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Abstract
Urban dwellers in cities located in hot-arid or hot-
humid regions have greater needs to live in between 
outdoor and indoor environments. The sustainability 
of urban building design in these regions cannot be 
fully assessed by indoor environmental simulation 
not taking into account the microclimatic factors 
of the surrounding urban neighbourhood. We 
find that the current suites of outdoor and indoor 
simulation software do not connect with each other 
to give us a holistic understanding of both outdoor 
and indoor simulation results. This paper reports 
on our current development of a methodological 
framework for bridging the current gap between 
outdoor and indoor environmental simulation.  
Our objective is that assessment of sustainability 
at an urban neighbourhood level can be carried 
out more holistically, and hence achieving more 
valid environmental simulations from an urban 
dwelling point of view. The outdoor-indoor coupling 
methodology is currently modelled on a digital work 
flow among three key software platforms: (1) ENVI-
met for urban neighbourhood outdoor simulation, (2) 
Ecotect for building indoor simulation, (3) uCampus 
for combined outdoor-indoor 3D visualisation 
modelling of an entire urban neighbourhood 
including its individual buildings. A case study of 
a new neighbourhood development proposed 
for New Cairo is presented to demonstrate how 
indoor environmental simulation can be grounded 

on outdoor environmental simulation of the urban 
neighbourhood. Graphical outputs from this outdoor-
indoor coupling approach to neighbourhood 
simulation can be further brought together onto a 
Web-based 3D virtual reality modelling platform to 
enable wider accessibility.

Keywords
Urban neighbourhood design, outdoor-indoor 
coupled environmental simulation, Web3D 
visualisation, ENVI-met; ecotect, uCampus.

Introduction

Urban dwelling in cities located in hot-arid and 
semi-arid regions has a greater need to inhabit 
in between outdoor and indoor environments 
whenever the dwellers feel appropriate to 
do so to gain optimal thermal comfort while 
minimising energy consumption. Recent studies 
have highlighted the problems and challenges 
of attaining thermal comfort in urban open 
spaces in the cities located in these regions 
(see, for example, Chalfoun 2003, Ali-Toudert et 
al. 2005, Fahmy 2010, Yahia & Johansson 2012, 
among others). Clearly, the environmental 
sustainability of an existing building or a 
building design in these regions cannot be fully 
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assessed by indoor environmental simulation 
alone without taking into account the urban 
microclimatic conditions of the surrounding 
urban neighbourhood areas where the 
building stands. It is commonly accepted 
that good environmental performance leads 
to lower energy consumption in maintaining 
thermal comfort, which is the first step towards 
sustainability.

Given the advances in computational modelling 
in environmental analyses achieved during the 
past two decades, an architectural college 
student nowadays can perform sophisticated 
environmental simulation of building design 
using industrial software packages such as 
Autodesk® Ecotect® Analysis and DesignBuilder. 
However, one must beware the fact that the 
development and application of these software 
packages is rooted in how city dwelling is 
understood mainly in temperate climatic zones 
where outdoor and indoor living is considered 
two separate domains. Hence software-
based urban outdoor and building indoor 
environmental simulations can be performed 
independently of each other. However, one 
would query the degree of validity of applying 
the same software simulation procedure to 
building designs and occupations in different 
climatic zones, say, one in Cairo-Egypt and one 
in Sheffield-UK, even with the local climate data 
loaded. Should we rethink the approaches 
to environmental simulation that reflects the 
variations in the patterns of urban dwelling?

In our present study, we are concerned 
with how a building’s indoor environmental 
analyses could be grounded in the building’s 
surrounding neighbourhood outdoor 
environmental analyses, and what differences 

the indoor-outdoor coupling methodology 
could make in assessing and guiding urban 
neighbourhood design. To many researchers 
and practitioners, computational modelling 
of the environmental performance of a built 
environment is an essential means to measure 
its sustainability. It is commonly accepted 
that good environmental performance leads 
to lower energy consumption in maintaining 
thermal comfort, which is the first step towards 
sustainability. Despite the recent progress in 
environmental simulation software tools, we 
see gaps to be bridged such that the software 
simulation developed for large scale urban 
outdoor environments could work with software 
checking indoor environments. In doing so, 
these two types of software simulations could 
jointly produce outputs allowing architectural 
and urban planners/designers a more holistic 
grasp of outdoor-indoor simulation results that 
reflect more accurately the urban dwelling 
patterns in these regions.

