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Abstract: The Spacemate Graph (Berghauser Pont & Haupt, 2010) plots clusters of building ty-
pologies according to FSI/GSI ratios, which are associated with the natural light performance of 
these typologies. Steadman (2014) associated the grouping proposed by Berghauser Pont & Haupt 
to the classification of Martin & March (1972). This association included in the Spacemate Graph 
background lines further characterizing clusters of buildings according to Martin & March defi-
nitions which, as shown by Ratti (2001) and Zandavali & Turkienicz (2018), could be used as an 
indicative of the natural light performance.
To verify whether Steadman’s classification could be directly related to differential natural light 
performances, a set of blocks had been compared under two methodologies: the Spacemate using 
Steadman’s typological classification and the CityZoom Software. The Case Studies showed that 
design solutions departing from similar generic typologies and hence potentially similar with 
respect to natural light availability may present significantly different performances. The associa-
tion of CityZoom to the Spacemate Graph, resulting in a 3D Graph, can be used as a complemen-
tary tool for Steadman’s interpretation of the Spacemate Graph, which would enable designers 
to choose between different typologies and adjust these with respect to natural light performance 
using architectural design strategies. 

1. Introduction

In recent years, international agreements and reports have brought up new challenges into the 
urban planning agenda such as adaptation to climate change, disaster risk reduction, improve-
ment of air quality and the ecological footprint monitoring. To meet such challenges, cities are 
transforming their governance and planning structures. Planning models predominantly based 
on rigid geometrical conforming rules had been progressively replaced by performative plan-
ning models (Rivolin, 2008) whereby each building will dynamically fit in urban environmental 
strategies. This way, performative plans associate environmental factors such as natural light 
availability to constructive parameters such as Floor Area Ratios, Coverage, Height in order to 
accomplish, for example, density design strategies. 
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The correlation between built form and natural light availability has been a recurrent sub-
ject in architecture and urban planning. The concern regarding minimum levels of illumination 
goes all the way back to the Roman engineer Vitruvius in the century 1 B.C. who described a 
method to ensure good illumination conditions in rooms, based on the measurement of the ex-
tent of view of the sky. Walter Gropius, in the third Congrès International d’Architecture Moderne 
(CIAM), tried to associate building heights, open spaces, sun lighting and facade orientation. 
(Ratti, 2001).

Gropius’ approach was further developed by Martin & March (1972), who correlated urban 
densities and building typologies. Martin & March considered that cities evolve from three sim-
ple generic building types – freestanding pavilions, parallel streets and inward-looking courts – 
and associated these typologies to differential FSI values: the Court form, according to Martin 
& March achieved the highest density and the Pavilion the least. The authors have also proposed 
a correlation between the cut-off angle a between opposing facades and the natural light per-
formance of buildings: equal values of a would result in equivalent levels of day lightning in the 
three generic forms (pavilion, street and court).

Berghauser Pont & Haupt (2010) represented, via the Spacemate Graph 2D, quantitative 
and formal properties of urban fabrics through the correlation between FSI and GSI. Since a 
building’s average number of storeys can be inferred from the FSI/GSI ratio, the 2D Spacemate 
Graph correlates the typology of a building to its position in the graph. 

Similar to Martin & March, Berghauser Pont & Haupt suggest that there exists a correlation 
between the cut-off angle and the natural light performance of a building. By proposing an 
equation to infer the cut-off angle from the FSI/GSI ratio the authors suggested that cluster 
positions of building typologies in the 2D Spacemate Graph could work as indicative of their 
natural light performance. Berghauser Pont & Haupt, have warned that the mere association 
between density/form and natural light availability may turn out as being a partial description 
of the urban fabric general performance: since their natural light performance estimates are 
based on individual building’s section representations (cut-off angle), conclusions on the per-
formance of these sections should not be automatically extrapolated to the urban fabric, even 
though such estimates could be used as an indicative for natural light performance trends and 
guide for further investigation on the urban fabric’s behaviour.

