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The urban environment consists of the complex interaction between the physical elements of 

urban areas and surrounding environmental factors, making it difficult to measure and manage. 

Urban configuration of the city can substantially influence on the local climate, and this 

influence varies according to the region's environmental conditions. Therefore, to attain 

outdoor thermal comfort, it is necessary to understand and study each urban context according 

to its own environmental conditions. Accordingly, the study aims to analysis the relationship 

between urban configuration and its thermal environment. To fulfill the research purpose, a 

simulation was executed utilizing Ecotect software, which assesses environmental 

performance, concentrating on two distinct scenarios characterized by organic and grid urban 

designs. The simulation results demonstrated that the organic urban planning achieved superior 

thermal comfort compared to grid- based planning. This discovery 'indicates that the urban 

configuration best adapted to hot, arid weather is a compact urban fabric, a defining trait of 

traditional historical cities. In these designs, building masses are intricately intertwined and 

overlapping, while streets and pedestrian routes comprise small, winding, and branching lanes. 

These features offer protection from climatic conditions, diminish direct solar radiation 

exposure, and generate substantial shadowing, thereby improving thermal comfort. 
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1. INTRODUCTION

Urban configuration elements are significant components in 

urban design, delineating the physical structure of a city as an 

urban system comprised of elements that collectively 

constitute the entire system. The configuration of urban areas 

illustrates the interaction between spaces and masses [1], the 

articulation and link between mass and space influence several 

design features, including aesthetic and functional 

considerations. This study emphasizes the environmental 

function, particularly the attainment of thermal comfort for 

users. Numerous researches have indicated that outdoor urban 

environments exhibit differing degrees of thermal comfort 

attributable to variations in physical components, including 

the Sky View Factor (SVF), canyon ratios, vegetation cover, 

landscape element diversity, and albedo (surface reflectivity) 

[2]. The attributes of urban configuration, influenced by 

environmental factors, lead to the development of various 

urban form patterns in cities, impacting their exterior 

environment, internal structure, neighborhood distribution, 

and land utilization. Moreover, these patterns affect the 

mobility network, routes, and accessible external areas [3]. 

The generation of urban configurations is a complex process 

that encompasses various criteria, the categorization and 

development of urban configuration indicators assist engineers 

and planners in enhancing the urban configuration process [4]. 

Consequently, numerous urban studies focused on the notion 

of configuration have examined the categorization of urban 

configuration indicators. The literature has identified 

numerous aspects and indicators of urban form, which are 

assessed either independently or collectively, employing 

diverse classification and measuring techniques across 

multiple spatial scales. A review of previous literature 

revealed that most urban morphology studies rely on analyzing 

a small, pre-selected set of indicators, with the majority limited 

to a single scale. The research gap lies in the absence of a 

comprehensive framework for analyzing and classifying these 

indicators. Moreover, most studies classify these indicators 

based on principles and foundations specific to urban design 

without considering the environmental dimension’s impact in 

their classification. This represents a key issue in previous 

research, which has overlooked the role of environmental 

factors in configuration the urban fabric. Therefore, the 

methodological aim of this study is to establish a complete 

framework for categorizing urban configuration indicators 

based on environmental factors, which are essential for the 

urban configuration process and for formulating its distinctive 

metrics. The principal indicators of urban configuration are 

intrinsically connected to the thermal environment, 

necessitating the regulation of the thermal environment and 
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enhancement of outdoor thermal comfort through the 

management of urban form. Given the escalating worries over 

climate change, such classification is essential for tackling 

modern environmental difficulties and developing climate-

resilient cities. The study employs an analytical methodology 

to tackle the research problem and attain the intended results. 

This is achieved by analytical research utilizing simulation 

software (Ecotect) to measure the thermal comfort of urban 

environments and evaluate the impact of urban configuration 

on it, grounded on certain principles, parameters, and 

concepts. 

 

 

2. CONCEPTUAL FRAMEWORK 

 

The research's conceptual framework centers on urban 

configuration and its influencing elements, seeking to examine 

the correlation between indicators of urban configuration and 

environmental parameters. This functions as a theoretical 

framework that offers a thorough comprehension for 

constructing the research's theoretical foundation. 

