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Abstract
This paper presents data for the typical meteorological year (TMY) for the Port
Harcourt climatic zone based on the hourly meteorological data recorded during
the period 1983–2002, using the Finkelstein-Schafer statistical method. The
data are the global solar radiation, wind velocity, dry bulb temperature, relative
humidity, and others. The HVAC outside design conditions for the Port
Harcourt climatic zone (latitude 4.44oN, longitude 7.1oE, elevation 20 m) were
found to be 26.7oC, 78.6% and 3.5 m/s for the dry bulb temperature, relative
humidity and wind speed, respectively, and 13.5 MJ/m2/day for the global solar
radiation. The TMY data for the zone are shown to be sufficiently reliable for
engineering practice.
Keywords: Typical meteorological year, Finkelstein-Schafer statistics, Outside
design conditions, Solar energy.

1. Introduction
Energy generation, conversion and consumption are now becoming a subject of
primary concern in many developing countries such as Nigeria as a result of their
expanding economy and the rise in energy demands. The judicious utilization of the
renewable energy resources such as the solar energy is also of prime concern. In
Nigeria, for example, the Government and other reputable institutions are presently
investing on projects that would harness solar and other renewable forms of energy
to support life and industry, especially, in the riverine areas of the country. There is
also a real need to optimize the design and operations of air-conditioning systems in
the largely hot and humid coastal cities such as Port Harcourt (latitude 4.44oN,
longitude 7.1oE and elevation 20 m) by appropriate choice of the outside design
conditions: dry-and-wet-bulb temperatures, wind speed, etc.
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Nomenclatures
DBT
Evap
F(X)
FSx
G
M
m
n
RD
RF
RH
RH
RHmax
RHmin
Sd
T
T
Tmax
Tmin
W
WFx
WS
X
Xi
y

Dry bulb temperature, oC
Evaporation, mm
Cumulative distribution function
FS statistics on the parameter x
Global solar radiation, MJ/m2/day
Number of considered meteorological parameters
Specified month considered
Number of observations
Relative difference between daily values of a specified year and
their long-term average
Rainfall, mm
Relative humidity, %
Average monthly mean relative humidity for 20 years, %
Maximum relative humidity, %
Minimum relative humidity, %
Sunshine hours, h
Dry bulb temperature, oC
Average monthly mean dry bulb temperature for 20 years, oC
Maximum dry bulb temperature, oC
Minimum dry bulb temperature, oC
Wind speed, km/h
Weighting factors, x = 1,2,…, M
Weighted sum
Average monthly mean value of X for 20 years
ith ordered sample value of X
Specified year considered

Abbreviations
FS
Finkelstein-Schafer
HVAC
Heating, Ventilating, and Air Conditioning
IITA
International institute for tropical agriculture
TMM
Typical meteorological month
TMY
Typical meteorological year
TRY
Test reference year
The performance of active and passive solar energy based systems can be
determined by detailed computer simulation which requires hourly data of global
solar radiation and beam radiation as well as other meteorological parameters that
may affect system response as key input parameters. The importance of such a
condensed data set has led a number of authors to generate climatic data that
would aid design and evaluation of HVAC and solar energy systems.
Computer simulation packages such as Energy plus, DOE-2 and TRNSY are
now available for building energy simulations. The optimal outside design
conditions for heating, ventilating, and air conditioning (HVAC) systems can be
achieved by the method of averaging. For example, by applying the averaging
method, Akpan [1] estimated the dry bulb temperature (DBT) and relative
humidity (RH) for the Niger Delta Region of Nigeria, which includes the city of
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Port Harcourt, to be 26.9°C and 84.12%, respectively. However, the data
presented in [1] are not applicable to solar energy based systems, because they do
not include the global solar radiation data. Fagbenle [2] generated a test reference
year (TRY) for the city of Ibadan that is located in a different climatic zone in
Nigeria, which contains data for the global solar radiation, but excludes other
meteorological parameters.
In 1978, Hall et al. [3] created, for a network of stations in the United States, a
representative database consisting of hourly global solar radiation and other
weather data, which is called a “Typical Meteorological Year” (TMY). They
employed the Finkelstein-Schafer (FS) statistical method to generate the data [4].
Hall’s method has been used to successfully generate TMYs for a number of
locations across the globe [5-8].
Therefore, the objective of this paper is to generate the TMY for the Port
Harcourt climatic zone using the FS statistics and the procedure proposed by Hall
et al. [3]. Port Harcourt is an oil rich city in the Niger Delta region of Nigeria with
the following geographical data: latitude 4.44oN; longitude 7.1oE; and elevation
20 m. The data used in this study cover a period of 20 years (1983-2002), and
were obtained from the station of the International Institute for Tropical
Agriculture (IITA) at Onne on global solar radiation (G), minimum (Tmin),
maximum (Tmax) and mean (T ) dry bulb temperatures, minimum (RHmin),
maximum (RHmax) and mean ( RH ) relative humidity, wind speed (W), sunshine
hours (Sd), evaporation (EVAP) and rainfall (RF).

