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Abstract: Lahore, a metropolis city of Pakistan, is facing increasing temperatures due to the densification of
urban land, Urban Heat Island effect and the global climate change. The design of the urban environment plays
a vital role in mitigating the adverse thermal conditions in densely populated areas and through improving the
urban micro-climate, the quality of life and outdoor comfort can also be improved. This research investigates a
traditional multiple courtyard house, ‘Barood Khana Haveli” Lahore, to explore the spatial poetry of the
courtyards and the significance of their morphology towards the outdoor thermal comfort in a semi-arid
climate. The research findings reveal that the temperature differences created by the different localised micro-
climates in the courtyards effectively induce natural air movement. Based on these findings, appropriate
orientation, geometries of the courtyards, and selective use of flora-fauna are proposed to create desirable
microclimates for outdoor comfort in the contemporary courtyard house in Lahore.
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1. Introduction

“Climate change” refers to any change in climate over time, whether due to natural
variability or as a result of human activity. The United Nations Framework Convention on
Climate Change (UNFCCC) defines “climate change” as:

“A change of climate which is attributed directly or indirectly to human activity that
alters the composition of the global atmosphere and which is in addition to natural climate
variability observed over comparable time periods”. (Ipcc.ch,2018) .

In different climatic regions, the user has developed traditional architecture to deal
with the adversity of the climate, also known as the vernacular architecture which not only
serves as a shelter against the weather but also highlights the living trend of the inhabitants.
In warm climates, people have learnt to cope with detrimental climatic conditions through
intelligent building design and their extensive adaptive responses with an analogous
purpose to improve the building atmospheric character. One of the common building
morphology found in these climates is courtyard houses. These courtyard buildings can be
found ranging from southern Europe to North Africa and Middle East to South Asia.

2. Lahore, Pakistan
The city of Lahore, located 31° North and 74 ° East, is a metropolitan city and capital of the
most populous province Punjab in Pakistan. Lahore is considered as the second largest city
of Pakistan after Karachi, for industries, trade, and commerce in the country, and has
significant importance historically in south Asia. (Finance.gov.pk, 2016).

As a metropolis city, every year many people migrate from the small neighbouring
towns and villages in search of higher prospects in life by working in a bigger city like Lahore.
Due to current infrastructure development in the city, a large number of employment



opportunities have opened their doors for these immigrants. These people act as a catalyst
in expanding the city boundaries and population. (Mazhar and Jamal, 2009) .The current
situation of Lahore, explains the general situation of the major cities around the world.
According to the United Nations, 66% of the world's population will live in cities by 2050

(Sustainabledevelopment.un.org, 2014)

2.1 Climate
According to Koppen climate classification,

Lahore lies in the region “Bsh”, which

represents a semi-arid climate (Koppen, 2006). The climate analysis shown in figure 3.15 of

Lahore is derived from the data obtained through Meteonorm .The climate data was

attained for the present and future scenarios from weather station at Mall Road, Lahore.

The data extracted for Future scenario 2050, was based on IPC intermediate A1B scenario.
Lahore annual weather indicates the presence of four weathers,
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Figure 1. The present and future Average Climate data for Lahore, obtained from Meteonorm

3. Barood Khana Haveli

’Barood” means gun powder in Urdu. The
Haveli was built during the Sikh rule and served
as the crop’s commander residence and
storage space for gunpowder. The Haveli
serving as a storage place for annihilation in
the 17th century is now the locale for cultural
evenings for the masses in the city. The Barood
Khana haveli is situated in the Barood khana
Bazaar (market) of Walled city, between Pani
Wala Talab and Koocha Langa mandi(Lahore,
2018).Currently, The haveli is positioned in the
centre of streets, residences and commercial
buildings. Streets are laid on the north and
south of the building. Small shops and
residences cover the west of the haveli while
the haveli car parking along with some more
residences provide refugee from the east
orientation.

3.1 Fieldwork and Analytical Analysis:

Figure 2: The layout of Barood Khana Haveli, Lahore.



A thermal walk was performed in the Haveli to map the performance of the courtyards. The
route started from the private entrance of the Haveli and ended at the covered terrace in
the south-west of the building. This walk had two main goals; first the review of spatial
distribution and second the identification of micro climate, varying along the path.

The Haveli Barood Khana has a series of enclosures before one reaches the main
courtyard. The ‘Closure theory’ of these paths has been linked to Muslim ideology of ‘veil’.
The spatial analysis indicates that each courtyard has some sort of enclosures, which reduce

the visibility volume.
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Figure 3: The spatial sequence of Haveli Barood Khana from the private entrance.

For the micro climate study, anemometer, surface temperature recorder, thermal
imaging and Illuminance mobile application was used. The spot measurement was taken by
providing the equipment at least 5-10 minutes to stabilize itself to the new environment
before taking the new reading.
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Figure 4:The DBT,RH and wind speed measured on site on 19" April,2018 from 1:00-2:00pm



During the walk, some surface temperatures were recorded in the four courtyards.
The surface Temperatures recorded in the four courtyard showed a difference of 10-15
degrees between the shaded and non-shaded courtyard. The lowest temperatures were
recorded in the main courtyard with the most vegetation. The marble stage in the main
courtyard also showed a lower temperature as compare to the red stone floor. The marble
stage is located under the trees and near to the water pond. According to CIBSE, The white
marble with an albedo of 0.5 reflects more heat if it is receiving direct solar radiations. The
walls are made of local brick, covered with light pale paint will have an albedo of 0.5-0.9.
The red stone floor will provide an albedo of 0.1-0.35. It can be seen that the materials with
the same albedos exhibit different surface temperature in shaded and sun exposed area.
Over all, the Haveli exhibits high albedos in its finish materials, thus reflecting more solar
radiation.
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Figure 5: The Surface temperatures measured on site during the Fieldwork on 19" April,2018.
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Figure 6: The Dry bulb temperature obtained from data loggers for 21 April,2018.



