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extreme-heat events pose to life. It reviews the elements of climate and
the mechanisms of human thermal comfort; characterises Karachi’s hot
maritime (desert) climate and the climatic zones of Pakistan; and
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derives, from the physics of heat gain and loss and from precedent, a set
of passive strategies suited to the city building orientation and form
tuned to the prevailing sea breeze, shaded and appropriately sized
openings, cross-ventilation, thermal mass, reflective and insulated roofs,
courtyards and semi-open spaces, and the cooling use of vegetation and
water. The study concludes that by treating climate as a form-
determinant rather than an afterthought, and by drawing on the lessons
of Karachi’s older architecture, designers can produce buildings that are
comfortable, economical, and resilient to a warming climate without
heavy reliance on mechanical systems and fossil fuels.
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Introduction

Climate-responsive design shapes a building’s form and fabric so that they moderate the climate for human comfort and wellbeing.
The relationship between architecture and climate is strongly deterministic: its governing parameters are constants, regulated by
the laws of science in particular the laws of thermodynamics. Warm climates, in this respect, hold a potential beyond that of
temperate or cool ones: where a cool climate calls for a defensive strategy of enclosure, a warm-climate building can open to and
filter the climate in many ways, so that the architectural response to climate becomes a further means of extending people’s
experience of the building. Realising this requires the architect to consider climate from the outset of design and to bring both
analytical and synthetic skill to bear, optimising the fit between site climate and brief. The judicious use of building materials,
landscape technique, and appropriate form yields a climate-responsive architecture that does not depend on fossil fuels being
depleted at an exponential rate; architects therefore have a responsibility to pursue prudent, largely passive solutions and to
participate actively in the research and development of climate-responsive design.
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Contextual Background

Karachi, the largest city in Pakistan, lies in the south-east of the country on the coast of the Arabian Sea. It is a major industrial
centre and port, covering roughly 3,527 km? of largely flat and rolling plain, bounded by hills to the west and north and crossed by
the Malir and Lyari rivers, with a long coastline running from Cape Monze in the west toward Gharo in the east. Its coastal position
gives it a moderate, marine-influenced climate: average annual rainfall is only about seven inches, most of it falling during the July-
August monsoon; summers are scorching, with May and June the hottest months and temperatures often reaching the low 40s °C;
and winters are mild, January being the coolest month. That moderating marine influence, however, has not spared the city from
a changing climate. Scientists have long warned that heatwaves will grow more frequent and intense, and in June 2015 Karachi
endured one of its hottest spells on record, with temperatures around 45 °C and a heat index far higher; the heatwave affected tens
of thousands of people and the death toll exceeded 1,400.

Rationale and Justification

As Pakistan’s largest urban centre, Karachi presents an unusually complex pattern of urban development, and the transformation
of its built environment rising pollution, ever-denser construction, and the erosion of green belts is a key driver of local climate
change. The 2015 heatwave raised an uncomfortable question: is the city’s infrastructure itself implicated in the loss of life? Much
of the excess heat is attributable to the urban heat-island effect, in which massed construction, undertaken with little regard to the
ratio of open to built space, turns the city into a highly efficient store and radiator of heat. Reducing the intensity of future heat
events therefore requires serious, deliberate change to the built environment, and design is central to that change.

Scope, Aim, and Expected Outcome

The scope of the study is to analyse and understand the core drivers of climate change and thermal discomfort within Karachi in
particular the role of the built environment and to identify design solutions that mitigate extreme-heat events in the urban
settlement and so reduce loss of life. The intended outcome is a design response: a prototype building or space that maintains the
human comfort zone through passive means appropriate placement of openings relative to sun and wind, effective ventilation, wall
insulation, thermal mass, and the cooling use of courtyards and water rather than through energy-intensive mechanical systems.