Urban climatology is an interdisciplinary 
field which provides an important source of 
knowledge and data to inform urban design. 
However, its complexities and technicalities 
have prevented planning and design practices 
from applying rigorous climate knowledge 
(Oke 1984; Eliasson 2000; Ali-Toudert &. Mayer 
2007; Fahmy & Sharples 2008). In searching 
for better supporting tools, Fahmy and co-
workers highlighted that software like ENVI-met 
for urban microclimate modelling does not 
have the capability to simulate indoor climate 
(Fahmy et al. 2009). In an earlier study, Chen 
and Srebric investigated computational fluid 
dynamics tools for studying combined indoor 
and outdoor environment problems (Chen & 
Srebric 2000), but their study does not cover 
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calculation of important outdoor parameters 
such as vegetation and soils. Zhou and co-
workers investigated a simple tool which 
estimates indoor air temperatures for certain 
thermal mass and determines the internal 
thermal mass needed to maintain required 
indoor air temperatures a naturally ventilated 
building (Zhou et al. 2007). Closer to our focus 
of study, Tanimoto and co-workers revised 
the architectural-urban-soil-simultaneous 
simulation model (AUSSSM) software to provide 
a graphical user interface intended for non-
technical users to better access the complex 
numerical simulation results from running AUSSSM 
(Tanimoto et al. 2004). Notably, simulation of the 
effects of urban vegetation and turbulence on 
urban microclimate conditions did not play a 
part in the AUSSSM software framework.

In our research, we have developed a 
methodology to bridge the current gap 
between outdoor and indoor environmental 
simulation such that assessment of sustainability 
at an urban neighbourhood level can be carried 
out more holistically, and hence achieving more 
valid environmental simulations from an urban 
dwelling point of view. Our outdoor-indoor 
coupling methodology is currently modelled on 
an experimental digital workflow among three 
major software platforms: (1) ENVI-met for urban 
neighbourhood outdoor simulation, (2) Ecotect 
for indoor building simulation, (3) uCampus 
for combined outdoor-indoor 3D visualisation 
modelling of an entire urban neighbourhood 
including its individual buildings. The remaining 
of the paper illustrates the constitution and 
operation of the outdoor-indoor coupling 
approach through a case study of a new 
neighbourhood development proposed for a 
new town in east Cairo.

Software Tools for Urban Neighbourhood 
Environmental Simulation: ENVI-met and 
Ecotect.

Developed by Michael Bruse and his team 
at the University of Mainz in Germany, ENVI-
met is one of the first computational models 
that seek to reproduce the major processes in 
the atmosphere that affect the microclimate 
on a well-founded physical basis (i.e., the 
fundamental laws of fluid dynamics and 
thermodynamics). The latest ENVI-met 3.1 
combines almost all thermal interactions of built 
environments (Bruse et al. 2011). Among these 
later models, ENVI-met has been approved 
of its validity and reliability to some extent 
in describing all outdoor built environment 
interactions using numerical calculations and 
3D finite difference computation (Ozkeresteci 
et al. 2003). In contrast, as shown by Zhou and 
co-workers’ study, CAD-based models attempt 
to generate the 3D urban scene parallel with 
an urban heat budget calculation which is far 
limited when compared with ENVI-met outputs 
(Zhou et al. 2007). ENVI-met also differs from the 
Digital Elevation Model (DEM) as reported by 
Ratti and co-workers (2003), in which simplified 
ways were developed to present environmental 
factors on a physical model leading to 2D 
thematic mapping of urban environment 
factors. Following Jendritzky and Nubler (1981), 
ENVI-met assesses outdoor thermal comfort 
which is based on human biometeorology. 
An extensive list of ENVI-met’s strengths and 
limitations can be found in Jörg Spangenberg’s 
Master thesis (Spangenberg 2004). The software 
and documentation are provided freely at 
the ENVI-met project website (Bruse et al. 
2011). Since July 2011, the incorporation of the 
LEONARDO within ENVI-met as an interactive 
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visualisation and analysis tool has made the 
simulation outputs graphically readable from 
simple line charts to complex 3D animations.

