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Summary

This study assesses the relative efficiency of the use of rain-
fall amount and rainy days in the determination of rainfall
onset and retreat dates in Nigeria based on rainfall data for
the period 1961 to 2000. Daily rainfall data were sourced
from the archives of the Nigerian Meteorological Services,
Oshodi Lagos. The specific locations for which data were
collected are: Ibadan, Ilorin, Kaduna and Kano. The method
of percentage cumulative mean rainfall values was employed
in the determination of the rainfall onset and retreat dates.

The results obtained show that both rainfall amount and
rainy days are equally effective in the determination of the
mean rainfall onset and retreat dates in Nigeria. With regards
to the rainfall onset and retreat dates of the individual years
however, the method based on the rainy days is more effec-
tive than that based on rainfall amount, as the former yielded
more realistic dates than the latter. It is thus recommended
that studies investigating rainfall onset and retreat dates
within a series of individual years in Nigeria, should be
based on rainy days rather than rainfall amount.

1. Introduction

Several methods have been formulated for deter-
mining the onset and retreat of the rains in West
Africa in general and Nigeria in particular. The
various methods can be classified into five main
categories, namely: (a) Intertropical Discontinuity
(ITD)—rainfallmodel, (e.g. [lesanmi, 1972a; Kowal
and Knabe, 1972), (b) rainfall-evapotranspiration

relation model (Cocheme and Franquin, 1967;
Benoit, 1977), (c) percentage cumulative mean
rainfall model — based on rainfall data alone
(Ilesanmi, 1972b; Adejuwon et al., 1990), (d) wind
shear model (Omotosho, 1990) and (e) the theta— E
technique (Omotosho, 2002). The percentage
cumulative mean rainfall appears to be one of the
most frequently adopted of these methods (e.g.
Ilesanmi, 1972b; Olaniran, 1983; Adejuwon, 1988;
Adejuwon etal., 1990; Bello, 1995). This method is
widely adopted because, as observed by Olaniran
(1983), it provides mean onset of the rains that do
not differ significantly from the mean start of the
growing season for all locations in the country. The
overall advantage of this method is that it uses rain-
fall data, a readily available direct measurement,
rather than some other rainfall-associated factor.
Previous studies, where this method has been
adopted in Nigeria, have involved the use of rain-
fall amount alone. This is in spite of the fact that
rainfall frequency (in terms of rainy days), another
component of rainfall, appears to be relatively
more important to agriculturalists than the amount.
The ‘rainy days’ parameter reflects rainfall amount
since a rainy day can only be defined using a cer-
tain rainfall threshold. Both the use of rainfall
amount and the number of rainy days may produce
similar mean onset and retreat dates, as the mean
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proportion of the two parameters may approxi-
mate each other in the long-term. There may how-
ever, be the need to generate the rainfall onset and
retreat dates of individual years. Such data may be
required to generate onset and retreat dates time
series for the purpose of prediction, or for verify-
ing the onset and retreat dates forecasts of individ-
ual years. The problem is that one or two large
isolated showers at the beginning or end of the
year may meet the specified rainfall onset/retreat
criteria, thus producing unrealistic rainfall onset
and retreat dates. However, rainy day frequency
can only be high when rainfall has truly com-
menced and low only when rainfall has retreated.

This study therefore investigates the relative
efficiency of the use of rainfall amount and the
number of rainy days in the determination of
rainfall onset and retreat dates in Nigeria, using
the percentage cumulative mean rainfall.

2. Study area

The study area, Nigeria (approximately latitudes
4°—14° N north of the equator and Longitudes
3°-~15° east of the Greenwich meridian), lies at
the southeastern edge of the West African region
(Fig. 1). The country has an area of approxi-
mately 923,300 km?.