 

2.1 Urban configuration elements 

 

The structure of urban areas is regarded as a multifaceted 

subject due to its correlation with diverse issues, including 

environmental, economic, and social elements, each 

necessitating distinct definitions, methodologies, and 

frameworks. Consequently, urban form possesses various 

concepts that cannot be readily unified into a singular 

interpretation [5]. Urban form denotes the spatial 

configuration and patterns of the constructed environment [6] . 

It is characterized as the spatial depiction of diverse physical, 

environmental, economic, social, and cultural variables, which 

significantly influence human activities in both contemporary 

and historical urban development [7]. Al-Madhhaji 

characterizes urban form as "the overall appearance of human 

settlements, comprising a collection of urban attributes that 

include two-dimensional elements (shape, dimensions, and 

boundaries) and three-dimensional components (elevations, 

masses, and spaces)" [3]. The configuration process in urban 

planning relies on the reciprocal interplay of masses and 

spaces, including streets, open spaces, and green areas [4]. 

Mass and space are seen as the paramount components of 

urban configuration, with each being defined by the existence 

of the other. When an edifice is situated in an open area, the 

surrounding environment delineates and differentiates the 

structure, rendering it the focal point. Conversely, when 

masses encircle and delineate a space, the space becomes more 

readily identifiable and perceptible. Consequently, the 

interplay between mass and space influences the fundamental 

aesthetic of the urban landscape, determining the order and 

organization of the spatial configuration within the city. The 

relationship between mass and space is a crucial element of 

urban design and significantly influences the attainment of 

thermal comfort for individuals in outdoor settings. 

 

2.2 Urban configuration and the environmental factor 

 

Research has shown that urban planning and design are 

intricately connected to environmental and climatic variables. 

Consequently, incorporating urban climate knowledge into the 

urban design process is imperative [8]. The environmental 

dimension must be a key concern, as the primary objective of 

planning is to establish an environment that fulfills human 

needs. Urban configuration techniques can alter and enhance 

the urban climate to satisfy people's requirements by affecting 

key environmental parameters, including building heights and 

spacing, street network orientation, and the allocation of open 

spaces and parks. These parameters are influenced by aspects 

like solar exposure, shading, radiation protection, 

precipitation, wind, and ventilation conditions. The extent of 

influence fluctuates according to the climate of the place. In 

warm and humid conditions, the principal source of discomfort 

is the perception of skin moisture [9]. The interplay between 

relative humidity and air temperature can profoundly influence 

thermal comfort in humid regions [10]. Ongoing ventilation is 

necessary to facilitate enough sweat evaporation and uphold 

the body's thermal equilibrium. Consequently, urban 

development must focus on improving ventilation and shade, 

while ensuring optimal protection against solar radiation, heat 

reflection, and glare. Conversely, in arid and hot climates, the 

primary source of discomfort is elevated daytime 

temperatures, intense direct sun radiation, and dust storms. 

The principal focus of urban planning in these regions is to 

mitigate the effects of solar radiation on structures and to offer 

shading for buildings, thoroughfares, and public spaces, along 

with safeguarding against hot, dust-laden winds [11]. 

 

2.3 Urban configuration and thermal comfort 

 

Research indicates a strong correlation between urban 

configuration and thermal comfort, underscoring the necessity 

to examine diverse urban forms to comprehend their effects on 

urban attributes [2]. Prior to examining the influence of urban 

configuration on thermal comfort, it is crucial to comprehend 

the concept of thermal comfort itself. Numerous definitions 

exist in several languages to characterize this universal human 

condition; nevertheless, the predominant definition describes 

thermal comfort as "that mental state expressing satisfaction 

with the thermal environment". This definition highlights the 

psychological aspect of thermal comfort, acknowledging that 

it is a subjective experience that differs among persons in the 

same environment. Fanger [12] posits that thermal comfort in 

an outdoor environment is influenced by six factors: 

environmental elements (air temperature, radiation, relative 

humidity, air movement) and behavioral aspects (metabolic 

rate, clothing). Numerous scholars have proposed that outdoor 

urban environments demonstrate differing degrees of thermal 

comfort attributable to variations in their physical attributes. 

