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ABSTRACT

Rapid urban growth is intensifying climate challenges in India’s historic urban cores, where organically
evolved settlements must adapt to new environmental pressures without losing their identity. This thesis
investigates Nanpura and Rander — two compact, high-density wards in Surat — to assess how
housing performance responds to key climate parameters: temperature, ventilation, and solar
radiation. Through a mixed-methods approach combining household surveys (n=40), field
observations, climatic datasets (IMD, DP2035), and spatial analysis, the study explores the interaction

between built form, materiality, and environmental stress.

Findings reveal persistent thermal discomfort (68% Nanpura, 59% Rander), widespread ventilation
inadequacy (62% Nanpura, 71% Rander), and solar exposure issues shaped by street orientation and
building geometry. Nanpura’s dense RCC structures amplify heat retention and limit daylight access,
while Rander’s tin-roofed housing faces severe afternoon overheating and stagnant airflow. The
analysis concludes that housing in these organically planned clusters remains conditionally climate-
adaptable: compact morphology and strong social resilience provide adaptive advantages, but design

deficiencies reduce environmental performance.

Recommendations focus on parameter-specific interventions — reflective roofing, strategic ventilation
corridors, shading devices, and daylight optimization — integrated with participatory planning. The
research offers a replicable framework for evaluating and improving climate responsiveness in heritage-

rich settlements, bridging traditional urban logic with future-oriented housing resilience strategies.

Keywords

Sustainability, Organic Urbanism, Housing Morphology, Nanpura, Rander, Surat, Dense Urban Fabric,
Environmental Comfort, Heritage Housing, Mixed-Use Neighborhoods, Urban Resilience, Climate-

Responsive Design, Urban Livability, Historic Core, Urban Infrastructure
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SIGNIFICANCE OF STUDY

This study addresses a pressing gap in urban research and practice by examining housing sustainability

in Surat’s organically evolved wards—Nanpura and Rander—through an explicitly climate-focused

lens. Unlike broad treatments of heritage areas or generic sustainability studies, this research
operationalizes climate-related parameters (temperature, humidity, rainfall/flooding, wind, solar
exposure, ventilation and thermal comfort) and links them directly to micro-scale morphology, building
elements (roof and wall materials, openings) and everyday household experiences. That empirical
linkage produces locally grounded evidence on how climate interacts with form and infrastructure to

shape living conditions.

Methodologically, the thesis contributes a transferable evaluative framework. By defining discrete
climatic indicators, aligning survey instruments to those indicators, and integrating secondary climate
and planning datasets with field observations, the study offers a reproducible approach for other historic,
high-density neighborhoods in India and comparable contexts globally. This synthesis of perceptual,
spatial and climatic data strengthens causal inference and improves the precision of design and policy

responscs.

Practically, the study translates analysis into implementable interventions. Recommendations—ranging
from cool-roof retrofits, ventilation corridors and localized drainage upgrades to permeable paving and
participatory maintenance regimes—are prioritized by ward-specific vulnerability profiles. The
research therefore serves municipal planners, heritage conservators, NGOs and community groups by
providing concrete pilot actions, cost-sensitive retrofits and monitoring indicators that are compatible

with incremental urbanism and cultural preservation.

Socially and ethically, the study foregrounds equity and community agency: proposed measures
emphasize low-cost, participatory solutions that protect vulnerable households and minimize
displacement. In sum, the research advances theoretical understanding, supplies robust methods, and
delivers actionable, context-sensitive strategies for making historic urban cores climatically resilient

while preserving their social and cultural fabric.

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
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CHAPTER 1: INTRODUCTION

1.1 Background

India’s urban landscape is shaped by a rich tapestry of planned and organically evolved settlements,
each reflecting a unique blend of historical, socio-cultural, and economic forces. Rapid urbanization
over the past few decades has intensified the challenges faced by cities, particularly in accommodating
growing populations while ensuring sustainable and resilient living environments. Historic urban cores,
developed through centuries of gradual and community-driven expansion, present a distinctive form of
urban morphology. These neighborhoods are characterized by irregular street patterns, mixed land use,
high-density housing, and informal infrastructure networks.

Surat, a major port city in Gujarat, exemplifies this phenomenon. With its walled precincts and
neighborhoods like Nanpura and Rander, Surat’s organic clusters represent centuries of trade-driven
growth, vernacular architecture, and cultural coexistence. However, such areas were not designed to
withstand contemporary stresses, including extreme heat, erratic rainfall, inadequate drainage, and
overstretched infrastructure. The persistence of these traditional forms amidst rising demands for
housing, mobility, and services underscores the need for adaptive strategies that balance heritage
preservation with climate resilience. This research builds upon the intersection of urban morphology,
environmental stress, and community adaptation to understand how historic housing patterns can be
sustained in the face of modern-day climatic challenges.

LEGEND

[ Historic Urban Fabric (Dense, Narrow Streets)
(Planned, Wide Roads)

Figure 1 Thematic Map of Surat: Contrasting Historic and Modern Urban Fabrics in Rander
This map highlights the spatial evolution of Rander, Surat—juxtaposing its dense, organically grown
historic core with the planned, wide-road modern developments. Color-coded zones reveal how urban
morphology reflects shifting priorities in infrastructure, mobility, and community life.
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1.2 Problem Statement

The organic neighborhoods of Surat, such as Nanpura and Rander, face mounting challenges due to
rapid urbanization, infrastructural deficits, and climate-induced stressors. Narrow streets, high-density
housing, and outdated drainage systems compromise ventilation, sanitation, and overall livability.
Rising temperatures, erratic rainfall, and increased humidity have further intensified residents’ exposure
to heat stress, waterlogging, and disease outbreaks.

Despite being recognized in policy SURAT TEMPERATURE TRENDS & URBAN HEAT EFFECT (2001-2021)
frameworks like DP2035, many
infrastructure provisions remain
inadequate or poorly maintained.
Official records often underestimate the
lived realities of residents, who resort to
coping mechanisms with limited support.
The absence of integrated planning that
accounts for morphology, climate risks,
and community behavior has resulted in

a widening gap between projected Figure 2 APN-GCR (2023). Urban Heat Island Maps of
infrastructure  needs and  actual Surat and Rajshahi. Retrieved from Asia-Pacific Network
for Global Change Research.

ighest Temprature in Surat(2001-09

14 March 2021

experiences.

This study investigates whether housing in these organically evolved clusters is sustainable, and if not,
what design interventions, infrastructural improvements, and community-driven strategies can enhance
their resilience while preserving cultural and historical integrity.

1.3 Aim & Objectives

The aim of this research is to evaluate the performance of organically evolved housing clusters in Surat
under climatic stress, focusing on how spatial form, building elements, and household adaptations
influence environmental comfort and resilience. make bit long

The objectives of the study are:

1. To analyze how the housing morphology and street networks in Nanpura and Rander influence
climate stress factors, such as airflow restriction, heat accumulation, and flood exposure, by
understanding their structural and spatial characteristics.

2. To assess the environmental performance of housing within these clusters under climatic stress,
with particular focus on aspects such as availability of natural light, adequacy of ventilation,
and levels of thermal discomfort during heat events.

3. To evaluate how infrastructure issues, including water supply interruptions, drainage
inefficiencies, and solid waste management challenges, are exacerbated under climate stress
conditions within the study areas.

4. To observe and analyze how climate stress—such as flooding, heatwaves, and poor airflow—
affects mobility patterns, social interactions, and overall livability in the organically evolved
settlements.

5. To derive practical urban design and policy recommendations aimed at enhancing housing
sustainability and climate resilience in dense organic settlements, by integrating findings from
the critical evaluation of morphology, infrastructure, and household experiences.

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
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1.4 Scope

This research focuses on two representative historic wards of Surat—Nanpura and Rander—selected
for their organic urban morphology and significant exposure to climate-related vulnerabilities. The
study examines the spatial characteristics, infrastructure systems, and social behaviors within these
wards, providing a neighborhood-level analysis rather than an individual building-level assessment.

The research is bounded by its exploration of environmental sustainability, infrastructural resilience,
and household experiences, with a specific emphasis on how climatic factors such as temperature,
humidity, rainfall, and wind affect residential well-being. It incorporates both primary data—through
household surveys and field observations—and secondary data from official documents like DP2035,
municipal reports, and climate records.

While the study acknowledges broader urbanization trends, its findings and recommendations are
specifically tailored to organically evolved settlements where heritage architecture, narrow streets, and
dense housing pose unique challenges. The research deliberately excludes newly planned areas or in-
depth conservation analyses to maintain a focused and actionable scope.

1.5 Significance

This research is significant in several ways, addressing the urgent need to reconcile heritage
preservation with sustainable urban development in climate-vulnerable environments. Historic urban
areas such as Nanpura and Rander are not merely relics of the past but living neighborhoods where
thousands of residents continue to navigate socio-economic hardships, infrastructural deficits, and
increasing environmental stress. Their resilience, rooted in adaptive practices and community bonds,
offers insights that are often overlooked in conventional planning frameworks.

By foregrounding climate as a primary stressor rather than a background condition, this study
contributes to contemporary debates on sustainable housing, disaster preparedness, and infrastructure
equity. It underscores the limitations of top-down interventions that fail to account for localized
environmental challenges and human-centric design needs.

The research also advocates for an integrative approach that combines vernacular architectural wisdom,
modern climate science, and participatory planning models. The recommendations generated from this
study aim to inform architects, urban planners, policymakers, and civil society groups engaged in
crafting climate-resilient strategies that respect heritage without compromising livability.

In a broader sense, this study advances the discourse on urban sustainability in rapidly growing Indian
cities, offering practical pathways for balancing tradition and innovation in a climate-challenged future.

1.6 Limitations

Due to constraints of time, data availability, and methodological focus, this study does not undertake
detailed modeling of rainfall, flooding, or hydrological processes. These are acknowledged as
significant climate stressors but are treated as contextual rather than analytical variables. The emphasis
is placed on microclimatic parameters directly linked to housing comfort and adaptive potential.

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
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1.7 Definition of Terms

Organic Urban Fabric: An urban area that evolves incrementally through community-driven growth

rather than centralized planning.
Sustainability: The ability to maintain livability, environmental health, and infrastructure functionality
n the face of climatic, economic, and social stressors.

Climate Stress: Adverse environmental conditions such as heatwaves, rainfall extremes, or humidity
that compromise human comfort and safety.

1.8 Defined Neighborhood-Level Climate-Related Sustainability Parameters

To systematically evaluate housing performance under climate stress, this study adopts three key
climatic parameters, chosen for their direct impact on indoor comfort, energy demand, and
housing resilience, as well as for the feasibility of data collection through surveys, field observations,
and secondary records.

e Temperature & Thermal Comfort:
Daily maximum summer temperatures and urban heat island effects influence indoor thermal
conditions. Building materials, roof types, and wall thickness significantly affect heat
retention and nighttime cooling.

e Ventilation & Airflow:
Wind movement and cross-ventilation determine the ability of buildings to expel heat and
humidity. Street orientation, building spacing, and window design influence airflow and
indoor air quality.

e Solar Radiation & Daylight:
The amount and angle of solar exposure affect indoor heat gain and lighting needs. Street
alignment (east—west vs. north—south), facade shading, and built form density play critical
roles in determining exposure levels.

These parameters are particularly relevant in organically evolved neighborhoods, where narrow lanes,
irregular plots, and dense vertical growth amplify microclimatic stresses. They form the analytical
framework for Chapters 4 (Findings), 5 (Climate Analysis), and 6 (Discussion & Analysis), enabling
a consistent and comparative evaluation of Nanpura and Rander.

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
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CHAPTER 2: REVIEW OF LITERATURE

This literature review provides a detailed examination of the intricate relationship between a city's
physical form and its capacity to withstand and adapt to the impacts of climate change. It synthesizes
foundational theories of urban morphology with contemporary challenges posed by global climate
phenomena, using a historic city as a case study to illustrate practical applications and identify critical
gaps in current research.

2.1 Urban Morphology Overview

Urban morphology is the study of a city's physical form, encompassing its origin, development, and
transformation over time. It is a field rooted in historical geography and architectural analysis, seeking
to understand the "tissue" of the city. Key components of urban form are the street pattern (the network
of streets and their layout), the plot pattern (the division of land parcels), and the building fabric (the
type, size, and arrangement of structures).

