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ABSTRACT

INTRODUCTION

Solar-climatic relationships have been investigated over the years
by many workers including Mitchell and Landsberg (1966),Brinkworth
(1977) and Phillips (1984). In recent times a lot of attention has
been turned to the derivation of empirical relationships between
solar radiation, air temperature and other climatic parameters, at
various locations. Such relationships have been derived for
locations in West Africa by several authors (eg. Ezekwe and
Ezeilo,1981; Bamiro,1983; Ideriah,1983 and Massaquoi,1987). The
work by these authors,however, does not include a study of the
temporal characteristics of incident solar radiation and ground
air temperature. Such a study is of importance in the evaluation
of solar thermal systems, and has beendone for locations elsewhere
by a number of workers including Balling (1983), Salcedo and Recio
(1984) and Childs et a l . (1984).
The effect of the temporal characteristics of incident solar
radiation and air temperature on solar thermal systems is more
acute in areas of cloudy climate and those adjacent to coasts
where variations in local insolation could be large from day to
day. These variations are superimposed upon seasonal variations
due to the annual cyclic change in solar declination.
In this paper,we present the preliminary results of a study of the
correlation between the temporal variations of ground air
temperature and incident solar radiation recorded at Port Harcourt
(lat. 4°5l'N, long. 7°0l' E), Nigeria. The data cover a period of
five years (1981-1985,inclusive) and were obtained from the
Meteorological services department at Port Harcourt. The
temperature data comprises daily measurements of dry-bulb maximum
air temperature while the solar radiation data are daily
measurements made by means of a Gunn-Bellani pyranometer.

We present the preliminary results of an investigation of the

correlation between the temporal variations of the time-series of ground

air temperature and incident solar radiation recorded at PoTt Harcourt

(lat. 4° 51' N, long. 7° 01' E), Nigeria, during a five-year period (1981

through 1985). Computed cross-correlation functions of the daily time-

series reveal correlation at time lags which are approximate harmonics of

the 27-day solar rotation cycle. The cross-correlation function of the

mean monthly series shows correlation at a time lag of 12 months implying

dominant annual-cycle component in the variation of either series.
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DATA ANALYSIS

The data analysis consisted essentially in the computation of the
cross-correlation function of the temperature and solar radiation
time-series.
If the fluctuation in the daily air temperature about a mean value
is Tin),say, on day n and the corresponding fluctuation, about a
mean value, of the daily solar radiation is Q(n), then the cross-
covariance function CT0(k) for the the two fluctuations T(n) and
Q(n) is defined as: ly

fcl-k

Lt I T(n)Q(n+k) lk-0,1, . . .N-l] (1)

where k denotes lag or displacement (in days) between observed
values each of T and Q. T(n) and Q(n) constitute the daily time-
series of air tempoerature and incident solar radiation
respectively. The sample cross-correlation function, HTq(k) for
the two time-series is given by
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where CpflO) and CQQ(O) are the sample variances of the observed
values of T(n) and Q(n) respectively.
Equation (2) gives an estimate of the cross-correlation
coefficient at lag k.
In practical analysis N (in equation(1)) is finite but it needs to
be sufficiently large for the expression in (1) to converge to an
acceptable degree and this usually requires that either time-
series should have at least 50 values (Brinkworth,1977). It is
also desirable that the maximum value of k does not exceed about
20* of the length of either series.
The cross-correlation function for the daily temperature and solar
radiation time-series for each year (1981 through 1985)was
computed using equation(2). The computation was done by
programming the Gould computer at the International Centre for
Theoretical Physics, Trieste, Italy. The total number <N) of data
points for either series was 3 65 and the maximum lag was 50 days.
The computation was first done for the raw data. Next, each time-
series was digitally filtered by first-order differencing
(Chatfield,1975) to remove any seasonal trend from it before the
cross-correlation function was computed. Cross-correlations were
also computed for the raw and filtered time-series of the monthly
means of the temperature and solar radiation values over the five-year
period. Here, the total number of data points in either series was'
60 and the cross-correlation function wa3 computed up to a lag of
15 months.

RESULTS

Graphs of the cross-correlation functions computed for the daily
time-series were complex but they showed common significant peaks
at lags corresponding to 3,7,14,21,28,35 and 42 days. The peaks
were identifiable on the graphs of the cross-correlation functions
for both filtered and unfiltered data. An example of the cross-
correlation function for filtered and unfiltered data (for 1983}
is shown in figure 1. Significant peaks in the graph are arrowed.
The features of the graph are similar to those of graphs of cross-
correlation functions obtained for the data of the other years.
Figures 2(a) and 2(b) show the plotted time-series of the mean
monthly values for temperature and solar radiation. Figure 2(c)
shows the cross-correlation functions for the raw and filtered
mean monthly time-series. A peak at a lag corresponding to 12
months can be identified on each graph.

DISCUSSION AND CONCLUSION

The results of the analysis show that the daily temperature and
solar radiation time-series are well correlated at time lags which
are harmonically related. The time lags at which correlation
occurs are approximate harmonics of the 27-day solar rotation
period. The results are in agreement with those of Bhargava and
Bansal (1969) who found a 27-day variation in the time-series of
maximum air temperatures at some locations in India. The cross-
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correlation between the mean monthly temperature and solar time-
aeries indicate the presence of a dominant annual-cycle component
in either series. A similar observation has been made by-Salcedo
and Recio (1984) for temperature and solar radiation data recorded
at Barcelona, Spain.
The length of data used in the present investigation is
comparatively short in terms of a meteorological sample even
though fairly similar lengths of data have been used by other
workers (eg. Brinkworth,1977) for the same kind of investigation.
Further analysis will be carried out for longer lengths of data.
In addition the data will be subjected to other forms of digital
filtering and analysis in the frequency domain (eg. computation of
coherency spectra ) will also be carried out.
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FIGURE CAPTIONS

Fig.l Cross-correlation function for 1983 data,

Fig.2(a) Mean monthly air temperature time-series.

Fig.2(b) Mean monthly solar radiation time-series.

Fig.2(c) Cross-correlation function for mean monthly temperature

and radiation time-series.
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Fig.2(c)
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