Developed by Square One Research originally 
and acquired by Autodesk in June 2008, 
Ecotect (Autodesk® Ecotect® Analysis) is an 
environmental analysis software tool that allows 
designers to simulate building performance 
at the earliest stages of the building design 
process. Adopting the Chartered Institution of 
Building Services Engineers admittance method 
of heating and cooling load calculations for 
any number of zones within a building model, 
Ecotect provides a wide range of simulation 
and analysis functions required to study how 
an existing building or new building design will 
operate and perform. It is generally recognised 
that Ecotect is one of the few tools with which 
building thermal performance analysis is made 
simple, reasonably accurate and visually 
responsive to the needs of non-technical users 
(Crawley et al. 2008). Again, rigorous validation 
of the accuracy of Ecotect simulations is 
beyond the scope of our current research. The 
more recent validation of Ecotect accuracy for 
thermal and daylighting simulations reported 
by Vangimalla and co-workers (2011) provides 
a useful indicator of the strengths and limitations 
of the software.

An Outdoor-Indoor Coupling Methodology

One of the potential problems experienced in 
using Ecotect is the lack of contextual accuracy 
in the area of weather data. Typically, a user 
will use whatever weather data preloaded in 
Ecotect associated with cities. More advanced 
users may search for alternative weather 
data closer to the actual site where his or her 

Ecotect simulation is to take place. However, 
it is a question of proximity that weather data 
collected at certain weather stations can be 
applied directly to represent the site conditions 
at the microclimate level. For instance, to 
undertake Ecotect analysis of a building design 
located somewhere in the City of Sheffield in 
England, one is likely to use the weather data 
of the Finningley station as listed at the US DoE 
weather data web repository (US Department 
of Energy). The distance between Sheffield and 
Finningley is about 22 miles (34.5km), and a 
quick check on the Google Map will show that 
the natural and urban conditions of Finningley 
and the nearby Robin Hood Airport are very 
different from those of urban areas of Sheffield. 
Therefore, if the Finningley weather data is used, 
how should we consider the validity of Ecotect 
simulation of an indoor environment situated in 
the city of Sheffield? More importantly, given 
the lack of site-specific weather data, how 
do architects, planners and urban designers 
deal with the increasing social and regulatory 
demands of valid environmental analyses that 
inform planning and design decision-making at 
the urban neighbourhood level?

In search for an alternative methodology 
more appropriate to sustainable urban 
neighbourhood design studies, our research 
proposition is that weather data specific to a 
city site can be attained by urban micro climate 
modelling on the basis of the macro climate 
weather data collected by the weather stations 
around the world. According to our survey as 
described above, the ENVI-met platform is 
one such computational tool that we can 
use to generate site-specific weather data for 
an urban site, which can then be loaded to 
Ecotect simulation of an indoor environment 
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on site. However, the validity of the ENVI-met 
software package is beyond the scope of our 
current study. Based on our software-based 
urban neighbourhood modelling experiments 
carried out so far, the steps to achieve what we 
call an outdoor-indoor coupled environmental 
simulation can be summarized in the following:

Step 1: Working with the ENVI-met receptors
Receptors in ENVI-met are of a particular group 
of output files that is designed to show the 
state of the atmosphere, the surface and of 
the soil at selected points inside the urban site 
model (ENVI-met 3.1 Manual). As described by 
the ENVI-met team, the concept of receptors 
is about allowing users to acquire data for 
user-selected points in the site model without 
browsing through several output files to gather 
the required information. In two earlier studies, 
Fahmy and co-workers have shown how 
ENVI-met receptors could be applied in the 
microclimatic thermal behaviour modelling of 
street canyon types of urban form in Cairo and 
Sheffield (Fahmy & Sharples 2009; Fahmy et al. 
2011). By placing a set of snapshot receptors 
around the external walls of a building inside an 
urban site model with the ENVI-met Editor, one 
can obtain the near walls climate conditions 
of the building for specific hours and days in a 
year.  

