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Case Study: Wind Speed Estimation of High-Rise Building
Using Surface Interpolation Methods
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Abstract This paper is based on the event in Penang that caused fatality, injuries and damages. This study focuses on
high-rise building near to the incident area using the wind speed during that event. The aim of this study is to compare the best
interpolation methods from the results of estimated wind speed at that respective building. The interpolation process used
IDW and TIN method using GIS IDRISI Selva software. IDW method covers for all the area but TIN method do not cover
beyond the triangulation point. The value of wind speed is 17.46 m/s for both IDW and TIN method but the most preferable
method is IDW. The value of wind speed can be higher or lower than the estimation value if the factors that can change the

value of wind speed had been considered in the mapping.
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1. Introduction

Windstorm is one of natural disaster happen in our country
besides epidemics, floods, earthquakes, mass movement dry
and mass movement wet. According to CRED [1], 21.19% of
natural disaster in Malaysia related to storm. This number is
not a small number but it is something to be aware and worry
not only by the government but also individual itself. The
common damages caused by windstorm are uprooted trees
and blown off roofs. Penang state can be classified as a
sub-urban area with a lot of high-rise buildings. There were
too many incident related to windstorm and high-rise
building. One of the incidence happened in Penang in 2013
that caused damages, injuries and fatal. This study focuses
on the high-rise building near to the location of incident
using the data during the incident provided by MET. Ramli
et al. [2] reported that average of wind speed will increase as
the height increase and force acting on structures depends on
terrain category [3]. Liu [4] stated that, building or structures
deflect winds, causing a change in wind speed and direction
around the buildings or structures. Frictional effects show an
important role for wind near the ground surface. Thus, the
mean wind speed may change in direction slightly with
height, as well as magnitude [5]. As stated in MET [6] report,
the general features of the climate in Malaysia are uniform
temperature, high humidity, copious rainfall and light wind.
It also reported that the southwest monsoon season usually
happened in the late half of May or early June and in
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September. Wind climate in Malaysia is conquered by two
monsoon seasons and inter-monsoon thunderstorms Majid et
al. [7].

The estimation value of the wind speed at that building
was determined using surface interpolation method available
in GIS software tools (IDRISI Selva). IDRISI Selva is one of
the GIS software that commonly used in mapping the wind
speed other than ArcGIS.

Spatial interpolation is the process of calculating an
unknown at the specific point using a set of sample point
with known values that are distributed across the area. The
rules about the spatial variation and location of data
collection points are important because they can significantly
affect the results [9]. Apaydin et al. [8] stated that spatial
interpolation has its own special which can be used to
estimate meteorological variable at other location. The aim
of this study is to compare the best result using two surface
interpolation methods from the results of estimated wind
speed at the respective building at the height of 10 m from
ground surface.

2. Methods

2.1. Datasets

The map was interpolated by using the datasets that
provided by Malaysian Meteorological Department (MET)
on the same date and time as the incident happened. The
minimum numbers of point to be interpolated are four points
which are Alor Setar, Langkawi, Butterworth and Bayan
Lepas. The selected points based on the closer distance from
the location of incident. There are two methods that have
been used in this study which are Inverse Distance Weighted
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(IDW) and Triangulated Irregular Network (TIN). Both
methods are used for surface interpolation purposes. Spatial
interpolation is often an important strategy for creating a
continuous surface when taking irregular point data [10].
Apaydin et al. [8] stated that the interpolation techniques
were group into two main categories which are deterministic
and geostatistical and IDW are categorized as deterministic
because this technique create surface from measured points,
based on either extent of similarity.

2.2. Inverse Distance Weighted (IDW)

IDW interpolation is commonly used in GIS to create
raster overlays from point data. Once the data are on a
regular grid, contour lines can be threaded through the
interpolated values and the map can be drawn as either a
vector contour map or as a raster-shaded map [11]. Luo [12]
and Chinta [13] has quoted the paper from Theissen [14] and
stated that IDW interpolation combines the idea of proximity
espoused. The IDW function is used when the set of points is
dense enough to capture the extent of local surface variation
needed for analysis; therefore, it was used in this study [15].
The principle of IDW methods is to assign more weight to
nearby points than to distant points.