The physical characteristics of metropolitan environments can 

influence the urban climate in multiple ways, eventually 

affecting the degree of outdoor thermal comfort [2]. 

Consequently, urban configuration significantly influences the 

local urban climate and environmental temperatures [13]. The 

primary indicators of urban configuration are intrinsically 

linked to the thermal environment, necessitating an 

examination of the mechanisms through which these 

indicators affect the thermal environment across various scales 

(city, neighborhood, and urban block levels). This 

comprehension facilitates the possibility of regulating the 

thermal environment and enhancing outdoor thermal comfort 

via the management of urban design [14]. Consequently, other 

research has examined the intricate link between these urban 

indicators and thermal environmental factors [15]. These 

studies have demonstrated that multiple urban indicators are 

necessary to assess the direct influence of urban layout on 

thermal environmental parameters [16]. 
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2.4 Urban configuration indicators 

 

Various terminologies, including scales, indicators, 

parameters, and variables, denote the same concept across 

multiple research. Numerous studies have emphasized the 

significance of these indicators and their crucial role in 

evaluating and analyzing urban organization. The indicators 

for each component of urban configuration delineate the 

physical attributes of urban form and assess the morphological 

relationships, including dimensions, volumes, percentages, 

and spatial arrangements observed among urban configuration 

elements, to characterize and categorize the built environment 

[4]. A multitude of theories have been created to categorize 

urban configuration indicators across various dimensions, 

including environmental aspects, socio-economic issues, and 

population-related metrics such as density and demographics. 

Researchers and practitioners seeking to assess a city's urban 

form may select from a range of indicators [17]. This study 

will categorize urban configuration indicators according to the 

environmental dimension, utilizing these indicators to 

delineate the relationship between urban configuration and 

environmental circumstances. 

 

2.5 Literature review 

 

This research examines studies that quantitatively assess 

markers of urban configuration, contrasting with the prevalent 

qualitative methodologies in the literature on urban form. The 

research included in this review was categorized based on 

various criteria: 

1. Time Frame: Studies were chosen from several periods 

spanning 2008 to 2023. 

2. Scale: The scales of urban form in this research were 

categorized into three distinct levels: city scale (macro scale), 

neighborhood scale (meso scale), and urban block/building 

size (micro scale). 

3. Potential Comprehensiveness: This pertains to the 

quantity of indicators assessed in each study, varying from 

those that reached findings based on a solitary indicator to 

those employing an extensive array of indicators. 

4. Study selection: Selection of studies yielding comparable 

research outcomes despite diverse indicator counts and 

measurement techniques. 

Prior research has suggested numerous components and 

metrics for urban configuration. The indicators were measured 

either singly or together, employing diverse classification and 

measuring techniques across various spatial scales. Due to the 

extensive array of indicators in the literature, there are two 

primary methodologies for their selection: either opting for a 

limited set of indicators grounded in pre-existing assumptions, 

or examining a broad spectrum of indicators to empirically 

ascertain the most appropriate ones [17]. Most research on 

urban configuration predominantly depends on a limited 

selection of pre-determined measures, with just a minority 

evaluating the suitability of these chosen indicators. This 

approach is essential for defining the key indicators necessary 

to attain thermal comfort, considering local environmental 

concerns and context. A total of 18 studies quantitatively 

examining urban form were reviewed: two at the micro size, 

eight at the meso scale, four at the macro scale, and four that 

encompassed all three dimensions. Several of the analyzed 

studies centered on assessing indicators at the micro scale, 

whilst the majority focused on evaluating indicators at a macro 

level. Nonetheless, these micro-scale signs are crucial and 

must not be disregarded. Table 1 delineates the attributes of 

the prior investigations. 