Step 2: Generating urban site-specific weather 
data for Ecotect analyses
On the basis of the receptor output files 
generated from Step 1 above, site-specific 
weather data can be further generated into 
micro climatically adjusted weather data files 
as inputs to Ecotect indoor modelling. Based 
on the ENVI-met receptor outputs, site-specific 
weather data files can be generated by 

replacing the standard weather data files with 
averaged receptor results of the same day/hour. 
There are nine factors involved in this weather 
data refinement operation: Relative Humidity, 
Dry Bulb Temperature, Dew Point Temperature, 
Wind Direction, Wind Speed, Global Horizontal 
Radiation, Diffuse Horizontal Radiation, Direct 
Normal Radiation, and Atmospheric Pressure. 
The resultant file needs to be converted to 
the WEA format using the EneryPlus Weather 
Convertor tool before loading it up to Ecotect 
Analysis. In the Case Study section below, we 
will demonstrate the difference between a 
typical Ecotect simulation using the US DoE 
weather data and a refined Ecotect simulation 
of the same building unit using ENVI-met refined 
site-specific urban microclimate weather data. 

Step 3: Seeing both ENVI-met and Ecotect 
results on uCampus
As it current stands, ENVI-met and Ecotect 
are two different software platforms and their 
simulation outputs are presented in different 
numerical formats. A further step is required to 
bring the outdoor and the indoor simulation 
results together to reveal the total environmental 
performance of an urban neighbourhood. Our 
present study suggests that a key to bridge the 
link is to look at the ENVI-met LEONARDO and 
Ecotect graphical outputs – both packages 
contain data visualization modules turning 
numerical data into visual profiles. Using a vector-
based CAD tool such as 3D Studio Max, both 
ENVI-met LEONARDO urban neighbourhood 
outdoor profiles and Ecotect building indoor 
profiles can be inserted into a 3D model of the 
urban neighbourhood containing buildings, 
terrains and vegetation etc. The resultant CAD 
model can be further converted into a Web3D 
format such as VRML or X3D viewable directly on 
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a Web browser. To complete the final part of the 
outdoor-indoor bridging, the uCampus platform 
developed at the University of Sheffield is used 
to provide user-centred facilities for X3D models 
depositing and retrieval (Peng et al. 2010; Peng 
2011). Use of uCampus-like web platform is to 
ensure that assembly of both ENVI-met and 
Ecotect graphical outputs can take place 
in an overall context of 3D neighbourhood 
visualization where viewers can freely navigate 
the environmental performance mapping 
across the outdoor-indoor boundary.

In doing so, we believe that the important 
issues and strategies concerning sustainable 
urban neighbourhood development can be 
disseminated to a wider audience who may 
not have the necessary technical and practical 

knowledge of know-how. Figure 1 shows a 
summary workflow diagram that underpins our 
outdoor-indoor coupling framework aimed at 
assessing the environmental performance of an 
urban neighbourhood.

Case Study of a Neighbourhood 
Development proposed for New Cairo
To test and illustrate the above methodology, 
we have carried out an in-depth case study of 
a new neighbourhood development scheme 
proposed for the New Cairo. The new urban 
development planned for the east of Cairo 
is now called New Cairo (see figure 2). The 
Egyptian Government has planned a series 
of new towns around Cairo to attract the 
population away from the densely populated 

Figure 1: Workflow of 
an outdoor-indoor 
coupling methodological 
framework (Source: 
Authors).
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metropolitan areas. The urban growth in Greater 
Cairo region is characterized by the extension 
on two major axes: the Northeast-Southeast 
axis and the North-South axis. New Cairo has 
no agricultural, industrial or trade economies. 
It is mainly a residential housing community 
and most of dwellings are of the size of around 
500m2. 

New Cairo buildings forming residential 
neighbourhoods are low rise buildings and 
designed to provide three floors. Our case study 
selected to test the outdoor-indoor coupling 
methodology as described above is in a new 
neighbourhood development delivered by 

the DAMAK Company (see figure 3). The basic 
attributes of two typical semi-detached housing 
units are summarized in Table 1.

The weather station at the Cairo Airport, about 
30km west of the case study site, provides 
the weather data required of environmental 
simulations for the neighbourhood and building 
designs. The climatic region of the case study 
site is classified as arid. This arid region is usually 
defined as one which receives less than 250mm 
(10 inch) of rainfall each year. So an arid region 
has limited water resources and is very dry and 
has little vegetation. High temperatures during 
the rainy seasons cause most of the rainfall to 

Figure 2: A plan for New 
Cairo [Source: DAMAK 
2010].
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Table 1: Key attributes 
of the four housing unit 
types of the case study 
neighbourhood design 
(Source: Authors).

