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Abstract: Local climate has always been a major factor in the layout of cities and building forms in the 
past. With the modern technological innovations and climate modifying techniques, building designers 
often overlook the usefulness of climate design strategies in their designs thus isolating them from the 
immediate environment. With the availability of affordable and efficient energy modelling tools, 
designers can assess energy efficiency of their designs prior to construction, but the interactions 
between various environmental factors at the early design stage are not often clear to them. Only 
thorough analysis of local climate data can shed light on the effective design strategies for a particular 
site. Most often, climate data is presented in tabular formats making them difficult to comprehend the 
inter-relationships between climatic elements and their implication in building design. As a result, 
climate consideration in conceptual design stage is usually ignored or inadequate. This paper addresses 
the underlying issues of climate data presentation and uses informative figures and tables to inform 
local climate in a meaningful way. The information will help building professionals to understand local 
climate easily and allow them to incorporate climate design strategies in their designs. This paper takes 
Brisbane as an example to explore a climate design approach. Brisbane climate data recommends 
minimizing the impact of high humidity in summer and maintaining a comfortable temperature in 
winter.  
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1 Introduction 
Response to local climate has always been a major factor in any building tradition and the practice can 
be traced over the centuries. Socrates and Vitruvius were the pioneers who discussed the climatic 
influences in layout of towns and the individual buildings. Over time, however, as the technological 
innovations made it possible to achieve controlled indoor environment, the concept of climate 
responsiveness was lost in transition from the traditional to the modern built environment. As a result, a 
lack of consideration of small scale climate variations at the urban and regional scale in most urban 
planning and building projects led to adverse impact on the environment over the years.  

An interaction between climatologists, urban planners and architects is vital to understand the close 
relationship between microclimate variations and design intervention at urban scale or at building scale 
(de Schiller and Evans, 1990/91). There has been a significant contribution from Olgyay (1963), Givoni 
(1976; 1998) and Szokolay (1982; 2008) in advancing climatic design. Nowadays, climate data is easily 
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available and tools such as bioclimatic strategies and building energy evaluation software packages are 
available to assist building professionals. However, local climatic issues are often ignored at conceptual 
design stage and subsequently at detailing stages. This necessitates a further investigation on what 
could be done to promote integration of climate in design practices.  

de Schiller and Evans (1990/91; 1996) identified various factors that prevent the use of climate 
information at the urban and building scale. One of the major factors was identified as the presentation 
of the climate data. Most often, meteorological data is presented in raw numerical format which is 
complex and require further processing before they can be used by the designers. de Schiller and Evans 
(1990/91) suggested presenting climate information in a clear graphical format that can be easily 
understood by the building professionals and can easily be incorporated in the early stage of the design 
process.  

The second issue that de Schiller and Evans (1990/91) identified was related to broad climate 
classification and generalised climate design recommendations for a large geographical region, ignoring 
local micro-climatic features. For example, the different climate regions of the world are commonly 
categorized in terms of their thermal and seasonal characteristics i.e. hot-dry, warm-humid, composite, 
moderate and cold. It is important to note that even within the same climate zone or within a distance 
of few kilometres, diverse climate characteristics can be found. In order to define local climate more 
precisely than simply according to the generic typologies, location specific detailed climate information 
is required such as, air temperature, humidity, solar exposure, sky conditions and wind patterns.  

This study aims to bridge the research gap by adopting graphical techniques to present climate 
information, using informative figures and tables. This information is believed to be easy for the building 
professionals to comprehend and will help them to develop design strategies without requiring further 
assistance from the climatologists. This paper briefly discusses current status of the climate analysis 
tools, presents climate data and recommends few important early stage design strategies for Brisbane 
(Australia) climate as an example.  

