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ABSTRACT: Adaptive comfort principles have existed in the form of a regulatory and design standard 
(ASHRAE Standard 55-2010) for about seven years now. Being embedded in sustainable building 
rating tools such as the US Green Building Council’s LEED and Australia’s Green Star has served to 
widen even further the adaptive comfort standard’s user base in recent years.  With such widespread 
application, a wealth of practical experience has been gained from architects, design engineers and 
other practitioners in the business of thermal comfort. The committee charged with responsibility for 
maintaining and further developing ASHRAE Standard 55 has recently embarked upon an ambitious 
agenda of updates and enhancements to its adaptive comfort processes.  After a general discussion of 
similarities and differences in approach between the global adaptive comfort standard (ASHRAE 55) 
and its European counterpart (EN15251), this paper backgrounds the main issues framing recent 
enhancements to ASHRAE 55. In particular two updates are discussed; a) implementation of a 
running, weighted mean temperature expression for prevailing outdoor warmth in the adaptive model, 
and b) increases to Standard 55’s acceptable upper temperature limits by offsetting with elevated 
airspeed.  

Conference theme: Sustainability Issues  
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INTRODUCTION 

One of the most sweeping changes across the field of thermal comfort research in the last twenty years has been the 
acceptance of a fundamentally different, but not necessarily new, model of comfort known as the adaptive approach. 
The first adaptive comfort standard to come into effect was ASHRAE’s Standard 55 (Thermal Environmental 
Conditions for Human Occupancy) (ASHRAE, 2004 then revised in 2010), with the express intention of supporting 
natural ventilation for more sustainable, energy efficient, and occupant-friendly building designs.  

Twenty years ago there was little doubt in the literature about the model of thermal comfort. Fanger’s (1970) 
Predicted Mean Vote (PMV) and Predicted Percent Dissatisfied (PPD) approach achieved “accepted wisdom” status 
across the international building sector.  One of the main reasons for the very wide appeal with practitioners and 
researchers alike was that, according to its author, it could be applied anywhere in the world. Its global scope was 
further reinforced by inclusion of PMV/PPD in international comfort standards, notably ISO 7730-1984 and ASHRAE 
55-1991, lending the model an authority that HVAC engineers and related professions need in this litigious field.  

The main contender to PMV/PPD in the world of comfort modelling is widely known as the adaptive model.  The 
name “adaptive” derives from a view of the occupant as an integral component of a building’s comfort “system.” The 
building and its HVAC system are no longer regarded as solely responsible for delivering comfort; the occupants 
have a role to play as well.  For example they can interact with the adaptive opportunities at their disposal within their 
building, such as operable windows, fans, doors, drapes, awnings etc.  Adaptive comfort relies on various levels of 
occupant adaptation; physiological (a.k.a. acclimatization), behavioural (clothing, metabolism, and building’s adaptive 
opportunities), and psychological (adjusting comfort expectations to match the building’s capabilities).  

The original papers on the adaptive model were published by Humphreys and Nicol in the 1970s when they were 
working for the UK Building Research Establishment.  Their statistical analyses of comfort questionnaire data from 
building occupants are what we would now recognize as “adaptive models.” They described a strong relationship of  
“comfort temperature” (a.k.a. “neutrality”) inside a building, on the mean temperatures prevailing inside the building at 
the time of the survey.  For naturally ventilated buildings and buildings operating in “free-running” mode (no active 
heating or cooling systems) the indoor comfort temperature was also noted to strongly correlate with the mean 
monthly temperature outdoors at the time of the survey.  

