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AbstrAct

Sky View Factor (SVF) is one of the urban morfome
tri parameters that impact on the Urban Heat Island 

(UHI). SVF analisys was conducted in the city of 
Jakarta to investigate the relationship between urban 
temperature with urban morfometri. Jakarta City is 
the most populous city in the world that has a sur
rounding area 66,152 km2 and the total population 
around 23 million people. The population of the city 
is the sixth highest in the world today. SVF mea
surements done by taking pictures at the six sta
tions that have different morphological characteris
tics namely (1) the narrow streets Apartment Cem
paka Mas (JS ITC), (2) the width of the road Apart
ment Cempaka Mas (JL ITC), (3) in front of Colleges 
Kanisius (DKK), (4) in front of office Journalist of 
Indonesia (DKWI), (5) Utan Kayu (UK), and (6) Tam
bun (TB). SVF value is obtained from the photgra
phic image. Taking pictures at the location using a 
Nikon D90 camera with a Nikon Fisheye Nikkor 10.5 

mm 1 : 2.8 G ED, further processed through a global 
mapper program. Therefore, the SVF derived from 
the six stations that vary 0.21 to 0.78. Temperature 
measurement is done during daylight hours from 
06:00 am to 18:00 pm during the Western Part of 
Indonesia (WIB). Measurements performed at three 
different times, namely working days (HK) regular 
holidays (HCB) national holidays (HCN). The results 
showed that the highest average temperature of 
33.32˚C, occurring at UK station (SVF=0.45) at the 
time of HCB. Meanwhile, the average low tempera
ture of 31.22˚C occurred at JLITC station (SVF =  
0.42). The twotime occurred on ordinary holidays. 
Maximum temperature of 38.4˚C occurred in Utan 
Kayu station (SFV=0.45) that occurred at 11.00 hrs, 
normal holidays. Furthermore minimum tempera
ture 24.5 occurred at Tambun station (SVF=0.78) at 
06.00 hrs in the morning at the usual holidays and 
national holidays. In general, the results showed 
that areas with large SVF has a lower temperature 

compared with areas with smaller SVF. Though, are 
not the only factors that matter, but this research 
may show that an increase in temperature in the 
city of Jakarta. Therefore, it is necessary to mitigate 
the serious from the government or society.

Key words: SVF, Urban Heat Island (UHI), The 
urban morfometri, Climate change, Temperature, 
Urban climate

1. INTRODUCTION
Climate change is a change in the weather parame-

ters are directly affected or indirectly by human activi-
ties (Trembeth et al., 1995). Climate change is a phe-
nomenon. which requires serious attention, as it can 
have an impact on population discomfort. One element 
that is very significant climate change impacts. for life 
on the surface of the earth is the change in tempera-
ture, as estimated by the IPPC (2007) that the rise in 
average surface temperatures reach 2-3˚C per year. 
The IPPC is an institution set up by the World Meteo-
rological Organization (WMO) and the United Nations 
Environments Programme (UNEP) in 1988.

Analysis of climate change in the city of Jakarta has 
been reviewed by Hidayati (1990); Avia (2010); and 
Maru et al. (2011). Secondary data used by Hidayati 
year 1916-1987, the 1901-2002 data used by Avia, and 
data from 2008-2010 used by Rosmini et al.. All three 
studies showed an increase in temperature of Jakarta 
City from time to time. According to Avia that the 
most significant change that is the period of 1991-
2002, the temperature increased an average of 0.124˚C 
per year. Even achieve an improvement of 0.6˚C in the 
last 10 years (Maru et al., 2011).