Two major schools of thought dominate this field: the Conzenian School and the Muratorian School.
The Conzenian approach, pioneered by M.R.G. Conzen, views the city as a historical artifact,
emphasizing a meticulous historical and cartographic analysis of its evolution. It divides the urban
landscape into three elements: the town plan, the building fabric, and land use, with a focus on concepts
like the fringe belt and the burgage cycle to explain urban growth. The Muratorian School, founded by
Saverio Muratori, approaches the city as an organic, procedural typology. It uses the concept of typo-
morphology to analyze how "base buildings" evolve over time, linking them to the street and urban
fabric. A fundamental tool in this analysis is the figure-ground diagram, which simplifies the complex
urban fabric into a two-dimensional map of solids (buildings) and voids (open spaces) to reveal the
city's density and spatial organization.

2.2 Climate Resilience in Historic Cities

. . ORGANIC URBAN FORMS: VENTILATION & SHADING VARIATIONS
The urban form, developed over centuries, is Adapting o Climate Extremes

not merely an aesthetic construct; it is a key
factor in a city’s resilience to climate change.
Historic cities, particularly those in hot, arid,
or flood-prone regions, often possess a
vernacular urban morphology that was
inherently designed to mitigate
environmental stressors.

The primary climate challenges for urban
areas today are the Urban Heat Island (UHI)
effect, where densely built areas experience
significantly higher temperatures than
surrounding rural areas, and the increased
frequency and intensity of extreme weather
events such as floods and droughts.

Extreme H/W > 4:1 H/W Ratio: 2:1 - Filtered H/W Ratio: 1:1 - Balanced
Heat Trap, Poor Air Quality Light, Moderate Ventilation Sun & Wind Exposure

Traditional urban design  principles,
however, offer powerful adaptive strategies. Figure 3 Organic street sections showing variation in
For instance, the narrow, winding streets and ventilation and shading.
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high-density building patterns of historic cities create a self-shading effect, minimizing direct solar
radiation and promoting convective airflow. This is a form of passive cooling, a design philosophy that
harnesses natural environmental conditions. Thick stone walls in historic buildings provide thermal
inertia, absorbing heat during the day and releasing it slowly at night, which helps maintain a stable
indoor temperature. Courtyards, another common feature, create microclimates that facilitate air
circulation and provide relief from heat. These traditional urban forms embody centuries of adaptive
knowledge and can offer valuable lessons for modern climate-resilient planning.

2.3 Case Study: The Passive Cooling of Jaisalmer, India

The historic city of Jaisalmer, located in

the Thar Desert of Rajasthan serves as a CLIMATE-ADAPTIVE DESIGN: TRANSLATING JAISALMER'S WISDOM
&

powerful case study for the application 1. COMPACT URBAN FORM 2. THERMAL MASS CONSTRUCTION
of urban morphology principles to -

climate resilience. The city’s form and =
architecture were developed over e — |®] 7
centuries in response to its extreme arid E | BT
climate, where temperatures can soar e
above 40°C. The urban morphology of

i o ok, ke Thick sanstone walls absorb heat during
\ICEs, Solar gty day, releset night. Stable indoor temperature,

Jaisalmer is characterized by a very high surfacetemperatues Todted relance o acivn oot
density and a compact, irregular layout.
. . 3. ARCHITECTURAL DETAILS 4. URBAN LAYOUT

The narrow, winding streets are a central ;
feature. With an average width of just 3
to 4 meters, these streets create deep
canyons that are naturally shaded for
most of the day, significantly reducing

_ Jharohas & Jalis filter

sunlight, allow airfow
(Venturi effect)

Shade & Airflow
Pathways

solar exposure and surface F.‘ L, ot e er

{_ ”» |~ microclimates Dense clusters + minimal voids

temperatures optimize shade and airfow pathways

Source: Traditional Urbanism Study, 2024

The building fabric further enhances this
passive cooling strategy. The intricate

havelis (raditional mansions) are Figure 4 Street sections with varying H/W ratios show how urban

form affects climate comfort—narrow streets trap heat, moderate
constructed from locally sourced yellow 405 aliow filtered light, and balanced forms support airflow and
sandstone with exceptionally thick walls  shading.

(up to 2-3 meters at the base). This high

thermal mass allows the buildings to absorb the intense daytime heat and release it gradually at night,
keeping interiors cool. The intricate jharokhas (balconies) and perforated screens, or jaalis, serve
multiple purposes: they block direct sunlight while allowing diffused light and ventilation, and their
intricate patterns create micro-air currents that cool incoming air through a Venturi effect.

The arrangement of the buildings in dense clusters and around courtyards also plays a crucial role.
Courtyards provide internal, shaded spaces where hot air rises and escapes, creating a natural convection
loop that draws cooler air into the building. The figure-ground diagram of Jaisalmer would show a tight,
almost solid urban form, with the limited voids of the streets and courtyards acting as critical channels
for air circulation and shading. These combined elements demonstrate how Jaisalmer's morphology and
architectural typology are a testament to climate-responsive design, a vernacular wisdom that is a direct
outcome of its historic development.

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
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2.4 Gaps in the Literature

Despite the growing body of research on urban resilience, several critical gaps remain. The first is a
definitional gap, as the term "resilience" is often used broadly, lacking a universally accepted metric or
framework for evaluation. This makes it difficult to compare and contrast strategies across different
cities and contexts. A second gap is methodological, as there is a lack of standardized tools and
quantitative models to accurately measure the climate performance of historic urban forms. While
qualitative analysis highlights their benefits, the lack of empirical data on parameters like thermal mass
and airflow makes it challenging to integrate these lessons into modern urban planning regulations.

Furthermore, there is a multiscalar gap, where research often fails to connect the micro-scale of
individual buildings and streets to the macro-scale of city-wide infrastructure and policy. Finally, the
values gap points to the social dimension of climate resilience. Most studies focus on the physical and
environmental aspects, but often overlook the socio-economic vulnerabilities and needs of communities
inhabiting these historic areas. Bridging these gaps is essential for moving the field from theoretical
analysis to practical and equitable implementation.

Including visuals where possible:

* A figure-ground diagram of Jaisalmer’s street layout vs modern grid patterns.

* Cross-section diagrams showing wall thickness and airflow patterns.

* A comparative table of adaptive strategies in historic vs contemporary urban areas. Connecting
more explicitly to your study area (Surat):

At the end of the case study or gaps section, briefly mention that the lessons from Jaisalmer could
guide adaptive strategies in Surat’s dense wards like Nanpura and Rander.

Possible Visuals/Graphs/Posters

1. Figure-Ground Diagrams:
[lustrating how solids (buildings) and voids (streets, courtyards) affect airflow and heat
distribution.

2. Thermal Comfort Charts:
Comparing indoor temperature fluctuations in stone-built vs RCC structures.

3. Passive Cooling Techniques Poster:
Side-by-side illustrations of courtyards, jaalis, and ventilation shafts in historic cities.

4. Gap Analysis Infographic:
Showing the four gaps—definition, methodology, scale, and social values—with arrows
linking them to planning challenges.

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
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Chapter 3: Methodology

The methodology of this research is designed to critically evaluate how housing in organically evolved
clusters performs under climatic stress, with a focused analysis of three key parameters: temperature
& thermal comfort, ventilation & airflow, and solar radiation & daylight. The chosen methods
integrate primary field-based evidence with secondary climatic and planning data, ensuring that
the analysis captures both the lived realities of residents and the objective environmental conditions of
the study areas.

This parameter-oriented approach allows for a structured comparison of two historic wards in Surat—
Nanpura and Rander—revealing how urban form, building elements, and household experiences
interact with climate dynamics.

3.1 Research Design

The study follows an explanatory and analytical research design. It aims to understand cause-and-
effect relationships between physical urban characteristics (such as street width, building height, and
roof material) and climatic outcomes (such as indoor heat levels, ventilation quality, and daylight
availability). The research is not predictive or modeling-based but relies on descriptive comparative
analysis, combining empirical field data with secondary climatic records to identify patterns and
vulnerabilities.

SURAT CITY MAP
Zone Name ::IE::
[ CENTRAL ZONE 8.285
[ NORTH ZONE 51.027
I EASTZONE-A 19.010
EEE EASTZONE-B 77.933 o
[777] SOUTH EAST ZONE | 22.309
I SOUTH ZONE 84.038

[ SOUTH WEST ZONE |111.830
WEST ZONE 87.169
TOTAL

o Btitisayy,

Legend

..... ZONE BOUNDARY
= OLD CITY LIMIT

@  IMPORTANT PLACES
——  MAJOR ROADS
I P RIVER

WILLAGE BOUNDARY

e RAILWAY TRACK

Map 1 Surat Zone Map
City zones mapped with ward boundaries; Nanpura Green and Rander Blue prominently pinned
for reference.
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3.2 Parameter-Driven Approach

The methodology is structured around the three core climate-related parameters established in Chapter
1. All data collection tools and analytical methods are mapped to these parameters:

Parameter What It Data Collected Purpose
Measures

Temperature & Summer indoor IMD  temperature  records, Identify heat island

Thermal Comfort = heat levels, household perceptions, wall intensity and housing
material impact thickness, roof type observations | comfort limitations
Ventilation & Air  circulation Survey on ventilation adequacy, Assess airflow
Airflow and cooling street  orientation,  ‘window @ constraints caused by
potential size/placement, prevailing wind morphology
data

Solar Radiation Solar exposure, Sun-path data, household Evaluate solar gain and
& Daylight daylight feedback on daylight, east—-west lighting conditions
penetration vs north—south street orientation

3.3 Sampling Technique

A purposive sampling approach was adopted to focus on two wards — Nanpura and Rander —
selected for their representativeness of Surat’s organically evolved urban fabric. A total of 40
households were surveyed (20 from each ward). While this sample size is modest, it is sufficient for
exploratory comparative research aimed at identifying trends, patterns, and relationships rather than
producing citywide generalizations.

The households were chosen to reflect a range of building types, ages, and locations (inner lanes vs.
main streets), allowing for a nuanced understanding of climatic performance under varied
morphological conditions.

3.4 Data Collection Tools RESEARCH DATA TOOLS:
PRIMARY DATA TOOLS )

Data collection followed a mixed-method approach,
combining primary field surveys and observations
with secondary climatic and planning records.

Data collected by others for different
EXAMPLES: purposes, then used by researcher.

2] Structured Questionaniares == Census Records
T:uus:hu\::i ‘ — Demograghic Data
s e CPEFI?H;?S » Household Sizes
Shtentation koo « Population Densities
3.4.1 Primary Data Collection " iy (e wete)
T Surat Development Plan (DP 2025)
=== Infrastrcture Stress
Field Observations » Drainage Systems
m- Street Layouts . I:qusingg DSi:l:\bution
= Building Tyiloides
[ ] HOuSChOld SuI'Veyl » Drainage Issues Climate Reports (IMD & SRS)
. . . + Waste Management B T
A structured questionnaire was designed to DR S < Famaty ot
capture residents’ experiences of climate &% ntenviews © Food numation ops
. .  Resident Insights =, Waterlogging Reports
stress. Key questions were directly mapped et * Higls Areas

to the three parameters:
o Temperature & Thermal Comfort: Perceived summer heat levels, nighttime comfort, use of
mechanical cooling.
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Ventilation & Airflow: Perception of cross-ventilation, reliance on fans, satisfaction with
indoor air quality.

Solar Radiation & Daylight: Natural lighting availability, overheating during afternoons, need
for artificial lighting.

Field Observations:

On-site documentation was conducted to record physical features affecting climate response:
Building Envelope: Wall thickness, materials, roof type (RCC, tile, tin)

Street Geometry: Width, orientation, connectivity

Fenestration: Window size, position, and ventilation design

Daylight Conditions: Ground-floor illumination, shading conditions

Photographic Documentation:

Visual evidence was collected to supplement survey responses, including images of narrow
lanes, dense clusters, roof conditions, and interior lighting scenarios.

3.4.2 Secondary Data Collection

Secondary data provided objective climatic and planning context to support and validate field findings:

Temperature: Daily maximum and minimum summer temperatures and decadal trends (2010—
2023) from IMD Surat Station.

Wind: Seasonal prevailing wind direction and speed from meteorological records.

Solar Radiation: Average solar exposure levels and sun-path diagrams from renewable energy
datasets.

Urban Planning Data: Surat Development Plan (DP 2035), Town Planning (TP) maps, and
heritage documentation to understand street orientation and built density patterns.