Driven mainly by a world-wide concern about the impact of energy-related carbon emissions on global climate, the 
HVAC sector, led mainly by the American Society of Heating, Refrigerating and Air-Conditioning Engineers 
(ASHRAE) began critically reviewing its concept of thermal comfort in the closing decade of the 20th Century.  This 
culminated in 2004 with the release of an “alternate comfort method” in the ASHRAE 55-2004 comfort standard 
(ASHRAE, 2004), based on de Dear and Bragers’ adaptive comfort model (1998). The ASHRAE comfort model was 
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developed from a global database of thermal comfort field-studies containing over 21,000 questionnaires plus 
simultaneous instrumental recordings of Fanger’s six comfort parameters (ta, tr, rh, v, clo, met). A couple of years 
after ASHRAE’s adaptive model research project was published a European counterpart named SCATS (McCartney 
and Nicol, 2002) replicated the exercise in a longitudinal design in which 26 offices located in Europe (France, 
Greece Portugal, Sweden and the UK) were surveyed over approximately one year. The focus was exclusively on 
developing a European adaptive comfort standard that was finally published in 2007 (CEN Standard EN15251, 
2007). 

 

Figure 1: The ASHRAE 55 (2004 & 2010) and European EN15251 (2007) adaptive comfort charts 

CEN’s EN15251 and ASHRAE’s standard 55-2004 both contain charts relating acceptable temperatures inside 
naturally ventilated (or free-running) buildings to the prevailing outdoor temperature.  As seen in Fig. 1 both adaptive 
comfort charts look remarkably similar, although there are several important differences, some of which have been 
noted by Nicol and Humphreys (2010). The more significant differences between the two databases include the 
geographic scope of the models that they generated.  ASHRAE 55-2004 is based on a global database spanning 
Australia, South East Asia, the Indian sub-continent, the Mediterranean, Western Europe, and North America.  
EN15251 uses data from the exclusively European SCATs project.  In Nicol and Humphreys’ own words; “Thus 
EN15251 is more directly applicable to Europe, as is fitting for a European standard” (2010: 16).  

Apart from their geographic scope, the sizes of the two databases are also significantly different.  About 9,000 of the 
21,000 questionnaires inside ASHRAE’s RP-884 database were from 36 naturally ventilated buildings out of the total 
160 buildings in the database.  By comparison the SCATs project produced 4,655 sets of indoor environmental and 
subjective questionnaire data, of which only 1,449 were obtained while the office buildings were in free-running 
mode, and this small sub-sample formed the empirical basis of CEN’s EN15251 adaptive comfort standard.  

The third substantive difference between the ASHRAE and CEN adaptive models relates to the method of 
determining neutralities. Because the ASHRAE database contains so many sets of questionnaires de Dear and 
Brager (1998) were able to fit statistically significant regression models within most of its naturally ventilated 
buildings. These empirical regression equations could then be used to make a best estimate of each building’s 
optimum comfort temperature (neutrality). Neutrality is the temperature actually observed to maximize the percentage 
of building occupants expressing “neutral” on the usual seven-point comfort rating scale.  As Nicol and Humphreys 
correctly noted, this regression method “…requires a substantial number of data and a spread of temperatures to 
make an accurate estimate of the neutral temperature” (2010:12).    

With only 1,449 data points scattered across 26 office buildings, empirical determination of neutrality for the EN15251 
standard using regression or probit techniques was not feasible, so the adaptive model in EN15251 applied an 
alternative analysis known as the Griffiths method.  In essence the Griffith constant can be thought of as an educated 
guess at the rate-of-change in a sample of building occupants’ Actual Mean Vote (AMV) with respect to operative 
temperature inside the room ( ), ceteris paribus (i.e. with no thermal adaptation by the occupants).  To 
illustrate, imagine a mean thermal comfort vote of a small sample of people in a building to be “slightly warm” 
(numerically represented as +1 on the familiar 7-point scale), and this was observed at a room temperature of 26°C.  
If one assumes that one thermal sensation interval on the 7-point scale for this group equates to a constant width of 2 
K (giving a Griffiths Constant = 0.5 K-1), the Griffiths method estimates that the group would vote, on average, 
“neutral” if the room temperature were dropped from 26°C to 24°C, ceteris paribus (i.e. the group didn’t adapt in any 
way to the temperature drop). 

