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ABSTRACT: Meteorological measurements required for the development of a design scheme that 
responds to the local environment are generally recorded by the weather service in stations that are 
assumed to be representative of the surrounding region. However, no account is taken of the changes 

in conditions caused by urban development, even though differences between meteorological 
conditions within cities compared with adjacent rural areas (the heat island effect) have been noted as 
early as Roman times, and may be substantial.  
A new computer model (CAT) provides data representing realistic site-specific air temperature in a city 
street based only on data from standard weather stations such as those operated at local airports and 
descriptors of the two sites. The CAT model has been tested on field data measured in a monitoring 
program carried out in Adelaide in 2000-2001. After calibrating the model, predicted air temperature 
correlated well with measured data in all weather conditions over extended periods. 
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INTRODUCTION  
 
Differences between the city and the rural surroundings 
occur on two distinct scales (Oke, 1976): The urban 
canopy layer consists of air contained between the urban 

roughness elements, typically buildings. Its climate is 
dominated by the nature of the immediate surroundings, 
especially site materials and geometry. The urban 
boundary layer is that portion of the planetary boundary 
layer whose characteristics are affected by the presence 
of an urban area at its lowest boundary, generally 
considered to be approximately at roof level. 
Several models have been developed over the years in 

an attempt to describe microclimatic conditions in the 
urban canopy layer. A comprehensive review of urban 
climate simulation models (Bornstein, 1984) noted that a 
"…potentially important use of such models could be in 
planning of urban development so as to create urban 
climates that are more healthy or urban dwellers."  
Indeed, Clarke (1993) identified microclimate and site 
specific data as one of the problem areas defining 
boundary conditions for building performance 

simulations. Despite this imperative few comprehensive 
urban climate simulation models exist which focus 
directly on the issues of importance for building thermal 
performance simulation. Sharlin & Hoffman (1984) and 
Swaid & Hoffman (1990) described the development of a 
simulation model based on a CTTC (Cluster Thermal 
Time Constant) parameter to predict urban temperatures 
as a function of some basic urban geometry.  

The objective of the research reported here was to 
investigate whether a relatively simple uncoupled model 
of the temperature in the urban canopy, i.e. a model in 
which there is no feedback from the micro-scale site to 
the meso-scale urban boundary layer, can nonetheless 
predict the temperature at a given site with sufficient 
accuracy to be a useful tool for research on the effects of 
urban form on air temperature in the urban canopy layer. 

 

1. SIMULATION 
 
The CAT (Canyon Air Temperature) model predicts air 
temperature in an urban canyon on the basis of 
measured meteorological parameters from a reference 

station located at a nearby site exposed to the same 
meso-scale climatic conditions. Model inputs are limited 
to meteorological parameters monitored routinely at 
standard weather stations. This restriction has important 
implications that will be discussed in detail in the relevant 
sections below.  
In the traditional approach to numerical modelling of the 
microclimatic characteristics of the urban canopy layer, 

weather data are used to provide geographically-
adjusted initial and boundary conditions to a planetary 
boundary layer (PBL) model, such as URMICLEM (Taha, 
1978). The meso-scale meteorological conditions 
predicted by such a model, in conjunction with detailed 
site-specific descriptors, are used to drive an urban 
climate model capable of providing micro-scale 
temperatures at the site under consideration. This 
approach is based on a complete analysis of the energy 

fluxes, but requires detailed climatic information that is 
generally not available in typical weather stations. 
The CAT model adopts a simpler approach: the raw 
weather data itself serves as the input to the urban 
climate model, sacrificing comprehensive analysis in the 
interests of practicality and ease of application. This 
approach was the basis of the modified CTTC computer 
code (Elnahas and Williamson, 1997), an analytical 

model incorporating a cluster thermal time constant for 
predicting air temperature variations in the urban canopy 
layer. Itself an extended version of a previous model 
originally proposed by Swaid & Hoffman (1990), this 
model predicted air temperature at an urban point based 
on measured temperature at a rural reference site, 
modified by the contribution of characteristically urban 
conditions. The conceptual basis for this conversion was 