Steadman (2014) has merged Berghauser Pont & Haupt’s description of building typologies 
with Martin & March’s three archetypes in Spacemate 2D (new) Graph, whereby background 
lines were plotted describing the FSI/GSI variation ratio for each one of Martin & March’s 
typologies (pavilions, streets and courts). Ratti (2001) assessed the natural light performance of 
Martin & March typologies for a sky configuration with uniform luminance distribution: for 
the same storey, pavilions presented a higher natural light availability at the ground level and 
courts presented the highest natural light availability in higher storeys. For buildings with equal 
heights, the sky view average is higher for courts and the lowest for pavilions. Ratti considered 
these differences as non-significant but, on the other hand, asserted that courts natural light 
availability may increase in relation to other typologies if a CIE Sky Configuration is used. Zan-
davali & Turkienicz (2018) have shown that Martin & March’s tripartite typologies, when used 
as constraints for generative design strategies, do maintain the overall model’s natural light 
attributes above specific architectural design solutions. 

Merging Martin & March typologies into the Berghauser Pont &Haupt Spacemate 2D Graph, 
has brought a more precise classification of typological clusters beyond the FSI/GSI correla-
tion. Steadman’s classification, however, did not establish any correspondence to typological 
cluster’s natural light properties, as Ratti and Zandavali & Turkienicz did but using a sky dome 
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with uniform levels of luminance. To verify whether Steadman’s classification could be directly 
related to differential natural light performances, a set of blocks had been compared under two 
methodologies: the 2D Spacemate using Steadman’s threepartite typological classification and 
CityZoom1. This paper is divided into three sections. In the first section, the natural light anal-
ysis model of CityZoom and 2D Spacemate’s are introduced along with Steadman’s proposal for 
typological differentiation and procedures for the computation of natural light performances 
are described. In the second section, the case study results are presented. Discussion and con-
clusions constitute the third and last part of this paper.

2. Methodology

The proposed comparison has been applied to a Case Study where different sets of building rep-
resenting similar typologies according to Steadman’s Spacemate 2D Graph were modelled in the 
CityZoom Software and had its natural light performance computed. The selected typologies were 
retrieved from A+T Research Group’s (2017) deck of cards containing geometrical information 
and FSI and GSI parameters of 50 typical building typologies applied to a 100x100 meters block. 
Four groups were created with typologies. The criteria for the separation of the groups were: a) 
that the elements of each group presented similar FSI and GSI values between them (implying a 
similar position on the Spacemate chart) and similar proximity to one of the lines proposed by 
Steadman for the description of Martin & March’s typology; b) that each group would represent a 
different typology of Martin & March, covering at least one example of each typology.

Figure 1 presents the modelled typologies, the positions of such typologies in the 2D Spa-
cemate Graph and its relation to the lines representing reference of typologies as proposed by 
Steadman. The first group consisted of typologies with FSI values around 1.95 and GSI values 
around 0.2, representing Martin & March’s Pavilion typology with approximate depth of plan 
equal of 10m and cut-off angle of 60°. The second group consisted of typologies with FSI values 
around 1.3 and GSI values around 0.4, representing Martin & March’s Street typology with ap-
proximate depth of plan equal of 10m and cut-off angle of 27°. The third group consisted of ty-
pologies with FSI values around 2.0 and GSI values around 0.25, representing a Court typology 
with the depth of plan of 10m and cut-off angle of 27º. The fourth group consisted of typologies 
with FSI values around 2.5 and GSI values around 0.4, representing Court typologies with the 
depth of plan of 10m and cut-off angle of 18º.