The validity of the Griffiths approach hinges upon how accurate one’s guess of the Griffith constant is, but according 
to Nicol and Humphreys (2010) the value of 0.5 K-1 “seems reasonable.” Fanger’s PMV/PPD model (1970) 
represents another reasonable estimator of thermal sensation votes of persons in the absence of adaptation.  Indeed, 
there is copious field evidence showing that it is a very good predictor of comfort for persons in fully-sealed, air 
conditioned environments where thermal adaptation is redundant. There is also copious field evidence showing that 
the PMV/PPD method predicts poorly in situations like naturally ventilated buildings in warm climate zones, directly 
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because the occupants have thermally adapted. So it seems reasonable to this author to use PMV/PPD to to 
estimate the Griffiths constant.  Assuming typical summertime office attire of 0.6 clo, metabolic rate of 70 Wm-2, air 
speed of 0.13 ms-1, rh=50%, then the operative temperature coinciding with PMV +1 (slightly warm) is 28.1°C.  A 
temperature decrease of 3.5 K is required to reduce PMV to zero (neutral), which suggests a Griffiths constant of 
1/3.5=0.29 K-1, which is 40% smaller than Nicol and Humphreys’ 0.5 K-1 (2010).  Of course values of vary 
under different clothing insulation values and metabolic rates, but the values I’ve used in this illustration would be 
typical of the summertime data found in the SCATs database. Moreover, Fanger’s PMV/PPD model is supported by 
at least as much empirical human subjects data as found in free-running SCATs building sample, so the Griffith 
constant of 0.5 K-1 presumed in EN15251 can legitimately be questioned. 

The final substantive difference between CEN and ASHRAE adaptive comfort standards is the way prevailing outdoor 
temperature, is defined. The ASHRAE adaptive model uses monthly mean outdoor air temperature (either calendar 
month or running 30-day mean), whereas EN15251 uses a weighted, running mean over the last couple of weeks.   

The current paper reports on some ongoing discussions within the Standing Standard Project Committee charged 
with responsibility for maintaining and updating ASHRAE Standard 55 (SSPC-55). The changes are aimed at closing 
some of the procedural differences between the CEN and ASHRAE adaptive approaches, incorporating key 
outcomes of the ever expanding knowledge-base in the thermal comfort research domain, and addressing feedback 
from the end-users of ASHRAE’s adaptive comfort standard in the seven years since it was first published. 

1. UPDATING THE ASHRAE 55 ADAPTIVE COMFORT STANDARD 

Ever since its first edition, ASHRAE Standard 55 has been a research-driven regulatory document.  A very 
substantial volume of thermal comfort research has been published since the original adaptive comfort standard 
appeared in the 2004. Standard 55 was revised in 2010 (ASHRAE, 2010) but the most significant changes related to 
mechanically conditioned spaces, not the adaptive standard for naturally ventilated buildings. In the 2010 revision the 
limits on air speeds within the occupied zone of mechanically conditioned spaces were extended, in recognition of 
recently published research showing that occupants, especially when neutral or slightly warm, preferred higher air 
speeds than were previously allowed (Arens et al, 2009). “With these changes, the standard continues to focus on 
defining the range of indoor thermal environmental conditions acceptable to a majority of occupants, but 
accommodates an ever increasing variety of design solutions intended both to provide comfort and to respect today’s 
imperative for sustainable buildings” (ASHRAE 2010).  

In the 2010 revision of Standard 55 there were no changes proposed for the adaptive comfort part of the standard for 
naturally conditioned spaces. However, since its publication the Standing Standard Project Committee SSPC 55 has 
been busy developing addenda to the adaptive comfort part of the document with the aim of a) incorporating latest 
research findings, b) addressing the feedback from the standard’s end-users, and c) harmonizing it with the adaptive 
comfort procedures within the CEN counterpart document, EN15251 (2007). Several modifications have been 
proposed within SSPC-55 recently, but two in particular have received close attention; a) extending the acceptable 
range of adaptive temperatures in warm climate zones by use of elevated air-speeds within the occupied zone of 
non-air conditioned spaces, and b) offering alternative formulations of the prevailing outdoor temperature for input to 
the adaptive comfort equations, including an exponentially weighted running mean of daily temperatures. 

