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Abstract 

Urban morphology, including buildings’ typology and configuration, affects sky view factor and insolation as two of the most 

prominent parameters in urban microclimate, particularly in extreme environmental conditions. This research aims to generate 

various rule-based urban block typologies in a parametric environment and then evaluate them based on the parameters 

mentioned above to find the fittest climate responsive morphology. Grasshopper, Ecotect, and Genetic algorithms are used for 

evaluation in relatively short computing time. Introducing a high-speed and user-friendly environment for designers to generate 

forms and evaluate them in several iterations was the main consideration. The proposed tool consists of two parts, namely 

generative algorithms to create various rule-based morphologies and analytics algorithms to find the fittest climate responsive 

urban morphology based on insolation and sky view factor. As a case study, the focus is on different urban morphologies in Yazd 

to find the fittest option. The maximum sky view factor and minimum insolation on building surfaces are ideal in hot and arid 

climates; however, these two parameters suggest contradicting solutions for urban morphology. Considering the existing urban 

fabric in Yazd, various block typologies and arrangements are parametrically generated. In each scenario, the evaluation 

iterations identify the most suitable typologies and arrangements. After comparing the fittest versions of different types, the most 

proper building typology, collective arrangement, and the best orientation are provided. 

Keywords: Sky view factor, Insolation, Urban morphology, Building typology, Parametric design, Yazd. 

 

1. INTRODUCTION 

Due to the limitation in energy sources and problems like 

Urban Heat Island (UHI), designers should consider the 

enhancement of urban microclimates for inhabitants‘ 

comfort and reduction of energy consumption in active 

and passive ways. Sky View Factor (SVF) and insolation 

are two of the utmost factors that are directly linked to 

urban density and configuration and influence urban 

microclimate, energy production, and energy consumption 

by affecting received daylight and solar access, daytime 

heat gain, and night-time heat loss through radiation or 

exposure to the outside environment. This article tries to 

introduce a low-cost, fast, and accessible tool to generate, 

evaluate, and optimize different design scenarios based on 

these factors. As a case study, the proposed tool is 

examined on different block configurations in Yazd, a city 

located in the central part of Iran. 
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The SVF is a dimensionless parameter ranges from 

zero to one. As defined by Oke ―It represents the fraction 

of visible sky on a hemisphere centered over the analyzed 

location‖ [1]. The relation between urban geometry, SVF, 

and UHI is well studied [1-5]. Many types of research 

consider SVF the main index of UHI [6-7], in the sense 

that the higher the mean SVF, the lower the UHI 

formation. However, this can lead to more exposure to 

solar radiation. In this case, insolation comes to play. 

Insolation is the solar radiation at the surface of the earth, 

represented in units of energy/square meter [8]. This can 

be a factor to evaluate daytime heat gain through radiation.  

As discussed, insolation and SVF can have 

contradictory effects on the optimization process of the 

block‘s form, layout, and orientation. For instance, to 

achieve the maximum radiative heat transfer to the sky, 

maximum openness and SVF are needed, which means an 

increase in daytime insolation and heat gain. Most of the 

related studies on SVF have failed to consider this 

contradiction [9-11], and few studies have merely pointed 

to this issue without directly including it in their analyses 

[6, 12-13]. 
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The present study is divided into two parts. The First 

part is devoted to the introduction of the proposed tool that 

provides the designer with the possibility to parametrically 

generate different block configurations and analyze their 

suitability based on average SVF and insolation values. 

Then, using an evolutionary process based on the designer 

setup, the program would suggest the optimum block 

typology, proportion, openness, and arrangement in an 

urban grid. In the second part, the program is used to 

analyze common configurations in the existing urban 

texture of Yazd and consequently suggest an optimized 

version of each configuration. As the focus of the 

proposed tool is on insolation and SVF calculation, it was 

decided to study Yazd as a city with a high level of solar 

radiation and clear sky (i.e., better effect of SVF on night 

radiative cooling) with overall demand for cooling. It is 

worth mentioning that although factors such as ventilation 

and surface area to volume ratio are also important factors 

in urban microclimate, for the sake of simplicity, they 

were excluded from the optimization process. 