The temperature change due to urban surface condi-
tions and human activities referred to UHI. UHI is the 
temperature rise of the city as the impact of surface 
geometry, surface thermal properties, surface condi-
tions (Khusaini, 2008), anthropogenic heat, greenhouse 
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gases, and adveksi (Ahmad et al., 2008; Ahmad and 
Hashim, 2006; Ahmad et al., 2006; Voogt, 2002; 
Ahmad, 1994; Oke, 1982). Urban geometry is marked 
by many vertical building walls and the resulting high 
waves sun comes suffered repeated reflection to earn-
ings and stored in a relatively long time. Retained heat 
during the day is released at night so that the effect of 
increasing the maximum and minimum ambient temper-
ature (Ahmad, 2012; Karyono, 2001; Soedomo, 2001). 
Further, surface geometry and atmospheric conditions 
the heat released by urban use in buildings that have 
an impact on the limitation of view of the sky by 
buildings, trees, etc. are commonly referred to as sky 
view factor (SVF), all have an impact on increasing 
the formation of UHI in a city.

Among studies that examine the relationship bet-
ween the temperature of the city with urban morfome-
tri is the study by Kusaka and Kimura (2004); Unger 

(2004); Giridaran et al. (2004); Giridaran et al. (2005); 
and Yang et al. (2010). The results showed the relation-
ship between temperature and morfometri city espe-
cially SVF. While some of the results showed relation-
ship is not significant but all describe the correlation 
the smaller the value of SVF then the temperature of 
the area is relatively high compared to the value larger 
SVF. Significant correlation between temperature and 
SVF, generally associated with a large increase in tem-
perature (˚T) per year with the SVF. For example, the 
average intensity of the urban heat island (IPHB) (˚T) 
period of one year (April 2002 to March 2003) and 
SVF using linear regression showed a significant influ-
ence on the value of r2 = 0.4746 (Unger, 2004). Deter-
mination of the SVF been done by various methods 
including: a) the method of photographic image (Chen 
et al., 2012; Hammerle et al., 2011; Yang et al., 2010; 
Gál et al., 2007; Grimmond et al., 2001), b) method of 
measurement of building height (H) and road width 

(W) with the formula H/W (Unger 2004), and c) meth-
ods of Geographic Information System (GIS) (Gal et 
al., 2007), and the method of LI-COR LAI-2000 Plant 
Canopy Analyzer (Welles and Norman, 1991).

Since the occurrence of rapid urbanization in 1991, 
now in the Jakarta City around the various buildings to 
retreat, office and industry. Rapid urbanization impacts 
of land use change from forest area to be built-up 
area (Ahmad et al., 2010b; Teng and Weng, 2004). As 
a result, ensured that the SVF in Jakarta City impact 
on the heat retained by buildings and other objects, 
and reduce radiative heat emission, especially at night. 
Also, can result in a sheltering effect of reducing heat 
loss from the surface konvektif and the air near the 
surface. Until there is an increase UHI effect in the 
City of Jakarta.

The results showed that Jakarta has the SVF between 
0.2 to 0.78 so this paper tries review and analyze the 
relationship between SVF and UHI development in 
Jakarta City. This study attempts to look at the temper-
ature distribution during the day 06.00 am to 18.00 pm 
at six locations have different SVF, outside or even in 
the city center. This paper consists of the area and the 
study method, the study and discussion include the 
SVF, temperature changes daily on weekdays, regular 
holidays and national holidays. Next are the implica-
tions of the study and conclusions.

2. STUDY AREA AND METHODS
Selected study area is the City of Jakarta, Indonesia 

and surrounding areas. Jakarta is the Capital City of 
Indonesia with an area of around 66,152 km2 and is 
located at an altitude of about eight meters from sea 
level. It is located on the north side of the island of 
Java bounded by the City of Bogor on the south and 
east is West Java and Banten province to the west. 
Map location shown in Fig. 1.