1.1. Elevated Airspeed Cooling Effects in ASHRAE’s Adaptive Comfort Standard 
As noted earlier, ASHRAE’s adaptive comfort model depicted in the left-hand panel of Fig. 1 was developed from a 
global database comprising thermal comfort field-studies based on thousands of “right-here-right-now” questionnaires 
plus simultaneous instrumental recordings of Fanger’s six comfort parameters (ta, tr, rh, v, clo, met). These combined 
data-sets were statistically analysed, building-by-building, and the key result going into the meta-analysis was the 
building’s neutrality or preferred temperature.  

The neutral temperature preferred by occupants of a particular building takes into account the effects of any 
behavioural or architectural adaptations on the six comfort parameters. For example, warmer temperatures preferred 
inside naturally ventilated buildings in warmer climates reflect, in part, the facts that building occupants, inter alia, 
wear light clothing and have their windows open with air circulating freely within the occupied zone.  The RP-884 
database indicates that the naturally ventilated building studies that were used to define ASHRAE 55’s acceptable 
temperature boundaries in the warmer climate zones of Fig. 1 (mean indoor to > 25ºC in Fig.2) had an average indoor 
airspeed within their occupied zones of about 0.30 m/s (see Figure 2).  Therefore 0.30 m/s can be thought of as a 
baseline, or, presumed indoor air speed for naturally ventilated buildings in which mean indoor to > 25ºC (see Fig. 2). 

Architects, design engineers and other end-users of ASHRAE 55 in warm climate zones have often enquired whether 
the Standard’s operative temperature limits could be lifted higher than their current position in Fig. 1 were the 
occupied zone air speed increased, say, to 0.6 m/s, or 0.9 m/s? Practitioners commonly equate the Δto in ASHRAE 
Standard 55-2010’s Fig. 5.2.3.1 (Air speed required to offset increased air and radiant temperature) to the Δv in 
question (Δv referring to the increase above the adaptive model’s baseline of 0.3 m/s).  The Δto represents a rational 
basis for sliding ASHRAE’s Adaptive Comfort Standard's acceptable temperature boundaries upward in Fig. 1. Given 
that, for many years, the end-users of the standard have devised their own work-around solutions to the practical 
question of offsetting increased air speeds with temperature within the adaptive comfort zone in warm climates, 
SSPC-55 decided early in 2011 to develop the official, simplified procedure that would be published as an Addendum 
to ASHRAE 55-2010.  
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Figure 2: Mean room air speeds recorded within the RP-884 global database’s naturally ventilated buildings 
used to define the ASHRAE Standard 55-2010 adaptive comfort standard (adapted from [de Dear & Brager, 

1998]) 

Table 1: Air speed increments expressed in equivalent temperature increases based on the SET index 

 

The starting point was defining how air speed increments could be converted into their operative temperature 
equivalents.  The Standard Effective Temperature (SET) based on the Pierce Laboratory’s 2-node model of 
thermoregulation has a long association with ASHRAE Standard 55, so it was the logical choice for the task at hand. 
The SET index represents the operative temperature in an isothermal reference environment (where ta=tr, rh=50%, 
v=0.12 m/s, 0.6 clo, 1.2 met) that elicits the same net energy balance and thermophysiological strain (mean skin 
temperature, tsk and skin wettedness, w) from the occupant in the actual, complex environment.   

Table 1 illustrates some conversions of airspeed increments into their operative temperature equivalents using the 
SET index. For example, in the central 26.1ºC SET columns of Table 1, at 0.4 clo an operative temperature of 28.7ºC 
is required to achieve the reference SET value of 26.1ºC at the adaptive comfort model’s warm environment baseline 
airspeed of 0.3 m/s.  Lifting the airspeed from 0.3 m/s to 0.6 m/s under these circumstances requires an increase in 
operative temperature of 1.3 K to 30.0ºC; in effect, the Δv of 0.3 m/s is equivalent to a Δto 1.3 K according to the SET 
index.  The bottom row of Table 1 indicates that the Δto equivalent of an increment in airspeed from 0.3 m/s to 1.2 
m/s is about 2.2 K, regardless of (a) the reference SET temperature (between 23 and 29ºC) and (b) the clo value 
worn by the building occupants (between 0.4 and 0.7 clo), and this encouraged SSPC-55 to develop a simplified 
procedure to enhance the accessibility and applicability of this addendum to ASHRAE 55.  