Methodology

The research proceeded on three fronts, pursued in parallel. Direct study drew together meteorological data for Karachi and,
through calculation and observation, characterised the city’s climate. Field study surveyed older buildings across the city, examining
their planning, orientation, and materials to learn how they achieved comfort before mechanical services were available,
supplemented by interviews with architects and practitioners and by observation. Documentary study the largest component
reviewed the literature of climate-responsive and passive solar architecture and extracted simple design guidelines appropriate to
this region.

Objectives
1. Characterise the climate of Karachi and the thermal-comfort problem it poses in an urban setting.
2. Learn from the older architecture of Karachi how comfort was achieved without mechanical services.
3. Identify simple, optimal passive strategies that follow from the sun path and prevailing winds.
4. Provide clear guidance on orientation, fenestration, and shading of the building envelope.
5. Demonstrate the strategies through a climate-responsive design proposal for the city.
Hypothesis

The efficient use of natural means can make a building including a commercial building comfortable, economical, and eco-friendly.
Through effective daylighting, mechanical lighting can be limited during normal working hours; through natural ventilation,
mechanical cooling can be reduced; and through the management of direct solar gain and heat transfer, occupant comfort and
productivity can be improved all while supporting, rather than compromising, architectural quality.
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Climatology and Thermal Comfort
Elements of Climate

Climate is defined by a small set of interacting natural elements solar radiation, air temperature, wind, humidity, and precipitation
all regulated by latitude, altitude, the distribution of land and water, mountain barriers, and ocean currents. The sun is the dominant
factor: the earth receives almost all its thermal energy from solar radiation, and the uneven distribution of that radiation over the
globe drives differences in temperature and pressure that, in turn, generate wind. Water, present as vapour, cloud, rain, and haze,
is the other major variable. For design purposes, climate is usefully considered at three scales: the macro-climate, or regional
climate set by latitude, elevation, and terrain; the micro-climate, the local conditions at a particular site, which the act of building
itself modifies; and the interior climate, the human-scale conditions within the building, whose control is the ultimate purpose of
design.

Human Thermal Comfort

The human body maintains a core temperature of about 37 °C and must shed metabolic heat continuously to remain comfortable.
It exchanges heat with its surroundings by four mechanisms: conduction (contact with cooler materials), convection (heat carried
away by moving air), radiation (exchange with surrounding surfaces, the sky, and the sun), and evaporation (the cooling produced
as perspiration vaporises). Comfort depends on air temperature, mean radiant temperature, humidity, and air movement, together
with a person’s clothing, activity, and acclimatisation. Air movement aids cooling only while air temperature is below skin
temperature and humidity is not too high; consequently, hot dry air is generally more tolerable than hot humid air, and the onset
of discomfort broadly coincides with the onset of perceptible sweating. When surrounding air and surface temperatures rise above
about 25 °C, the clothed body sheds too little heat by conduction, convection, and radiation, and evaporation becomes the principal
means of cooling which is precisely why Karachi’s combination of high temperature and high humidity is so trying.

Climatic Zones of Pakistan

Pakistan spans several climatic zones, summarised in Table 1, each calling for a different design response. Karachi falls within the
maritime zone, shaped by a constant sea breeze that raises humidity and, through evaporation and high wind speed, tempers the
extremes of temperature.

Table 1. Climatic zones of Pakistan (indicative)

Zone Character Representative districts

Maritime Constant sea breeze; high humidity; extremes Karachi, Hyderabad, Thatta
moderated by evaporation

Hot-dry Long hot-dry season; very low humidity; high diurnal Southern desert districts
range

Dry-cool Long cold season; low humidity; low night Quetta, Khuzdar, Zhob, Kalat
temperatures

Composite Two-three seasons (hot-dry, warm-humid, cool-dry); Lahore, Islamabad, Peshawar, Abbottabad
variable radiation

Cool/cold composite Cold-dominated; high humidity; winter snow from Chitral, Gilgit, Skardu, Saidu Sharif
N/NE winds