stated by Elnahas & Williamson (1997)  as follows: 
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where Ta(t) refers to air temperature at a given location, Tb 
the meso-scale base temperature, and !Tsol and !Tlw the 

net short wave and long wave radiative contribution to the 

local temperature. The subscripts ‘urb’ and ‘met’ refer to 
urban and meteorological (reference) locations, 
respectively. Combining the above expressions yields: 
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 (3) 
The above procedure attributed the variation in air 
temperature to differences in short wave and long wave 
energy balances between the urban site and the 
meteorological (reference) site. However, the same 
method may be employed to express differences 
resulting from other modifiers of local micro-climatic 
conditions, such as, for example, anthropogenic heat, the 

hydrological balance or the effects of vegetation, which 
may affect latent heat. 
The CAT model adopts a similar conceptual approach, 
but employs a different methodology to compute Tb, the 
meso-scale base temperature, and then to predict 
canyon air temperature. The process may be 
summarised as follows: An energy balance is calculated 
from meteorological time series for the reference site and 
for each surface of the urban canyon, taking into account 

modifications to the energy exchange processes 
resulting from the specific characteristics of both sites. 
The effect of sensible heat flux at the surface on air 
temperature at the reference site is then calculated on 
the basis of the surface heat exchange coefficient hc and 
a new empirical coefficient of turbulent heat transfer 
between the canopy layer and the roughness sublayer 
above. The time-dependent contribution of the local 

sensible heat flux to the air temperature at the reference 
site is then deducted from the measured value to give Tb, 
the meso-scale base temperature. The same 
methodology is then used to calculate the ensemble 
contribution to the local canyon air temperature of 
sensible heat flux from all canyon surfaces, similarly 
modified by a (different) coefficient of turbulent heat 
transfer between the air in the canyon and the roughness 

sublayer above. This contribution is then added to the 
base temperature to give the predicted air temperature in 
the canyon. 
Inputs required by the model comprise two separate 
categories: 
• Time series describing meteorological conditions at the 

reference site, including the dry bulb temperature of air, 
relative humidity, wind speed, global and diffuse solar 

radiation on a horizontal plane and cloud cover. 
• Descriptors of both the reference site and the urban site 

being simulated, including: geographic location (latitude 
and longitude); building geometry, including street 
canyon aspect ratio, building density and ratio of 
massive external walls to site area; material properties, 
including surface albedo and the coefficients of the 
objective hysteresis model (OHM) of thermal storage 
(Grimmond et al., 1991); and hydrological factors 

affecting the parcelling of turbulent heat flux into latent 
heat and sensible, including the coefficients of the 
LUMPS model by Grimmond and Oke (2002).  

The geometric representation of the urban environment 
is two-and-a-half-dimensional: canyon dimensions are 
given only in cross-section (length in the direction of the 
main longitudinal axis is considered semi-infinite). 
However, treatment of in-canyon wind is fully three-

dimensional, as is the incorporation of solar position in 
the computation of short-wave radiant exchange.  

The CAT model treats each of the following factors 
components of the heat balance as follows: 
 
1.1. Radiative exchanges 

Net radiation (Q*) may be measured directly, but is not 
usually monitored in a standard meteorological station. 
Furthermore, net radiant exchange depends on the 
orientation of the relevant surface, its angle of tilt with 
respect to the horizon and its degree of exposure to 
direct solar radiation, to the sky and to other terrestrial 
surfaces. The CAT model therefore utilises more 
commonly available data  - global solar radiation and 

diffuse solar radiation, both on an unobstructed 
horizontal surface, and cloud cover, all recorded at the 
reference station. Net radiant exchange at the reference 
station and on each surface in the urban canyon is then 
calculated on the basis of solar geometry and the 
respective view factors of the participating surfaces.  
Incoming direct normal (beam) solar radiation is 
calculated from measured global radiation and diffuse 