SVF measurements performed by the method of 
photographic image. The instrument used was a Nikon 
D90 digital camera with a Nikon Fisheye Nikkor 
10.5 mm 1 : 2.8 G ED (Fig. 2). The SVF can be ana-
lyzed through the picture produced by the camera hav-
ing a field of view (FOV) of 148˚ to 180˚. Initial activ-
ities in the calculation of SVF was taking pictures and 
measurements of several study sites, as follows: 1) 
Tambun, this area is located outside the city that has 
characterized as an open area. The location was cho-
sen to give the impression that the open area has a 
large SVF. SVF great value expected to release heat 
into the atmosphere more quickly; 2) JLITC Apart-
ment Cempaka Mas, this area is a shopping center that 
has a wide street that is about 8 to 10 meters. This area 
is visited by people who come to sell and buy goods in 
this area; 3) JSITS Apartment Cempaka Mas, the area 
is also a business center which is bordered by JLITC, 
however, the area has a more narrow streets compared 
with the previous quarter to around 4 meters. There-
fore, the SVF is certainly smaller; 4) Utan Kayu (UK), 
this area is a dense residential area with concrete 
buildings. Therefore, this area has always traveled by 
many vehicles; 5) in the front of Department Journal-
ists Indonesia (DKWI), which is an area that has a 
department with its high buildings and paved. In addi-
tion, a wide street and many traveled by the vehicle; 
and 6) in the front of Kolese Kanisius (DKK), the area 
is bordered by DKWI, but it has different characteris-
tics, namely there was a garden, plants, and the num-
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ber of vehicles and fewer. Areas with different charac-
teristics is expected that the SVF are different. The 
sixth six locations is shown in Table 1 and Fig. 2.

The announcement was taking pictures and down-
load pictures from the camera. Then do digitization 
using global mapper program to separate open area 
covered by buildings, plants and other objects. The 

open split green color while covered area divided black 
color.

Calculation of Surface Geometry or sky view factor 

(SVF) with formula KTB/KTT where KTB is open 
(skay view) and the minister is the area covered by 
buildings and other objects. This is in accordance with 
the formula height: width (H/W), where H is the area 

Fig. 1. Map of DKI Jakarta Province location research station (Maru et al., 2011).

Fig. 2. Map of  location  of measurment.
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that is not enclosed buildings, plants and other objects, 
while W is a vast hemisphere picked up by the camera 

(Oke, 1982).
At early in the selection of the measurement SVF is. 

The time chosen is represented three times with very 
different activities are as follows: the work day Mon-
day, October 17, 2011, the regular holidays Saturday, 
September 10, 2011 and a national holiday or feast of 
Idul Fitri Tuesday, August 30, 2011. Implementation 
flow chart shown in Fig. 3.

Afterward, the temperature measurement in the six 
area. Once the temperature data obtained then per-

formed simple regression analysis to see the correla-
tions between SVF with temperatures in the area. 
Relationship between UHI and SVF conducted to see 
the connectedness between UHII and SVF value. Inde-
pendent variable is the SVF, while the dependent vari-
ables is the temperature.

3. RESULTS AND DISCUSSION

3. 1  The SVF
SVF obtained from six locations. Five locations in 

the city of narrow streets Apartment Cempaka Mas 
(JSITC), the path width Apartment Cempaka Mas 
(JLITC), in the front Colleges Kanisius (DKK), Utan 
Kayu (UK), in the front KWI (DKWI). The rest of the 
locations are in rural areas of Tambun (TB). Hemisfer-
ic fisheye image taken in March 2012 using a digital 
camera: Nikon CoolPix 950 fited with a Nicon FC-E8 
Fisheye lens.

Fig. 3. Flow performance measurement and calculation of 
the SVF.

 TB, SVF = 0.78 JLITC, SVF = 0.42 JSITC, SVF = 0.21

 UK, SVF = 0.45 DKWI, SVF = 0.47 DKK, SVF = 0.56

Fig. 4. Hemisferic fisheye photos taken in March 2012 using 
a Digital Camera: Nikon CoolPix 950 D90 with a Nikon 
Fisheye Nikkor 10.5 mm 1 : 2.8 G ED.