The climate of Nigeria is more varied than any
other country in West Africa. This is due to the
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Fig. 1. Map of Nigeria, showing the selected rainfall stations

fact that the latitudinal extent of the country is
relatively large (1,100km) and thus covers vir-
tually all of the climatic belts of West Africa
(Tloeje, 1981). The climate is dominated by the
influence of three main wind currents: the tropical
maritime (mT) air mass, the tropical continental
(cT) air mass and the equatorial easterlies (Ojo,
1977). The mT air mass originates from the south-
ern high-pressure belt located off the Namibian
coast, while the cT air mass originates from the
high-pressure belt north of the Tropic of Cancer.
This latter air mass picks up little moisture along
its path and is thus dry. These two air masses (mT
and cT) meet along a slanting surface called the
Intertropical Discontinuity (ITD). The third air
mass, equatorial easterlies, is a rather erratic cool
air mass, which comes from the east and flows in
the upper atmosphere along the ITD. This air
mass descends occasionally to actively undercut
the mT or cT air mass and gives rise to line squalls
or dust devils (Iloeje, 1981).

The specific locations of the country selected
for the study are: Ibadan, Ilorin, Kaduna and
Kano (see Fig. 1). These locations which are
found along a trajectory of southwesterlies, are
at such distances from each other that rainfall
onset and retreat dates would clearly reflect the
latitudinal order of the locations.

3. Study methodology

3.1 Data collection

The data required for this study are daily rainfall.
The data were sourced from the archives of
the Nigerian Meteorological Services, Oshodi,
Lagos. The data were collected at four synoptic
meteorological stations in the country — Ibadan,
Ilorin, Kaduna and Kano between 1961 and
2000. The mean rainfall onset date was deter-
mined using the daily rainfall data between
1961 and 2000, while the onset dates of indivi-
dual years were determined using the daily rain-
fall data between 1971 and 2000.

3.2 Percentage mean cumulative rainfall

The proponents of the method of percentage
cumulative mean rainfall for determining rain-
fall onset and retreat dates include Ilesanmi
(1972a; 1972b), Rao (1976), Adejuwon (1988)
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Fig. 2a—d. Mean rainfall onset and retreat dates in (a) Ibadan, (b) Ilorin, (¢) Kaduna and (d) Kano between 1961 and 2000
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and Adejuwon et al. (1990). The first essential
step of this method is to derive the mean annual
rainfall that occurs at each 5-day interval of the
year. This is followed by computing the percentage
of the mean annual rainfall that occurs at each of
the 5-day intervals throughout the year. The next
step involves cumulating the percentages of the
5-day periods. Finally, when the cumulative per-
centage is plotted against time through the year,
the first point of maximum positive curvature of
the graph corresponds to the time of rainfall onset,
while the last point of maximum negative curvature
corresponds to the rainfall retreat. These points of
maximum curvature which correspond to the onset
and retreat of rainfall are respectively 7—8 percent
and over 90 percent of the annual rainfall. In this
study, the graphical method is used to determine
the mean proportion, which is then used to estimate
the rainfall onset and retreat dates for each year.

3.3 Rainy days
A first step in the use of this method is to define

the threshold value of rainfall amount required

200

for a day to be counted as rainy. The Nigerian
Meteorological Services Oshodi, Lagos usually
employs two thresholds 0.3 mm or 1 mm. How-
ever, several thresholds have been investigated
by Garbutt et al. (1981) and 0.85 mm was found
appropriate for agricultural purposes in West
Africa. Therefore, a threshold value of 0.85 mm
is employed in this study. This implies that, all
days with rainfall below this threshold value are
not included as rainy days.

4. Results

Figure 2a—d show the cumulative percentage of
both the mean annual rainfall amount and the
number of rainy days that occur at each 5-day
period between 1961 and 2000 respectively in
Ibadan, Ilorin, Kaduna and Kano. Both the cu-
mulative percentage of the mean annual rainfall
amount and rainy days that occur at each 5-day
period were plotted concurrently on the same
figure for each station. The results of the graphs
obtained show that the two series (using rainfall
amount and rainy days) approximate each other
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Fig. 3a. Rainfall onset dates, using rainfall amount (1971-2000)
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Fig. 3d. Rainfall retreat dates, using rainy days (1971-2000)

totally in terms of configuration in all the sta-
tions. In most cases, the two graphs are observed
to be directly overlapped. In other words, both
methods of determining mean rainfall onset and
retreat dates (i.e. using rainfall amount and rainy
days) produce the same mean rainfall onset and
retreat periods at all the stations studied. The first
point of maximum positive curvature of the
graphs (corresponding to the time of rainfall
onset) of Ibadan, Ilorin, Kaduna and Kano are
respectively 31st March, 15th April, 15th May
and 4th June. Although, both the methods based
on rainfall amount and number of rainy days
converge to give the same mean dates of the
rainfall onset and retreat dates, the respective
cumulative percentage rainfall values at which
the various dates were obtained are different.
For instance, while the first point of maximum
positive curvature of the graph, using the rain-