radiation, taking into account solar elevation. Beam 
radiation is then used to calculate the direct component 
on building surfaces, with respect to orientation and 
mutual shading by other canyon surfaces. The proportion 
of each surface exposed to direct radiation is calculated 
using a model that allows input of separate (different) 
values for each canyon wall. In addition, the height and 
setback of adjacent buildings may be input to account for 

obstructions created by buildings that are much taller 
than those forming the primary canyon perimeter, or for 
tower blocks constructed on a ‘podium’ that comprises 
the actual canyon walls. Canyon surfaces not exposed to 
direct solar radiation, including portions of exposed 
surfaces shaded by adjacent walls, are considered as 
being illuminated by diffuse radiation and by reflected 
radiation only, in proportion to the respective view factors 
for each of the source areas. 

The time-dependent total solar radiant flux on the i th 
canyon surface receiving direct solar radiation as well as 
reflected radiation from j other canyon surfaces is thus 
given by the following expression:  

! "+ #"+#+"=
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 (4) 
where I(t) is the mean hourly total solar radiation incident 
on the surface (W m

-2
), PSA is the partial shaded fraction 

of the surface, Idir(t) the hourly mean unobstructed direct 

component of the solar radiation, Idif(t) the hourly mean 
unobstructed diffuse component of the solar radiation, 
Idir+dif(t) the combined direct and diffuse components of 
the solar radiation, ! the view factor between two 
surfaces, mj the solar absorptivity of surface j (W m

-2 o
K) 

and !s the mean sky view factor for a surface. Reflected 

radiation, as noted above, takes into account primary 
reflections only.  
Incoming long wave radiation (L") is calculated from the 
dry bulb temperature of the air and from atmospheric 
humidity for clear sky conditions via the empirical 
correlation proposed by Brutsaert (1982) for atmospheric 

emissivity, 

( ) 7
1
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where ea is the partial water vapour pressure of air (mb) 
and Ta air temperature (K). The partial water vapour 
pressure of air may be calculated from relative humidity 
and air temperature following the procedure set out in 

ASHRAE (1989).  
Sky radiation is calculated using the Stefan-Boltzmann 
relationship 

4
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where # is the Stefan Boltzmann constant (5.67*10
-8

 W 
m

-2
 K

-4
), $a is sky emissivity and Ta air temperature (K). 

A correction factor incorporating the effect of clouds on 
L" is applied following Martin (1989): 

clear
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 (7) 
Compared with other empirical corrections for the effect 
of clouds, such as the one proposed by Oke (1987), this 
expression sacrifices accuracy for simplicity of 

application: it requires no information on cloud type, 
which may not always be available in standard 
meteorological records. 
The approach adopted in the CAT model for calculating 
outgoing long wave radiation is a compromise between 
detailed modelling of surface temperature and the use of 
ambient air temperature as a surrogate for it. The former 
is accurate, but requires a detailed description of the 
(time-changing) thermal properties of the solid, whereas 

the latter is simple but less accurate. Surface 
temperature is approximated by the ‘sol-air temperature’, 
which is defined as “the equivalent outdoor temperature 
which will cause the same rate of heat flow at the surface 
and the same temperature distribution throughout the 
material as results from the outdoor air temperature and 
the net radiation exchange between the surface and its 
environment” (the commonly used notation has been 

modified to conform to conventions used in climatology): 
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where Tsol is given in K, K" is incoming short wave 

radiation (W m
-2

), % is short wave absorptivity of the 
surface, $s is the long wave emissivity of the surface, L* 
is net long wave radiation at the surface (W m

-2
) and hc 

the surface convective heat exchange coefficient. The 
outgoing long wave radiation (L&) is itself a function of 

the sol-air temperature, so its value is obtained by 
iterative calculation of the expression above until Tsol is 
obtained to an accuracy of less than 0.5K. The 
contributions of the ground surface and vertical surfaces 
of the canyon are calculated separately taking into 
account their respective view factors to the sky. 
 