3.5 Data Analysis Framework

Data analysis was conducted in three stages, ensuring that climatic parameters remained central
throughout the process:

Parameter-Wise Structuring:

All data (primary and secondary) were organized according to the three defined parameters.
For example, thermal comfort perceptions were analyzed alongside IMD temperature data
and field-observed roof materials.

Cross-Validation:

Survey findings were cross-referenced with climatic data and field observations. For instance,
poor ventilation responses were compared with prevailing wind direction data and street
orientation maps.

Comparative Synthesis:

Results from Nanpura and Rander were compared to identify parameter-specific differences

and vulnerabilities. This comparative lens forms the analytical foundation for Chapters 5 and
6.

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
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3.6 Survey Questionnaire Development

A case study of nanpura and rander

The questionnaire was meticulously developed in line with the research objectives to understand how
climate stress affects housing sustainability. A preliminary review of existing literature on climate
resilience, urban morphology, and infrastructure challenges informed the questionnaire structure.
Questions were grouped into thematic sections addressing heat stress, waterlogging, ventilation
adequacy, drainage issues, electricity disruptions, and waste management.

Each question was carefully worded to allow
residents to report their experiences without
bias, while also enabling quantitative analysis
through  frequency, percentage, and
comparative metrics. For example, questions
such as “Do you experience difficulty in
ventilation during summer months?” or
“Have you faced mobility challenges during
monsoon flooding?” directly address how
morphological constraints translate into lived
discomfort.

Pilot testing was conducted with a small
sample to ensure clarity and relevance, and
adjustments were made to incorporate local
terms and avoid ambiguity. The questionnaire
maintained neutrality, focusing solely on
experiences and conditions rather than
subjective  opinions, thereby  ensuring
reliability and consistency across responses.

RESEARCH QUESTIONUIAIRE

Exploring Urban Mormpoloy & Climate Reslience

2, SECTION 1: DEMORGAPHICS & CONTEXT

Thenmaic Section Heade!

Header Muliple Choice

Options

Short Ansver Text Field

Multi-select
Checkbox Options

What climate issues
cinnoct in tc,g.

Jov your home cool
Likter Scale
Much Cooler MuchHotter (o] Yes  C) Not sure Question

G4 SECTION 4: COMMUNITY & FUTURE RESILIENCE

Open-Ended
Comment Box

Likter Scaed Question

Figure 5 Sample questionnaire layout showcasing clearly
labeled thematic sections and diverse input formats for
climate resilience research.

The detailed survey questions and corresponding graphical representations of the responses are
provided in the appendix to support and contextualize the findings presented in this analysis.

3.7 Limitations of Methodology

While the parameter-driven methodology ensures targeted and relevant findings, some limitations
remain. The sample size (n=40) restricts the statistical generalizability of results. Additionally, due to
time and resource constraints, detailed modeling of rainfall, humidity, and hydrological impacts was
not conducted. These parameters are acknowledged but not analyzed in depth, with the focus
intentionally narrowed to the three most directly housing-related climatic factors.
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Chapter 4: Data Collection & Findings

This chapter presents the primary and secondary data collected to evaluate the climatic performance of
housing in two organically evolved wards of Surat — Nanpura and Rander — with a focused lens on
how temperature, ventilation, and solar radiation influence housing comfort, livability, and
resilience. Rather than approaching climate as a broad background variable, this chapter organizes the
findings parameter by parameter, revealing how built morphology, material choices, and spatial
configurations interact directly with environmental forces.

The chapter synthesizes evidence from three complementary sources:

e Primary Data: Household surveys (n = 40), field measurements, building observations, and
photographic documentation.

e Secondary Data: IMD temperature records, wind direction datasets, sun-path charts, and urban
planning maps (DP 2035, TP layouts).

¢ Comparative Evidence: Side-by-side observations of Nanpura and Rander to reveal how
different organic morphologies perform under the same climatic stresses.

By focusing on these three parameters — temperature & thermal comfort, ventilation & airflow,
and solar radiation & daylight — the study isolates the most critical factors influencing housing
sustainability and occupant well-being. Rainfall and flood risk are acknowledged as important, but due
to time constraints and data limitations, they are not analyzed in detail.

4.1 Ward Profiles

W Su T
Municipal
Cotporation

G Roof Material in Surat District

(2011 Census)
Tiles, state, shingle
1n8%
Gl fmeetalfastiesing sheets
i

Grass, thatch, bambos,
woud
10,3%

Erics, stone
53%

Concrete (RCC/RBC)
49.8%

Figure 6  Roof  Material
" Distribution in Surat District
(2011 Census)
Source: Olffice of the Registrar
General & Census Commissioner,
Map 2 Nanpura Boundary Map Black line indicates the official boundary of Nanpura Village. Pink
line marks the extent of Nanpura Ward under Town Planning Scheme No. 02.

bt €

ATstio’m ¢ i Dairy @)

" a
X ZT4586.40m ¢ 2345456.48m Lo 21.196649" Lorg 282860

Nanpura is a dense, historic neighborhood located in central Surat. Characterized by narrow, winding
streets, multi-story residential blocks, and mixed-use development, this ward reflects centuries of
organic urban growth. The population density is approximately 26,500 persons per square kilometer,
making it one of the city’s most crowded areas. Most households consist of extended families living in
compact units with limited ventilation pathways. According to the 2011 Census and updated municipal
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data, around 70% of structures use reinforced concrete (RCC) roofing, while the remaining
dwellings incorporate tiles or asbestos sheets.

Street widths in Nanpura average 3 to 4 meters, restricting airflow and reducing exposure to daylight
in lower levels. The built form’s vertical expansion, in response to housing demands, has exacerbated
heat retention, especially during summer months when ambient temperatures reach 42°C. The DP 2035
infrastructure plan identifies parts of Nanpura as having moderate drainage stress, though waterlogging
is less frequent compared to lower areas.

| Figure 8 Street view, oy igure 8 Street view
rom Rander depicting
a broader yet visually
urban
{ 2 Despite
spaced buildings and gl increased street width,
minimal  vehicularg ‘ dense overhead wiring
movement. While the : I, [ and mixed-use facades
. Sl ' limit  effective  air
circulation,
reinforcing the
challenges of airflow in
organically  evolved
urban clusters.

¥ showcasing a shaded,
residentia
with

Rander Ward Profile

Rander, located to the northwest near the Tapi river, presents a contrasting morphology with lower
elevations and poorly drained surfaces. With a population density of 18,700 persons per square
kilometer, it has a significant proportion of low-income households living in chawls and temporary
structures. RCC roofing accounts for 55% of households, with tin and asbestos sheets comprising the
rest. The ward’s geography makes it highly susceptible to monsoon flooding.

—— MAJOR ROADS

— NEW CITY LIMIT
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30 T 8407
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B DAMAGED WALL

P BAMAGED PALA (EMBANKMENT)

Figure 10 Flood level map of Surat during the 2006 monsoon
events. Color-coded zones indicate inundation depths—ranging Figure 10 Field photographs
from up to 3 feet (vellow) to over 10 feet (purple)—with severe capturing street-level
flooding concentrated in North, South, and Central Towns. inundation during monsoon in
Damage to embankments dense urban pockets.
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The average street width is 2 to 3 meters, with many dead-end lanes limiting mobility and airflow.
Drainage lines are often silted, and large paved areas exacerbate runoff. Flood records from municipal
data and satellite imagery confirm frequent waterlogging in monsoon seasons, affecting 74% of
households according to survey responses. Summers are particularly harsh due to high humidity (75%—
85%), further compounding thermal discomfort.

¥ 270649.51m 1 2350240.33m  Lov 21.239349° Long T2.790060°

Map 3 Rander Boundary Map Black line represents the official boundary of Rander Village. Pink line
delineates the extent of Rander Ward under Town Planning Scheme

4.2 In Findings by Parameter

4.2.1 Temperature & Thermal Comfort

Temperature is a fundamental climatic parameter influencing
housing performance, directly affecting thermal comfort, indoor Thermal Comfort Perception (Survey)
livability, and energy demand. In organically evolved settlements
like Nanpura and Rander, temperature dynamics are heavily
influenced by building density, material choices, and urban surface

characteristics.
Secondary Data: Long-Term Temperature Trends " l
Data from the India Meteorological Department (IMD) showsa = - " 7 FREE B

significant upward trend in average summer temperatures in Surat
over the past decade. The mean daily maximum temperature has
risen from 36.2°C in 2010 to 38.4°C in 2023, with recorded peaks Figure 11 Bar graph illustrating
exceeding 42°C during recent heatwaves. survey responses on  thermal
comfort perception, with
'‘Comfortable' rated highest among

. .. five categories ranging from 'Much
Survey responses reveal that thermal discomfort is widespread =~ 7/ "y

in both wards but manifests differently:

Primary Data: Household Perceptions of Thermal Comfort

e Nanpura: 68% of households reported “highly uncomfortable” summer conditions,
especially during night hours.
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e Rander: 59% of households reported discomfort, but afternoon overheating was cited as the
most severe problem.

This sustained warming trend magnifies the impact of urban morphology on microclimatic conditions
— especially in dense organic cores where heat dissipation is limited.

e

Figure 12 Figure 13 Contrasting urban forms: RCC structure, tin-roof dwelling, and a hybrid

residential typology reflect evolving construction practices and socio-economic layers within the
same neighborhood.

Field Observations: Roof Type, Wall Thickness, and Heat Retention

e Nanpura: RCC roofs and concrete walls dominate (~80%), with wall thickness averaging 25—

30 cm. These materials have high thermal mass, absorbing heat during the day and releasing
it at night, exacerbating nocturnal discomfort.

¢ Rander: Tin and asbestos roofs (~60%) heat rapidly in direct sun, causing extreme afternoon

peaks but allowing faster cooling after sunset. Walls are typically thinner (~15-20 cm), with
less heat retention but poorer insulation.

High Heat Retention

. Parapet Walls
k. Potential Heat Trap

f"\_ e
(A WY

qJ | | s’._‘l'_ .‘ /}VWW = T,
[ = | T4 | <

Figure 13 Annotated rooftop heat retention analysis: Comparative sketches highlight thermal
vulnerabilities in concrete slab roofs, flat terraces, and parapet-walled structures—each marked in red
to indicate zones of high heat retention and potential thermal discomfort.

il
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Interpretation

e Nanpura’s dense vertical morphology amplifies the urban heat island effect, leading to
sustained nighttime discomfort.
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e Rander experiences diurnal heat extremes, with uncomfortable afternoon temperatures but
slightly cooler nights.

The combination of rising ambient temperatures and inappropriate building materials significantly
undermines housing comfort in both wards.

4.2.2 Ventilation & Airflow

Ventilation plays a critical role in moderating indoor B S,
. . . . o Rander: 18.2% gt
temperatures, improving air quality, and enhancing thermal e comfort.
In organically planned clusters, airflow is shaped by street .
. . . . . . . Ll
orientation, block connectivity, and building openings. oo 2%
Secondary Data: Wind Direction and Seasonal Patterns Adequate  ® Moderate @ Poor

Meteorological data indicates that Surat’s prevailing wind Figure 14 Bar chart-
directions are: VEntialtion Adequacy:
Majority report moderate

e Southwest (SW) during the monsoon (June— comfort (77.3%), with only
4.5%  experiencing poor
September) conditions.

e Northeast (NE) during winter (December—February)

Average wind speeds range from 3.2-5.1 m/s, which, if unobstructed, can significantly improve passive
ventilation.

N

iy

JANUARY - DECEMBER

Figure 15 Visual summary of monthly wind speed and direction—highlighting seasonal airflow
patterns across Nanpura and Rander.