Table 1. Area of SVF measurements and weather elements in Jakarta City.
No.                  Station           Longitude/Latitude                           Land use
1 Tambun S 06̊ 13′ 21″ E 107̊ 04′ 480″  Fields
2 JLITC Cempaka Mas S 06̊ 09′ 52,0″ E 106̊ 52′ 35,8″ Centeral business district
3 JSITC Cempaka Mas  S 06̊ 19′ 48,2″ E 106̊ 52′ 12,3″ Centeral business district
4 Utan Kayu S 06̊ 17′ 05,5″ E 106̊ 49′ 20,5″  Compact settlements., And many vehicles
5 Jalan Cikini Raya
 (in the front KWI) S 06̊ 20′ 41,7″ E 106̊ 49′ 52,2″ Office area
6 Jalan Cikini Raya
 (in the front Kolese Kanisius) S 06̊ 21′ 27.0″ E 106̊ 49′ 49,6″ High-class residential area that are covered
    with green plants 
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The results showed differences in the extents depen-
ding on the view of the sky (sky fixel) that looks green 
in the picture. The vast sky fixel larger the SVF, but the 

narrower the smaller the sky fixel about the SVF. Thus, 
the SVF of the six locations, 0.21 to 0.78 as shown in 
Fig. 4.
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Fig. 5. Shifting the temperature at the time of the workday, regular holidays and national holidays (a) TB, (b) JLITC, (c) JSITC, 
(d) UK, (e) DKWI, and (e) DKK.
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3. 2    Daily Temperature Shifts on 
weekdays (HK) Regular Holidays (HCB), 
and National Holidays (HCN)

Measurements carried out at six stations with the 
measurement of three-time basis at the time of the work 
day (HK) regular holidays (HCB), and national holi-
days (HCN) at each location. Measurement time from 
06:00 am West Indonesian time (WIB) to 18:00 pm 
each evening an hour for 12 hours each day of mea-
surement.

The minimum temperature at six stations occur in 
the morning 06.00 hrs. The lowest temperature occurs 
in TB with SVF = 0.78 respectively: working day of 
26.9˚C, ordinary holidays 24.5˚C, and the national 
holidays of 24.87˚C. Instead highest maximum tem-
perature occurs in the UK with SVF = 0.45 in the reg-

ular holidays 38.4˚C, and the national holidays of 
38˚C. The lowest temperature occurred at locations 
with SVF 0.78 outside the city, while the highest tem-
perature in the location with the SVF 0.45 in the city 
center which has characteristics as compact settle-
ments with general transport links.

Shifting the temperature reaches a maximum tempe-
rature varies at each location (Fig. 5). In sunny wea-
ther conditions indicate a shift in temperature from min-
imum to maximum temperatures generally occur from 
09:00 am to 15:00 pm with a peak maximum tempera-
ture at 11:00 and 12:00 am. Various stations according 
to the pattern is JSITC (SVF = 0.21) and DKWI (SVF 
= 0.47), and at 12 in JLITC (SVF = 0.42). Meanwhile, 
TB (SVF = 0.78) with the use of paddy land in the rural 
areas suffer attrition normal temperature according to 
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the sun̓s rays that the maximum temperature of 35.3˚C 
on weekdays, 35.9˚C on ordinary holidays, and 37˚C 
on holidays nationally. The maximum temperature at 
the three time took place at 13.00 noon.

 
 

4. STUDY IMPLICATIONS
 
Although research in this short time of three days, 

but because this study was conducted at the time of 
which has different characteristics, namely HK, HCB 
and HCN, it generally can describe the actual tempera-
ture conditions prevailing in the city of Jakarta at pres-
ent. The results showed an enormous increase in tem-
perature in the city of Jakarta today. Based on the find-
ings obtained an average temperature of 32.44˚C. When 

compared with the results of studies performed by Avia 

(2010); Maru and Ahmad (2014a, b) the in crease in 
temperature in the last 10 years a very significant up -
ward trend reflects the Jakarta city temperatures incre-
ased very significantly. Avia (2010) describe the mag-
nitude of the average temperature in the period 1991-
2002, namely 27.9˚C compared with the previous peri-
od, the average temperature of 26.4˚C. As a result, the 
temperature rise in 10 years in 2002 to 2012 of 0.6˚C 
per year.