2 Overview of the currently available climate analysis tools  
There have been a number of platforms available to analyse the climate data. One of the earliest was 
‘Bioclimatic chart’ developed by Olgyay (1963) which combines temperature, humidity, solar radiation 
and wind speed to inform the status of climatic conditions and approaches to achieve thermal comfort 
by utilizing wind effect or solar radiation. Recently, digital platforms such as, Climate Consultant (UCLA 
Energy Design Tools Group, 2014) and Autodesk Ecotect (Autodesk, 2016) are extensively used by 
building designers and architectural students. Both the above mentioned climate analysis tools use 
graphical approach of presenting complex climate data. Climate Consultant and Autodesk Ecotect 
present temperature, humidity, sky condition, solar radiation and wind data graphically and recommend 
building design strategies. The inter-relationships between climatic elements however, are seldom 
explored; as a result, designers struggle to link two different elements while developing location specific 
design strategies. For example, the above mentioned climate analysis tools often plot temperature and 
humidity on psychrometric chart and recommend passive solar heating strategies when outdoor 
temperature drops below lower threshold of the thermal comfort band. However, the tools rarely cross-
examine sky conditions and the available solar radiation in winter daytime which will have significant 
impact on the solar heating potential. Similarly, recommendations are made for ventilation even though 
outdoor humidity levels are high and ventilation may not be much beneficial for thermal comfort.   



351 Simplified climate information for building designers 

3 The study 
This paper explores local environmental conditions using air temperature, humidity, sky condition, solar 
radiation and wind pattern to understand their impact on comfort and consequently in building design. 
This study sources climate data used by Nationwide House Energy Rating Scheme (NatHERS) 
(Commonwealth of Australia, 2016) for Brisbane airport (climate zone #10), which is embedded in 
AccuRate engine. The climate data used in this study is a Reference Meteorological Year (RMY) weather 
file prepared by compiling representative months’ weather data from 1967 to 2004. However, it is not 
uncommon to find a wide range of variation in the locality with this weather file in recent years.  

This paper processes weather information and utilizes more informative graphical medium to inform 
the building designers of the climatic condition at an early stage of designing by analyzing the following 
items:     

• relationship between temperature and humidity for comfort 
• status of the cloud condition and availability of solar radiation on vertical walls  
• wind speed and direction in different time and seasons 

3.1 Defining local thermal environment 
A comfortable thermal environment is defined using both temperature and humidity criteria (Olgyay, 
1963; Koenigsberger et al., 1974; Givoni, 1976; Berglund, 1998; Givoni, 1998; Szokolay, 2008;  ASHRAE, 
2013). There has been a greater consensus regarding temperature comfort band which came out of a 
large scale study (de Dear and Brager, 1998; ASHRAE, 2013); however, humidity thresholds are still 
contested among professional institutions, thermal comfort researchers and health professionals 
(Arundel et al., 1986; Arens and Baughman, 1996;  ASHRAE, 2013; Jing et al., 2013). ASHRAE thermal 
comfort band uses absolute humidity of 12g/Kg as a cut-off point for upper moisture level for thermal 
comfort (ASHRAE, 2013), but without a lower threshold. In general, high humidity reduces the potential 
of evaporative heat losses from our body surfaces (Jing et al., 2013) and low humidity causes dry nose, 
throat and skin, and eye irritation (Berglund, 1998). Health professionals have stressed on the impact of 
high and low levels of humidity for our well-being (Arundel et al., 1986). Past studies used relative 
humidity (RH) for regulating humidity criteria for thermal comfort, which ranged between 30% RH and 
70% RH (Olgyay, 1963; Koenigsberger et al., 1974; Givoni, 1976; Berglund, 1998; Fountain et al., 1999). 
However, temperature comfort band is often used to define a comfortable thermal environment 
assuming humidity remains within the acceptable range (de Dear and Brager, 2002). 