1.2. Heat storage (Qs) 
Heat storage is modelled using the Camuffo & Bernardi 
(1982) formulation:  
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where t is time; parameter a1 indicates the overall 
strength of the dependence of the storage heat flux on 
net radiation; a2 determines whether the curves !QS and 

Q* are exactly in phase (a2=0), or !QS precedes Q* 

(a2>0); and a3 is the size of !QS when Q* becomes 

negative (positive values indicates !QS becomes 

negative before Q*). The values of coefficients a1, a2 and 
a3 correspond to typical values proposed by Grimmond & 
Oke (2002). 
 
1.3. Turbulent heat flux (QH and QE) 

The value of hc, the surface heat exchange coefficient, is 
affected by the relative temperatures of the surface and 
the adjacent air layer, by the orientation of the surface 
with respect to the horizontal, and most importantly, by 
the speed of air movement across the surface. Since hc 
cannot be determined by analytical methods, CAT 
employs the following empirical correlations for horizontal 
and vertical surfaces, obtained experimentally on 

building surfaces at an urban site (Hagishima and 
Tanimoto, 2003): 
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where u, v and w are wind vectors (m s
-1

) and hc is given 
in W m

-2
 K

-1
.  

In the reference site, wind speed near the surface (20cm 
height) is derived from data measured at 10m height 

assuming a standard logarithmic profile. Values for the 
zero-plane displacement (d) and the roughness length 
(z0) are estimated in accordance with the aerodynamic 
characteristics of the reference site. In the case of a 
typical meteorological station, d is on the order of a few 
millimetres and z0 about 1cm. u* can then be calculated 
using a value of k=0.4 for the von Karman constant: 
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 (11) 
Using the resulting value for u*, the expression is then 
solved for vz to yield wind speed near the surface. 
The simple logarithmic profile is not appropriate in the 
urban canyon. Wind speed near canyon surfaces is 
calculated on the assumption that a vortex is formed, 

using the Hotchkiss and Harlow (1973) model, quoted in 
Yamartino and Wiegand (1986), to calculate wind speed 
near each of the surfaces from wind speed above the 
canyon top. The transverse (horizontal) component of 
the flow (u) and the vertical component (w) at any point 
in a two-dimensional rectangular notch of depth H and 
width B (in effect – an urban canyon) are given by the 
following expressions: 
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where k="/B: '=exp(-2kH); (=exp(ky); y=z-H; and u0 is 

the transverse wind speed above the canyon (at the 
point x=B/2, z=H).   

The transverse flow, which is independent of the along-
canyon longitudinal flow, has a logarithmic profile: 
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where vr is the along-canyon component of the wind 
speed at reference height r above the canyon and z0 is 
the roughness length. In the absence of accurate local 

measurements, the roughness length is estimated as 
being one-tenth the average height of the canyon walls 
(Grimmond et al., 1998). 
Sensible heat flux is parameterised for each canyon 
surface from the net radiant balance (Q*) and the storage 
flux (!Qs) (De Bruin and Holtslag, (1982), in the revised 

form given by Grimmond & Oke (2002) for urban 
conditions): 

!
"

"#
$%$

+

+$
= )*(

)/(1

)/()1(
sH QQ

s

s
Q

 (15) 

where s is the slope of the saturation vapour pressure-
versus-temperature curve; ( is the psychrometric 

constant; and % and ' are empirical parameters. % 
depends on the soil moisture status, and accounts for the 
strong correlation of QH and QE with Q*-!QS, whereas ' 

accounts for the uncorrelated portion. 
 