The Climate of Karachi

Karachi lies at roughly 24.9 °N and 67 °E and has a maritime desert climate a desert climate modified by proximity to the sea.
Diurnal and annual temperature ranges resemble those of a hot-dry climate but are reduced at the extremes by high humidity,
which commonly ranges between about 40 and 9o per cent; rainfall is low despite the humidity; the sky is largely clear but with
enough haze and cloud to cause glare; and, in addition to regional winds, the coast experiences light on-shore and off-shore breezes.
The principal comfort problems follow from this profile: a high diurnal range combined with high humidity produces damp skin,
heavy sweating, and considerable thermal stress, and protection is needed against both ground glare and sky glare.
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Sun Path, Radiation, and Wind

Because the earth’s axis is tilted about 23.5° from the perpendicular to its orbit, the sun’s apparent path through the sky changes
through the year, reaching its highest daily altitude at the June solstice and its lowest at the December solstice. The sun’s position
at any moment is described by two angles altitude (its height above the horizon, zero at sunrise and sunset and greatest at solar
noon) and azimuth (its bearing east or west of south) and knowing them is essential for siting, shading design, and controlling
sunlight penetration. The intensity of solar radiation reaching a surface depends on the angle of incidence, atmospheric conditions,
and day length: a low-angle sun delivers far less energy per unit area than a high-angle one, and its rays traverse more of the
atmosphere, so humidity and dust reduce the energy received. Wind arises fundamentally from the uneven solar heating of the
earth’s surface and the resulting pressure differences; it is modified locally by land-sea and mountain-valley temperature
differences (producing sea and valley breezes by day, land and mountain breezes by night), by topography, and, seasonally, by the
monsoon.

Urban Influences on Climate

Cities create their own climate. Impervious paving and masonry store and conduct heat far faster than soil or vegetation and,
through multiply-reflecting roofs, walls, and streets, absorb and re-radiate it, so that the whole city becomes an efficient heater of
large volumes of air. The greater aerodynamic roughness of built-up areas slows prevailing winds while creating localised gusts,
weakening the cooling power of summer wind; heat pumped out by vehicles, factories, and air-conditioning adds directly to the
load; the scarcity of moisture suppresses the evaporative cooling that vegetated ground provides; and a heavy burden of airborne
particles and gases alters the radiation balance and reduces useful sunlight. Together these effects constitute the urban heat-island
that made Karachi’s 2015 heatwave so severe, and each of them can be moderated by design through open space, vegetation, water,
reflective surfaces, and a considered ratio of built to open ground.

Passive Design Strategies for Karachi

From the physics of heat gain and loss, and from the evidence of Karachi’s older buildings, a coherent set of passive strategies
follows for the city’s hot maritime climate (Figure 1). Their shared aim is threefold: to resist heat gain, to promote heat loss, and to
hold the interior within the human comfort zone with minimal recourse to mechanical systems.

Passive strategies for a hot maritime (desert) climate

Orientation & form
to sea breeze

5 - Shading &
Daylighting ’ [ fenestration

Climate-Responsive
Building

(Karachi)

Vegetation &

water bodies Cross-ventilation

Courtyard & Thermal mass
semi-open space & insulated walls

Reflective /
double roof

Figure 1. Passive design strategies for a hot maritime (desert) climate such as Karachi.
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Table 2. Passive strategies and their design intent

Strategy Design intent

Orientation & form Present the long axis and main openings to the prevailing sea breeze; minimise
east/west exposure to low, harsh sun.

Shading & fenestration Shade all openings (overhangs, louvres, pergolas); size openings to balance daylight,
ventilation, and heat gain; keep west openings small.
Cross-ventilation Plan for through-ventilation to carry heat and moisture away; use openable, louvred

windows and ventilated roof spaces.

Thermal mass & walls Use thick or insulated (double) walls to damp and delay the daytime heat swing and
release it at night.

Roof treatment Adopt reflective (“cool”) or double roofs to cut the largest solar load on the building.