Spacemate 2D. To correlate natural light performances with Spacemate’s clusters, Berghauser Pont 
& Haupt proposed parameters of natural light derived from the FSI, GSI and L: the DPI0 (Day-
light Performance Index) and the DFf (Daylight Factor at the Facade). The DPI0 is defined as the 
percentage of interior floor area receiving natural light and, according to Berghauser Pont & 
Haupt, an approximation to DPI0 values could be retrieved following the correlation between 
Building Intensity (FSI) and Coverage (GSI) density parameters for the typical section of the 
analysed set of buildings. Two different equations were proposed for the DPI0. Equation 1, with 
FSI and GSI values as variables, represent the percentage of floor surface exposed to daylight in 
the entire analysed area:

1. CityZoom is a computational environment designed and developed by the Urban Technology Group (NTU-UFRGS) 
to support the impact analysis of cityscape’s phenomena regarding urban strategies, policies and regulations. CityZoom 
enables the 3D modeling of urban fabrics, the 3D simulation of urban rules, the environmental analysis (shading and illumi-
nance) and visual perception analysis of the generated 3D Models (TURKIENICZ et al., 2008).
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Figure 1. Simulated typologies, their respective representation in the Spacemate Graph and their relation to the 
description of typologies as proposed by Steadman (2014), where d represents the value of the depth of the plan and a 
represents the cut-off angle.
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Equation 2 estimates the percentage of floor surface exposed to daylight in a specific height 
measured from the ground floor taking into consideration: a) the GSI parameter, b) the height 
of each building’s storey (h) and c) the remaining building height above the analysed storey (H):

To Berghauser Pont & Haupt, the DFf is defined as the quotient between the light intensity 

at a building façade point and the light intensity in an open field situation (a non-obstructed 
outdoor horizontal surface). A DFf, for example, of 60 at a specific position means that the day-
light intensity at this position will always be 60 percent of the open field intensity regardless of 
the momentary sky configuration. An estimate for the DFf of a point of a building façade could 
be retrieved from the point’s angle of obstruction, which is the angle, measured in relation to 
a horizontal plane at the point’s height, from which the sky dome is directly visible. Since the 
maximum value of DFf for a vertical surface – observed in an unobstructed situation – is equal 
to 50% and the DFf decreases as the angle of obstruction of the facade () increases until it reach-
es a minimum value of zero for an angle of obstruction equal to 90º, the  DFf can described by 
the cosine function of Equation 3.

Both DPI0 and DFf methods may fall short in at least two situations: a) if the obstruction an-
gle of a building storey is inferred solely from its footprint (not considering the shape of upper 
storeys), as Berghauser Pont & Haupt’s method suggests, the potential volumetric variation of 
the building bulk will not be captured and b) if a single vertical plane of each building consti-
tute its exclusive geometric data, as it is also suggested in Berghauser Pont & Haupt’s method, 
the model potentially disregards other characteristics.

CityZoom. For 3D Models, CityZoom computes the illuminance based on the calculation of the 
Vertical Daylight Factor (VDF), which describes the percentage of natural light availability in 
a point of a surface in relation to the natural light availability in an external and unobstruct-
ed horizontal reference surface (Cheung, Cheung, 2005). The skydome is simulated for specific 
C.I.E. sky configurations (cloudy, clear, overcast, etc.), each being associated with a given level of 
luminance emitted from the sky. The VDF of each point of a building’s facade is computed as the 
sum of four components which represent the different possibilities of natural light incidence in 
a surface: Vertical Sky Component (direct light from the skydome), Obstructed Reflected Com-
ponent (light from the first reflection in other buildings), Ground Reflected Component (light 
from the first reflection on the ground surface) and the Interreflected Component (light coming 
from multiple subsequent reflections in the cavity formed by the buildings and the floor). The 
final value of VDF for each point of a building’s facade is reached by dividing the value of its 
illuminance (in lux) by the value of illuminance on a horizontal unobstructed surface. Numerical 
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calculated according to Berghauser Pont & Haupt’s methods (DPI0 and DFf) and the CityZoom’s VDF method. 
In Scenarios 1A and 1B, the same DPI0 values are computed for both buildings as footprints are similar. For 
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scenarios irrespective of their differential lengths. CityZoom has captured differences between the analysed 
buildings due to its sensitivity to geometrical specific data.   
As CityZoom software do offers a geometrically comprehensive natural light assessment as opposed to the 
schematic DPI0 and DFf methods proposed by Berghauser Pont & Haupt, it is assumed that it can capable of 
capture differences with respect to the natural light performances within each cluster of the Spacemate 2D 
Graph. To demonstrate this possibility, the following procedure has been developed: 