1.4. Anthropogenic heat (QF) 
In the CAT model, anthropogenic heat flux QF is added 
to the sensible heat flux QH before the temperature 
modification procedure is carried out. The energy is 
treated as if it is released from a point source in the 
centre of the canyon. Monthly mean values of total 
anthropogenic heat flux density are multiplied by a 

correction factor related to the time of day to adjust for 
the typical diurnal pattern of energy consumption (Sailor 
and Lu, 2004). 
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1.5. Temperature prediction from sensible heat flux 
The local effect of the sensible heat flux at the surface on 
air temperature in the canopy layer depends on the 
exchange of energy with the mixed layer above roof 

level, and is affected by two classes of factors (Kastner-
Klein and Plate, 1999): 
• The geometry of the urban canyon, especially its 

aspect ratio; and the morphology of the buildings it is 
defined by, especially the design of the roof. For a 
given canyon, the effect of these factors may be 
considered fixed. 

• The characteristics of the airflow above the roofs, in 

particular wind speed and direction with respect to the 
canyon axis, and the magnitude of the turbulence.  A 
further factor is the state of atmospheric stability near 
the surface. All of these factors are constantly 
changing. 

An accurate evaluation of this exchange may be carried 
out numerically by CFD. However, CFD requires very 
detailed input, and is still too demanding on computer 

resources to simulate extended periods. Analytical 
models, though less stringent in their requirements, 
nevertheless require input of measurements sufficient to 
characterize atmospheric stability by parameters such as 
the Richardson number, which cannot be derived from 
typical weather stations. CAT expresses the exchange of 
sensible heat between the canopy layer and the mixed 
layer above by means of a bulk aerodynamic formulation 

for fluxes, of the general form: 

tH rTQ !=  (16) 
where QH is the sensible heat flux, obtained from the 
sum of the contributions of the individual surfaces 
comprising the envelope of the site, weighted by their 
respective areas as a proportion of the overall plan area 
of the site. !T is the temperature difference between the 

canopy layer and the base temperature in the reference 

layer, which will vary over time, and rt is a resistance to 
heat transfer across the interface between the two 
layers.  
An expression for rt was developed which incorporates 
the effects of site geometry, and which accounts for the 
effects of turbulence, and in particular, atmospheric 
stability: 

ct
hmr !)1( "=  (17) 

where ) is the ratio of the canyon surface area to the 

plan area of the site, hc is the coefficient of heat 
exchange at the surface (which is a function of wind 
speed), and m is a coefficient of turbulent exchange that 
varies with stability and wind speed. The value of m was 
obtained empirically for four separate classes of flow 
regimes, which were defined on the basis of the 
temperature difference between the sol-air temperature 
of the surface and the dry bulb temperature of the air at 

the reference site, as follows: Negligible mixing when 
!T<-2K; light mixing -2K<!T<0K; moderate mixing 

0K<!T<5K; vigorous mixing 5K<!T. Table 1 below gives 

values of m for turbulent exchange between an urban 

canyon with an aspect ratio of approximately 1.3 and the 
roughness sublayer above compared to those for an 
open reference site, for each of the mixing classes. 
 

Table 1: Values o f the coef ficient o f turbulent 
exchange m for di f ferent mixing regimes 

mixing regime open site urban canyon (H/W=1.3) 

negligible mixing 0.15 0.1 
light mixing 0.5 0.3 

moderate mixing 0.7 0.5 
vigorous mixing 0.8 0.65 

 

Canyon air temperature is calculated as the sum of the 
air temperature at the reference station and the net 
change in temperature resulting from the local 
characteristics of the reference site and the urban 

canyon: 
))()(()()( metQurbQmetaurba tTtTtTtT
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2. FIELD DATA 
 
Field measurements were carried out at two urban 
canyons in Adelaide – Chesser Street, which runs north-
south, and French Street, which has an east-west axis. 
Data were sampled at 15-second intervals, and 15-
minute averages were computed by electronic data 
loggers and stored for subsequent retrieval.  