 

Table 1. Collecting previous literature and determining the indicators used in each study 

 

No. Ref. 
Urban Form 

Spatial Scale 
Indicators Used in the Study 

1 [1] Macro-Scale 

This study has clarified that the structure of cities consists of paths and blocks. Focusing on these two 

components, the study proposed seven specific indicators related to paths, which are: number of paths 

per block, average width, average lengt, orientation, the slope of the paths and distribution method, 

permeability. And 13 indicators related to blocks, which are: occupancy factor, number building sites 

on a block, building compaction, the area of a block, the average number of floors in a buildings on the 

block, the overall form of building sites in the blocks, the overall orientation of building sites on the 

blocks, placement of building sites adjacent to each other on a block, orientation of blocks, the overall 

form of the yards, size, distribution of plot sizes  

2 [2] Macro-Scale 
The study presents a framework that links urban form indicators with urban sustainability. The main 

indicators used were: paths, buildings, plots, and urban mass permeability  

3 [4] Macro-Scale 

The research focuses on the importance of utilizing urban form indicators in generating urban shapes. 

The study categorized the indicators into four main types, which are: Building, Streets, Open spaces 

and plots  

4 [5] 
Macro, Meso & 

Micro Scale 

This study presents a systematic review of previous research on the classification of urban form 

indicators. A total of 89 indicators were identified. Based on the results, the most important sub-

indicators at the macro scale were determined as: land use mix, density distribution and type of density 

AT meso-scale: land use mix, street network and type of density 

At the micro scale, street design is prioritized  

5 [17] Macro-Scale 

This study aims to identify the minimum set of indicators for measuring urban form and recommends 

selecting the following seven indicators from among the many discussed in the literature. These 

indicators are: 

Area of the discontinuous urban fabric, number of patches, mean patch size, edge density, population 

number, and population density, compactness index of the largest patch  

6 [18] 
Macro, Meso & 

Micro Scale 

This study developed a systematic classification of urban configuration according to six main 

indicators, which are: dimension, spatial distribution, intensity, shape, connectivity and diversity  

7 [19] Meso-Scale 

This research discusses a set of indicators related to urban planning and their role in controlling the 

climatic conditions of the region. These indicators are:  1. Urban fabric pattern, 2. Compactness index, 

3. Density of building  

8 [20] Macro, Meso & This research paper analyzes the relationship between climatic indicators and urban energy planning 
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Micro Scale indicators. Seven main indicators were identified, which are: (physical, land use, and transportation, 

movement/accessibility, infrastructure, cultural and technological), of these, 61 secondary indicators 

were identified 

9 [21] 
Macro, Meso & 

Micro Scale 

This study classified urban configuration indicators into three scales: 

1. Macro-Scale indicators, which include: the shape of the project land, heat dissipators on-site such as 

large water bodies and forests, road network design, and various urban forms, 

2. Meso-Scale indicators, which include: the adjacency and arrangement of buildings, as well as 

landscape elements, 

3. Micro-Scale indicators, which include: the shape and orientation of the building block, building 

envelope, wind facilitators, and the interior design of the building  

10 [22] Meso-Scale 

The study demonstrated that the morphological indicators that have a significant impact in different 

climatic regions are: 1. Sky view factor (SVF), 2. Ratio of built-up area to open space, 3. Street 

Orientation, 4. Height of building, 5. Green space ratio  

11 [23] Meso-Scale 

The research concluded that the Sky View Factor (SVF) is one of the most important urban form 

indicators affecting urban thermal comfort. The urban form indicators used were: 1. Sky view factor 

(SVF), 2. Average height, 3. Built-up area density 

12 [24] Micro- Scale 

The research concluded that urban façade indicators have a significant impact on outdoor thermal 

comfort by controlling airflow and shading. The indicators used in the measurement are: 1. 

Configuration of building, 2. Facade details  

13 [25] Micro- Scale 

This research focused on urban configuration indicators at the block level and their impact on outdoor 

thermal comfort. The block-level indicators used were:  

1. Configuration of building, 2. Height of building  

14 [26] Meso-Scale 

This research paper provides preliminary evidence indicating a relationship between the urban 

planning pattern of street networks and population density. The focus was placed on a set of indicators, 

which are: 1. Volume of pedestrian flow, 2. Type of activity, 3. Hours of operation, 4. Urban fabric 

pattern, 5. Road network density 

15 [27] Meso-Scale 

This research paper highlights urban space and presents certain design and planning criteria to achieve 

urban spaces suitable for current and future needs by focusing on urban space indicators, which are: 1. 