1. Modelling of the scenarios: a 3D model of the analysed area; 
2. Extraction of the parameters of density/form: CityZoom automatically computed the 
density/form parameters of a 3D model (FSI, GSI, Building Height, Spaciousness, etc), indicating a 
development’s position in the Spacemate 2D Graph. These positions were divided into clusters of 
similar typologies through the plotting of lines representing the characteristics of specific building 
typologies as proposed by Steadman (2014). 
3. Natural Light Availability Analysis: a) In CityZoom, the VDF at each point of the facade surfaces 
was computed through the Illuminance analysis model using as input parameter the C.I.E. Overcast 
Sky Configuration. The total area of façade with VDF value higher than 27.0% was used to represent 
the natural light availability of each analysed building. This threshold value was defined according to 
the analysis of Ng (2003) which described 27.0% as the VDF value with at least 85.0% of satisfaction 
rate for all habitable interior rooms; b) the typical section of the analysed buildings was generated and 
its DPI0 was estimated. 
4. Comparative Analysis of Results: The VDF and DPI0 values were plotted as the z-axis of the 
Spacemate Graph, converting it into a 3D graph and enabling the graphic representation of the 
correlation between natural light performance and the FSI and GSI parameters. 

…………………………… 
 
Analysis/Results 
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results can be individually extracted for each point of a surface, aggregated per floor and facade 
orientation, and as an aggregated sum of the surface area with illuminance values within a spe-
cific range.

Figure 2 illustrates a comparative analysis where natural light performances of different 
buildings had been calculated according to Berghauser Pont & Haupt’s methods (DPI0 and DFf) 
and the CityZoom’s VDF method. In Scenarios 1A and 1B, the same DPI0 values are computed 
for both buildings as footprints are similar. For Scenarios 2A and 2B, the DPI0 and DFf meth-
ods compute the light performance for storeys belonging to two scenarios irrespective of their 
differential lengths. CityZoom has captured differences between the analysed buildings due to 
its sensitivity to geometrical specific data.  

As CityZoom software do offers a geometrically comprehensive natural light assessment as 
opposed to the schematic DPI0 and DFf methods proposed by Berghauser Pont & Haupt, it is as-
sumed that it can capable of capture differences with respect to the natural light performances 
within each cluster of the Spacemate 2D Graph. To demonstrate this possibility, the following 
procedure has been developed:

Figure 2. Comparative analysis of Berghauser Pont & Haupt’s and CityZoom’s methods for natural light perfor-
mance calculation.
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 – 1. Modelling of the scenarios: a 3D model of the analysed area;
 – 2. Extraction of the parameters of density/form: CityZoom automatically computed the 

density/form parameters of a 3D model (FSI, GSI, Building Height, Spaciousness, etc), 
indicating a development’s position in the Spacemate 2D Graph. These positions were 
divided into clusters of similar typologies through the plotting of lines representing the 
characteristics of specific building typologies as proposed by Steadman (2014).

 – 3. Natural Light Availability Analysis: a) In CityZoom, the VDF at each point of the 
facade surfaces was computed through the Illuminance analysis model using as input pa-
rameter the C.I.E. Overcast Sky Configuration. The total area of façade with VDF value 
higher than 27.0% was used to represent the natural light availability of each analysed 
building. This threshold value was defined according to the analysis of Ng (2003) which 
described 27.0% as the VDF value with at least 85.0% of satisfaction rate for all habitable 
interior rooms; b) the typical section of the analysed buildings was generated and its DPI0 
was estimated.