The data from the urban sites was compared with data 
recorded at a reference site at the Adelaide City Council 
Nursery, north of the Torrens River, and with records 
provided by the Bureau of Meteorology from the Kent 
Town station. 
The reference site is located in a green belt surrounding 
the central business district of Adelaide, approximately 
2100m northwest of the city centre. The urban sites are 

about 500m from the centre of the business district, and 
about 1500m southeast of the reference site (Figure 1). 
The area in the photo is the core of the Adelaide 
metropolitan area, which extends about 20kms east from 
the Gulf of St. Vincent to the Adelaide Hills, and about 
25kms from north to south. 
 

 
Figure 1: Aerial photo of central Adelaide 

 
Data representative of the whole of the study area 
included global solar radiation; diffuse solar radiation, net 
all-wave radiation and ‘effective sky temperature’. The 
reference station monitored site-specific dry bulb 
temperature, relative humidity, wind speed and direction, 
soil temperature and soil moisture. At the urban sites 
measurements were made of air temperature at several 

points in each street cross-section, relative humidity, 
wind speed and direction. 
 

3. MODEL VALIDATION 
 
The validation of the model is based on comparing 
predicted temperatures with observed data assembled in 
the experimental phase of the project. An obvious 
difficulty in applying standard goodness of fit tests to the 
predicted and observed temperature records in the 

current experiment is that there is a high degree of auto-
correlation between the variables. Thus use of the 
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Figure 2: Comparison of predicted and observed air temperature in Adelaide, May 1999 

 
correlation coefficient (r) or its square (r

2
) insufficient. 

Therefore, in addition to comparing the observed and 
predicted variates’ respective means (O, P) and standard 

deviations (so, sp); the intercept and slope of a least 
squares linear regression between the variates; the 
errors described by the root mean squared error 
(RMSE), and its systematic and unsystematic 
components, two additional indicators were used: 
• The Willmott index of agreement (Willmott, 1981):  
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where P are predicted values, O observed ones, and 

OPP
ii
!="  and OOO

ii
!=" . In the expression above, the 

denominator of the main term represents the potential 
error of the sample while the numerator represents the 
portion of this error left unexplained by the simulated 

variate. The index of agreement varies between 0 and 1, 
1 indicating perfect agreement: 
The Williamson confirmation factor (Williamson, 1995):  
If the value ‘v’ of an input variable can provide a fairly 
close approximation to the measured parameter ‘m’, a 
model may only be considered useful if the estimated 
value of the parameter in question ‘e’ is closer to the 
observed value than this trivial approximation. The 
expression Cs=U(m,v)-U(e,m) where U(m,v) is Theil’s 

inequality coefficient between the measured value and 
the trivial variable estimate, and U(e,m) is Theil’s 
inequality coefficient between the estimated value and 
the measured value of the parameter in question, is an 
indicator of the magnitude of the error in prediction: The 
maximum value of the Cs is U(m,v), when U(e,m) is 
equal to zero, indicating perfect correlation between the 
measured and estimated values. Dividing the 

confirmation factor Cs by U(m,v) normalizes all possible 
values of this factor, giving a degree of confirmation D 
having a value between zero and unity. 

U(m,v)

,mU(m,v)-U(e
D

)
=  (20) 

The model was calibrated on the basis of data for the 
month of June 1999. Empirical values were obtained for 
the coefficients of the heat storage expression (equation 
9); for the soil moisture (equation 15) and for the 
coefficient of turbulent exchange at the canyon top 
(Table 1), so as to minimize the error in prediction of 

canyon air temperature. The simulation was then run for 
three other month-long periods using constant values for 
these coefficients. 
Visual inspection of the graph for the first ten days of 
May 1999 (Figure 2) is reassuring, since it demonstrates 
that the main trends, such as the nocturnal urban heat 
island, are described fairly accurately. Various statistical 
measures evaluating the quality of the predictions are 

shown in Table 2. The predictions for the months of May 
and March show good agreement with observed 
temperatures. The results for November are 

disappointing. Although the absolute error is not very 
large, the value of the Williamson confirmation factor is 
low because during this period, weather conditions in the 

urban site and in the reference site were nearly identical, 
so random errors in any of the inputs could lead to an 
error in prediction that was as large as the difference 
between the sites. 
 