2. AN EVOLUTIONARY MODEL FOR URBAN 

MORPHOLOGY OPTIMIZATION BASED ON 

SVF AND INSOLATION 

The main goal of this research was developing a tool to 

achieve the optimized urban blocks configuration and 

layout based on SVF and insolation through an 

evolutionary process in Yazd. Evolutionary algorithms, as 

a class of heuristic techniques, were developed in the 60s 

for the optimization problems [14]. In this study, 

Grasshopper Galapagos, which is a plug-in for Rhino, was 

chosen as the evolutionary algorithm. 

To set the process, the first step is to parametrically 

define the shape grammar for desired blocks and their 

arrangements. Therefore, the program would generate a 

vast range of geometrical configurations based on different 

combinations of parameters. A certain number of 

generated 3D models would be randomly selected as the 

first step. Then, after the analysis process, the models with 

higher SVF and lower insolation would be selected for the 

next step. Then, the selected models again compete with 

the newly generated ones to achieve the fittest model.  

Many types of research have recently used generative 

and evolutionary models to find energy optimization-

driven design. The studies with greater similarity with this 

project have mostly focused on either solar access [14-21], 

or SVF [6-7], [22-23] or failed to consider them as 

contradictory factors [10] in search of more solar access. 

Some studies have investigated the effect of block shapes 

on both indoor condition and energy demand [10, 24-26]. 

Also, most of the works have presented very simple and 

reductionist building typologies and forms limited to 

simple extrusions or just street canyons and in-between 

spaces, [7, 14, 20, 24, 27-29]. 

The most challenging part is to come up with an 

analysis method that would be fast and potent enough to 

work with parametric 3D models. To this end, Ecotect and 

Geco plug-in for Grasshopper were used to calculate 

insolation. For SVF, a Grasshopper definition was set in 

line with the project purpose. In general, Grasshopper and 

its plug-ins are widely-used and proper tools for both 

generative- and evolutionary-based designs [7, 10, 15, 19, 

21, 23, 27, 29]. 

The most common methods to calculate SVF include 

mathematical models, fisheye-lens photographs analysis, 

image processing, diagrams, and graphical determination 

[30]. The focus of these models is on the existing urban 

masses; therefore, they fail to be appropriate for the 

analysis of design scenarios. Also, the calculations 

conducted using these methods are not straightforward and 

are usually costly and time-consuming [31]. In this 

research, the focus is mainly on computer programs. 

Generally, there are two main software approaches, viz. 

vector and raster. In the raster-based method, a digital 

elevation model (DEM) database is often employed. In 

these models, each pixel representing building height can 

be displayed in the shade of grey as a digital image like the 

model developed by Ratti and Richens [32]. In this model, 

a ‗shadow casting‘ algorithm calculates building shadow 

patterns based on high-resolution DEM. This algorithm 

that has been validated by Lindberg [33] to generate 

satisfactory results is further modified to calculate SVF. 

The accuracy of the method depends on the resolution of 

the raster database [34]. The problem with using DEM is 

that only the visible parts from above are considered in the 

analysis, and the shapes and voids in the section are 

ignored Fig. 1. Although this model is useful for the 

evaluation of very large-scale urban textures, it fails to be 

efficient for studying urban configurations, block 

typology, and their arrangement in smaller scales [30]. In 

the vector method, buildings are typically simplified to 

flat-roofed blocks. To calculate SVF, a hemispheric 

radiating environment is defined and divided into equal 

slices by a rotation angle. Then, the tool searches for a 

single building with the largest elevation angle along a 

particular rotation angle. The sky segment obstructed by 

this building is considered a slice of the basin. Then, SVF 

can be calculated by summing up the view factors of all 

the basin slices for all directions [35]. The accuracy of this 

method depends on the rotation angle and the searching 

radius, in the sense that a smaller rotation angle and larger 

radius result in a more accurate SVF estimation [34].  

 

 
Fig. 1 A view of the section configuration ignored in the DEM 

(in this example, the red part would not be considered in SVF, 

resulting in lower values for SVF and insolation) 
 

Most models are based on representations of buildings 

[31] or digital elevation models (DEM) [36], allowing only 

for simple-shaped building and flat roofs except a few 
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models which are allowing for modeling non-flat roofs [37].  