Space ratios, 2. Space scale, 3. Space Configuration, 4. Space enclosure degree, 5. Space function type, 

6. Space hierarchy  

16 [28] Meso-Scale 
The research highlighted the importance of the thermal environment of streets, as it determines the 

thermal environment of the urban area. The indicator used was: Street configuration  

17 [29] Meso-Scale 
This research focused on two categories of indicators: 1. Green space ratio, 2. Height to Width Ratio 

(H/W)  

18 [30] Meso-Scale 

This study has demonstrated that the urban configuration indicators significantly influencing the 

thermal comfort of outdoor spaces are: 1. Height of building, 2. Orientation of building, 3. Shading, 4. 

Green space ratio  

Upon examining the existing literature, it was determined 

that numerous research had explored this domain, each 

utilizing distinct indicators and categorization methodologies. 

Many of these studies categorized urban configuration 

indicators according to the principles and foundations of urban 

design, focusing on the physical and spatial attributes of urban 

form, while neglecting the influence of the environmental 

component on the classification of these indicators. Recently, 

due to increasing apprehensions over climate change, research 

and scientific initiatives have redirected focus towards 

environmental solutions, highlighting ecological elements and 

climatic attributes in urban development. This transition has 

prompted several efforts to establish a methodological 

framework that connects urban climate with urban 

configuration indicators to discern the most impactful and 

pertinent aspects in attaining thermal comfort in accordance 

with the local climatic context. Furthermore, the quantity of 

indicators differed among investigations, with some research 

obtaining outcomes through a single indication while others 

employed a diverse array of indicators. Results obtained from 

the influence of a solitary indicator or a restricted set of 

indicators, frequently lacked a solid scientific foundation. The 

interconnection and mutual influence of urban configuration 

indicators complicate the analysis of the impact of a singular 

component on the thermal environment. One of the examined 

investigations is that of Bao [28], in which the researcher 

employed a single indicator (street configuration) to assess the 

thermal environment of streets. The researcher determined that 

the study neglected to account for additional elements 

influencing the thermal environment of roadways, including 

street greening and pedestrian activity. As a result, a 

discrepancy was noted between simulation outcomes and 

actual conditions, leading the researcher to anticipate future 

advancements to rectify these deficiencies, boost result 

precision, and augment their applicability. The research 

highlighted the necessity for more detailed rules in the 

construction of street layouts to alleviate thermal conditions. 

A complete scientific framework for identifying urban 

configuration indicators should be established, emphasizing 

the environmental dimension in their categorization. This 

framework can yield precise, relevant outcomes and reduce the 

limitations of studies concentrating on single-indicator 

impacts. Table 2 delineates the environmentally pertinent 

variables referenced in the literature, omitting those related to 

social, economic, or other dimensions. The analysis of prior 

research revealed eight principal indicators and 37 subordinate 

indicators at three levels: macro, meso, and micro. 

 

Table 2. Urban configuration indicators 

 
Main Indicator Sub-Indicators Scale Source 

Urban configuration 
Complexity index Macro- Scale [5, 18] 

Urban fabric pattern Macro- Scale [19, 20] 
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Compactness index Macro- Scale [5, 17, 18] 

Spatial distribution Macro- Scale [18] 

Land use 

Urban Diversity Macro & Meso Scale [18, 31] 

Access to services Macro & Meso Scale [5, 20, 31] 

Infrastructure Macro & Meso Scale [5, 20] 

Density of building 

The distance between buildings Meso-Scale [21] 

Sky view factor (SVF) Meso-Scale [2, 4, 22, 23] 

Average height Meso-Scale [1, 4, 24, 25] 

Built-up area density Macro & Meso Scale [1, 2, 4, 17, 18, 26] 

Ratio of open space Macro & Meso Scale [2, 4, 17, 18] 

Ratio of built-up area to open space Macro & Meso Scale [17, 18, 31] 

Population density 

Number of people per unit of area Micro & Meso Scale [5, 31] 

Volume of pedestrian flow Micro & Meso Scale [26] 

Type of activity Micro & Meso Scale [26] 

Hours of operation Micro & Meso Scale [26] 

Urban blocks 

Configuration of building Micro Scale [21, 24, 25] 

Height Micro Scale [2, 4, 18, 22] 

Orientation Micro Scale [1, 21] 