Figure 3: Case Study site 
(Source: DAMAK 2010).
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Figure 4: Ecotect Thermal Comfort analyses of a building unit type 2 in the neighbourhood based on the Cairo Airport 
weather data [Temperature range: 29ºC – 41ºC in steps of 0.4ºC]: (4.a) Ground Floor; (4.b) First Floor (Source: Authors).

be lost in evaporation. The water supply is not 
only meagre but also very limited availability 
for human and natural uses. Parsons and 
Abrahams (2009) illustrate that over 47 % of the 
world’s land surfaces are classified as arid lands 
(excluding cold climate regions).  The main 
problems which have caused people in arid 
regions to seek relief in shelters are a very high 
daytime temperature, burning sun, low night 
temperature in very hot summer days, cold and 
dry winters, dust storms, and little rainfall. Arid 
regions could play a vital role in the process 
of sustainable urban development and they 
contain most of the world’s natural resources. 
However, such type of region has its special 
challenging environmental characteristics, 
which should be taken into consideration within 
any process of urban development.

ENVI-met and Ecotect Simulations of the 
Neighbourhood Proposal 

Our case study started with gathering 2D CAD 
drawings and the basic building construction 
specifications from the case study project 

developer and consultant. The weather data 
recorded at the Cairo Airport weather station 
was retrieved from the USE DoE website. These 
datasets allow us to carry out the neighbourhood 
environmental simulations using ENVI-met 
and Ecotect. More specifically, there are the 
following four sets of simulation modelling tasks 
carried out in the case study:
(a) Ecotect analyses of a building unit based on 
the Cairo Airport weather data
(b) ENVI-met simulation of neighbourhood 
outdoors based on the Cairo Airport weather 
data
(c) Ecotect analyses of the building unit based 
on ENVI-met generated site-specific weather 
data
(d) Coupling ENVI-met and Ecotect results 
within a 3D virtual neighbourhood on uCampus

Ecotect analyses based on the Cairo Airport 
Weather Data
The first simulation task is to carry out Ecotect 
thermal comfort analyses of a building unit (type 
2) selected from the case study neighbourhood 
proposal. The weather data provided by 
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the Cairo Airport weather station was used 
the Ecotect calculations. Figure 4 shows two 
snapshots of the resultant thermal comfort 
contours on the ground and 1st floors. 

ENVI-met simulation of the neighbourhood 
design
ENVI-met requires a configuration file that 
defines the settings for the simulation to run. 
Among them, the names of the area input file, 
the output files, and the meteorological settings 
need to be specified. For the case study, the 
meteorological setting is configured according 
to the Cairo Airport weather data.

Another essential input file required to run ENVI-
met simulations is the Area Input file which 
needs to be prepared using ENVI-met graphic 
editor (see figure 5). It is in the area input model 

that the basic shapes and locations of the 
neighbourhood elements are depicted such 
as buildings (with heights indicated), roads, 
vegetation, ground surfaces, and soils etc. 
Equally important is the placement of receptors 
around selected buildings in the case study 
neighbourhood with which site specific weather 
data will be generated as input to further 
Ecotect simulations of the building interiors. The 
current limit set by ENVI-met 3.1 for the number 
of receptors allowed in each area input file is 
100.

Depending on the complexity of the area input 
model and the computing power available 
at the run time, an ENVI-met simulation is 
computationally intensive and it can take 
up many hours or even a day or two for a 
PC workstation computer to complete the 

Figure 5: The Area Input model built for the case study neighbourhood with the ENVI-met graphic editor: (5.a) whole site 
model; (5.b) zoom into a building unit placed with receptors c1, c2, c3, and b9 (Source: Authors). 

a.                                                                                                      b.
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a.                                                                                                      b.

c.                                                                                                      d.

calculations. The latest release of ENVI-
met includes a data visualization module 
calls LEONARDO which is a tool to read all 
types of simulation outputs as image maps 
in the BMP format. Figure 6 shows four such 
examples of the case study neighbourhood 
simulation results through LEONARDO. Clearly, 
the data visualization can be an efficient 
way for designers to visually identify the 
environmental characteristics as predicted 
by the computational model. However, one 

should beware the actual correlation between 
the spectrum of contrasting colours and the 
range of numerical values. For instance, Figure 
(6.a) shows that the colour spectrum from deep 
blue to bright pink represents a temperature 
difference no more than 2 K. We find no clear 
documentation in the ENVI-met manual as 
how the colour coding schemes are correlated 
with the numerical ranges across the different 
themes of simulation outputs.

