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ARTICLE INFO Abstract

Vegetation and Built environments usually have a relationship in terms of air
temperature mitigation, However, courtyard buildings, as a microclimate
modifier is rarely assessed. The study examines the courtyard air temperature
difference of the atmospheric condition in Chinese shop-house in Malacca,
Malaysia. Advocacy, utilizing field measurement and centring on the
difference in air temperature of the courtyard with 69% vegetation and
courtyard with 18% vegetation under the same state of courtyard Area and
height. The Microsoft Excel was used as the Statistical tool throughout the
Analysis. The outcomes demonstrate that there exists a difference of 3-degree
centigrade in the courtyard with 69% vegetation and courtyard with 18%
vegetation. The results demonstrate that vegetation regulates the air
temperature within the courtyards.
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1. Introduction

The courtyard is defined as the internal space within the building that is open to the sky. Traced back to the
pre-historic period courtyards are utilized extensively in China and Morocco. The functions of the courtyard
are to prevent/protect the occupants from the harsh weather and provide environmental activities such as
ventilation and lighting (27). The form of a courtyard, affected by the climate conditions of the region, in
China the form reduces from the north to south. In general, the design and size of the courtyard have a
greatly influenced by its performance (27). According to (27), the courtyard can be divided into; fully
enclosed, semi-enclosed, and semi-open courtyard. Fully enclosed courtyard is attributed to elongate

buildings as such comfortable spaces could be introduced to the core of the building through the courtyard.
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The performance of the courtyard can be optimized by considering the building shape and the heat gain
control devices. The forms of the courtyard have taken functional forms other than the quadratic forms of
traditional ideas (1). The creation of new and modern forms typified as; U, L, T, or Y. The previous studies
on courtyard houses though limited, but some of them focused on ventilation related ;(2), (3), (4),(5),
(6),(7), (8), and (9). Others work on the effect of the courtyard on indoor thermal environments see ;(1),
(10), and (11); ventilation effects of the courtyard; (7), (12), (13), (14). Several studies are developed on
passive strategy by courtyards, e.g., (6). Energy assessment was conducted out by, for example, (10).
Thermal performance of courtyard was analysed ;(15), (16), (17), (8), (13), (18), (19), whereas vegetation
effects of courtyards were analysed in some studies; (20), (21), (22)(23), and (24). Courtyard houses are
commonly found in China or Southeast Asia as well as in numerous different region of the universe (2).
Past studies was directed on courtyard houses and their warm impacts, yet the majority of these studies
were led in hot, dry atmospheres(25);(9), and a few studies were led in hot, sticky atmospheres. A part of
the studies that were led in tropical atmospheres incorporate (13), (14) and (6). For instance, (13) researched
the potential utilization of a courtyard for inactive temperature reduction in a solitary story thick-walled
building situated in the ardent, moist atmosphere of Colombo, Sri Lanka. These findings gave huge
knowledge into courtyard plan in tropical regions. Yet a large portion of them concentrated on isolated
houses, which are not the same as Chinese Shop House column houses. Not at all like segregated houses, a
lengthened column house normally just has a couple of openings, and in this way, its indoor warm
conditions are essentially diverse. However, virtually many of the above subject were made in hot-dry
climates and moderates climates and there are few studies that discuss the performances of vegetation
within the courtyard houses in hot-humid climatic conditions. This research discourses the effects of
vegetation on the courtyard air temperature in a Chinese shophouse in Malacca, Malaysia based on the

findings of field measurements.

2. Methodologies

In The field mensuration was done in a 2 no. two storeys Chinese shophouse from 15/10/2014 to
22/10/2014. These shophouses are located in the central part of the heritage zone in Malacca, Malaysia. (2.2
0 N and 102.2 0 E), as showed in figure 1 & 2. The justification for selecting Malacca is because of
significant of that Chinese shophouse as it originates from china. The shophouse peculiar because of the
presence of the deep courtyard in which is common among the Malaysia traditional building. The two
shophouses is located in the same area in the central row with a shallow frontage and along the deepness.
This shophouse earlier built between the 1600s and 1800s with the solid mold of the Dutch Architecture.