Facade details Micro Scale [21, 24] 

Height to width ratio Micro Scale [2, 4, 22] 

Properties of building materials Micro Scale [20] 

Urban space 

Space ratios Micro Scale [27] 

Space scale Micro Scale [27] 

Space Configuration Micro Scale [27] 

Space enclosure degree Micro Scale [27] 

Space function type Micro Scale [3] 

Space hierarchy Micro & Meso Scale [32] 

Street 

Street Orientation Micro & Meso Scale [1, 2, 22] 

Street configuration Micro & Meso Scale [1, 18, 27] 

Height to Width Ratio (H/W) Micro & Meso Scale [4,18, 29] 

Properties of finishing materials Micro & Meso Scale [20] 

Road network density Macro- Scale [2, 22, 27] 

Shading Micro & Meso Scale [30, 32] 

Green areas 
Green space ratio Macro & Meso Scale [21, 22, 29] 

Water surface area ratio Macro & Meso Scale [5, 18] 

 

 

3. THE PRACTICAL FRAMEWORK OF THE STUDY 

 

 
 

Figure 1. Boundary of the case study area 

 

The research framework comprised an analytical 

examination of two distinct urban configurations in the Rusafa 

area of Baghdad, Iraq. The chosen case studies illustrated the 

unique traditional and contemporary urban patterns present in 

Baghdad, showcasing its historical, architectural, and 

geographical complexity. The distribution and arrangement of 

urban masses and spaces correspond with the study's aim to 

investigate the influence of urban configuration on outdoor 

thermal comfort. Figures 1 and 2 depict the chosen case 

studies, comprising two urban designs. The area (A) is defined 

by a complex layout of meandering streets, elevated building 

densities, and low-rise edifices. Conversely, Area (B) 

exemplifies a grid pattern, a contemporary urban planning 

methodology distinguished by grid-based configurations and 

detached structures organized in elongated, rectangular 

blocks. Area (A) demonstrated a greater population density 

than modern Area (B), where urban life, movement, and 

activity were more pronounced in organic areas, in contrast to 

the less dynamic modern environments. Both regions, 

however, exhibit a deficiency in vegetation cover, with the 

exception of a few dispersed trees in Area (B). 

 

 
 

Figure 2. Two selected areas A and B, on the left area A: 

organic pattern, and on the right area B: grid pattern 

 

3.1 Climatic data for the case study 

 

The research area is situated in Baghdad, at a latitude of 33° 

N and a longitude of 44° E. It is situated in the Middle East, 

characterized by a hot-dry climate in summer and a cold-dry 

climate in winter. Measurement days were meticulously 
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chosen to assess the influence of urban design on daytime 

thermal comfort, ensuring a clear portrayal of conditions. The 

impact of urban development on local climates is most 

apparent under particular conditions, such as clear sky, 

tranquil winds, no precipitation, and minimal cloud cover. The 

researcher conducted the simulation using July, the warmest 

month in Baghdad. Figure 3 presents the climatic data for this 

month, indicating that maximum temperatures reach nearly 

50℃ during the day. The maximum relative humidity reached 

35% in July, while the wind speed was measured at 0.5 kph, 

coming from a direction of 315 degrees. 

 

 
 

Figure 3. Climatic data for July in Baghdad 

 

 
 

Figure 4. Main indicators for measuring the thermal comfort of urban space 

 

 

3.2 Thermal simulation preparation stages 

 

The assessment of thermal comfort for the two urban forms 

was performed using Ecotect, a sophisticated architectural 

design and analysis program that integrates several 

performance analytic features with a 3D editor and designer. 