2. Theory
The procedure for selecting TMYs for a particular environment as proposed by
Hall et al. [3] is as follows: A typical month for each of the 12 calendar months
from the long term database is chosen. Then those chosen 12 months are
concatenated to form the TMYs. The data sets generated to form the typical
meteorological months (TMMs) are the eleven hourly-recorded data from IITA,
Onne. Monthly statistics are calculated for each index. The month/year
combination, which has statistics that are close to the long-term statistics,
becomes candidate for the typical month. Final selection of a TMM is made based
on statistics performed on five weather indices that are deemed most important
for the objectives of this article. The procedure for selecting the TMM consisted
of two steps: The first step is to select five candidate years, while the second step
is to select the TMM from the candidate years.

2.1. Selection of five candidate years
For each of the twelve calendar months of the 20 years under consideration, the
procedure involves selecting the five years that are “closest” to the composite of
all the 20 years. This is done by comparing the cumulative distribution function
(CDF) for each year with the CDF for the long-term composite of all the 20 years
for each of the eleven parameters of interest. The statistics used for the
comparison is the FS statistics.
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For each month of the calendar year for the 20 years, five months are selected,
which have the smallest weighted sum of the Finkelstein-Schafer (FS) statistics of
the eleven weather parameters being investigated. Using the FS statistics as
employed by Mosalam and Tadros [8], the FS statistics is given by:
FS x = max {F ( X i ) − (i − 1) / n }, i = 1, 2,…, n

(1)

and
F ( X i ) = 1 − exp (X i / X )

(2)

The weighted sum (WS) of the FS statistics is determined as
WS ( y, m ) =

1
M

M

∑ WF

x

(3)

⋅FS x ( y, m )

x =1

M

∑ WF

(4)

=1

x

x =1

where WFx, x = 1, 2, …, M, are the weighting factors, one for each daily
parameter; FSx(y, m) is the FS statistics for the short term, year y and month m; M
is the number of the considered meteorological parameters; Xi is an ordered
sample value in a set of n observations sorted in an increasing order, X1, X2,
X3…,Xn. whose sample average is X ; thus, X is the average of the monthly means
for the 20 years of observation for each Xi sample, where Xi, i = 1, 2,…, n, are
arranged for each month as a monotonically increasing function. The weighting
scheme used for the TMYs is presented in Table 1.
Table 1. Weighting Scheme for the TMYs.
Tmin
0.05

Tmax
0.04

T
0.09

RHmax
0.04

RHmin
0.04

RH
0.08

W
0.08

Sd
0.04

RF
0.01

EVAP
0.04

G
0.50

2.2. Final selection of the TMM
The final selection of the TMM from the five candidate years involved examining
statistics of the persistence structure associated with mean daily and monthly values
of five meteorological parameters that are deemed most important in this research.
The selection process also involves the comparison of the relative difference (RD)
between the daily values of a particular year and the long-term average:
5

RD = ∑ δ i

(5)

i =0

where
δi = X i − X

(6)