The actual text appearing in the recent adaptive airspeed addendum to ASHRAE 55-2010 reads as follows: 

“Fig. 5.3 (the left panel in this paper’s Fig. 1) includes the effects of people’s indoor air speed 
adaptation in warm climates, up to 0.3 m/s (59 fpm) in operative temperatures warmer than 25°C 
(77°F). In naturally conditioned spaces where mean air speeds within the occupied zone exceed 0.3 
m/s (59 fpm), the upper acceptability temperature limits in Fig. 5.3 are increased by the corresponding 
Δto in Table 5.3, which is based on equal SET values as illustrated in Section 5.2.3.2. For example, 
increasing mean air speed within the occupied zone from 0.3 m/s (59 fpm) to 0.6 m/s (118 fpm) 
increases the upper acceptable temperature limits in Fig. 5.3 by a Δto of 1.2 K (2.2°F). These 
adjustments to the upper acceptability temperature limits apply only at to ˃ 25°C (77°F) in which the 
occupants are engaged in near sedentary physical activity (with metabolic rates between 1.0 met and 
1.3 met).” 



 

45th Annual Conference of the Architectural Science Association, ANZAScA 2011, The University of Sydney  

Table 2 Increases in acceptable operative temperature limits (Δto) in the adaptive comfort standard (left-hand 
panel in Fig 1) resulting from increasing mean air speed above 0.3 m/s. 

Mean Air Speed 
0.6 m/s 

Mean Air Speed  
0.9 m/s 

Mean Air Speed 
1.2 m/s 

1.2K 2.2K 2.8K 

 

1.2. Characterising the Prevailing Outdoor Temperature for Use in the Adaptive Comfort Standard 
As noted earlier ASHRAE’s adaptive model uses monthly mean outdoor air temperature as its expression for 
prevailing outdoor temperature (as either a climatological calendar month or 30-day running mean). This choice of 
input parameter was largely based on pragmatic considerations at the time – climatic data are readily available as 
mean monthly temperatures for most locations around the world.   But there was also an analytic constraint on the 
choice of outdoor temperature in the ASHRAE adaptive model.  To understand this it is important to remember how 
the ASHRAE adaptive model was derived, namely by regressing buildings’ neutralities (the dependent variable) on 
prevailing outdoor temperature (the independent variable).  But each building’s neutrality going into the adaptive 
meta-analysis was derived by regressing the comfort votes registered by hundreds of occupants over several days to 
weeks, on the operative temperatures recorded at the same time and place as each questionnaire response. 
Therefore neutrality of a building in the RP-884 database does not correspond to an instant in time, and so the 
correct expression for prevailing outdoor temperature cannot be temperature of any particular day, but rather 
something spanning a comparable time-period as the questionnaire survey used to generate the neutrality. A monthly 
mean outdoor temperature seemed to be the most logical candidate, and the strong correlation coefficient it achieved 
with building neutrality justified that approach in ASHRAE’s adaptive comfort analysis.   

It would be useful at this point just to remember that the x-variable in the adaptive comfort charts (see Fig. 1) 
represents the broad climatic milieu to which people have become adapted. Adaptive comfort theory emphasises the 
temporal variability of building occupants’ “comfort setpoint,” particularly as it responds to changes in the atmospheric 
environment outside the building. Our thermal comfort optimum drifts in the direction of the climate to which we have 
been exposed; as winter turns to summer, so does our comfort optimum move from cool to warm. The thermal 
adaptive processes are complex and operate on several levels, including physiological (also known as 
acclimatization), behavioral, and psychological (also known as expectation).  Presumably each level of climatic 
adaptation has its own time-constant, and so the seemingly simple task of fixing the definitive adaptive "exposure 
time" turns out to be quite complex. Nevertheless, a monthly mean should be long enough to capture most of the 
relevant time-scales while also matching the analytical time-scales required by the ASHRAE adaptive comfort 
model’s underlying data analytic method, so its specification in ASHRAE 55-2004 was a logical choice.  