The transitional space, veranda, located between inner courtyard 1 and inner
courtyard 2 also depicted lower temperatures. This area was investigated for the flow of
wind stimulated by the mean radiant temperatures and the prevailing wind direction. The
veranda opens mainly in the inner courtyard 2, but the two doors of veranda open in the
inner courtyard 1. These doors are kept open most of the time to allow cross ventilation
through the veranda. In addition to providing shade in summers and sun in the winters, the
spot measurements conducted during the fieldwork indicated a low air temperature. The
reviews from users also indicated that this space experience a pleasant temperature. The
area of veranda inlet (20 m sq.) was used to derive the wind velocity (m/s) for respective
areas by TAS. TAS gave the wind profile established due to the temperature difference. The
wind velocity is plotted against 24 hours for spring equinox, summer solstice, and winter
solstice. The final wind profile was created by adding the movement of air in the courtyards.
The study suggest that the wind movement in the veranda increase in the summers from
1:00 PM to 4:00 pm. The Fieldwork suggest that there exist a temperature difference 1-4
degrees between the two inner courtyards 1 and 2. To obtain thermal equilibrium this
temperature difference acts as an essential driver in the flow pattern between the verandas.
The hot air rises up because of its low density thus creating a low pressure area below. This
low pressure area attracts the nearby dense cold air from high pressure zones. The wind
profile shows a very steady flow of air in the veranda for all three days selected for the
study.

The model for Barood Khana Haveli was created in ENVI-met. The methodology opted
for ENVImet simulation was kept oriented around natural greenery and to obtain an output
in terms of Mean radiant temperatures with Fanger seven points scale, PMV. It has to be
mentioned here that for outdoor environment in a warm arid climate, the Predicted mean
vote (PMV) generated if less than 8, are considered acceptable. The ENVI-met study for
summer solstice with and without the vegetation show a drop of PMV value with vegetation.
For Summer solstice, If the inner courtyard 3 is studied for the PMV values at 3:00 pm, the
value dropped from above 8.5 to 7. The investigation of first simulation for summer solstice
with and without the natural flora indicate that the areas with plants showed a temperature
drop. The results showed a difference of 1-4 degrees with respect to case without
vegetation.

4. Conclusion

The previous studies conducted on the geometries of courtyards, for warm climate, suggest
that a deep courtyard provides more thermal comfort for both the indoors and the outdoors.
A shallow courtyard allows more sunlight to enter the space and hence it is advisable to
restrict the sun insolation by reducing the depth of the courtyards and increasing the
heights of the surrounding buildings.As the Haveli Barood Khana has wide courtyards, built
on the Muslim ideology of Heavenly paradise, this research work suggests that the heavy
vegetation and the water ponds are designed to lower down the micro climate in the
courtyards. These vegetation create a temperature difference in the courtyards and allow a
movement of air within them due to the temperature difference.

The theoretical studies suggest that in hot and warm climates, the night ventilation is
used to cool the thermal mass. According to Givoni (1998), “ When a high mass building is
ventilated only during the evening and night hours ,while the openings are closed during the
day time. In this way, the structure mass of the building is cooled by thermal convection
during the night and is able to absorb the heat penetration into the building during the day”.



However the urban form affects the micro climate developing in the in urban canyon. As
Erell puts it, for low dense canyons the radiations can be reflected back during the night
without any major obstruction. For high dense areas, the heat released during the night
ventilations stays within the narrow deep open spaces and hence do not allow the thermal
mass to fully recover for the next day. Ole adds to this by stating that small sky view factors
reduce the long wave radiation heat loss and develops a greenhouse effect within the
building.

The theoretical studies performed on the courtyards, discuss the bio climatic features
which contribute towards the establishment of an ideal micro climate in the courtyards. The
common features of the courtyard houses around the world are heavily influenced by the
norms, traditions and the climate. The common features of a Islamic courtyard houses
involves the five elements, earth (thick thermal mass), air (convective air movement), water
(evaporative cooling), fire (sun light) and the plants (Eva transportation.) These features
have been included in the courtyards after the time and time testing of their capabilities and
performances. The two main pillars of bio climatic design are the geometry and orientation
of the courtyards, which must be considered at the time of the conceptual design as they
act as a mean of self-shading devices. The courtyards act as a versatile design element in a
building as they respond to the changing trend of the day in terms of two regular cycles.
They absorb the heat during the daytime and reflect it back to the open sky in the night.
Hence, the levels of comfort keep on reflecting during the whole twenty four hour journey.
All these aforementioned elements, shape the final design concept of a courtyard.

The Haveli Barood Khana is heavily shaded by the vegetation. The plants can be
incorporated as a solution, if the geometry is not enough to self-shade the ground. The
plants not only provide shade, but they clean the air, improve the air temperatures and
encourage the wild life. To cover these courtyards fully by some man made assembly will
require mechanical aid that would close during the day and open at the night. Such
assembly can be incorporated in the more corporate projects but for domestic use, more
natural means can suffice. These plants also behave according to the urban climate. They
blossom in the summers while shed their leaves in the winter when the sun is welcomed by
the inhabitants. The ENVI-met analysis with and without vegetation showed that a
difference of 5-10 degrees in the mean radiant temperatures can be expected.
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