Malaysia has a closely consistent climate condition end-to-end of the year, for instance, the mean monthly
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air temperature at Malacca weather station ranged from 26.50 C -27.8 0 C for a small variant of 1.30 C over

the last thirty years.
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Fig. 2. Case study shophouse 2 (a) Location; (source: google earth, retrieved on 24th October, 2014); (b) Front exterior view

Figure 3 & 4 shows floor plans of the case study. The two shophouse are located in almost the same
location, as shown, the shophouses have three each deeply atrium-type courtyards at front (CY1), centre
(CY2), and the rear (CY3) of the extended structure. In this case, CY1 of the first, and the CY3, of the
second courtyard were selected, and they are almost in the same area (15 square metres). The sky view
factor for the CY1 for the first shophouse was measured at 4.7% while CY3 the sky view factor for the CY3

of the second shophouse was measured at 7.4%.
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Fig. 3. (@) Floor plans of case study Chinese shophouse 1 and (b) views of the three courtyards
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Fig. 4. (a) Floor plans of case study Chinese shophouse 2 and (b) views of the three courtyard

The thick clay tiles were applied for roofing without ceiling and thermal insulation while the wooden
boards were adopted for the ceiling. On the first floor, wooden boards were also applied to the floor on the
first floor, meanwhile, on the first floor was tiles. Windows and doors were created of wooden stuff without
glass in. Floor materials for the CY1 were marble tiles while that of the CY3 was concrete.CY1 was
covered with about 18% of potted plants, while the case of CY3, about 69% was covered with potted plants.
The defined space height at first floor was almost 3.7m for CY1 and for the CY3, 3m. A veranda with a
depth of 2m was located in front of the first shophouse while a depth of 1.8m was recorded in the second
shophouse. The first shophouse is located at 85, Jalan Tun Tan Cheng Lock while the second shophouse is
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located at 18, Jalan Tukang Emas. Both the shophouses are open to the street and it's used for commercial
purposes. The building in use during the measurement and is occupied by only three people. The air
conditioner did not install at all. Air temperature and relative humidity at 1.5m above floor were mensural at
the centre of the two courtyards (T & D TR- 72), at the interval of ten minutes. Surface temperatures of
roofs near the courtyards were calculated. The measurement takes about seven days, meanwhile, outdoor air
temperature, relative humidity, and atmospheric pressure were measured at the veranda (see fig. 3 & 4),
whereas a weather station (Daris vantage pro 2) was placed in a small space located about 500m away from
the measurement site (at 4m above the ground). The measurement was recorded at two courtyards CY1 and

CY3 of the two shop houses.

3. Results and Discussion

Evaluation of Temperature of the courtyard with 69% vegetation (CY1) and courtyard with 18% vegetation
(CY3). The purpose of this study is to evaluate the impact of vegetation on the air temperature of a
courtyard. Fig. 5 & 6 shows the temporal variables of major thermal variables that were measured in the
courtyard at a height of 1.5m above the floor during the seven-day measurement period. The outdoor
condition in these figures represents the values that were measured at the veranda located in front of the two
shophouses. The veranda space was accompanied by a man-made surface such as asphalt (fig. 1 & 2), and
thus reported higher temperature throughout the day. Nevertheless, measurement of the veranda space is

representative of the ambient environment.
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Fig. 5. Temporal variations in shophouse 1 (a) air temperature and (b) relative humidity with the corresponding outdoor conditions.
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Fig. 6. Temporal variations in shophouse 2 (a) air temperature and (b) relative humidity with the corresponding outdoor conditions

Evaluating the two courtyard CY1, and CY3, the hottest day was selected during the measurement period
and the temperature analysis was conducted. It was observed that though the courtyard areas are
approximately the same and the height of the courtyard is also the same. The thermal components of the
courtyard building in terms of material composition are the same, there is a temperature variation between
CY1 and CY3 of 30c between 12.00pm — 2.00pm, implying that courtyard with 69% potted plants performs
better in reducing the courtyard air temperature compared to a courtyard with 18% vegetation, as shown in

figure 7.

Graph showing the temperature between CY1 and CY3
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Fig. 7. Graph showing the temperature difference between CY1 and CY3

4, Conclusion
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The findings of the field measurement demonstrate that the temperature of the courtyard with 69%
vegetation CY1 and the courtyard with 18% vegetation CY3 have a 30c in courtyard air temperature
difference between 12.00 pm - 2.00pm. The result verified that vegetation within the specified area affects
the microclimates, most especially the temperature, in the context of the tropics. Another reason for the
temperature is due to evapotranspiration and Photosynthesis activities of the plants. In the case of

Evapotranspiration vapour is released into the surrounding to reduce the temperature.
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