To date, different tools have been developed for SVF 

calculation in Grasshopper environment [38-40]. However, to 

evaluate different geometries from simple cubic to more 

curved and complex ones in a relatively short time, as 

explained further in the essay, the idea of obstacles and the 

hemispheric radiating environment was applied in this study. 

There were also other challenges required to be 

overcome to this end. Firstly, it was needed to develop an 

algorithm to enable the generation of different 3D model 

configurations, and secondly, a proper analysis grid 

matching with the ever-changing models had to be prepared. 

2.1. Parametric 3D model setup  

In this study, two different setups were employed to 

generate block typology and create different arrangements. 

Value assignment to each parameter was conducted using 

three methods. For (n) instances of the same parameter, the 

assigned value can be: a) Constant for all components 

(fixed or variable), b) Different for each instance (one-to-

one correspondence), or c) Different based on the zone 

where the instance is located. The values will be assigned 

to the fixed zones with the definable resolution, and the 

instances will get the value from the related zone Fig. 2.  

 

 
Fig. 2 Different ways of assigning values to parameters 

 

The first diagram in Fig. 3 shows how different block 

typologies can be generated. Values for overall Floor Area 

Ratio (FAR), land area, and the number of lots in the Y 

direction are fixed while the other values can be either fixed 

or variable. As the number of lots in the X direction is 

variable, values for voids type, proportion, or the number of 

levels fail to be directly assigned hence the values were 

firstly assigned to zones, and then, the lots will be 

subsequently assigned accordingly. Based on the designer 

scenario and genotype setup, different phenotypes can 

emerge. In the next step, different arrangements of a certain 

block are generated in a parametric process Fig. 3.  

 

 
Fig. 3 Parametric setup to generate different blocks and their arrangement in the grid 
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2.2. Analysis grid preparation 

The analysis grid should be sufficiently precise and 

time-saving. To this end, a uniform grid was used 

whenever possible, but the problem is that the model has 

to be rasterized. In addition to the low quality of edge 

presentation, it may affect the analyses in two ways. First, 

the distance between the adjacent points and objects under 

analysis is not equal, which leads to misestimation of 

values. Second, in the case of small openings, the cells 

might be represented as part of the interior space. To 

achieve precision, the resolution should be increased, 

which will affect the calculation time. 

 

 
Fig. 4 A schematic of uniform analysis grids that fail to be adequately precise to show boundary edges or connect forms in case of short 

distances. The right image shows the proposed analysis grid 
 

To solve the problem associated with uniform analysis 

grid, albeit in some cases, a non-uniform triangulated 

mesh was used, in which there are rows of sample points 

with equal distance to objects in addition to ones located at 

the same distance from the object boundaries Fig. 4. 

2.3. SVF and insolation analysis tools 

To calculate SVF, a vector from each sample point on 

the analysis grid is connected to equally distributed points 

on the radiating hemisphere. The sky-dome is big enough 

to enable relatively similar ray angles for all sample 

points. For each one, the obstacles at a certain distance 

was considered. Then, the SVF value calculated as the 

ratio of the number of occluded rays to the total number of 

rays. Like the vector method, the accuracy of this model 

also depends on the number of points on sky-dome, 

resolution of the analysis grid, and the obstacles' radius 

(Fig. 5). The tool is set inside Grasshopper; hence, it can 

directly collaborate with parametric design model and 

other analysis tools. Besides, short computing time makes 

it work properly with Galapagos plug-in. Another 

advantage of the proposed tool over its existing 

counterparts is that the sample points under analysis can be 

in any location, the SVF value, for instance, can be 

calculated for façade of the buildings. As mentioned 

earlier, insolation was calculated using Ecotect. 
 