Although research in this short time of three days, 
but at the time the study was conducted with different 
characteristics, namely HK, HCB and HCN, then gen-
erally able to describe the actual temperature condi-
tions occur in the city of Jakarta at present. The results 
showed an enormous increase in temperature in the 
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city of Jakarta today. Based on the findings obtained 
an average temperature of 32.44˚C. When compared 
with the results of studies performed by Avia (2010); 
and Maru et al. (2010), the increase in temperature in 
the last 10 years a very significant upward trend ref-
lects the Jakarta city temperatures increased very sig-
nificantly. Avia (2010) describes mainly in the period 
1991-2002 the average temperature of 27.9˚C. average 
temperature is comparable with the previous period of 
26.4˚C. As a result, the temperature rise in 10 years in 
2002 to 2012 of 0.6˚C per year.

Fig. 6 shows the correlation between the average 
temperature and SVF with R2 = 0.031, minimum tem-
perature and SVF with R2 = 0.2615, and the maximum 
temperature and SVF with R2 = 0.0014. The same trend 
is shown in Fig. 7, the temperature at 6:00 am and SVF 
with R2 = 0.2094, temperature 12.00 noon. and SVF 
with R2 = 0.1256, and the temperature at 18:00 pm. and 
SVF with R2 = 0.228. These values indicate that SVF 
impact on increasing minimum temperature in the mor-
ning. While the graphics do not show a significant cor-
relation, but this study shows that there is a correlation 
between morfometri urban of SVF to increase the tem-
perature of Jakarta.

While the correlation does not show a very signifi-
cant, but both figure shows the effect of SVF mini-
mum temperature is large. However, SVF effect on the 
maximum temperature is insignificant. This has an 
impact on the occurrence of maximum and minimum 
temperature differences are shrinking in the City of 
Jakarta.

The results showed that in addition to SVF, there are 
many other factors that affect the improvement UHII 
in the Jakarta City. Among the factors that affected the 
solar radiation, wind velocity, humidity, anthropogenic 
activities that vehicle congestion, and others. Until 
further research can be seen massive impact of these 
factors.

5. CONCLUSIONS

This simple study has provided an overview of the. 
impact of SVF on increasing temperature of Jakarta. 
The temperature rise is significantly better on week-
days, ordinary holidays or national holidays. UHII sig-
nificant increase over the last 10 years fueled by the 
increasing anthropogenic activities, have an impact on 
increasing the number of tall buildings, resulting in 
increased ambient temperature. Maximum temperature 
of 38.4˚C occurred in the UK (SFV=0.45) that occurred 
at 11.00 hrs, normal holidays. Instead minimum tem-
perature in the urban area is 27˚C. Meanwhile, in rural 
areas (TB) SVF = 0.78 with a maximum temperature 

of 36.9 and a minimum temperature of 24.5˚C. Thus 
there is a difference between maximum and minimum 
temperatures of urban and rural areas (UHII). Maxi-
mum temperature difference of 1.5˚C and a minimum 
temperature of 2.5˚C. The Fig. is very large, so we can 
have an impact on the urban thermal discomfort, espe-
cially the City of Jakarta. Thus, the problem of increasing 
UHII should get serious attention by both government 
and society.

REFERENCES
Ahmad, S. (1994) The diurnal variation of rainfall and 

urban development in Kuala Lumpur. Kertas kerja 
yang dibentangkan di Seminar Kebangsaan Per satuan 
Geografi Malaysia, 17-19 Ogos 1994 di Pulau Pinang.

Ahmad, S. (2012) Mikroiklim bandar (perkembangan dan 
impak pulau haba bandar di Malaysia). Bangi. Univer-
siti Kebangsaan Malaysia.