The usual expression is,

Z(so) = Xi=1 Ai-Z(s) (1)
where,

Z(sy) = the value to be predicted for location s [

n = the number of measured sample points surrounding
the prediction location that will be used in the
prediction

A; = the weights assigned to each measured point to be
used

¥ 4 (s;) = the observed value at location si

2.3. Triangulated Irregular Network (TIN)

TIN is another tool in GIS and it is a vector data structure.
It creates a surface formed by triangles of nearest points. The
sample data points become the vertices of a set of triangular
facets that completely cover the study area. In IDRISI, the
TIN is generated and then used to create a continuous raster
surface model. TIN creates a constrained or non-constrained
TIN from isoline or point data. In TIN method, there are two
principal phases to be generated which are the selection of
the point data and connection into triangular facets [16]. In
this study, the IDRISI TIN module is created from the input
of isoline data from fours stations in Northern region of
Peninsular Malaysia. In doing so, the TIN can be constrained
so no triangular facet edge crosses an isoline. This forces the
triangulation to preserve the character of the surface as
defined by the isolines [17].

3. Result and Discussion

The interpolated results of wind speed using GIS IDRISI
Selva software is calculated from four sets of reading

during the event and at the same time. The data attribute
information contains wind speed and wind direction. The
wind speed data is in the unit of meter per second while the
wind direction data is in unit of degree. Table 1 shows the
maximum wind speed during that event for each station.

Table 1. Summary of Wind Speed Data (MET)
. . R Maximum Surface
Station Wind Direction (°) Wind (ms)
Butterworth 300 19.1
Bayan Lepas 320 15.9
Alor Setar 210 14.0
Langkawi 270 14.9

The data from Table 1shows that the highest wind speeds
during the incident is 19.1 m/s at Butterworth station. Since
the reading at respective high-rise building cannot be
collected during the incident, the surface interpolation
method has been applied by using GIS IDRISI Selva tools.
For this study, only two techniques are applied to find the
compatible and applicable methods. The red points in
Figure 1 and 2 describe the location of the station which is
in Bayan Lepas, Butterworth, Alor Setar and Langkawi
while the white triangle shape shows the location of the
respective high-rise building (Building A). The interpolated
value of wind speed of the building at 10 m height is
approximately 17.46 m/s during the event as shown in Figure
1. Triangulated Irregular Network (TIN) method as shown in
Figure 2 is the alternative method applied to determine
interpolated wind speed. It verifies the value of wind speed
to be approximately 17.46 m/s as well i.e. same results with
IDW method. Based on Beaufort scale, the value of this wind
speed for both methods can be categorized as fresh gale.

Liu [4] stated in his book that many factors may slow
down the wind in certain regions, shielding or accelerate
such as topography, woods, buildings and other structures
and are be able to change the speed or direction of the wind.
Besides that, when turbulent flows from a different surface
layer to another surface layer, the wind flow may accelerates
or decelerates depending to the change of surface roughness.
The rougher the terrain is, the more it retards the wind speed.

This study interpolates the wind speed without
considering other factors that may change the direction or
speed of wind. The estimation value of wind speed at
respective building can be higher or lower than the exact
value. As stated in the book of Liu [4] that topography and
structures are one of the factors that may change the wind
speed and direction, this building absolutely affected by this
factor since it is surrounded by the hills and highest building
that are more than 10 m.

The interpolation using TIN method is not smooth as IDW
method because of discontinuous slope at the triangle edges
and it is not suitable for extrapolation beyond the area with
the set of sample point. Fortunately, in this study, the
respective location (Building A) falls within interpolation
area using TIN method but the IDW method covers all the
area.
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Figure 2. Wind Speed Map using TIN method

147



148 Deraman S. N. C. et al.:

Case Study: Wind Speed Estimation of

High-Rise Building Using Surface Interpolation Methods

4. Conclusions

The result from IDW and TIN method give the same value
of wind speed which is 17.46 m/s at the height of 10 m from
ground surface. This value is not the worst that can cause the
structure collapsed. It may caused by the failure of the
structure itself. The use of surface interpolation is to predict
the value at specific location and the most preferable method
to be applied is IDW because it can be used for interpolation
and extrapolation. Morever, to get the accurate value of wind
speed at that building, the factors that will affected the wind
speed must be considered before doing interpolation process.