At this point in the discussion it would also instructive to remember that the variety of end-uses to which adaptive 
comfort standards are applied.  When used to check a real building’s compliance with the standard, real-time hourly 
observations of site-climate will often be available. For example, many contemporary commercial buildings have 
automatic weather stations (AWS) appended to their Building Management Systems (BMS), and these data would be 
directly relevant for assessing the compliance of such buildings’ indoor thermal environmental conditions (while in 
free-running mode) to an adaptive comfort standard (and quantifying temperature exceedance or overheating). 

But probably one of the most common end-uses of the adaptive standards depicted in Fig.1 is as a design tool during 
the earliest stages of design.  From a design engineer’s point of view the adaptive comfort standard is helpful in 
identifying where and when acceptable thermal comfort may be achieved by natural ventilation (i.e. avoiding HVAC). 
For such preliminary design decisions one needs data that are statistically representative of the current climate of the 
building’s site, because they are the best predictor of the climatic conditions within which the proposed building will 
operate for several decades into the future. Calendar monthly temperature means are based on long-term (30 year), 
quality-assured (World Meteorological Organization) climatological data, and so are very suitable for this purpose. 
For these reasons a monthly mean temperature seemed to be the most logical candidate at the time of ASHRAE 55-
2004’s adaptive comfort standard. 

Since the ASHRAE adaptive comfort standard was first published in 2004 there has been much discussion and 
feedback to SSPC 55 from end-users who correctly identify the artificiality of the monthly mean expression for 
outdoor temperature. Their main complaint has been the fact that dynamic building energy simulation tools have 
become very widely used, and for such simulation tools the meteorological input data comes in the form of Typical 
Mean Years (TMY consisting of 8,760 hourly observations) instead of mean calendar monthly temperatures. Inputting 
mean calendar month temperatures into a dynamic simulation tool such as Energy Plus to predict acceptable ranges 
of indoor operative temperature will produce unrealistic step-changes as one calendar month clicks over to the next. 
In contrast to ASHRAE 55-2010, EN15251 adopted an exponentially weighted, running mean, in reflection of the 
longitudinal research design underpinning its adaptive model. EN15251’s approach captures and put more emphasis 
on the immediate, perceptual and behavioural layers of human thermal adaptation compared to the longer-term 
adaptive processes operating at the phsyiological level. EN15251’s exponentially weighted, running mean 
temperature Trm for any given day is expressed in the following equation by Nicol and Humphreys (2010): 

  

! 

Trm = 1"#( ) Tod " 1 +#Tod " 2 +# 2Tod " 3 +#3Tod " 4 ...( )



 

45th Annual Conference of the Architectural Science Association, ANZAScA 2011, The University of Sydney  

where α is a constant (<1) and Tod-1 is yesterday’s daily mean temperature, the day before (Tod-2), the day before that 
(Tod-3), etc. Since α is less than unity, equation (1) weights recent days’ temperature more heavily than days further in 
the past. As α approaches unity the exponential decay in daily temperature weighting coefficients approaches zero 
and the function approaches the simple monthly mean temperature. Nicol and Humphreys (2010) suggested an 
α=0.8 because it maximized explained variance (R2=0.358) within the free-running building neutralities contained in 
their SCATs database. But the increment in explained variance over that obtained when α=0.45 was negligible 
(R2=0.354) i.e. 0.4% of additional variance explained, which is probably of no statistical significance. Therefore the 
“true” value of α in equation (1) remains moot, and represents a useful question for future multidisciplinary research 
projects. 

 

Fig.3 Statistical relationship between clo levels worn by shopping mall patrons and mean daily temperature, 
recorded outside at time-lags varying from same-day through to seven days prior (modified from [Morgan & 
de Dear, 2003]). 