fall amount method, had cumulative percentage
rainfall value of 8% uniformly in all of the sta-
tions studied, those using the rainy days method
are 9%, 9%, 11% and 13% for Ibadan, Ilorin,
Kaduna and Kano, respectively. The last points
of maximum negative curvature of the vari-
ous graphs (corresponding to the time of rainfall
retreat) are respectively 12th October, 7th
October, 22nd September and 12th September.
While their respective cumulative percentage
rainfall values, using rainfall amount, is uni-
formly 90% at all of the stations studied, the
rainy days method gives the cumulative percent-
age rainfall values of 89%, 90%, 88% and 90%,
respectively.

Figure 3a and 3b respectively show the rain-
fall onset and retreat dates obtained using rainfall
amount for individual years between 1971 and
2000 in Ibadan, Ilorin, Kaduna and Kano. The
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results clearly show that using rainfall amount
produces a lot of inconsistencies in the rainfall
onset and retreat dates of the various stations. For
instance, it is unrealistic to accept that rainfall
commences in Ilorin earlier than Ibadan as esti-
mated by the method for the years 1979, 1980,
1981, 1983, 1986, 1988 and 1989. Also, it is
unrealistic to accept that rainfall commences in
Kano earlier than Kaduna as estimated by the
method for the years 1972, 1984, 1991, and
1992. The method also gives unrealistic dates
of rainfall retreat at all of the four stations stu-
died. For instance, the method shows that rainfall
retreats earlier in Kaduna than Kano in the years
1971, 1976, and 1981, while it also retreats ear-
lier in Ibadan than Ilorin in 1971, 1972, 1976,
1981, 1982, 1983, 1985, 1992 and 2000. A very
peculiar case is 1984 for which the method indi-
cates a rainfall retreat date for Ilorin earlier than
at Kano. The rainfall retreat date at Ilorin for
1996 is also earlier than at Kaduna but is similar
to that of Kano. Figure 3c and 3d respectively
show the rainfall onset and retreat dates obtained
for the individual years between 1971 and 2000
in Ibadan, Ilorin, Kaduna and Kano, using rainy
days. The results clearly show that this latter
method of determining rainfall onset and retreat
dates produces more realistic results. Thus, rain-
fall is observed to commence at normally ex-
pected times at Ibadan, Ilorin, Kaduna and Kano.
Rainfall also retreats consistently from Kano,
through Kaduna Ilorin and Ibadan.

5. Discussion

This study has established that, between 1961
and 2000, on average, rainfall sets in at the
beginning of the season from Ibadan and gradu-
ally proceeds through Ilorin, Kaduna, and Kano.
These results are in agreement with the estab-
lished fact in the literature. It should be noted
that the largest proportion of the moisture sup-
plied into the atmosphere over West African
hinterlands appears to emanate from the Atlantic
Ocean. The moisture from the ocean is em-
bedded in the southwesterly winds, which ad-
vance from the Gulf of Guinea and moves over
Ibadan to Ilorin, Kaduna and eventually Kano
(see for example, Ojo, 1977; Adedokun, 1978).
The converse of this situation holds for the
retreat period — rainfall retreats from Kano,

Kaduna, Ilorin, to eventually reach Ibadan. The
results show that rainfall takes up to 65 days to
spread from Ibadan to Kano during the onset
period, whereas, it takes only 30 days to retreat
from Kano to Ibadan. This result further corrob-
orates the observations of Ayoade (1974) and
Ojo (1977) that the ITD advances gradually and
retreats rapidly from the Nigerian hinterland.
This accounts for the gradual spread of the rain
during onset and rapid retreat. Regarding the
relative efficiency of the use of rainfall amount
and rainy days, the results show that there is no
difference between the two methods with respect
to the mean onset and retreat dates in Nigeria.
This implies that the required proportion of rain-
fall amount and rainy days that constitute rainfall
onset and retreat dates approximate each other
over the long-term.