ACKNOWLEDGEMENTS

The authors would like to thank to Ministry of Education
Malaysia under My Brainl5 for providing financial support
during this study, Research Creativity Management Office
(RCMO) for the APEX Delivering Excellence (DE) Grant
2012, Universiti Sains Malaysia and Institute Postgraduate
Studies (IPS), Universiti Sains Malaysia for the IPS
Graduate Fund.

REFERENCES
[1] Centre of Research on the Epidemiology of Disaster (CRED)
(2009). Malaysia Country Profile- Natural Disasters.
Retrieved March 30, 2014 from http://www.emdat.be/result-
country-profile.

Ramli, N. I. (2005). Determination and Validation of Terrain
Height Multiplier for Type 3: Suburban Area for MS 1553:
2002.

Husain, N. M. (2007). Development of Terrain Height
Multiplier for Seberang Jaya, Suburban Area. Master’s Thesis,
Universiti Sains Malaysia.

Liu, H. (1991). Wind Engineering: A Handbook for Structural
Engineers. Prentice-Hall, Inc.: New Jersey, 1-44.

Holmes, J. D. (2001). Wind Loading of Structures. Second

[11]

[12]

[16]

[17]

Edition. British Library Cataloguing in Publication Data:
London and New York, 1-57.

Malaysia Meteorological Department (2014). General
Climate of Malaysia. Retrieved, August 28, 2014, from
http://www.met.gov.my/index.php?option=com_content&tas
k=view&id=75&Itemid=1089.

Majid, T. A., Ramli, N. I, Ali, M. I. and Saad, M. S. H. (2012).
Wind Related Disaster Risk Reduction and Environmental
Issues. Malaysia Country Report 2012.

Apaydin, H., Sonmez, F. K. and Yildirim, Y. E. (2004).
Spatial interpolation techniques for climate data in the GAP
region in Turkey. Climate Research, 28: 31-40.

Andrews, B. D., Gares, P.A., and Colby, J. D. (2002).
Technique for GIS modeling of coastal dunes.
Geomorphology, 48, 289-308.

Kane, R. W. (2009). Modeling Wind Resources for
Harnessing Potential Energy. Wind Resources. University
of Berkeley.

Burrough, P. A. and McDonnell, R. A. (1998). Principles of
Geographical Information Systems. Clarendon Press, Oxford.

Luo, W., Taylor, M. C. and Parker, S. R. (2008). A
comparison of spatial interpolation methods to estimate
continuous wind speed surfaces using irregularly distributed
data from England and Wales. International Journal of
Climatology, 28, 947-959.

Chinta, S. (2014). A comparison of spatial interpolation
methods in wind speed estimation across Anantapur district,
Andhra Pradesh. Journal of Earth Science Research, 2, 48-54.

Thiessen, A. H. (1911). Precipitation averages for large areas.
Monthly Weather Review, 39, 1082-1084.

Alamdari, P., Nematollahi, O. and Mirhosseini, M. (2012).
Assessment of wind energy in Iran: A review. Renewable and
Sustainable Energy Reviews, 16, 836-860.

Peucker, T. K., Fowler, R. J., Little, J. J. and Mark, D. M.
(1978). The triangulated irregular network. Amer. Soc.
Photogrammetry Proc. Digital Terrain Models Symposium.

Clark Labs (2012). IDRISI Selva. GIS and Image Processing
Software.  Retrieved  February 7, 2013  from
http://www.clarklabs.org/products/upload/IDRISI-Selva-GIS
-Image-Processing-Specifications.pdf.



	1. Introduction
	2. Methods
	3. Result and Discussion
	4. Conclusions
	ACKNOWLEDGEMENTS