Figure 6: ENVI-met case study neighbourhood simulation results: (6.a) Dry Air Temperature; (6.b) Mean Radian 
Temperature; (6.c) Relative Humidity; (6.d) Wind Speed (Source: Authors).
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Ecotect analyses of the building unit based on 
ENVI-met generated site-specific weather data
As discussed before, we consider it worth 
investigating the difference that Ecotect 
simulations could show between the weather 
data collected at the remote weather 
station (Cairo Airport) and the weather data 
generated with the ENVI-met receptors outputs. 
This stage of workflow involves finding out the 
average values among the parameters of 
all (atmospheric) receptors associated with 
a specific building unit. A building-specific 
weather data file is generated by replacing 
the relevant data fields in the weather station 

data file with the mean values found from the 
building’s receptors, which is then fed into 
Ecotect for the building unit’s indoor thermal 
comfort simulations. Figure 7 shows the results 
from Ecotect’s running the building-specific 
weather data for the case study building unit. 
In comparison with the results shown in Figure 
4 (Cairo Airport weather data), the simulations 
show that there is +0.29ºC on the ground floor 
and +0.57ºC on the first floor when the weather 
data generated with ENVI-met receptors is 
loaded.

Figure 7: Ecotect thermal comfort analyses of the building unit type 2 based on the site-specific weather data generated 
with ENVI-met receptors [Temperature range: 29ºC – 41ºC in steps of 0.4ºC]: (7.a) Ground Floor; (7.b) First Floor (Source: 
Authors).

a.                                                                                                       b.

Viewing ENVI-met and Ecotect results in a 3D 
virtual neighbourhood on uCampus

As introduced previously, uCampus is a Web-
based Java-enabled X3D model server on 
which users can open accounts for uploading 
X3D models. For the case study, several 
accounts were registered to store various types 

of X3D models for on-line assembly. Figure 8 
shows two views of the basic neighbourhood 
X3D models assembled via uCampus, which 
contains the neighbourhood terrain, building 
blocks, and a detailed building unit model. 
Due to time limit, no vegetation elements were 
modelled in the case study. With an X3D viewer 
plug-in installed (BS Contact 8.0 in this case), 
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users can freely navigate to anywhere in the 
virtual neighbourhood.  

Through 3D Studio MAX texture image mapping, 
the ENVI-met LEONARDO outputs from the 
neighbourhood simulations were inserted 
into the basic 3D neighbourhood model and 
converted into separate X3D files. Figure 9 

shows two examples of combining the basic 
architectural model with the PMV (Predicted 
Mean Vote) and Relative Humidity data models. 
Similarly, the step of image mapping and data 
model conversion was applied to the Ecotect 
simulation outcomes onto the building unit 
models (see figure 10).

Figure 8: The basic X3D models of the case study neighbourhood stored on uCampus 1.1: (8.a) 3D building units and the 
site terrain; (8.b) a walk-through street scene (Source: Authors).

a.                                                                                                       b.

Figure 9: ENVI-met LEONARDO outputs mapped onto the X3D virtual neighbourhood: (9.a) PMV [see figure 11 for the 
colour keys]; (9.b) Relative Humidity [see figure 6.c for colour keys] (Source: Authors).

a.                                                                                                       b.
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Figure 10: Ecotect outputs based on ENVI-met generated WDF inserted to the X3D building model [Colour keys are 
provided in Figure 11]: (10.a) Ground Floor; (10.b) First Floor (Source: Authors).

a.                                                                                                       b.