Primary Data: Perception of Ventilation Adequacy
Survey findings show consistently poor ventilation across both wards:
e Nanpura: 62% report inadequate ventilation, citing stagnant indoor air.

o Rander: 71% report poor ventilation, with 44% saying airflow is “almost absent” during
summer afternoons.
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Field Observations: Street Orientation, Connectivity, and Fenestration

e Nanpura: Slightly wider streets (~3.5 m
avg.) offer limited ventilation corridors.
However, east—west orientations often
block prevailing SW breezes. Upper
floors are marginally better ventilated due
to elevation.

e Rander: Dead-end lanes, cul-de-sacs,
and irregular street geometry create
stagnant air pockets. Narrow street

widths (~2-2.5 m) combined with small Figure 16 Airflow Obstruction Lefi: Nanpura’s
window openings (<1.0 m?) severely narrow lanes flanked by tall, closely packed buildings

restrict cross-ventilation. restrict cross-ventilation, contributing to indoor heat
stress. Right: Rander’s dead-ended, labyrinthine
Interpretation alleys  further limit air movement, amplifying

discomfort during humid and monsoon conditions.
Ventilation inadequacy is a shared challenge but

more severe in Rander, where physical barriers

Surat \ . o ks'
} Municipal LR AL i ;
Corporation

gt

Map 4 Sun Path with Wind Direction Overlay: Gamtal (Nanpura) and Gamtal (Rander). This
diagram maps the annual solar trajectory across Surat’s historic wards, revealing how street
orientation influences thermal exposure. East—west lanes—highlighted in orange—receive
prolonged afternoon sunlight, intensifying indoor heat stress in adjacent buildings. North—south
streets—marked in green—offer relatively better shading and airflow. The overlay underscores
how built morphology interacts with climate, guiding future design for heat-resilient urban cores.
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block wind flow. Nanpura performs
slightly better due to marginally wider
streets and occasional cross-ventilation
channels, though high density still
restricts air movement.

EXPOSED
&

4.2.5 Solar Radiation & Daylight

Solar radiation impacts indoor comfort
through heat gain, while daylight
influences energy use and quality of life. Figure 17 Street-level comparison of shaded and exposed
The dense morphology of organically daylight conditions in a residential setting.

evolved wards often modifies these

interactions.

Secondary Data: Solar Exposure and Sun Path

Gujarat receives 5.2-5.5 kWh/m?/day of solar radiation on average. In Surat, maximum solar gain
occurs between April and June.

Primary Data: Daylight and Exposure Perception
Survey responses reveal significant daylight-related issues:

o Nanpura: 54% of respondents said ground-floor units require artificial lighting even
during the day.
o Rander: 48% reported the same, though courtyard houses benefit from partial daylight access.

Field Observations: Street Orientation and Solar Exposure

e Nanpura: Predominant east—west street orientation traps solar radiation during afternoons,
contributing to overheating. Vertical infill shades lower floors but reduces natural light
penetration.

e Rander: North-south lanes in older havelis perform better for daylighting, but tin-roof
extensions often trap heat and increase glare.

Interpretation
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Solar gain is a double-edged sword. While dense urban forms reduce direct solar exposure (beneficial
for cooling), they also limit daylight, increasing dependence on artificial lighting and reducing energy
efficiency. In both wards, building orientation and height exacerbate this trade-off.

Annotated Diagram - Solar Exposure Zones in Street Canyons

. Full Solar Exposure

\ / ~— Sun Path Angle
l"\ "F ,'/
1 4
4 , \ |
| /~ Partial Solar
;=
/ & Exposure
r
Building i
Height a
L
Deep Shade

Street Width

Annotated Diagram — Solar Exposure Zones and Wind Paterns in Street Canyons

Summer Wind W Full Solar Exposure

Morning Sun

Sun I Sun

Sun Path Angle
Hight Height

ﬂ

Eave Heylt)

— Summer Wind

— Partial Solar
Exposure

Deep Shade
Street Width

Winter Wind

Deep Shade

Indirect Sunlight
(through openings)

Figure 18 Annotated diagram — Solar exposure zones in urban street canyons, illustrating how building height,
street width, and sun path angle shape zones of full exposure, partial exposure, and deep shade.
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4.3 Comparative Summary and Analysis

The comparative analysis of Nanpura and Rander, based on the three key climate-related parameters
— temperature and thermal comfort, ventilation and airflow, and solar radiation and daylight —
provides critical insights into how organically evolved urban morphologies perform under climatic
stress. While both wards share many morphological similarities — such as narrow lanes, compact built
forms, and mixed-use clusters — their climatic vulnerabilities and adaptive potentials differ
significantly due to variations in building materials, density, street orientation, and spatial configuration.

The purpose of this section is not merely to present numerical differences but to interpret what those
differences mean for housing comfort, livability, and future sustainability. By placing data side-by-
side, we can see how the same climatic context produces distinct housing challenges — and
opportunities — in each ward.

4.3.1 Temperature & Thermal Comfort

Temperature dynamics in both Nanpura and Rander are shaped by material choices, density levels, and
urban geometry.

e Nanpura: Predominantly built with RCC
VULNERABILITY OF NANPURA AND RANDER TO CLIMATE STRESS

rOOfS and Concrete Walls Of ~25_30 Temperature Ventilation & Solar radiation P
thickness, the ward experiences Airflow & daylight high
therma.l mass a.nd 31g1.11ﬁcant heat _— 73%
retention during night hours. e e
Residents report a persistent indoor heat
buildup even after sunset, with Rander 59% ‘ 68% 68%
describing summer conditions as o i i i
“highly uncomfortable.” High-rise Conclusion Rander faces greater climate vulnerability
structures and minimal open space trap
radiated heat, intensifying the urban
heat island (UHI) effect. Figure 19 Comparative Climate Vulnerability:

Nanpura vs. Rander
¢ Rander: Tin and asbestos roofing

dominate (~60%), leading to rapid heat gain during midday hours but relatively faster
cooling after sunset. Although only 59% of households report severe thermal discomfort, the
nature of discomfort differs — afternoon overheating is more acute than nighttime retention.

Insight: Nanpura suffers from chronic, round-the-clock thermal stress, while Rander experiences more
diurnal thermal fluctuations. Both conditions negatively impact indoor comfort, but solutions must
be tailored — e.g., reflective -coatings and insulation in Nanpura versus shading and ventilation
improvements in Rander.
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4.3.2 Ventilation & Airflow

Ventilation effectiveness is determined by the interaction between street orientation, connectivity,
and building openings.

e Nanpura: With slightly wider lanes (~3.5 m) and
some linear connectivity, Nanpura allows for limited
cross-ventilation. However, many streets are oriented

east-west, perpendicular to prevailing
southwest monsoon winds, reducing airflow
potential. Survey data shows 62% of
households feel their homes are poorly
ventilated.

¢ Rander: The labyrinthine layout,
characterized by dead-ends, cul-de-sacs, and narrow
alleys (~2-2.5 m), severely restricts wind £i8ure 20 N"”pf‘r a.:Heat Island %
movement. Window sizes are smaller and LRa;ider :lVe_’mla”O”h].glad_‘;lpO: l:“ 4
misaligned with prevailing wind directions. lua pane inf OFTApIIC  IRUSTTAANg

R . ocalized climate stress—heat

Consequently, 71% of residents report . ionrion in Nanpura and airflow
inadequate ventilation, and many describe stagnation in Rander. stagnant

air conditions indoors.

often

Insight: Although both wards exhibit poor ventilation, the issue is more severe in Rander due to its
fragmented street network and blocked airflow paths. Nanpura’s slightly better performance suggests
that even minor design improvements (e.g., widening strategic lanes or adding ventilation corridors)
can have significant impacts.

4.3.3 Solar Radiation & Daylight

Solar exposure and daylight availability are heavily influenced by building orientation, street width,
and vertical density.

e Nanpura: High-rise structures and indoorHeat stress
Closely packed buﬂdlngS blOCk Indoor Heat Stress [ 5 None / Not Applicable
daylight on lower floors. 54% of

Ventilation

households rely on artificial lighting during
the day, especially on the ground and Ve first
floors. East—west street orientation Daylighting [J855%] 611% traps
solar heat in the afternoons, increasing indoor
temperatures. M Adequate M Moderate [l Poor

e Rander: Courtyard-based older Figure 21 Combined Perception of Discomfort:
housing typologies improve daylight Nanpura + Rander Bar chart comparing
penetration slightly, though newer tin- respondent feedback on indoor temperature, roof

ventilation, and daylighting—revealing dominant

extensions ~ worsen  overheating. discomfort across all three parameters.

Around 48% of surveyed households
reported inadequate natural light. North—south-oriented lanes perform marginally better in
moderating solar gain.

Insight: Solar gain in Nanpura contributes to both overheating and insufficient daylight, while
Rander’s problem is more nuanced — a mix of daylight variability and excessive solar exposure due
to unshaded tin roofs.
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Comparative Climate Parameter Performance Table

Parameter

Temperature &
Thermal
Comfort

Ventilation &
Airflow

Nanpura

- High thermal mass

(RCC) causes heat
retention at  night.
- 68% report high
discomfort.

- Strong UHI effect due
to density and low sky
exposure.

- 62% report poor
ventilation.

- Slightly wider lanes
(~3.5 m).
- Some Cross-
ventilation possible but
often  blocked by

Rander

- Tin roofs lead to rapid
afternoon heating but
faster cooling at night.
- 59% report
discomfort.

- Less thermal inertia
but  higher midday
peaks.

- 71% report poor
ventilation.

- Narrower lanes (~2.5
m) and frequent dead-
ends.

- Very limited airflow;
stagnant air common.

A case study of nanpura and rander

Key Insight &
Implications

Persistent
discomfort.
Severe diurnal

Nanpura:
nighttime
Rander:
variation.
Strategies: Insulation in
Nanpura, shading in
Rander.

Ventilation is a critical

failure point in both
wards.
Solutions: Ventilation

corridors, larger openings,
strategic demolitions or
set-backs.

building orientation.

Solar Radiation - 54% require artificial - 48% require artificial Nanpura: Poor daylight
& Daylight lighting during daytime. = lighting. and overheating.
- East—west streets trap - Courtyards improve = Rander: Mixed
afternoon sun. daylight but extensions performance with
- Overheating + poor cause glare and localized overheating.
daylight on lower overheating. Solutions: ~ Orientation-
floors. sensitive retrofits, shading
devices.

4.3.4 Key Synthesis and Insights

The comparative analysis clearly illustrates that both wards exhibit climate-induced vulnerabilities,
but the nature and intensity of these vulnerabilities differ. Nanpura, with its-dense RCC-dominated
morphology, is more prone to chronic heat retention, poor daylight penetration, and mild airflow
restrictions. Rander, meanwhile, struggles with extreme afternoon heat, severe ventilation failures,
and uneven daylight conditions due to fragmented street networks and unplanned vertical growth.

However, this comparison also highlights a crucial insight: the problems are not insurmountable. Many
of these vulnerabilities stem from modifiable architectural and urban design variables — such as
material choices, window placement, building orientation, and microclimatic planning. By addressing
these through targeted, climate-responsive interventions, the livability and sustainability of both
neighborhoods can be significantly improved without erasing their historic identity.

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
22



Research topic : Is housing in organically evolved clusters resilient under climate stress?
A case study of nanpura and rander

Chapter 5: Climate Analysis

5.1 Introduction

The climatic context of a city fundamentally shapes its built environment, influencing how buildings
are designed, how streets are oriented, and how residents adapt their daily lives. In the case of Surat —
a rapidly urbanizing city located on the western coast of India — climatic conditions exert a profound
influence on housing performance, particularly within organically evolved urban clusters such as
Nanpura and Rander. These historic wards, with their dense, irregular street networks and compact
built forms, were shaped over centuries in response to both socio-cultural needs and environmental
pressures. However, with accelerating urbanization and rising global temperatures, these traditional
morphologies now face heightened climate-related challenges.

This chapter presents a
parameter-wise climate
analysis focusing on three
critical factors —

temperature and thermal
comfort, ventilation and .
prevailing winds, and solar  4::
radiation and daylight. « These
parameters were selected O

because they are the most direct
determinants of indoor

comfort, energy demand, and
overall housing livability. Figure 22 Maximum temperature trends in Surat (1958 2023) Data
sourced from weather station 428400, published by the Tutiempo

Furthermore, they are deeply Network.

interlinked with built form

characteristics such as street

orientation, building height, wall thickness, roof material, and spatial density — all of which are integral
components of organically evolved neighborhoods.

The analysis draws upon secondary data from the Indian Meteorological Department (IMD), regional
climate records, Surat Development Plan (DP 2035), and satellite-based solar radiation datasets,
supplemented by primary observations from field surveys and household interviews. Together, these
datasets provide a comprehensive climatic baseline against which housing performance under climate
stress can be understood.