The performance analysis features encompass heat, lighting, 

energy, shading, cost, and acoustics. This study evaluated 

thermal comfort levels utilizing the *Predicted Mean Vote* 

(PMV), which forecasts the average thermal response of 

individuals subjected to environmental factors such as air 

temperature, wind speed, relative humidity, and employing a 

scale from very hot to very cold. PMV values typically range 

from +3 (very hot) to -3 (extremely cold), with a value of zero 

indicating optimal thermal comfort and neutrality. Research 

indicates that utilizing the PMV equation for outdoor thermal 

comfort in hot climates can produce PMV values of +8 or 

greater. Mathematically, these conclusions are precise, 

although they surpass the actual PMV scale [33]. The *Mean 

Radiant Temperature* (MRT) served as a metric for assessing 
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outdoor thermal comfort. The most significant aspect 

influencing thermal comfort in outdoor urban environments is 

the consideration of various radiation types, including direct, 

diffuse, and reflected radiation. Utilizing Ecotect, the sample 

areas for both models were established. After the entry of 

meteorological data for Baghdad in wea format, simulations 

were executed at three distinct times: 6:00 AM, 12:00 PM, and 

6:00 PM. The three measurement intervals were determined 

by the differing angles of solar radiation over the day. The 

angles reach their minimum at sunrise, progressively ascend 

to their peak at noon, and thereafter diminish again to their 

minimum at sunset. This method facilitates the evaluation of 

solar radiation angles and shading ratios on outdoor thermal 

comfort, a crucial parameter utilized by Ecotect software. 

Besides this parameter, the program integrates other critical 

inputs, such as site features, climate data, urban configuration 

attributes of the region, occupancy durations, and the nature of 

activities performed in the measured spaces. Figure 4 shows a 

summary of the main indicators used to measuring the thermal 

comfort of urban space. 

 

3.3 Thermal simulation results 

 

Upon examining thermal maps that illustrate the simulation 

outcomes for the prevailing thermal conditions of the study 

area (A) at three distinct times of day (6:00 AM, 12:00 PM, 

and 6:00 PM) on July 1st, when temperatures near 50℃, it was 

noted that the Mean Radiant Temperature (MRT) did not 

surpass 38℃ at 6:00 AM. At 12:00 PM, the MRT values 

fluctuated between 36℃ and 65℃, however, at 18:00 PM, the 

radiant temperature attained a range of 42℃ to 45℃. The 

Predicted Mean Vote (PMV) index registered values ranging 

from 3.5 to 4.16 at 6:00 AM. At 12:00 PM, the PMV varied 

from 4 in the secondary streets to 8 in the expansive main 

roadways. At 18:00, the values varied from 4.8 to 6.5, as 

depicted in Figures 5 and 6. 

The simulation study results for site (B) are illustrated in 

Figures 7 and 8, which presents the Mean Radiant 

Temperature (MRT) and Predicted Mean Vote (PMV) values 

for site B at 6:00 AM, 12:00 PM, and 6:00 PM, respectively. 

The MRT values at this location varied from 38-40℃ at 6:00 

AM, peaked at 12:00 PM with values between 55-80℃, and 

subsequently declined by 6:00 PM, recording values between 

44-55℃. At 6:00 AM, the PMV values for site (B) fluctuated 

between 4 and 4.8, however at 12:00 PM, the average PMV 

varied from 6.8 to 9. At 18:00, the values fluctuated between 

5.4 and 6, as depicted in Figures 7 and 8.  

 

  
(a) At 6:00 am (b) At 12:00 pm 

 
(c) At 18:00 pm 

Figure 5. PMV analysis of study area (A) at (6:00 am, 12:00 pm, 18:00 pm respectively) for the month of July 

 

  
(a) At 6:00 am (b) At 12:00 pm 
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(c) At 18:00 pm 

Figure 6. MRT analysis of study area (A) at (6:00 am, 12:00 pm, 18:00 pm respectively) for the month of July 

 

  
(a) At 6:00 am (b) At 12:00 pm 

 
(c) At 18:00 pm 

Figure 7. PMV analysis of study area (B) at (6:00 am, 12:00 pm, 18:00 pm respectively) for the month of July 

 
(a) At 6:00 am 

 
(b) At 12:00 pm 
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(c) At 18:00 pm 

 

Figure 8. MRT analysis of study area (B) at (6:00 am, 12:00 

pm, 18:00 pm respectively) for the month of July 

 

 

4. RESULTS ANALYSIS AND DISCUSSION 

 

 
 

Figure 9. Comparison of Mean Radiant Temperature (MRT) 

between study area B (orange) and study area A (blue) 

 

 
 

Figure 10. Comparison Predicted Mean Vote (PMV) 

between study area B (orange) and study area A (blue) 

 