This study adopts nine environmental conditions based on the combination of temperature and 
humidity comfort thresholds proposed by Causone (2016) with slight modification on humidity 
threshold. This study uses a 7-day running mean of temperature (de Dear, 2006) to define comfort band 
which recognises daily changes in the outdoor environmental condition and its effect in the building 
occupants’ comfort set point (Figure 1). In this case, the outdoor average temperature (Tav) is replaced 
by a weighted running mean of outdoor dry-bulb temperatures (mot) spanning 7 days, as shown below:  

Tmot = 0.33T(today) + 0.23T(day−1) + 0.16T(day−2) + 0.11T(day−3) + 0.08T(day−4) + 0.05T(day−5) + 0.04T(day−6)  (1) 
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Figure 1: Summer and winter temperature comfort bands for Brisbane are defined using 7-day running 
mean and adaptive thermal comfort equation for 90% acceptability limit (i.e. 5K band) 

 
The upper and lower 90% acceptable limits can be calculated by using adaptive thermal comfort 

equations 2 and 3 (ASHRAE, 2013) : 

Upper 90% Acceptable Limit = 0.31 Tmot + 20.3                                                                                              (2) 

Lower 90% Acceptable Limit = 0.31 Tmot + 15.3                                                                                              (3) 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 2: Identifying local thermal environment based on temperature and humidity comfort criteria 

 
Temperature below than the lower acceptability limit of adaptive thermal comfort band (tc,l) is 

identified as the cold condition and temperature higher than the upper acceptability limit of adaptive 
thermal comfort band (tu,l) is considered as the hot condition. Humidity comfort criteria are defined by 
both RH and absolute moisture content in the air. Humidity comfort zone is considered in between 30% 
and 70% RH and less than 12 g/Kg. Humidity greater than 70% RH or greater than 12 g/Kg is a humid 
condition, and less than 30% RH is considered as a dry condition. An intersection of both temperature 
and humidity comfort condition is defined as ‘Comfortable’ environment. Summer (S) and winter (W) 
comfort zones are separated according to the comfort bands defined in figure 1. Other combination of 
temperature and humidity criteria define the remaining eight environmental conditions – Cold & Humid, 
Cold, Cold & Dry, Humid, Dry, Hot & Humid, Hot, Hot & Dry. Figure 2 shows the boundaries for the nine 
environmental conditions in psychrometric chart for Brisbane.  
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4 Understanding Brisbane climate 

4.1 Environmental conditions  
Brisbane’s hourly temperature and humidity data for the whole year are plotted on two psychrometric 
charts for conventional summer (December, January and February) and winter (June, July and August) 
seasons separately. The psychrometric charts have outlined nine environmental conditions (Figure 3). 
Brisbane is pre-dominantly humid in summer and humidity remains high for 74% of the time and causes 
discomfort. Winter season is cold and for 81% of the time temperature drops below the comfort range. 
The classification of thermal environmental conditions (Figure 3) indicate that high temperature is not 
an issue in Brisbane, as only 2% of the total time, the temperature exceeds the thermal comfort band. 
On an average, only around 14% of the summer and winter time is comfortable.   

 Figure 3: Thermal environmental conditions for summer and winter seasons in Brisbane 
 

The figure 4 presents thermal environmental conditions during four seasons in Brisbane. Thermal 
environmental conditions are presented according to their occurrence in Brisbane on seasonal basis. 
Overall, ‘humid condition’ prevails for around 36% of the time in a year with the high humidity 
conditions experienced in summer. If all cold conditions (Cold & Humid, Cold and Cold & Dry) are 
grouped together, then cold condition becomes dominant and prevails for around 40% of the time in a 
year. The outdoor environment is comfortable for around 15% of the time. Spring is the most pleasant 
season with the highest comfortable period.      

 

 
Figure 4: Percentage of time spent in various thermal environmental conditions in Brisbane  
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4.2 Sky condition and solar radiation 
Brisbane sky remains clearer for around half of the period during winter daytime. However, cloudy 
conditions are more common in summer. Spring sky is relatively clearer than autumn (Figure 5).  

 
A north facing vertical surface in Brisbane receives the highest level of solar radiation in winter 

(Figure 6) which is almost double the amount of solar radiation than that of summer. Winter solar 
exposure would reduce slightly within 30 degrees on the both sides of the north. East or west walls 
receive only half the amount of solar radiation compared to the northern wall in winter. In summer, 
there is a sharp drop in solar radiation on northern vertical surface. The reduction is primarily due to 
high solar altitude angle in summer as well as pre-dominantly cloudy sky conditions. East and west walls 
receive the highest amount of solar radiation in summer and spring seasons. South walls receive the 
least amount of solar exposure throughout the year. Interestingly, north-east and north-west 
orientations receive the same amount of solar radiation in each season. 