 
 

Fig. 5 The SVF calculated as the number of rays-from sky-dome 

to sample points—occluded by obstacles in a certain distance to 

the total number of rays 

3. THE PROPOSED OPTIMIZED BLOCK 

TYPOLOGY AND ARRANGEMENT FOR 

YAZD AS THE CASE STUDY 

There are a couple of researches on the effect of SVF 

on urban textures in hot and arid climates. Extensive 

scientistfic literature proves the desirability of low sky 

view factor for these climates. In hot and arid climates, 

night-time temperatures are usually significantly lower 

than day-time temperatures, and an increase in temperature 

at night would be probably welcomed if the extreme 

temperature stress during the day is concomitantly 

alleviated [41]. However, some other studies suggest that 

high SVF value for these climates might be desirable [42]. 

An increase in the greenhouse effect and urban density in 

big cities has changed urban climates and caused many of 

these cities to experience warm nights. This trend has 

evoked new researches on urban pattern with the aim of 

maximizing cooling, i.e., minimum insolation and 

maximum sky cooling and SVF in turn, reflecting more 

daylight access and less heat gain from direct solar 

radiation. Therefore, the present study seeks to maximize 

SVF and minimize insolation through optimized urban 

morphology in Yazd as the selected case study.  

The analysis time was set up in months in which 

radiation and temperature are high and out of comfort 

zone, i.e., May to October [43]. The sky is considered to 

be clear for calculations. In the first step, some common 

urban configurations are analyzed, and then several 

optimized versions are suggested. To find the fittest 

layout, different arrangements of the most common and 

suitable typologies are evaluated. 

3.1. The common morphologies and typologies in Yazd 

There are two recognizable configurations in Yazd 

urban fabric. One pattern is related to the old part of the 

city with dense massing and irregular narrow streets 
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covered with vaults. In this section of the city, the 

buildings are mainly one-story courtyard types with high 

ceilings. Another pattern is the newly developed areas with 

a uniform grid, relatively wide streets, and rows of 

attached two- to seven-story buildings. In both patterns, 

the overall orientation is 45° to -45° to the south. Fig. 6 

shows the analyses of these configurations. 

 

 
 

Fig. 6 The most common urban patterns in Yazd from older to more recent. (a) Google earth view, (b) Insolation analysis, (c) SVF analysis 

 

The bars in Fig. 6 represent the average insolation and 

SVF values for each sample point and their percent values. 

Average insolation values for the selected points are 

remapped to a domain from zero to one and then 
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subtracted from the average SVF values to recognize 

which configuration, on average, has the maximum SVF 

and minimum insolation values. In this regard, the higher 

values mean better function. As illustrated, the estimated 

values have a less correlation with the density or height 

and mostly depend on the configuration of elements. 

Orientation in all models is 30° to the south. As shown, 

courtyard typologies and proposed layout of blocks 

(models 2, 5, and 1, respectively) have better performance 

than the row layouts (models 3 and 4, respectively) which 

are more common in new developments.  

The next part presents the parametric model of the 

most common block types and their evaluations. The most 

widely used blocks are those with double rows of housing 

repeated in urban grid, which are common in both 

traditional and recent developments of the city.  

3.2. Generation, evaluation, and comparison of the 

optimized block typologies 

The first model is a block with modular units. In all 

analyses, the neighbors' condition is set to be the same as 

the block; it should be notified that the respective 

condition was considered in evaluations but fails to be 

represented in figures. As mentioned earlier, the FAR and 

area values are fixed in all models. In this model, all the 

other parameters are variable; however, they are the same 

for the lots. The evaluation suggests that a block with 30° 

orientation to south and rows of buildings with yards in 

north direction is the best pattern to achieve the maximum 

SVF and minimum insolation. In all figures, the table 

shows the parametric set up of blocks, the upper images 

illustrate SVF and insolation analysis, and the lower 

images indicate which parts of the model are flexible. 

 

 
 

Fig. 7 The layout of the best configuration related to row buildings with yards positioned in northern side in a modular setup with variable 

parameters 

 

As courtyard types are associated with hot and arid 

climates [41], the next part of the study merely focuses on 

the position and proportion of the yard in modular lots and 

the overall orientation of the block. Each lot is divided into 

nine points, in such a way that the yard is located either in 

the center of the area or in the middle or corner of the 

edges. The yard area is 30% of the lot area, but its 

proportion is variable. As illustrated in Fig. 8, the 

optimized configuration is related to the block oriented 30° 

to the south with detached parallel buildings and yards on 

the western site. In the next step, a block configuration 

with maximum possible flexibility is studied. 
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Fig. 8 A layout of the best configuration related to the blocks with detached parallel buildings with yards on the western site in a modular 

setup with yard position, yard proportion, and block orientation set as variable parameters 

 

 
 

Fig. 9 The model with maximum flexibility that shows the best performance 

 

The optimum configuration in a model with high 

flexibility resembles the old texture of the city (Fig. 9). 