Courtyard & semi-open space Use courtyards, verandahs, and semi-open transitions to shade, to drive ventilation,
and to extend usable space.

Vegetation & water Introduce planting and water bodies to lower temperature, raise humidity where
helpful, filter dust, and provide evaporative cooling.

Daylighting Distribute diffuse daylight to reduce electric lighting and its heat, while managing direct
gain and glare.

These strategies are not novel; many are visible in the older architecture of Karachi in thick walls, shaded and modest openings,
courtyards, and closely-packed forms that shade one another which achieved tolerable comfort long before mechanical cooling. Re-
learning and adapting them is the practical core of a climate-responsive response to the city’s warming.

Case Studies

The following precedents are summarised briefly in the author’s own words and attributed to their sources; they should be cited
accordingly and their images inserted with permission. Each is read here for its transferable lessons in bringing landscape, daylight,
and open space into dense commercial development.

Namba Parks, Osaka (international)

Namba Parks, designed by The Jerde Partnership in collaboration with Nikken Sekkei on the footprint of the former Osaka Baseball
Stadium, serves as a pioneering urban redevelopment model in one of Japan’s most densely populated commercial districts. Instead
of erecting an introspective, fully sealed megastructure, the design integrates commercial density directly beneath an expansive,
sloping roof-park that ascends eight stepped tiers above grade. This terraced topography conceals roughly one hundred retail stores,
dining venues, and public amenities while dedicating over eleven thousand square meters of surface area to a living botanical park,
effectively returning green ground to a city dominated by high-albedo, impervious surfaces.

At the core of the project’s environmental and spatial logic is the canyon—a central, winding open-air cut that slices through the
mass of the building. This architectural incision breaks down what would otherwise be a deep, suffocating floor plate, guiding
natural daylight down to the lowest subterranean and street-level shopping concourses. The curved geometry also generates shaded
micro-zones that block harsh overhead summer solar radiation while functioning as an open wind corridor. Driven by thermal
buoyancy and natural pressure differentials, ambient outdoor air is drawn into the cooler, shaded pedestrian pathways at ground
level and pulled upward through the canyon, expelling trapped heat and maintaining steady convective cooling throughout the
semi-conditioned public realms.

The expansive vegetated envelope functions as a heavy thermodynamic buffer rather than a decorative accessory. The soil substrate,
dense canopy layer, and diverse assemblage of plant species insulate the commercial program underneath, drastically reducing
peak sensible cooling loads during hot, humid summer months. Through intense evapotranspiration and the inclusion of shallow
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water elements, surface temperatures across the rooftop park measure significantly cooler than surrounding concrete and asphalt
roofs, directly suppressing the local urban heat-island effect. Furthermore, the root and soil systems retain substantial rainwater
volumes, slowing storm runoff and filtering stormwater before release.

The enduring lesson of Namba Parks for hot, rapidly densifying coastal and urban metropolises is that public landscape and intense
commercial program need not exist in opposition. By carving the building in section and folding an accessible green belt over high-
occupancy commercial volumes, large-scale structures can act as environmental mediators rather than thermal liabilities. It
demonstrates that strategic section design, combined with climate-responsive landscape architecture, can simultaneously enhance
public amenity, improve daylight autonomy, harness natural air currents, and actively cool the urban microclimate.

Oxigeno, Heredia, Costa Rica (international)

Oxigeno Human Playground, developed in Heredia, Costa Rica, establishes a progressive mixed-use paradigm that deliberately
challenges the hermetic, introverted retail model. Rather than confining commerce inside an insulated, artificially conditioned
envelope, the complex is organized as an open-air community hub that draws inspiration from the region's topography, volcanic
profiles, and lush biodiversity. Retail, dining, entertainment, and sports programming are layered around vibrant outdoor plazas
and dedicated green lungs, converting commercial space into a permeable civic destination anchored in its natural context.