5.2 Temperature and Thermal Comfort

5.2.1 Regional Temperature Trends

Surat’s climate is classified as tropical savanna (Aw) under the K&ppen-Geiger classification,
characterized by hot summers, high humidity, and mild winters. IMD data for the period 2010-2023
reveals a consistent upward trend in mean summer temperatures, reflecting both regional climate change
and localized urban heat island (UHI) effects.

e Average summer maximum temperatures (April-June): 35.8 —38.2 °C

e Peak recorded temperature: 42.4 °C (May 2022)
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e Average winter maximum temperature (Dec—Feb): 27 — 29 °C

A line graph of mean annual summer temperatures shows a clear warming trend of approximately
0.5 °C per decade, in line with global urban warming patterns. This trend exacerbates thermal
discomfort, particularly in dense urban fabrics where heat retention is amplified by the thermal mass of
buildings and limited sky exposure.

uuuuuuuuuuu

Figure 23 Seasonal wind rose diagrams showing directional frequency and wind speed distribution
for January—June and July—December. Each segment illustrates prevailing wind directions and
intensity across 16 compass sectors, aiding urban and environmental analysis.

5.2.2 Urban Heat Island (UHI) Effects

UHI intensification is a notable phenomenon in Surat’s central wards. Satellite-derived land surface
temperature data indicate that the city core is 3 — 5 °C warmer than peripheral areas during peak
summer afternoons. Nanpura and Rander, with their compact morphology, minimal vegetation, and
extensive use of concrete and tin roofing, are among the most affected microclimates.

Key contributors to UHI include:
¢ High built-up density: Limits sky-view factor, reducing nocturnal heat release.
o Impervious surfaces: Streets and rooftops absorb and radiate heat.
e Lack of vegetation: Minimal evapotranspiration and shading.

These conditions create persistent nighttime heat, which prevents adequate indoor cooling even after
sunset. Field observations confirm that indoor temperatures remain 2-3 °C higher than outdoor
ambient temperatures during late evenings, particularly in rooms with poor cross-ventilation or thin
roof insulation.

5.2.3 Thermal Comfort Implications

Thermal comfort is a crucial determinant of housing sustainability. Field surveys reveal that over 60%
of households in both wards describe their indoor environments as “highly uncomfortable” during
summer months.

e Materiality: RCC roofs and thick masonry walls in older structures exhibit high thermal inertia
— delaying but prolonging heat release. Tin roofs, by contrast, absorb and transmit heat rapidly,
causing intense midday overheating.

o Street geometry: Narrow streets and tightly spaced buildings trap heat and impede convective
cooling.
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e Behavioral adaptation: Many households rely on fans and air-coolers, but electricity costs
and supply limitations restrict their effectiveness.

These findings underscore the synergistic relationship between climate and morphology — where
physical form either mitigates or magnifies climatic stress.

5.3 Ventilation and Prevailing Wind Patterns

5.3.1 Wind Direction and Seasonal Variability

Wind plays a critical role in passive cooling and ventilation, directly influencing thermal comfort and
indoor air quality. Surat’s seasonal wind regime is dominated by two primary flows:

¢ Southwest monsoon winds (June—September): Average speed 4 — 6 m/s
e Northeast winter winds (November—February): Average speed 2 — 3 m/s

A wind rose diagram generated from IMD data shows that southwesterly winds dominate for nearly
65% of the year, particularly during the monsoon season, while northeasterly winds prevail during
cooler months. These patterns have direct implications for street orientation and building ventilation
performance.

5.3.2 Impact of Urban Form on Airflow

In organically evolved clusters, the interaction
between street geometry and wind direction often
determines ventilation outcomes. The traditional
layout of Nanpura and Rander — characterized by

irregular, narrow lanes (2-3.5 m wide) — ‘ I \\ rnn.:.- BY

Monthly Solar Radiation  Surat (kWh/m’/ day)

Dazurmber 7% ruary: B

significantly restricts wind penetration. Furthermore,
east—west street orientation, common in many parts

of these wards, obstructs the prevailing southwest -
breeze, limiting natural ventilation potential.

dgust 7

Marehe 103

Field observations reveal that even during peak
monsoon winds, measured air velocity inside
dwellings is often less than 0.5 m/s, far below the
comfort threshold of 1 m/s recommended for tropical
climates. Survey responses reflect this reality, with -
62% of households in Nanpura and 71% in % Mrmeels s e
Rander describing their homes as “poorly

Jurme 9%

. ' Figure 24 Pie chart showing monthly distribution
ventilated. of solar radiation in Surat (kWh/m*/day), based on
Global Horizontal Irradiance estimates from

5.3.3 Architectural and Material Influences meteorological and satellite data.

Several built-form characteristics further exacerbate ventilation challenges:

e Small window openings: Traditional homes often feature small, inward-facing windows that
minimize dust and glare but also limit airflow.

o Dead-end alleys: Interrupt the continuity of air corridors, creating stagnant pockets.
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¢ Encroachments and extensions: Upper floors often extend over the street, further reducing
vertical airflow and sky exposure.

These limitations highlight a key tension in organically evolved neighborhoods: while their
compactness provides thermal shading benefits, it simultaneously reduces ventilation efficiency,
creating microclimates prone to stagnant, humid air.

5.3.4 Health and Comfort Implications

Poor ventilation directly affects both thermal comfort and indoor air quality. High indoor humidity
levels (75-85% during monsoon months) combine with low airflow to create conditions conducive to
mold growth, discomfort, and respiratory issues. Many households compensate by relying on
mechanical ventilation — fans and exhaust units — but these add to energy demand and undermine
sustainability objectives.

5.4 Solar Radiation and Daylight

5.4.1 Solar Insolation Patterns

Map 5 Map overlay showing solar trajectory across Surat’s historic wards, highlighting how street
orientation affects heat exposure—east—west lanes face higher afternoon heat, while north—south
streets offer better shading.

Surat’s location near the Tropic of Cancer exposes it to high solar insolation levels throughout the
year. Satellite data indicates an annual average solar radiation of 5.5 kWh/m?*day, with peak
exposure (6.2 kWh/m?/day) occurring in March—May. This abundant solar resource is a double-edged
sword: while it provides opportunities for passive heating and solar energy utilization, it also contributes
significantly to indoor overheating in poorly designed buildings.

A monthly solar radiation chart shows pronounced seasonal variation:
¢ Pre-monsoon (March-May): Maximum solar gain (~6.2 kWh/m?*day)
e Monsoon (June-September): Reduced gain due to cloud cover (~4.2 kWh/m?* day)
¢  Winter (Nov—Jan): Moderate gain (~5.0 kWh/m?/day)
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5.4.2 Sun Path and Building Orientation

The sun’s high altitude during summer months results in intense solar exposure on horizontal
surfaces (roofs) and west-facing facades. East—west oriented streets receive prolonged afternoon
radiation, significantly increasing wall surface temperatures. Field measurements show that west-facing
exterior walls in Rander reach 48-50 °C on peak summer afternoons, contributing to indoor heat
buildup.

5.4.3 Daylight Penetration in Dense Urban Fabric

While abundant sunlight is available, daylight penetration is severely constrained in both wards due
to narrow street canyons and high floor-area ratios (FAR). Ground and first floors often receive less
than 100 lux of daylight — well below the recommended 300 lux for residential spaces. Consequently,
many residents rely on artificial lighting even during daytime hours, increasing energy consumption.

5.4.4 Material and Design Considerations

Building materials and roof configurations influence how solar radiation is absorbed and re-emitted:

e RCC and concrete roofs: High thermal mass absorbs and stores heat, radiating it indoors even
after sunset.

e Tin and asbestos sheets: Low thermal mass but high thermal conductivity, leading to rapid
heat transfer and interior overheating.

e Thick masonry walls (~30 cm): Provide some insulation but also store heat if not adequately
shaded.

Architectural elements like chajjas (overhangs), jaalis (perforated screens), and verandas play a
crucial role in mitigating solar gain, but their use has declined in newer constructions, reducing the
passive thermal performance of buildings.
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5.5 Integrated Climatic Implications for Housing

The combined analysis of temperature, ventilation,

and solar radiation reveals a clear pattern: the SOLAR HEAT GAIN BY

climatic stress experienced by housing in WALL ORIENTATION
organically evolved clusters is both multi-

dimensional and deeply intertwined with urban NOUTH FAGING WALL

High sun apgle.
Less direct heat

form. Key takeaways include:

1. Thermal Stress Dominates: Rising
ambient temperatures, high urban heat
island intensity, and poor insulation have
created persistent indoor overheating

SOUTH-FACING WALL:
(Winter) Direct su sun.
Passive heating

conditions.
N
2. Ventilation is Critically Inadequate: el oy " ﬁk . Fff{;’i?:‘%’i{l’ﬁtn
High heat gain I ess direct heaf
Narrow streets, dead-ends, and poorly :
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winds, trapping heat and humidity indoors.
Figure 25 "Diagram illustrating solar heat gain by
3. Solar  Gain is Excessive and wall orientation,  highlighting  temperature
Uncontrolled: East—west exposures and differentials across North, South, East, and West

minimal shading devices lead to significant facades.
solar ingress, exacerbating indoor heat
loads.

4. Material Choices Magnify Climate Impacts: RCC and tin — the most common roofing
materials — both perform poorly under Surat’s climatic regime, albeit in different ways.

These findings underscore the importance of parameter-specific interventions in future housing
retrofits and urban planning. Passive cooling strategies, improved ventilation design, and solar control
measures must become central components of any sustainable housing policy for Surat’s historic wards.

5.6 Conclusion

This chapter has provided a comprehensive climatic baseline essential for evaluating housing
performance under environmental stress. By examining temperature dynamics, wind regimes and
ventilation, and solar radiation patterns, it becomes clear that organically evolved neighborhoods
face significant thermal and airflow challenges — challenges that stem not only from external climatic
conditions but also from the intrinsic characteristics of their built form.

The next chapter builds on this foundation by moving from climatic description to comparative
analysis, examining how Nanpura and Rander perform under each parameter and identifying context-
specific vulnerabilities and strengths. This analytical step is critical for informing targeted adaptation
strategies and ensuring that future housing interventions are both climate-responsive and culturally
grounded.
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Chapter 6: Discussion & Analysis

6.1 Introduction

The purpose of this chapter is to critically evaluate whether housing in organically evolved urban
clusters — specifically, Nanpura and Rander in Surat — is capable of maintaining livable conditions
under intensifying climate stress. Building upon the climatic baseline established in Chapter 5, this
chapter transitions from raw data to analytical interpretation, examining how temperature, ventilation,
and solar radiation interact with the physical and material characteristics of the built environment.

These parameters were selected because they are directly linked to indoor thermal comfort, energy
demand, and habitability — and because they are measurable, comparable, and significant within the
limited scope of this study. Importantly, this chapter adopts a comparative framework, systematically
analyzing how Nanpura and Rander respond to each parameter based on their morphology,
construction materials, street structure, and household experiences.

Rather than describing climatic impacts in isolation, the discussion emphasizes causal mechanisms —
how specific urban characteristics (e.g., building height-to-width ratios, roof material conductivity, wall
thickness, and window area) amplify or mitigate climate stress. This approach aligns the analysis
directly with the research question:

“Is housing in organically evolved clusters sustainable under climate stress?”

The answer, as this chapter demonstrates, is nuanced: both wards exhibit resilience rooted in their
historical fabric but face significant vulnerabilities that compromise their climatic performance.

6.2 Temperature & Thermal Comfort

6.2.1 Mechanisms of Heat Accumulation

Temperature is the most fundamental climate parameter influencing housing performance. In both
Nanpura and Rander, morphology and materiality play decisive roles in shaping thermal comfort
outcomes.

¢ Urban density and street canyons trap heat and reduce sky-view factors, preventing nighttime
cooling.

¢ Thermal mass of materials determines how heat is absorbed, stored, and released indoors.
e Surface reflectivity (albedo) affects how much solar energy is absorbed by roofs and walls.
Nanpura: Persistent Night-Time Heat

Nanpura’s built fabric — dominated by RCC-roofed, multi-storey buildings with thick brick or
concrete walls (~30—45 cm) — creates conditions conducive to high thermal inertia. These structures
absorb large amounts of heat during the day and release it slowly at night, resulting in sustained
indoor warmth even when outdoor temperatures drop.

e Survey data: 68% of Nanpura households reported “highly uncomfortable” indoor conditions
during summer nights.
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o Field observations: Interior wall surfaces remained 2-3 °C warmer than ambient air at 10
PM.

While thick walls offer some insulation, their slow release of stored heat means that homes do not cool
effectively overnight, raising dependence on fans or air-conditioning. Moreover, closely spaced
buildings (~1.5-2 m) restrict radiative cooling by limiting exposure to the night sky.