 – 4. Comparative Analysis of Results: The VDF and DPI0 values were plotted as the z-axis 
of the Spacemate Graph, converting it into a 3D graph and enabling the graphic rep-
resentation of the correlation between natural light performance and the FSI and GSI 
parameters.

3. Analysis/Results

Figures 3 and 4 present a comparison between the natural light performance computed for the 
modelled typologies using the CityZoom’s Illuminance Model and Berghauser Pont & Haupt’s 
method. For this comparison, a 3D representation of the Spacemate Graph was created, in 
which natural light performance assessment complements the original 2D Spacemate Graph 
parameters (FSI and GSI) to illustrate the correlation between the typologies’ natural light 
performance and its position in the Spacemate Graph. 

The natural light performance was inserted as the z-axis of the 3D Spacemate Graph (vertical 
direction), while the values of the FSI and GSI parameters are represented in the x-axis and 
y-axis, composing the graph’s horizontal plan. For the representation of CityZoom’s results in 
the 3D graph, the natural light performance is described by the percentage of façade area with 
VDF greater than 27.0%, while, for the representation of Berghauser Pont & Haupt’s results, 
the natural light performance is described by the DPI0 described by Equation 1. A vertical line 
represents each analysed typology. The lower extreme of this line represents the typology’s FSI 
and GSI values, i.e. its position in the 2D Spacemate Graph. The height of each line represents 
the typology’s natural light performance parameter.

CityZoom’s results have shown a higher Variation Coefficient than Berghauser Pont & 
Haupt’s: in group 1, CityZoom presented 21.7% while Berghauser Pont & Haupt’s method pre-
sented 3.1%; in group 2, CityZoom presented 14.0% while Berghauser Pont & Haupt’s method 
presented 3.0%; in group 3 values were 6.5% for CityZoom and 3.0% for Berghauser Pont & 
Haupt and in group 4 values were 5.2% for CityZoom and1.9% for Berghauser Pont & Haupt. 
The analysis has demonstrated that the natural light performance considered as similar by the 
Spacemate methodology have significant differences which were not predicted by Berghauser 
Pont & Haupt.

The average values have shown significant variations: Group 1 presented an average percent-
age of façade area above the natural light threshold equal to 69.2%, Group 2 equal to 67.6%, 
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Figure 3. Case study results for groups 1 and 2.
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Figure 4. Case study results for groups 3 and 4.
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Group 3 equal to 74.3% and Group 4 equal to 78.05%. According to these results, the court ty-
pology has the highest natural light performance and the pavilion typology the lowest, which 
are consistent with Ratti (2001) results. These above differences indicate that the Spacemate 
Graph with Steadman’s contribution can constitute only an indicative of a general tendency 
for natural light performance.

4. Discussion/Conclusion 

The study has shown that it is possible to extend the correlation between built form/density 
parameters to natural light performance. This article has demonstrated that differences in pre-
cise natural light measurements indicate that the Spacemate Graph with Steadman’s contri-
bution can constitute only indicative of a general tendency for natural light performance. The 
Case Studies showed that design solutions departing from similar generic typologies and hence 
potentially similar with respect to natural light availability may present significantly different 
performances. The association of CityZoom’s Illuminance Model to the 2D Spacemate Graph, 
resulting in a 3D Spacemate Graph, can be used as a complementary tool for Steadman’s inter-
pretation of the Spacemate Graph. This complementary tool would enable designers to choose 
between different typologies and adjust these with respect to their facades’ natural light availa-
bility using architectural design strategies. It almost goes without saying that Steadman’s typol-
ogy lines are very flexible demarcations for architectural design in its early stages and therefore 
cannot be used as a warranty of better building performance with respect to natural light.
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