The architectural layout prioritizes passive environmental control and connectivity through an expansive, continuous roof scape
and generous outdoor circulation corridors. An interconnected public park extends onto the roof level, offering recreational paths,
panoramic sightlines, and dense native plantings that act as natural shading and thermal insulation for the volumes below. By
substituting fully sealed and conditioned pedestrian corridors with expansive, naturally ventilated breezeways, the architecture
captures prevailing winds to facilitate continuous convective cooling, sharply reducing reliance on continuous mechanical climate
control across transient circulation areas.

Central to Oxigeno’s strategy is the conscious intertwining of indigenous landscape with public gathering zones. Vegetated pockets,
shaded courtyards, and permeable green surfaces are not treated as secondary ornamental accents, but as primary spatial anchors
that regulate the site's microclimate. These green networks combat localized heat accumulation through evaporative cooling and
shading, while extensive permeable areas manage tropical stormwater runoff sustainably. The landscape acts as a visual and
thermal relief, offering occupants direct physical and visual access to greenery throughout the shopping and dining experience.
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For rapidly urbanizing, warm-climate cities, Oxigeno offers a critical architectural lesson in climate-responsive commercial design.
It demonstrates that large-scale mixed-use complexes do not need to operate as climate-sealed energy sinks to be commercially
viable. By leveraging section, generous overhangs, indigenous planting, and naturally ventilated public spaces, commercial
developments can actively serve as accessible civic infrastructure—softening the urban heat island effect, lowering baseline energy
demands, and fostering a strong sense of place and well-being.

Dolmen Mall, Tariq Road, Karachi (local)

Dolmen Mall on Tariq Road in Karachi represents a notable regional archetype of an enclosed, climate-conscious commercial facility
embedded within an intensely dense urban fabric. Unlike many contemporary retail complexes that rely heavily on sweeping,
unshaded curtain walls, Dolmen Mall adopts a restrained fenestration strategy that significantly curtails expansive glazing. By
minimizing direct solar exposure on its facade while maintaining visual interest through textured relief, articulated overhangs, and
recessed openings, the building Envelope limits sensible solar heat gain under Karachi’s intense solar radiation and humid maritime
conditions.

Internally, the complex is anchored by a high-volume central atrium that organizes pedestrian circulation and spatial orientation
from multiple ground-level access points. This soaring void acts as the social and organizational heart of the complex, drawing
controlled daylight deep into the interior floor plates to reduce midday reliance on artificial lighting. Simultaneously, the verticality
of the atrium facilitates internal air stratification, allowing warmer air to gather above occupied pedestrian tiers where it can be
handled efficiently, maintaining a stable, thermally comfortable microclimate across the multi-level retail concourses.

Field observations, however, reveal a critical disconnect between internal architectural efficiency and localized urban environmental
impact: the acute deficit of integrated vehicular parking and transit management. With inadequate on-site parking capacity to
absorb high shopper volumes, vehicles routinely spill out into the surrounding secondary and arterial street network of Tariq Road.
The resulting bottleneck creates sustained traffic congestion, protracted vehicle idling, and pedestrian conflict, which sharply
elevates local ambient temperatures, concentrates exhaust emissions, and compounds the urban heat island effect immediately
surrounding the building.

The essential lesson of Dolmen Mall Tariq Road is that climate responsiveness and environmental performance cannot be measured
solely within the insulated envelope of the building. While its envelope massing, shading strategies, and daylighting atriums reflect
sensitive passive design intentions for a hot, maritime climate, the secondary externalities of urban friction and vehicle congestion
severely degrade the ambient microclimate and public experience of the neighborhood. Sustainable commercial architecture must
operate as a holistically integrated urban node, recognizing that transport infrastructure, pedestrian permeability, and street-edge
conditions are just as vital to microclimatic comfort as the facade and building section.