The simulation examination of Models A and B reveals that 

thermal comfort indicators, specifically Mean Radiant 

Temperature (MRT) and Predicted Mean Vote (PMV), 

exhibited their lowest values in Model A, characterized by an 

organic layout, Figures 9 and 10. This indicates that the urban 

layout of Area A attained superior thermal comfort relative to 

Area B, where elevated MRT values were recorded. The 

increased MRT values adversely affected the anticipated 

thermal comfort rating for Occupants. The notable disparity in 

thermal comfort between the two regions can be attributed to 

the impact of urban configuration indicators on environmental 

parameters, including radiant temperature and shading 

variables. The study location, marked by a hot, arid urban 

climate, has thermal discomfort mostly due to elevated 

daytime temperatures caused by intense direct sun radiation. 

Therefore, urban architecture in these climates must 

emphasize mitigating solar radiation impacts, offering shade 

in structures, thoroughfares, and public areas, and 

safeguarding against hot, dust-filled winds. The organic urban 

layout of Area A, characterized by high building density, 

restricted outdoor spaces, and near building proximity, 

minimizes solar radiation exposure. This diminishes the Sky 

View Factor (SVF), thus reducing direct solar gain and 

improving shade. The correlation between SVF and radiant 

temperature is apparent in the MRT readings for Area A, 

which consistently stayed below 40℃ in most open areas, 

especially in constricted internal streets, even at noon when the 

sun reaches its peak intensity. Conversely, radiant 

temperatures in other regions surpassed 80℃. The orientation 

and irregular configuration of streets in Area A resulted in 

increased shading, markedly reducing outdoor temperatures in 

contrast to the grid street pattern of Area B. In Area B, the 

regular layout and suboptimal Width-to-Height (W/H) ratios 

of streets caused prolonged exposure to direct radiation for 

most of the day, resulting in elevated levels of thermal stress. 

This analysis indicates that the urban layout most appropriate 

for a hot, arid climate is the organic form, characteristic of 

ancient historic cities. These layouts feature interlaced and 

overlapping structures, with streets and pedestrian routes 

creating small, serpentine alleys that shield against climatic 

conditions and offer substantial shading.  

 

 

5. CONCLUSIONS AND RECOMMENDATIONS 

 

This work analyzes outdoor thermal comfort in hot, arid 

locations, specifically focusing on Baghdad, by investigating 

the correlation between urban configuration and 

environmental elements and their influence on achieving 

thermal comfort in urban areas. The study's findings, obtained 

through environmental simulation techniques, indicate that the 

organic layouts typical of old historic towns are the most 

efficient in alleviating the severe climatic conditions of these 

areas. Dense urban environments featuring shaded narrow 

pathways and interconnected structures substantially diminish 

direct sun radiation exposure, therefore improving thermal 

comfort for occupants. The study utilized a comprehensive 

methodology to categorize urban configuration indicators 

through a systematic evaluation of prior research, highlighting 

the necessity of including environmental factors into urban 

design practices. It identified eight principal indicators and 37 

subordinate indicators, classified into three scales: macro, 

meso, and micro. The study concludes that the initial step in 

analyzing and developing urban forms should involve the 

classification of urban configuration indicators. It underscores 

the necessity of incorporating environmental elements as a 

vital element in urban planning processes and in the 

formulation of specific indicators. This method seeks to 

establish thermally comfortable and environmentally adaptive 

urban environments. 

 

 

6. RESEARCH LIMITATIONS 

 

The research examined two distinct urban patterns in the Al-
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Rusafa region of Baghdad, Iraq, both of which exhibit 

identical meteorological circumstances, defined by a hot, arid 

climate. This underscores the necessity of corroborating the 

findings by juxtaposing them with research undertaken in 

areas with varying climatic circumstances. The impact of 

urban design on thermal comfort is primarily contingent upon 

the city's dominant climatic attributes. The research 

recommends more investigation into distinct urban layouts 

and different climatic zones to elucidate the relationship 

between prevailing meteorological conditions, urban 

morphology, and their effects on outdoor thermal comfort. The 

results of this study may provide a reference for future 

research, assisting scholars and urban planners in establishing 

criteria and indicators for urban form. 
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