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ABSTRACT: Extreme high temperature and its duration related to design application is the main point which will
be addressed in this paper. First, a brief mathematical review of extreme temperature analysis and its relation to
“return period” will be presented. Next, based on analysis of the outdoor high temperature data from 1971 to 2000 in
summer of each typical city of China, using frequency analytical method to imitate the high temperature data by
Gumbel distribution, the high temperature distribution has been gained. Finally, the simulated effect is tested by
distribution. This paper provides available complementarities for the selection of weather parameter for different
heating, ventilating and air conditioning design standard, and can be consulted by correlated research.
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INTRODUCTION

One of the main functions of a building is to provide its occupants with a thermally comfortable indoor
environment even under extremely outdoor conditions. However, it is in the interest of the owner/manager to
minimize the initial operating cost of the environmental conditioning systems. Therefore, the initial step to
design and size heating and cooling system is to select the design weather data. The American Society of Heating,
Refrigerating and Air-conditioning Engineers along with various other professional societies and companies
have published the design weather data for various climatic regions in the United States. The methodology for
assessing the design outdoor temperatures is based on the principle of accepting a low risk that the extreme
outdoor temperatures exceed the design values [1]. Usually, the risk is expressed as a percentage of the total
number of hours during the cooling and heating season when the actual outdoor temperature exceeds the design
condition [2]. It is well known that, for long time, the outdoor meteorological parameters used for air-
conditioned building design and energy analysis are based on the statistical analysis of meteorological data and
the consideration of the average guarantee time. Less research is involved in extreme meteorological data.
However, meteorological studies have shown that due to the impact of atmospheric circulationanomalies, El
Niño, La Niña and other phenomena, there are about 60% of the years which differ from the typical
meteorological year by 20% or even 50% or more. There has been a tremendous increase in the number locations
where daily temperature records have been kept. The probability of failure in meeting the required load is an
important criterion to determination of air-conditioning plant capacity, which may be considered as a risk factor.
It is expressed as the ratio of the number of hours that capacity would fail to meet the load to total operating
hours. In other words, the HVAC engineer should be able to determine how many hours per year, on statistic
average, an HVAC system meet real building thermal loads.

For the above consideration, the authors used climatology, probability theory and mathematical statistical
methods, on the basis of the original meteorological data of China typical cities, introduced the frequency
analysis method, established the extreme temperature statistical model by using Gumbel distribution. Then, the
calculating formula of the frequency of extreme temperature and the probability distribution curve were achieved.
Basing on statistical models of extreme temperature, the authors built the temperature value of summer daily
average extreme temperature of different return period.

CLIMATOLOGICAL ANALYSIS AND RETURN PERIOD
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Temperature Statistics

Before exploring design temperature for HVAC applications, some basic facts about temperature observations
will be reviewed. First, temperatures are affected by terrain: both natural, such as vegetation, orientation of
raised terrain, large bodies of water in close proximity to the observing site, etc.; and man-made, such as large
buildings and large asphalt and concrete areas. Tall trees or dense vegetation surrounding the observing site can
cause a “canopy” effect and lock in moisture; whereas, over open terrain the true characteristics of the air mass
passing the observing point are experienced and recorded. Thus, if a “canopy” effect exists, a higher than normal
wet bulb is observed. Mountainous terrain forms a natural barrier to air mass flow and usually has a significant
affect on temperature. Valleys at the foot of mountains often act as “saucers” locking in pools of cold air. On still
nights with clear skies these pools of cold air get colder due to radiational cooling. Such conditions can persist
for days and sometimes weeks before the synoptic situation changes. Usually a strong frontal passage is needed
to clear the cold air out of the valley. Temperatures at higher elevations are often warmer than at the foot of
valley. Temperatures at higher elevations are often warmer than at the foot of the mountain. Occasionally, even
experienced meteorologists do not correctly evaluate this temperature change with elevation if they are not
familiar with local terrain affects. The temperature of large bodies of water frequently modifies weather
conditions downstream. In winter it usually results in warmer temperatures downstream, especially if the water is
open. In summer, the reverse applies experienced for more than 16 km to 32 km from the water source. The
exceptions to this rule of thumb apply to coastal areas exposed to oceans or seas, and lakes. Man-made
modifications impact on temperature has already been known by mankind. Construction within large
metropolitan areas, massive buildings and numerous large asphalt and concrete areas cause the well-known “heat
island” effect.

It is not enough to know the natural and man-made effects on temperature, but one should also understand and
appreciate something about the limitations of temperature, is that reliable statistics require the availability of
accurate relatively long period of record. One should use a period of record of 15 year or more to insure that the
variability about the mean will not be significant. In addition to good data and the knowledge of the period of
record, one needs to know how frequently the observations are taken, i.e., every hour, every 3 hours, special
purpose observations. Finally, there is the obvious concern that the actual observations used to generate the
statistics were correct. In this paper, the 30 years (1971-2000) meteorological observation data of every six hours
observed value of typical city observation stations in China were used to statistic and calculate the outdoor
temperature [3,4,5].