Rander: Daytime Overheating, Nighttime Relief

Rander presents a contrasting thermal profile. Its housing stock consists largely of single- or double-
storey units with tin or asbestos roofing and thinner wall sections (~20-25 c¢m). These materials
possess low thermal mass, causing interiors to heat up quickly during peak sun hours (12 PM — 4 PM).

e Survey data: 59% of households reported “severe discomfort” in the afternoon.
e Observed roof surface temperature: Up to 55 °C on tin roofs under direct solar exposure.

However, this rapid heat absorption is followed by fast nighttime cooling, which often brings relief by
late evening. The trade-off is clear: Rander experiences greater daytime stress but shorter duration,
whereas Nanpura suffers from prolonged nighttime heat.

Table I Thermal Performance Comparison

Parameter Nanpura Rander

Wall thickness 30-45 cm (brick/concrete) 20-25 cm (brick/mud)
Roof material RCC (high mass) Tin/asbestos (low mass)
Heat absorption pattern = Slow, high retention Rapid, low retention

Daytime temperature Moderate (~33-35 °C indoors) High (~36-38 °C indoors)
Nighttime temperature = High (~31-32 °C indoors) Moderate (~28-29 °C indoors)
Survey discomfort (%)  68% (night) 59% (day)

6.2.2 Implications for Design

The analysis indicates that material choice and thermal inertia are primary determinants of comfort.
In Nanpura, strategies such as reflective roof coatings, green roofs, or ventilated attic layers could
reduce heat storage. In Rander, insulated roofing panels or double-layer tin systems could mitigate
overheating.

These insights underline that sustainability in climate-sensitive housing is not about reducing heat
alone but managing its timing and duration.

6.3 Ventilation & Airflow

6.3.1 Morphology and Air Movement

Ventilation is the second crucial determinant of housing comfort, as it directly affects convective heat
loss and humidity levels. Effective ventilation depends on three key factors:

AAERT & The SSB Faculty of Architecture, MITRAJ Sarvajanik Institute of Design Planning Technology (IDPT), SU, Surat.
30



Research topic : Is housing in organically evolved clusters resilient under climate stress?
A case study of nanpura and rander

1. Street orientation and connectivity —alignment with prevailing winds enables natural airflow.
2. Height-to-width (H/W) ratios — deeper canyons reduce wind penetration.

3. Building openings — window size, placement, and porosity affect interior air change rates.

J_ High H/W Raio = Reduced
Aireflow & Trapped Heat

Width (W)

Figure 26 Street canyon section illustrating how a high height-to-width (H/W) ratio restricts airflow
and traps heat, reducing thermal comfort in dense urban corridors.

6.3.2 Nanpura: Partial Airflow but Limited Cross-Ventilation

Nanpura’s slightly wider streets (~3.5—4 m) and H/W ratios around 1.2-1.5 allow some degree of
wind channeling, especially where streets align obliquely to the southwest monsoon wind (4—6 m/s).
However, dense adjacency and RCC projections reduce the vertical air column, limiting penetration
beyond the first floor.

¢ Ventilation adequacy (survey): 62% of households report poor airflow.
e Observed window-to-wall ratio: ~10-12% (below the recommended 20%).

Small window openings — often inward-facing to reduce glare and dust — further restrict cross-
ventilation. As a result, even during peak monsoon breezes, measured indoor air velocity averaged
0.4-0.6 m/s, insufficient for evaporative cooling.

6.3.3 Rander: Severe Stagnation from Irregular Geometry

Rander’s labyrinthine street layout — with widths often below 2.5 m and frequent dead-ends —
creates air stagnation zones. Its H/W ratio exceeds 2.0 in several sections, a threshold at which wind
penetration becomes negligible.

e Ventilation adequacy (survey): 71% report “very poor” ventilation.
¢ Window openings: Smaller still (~8—10%), often blocked by later extensions.

Field smoke tests revealed that air exchange within interior rooms is slow and uneven, with hot, humid
air lingering for extended periods. This directly contributes to reported discomfort, particularly during
humid monsoon months (RH ~75-85%).
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Table 2 Comparative Ventilation Indicators

Parameter Nanpura Rander
Avg. street width 3.5-4m 2-25m
H/W ratio 1.2-1.5 2.0-2.3
Window-to-wall ratio 10-12% 8-10%
Ventilation dissatisfaction = 62% 71%

Avg. indoor air speed 0.4-0.6 m/s 0.2-0.4 m/s

6.3.4 Implications for Design

Improving ventilation requires a combination of morphological and architectural interventions.
Strategies include:

e Reopening blocked alleys or introducing ventilation corridors aligned with prevailing winds.
e Encouraging larger, cross-facing windows and perforated fagade elements.

e Retrofits such as ventilated skylights or solar chimneys can enhance buoyancy-driven airflow.
6.4 Solar Radiation & Daylight

6.4.1 Solar Access and Street Orientation

Solar radiation is a double-edged factor in housing performance. While it is essential for daylight and
passive heating in winter, uncontrolled exposure intensifies overheating. The orientation and spacing
of streets strongly influence how solar energy interacts with Solar Gain Comparison: Surface Temperature vs. Orientation

built surfaces. =

= Logend
= Highly Insulated Wall
Standard Insulated Wall
- Uninsulted Concrete Wall
= Dark Metal Cladding

70

¢ Sun-path data for Surat shows high solar
altitude (80°+) in May and June, concentrating 60
radiation on horizontal roofs.

40

o East—west oriented streets experience prolonged
solar exposure on west-facing walls, especially in
the late afternoon.

60

Surface Temerraure /°C

20

6.4.2 Nanpura: Self-Shading but Low Daylight oy - PR o
North South
Orientation

Nanpura’s dense vertical development (3-5 storeys) F[igure 27 Line graph comparing surface
creates self-shading effects that reduce direct solar gain on femperatures of — wall materials by
lower floors. However, this comes at the cost of daylight ortentation, showing peak solar gain at

. south-facing  exposures—dark  metal
access. Ground-floor rooms often receive less than 100 lux, cladding reaches highest temperatures,
well below the recommended 300 lux for residential while highly insulated walls remain coolest.

spaces.

e Survey: 56% of households report using artificial lighting even during midday.
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e Observation: Courtyards and light wells are rare, and most windows face narrow alleys.

6.4.3 Rander: High Solar Gain and Overheating

Rander’s low-rise, more dispersed morphology allows greater daylight penetration but also increases
solar exposure, particularly on west-facing tin roofs and walls. Afternoon surface temperatures on
west facades were measured up to 50 °C, contributing significantly to indoor overheating.

e Survey: 61% reported that rooms become “unbearably hot” during afternoons.
e Observation: Limited use of shading devices such as overhangs or jaalis.
Table 3 Solar & Daylight Comparison
Parameter Nanpura Rander

Avg. daylight (ground floor) ~100 lux = ~180 lux

Artificial light use (daytime) 56% 32%
Surface temp. west fagade ~44 °C ~50 °C
Afternoon overheating (survey) 48% 61%

6.4.4 Implications for Design

Design responses must balance daylight penetration with solar control:

e Nanpura: Introduce courtyards, light wells, and reflective interior finishes to improve daylight
without increasing heat gain.

e Rander: Employ shading devices, vertical fins, or reflective cladding to reduce solar
absorption.

6.5 Integrated Comparative Assessment & Recommendations

The three-parameter comparison reveals distinct but complementary vulnerabilities in both wards:
Table 4 The three-parameter comparison reveals distinct but complementary vulnerabilities in both wards.
Parameter Nanpura Rander

Temperature ~ High night-time heat retention due to RCC = High daytime overheating due to tin

and thick walls roofs
Ventilation Poor but moderate due to wider streets Very poor, stagnant air due to narrow
dead-ends
Solar Low daylight, moderate solar gain High daylight but severe overheating

Radiation
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Key insights:

e Nanpura needs solutions focused on
heat release and daylight
enhancement (e.g., cool roofs, light
wells).

e Rander requires interventions to
control solar gain and improve
airflow  (e.g., shading devices,
ventilated roofs).

e Both require ventilation-focused
retrofits (e.g.,, window resizing,
corridor creation).

6.6 Limitations and Future Work

This study deliberately excludes rainfall and
flood-related parameters due to time
constraints and data limitations. While these
factors are crucial to the climatic performance of
housing — particularly in low-lying areas like
Rander — they are beyond the scope of this
research. Future studies should integrate
hydrological and infrastructure assessments
to provide a more holistic evaluation.

6.7 Conclusion

This analysis confirms that organically evolved
housing in Nanpura and Rander is shaped by
deep climatic interactions — yet both fall short
of optimal = performance under rising
temperatures and solar loads. The morphological
and material characteristics that once provided
resilience now magnify vulnerabilities under

A case study of nanpura and rander

Daylight Distribution - Ground Floor Plan

ARRRA
Staircase

Limited Dallight

Daylight Source Daylight Source

Figure 28 Daylight distribution diagram for a typical
ground floor & First Floor, comparing how layout
influences natural light access across key interior
zones.

modern climate stress. Adaptive retrofits — from cool roofs and ventilation corridors to shading
devices and facade redesign — will be essential to ensure that these historic neighborhoods remain
livable, sustainable, and culturally significant in a warming future.
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Chapter 7 — Conclusion & Way Forward

7.1 Restating the Research Question

This research set out to investigate a central question:

“Is housing in organically evolved urban clusters — specifically in Nanpura and Rander —
adapted to, and resilient under, climate stress?”

The motivation behind this inquiry stemmed from the pressing need to understand how traditional,
historically evolved neighborhoods respond to intensifying climatic pressures in Indian cities. Unlike
planned urban environments, organically developed cores reflect centuries of social, cultural, and
architectural adaptation. However, rapid urbanization, material transitions, and climate change now
challenge the inherent resilience of these settlements.

This concluding chapter synthesizes the insights gathered across the study — from raw climatic data
and field observations to comparative analyses — and presents a forward-looking roadmap for climate-
responsive interventions. Rather than a binary “yes” or “no,” the conclusion offers a conditional
verdict: these neighborhoods are adapted, but not fully climate-adaptive. They exhibit valuable
passive qualities inherited from vernacular design traditions, yet without targeted retrofits and policy
support, their long-term livability remains uncertain.

7.2 Explicit Conclusion: Conditional Climate Adaptation

The evidence gathered across Nanpura and Rander indicates that organically planned housing performs
unevenly across the three climatic parameters:

¢ Temperature: Compact urban form and high thermal mass offer some buffering, but outdated
materials (e.g., RCC roofs, tin sheets) and poor

insulation intensify indoor h ress. .
sulatio tensity door heat stress Impact of Cool Roof Implementation

o Ventilation: Morphological constraints Surface Temperature Comparison
. . 55°C
(narrow lanes, high H/W ratios) and s
architectural decisions (small windows, soc =

blocked openings) significantly limit
natural airflow, amplifying thermal
discomfort.

Post-Retrofit
20C (Cool Roof)

Surfae Temerature (°C
g
[}

e Solar Radiation & Daylight: Dense
clusters provide useful self-shading but
restrict daylight access; conversely,

RCC Roof Tin Roof
exposed structures overheat due to Cool Roof Applied
excessive radiation. Significant Temperature Reduction QObserved

Figure 29 Bar graph showing surface
temperature  reduction after cool roof

Housing in Nanpura and Rander is conditionally “pplica”‘i”*RCC “””{) tin roofs drop from 48°C
adaptive — strong in its vernacular logic, but and .53 ¢ 1o 3.0 G .demonstmt.mg the
vulnerable under contemporary climatic effectiveness of passive cooling strategies.

extremes. Its long-term sustainability depends on the
extent and effectiveness of targeted interventions designed to address specific climate parameters.

These findings lead to a critical conclusion:
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7.3 Parameter-Wise Recommendations for Climate-Responsive Housing

To future-proof these neighborhoods, interventions must target the root causes of climate
vulnerability identified in the analysis. The following recommendations are structured by parameter
and supported by both technical justification and field evidence.

7.3.1 Temperature & Thermal Comfort

A. Building Envelope Upgrades

e Cool Roof Coatings: Apply high-albedo (>0.7) reflective paints on RCC and tin roofs to reduce
surface temperatures by 6—8 °C. This low-cost intervention significantly lowers indoor peak
temperatures.

e Green Roof Systems: In areas with structural capacity, green roofs or rooftop gardens can
provide insulation and evapotranspiration cooling, reducing urban heat island intensity.

e Roof Ventilation Layers: Double-skin roofing with ventilated air gaps helps dissipate
accumulated heat before it reaches indoor spaces.