Lucky Mall of Karachi, (local)

Lucky One Mall, situated along Rashid Minhas Road in Karachi, represents one of the largest and most prominent contemporary
manifestations of high-density vertical mixed-use development in Pakistan. Conceived as an integrated megastructure, the complex
stacks extensive multi-storey retail, dining, entertainment, and multiplex cinemas beneath high-rise residential towers and
commercial office spaces. Its sheer scale and functional density offer a compelling, real-world baseline within Karachi’s built
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environment, illustrating how modern commercial real estate attempts to consolidate commercial enterprise, leisure, and
residential habitation into a singular, high-capacity architectural node.

From an envelope and microclimatic perspective, the development predominantly embraces a sealed, mega-volume typology
characteristic of late-modern shopping complexes. Its vast podium envelope presents extensive opaque vertical surfaces
interspersed with focused glazed entrance sequences, which shields vast conditioned volumes from direct solar radiation. However,
the expansive, largely unshaded hardscape surrounding the complex—including sweeping surface parking decks, exposed vehicular
access aprons, and unmitigated concrete setbacks—exhibits low solar reflectance and substantial thermal mass. Exposed
continuously to Karachi’s intense solar regime, these surfaces absorb and re-radiate tremendous thermal loads into the immediate
pedestrian environment, compounding localized urban heat island intensity along one of the city's busiest transit corridors.

Internally, the public realm relies on a series of expansive, multi-tiered atriums that serve as the spatial and visual anchors for
consumer circulation. These central voids introduce high-volume daylight autonomy into the core of an exceptionally deep floor
plate, substantially cutting daylit electrical loads while serving as the primary civic concourse. Yet, because these interior spaces
are fully decoupled from the exterior maritime atmosphere, they depend continuously on centralized, energy-intensive mechanical
climate control to offset both high latent heat from high-density footfall and internal sensible loads. The absence of transitionary
microclimatic buffer zones—such as deep shaded verandas, evaporative water features, or generous permeable green courtyards—
creates an abrupt climatic boundary between the severe, unconditioned outdoor heat and the hyper-conditioned interior.

Ultimately, Lucky One Mall stands as an instructive case study in the trade-offs of modern vertical densification in a hot, humid
maritime climate. While it demonstrates economic and spatial efficiency by concentrating diverse civic programs and infrastructure
within a compact urban footprint, its environmental strategy remains inward-looking and heavily dependent on active mechanical
systems. It underscores that contemporary large-scale mixed-use developments in Karachi must evolve beyond deep, hermetically
sealed massing: true climate responsiveness requires weaving open-air convective breezeways, solar-shaded pedestrian buffers,
and extensive vegetated surfaces directly into the building's outer skin and ground plane to moderate both internal cooling demands
and the surrounding urban microclimate.

Site Selection and Design Development

A comprehensive design solution begins from the site: its surroundings, physical character, and micro-climate determine the nature
and scale of the internal facilities and their relationships. Site selection should therefore weigh access and circulation; orientation
relative to the sun path and the prevailing sea breeze; existing vegetation, water, and topography; the surrounding built context
and the open-to-built ratio; and the availability of services. The following slots should be completed by the author with original site
and design material, each carrying its own source credit.

Conclusion

This thesis has argued that climate-responsive, passive design is both a practical and a necessary response to Karachi’s worsening
thermal environment. The city’s hot maritime climate high temperatures compounded by high humidity and an intensifying urban
heat-island, made lethal in the 2015 heatwave, together demand buildings that resist heat gain, promote heat loss, and sustain
human comfort with minimal mechanical cooling. From the physics of thermal comfort, the character of Karachi’s climate, and the
evidence of the city’s older architecture, a clear set of strategies follows: orientation and form tuned to sun and sea breeze; shaded,
well-proportioned openings; cross-ventilation; thermal mass; reflective and insulated roofs; courtyards and semi-open space; and
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the cooling use of vegetation and water. Treated as a form-determinant from the outset rather than an afterthought, climate can
yield architecture that is comfortable, economical, and resilient and far less dependent on fossil fuels. The next stage of the work
is to test these principles on a chosen site through the author’s own climate analysis and design development.
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