A scoring method is introduced, for each month, m, and for each parameter x,
a score, Sx, is calculated over all the candidate years. A composite score, S, is
calculated as the sum of the scores of the five chosen parameters used, and the
month with the highest score is selected. The five parameters used in the final
selection stage are solar radiation, sunshine duration, relative humility, wind
velocity and dry bulb temperature.
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3. TMY Generation for Port Harcourt Zone
By applying the procedure described above for all months, the TMY for the Port
Harcourt zone was finally formed, consisting of the selected most representative
years for 12 months. Seven meteorological parameters were examined for a period
of 20 years. These parameters were dry bulb temperature, relative humidity, wind
velocity, evaporation, sunshine hours and global solar radiation intensity.
For each month, the FS statistics was estimated for every year and for all of
the parameters that had been considered. In order to take into account the
influence of the various meteorological parameters in the FS statistics and,
accordingly, in the selection of the representative months, estimations were made
by using the weighting factors tabulated in Table 1. The FS statistics were
computed and a weighted sum was produced.
As illustrations, the global solar radiation and dry bulb temperature for the
period under consideration are presented in Tables A-1 and A-2 (Appendix A),
respectively; and their corresponding FS statistics are shown in Tables A-3 and
A-4. Furthermore, a composite year was first formed consisting of the selected
months with smallest values of the weighted sums (WS). For each month of the
year, the cases corresponding to the five lower values of the FS statistics were
selected and are presented in bold in Table A-5.
The final selection of the most representative year among the five selected for
each month was done in the second stage by examining a number of statistics of
the values of the adopted meteorological parameters. These statistics were the
relative difference (RD) of the daily distribution of five of the meteorological
parameters used for each month of each year with respect to the mean long-term
daily distribution and the FS statistics. For the five selected cases, the RD was
computed for each month. The RD result for global solar radiation for the selected
years are shown in Table A-6 (Appendix A).

4. Results and Discussion
For the five selected cases, a composite RD and a score Sx were calculated for
each month and for each parameter, x. The composite RD was calculated as the
sum of RDs for the five parameters used, and the month with the highest score
was selected to represent the TMY for that month. The selected month/year
combinations from which the TMY was composed are shown in Table 2.
Tabulated in Tables 3 and 4 are the monthly and annual values, respectively, of
the pertinent design parameters produced by the TMY, while Figs. 1, 2 and 3
show the monthly variation of global solar radiation, dry bulb temperature and
relative humidity, respectively.
The data for the TMY, for the average year (averaged over the 20 years), and
for the worst year (for the most unfavourable monthly values) are plotted in each
of the figures. The values produced by TMY are quite representative and do not
differ appreciably from those obtained by Akpan [1]. However, they are
dependent on the choice of the weighting scheme, Table 1, which is not unique as
it is still based on trial and error.
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Table 2. The Month/Year Combinations for the Composition of TMY.
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Year 1994 1987 1985 1984 1990 1997 1995 1988 1989 1991 1988 1987

Table 3. Monthly Values of the
Meteorological Parameters obtained by TMY.

Table 4. Outside Design Conditions.

Fig. 1. Annual Variation of Monthly Mean Hourly Values of Global Solar
Radiation for the whole Period of 20 Years, for the Selected TMY
and for the Worst Year, composed of the Worst Months of the Period.
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Fig. 2. Annual Variation of Monthly Mean Hourly Values of Dry Bulb
Temperature for the whole Period of 20 Years, for the Selected TMY
and for the Worst Year, composed of the Worst Months of the Period.

Fig. 3. Annual Variation of Monthly Mean Hourly Values of Relative
Humidity for the whole Period of 20 Years, for the Selected TMY and
for the Worst Year, composed of the Worst Months of the Period.

5. Conclusions
The generation of a typical meteorological year is very useful for optimal design
and evaluation of solar energy and HVAC systems. This work, therefore, provides
a reliable database for engineers who are engaged in design, installation and
maintenance of thermo-fluid systems in the Port Harcourt climatic zone. It is
hoped that the generation of TMYs will be extended to other climatic zones of
Nigeria when adequate data are available.
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Appendix A
Tabulated Data
Table A-1. Global Solar Radiation [MJ/m2/day].
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Table A-2. Dry Bulb Temperature (°C).

Table A-3. FS Statistics for Global Solar Radiation.
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Table A-4. FS Statistics for Dry Bulb Temperature.

Table A-5. Weighted Sums (WS) of the FS Statistics*.
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*Bold numbers are for the 5 candidate years per month (per column).
Table A-6. Relative Difference (RD) for the Monthly
Values of the Solar Radiation for the Five Candidate Years.
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