle, the RMSE is
smaller in the day time (0.18°) than the night time
(0.26°). This small differences are caused by different

calculation method for the planet position. KASI
employs the Meeus (1998)’s method. Based on the
validation result, the model used in this study is
adequate for evaluation of sunshine duration
environment.

3. Results and Discussion

The shadows by buildings are investigated first.
Fig. 4 shows the sunshine distributions for the A and
B sites at 09:00 on August 1, 2015. At 09:00, the solar
altitude and azimuth angles are 38°48’24 and 96°31’04,
respectively. Solar beam does not arrive at the west and
north sides of buildings and there appears shadow in
the northwest side of high-rise buildings (Fig. 4).
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Fig. 2.  Three-dimensional configurations of buildings and topography for the areas around the (a) A and (b) B sites.
(a) (b)

Fig. 3.  The difference in solar azimuth and altitude angles
calculated by KASI and the numerical model used in this
study at the center of Seonleung Park on August 1,
2015.



Although the Sun already rose at 09:00 (sunrise time is
05:35 on August 1, 2015), buildings in the southwest
side of the A and B sites block solar beam, resulting in
no sunshine at the A and B sites (Fig. 4). The plane
shadow ratio which is defined as the ratio of the shadow
area to the model-domain area is 50.14% for the
domain with the A site and 49.69% for the domain with
the B site. At 18:00, the solar altitude and azimuth

angles are 18°17’24 and 279°04’22, respectively.
Although sunset time is 19:41 on August 1, 2015, there
is no sunshine at both the A and B sites because of
blocking of solar beam by buildings near the
measurement sites (Fig. 5). At 18:00, the plane shadow
ratio is 74.74% for the domain with the A site and
74.90% for the domain with the B site.
The sunshine index with 1 hour interval is
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Fig. 4.  Three-dimensional shadow distribution fields at 9:00 on August 1, 2015 for the areas around the (a) A and (b) sites. Black color
indicates shadow.

(a) (b)

Fig. 5.  The same as in Fig. 4 except for 18:00 August 1, 2015.
(a) (b)

Fig. 6.  The sunshine duration indices calculated with 1 hour interval at the (a) A and (B) sites for the period of an intensive observation
campaign (July 28 ~ August 1, 2015).

(a) (b)



investigated at the A and B sites for the period (July 28
~ August 9, 2015) of the intensive observation
campaign. Figure 6 shows the sunshine indices
calculated at the A and B sites. Total amount of
sunshine duration for the observation period calculated
under the assumption that there is no topography and
building is 196 hours. Total amounts of sunshine
duration calculated for the A and B sites are 127 hours
(about 35% loss) and 155 hours (about 21% loss),
respectively (Fig. 6). In a view of loss in sunshine
duration due to buildings and topography around the
measurement sites, the B site is recommended as a
rather better site than the A site.

4. Conclusion

In this study, a numerical model for sunshine
duration based on GIS data was applied to the
evaluation of sunshine duration environment and
suitability of measurement sites for pyrheliometer
around the Seonleung Park located around a building-
congested area in Seoul. This model considers
sunshine-duration blocking by topography and
buildings and it is properly applicable to evaluation of
sunshine duration environment in urban areas. First, the
model calculates solar azimuth and altitude angles at a
given time. Then, for a fixed position, it determines
whether solar beam is blocked by surrounding
topography and/or buildings in a model domain. This
procedure is repeated for all the grid points within the
model domain.
The numerical model reasonably well predicted the

solar altitude and azimuth angels, compared to those
provided by Korea Astronomy and Space Science
Institute (KASI). The model could be usefully applied
to evaluation of sunshine duration environment in
urban areas where buildings and topography are
complicatedly distributed. For evaluating sunshine
duration environment and finding a more suitable

measurement site, two numerical domains where
candidate sites for pyrheliometer are located in the
centers were selected around the Seonleung Park in
Seoul. Shadow or sunshine distribution fields were
investigated at 09:00 on August 1, 2015. The model
well reproduced shadow caused by buildings and/or
topography in the numerical domain. The model was
also usefully applied to finding a suitable site for
pyrheliometer in an urban area. We expect that this
study would contribute to understanding the effects of
changes of buildings and topography on sunshine
duration, surface temperature, evaporation rate of
surface water, and associated changes in local
meteorological phenomena.
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