Some behavioral research by Morgan and de Dear (2003) is relevant to this question of the correct value of 
α in equation (1) above. Customers using a suburban shopping mall in sub-tropical Sydney Australia were 
unobtrusively sampled for a period of about six months (from mid-winter to mid-summer).  Each day throughout the 
survey period a clothing garment check-list was unobtrusively applied to a random sample of about 45 subjects, and 
an ensemble clo value was estimated for each subject. The mean of each day’s clo estimates was then correlated 
with the mean outdoor temperature recorded at a nearby automatic weather station. Correlation coefficients were 
computed between clo and outdoor temperature at various time lags, ranging from zero (i.e. same day clo and 
temperature records) through to seven days (i.e. clo recorded on day x and mean outdoor temperature recorded 
seven days earlier Tod-7). 

The pattern of exponentially decaying coefficients of determination (R2) can be seen in Fig.3. For example, the graph 
indicates that about 52% of the day-to-day variance in mean clothing insulation worn by the patrons of this Sydney 
shopping mall was accounted for by the variation in concurrent outdoor daily temperature.  The explained variance 
drops down to 36% when mean daily outdoor temperature is lagged by one day (i.e. clothing today correlated with 
outdoor temperature yesterday). If the temperature is lagged by seven days the coefficient of determination (R2) 
dropped down to just 4%. Fig.3 displays an exponential regression equation fitted to the eight R2 values and the 
statistically significant model (p<0.01) explains 96% of the variance in the eight coefficients of determination. The 
exponential function in Fig.3 indicates a half-life of between two and three days. Part of the explanation for such a 
good regression lies in the serial autocorrelation between successive days’ weather (what meteorologists call 
persistence), but probably just as important is the tendency for people to wear clothes on any particular day that are 
broadly comparable, in clo terms at least, to what they wore the day before, which in turn approximated the thermal 
insulation value of what they wore the day before, and so on.  

This pattern of lagged clothing behavioral response can be thought of as a proxy for the temporal dimension of 
adaptive comfort mechanisms, namely thermal expectation. If one accepts this interpretation, then the exponential 
function depicted in Fig.3 gives some indication of the magnitude of α in equation (1), at least for the behavioral 
layers of human thermal adaptive processes, which presumably have shorter time-constants than the deeper, 
physiological processes such as acclimatisation.  De Dear, Ring and Fanger (1993) suggested the human thermal 
perceptual system performs an anticipatory, early-warning function by initiating behavior to preempt hypo- or 
hyperthermia.  That hypothesis seems consistent with the current suggestion that the behavioural layers of the 
human thermal adaptive process should have faster time-constants than the deeper physiological adaptations 
comprising acclimatisaton. 

The behavioral evidence (Morgan & de Dear 2003) suggests the outdoor temperature function for adaptive comfort is 
a weighted running mean spanning eight days, including the current day, but since the current day’s mean cannot be 
known till about 3pm (when the daily maximum usually occurs), removal of the “today” term leaves a seven-day 
integration period; short enough to incorporate recent weather dynamics, yet long enough to capture "weather 
memory and persistence" effects in human clothing behavior.  In a paper presented at a Healthy Buildings 
conference de Dear (2006) summarized this clothing behavioral evidence into a series of daily temperature weighting 
coefficients for a 7-day running mean weekly outdoor temperature (Trm) as: 
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Application of this running mean Tmot function to a hypothetical series of 40 daily mean outdoor temperatures can be 
seen in Fig.4 (de DEAR HB06 Trm 7-day).  Also plotted in Fig.4 is the EN15251 exponentially weighted running mean 
function with various decay values (α = 0.4, 0.6 and 0.8) for comparative purposes. Simple outdoor air temperature 
shows the greatest variability (amplitude) in Fig.4, while the EN15251 running mean with α = 0.8, as recommended in 
Nicol & Humphreys (2010), shows the smallest response to sudden weather transients.  The empirical clo-based 
running mean function (de DEAR HB06 Trm 7-day) is virtually identical to the EN15251 function with α=0.6 in Fig.4. 

 

Fig.4 Various functions proposed for calculation of running mean outdoor temperature as the input to 
adaptive comfort models in ASHRAE Standard 55. 