Given the architectural, ENVI-met and Ecotect 
data model repository and retrieval on 
uCampus developed for the case study, we 
went on generating 3D views as examples of 
visual coupling of ENVI-met outdoor simulations 
and Ecotect indoor analyses within the virtual 
neighbourhood (see figure 11). Here we see 
the 3D virtual neighbourhood playing the role 
of a unifying spatial and architectural reference 
framework into which the outdoor and indoor 
simulations are brought together. It is worth 
pointing out that the free 3D navigation of the 
virtual neighbourhood can enable a room-
based viewing of the coupled environmental 
data models (see figure 12). In our view, this visual 
continuum of indoor and outdoor afforded by 
the immersive virtual neighbourhood modelling 
is a response to the need of projecting a 
sense of urban dwelling whiling reading the 
environmental data.

Discussion of the Case Study Simulation 
Results

The social economic factors that may have 
shaped the case study neighbourhood design 
for New Cairo are not within the scope of the 
current study. Based on the design descriptions 
and drawings surveyed, we were able to 
conduct detailed environmental simulations 

Figure 11: Visual coupling ENVI-met PMV (Figure 9.a) and 
Ecotect Thermal Comfort (Figure 10.a) results into the 
virtual neighbourhood on uCampus (Source: Authors).
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Figure 12: Room-specific views of outdoor-indoor coupled neighbourhood environmental simulations [colour keys are 
provided in Figure 11]: (12.a) a view out from a room on Ground Floor; (12.b) a view out from a room on First Floor 
(Source: Authors).

a.                                                                                                       b.

following the outdoor-indoor coupling 
framework. Ecotect, ENVI-met and uCampus 
were used to explore how the simulation 
results could be brought together in a single 
3D virtual neighbourhood model showing the 
predicted outdoor microclimatic and indoor 
environmental conditions. Assuming that the 
computational modelling of ENVI-met and 
Ecotect are sufficiently accurate in reflecting 
the physical laws of the real world, we could 
come to the following interpretations as 
what the outdoor-indoor coupled simulation 
tells us about the proposed neighbourhood 
development.

(1) The differences of Ecotect indoor analyses 
due to ENVI-met neighbourhood microclimate 
modelling – Ecotect analyses of the selected 
building unit were performed repeatedly 
according to different sets of weather data, 
one with the Cairo Airport weather data (see 
figures 4.a & 4.b) and the other with the ENVI-

met generated site-specific weather data 
(see figures 7.a & 7.b). Ecotect predicts higher 
average temperatures for both floors with the 
ENVI-met modelled weather data (hottest 
day of present year): 0.29ºC difference on 
the Ground Floor, and 0.57ºC on the First Floor. 
This initial result suggests that Ecotect predicts 
higher indoor temperatures if the simulations 
are coupled with ENVI-met neighbourhood-
wide outdoor simulations. The differences of 
indoor temperatures due to ENVI-met localised 
weather data are yet to be further tested with 
more building units at different locations in 
the neighbourhood. However, as reported by 
Vangimalla and co-workers in their validation 
of Ecotect accuracy for thermal simulation 
through field measurements that Ecotect 
consistently underestimated the building’s 
thermal load, we could speculate the 
inaccuracy due to the weather data applied 
in the simulation. Could Ecotect accuracy be 
improved if building and site specific weather 
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data as generated through our outdoor-indoor 
coupling methodology is applied instead? Our 
hypothesis is that the degree of such differences 
could be an indicator of the effects of the local 
neighbourhood fabric on the neighbourhood’s 
microclimate such as the effects of urban heat 
islands. 

(2) The four north-south streets inside the 
neighbourhood and the major ring road 
circumventing the north-east corner present 
hotter and drier conditions (see figures 6.a-d 
and figures 9.a-b). This may result from the large 
surface areas exposed to the solar heat due to 
the need of handling traffic volumes envisaged 
or of addressing local urban planning regulations. 
However, the current vegetation and ground 
surface designs in these street spaces could 
be reconsidered to achieve more favourable 
outdoor conditions beneficial to nearby building 
units in maintaining indoor thermal comfort with 
lower energy consumption. Again, the effects of 
any redesign need to be confirmed with further 
ENVI-met and Ecotect coupled simulations. 
Seen more generally, what the case study 
shows is that thematic visualisation of ENVI-met 
simulation could reveal precise spots/strips of 
the neighbourhood in need of achieving better 
environmental performance. 