Ahmad, S., Hashim, N.M. (2006) Changes in urban sur-
face temperature in urbanized districts in Selangor, 
Malaysia. Paper presented at the 3rd. Bangi World Con-
ference on Environmental Management. Equatorial 
Hotel, Bangi. 5-6 September 2006.

Ahmad, S., Hashim, N.M., Jani, Y.M. (2006) Menangani 
fenomena pulau haba bandar (PHB) sebagai isu alam 
sekitar di Malaysia khususnya di Bandaraya Kuala 
Lumpur. Dalam Stanis lus et al. (eds). Kemelayuan 
Indonesia dan Malaysia. Vol. 1. Jakarta. Departmen 
Kebudayaan dan Pariwisata RI. Bab 40.

Ahmad, S., Hashim, N.M., Jani, Y.M. (2008) Perubahan 
iklim mikro dan pembandaran: Satu penelitian terhadap 
hubungan syruktur litupan dengan suhu permukaan. 
Kertas kerja yang dibentangkan di International Con-
ference on Change and Transforming Spaces. Danau, 
UKM, Bangi.

Ahmad, S., Hashim, N.M., Jani, Y.M., Aiyub, K, Maha-
mod, M.F. (2010) The effect of different land uses on 
the temperature distribution in urban areas. Kertas kerja 
yang dibentangkan di Persidangan SEAGA di Hanoi, 
Vietnam pada 23-26, November 2010.

Avia, L.Q. (2010) Kondisi iklim Jakarta pada masa lalu 
dan masa kini. Prosiding. Seminar Nasional Pemanasan 
Global dan Perubahan Global-Fakta, Mitigasi dan Ada-
ptasi.

Chen, L., Ng, E., An, X., Ren, C., Lee, M., Wang, U., He, 
Z. (2012) Sky view factor analysis of street canyons 
and its implications for daytime intra-urban air tempera-
ture differentials in high-rise, high-density urban areas of 
Hong Kong: a GIS-based simulation approach. Inter-
national Journal of Climatology 32, 121-136.

Gál, T., Rzepa, M., Gromek, B., Unger, J. (2007) Compa-
rison between sky view factor values computed by 
two different methods in an urban environment. Acta 
Climatologica Et Chorologica. Universitatis Szege-
diensis, Tomus 40-41, 17-26.



136      Asian Journal of Atmospheric Environment, Vol. 9(2), 128-136, 2015

Giridaran, R., Ganesan, S., Lau, S.S.Y. (2004) Daytime 
urban heat island effect in high-rise and high-density 
residential developments in Hong Kong. Journal of 
Enegeri Build 36, 525-534.

Giridaran, R., Lau, S.S.Y., Genesan, S. (2005) Nocturnal 
heat island effect in urban residential development of 
Hong Kong. Journal of Energy and Buildings 37, 964-
971.

Grimmond, C.S.B., Potter, S.K., Zuttera, H.Z., Souch, 
C. (2001) Rapid Methods to Estimate Sky-View Factors 
Applied to Urban Areas. International Journal of Climato-
logy 21, 903-913.

Hammerle, M., Gál, T., Unger, J., Matzarakis, A. (2011) 
Introducing a script for calculating the sky view factor 
used for urban climate investigations. Acta Climatolo-
gica et Chorologica. Universitas Szegediensis, Tomus 
44-45, 83-92.

Hidayati, R. (1990) Kajian Iklim Kota Jakarta, Perubahan 
dan Perbedaan dengan daerah Sekitarnya. Thesis Program 
Studi Agroklimatologi. FPS-Institut Pertanian Bogor.

IPCC (2007) Climate Change 2007 : Impact, Adaptation, 
and Vulnerability, Summary for Policy Makers, 4th 
Assessment Report of the Working Group II, 13 April 
2007.

Karyono, T.H. (2001) Wujud kota tropis di Indonesia: 
suatu pendekatan iklim, lingkungan dan energi. Dim-
ensi Teknik Arsitektur 29(2) 141-146.