B. Wall Retrofits

e Insulation Layers: Add internal or external insulation (e.g., EPS boards, lime plaster) to
existing walls to reduce thermal conductivity.

e Material Choices: Future construction or retrofits should prioritize materials with higher
thermal resistance (e.g., compressed stabilized earth blocks or fly-ash bricks).

C. Microclimatic Interventions

e Urban Greening: Introducing shade-providing trees along lanes reduces local ambient
temperature and enhances outdoor comfort.

e Reflective Paving: Light-colored, permeable paving materials can reduce surface temperatures
in courtyards and lanes.

7.3.2 Ventilation & Airflow

A. Urban-Scale Interventions

e Airflow Corridors: Identify and reopen historic alleyways or dead-ends to create ventilation
paths aligned with prevailing winds (SW monsoon and NE winter).

e Strategic Demolitions or Setbacks: In particularly congested zones, selective widening of
alleys can significantly improve air movement at the street level.

B. Building-Scale Interventions

¢ Cross-Ventilation Windows: Ensure at least two operable windows on opposite walls in every
primary living space. Where possible, increase the window-to-wall ratio from the current 8—
12% to 20-25%.

¢ Ventilated Skylights and Solar Chimneys: Integrate buoyancy-driven ventilation elements to
enhance vertical air movement, particularly in upper floors and attic spaces.
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Perforated Facade Elements (Jaali): Reintroduce traditional porous elements that allow
ventilation while maintaining privacy and shade.

C. Morphological Enhancements

Height-to-Width Ratio Optimization: Urban renewal policies could aim for H/W ratios
below 1.5 in new infill developments, improving airflow penetration in street canyons.

Green Air Shafts: Incorporate linear green corridors or vertical garden shafts to act as natural
ventilation channels within dense clusters.

TEMPERATURE: BEFORE-AFTER

Diagram - Street section showing alirflow improvements and shading intervections
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Figure 30 "Pencil sketch illustrating cross-ventilation strategies in compact urban streets—schematic
section shows improved airflow through widened alleys and strategic window placement, promoting
healthier indoor environments in dense residential zones.

7.3.3 Solar Radiation & Daylight

A. Shading and Orientation Strategies

Overhangs and Vertical Fins: Retrofit west- and south-facing facades with shading devices
to reduce peak solar gain during afternoons.

Solar-Responsive Building Orientation: In future infill or redevelopment projects, orient
primary fagades within 15° of north-south to minimize direct solar exposure.

Courtyard Reintroduction: Encourage internal courtyard designs in new or retrofitted houses
to diffuse daylight without increasing direct heat gain.

B. Daylighting Enhancements

Light Wells and Reflective Interiors: Introduce narrow light wells in clustered structures to
enhance daylight penetration. Use reflective paints on interior walls to maximize light
distribution.

High-Performance Glazing: For new windows, use glazing that allows visible light while
reducing infrared transmission.
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C. Surface Treatments

A case study of nanpura and rander

e Cool Facade Paints: Applying reflective coatings on west-facing walls can reduce wall surface

temperature by 4-6 °C.

e Vegetative Shading: Vertical gardens or green fagades reduce radiation absorption and

improve the microclimate around windows.

Comparative Solar Gain With and Without Shading Devices

Relative Solar Gain (%)

8AM aAM 10AM 1AM 12PM
Tima of Day

With Shading Without Shading

1P 2PM

3PM

Figure 31 Comparative solar gain chart illustrating interior temperature differences in rooms with
and without facade shading—shading devices significantly reduce midday heat exposure,

enhancing thermal comfort and energy efficiency.

PARAMETER-WISE RECOMENDATIONS

Retrofit Actions Checklist

TEMPERATURE VENTILATION
@?
Insulate Walls & Roof Install HRV/ERV System
Double-Glaze Windows Add Window Vents
Seal Gaps & Cracks Create Cross-Venellation
Thermal Mass Addition Stack Effect Towers
Efficient Heating/Cooling Mechanical Fan Boost

SOLAR RADIATION

Exterior Shading (Louvers)
High-Reflectance Paint
Window Films (Low-E)
Green Roof/Facades

Deciudrus Landscaping

Figure 32 "Checklist of retrofit actions categorized by temperature, ventilation, and solar
radiation—strategies include insulation, cross-ventilation, shading, and reflective surfaces to

enhance indoor comfort and energy efficiency.

7.4 Integrated Implementation Plan

For maximum effectiveness, these recommendations should be implemented through a phased strategy
that coordinates building-level retrofits with neighborhood-scale interventions.
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Table 5 phased strategy that coordinates building-level retrofits with neighborhood-scale interventions

Phase Duration Actions Stakeholders

Phase I — Rapid 0-2years Cool roof coatings, window  Individual  households,
Interventions retrofits, shading devices, insulation = local NGOs

plaster

Phase 11 — 2-5years Alley reopening, ventilation = Surat Municipal
Intermediate corridors, urban greening, facade Corporation (SMC), Ward
Upgrades retrofits Committees

Phase III — Long- 5+ years Morphological redesign, green SMC, Urban Planning
Term Strategies infrastructure integration, policy Authorities

zoning for H/W ratios

7.5 Monitoring and Evaluation Framework

To ensure accountability and long-term effectiveness, interventions
performance indicators linked to each parameter:

must be accompanied by

Table 6 performance indicators linked to each parameter

Parameter Indicator Measurement Tool Target
Temperature  Indoor peak temperature Digital data loggers in pilot <32 °C
homes
Ventilation Indoor air velocity Anemometers / survey >0.8 m/s
perception
Solar Average daylight (lux) Lux meter readings > 300 lux ground
Radiation floor
Combined %  households  reporting Annual household survey = > 75% satisfaction

thermal comfort

Continuous monitoring over 3—5 years will help evaluate whether retrofitted clusters are moving toward
climate resilience.

7.6 Broader Implications for Policy and Urban Planning

This study demonstrates that organically evolved settlements are not inherently unsustainable —
their spatial logic and community cohesion remain valuable assets. However, rising climatic extremes
exceed the adaptive capacity embedded in their historic forms.

For planning authorities, the key takeaway is that heritage conservation and climate adaptation must
no longer be treated as separate agendas. Integrated planning tools — such as climate-sensitive
zoning, building retrofit incentives, and design guidelines — are essential to bridge the gap between
historical identity and future resilience.
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Moreover, participatory approaches should remain central. Community-led retrofit programs, co-
financed through municipal subsidies and resident associations, can accelerate adoption and ensure
context-sensitive solutions.

7.7 Closing Reflection

The central conclusion of this research can be summarized in one sentence:

“The organically evolved city is not obsolete — it is incomplete in its adaptation to modern climate
realities.”

Nanpura and Rander embody centuries of adaptive intelligence. Their dense streets, shaded fagades,
and tight social networks provide a foundation for resilience. Yet, without deliberate, parameter-specific
interventions, these same qualities risk becoming liabilities under escalating climate pressures.

The way forward is neither demolition nor preservation in isolation — it is adaptive transformation.
Through targeted retrofits, policy alignment, and sustained monitoring, Surat’s historic cores can
remain vibrant, livable, and resilient for generations to come.

“Cities that grew organically were designed for climates that no longer exist.
Their survival now depends not on their past wisdom alone, but on our ability to
reinterpret that wisdom for a hotter, brighter, and denser future.”
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Appendix

Appendix A — Survey Questionnaire

A structured survey was conducted using a Google Form to gather resident

insights on urban infrastructure, environmental conditions, and public space T %
usage in Rander. The questionnaire—accessible via this link ME ™
STl

https://forms.gle/Bp8sHesu96qzCPmV7—was designed to capture localized
experiences and perceptions related to drainage, building safety, mobility,
climate resilience, and communal areas.

. . " . ; Figure 33 Scan
The form includes both multiple-choice and open-ended questions, enabling s OR code to

respondents to share detailed feedback on everyday challenges and opportunities view the
for improvement. This participatory approach supports data-driven planning and questionnaire  in
inclusive urban interventions. Google Form.

This survey aims to understand how residents in organically evolved neighborhoods experience and
respond to key climate-related stresses — specifically temperature and thermal comfort, ventilation
and airflow, and solar radiation and daylight access — in relation to housing conditions, building
materials, morphology, and infrastructure.

Section 1: Basic Information
1. Respondent Details
2. Name:

3. Age: 0<20020-4041-60 O>60
4. Gender: U Male [ Female [ Other
5. Occupation: LI Student [ Service [1 Homemaker [ Business [ Labor [1 Other

6. Household Income (per year): [1 <1 Lakh [ 1-5 Lakh [0 5-10 Lakh [0 10-15 Lakh [1 >20
Lakh

7. Education Level: 00 Primary [0 Secondary [1 Graduate [ Postgraduate
8. Location Information

9. Ward: [J Nanpura [] Rander

10. Sub-area / Mohalla:

11. GPS Coordinates:

12. Date & Time:

Section 2: Housing & Building Profile
Land Use & Typology

3. Use: O Residential L1 Commercial 1 Mixed-Use
4. Building Type: [0 Detached L1 Row House [1 Chawl LI Apartment [1 Other

5. Age of Building: [0 <20 yrs [ 20-50 yrs [1 >50 yrs
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6. Condition: O Good O Fair [ Poor
7. Floors: O 1-2 0034 00 5-7 0 8+

Construction Features
8. Roof Material: [0 RCC O Tin/Metal LI Asbestos [1 Mixed
9. Wall Thickness (observation): cm
10. Plinth Level: 00 Below Street [1 Same as Street [1 Raised
11. Major Alterations in 10—15 yrs: O Yes LI No

12. Reason: [1 Family Expansion L1 Rental [ Repair [ Modernization

Section 3: Infrastructure & Services

Utilities and Services
5. Water Supply: O Regular [0 Occasional Disruptions [1 Frequent Shortages
6. Electricity: [0 Reliable 1 Occasional Cuts [ Frequent Cuts (esp. in summer)
7. Drainage: [1 Adequate [ Partial Blockages L1 Frequent Blockages
8. Solid Waste: [0 Regular [ Irregular [1 Causes Drain Blockage
9. Street Lighting: [ Adequate [ Irregular [1 None

10. Green/Open Spaces: [1 Adequate [1 Inadequate L1 Provide Cooling
Section 4: Climate-Related Comfort and Performance

A. Temperature & Thermal Comfort

6. Indoor heat levels during peak summer:

00 Comfortable [ Slightly Uncomfortable L1 Highly Uncomfortable
7. Perceived heat changes over last 5-10 years:

O Increased [0 Same [ Decreased

8. Cooling measures used:

O Fans O Coolers I AC O Shading [ Passive ventilation

B. Ventilation & Airflow

9. Indoor ventilation adequacy:

00 Adequate L1 Moderate L1 Poor

10. Air movement felt indoors:

[1 Natural cross-ventilation [ Slight airflow [J Stagnant air
11. Window orientation and size:

O Large (good cross-breeze) L1 Moderate L1 Small / Few openings
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12. Obstacles to ventilation:

00 Adjacent walls [ Dead-end lanes [1 Poor street alignment

C. Solar Radiation & Daylight Access

13. Daylight availability indoors:

O Adequate all day [0 Adequate only part of the day [1 Poor / Requires artificial light

14. Overheating due to sun exposure:

0 Morning [ Afternoon [ Both [ None

15. Existing shading features:

O Chajjas O Trees O Courtyard [ None

Section 5: Perceptions, Adaptation & Improvements

16.

17.

18.