Extreme temperature analysis and Return Period

In the air-conditioning and heating industry, temperatures data are widely used. For all large building
construction it is necessary to have a working knowledge of extreme temperatures to conduct “risk” analyses.
Design engineers must be concerned with the duration of temperature above a certain specified value in order to
evaluate their critical design parameters. The ambient outside air temperature (either hot or cold) usually does
not impact the load of the cooling or heating system of large buildings for several hours after a particular
temperature value has been exceed. Extreme temperature analysis by itself does not give enough information to
identify the “risk” statistic. First, a brief discussion on the mathematics of extreme analysis and “return period”
will be presented.

Gumbel pioneered the field of extreme value analysis in 1958 [6]. Several researchers have since improved on
the application of his original treatise and have expanded on it. Bumble developed his extreme value analysis
theory for use in predicting flood conditions. His theory has been adapted for use with meteorological
parameters; in this case temperature. The adaptation is useful for dry statistics.

Extreme temperature analysis is a necessity in those instances when one cannot permit the environmental system
to fail to maintain critical indoor conditions. An operating wing of a hospital or a computer complex which
provides early warning is typical examples.

The equation used in compiling extreme temperature values is:

( / )( )NX Nx X S y Y   (1)

Where
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x = expected extreme

X = the mean of the subset of extremes of the sample

XS = the standard deviation of the subset of extremes of the sample

y = probability of non-occurrence

NY = the mean of the sample of size N

N = the standard deviation of the sample of size

This equation gives the expected extreme ( x ) for any set of N extremes (for specified probability of non-
occurrence given by y ) and is the basic equation for computing various extremes.

To provide a simplified method for analysis Eq1 can be written

[( ) / ]NX Nx X S y Y    (2)

Let

( ) /N Nk y Y   (3)

Then, the “general formula” for the “line of expected extremes” can be expressed as

( )XX X k S  (4)

Since the reduced variable y in Equation 3 is the double logarithm of the probability and NY and N depend only
on the sample size, k can be tabulated for use. Gumbel gives a full mathematical development of the theory.

The problem of climatological analysis is to determine the function F of the extreme temperature. This consists
in fitting a theoretically suitable frequency curve to the temperature 0t for each city for which design data are
required. The 0t are extreme (or minimum) annual values which are a sample from a much larger set of
temperatures, i.e. each year has 365 daily averages from which one minimum is chosen. It is reasonable to expect
that Type Gumbel extreme value distribution theory will apply.

[( )/ ]0

0( )
teF t e

   (5)

Where

0( )F t = the probability of t < 0t

e = the base of nature logarithms

 and  = parameters of the distribution

Many engineers prefer to use the term “return period” (RP). This term is used frequently in extreme value
analysis. By definition, “An event that happens A times in N trials having a relative frequency of occurrence of
A/N and a Return Period (RP) = N/A”.
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The Return Period, or reciprocal of the relative frequency, is therefore the average interval between recurrences
of the event in a particular series of trials. Expressed in terms of probability, the return period of extreme
temperature is

0

1
1 ( )

RP
F t




(6)

The Return Period statistic approximates the percent risk in any one year. An example of this is the 50-yr RP. In
any year, the 50-yr RP statistic has a percentage risk of approximately two percent of being exceeded [7].

RESULTS AND DISCUSSION

Frequency Distributions of Hourly Temperatures

Frequency distributions of individual hourly DBT (dry-bulb temperature) of Beijing for the 30-year period from
1971-2000 are shown in Figure (1) and (2). Statistical factors including maximum, minimum, mean have been
calculated for each distribution and the results are summarized in Figure (2). It can be seen from Figure (1) that
the frequency distribution of DBT is close to a double normal distribution. The shape of the distribution curve is
interesting because it shows two marked peaks (one higher than the other) at -5~0 °C and 20~25 °C which is
occurred during winter period and summer period respectively. That indicates that the year-round temperatures
are influenced significantly by the summer and winter distribution.

Figure (2) shows the daily average of these daily maximum and minimum dry-bulb temperatures. It can be seen
that daily mean minimum dry-bulb temperature is about -9°C. It is a little colder than the heating outdoor
design dry-bulb temperature which is -7.5 °C.

Figure (1).Whole year hours distribution of dry-bulb temperature, Beijing.