Table 2: Validation statistics for different time periods 
(June data were used for calibration). 

 June May November March 

Mean error [oC] -0.03 -0.05 -0.12 -0.22 
Standard deviation [oC] 1.08 0.88 1.38 1.19 
Systematic MSE [oC] 0.10 0.02 0.02 0.06 
Unsystematic MSE [oC] 1.08 0.77 1.90 1.40 
Willmott index of agreement 0.95 0.97 0.98 0.99 
Williamson confirmation factor 0.51 0.58 -0.14 0.33 

 

4. DISCUSSION 
 
Accurate determination of the surface heat exchange 
coefficient hc has a direct bearing on the accuracy of the 
CAT model. The difficulty of assessing this parameter in 
environments with a complex aerodynamic morphology, 
such as the urban canyon, means that in practice, 

accurate predictions of the effect of sensible heat flux on 
air temperature require fairly accurate modelling of wind 
speed near the surface. The model incorporated in CAT 
is currently limited to urban configurations where a 
simple rotor vortex is formed, and is inapplicable where 
the canyon is too shallow (resulting in isolated roughness 
flow, according to Oke’s classification) or where it is very 
deep (resulting in very weak coupling of street-level wind 

with air above the canyon).  
Assessment of the sensible heat flux is sensitive to the 
value of the coefficient  in equation15 above. This 

coefficient, which describes the availability of moisture in 
different environments, may range in value between zero 
in hyper-arid locations to about 1.4 over oceans 

(Grimmond and Oke, 2002). In most urban sites it is 
likely to be in the range 0.4-1, but a more accurate 
determination may require calibration of the CAT model 
to a variety of locations on the basis of experimental data 
from on-site monitoring. Until such data are available, 
calibration may be carried out to fit predictions to data 
from the reference site in meteorological conditions that 
are known to result in negligible urban effects, such as 
windy, overcast weather. This procedure may only be 

carried out if the contribution of anthropogenic heat to 
temperature differences between the locations is small.    
The CAT model, in common with many models of the 
urban microclimate, assumes that net advective heat 
transfer within the urban area is negligible. It is therefore 
applicable where building density, typology and ground 
cover in the source area for energy fluxes are uniform. 
However, the presence of urban parks or large variations 

in building height and street sections in close proximity to 
the canyon being modelled may result in errors whose 
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magnitude is affected by their distance from the canyon, 
the direction of the wind and the intensity of the fluxes.  
The CAT model is also incapable of analysing 
differences between the reference site and the urban 

canyon resulting from meso-scale properties of the sites 
such as topography, elevation, distance from a large 
body of water (if applicable) etc. 
 

CONCLUSIONS 
 
The CAT model demonstrates that a relatively simple 
analytical model of the urban canyon can provide 
estimates of air temperature that are substantial 
improvements over the trivial case of using unprocessed 

data from a reference weather station. However, the 
model in its current form is still limited, especially with 
respect to the types of urban morphology it may be 
applied to. It has also not been tested against field data 
from locations other than Adelaide, which may have 
substantially different micro-climates. It therefore remains 
to be seen whether the empirical calibration factors 
deduced from the Adelaide data may be applied 

elsewhere. If these restrictions can be overcome, the 
CAT computer model is seen as having several practical 
applications:  
• Evaluation of the micro-climatic effects of proposed 

planning regulations concerning land use and building 
density in new or existing urban development; 

• Evaluation of changes to the micro-climatic conditions 
at specific urban locations as a result of proposed 

changes such as new construction; 
• Use as a research tool for examining various urban 

configurations in terms of their effect on pedestrians 
and on consumption of energy in buildings.  

• Provision of data representing realistic site-specific 
meteorological conditions that may then be input to 
building thermal simulation software to produce more 
accurate modelling of energy use. 
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