4.3 Wind movement 
The wind in Brisbane changes its direction throughout the day and remarkably in each season (Figure 7). 
In summer, morning wind blows from the south, afternoon wind is primarily from north-east and 
evening wind is from the north and north-east directions. The autumn wind in morning comes mainly 
from the south and it changes its course towards the east in the afternoon and evening. The winter wind 
pattern is also similar to the autumn in the morning; however, it blows pre-dominantly from the south 
at night. The afternoon and evening wind is dispersed and weak. The spring morning wind basically 
comes from the south and the afternoon wind blows from the north, evening and night wind comes 
from the north, east and south – east.  

 

Figure 6: Average daily total irradiation (MJ/m2) on vertical 
planes during four seasons in different orientations.  
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Figure 7: Windroses for Brisbane 
 
5 Brisbane climate overview 
Climate data suggests a clear seasonal variation in Brisbane. It is humid (i.e. 74% of the time) in summer 
and cool (i.e. 81% of the time) in winter. Mostly, the extent of temperature variation in summer and 
winter seasons in relation to temperature comfort band can be understood using cooling degree-hours 
and heating degree-hours respectively. This is also used to calculate heating and cooling requirements 
(Szokolay, 2008). Brisbane has only 186 cooling degree-hours in summer; whereas, 10,036 heating 
degree-hours in winter season. However, a recent study conducted by CSIRO (Ambrose et al., 2013) 
found that summer cooling energy consumption (about 6.3kWh/day) in Brisbane dwellings is double 
than the winter heating energy consumption (about 3 kWh/day). This implies the necessity of 
addressing discomfort due to humidity in summer.    

Autumn and spring months are transitional periods between the two main seasons. Table 1 
summarises climatic parameters between summer and winter. The mean daily maximum air 
temperature ranges between 27.9°C and 20.0°C. The extreme maximum temperature in summer is 
32.8°C. The lowest temperature recorded is 2.1°C in winter. The mean minimum temperature ranges 
from just 10.7°C in winter to 21.2°C in summer. Mean diurnal temperature varies considerably between 
two seasons, which is 6.7K in summer and 9.3K in winter. 

Humidity is high in summer and the early autumn months, but then gradually it reduces from April 
and remains in the comfortable range until September. In summer, 79% of the time absolute humidity 
remains greater than 12g/Kg. In winter, around 50% of the time humidity exceeds 70% RH with 
temperature less than 19°C.  
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Table 1: Comparison of climatic parameters in summer and winter 
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Winter daytime sky is mostly clear in Brisbane; whereas, clear sky conditions prevail for around only 

a quarter of the time in summer. Seasonal variations can be observed for wind conditions. Summer wind 
primarily blows from the north/ north-east during afternoon through to night, but morning wind comes 
from the south. In winter, strong wind comes from the south-west in the morning. Afternoon and 
evening wind in winter is dispersed and weak and blows from the south at night.  

6 Design strategies 
Design strategies are based on climatic parameters and their inter-relationships. The current adaptive 
thermal comfort model (de Dear and Brager, 2002; ASHRAE, 2013) does not adequately address the 
issue of high humidity; therefore, winter heating demand in Brisbane seems dominating. However, 
households use more energy for cooling (using air-conditioners) (Ambrose et al., 2013) to mitigate 
uncomfortable conditions due to humidity than in heating buildings. To some extent, the building 
envelope can easily moderate night-time and early morning low temperature, as a result, actual heating 
energy consumption remains lower than the cooling load in Brisbane (Ambrose et al., 2013).      