The variations in yards and heights helped the model to 

achieve better results. However, some of the proportions, 

such as courtyard dimensions, may fail to be suitable for 

new developments.  

In summary, for all the studied models, the best 

orientation is 30° to the south. In general, different results 

can be obtained depending on the flexibility of models and 

the values of the fixed parameters. Even though in this 

research, the model with a high level of flexibility shows the 

best performance, more investigations are needed to identify 

the fittest configuration in Yazd. In this case study, the 

average value of SVF is higher than that of insolation. Also, 

each factor has a better value in comparison with other 

models. For arrangement studies, the first model with 
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modular buildings was used due to its better results 

compared with the second model; also, its proportions and 

modularity are suitable for new developments. 

3.3. Analysis of the most optimum arrangement of blocks 

in urban grid 

In this part, the same modular blocks are set inside a 

grid, with the possibility to change their both orientation and 

layout. The grid cell size is the result of the desired distance 

between blocks and their orientation in relation to the grid 

plane. The shifting parameter works in either the X or Y 

direction to make the staggered patterns possible Fig. 10. 

 

 
 

Fig. 10 The tables on the left show the parameters and their values, the upper images illustrate insolation and SVF values for the middle 

block in the optimum arrangement, and the lower images show the parametric flexibility and the optimized arrangement 

 

In both studies, blocks and the grid oriented 40° and 0° 

to the south, respectively, with a staggered layout to 

maximize shading. Shifting in the X direction has a better 

cooling effect because of a higher SVF value. However, 

with respect to the daytime heat gain reduction, the first 

model shows lower values for insolation, and it can be 

considered a better layout according to the final results  

4. CONCLUSION 

The tool presented in this study using generative and 

evolutionary models based on SVF and insolation analyses 

can be a helpful program for designers to evaluate 

different urban configuration scenarios and find the most 

suitable solutions. The optimum block configuration can 

improve outdoor climate condition by providing shadow 

and effective night-time radiative cooling. This, in turn, 

affects the indoor environment and energy use of 

buildings. However, other parameters, including 

ventilation and ratio of surface to volume, should also be 

considered to come up with a desirable solution. The 

proposed tool has the potential to be further developed to 

work with other analysis tools. It is noteworthy to mention 

that the aim of this study was not to simulate the real 

situation, but rather to find a decision-making support tool 

for a climate-responsive design. 

The present study sought to find the optimum block 

typologies and arrangements in Yazd. These can vary 

based on different constant and variable setups. However, 

analyses suggest that 30° to 40° orientation to the south 

seem to be desirable in all cases. The block model with 

maximum flexibility in height and courtyard 

configurations showed the best results in comparison with 

the modular ones. In arrangement studies, the grids tend to 

orient toward the south. Shifting grid rows in the X or Y 

direction had a similar effect on the final values. In both 

models, the staggered layout was proved as the fittest 

solution. Shifting in the X direction provided higher values 

of SVF, which makes it suitable for better night cooling 

effect. However, shifting in the Y direction was more 

effective on insolation and more helpful for controlling 

heat gain through the daytime. Notably, the claim to find 
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the most efficient urban patterns needs further studies on 

configurations and arrangements with different variable 

setups. In this regard, the use of the generative 

evolutionary model in Grasshopper environment proved to 

be very useful and fast in calculating the results.  

This study reveals the importance of coupling SVF with 

insolation in the evaluation of climatic behavior of various 

urban morphologies. Accordingly, the results of the 

researches with a specific focus on each of the factors 

should be carefully employed in real design cases, having in 

mind other influential parameters that can affect the overall 

fitness. In addition, the possibility of having different 

building typologies and multi-scale nature of the proposed 

tool makes it more applicable for real design tasks. 
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