Perceived changes in housing comfort due
O Significantly worse [ Slightly worse L1 No change [ Improved

Measures taken by the
] Roof insulation [J Additional windows [1 Raised plinth [J None
Desired

0 Better ventilation O Shading devices L1 Cool roof L1 Daylight optimization

Section 6: Field Observation Checklist (Researcher Use)

e Street Width: [0 <3 m [J3-6 m [J>6 m

o Height-to-Width Ratio:

e Street Orientation: [1 Aligned with wind [ Opposed [ Irregular
e Building Density: [1 Continuous [1 Mixed [ Sparse

¢ Shading Condition: [ None [ Partial L1 Good

¢ Roofscape: [ Light-colored [1 Dark-colored [1 Mixed
 Window-to-Wall Ratio:

e Environmental Comfort: [J Shady [J Exposed [J Well-ventilated

to climate:

household:

improvements:

Section 7: Key Informant Questions (Optional — Experts / Elders / Community Leaders)

e Top 3 climate concerns:

e Community initiatives undertaken:

e Suggestions for improving housing comfort:
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Appendix B — Observation Notes

1. Temperature (Indoor Heat Stress & Roof Reflectivity)
e Nanpura Ward

o 35% of respondents reported poor indoor thermal comfort; 45% experienced moderate
heat stress.

o 100% of surveyed structures had light-colored roofs, indicating passive heat mitigation
strategies.

o 71% perceived an increase in heat stress over time, suggesting rising vulnerability.
e Rander Ward

o 77% of respondents experienced moderate heat stress; no respondents reported absence
of heat stress.

o 86% of roof surfaces were light-colored, contributing to reduced solar heat gain.
o 85% perceived worsening thermal conditions, aligning with broader climate trends.
2. Ventilation (Air Movement & Corridor Blockage)
e Nanpura Ward
o 43% of respondents rated ventilation as poor; only 14% reported adequate airflow.

o 86% of street corridors were blocked, limiting cross-ventilation and contributing to heat
retention.

o Environmental comfort ratings were evenly split between shady, exposed, and
ventilated conditions, indicating spatial variability.

e Rander Ward
o 68% of respondents reported moderate ventilation; only 5% experienced poor airflow.

o 77% of street corridors were blocked, though horizontal morphology may mitigate
stagnation.

o 64% of respondents felt exposed to heat, with only 5% reporting well-ventilated
environments.

3. Solar Radiation (Street Shade & Green Cover)
e Nanpura Ward
o 81% of streets had partial shade; 33% lacked any shading elements.

o No respondents reported good green cover within a 50m radius; 62% described it as
sparse.

o 14% of respondents rated street shading as “good,” indicating limited mitigation
against solar exposure.

e Rander Ward
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o 82% of streets had partial shade; 23% had no shading, and only 9% were well-shaded.
o 77% of respondents reported sparse green cover; only 5% rated it as “good.”

Summary Observation Notes:

Nanpura shows high climate vulnerability with frequent flooding, poor ventilation, and sparse green
cover, while Rander exhibits moderate heat stress and blocked airflow despite lighter roofscapes. Both
wards prioritize drainage and heat mitigation, yet public space use remains low. Tree planting and
rainwater harvesting are widely adopted resilience strategies.
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Appendix C — Climatic Data

Overview

This appendix compiles and presents the climatic data used to evaluate housing performance and
resilience under climate stress in the organically evolved wards of Nanpura and Rander, Surat. The
datasets were obtained from a combination of primary field measurements, secondary meteorological
sources (India Meteorological Department — IMD), Surat Municipal Corporation (SMC) records, and
planning documents (Development Plan 2035).

The selected parameters focus on the three most significant climate stress factors influencing housing
comfort and performance:

1. Temperature and Thermal Comfort

2. Ventilation and Airflow (Wind Patterns)

3. Solar Radiation and Daylight Access
Each dataset is presented below along with its relevance to the housing analysis.
C.1 Temperature and Thermal Comfort

Purpose:
To understand seasonal heat variation, peak summer conditions, and their implications for indoor
comfort in dense, organically evolved urban clusters.

Data Source:
e IMD Surat Station, 2010-2023

e Local temperature logging (field observations, 2024)

Parameter Value /  Implication for Housing

Observation
Annual average temperature = 27.6 °C Indicates tropical semi-arid climate baseline.
Peak summer temperature 38.5 °C Contributes to significant indoor heat gain.
(May average)
Daily maximum (peak heat 41-44°C Severe heat stress, especially in RCC-
days) dominated units.
Nighttime temperature ~30-33 °C Reduced night cooling due to dense urban form.
retention

Urban Heat Island (UHI) +2.2 °C  vs Highlights the compounding effect of
intensity (avg.) outskirts morphology on thermal stress.

Key Insights:

e Nanpura shows higher nighttime retention due to dense RCC structures and limited open
space.

¢ Rander records higher daytime overheating due to extensive tin roofing and lower insulation.

e Both wards experience thermal discomfort above 30 °C indoors during peak summer months.
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C.2 Ventilation and Airflow Patterns

Purpose:
To assess prevailing wind conditions, seasonal airflow patterns, and their influence on cross-ventilation
potential and thermal comfort within organically evolved clusters.

Data Source:
e IMD Wind Rose Data (2010-2023)

o Field observations and street orientation mapping (2024)

Parameter Observation Implication for Housing

Predominant  summer SW (May—Sept) Streets misaligned with wind reduce
wind direction natural ventilation.

Predominant winter = NE (Dec—Feb) Cross-seasonal airflow variation requires
wind direction adaptable openings.

Average summer wind 2.5-3.5m/s Moderate potential for natural cooling.
speed

Ventilation  adequacy 62% Nanpura, 71% Rander = Confirms limited air exchange due to street
(survey) report “Poor” geometry and window design.

Field Observations:

e Nanpura: Slightly better airflow due to interconnected lanes, but high H/W ratios (>3:1) limit
air penetration.

¢ Rander: Frequent dead-ends and irregular plots significantly reduce ventilation.
e Small window-to-wall ratios (often <10%) further restrict cross-ventilation.
C.3 Solar Radiation and Daylight Access

Purpose:
To examine solar exposure levels and daylight penetration within housing units, and their impact on
overheating, energy demand, and indoor habitability.

Data Source:
e Solar radiation data: National Renewable Energy Laboratory (NREL), IMD

e Field daylight surveys and fagade orientation mapping (2024)

Parameter Observation Implication for Housing

Annual average solar 5.3 kWh/m?/day High solar gain potential; critical for
radiation roof overheating.

Peak summer radiation ~6.2 kWh/m?/day Risk of excessive indoor heat buildup.

(April-May)

East-West oriented ~65% of surveyed buildings Leads to higher solar gain in mornings
fagades and afternoons.
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Daylight adequacy 48% Nanpura, 57% Rander Ground floors remain underlit due to
(survey) report “Poor” high density.

Field Observations:
e Nanpura: Vertical growth and close spacing create shaded but poorly lit interiors.

e Rander: Slightly better daylight penetration due to open courtyards, but tin roofing amplifies
heat gain.

C.4 Implications for Housing Assessment

The climatic data outlined above forms the baseline for all subsequent analysis and discussion (Chapters
5 and 6). The combined impact of these parameters explains the core vulnerabilities and adaptation
needs observed in the study:

e Temperature: Drives thermal discomfort, demanding passive cooling, reflective roofs, and
insulation.

e Ventilation: Influences indoor air quality and cooling potential, requiring improved orientation
and window design.

e Solar Radiation: Affects both daylight quality and heat gain, calling for shading devices,
optimized openings, and fagade retrofits.

C.5 Limitations of Climatic Dataset
¢ Rainfall and flood data were not analyzed in detail due to time constraints.
e Microclimatic variations within individual mohallas were not monitored continuously.

e Household-level temperature and daylight logging was limited to short-term field visits.
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Appendix D — Photographic Evidence

This appendix compiles key photographic
documentation collected during  field
surveys in Nanpura and Rander,
providing visual support to the research
findings discussed throughout the thesis.
The photographs illustrate various aspects
of the built environment, climatic impacts,
and adaptive responses observed in
organically evolved urban clusters.

Content of the Photographic Archive

The photographic documentation includes,
but is not limited to, the following
categories:

1. Urban  Morphology:  Street
widths, orientations, H/W ratios,
and connectivity patterns
influencing ventilation.

2. Building Typologies: Examples of )
RCC, brick, and tin-roof structures;
variations in wall thickness and
elevation treatments.

3. Ventilation Conditions: Window
placements, shading devices, and
airflow blockages in dense built
fabrics.

4. Thermal Comfort Indicators: Surfaces exhibiting high heat absorption, indoor overheating
signs, and cool roof adaptations.

5. Daylight Access: Conditions of light penetration in ground floors and narrow lanes under
different orientations.

6. Resident Adaptations: Use of shading elements, vegetation, temporary structures, and spatial
modifications for climate comfort.

To view the complete photographic collection, scan the QR code below or visit the provided
DropBox link.
This archive is organized by category and location to allow reviewers, researchers, and practitioners to
explore visual data in greater depth.

Figure 34 Dropbox Folder
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Appendix F — Glossary of Terms

Adaptive Capacity

The ability of a system — in this case, housing and urban form — to adjust, reorganize, or evolve in
response to climate stressors such as heat, humidity, and solar radiation while maintaining essential
functions and structures.

Building Fabric

The physical components of a building envelope — including walls, roofs, windows, doors, and floors
— that together influence its thermal performance, ventilation potential, and daylight availability.

Climatic Parameters

Key environmental factors that directly affect housing comfort and sustainability, including
temperature, ventilation and airflow, and solar radiation and daylight. These parameters are central to
this research and are used to evaluate resilience under climate stress.

Compact Urban Fabric

A dense urban structure characterized by closely built buildings, narrow streets, and minimal open
spaces. While this form can improve shading and reduce travel distances, it can also limit airflow and
increase heat retention.

Cross-Ventilation

A natural ventilation strategy that occurs when air flows between openings (such as windows or doors)
on opposite or adjacent walls, improving indoor air quality and thermal comfort without mechanical
systems.

Daylight Penetration

The extent to which natural sunlight enters interior spaces. Adequate daylight reduces reliance on
artificial lighting, improves comfort, and influences indoor temperature dynamics.

Flood Vulnerability (Mentioned but not deeply studied)

The susceptibility of an area to waterlogging or flooding due to inadequate drainage, low-lying terrain,
or impermeable surfaces. Although part of the original study, this parameter was excluded from detailed
analysis due to time constraints.

Heat Island Effect (Urban Heat Island - UHI)

A phenomenon where built-up areas experience significantly higher temperatures than surrounding
rural areas, primarily due to high-density construction, reduced vegetation, and heat-retaining materials
such as concrete and asphalt.

Housing Resilience

The capacity of housing — including its design, materials, and infrastructure — to withstand, adapt to,
and recover from climate-related stresses while maintaining livability, safety, and functionality.

Morphology (Urban Morphology)

The study of the physical form and spatial structure of urban areas — including street patterns, plot
divisions, building typologies, and density — and how these influence climate performance and human
comfort.
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Natural Ventilation

The passive movement of air through buildings facilitated by pressure differences, wind, and thermal
buoyancy. It reduces indoor heat buildup and improves air quality without energy-intensive systems.

Organically Evolved Clusters

Urban settlements that have developed incrementally over time without formal planning interventions.
These clusters are shaped by social, cultural, and economic dynamics and often exhibit adaptive features
but also vulnerabilities to modern climatic challenges.

Passive Cooling

Design strategies that use natural processes — such as shading, ventilation, thermal mass, and
orientation — to regulate indoor temperatures without mechanical cooling systems.

Plinth Level

The height of a building’s ground floor above street level. A raised plinth can protect against water
ingress, improve airflow, and enhance thermal comfort in ground-floor spaces.

Resilience

The ability of a system — social, infrastructural, or environmental — to anticipate, absorb, recover
from, and adapt to adverse events such as heatwaves, intense solar radiation, or changing wind patterns.

Roof Reflectivity (Albedo)

The capacity of a roof surface to reflect solar radiation. Light-colored or reflective roofs absorb less
heat, reducing indoor temperatures and mitigating the urban heat island effect.

Solar Radiation

The electromagnetic energy emitted by the sun, a key driver of heat gain in buildings. Managing solar
radiation through orientation, shading devices, and material choices is central to climate-responsive
design.

Street Orientation

The alignment of streets relative to prevailing wind directions and solar path. Proper orientation can
enhance natural ventilation and shading, while misalignment can trap heat and reduce airflow.

Thermal Comfort

A condition in which occupants feel neither too hot nor too cold, influenced by temperature, humidity,
airflow, solar exposure, building materials, and clothing. Thermal comfort is a central indicator of
housing resilience in this study.

Thermal Mass

The ability of a building material (e.g., brick, stone, concrete) to absorb, store, and release heat. High
thermal mass moderates indoor temperature fluctuations, improving comfort during both day and night.

Typo-Morphology

A combined approach to studying urban form (morphology) and building types (typology), often used
to understand how settlement patterns and built structures evolve and respond to environmental and
social needs.
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Ventilation Corridor

A planned or naturally occurring pathway within an urban fabric that facilitates wind movement and
enhances airflow. In compact clusters, such corridors can significantly improve microclimatic comfort.

Vernacular Architecture

A traditional building style developed using locally available materials and techniques, often highly
adapted to climatic conditions. Many organically evolved clusters incorporate vernacular design
principles.
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