Figure (2). Distribution of daily dry-bulb temperature of January, Beijing.
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Estimating the Outdoor Extreme High Temperature of Beijing

In preparing the design values presented here, the distribution of Equation 5 was fitted to 30-year records with a
question ending in 2000 (standard normal period) for a well distributed climatic sample of 14 cities. An example
of the fit obtained is shown for Beijing in Figure (3). The empirical probabilities determined from the samples
are plotted as points on a special probability paper which make data which are distributed as Equation 5 plot on a
straight line. The line shown in Figure (3) is the theoretical line obtained from the values of  and  estimated
by Gumbel’s method. It is seen that the empirical points fit the line very well. This was found to be the case in all
14 cities (from various climatic regions respectively). Table 1 relates the daily outdoor extreme high
temperatures for specified return period of various cities of different climatic regions which are calculated by
Equations 5 and 6. The outdoor extreme high temperature of other city can be determined by the same method.

Figure (3). Example of method used in fitting a frequency curve from Gumbel distribution, Beijing.

Table 1. Daily outdoor extreme high temperature for specified return period (°C).

Different

climatic region
City

Design life in years (n)

10 20 50 100

Severe cold

region

Harbin 29.2 30.0 30.9 31.6

Huhhot 29.0 29.8 30.9 31.7

Urumchi 32.8 33.7 35.0 35.9

Cold region

Beijing 32.0 32.7 33.7 34.4

Xi’an 33.3 33.9 34.6 35.2

Zhengzhou 33.2 33.8 34.6 35.3

Hot summer &

Cold winter

Shanghai 33.2 33.8 34.5 35.1

Chongqing 34.5 35.1 35.9 36.4

Chengdu 29.7 30.1 30.6 31.0

Hot summer & Guangzhou 32.4 32.8 33.2 33.6



Study on outdoor high temperature for summer air conditioning by gumbel distribution model

301

Warm winter Fuzhou 32.2 32.5 33.0 33.3

Haikou 31.6 31.9 32.3 32.6

Mild
Kunming 23.9 24.3 24.9 25.3

Guiyang 28.0 28.4 28.8 29.2

Table 2. Daily outdoor extreme low temperature for specified return period (°C).

Different

climatic region
city

Design life in years (n)

10 20 50 100

Severe cold region

Harbin -30.0 -31.7 -33.8 -35.4

Huhhot -22.0 -23.5 -25.3 -26.7

Urumchi -26.1 -28.0 -30.4 -32.3

Cold region

Beijing -11.8 -13.0 -14.6 -15.7

Xi’an -8.1 -9.2 -10.6 -11.7

Zhengzhou -8.0 -8.9 -10.1 -11.1

Hot summer &

Cold winter

Shanghai -4.1 -4.9 -6.0 -6.9

Chongqing 1.7 0.9 -0.1 -0.9

Chengdu -0.3 -1.0 -1.9 -2.6

Hot summer &

Warm winter

Guangzhou 3.6 2.6 1.4 0.4

Fuzhou 2.8 2.0 1.1 0.3

Haikou 8.4 7.4 6.2 5.3

Mild
Kunming -1.8 -3.0 -4.5 -5.7

Guiyang -4.2 -5.1 -6.2 -7.1

According to the data of 30 years (1971-2000) summer daily average extreme high temperature, the extreme
value of summer outdoor high temperature of different return period of each typical city may be obtained. Table
1 is daily outdoor extreme high temperatures for specified return period. Through the statistical analysis of Table
1, it can be drawn a conclusion that daily average extreme high temperature increases as soon as the return
period increases whose value increased 2.4°C compared the value for ten years return period with the one for
hundred years return period (taking Beijing as an example). And it takes a look as the geographical position that
the north and south is low while the middle is high, as is in accordance with the location of “four big stoves”
cities which are all situated in the middle part of China. The temperatures in Table 2 is daily outdoor extreme
low temperatures for specified return period. Through the statistical analysis of Table 2, it can be drawn a
conclusion that daily average extreme low temperature decreases as soon as the return period increases whose
value decreased 3.9 °C compared the value for ten years return period with the one for hundred years return
period (taking Beijing as an example).
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Tables 1 and 2 which are determined by Gumbel distribution can be used to the research of the thermal condition
of air-conditioning system under extreme outdoor climatic conditions. Also it provides the data foundation and
reference for the formulation to the extreme temperature emergency predetermined plan [8].

CONCLUSIONS

Determination of peak loads and plant capacities, referred to extreme outdoor conditions, are the first and basic
step in the design of HVAC systems [9]. Based on analysis of the outdoor high temperature data from 1951 to
1981 in summer of each typical city, using frequency analytical method to imitate the high temperature data by
Gumbel distribution, the high temperature distribution has been gained, and then the simulated effect is tested by
distribution. This paper provides available complementarities for the selection of weather parameter for different
HVAC design standard, and can be consulted by correlated research.
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