(3) The assembly of Ecotect thermal 
comfort and ENVI-met PMV results in the 3D 
virtual neighbourhood could deliver room-
specific views of both indoor and outdoor 
environmental profiles as inserted in the X3D 
models (see figure 12.a-b). Such a context-
rich and location-specific way of reading the 
neighbourhood simulations seems appropriate 
to the urban dwelling viewpoint – How hot is 
this room going to be and what about outside 

the room? Especially, one could consider 
the usefulness of such a visual approach to 
engaging prospective residents of a new or 
regenerated neighbourhood with the issues 
and significance of well-tempered outdoor 
and indoor architecture. The juxtaposition of a 
building’s indoor analyses and the immediate 
surrounding outdoor analyses could help 
designers and residents raising questions as why 
certain thermal phenomena arise at specific 
spots of the neighbourhood (see figure 11) 
– Why is there a hot spot appearing on the 
ground floor inside the house? Will the hot spot 
disappear if the house is oriented differently or 
different species of trees are planted along the 
neighbourhood’s main road?

Conclusion and Further Studies

Sustainable urban neighbourhoods are the 
foundation of realising sustainable cities. The 
world’s largest portion of energy consumption 
in the 21st century will remain in the domain 
of urban dwelling. In this paper, we report 
our investigation into a new methodological 
framework for bridging the current gaps 
between urban microclimate simulation 
at a neighbourhood scale and indoor 
environmental analysis at a single building level. 
We have since developed an experimental 
software- and data-based simulation workflow 
such that indoor environmental simulation of 
buildings in an urban neighbourhood can be 
grounded on outdoor environmental simulation 
of the neighbourhood. Simulation outputs from 
this outdoor-indoor coupling approach can be 
further brought together by a Web-based 3D 
virtual reality visualisation modelling platform. 

The case study project proposed for a new 
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neighbourhood development in New Cairo 
is as an example of urban dwelling in a hot-
arid region. By applying the outdoor –indoor 
coupled methodology to the workflow 
involving Ecotect, ENVI-met, and uCampus, 
we demonstrate three key outcomes through 
the case study neighbourhood design: (a) the 
differences in Ecotect indoor analyses under 
‘standard’ (remote weather station) and ‘site-
specific’ (ENVI-met locally refined) weather 
data, (b) the facilities of ENVI-met LEONARDO 
outputs augmented by 3D architectural and 
urban modelling in aiding neighbourhood-
wide visual identification of precise locations 
needing design reviews, and (c) the prospects 
of communicating both outdoor and indoor 
simulation outputs through a single 3D virtual 
neighbourhood that affords  user-centred 
interactive navigation to specific viewpoints. 

Based on the current research findings, we 
consider there are the following areas of 
work to be further undertaken to extend the 
scope of the methodological framework, to 
improve the integrity of the software and data 
workflow, and to better understand the likely 
impacts of the simulation modelling approach 
to social engagement with sustainable urban 
neighbourhood design.

(1) Can the outdoor-indoor coupling 
methodological framework be extended to 
address the challenges posed by climate 
change scenarios associated with global 
warming? In addition to ENVI-met, Ecotect, 
and uCampus as used in our current study, 
what other software tools and datasets are 
required to assess urban neighbourhood design 
not only for present day but also for future urban 
microclimate change scenarios? 

(2) How can we define a common visual 
language for more effective and accurate 
communication of outdoor-indoor coupled 
urban neighbourhood environmental simulation 
results? As we can see from the case study, ENVI-
met and Ecotect are designed with different 
colour coding schemes to represent the ranges 
of numerical data in different measurement 
units. Data visualisation may appear more 
user-friendly, but the resultant coupled visual 
images shown in virtual neighbourhoods can 
be confusing and misleading without a well-
defined coherent visual language for conveying 
both indoor and outdoor simulation outcomes.

(3) The current versions of the outdoor-
indoor coupling methodological framework 
and the experimental workflow have been 
developed with neighbourhood designers 
as the main end-users in mind. However, the 
efforts required to traverse the various software 
platforms and datasets are non-trivial. How will 
neighbourhood designers perceive the benefits 
to be gained from the workflow in engaging 
with stakeholders, clients, and prospective 
neighbourhood residents?
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