 

Three of the running mean outdoor temperature functions plotted in Fig.4 have been applied to the ASHRAE 55-2010 
adaptive comfort temperature limit (upper 80% acceptability limit) in Fig.5 using equation 3:   

Upper 80% Acceptable Limit = 0.31 Trm + 21.3    (3) 

Lower 80% Acceptable Limit = 0.31 Trm + 14.3    (4)  

Since the ‘de DEAR HB06 Trm 7-day’ and EN15251 (α=0.6) running mean outdoor temperature functions were 
virtually indistinguishable in Fig.4 only the former has been used in Fig.5. The main point to note is the impact of the 
different decay coefficients (α) have on the amplitude of acceptable indoor temperature responses to outdoor 
weather transients. After the cool spell that begins on day17 the α=0.4 curve in Fig.5 indicates a cooling response in 
the adaptive temperature limit a few days later (day21) and this continued cooling by nearly 4 K by day32 whereas the 
drop was dampened to just over 2 K when α was set to 0.8 in the outdoor running mean temperature function (eq.1).   

 

 

Fig.5 Effect of different running mean outdoor temperature functions on the upper 80% acceptable 
temperature limit in ASHRAE 55-2010’s adaptive comfort standard. The same 40 days of hypothetical 

meteorological data used in Fig.4 are used here. 

! 

Trm =0.34Tod " 1 + 0.23Tod " 2 + 0.16Tod" 3 + 0.11Tod " 4
+ 0.08Tod " 5 + 0.05Tod" 6 + 0.03Tod " 7 (2)
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While the meteorological data used in these illustrations were hypothetical, and the dynamics probably unrealistic, 
they serve to emphasise how significant the α coefficient in (eq.1) is to the adaptive comfort temperature standard. It 
therefore seems deserving of more research attention than has received to date.  But ASHRAE’s Standard 55 can’t 
wait for this research question to be definitively resolved, and so there is currently an Addendum to ASHRAE 55-
2010 being drafted which offers a range of decay settings from α=0.6 up to α=0.9 (at which point the mean outdoor 
temperature function resembles an unweighted 30-day running mean). 

2. CONCLUSIONS 

Adaptive comfort concepts have been integral to ASHRAE’s comfort standard since 2004. Since then there’s been a 
surge in research and related adaptive comfort standards released around the world, including Europe, the 
Netherlands, and most recently China where much of the global building sector’s new construction is currently taking 
place.   

Apart from embodying the latest research findings it is essential that regulatory documents and standards 
communicate to their end-users unambiguously, and that the procedures they describe are accessible and practical, 
while remaining technically rigorous.  Furthermore comfort standards need to accommodate an ever-increasing 
variety of design solutions to today’s imperative for sustainable buildings.  Failure to reach an appropriate balance 
between these often competing requirements will quickly render the standards irrelevant to practitioners, and their 
impact on the buildings sector will be diminished.  

In 2010 ASHRAE’s comfort standard committee consolidated ten previously approved and published addenda to the 
2004 edition of Standard 55 into one easy-to-use new edition. But none of the ten amendments related to the 
adaptive comfort part of Standard 55.  Since then SSPC 55 has embarked on an ambitious agenda of enhancements 
to the adaptive comfort standard within ASHRAE 55, and two of these have been discussed in this paper, namely a) 
implementation of a running, weighted mean outdoor temperature, and b) increasing the acceptable upper 
temperature limit by offsetting with elevated airspeed were discussed.  Apart from assimilating the latest research 
findings and aligning the standard’s processes to the way in which practitioners actually use the document, these 
changes also close some methodological discrepancies between ASHRAE 55 and its European counterpart, 
EN15251.  

This paper has also identified several research questions deserving future attention, particularly relating to the 
dynamics within the adaptive comfort model.  How quickly does the acceptable band of indoor temperatures respond 
(adapt) to an external meteorological perturbation like a cold snap or a heat wave?  What are the time-constants for 
the behavioural, perceptual and physiological layers of human thermal adaptation? And what is the optimum 
weighting of these different layers of adaptation within an adaptive comfort standard?  Research questions like these 
assume an even greater urgency when we consider the changes currently unfolding in the global climate system and 
the built environment’s inertia in adapting to them. 
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