Khusaini, N.I. (2008) Pengaruh perubahan penutupan 
lahan terhadap distribusi suhu permukaan di Kota 
Bogor dengan menggunakan Citra Satelit Land sat dan 
Sistem Informasi Geografi. Skripsi. Departe men Kon-
servasi Sumberdaya Hutan dan Ekowisata, Fakultas 
Kehutanan IPB, Bogor, Indonesia (tidak diter bitkan).

Kirono, D.G.C. (2005) A study of urban influence on 
rainfall in a tropical city, Indonesia (SURF). IAUC News-
letter. No. 5(2), 4-5.

Kusaka, H., Kimura, F. 2004. Thermal Effect of Urban 
Canyon Struktur on The Nocturnal Heat Island: Nume-
rical Experiment Using A Mesoscale Model Coupled 
with An Urban Canopy Model. Journal of American 
Meteorolgical Society: 1899-1910.

Oke, T.R. (1982) The energetic basis of the urban heat 
island. Quarterly Journal of Royal Meteorologycal 
So ciety 108, 1-24.

Maru, R., Ahmad, S., Hashim, N.M. (2011) Perkemban-
gan pulau haba bandar di bandaraya Jakarta, Indone-
sia. Kertas kerja Persidan gan Kebangsaan Geografi 
dan Alam Sekitar Ketiga. Anjuran Jabatan Geografi 

dan Alam Sekitar, Fakulti Sains Kemanusiaan, Uni-
versiti Pendidikan Sultan Idris. Perak, 8-10 Februari.

Maru, R., Ahmad, S. (2014a). Noc turnal air temperature 
traverses across the City of Jakar ta, Indonesia. Global 
Journal on Advances in Pure & Appli ed Sciences 2,  
19-23.

Maru, R., Ahmad, S. (2014b). Day time Temperature Trend 
Analysis in the City of Jakar ta, Indonesia. World Appli-
ed Sciences Journal 32(9), 1808-1813.

Sani, S. (1987) The urban heat island-Its concept and appli-
cation to Kuala Lumpur. Dalam Sham Sani (1987) 
Urbanization and The Atmosphere Environ ment in 
The Low Tropics: Experiences from the Kel ang Valley 
Region, Malaysia. Bangi. Penerbit Univer siti Kebang-
saan Malaysia, m.s. 242-253.

Soedomo, M. (2001) Pencemaran udara (kumpulan karya 
ilmiah). Institut Pertanian Bogor. Bogor.

Teng, S.H., Weng, C.N. (2004) The urban heat island phe-
nomenon in Penang Island: Some observations during 
the wet and dry seasons. Dalam Jamaluddin Jahi, Kadir 
Ariffin, Salmijah Surif & Shaha ruddin Idrus (pnytg). 
2004. Proceedings 2nd. Bangi World Conference on 
Envi ronmental Management: Facing Changing Condi-
tions. 13-14 September 2004. Bangi, Malaysia. 504-
516.

Trenberth, K.E., Houghton, J.T., Filho, L.G.M. (1995) 
The Climate System : an Overview. In: Climate Change 
1995. The Science of Climate Change. Contribution of 
Working group I to the Second Assesment Report of 
The Intergovermental Panel on Climate Change. Cam-
bridge University Press.

Unger, J. (2004) Intra urban relationship between surface 
geometry and urban heat island: Review and New 
Approach.

Voogt, J.A. (2002) Urban heat island: Causes and conse-
cuences of global environmental change. John Wiley 
and Sons, Ltd. Chichester. 660-666pp.

Welles, J.M., Norman, J.M. (1991) An instrument for 
indirect measurement of canopy architecture. Agro-
nomy Journal 83, 818-825.

Yang, F., Lau, S.S.Y., Quin, F. (2010) Summertime heat 
island intensities in three high-rise housing quarters in 
inner-city Shanghai China: Building layout, density 
and greenery. Journal of Building and Environment 45, 
115-134.

(Received 14 July 2014, revised 12 February 2015,  
accepted 14 February 2015)