Table 2: Design strategies based on climate data 

Outdoor Thermal 
conditions 

Occurrence 
period 

Design 
requirement Design strategies/ Recommendations 

Cold, Cold & 
Humid (40%) 

Autumn, 
winter and 
spring 

Heating required 
Passive solar heating strategies- maximise solar heat gain 
from northern facades; use thermal mass; well-insulated 
walls, floor and ceiling; reduce air-infiltration 

Humid  
(36%) 

Summer, 
autumn 
and spring 

Dehumidification 
required 

Use moisture absorbing materials; reduce external/internal 
heat gain and moisture generating activities; minimise 
direct ventilation; reduce air-infiltration; install energy 
recovery ventilation (ERV) system (if necessary) 

Comfortable  
(15%) 

Spring and 
autumn - 

Maximise the use of outdoor air for ventilation and remove 
heat generated inside the building; reduce internal/external 
heat gain and moisture generating activities 
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Table 2 makes broad design recommendations for Brisbane based on outdoor thermal conditions. 
For more than one third of the year, it is generally cold in Brisbane and may require heating to maintain 
thermal comfort. Since winter daytime is usually clear, thermal comfort can be achieved by adopting 
passive solar heating strategies. NatHERS thermal performance simulation (using AccuRate software) 
was carried out for a typical passive solar house comprised of concrete floor, reverse brick veneer walls 
with R1.5 insulation, concrete block internal walls, concrete slab with R3.5 ceiling insulation and 15% of 
the wall area for the north facing window. This thermally massive design achieved 8.5 stars and a total 
energy load was 20.9 MJ/m2 per year. Due to the lack of hourly simulated humidity data in AccuRate 
software, it was not possible to further analyze humidity impact on thermal comfort. However, a recent 
CSIRO study revealed that homes with high star rating in Brisbane consumed more energy than that of 
low star rating homes and higher energy for cooling in summer than heating in  winter (Ambrose et al., 
2013). This is contradictory to the AccuRate simulation results.  

From the climate analysis, it is evident that around another one third of the year, Brisbane is humid 
and outdoor air is not generally useful for ventilating indoors due to higher moisture content (Givoni, 
1976; Causone, 2016). Bringing in humid air indoors will have detrimental impact on the indoor 
environment with elevated humidity. To deal with indoor humidity, moisture producing activities within 
the house such as, showering and cooking should be segregated from the living areas as much as 
possible. Further, breathable building materials would help in moderating high humidity conditions. If 
there is a need to incorporate some kind of active system to maintain a control indoor environment, a 
low energy active system such as, energy recovery ventilation (ERV) system can be useful rather than 
using an energy intensive air-conditioning system. Rasouli et al (2014) demonstrated a significant 
reduction in cooling energy consumption by using ERV system in humid conditions. 

Outdoor thermal condition is comfortable for around 15% of the time in Brisbane. Building design 
can exploit indoor-outdoor connections and utilize outdoor air directly to ventilate building and remove 
heat generated inside the building.   

 

7 Conclusion 
Buildings should exploit the local climate through design and appropriate construction techniques for 
energy efficiency. The biggest challenge to the building professionals designing energy efficient buildings 
is to disentangle interactions between climatic parameters and incorporate them to location specific 
design solutions. This paper presented complex climate data using informative figures and tables to 
allow designers to incorporate them at an early design stage. The study assessed local environmental 
conditions using both temperature and humidity to highlight the implications of the individual 
parameters in overall thermal comfort. As a result, nine environmental conditions are defined in the 
psychrometric chart– Cold & Humid, Cold, Cold & Dry, Humid, Comfortable, Dry, Hot & Humid, Hot, Hot 
& Dry. Other climate parameters such as sky condition, solar radiation and wind data further help in 
formulating design strategies.  

In broader climatic context, Brisbane climate is defined as ‘Subtropical’ and considered favourable 
for natural ventilation in summer and requiring not much heating in winter (Kennedy, 2010; Reardon 
and Downton, 2013). However, in contrast to those understandings, this study has highlighted the need 
to address two different seasonal requirements for Brisbane which are – minimizing the impact of high 
humidity in summer months and maintaining a comfortable temperature in winter. Thus, this method 
also eliminates the generalised recommendations based on broad climate zones.   
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The methodology of climate data analysis and presentation techniques used in this study can easily 
be extended to other locations. Additional climate parameters such as rainfall, snowfall and other 
location specific climate parameters will further enhance the quality of design implications.  
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