However, the results obtained for the rainfall
onset and retreat dates of the individual years sug-
gests that the method utilising the number of rainy
days is more efficient than the method based on
the rainfall amount. This is a result of the unre-
alistic onset and retreat dates produced by the latter
method. It is known that rainfall onset in Nigeria
is usually foreshadowed by a succession of iso-
lated showers of uncertain amount and intensity
with intervening dry periods of varying duration
(Walter, 1967). Thus, at the beginning or end of
the year, one or two large isolated showers (as
early as the first week in January or as late as
December) may constitute the specified propor-
tion of the total rainfall amount required for rain-
fall to be assumed to have commenced or
retreated. This situation would definitely generate
misleading onset/retreat dates. Whereas, rainfall
frequency, in terms of rainy days, appears to yield
more realistic onset and retreat dates mainly
because the most prominent characteristic of the
true rainfall onset and retreat period is rainfall
frequency (Walter, 1967; Ilesanmi, 1972a; Ojo,
1977; Adedokun, 1981; Hastenrath, 1985). Thus,
rainfall commences in earnest at the beginning of
the season when rainfall becomes frequent and
retreats at the end of the season when rainfall is
infrequent.

6. Conclusion

This study has examined the relative efficiency of
the use of rainfall amount and rainy days in the
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determination of rainfall onset and retreat dates
in Nigeria. The method employed in the determi-
nation of the rainfall onset and retreat dates is the
percentage cumulative mean rainfall value.

The results obtained show that both methods
(the use of rainfall amount and rainy days) are
equally efficient with respect to the mean rainfall
onset and retreat dates. With respect to the rain-
fall onset and retreat dates of the individual years
however, the use of rainy days is more efficient
as it generates rainfall onset and retreat dates that
are more realistic than those generated using the
rainfall amount method.

This study recommends the use of rainy days,
rather than rainfall amount, in the determination
of rainfall onset and retreat dates of the individ-
ual years.

References

Adedokun JA (1978) West African precipitation and domi-
nant atmospheric mechanisms. Arch Met Geoph Biokl
Ser A 27: 289-310

Adedokun JA (1981) Potential instability and precipitation
occurrence within an intertropical discontinuity. Arch Met
Geoph Biokl Ser A 30: 69-86

Adejuwon SA (1988) An assessment of the patterns of
rainfall fluctuations between 1922 and 1985 in Nigeria.
Unpublished Ph.D. Thesis, Obafemi Awolowo University,
Ile-Ife

Adejuwon JO, Balogun EE, Adejuwon SA (1990) On the
annual and seasonal patterns of rainfall fluctuations in
Sub-Saharan West-Africa. Int J Climatol 10: 839-848

Ayoade JO (1974) A statistical analysis of rainfall over
Nigeria. J Trop Geogr 39: 11-23

Bello NJ (1995) On the reliability of the methods of pre-
dicting the onset and cessation of the rains in a tropi-
cal wet-and-dry climate: ondo as a case study. Journal
of the Nigerian Meteorological Society (NMS) 1(1):
41-55

Benoit P (1977) The start of the growing season in Northern
Nigeria. Agric Met 18: 91-99

Cocheme J, Franquin P (1967) An agroclimatological survey
of a semi-arid area in Africa, South of the Sahara. W.M.O.
86(210): 110-136

Garbutt DJ, Stern RD, Denett MD, Elston J (1981) A com-
parison of the rainfall climate of eleven places in West
Africa, using a two-part model for daily rainfall. Arch Met
Geoph Biokl Ser B 29: 137-155

Hastenrath S (1985) Climate and circulation of the tropics.
Netherlands: D. Reidel Publishing Company, 455 p

Ilesanmi OO (1972a) An empirical formulation of the onset,
advance and retreat of rainfall in Nigeria. J Trop Geogr 34:
17-24

Ilesanmi OO (1972b) Aspect of the precipitation climatol-
ogy of the July—August rainfall minimum of Southern
Nigeria. J Trop Geogr 35: 51-59

Iloeje NP (1981) A new geography of Nigeria, New revised
edition. Great Britain: Longman

Kowal JM, Knabe DT (1972) An agroclimatological atlas of
the Northern States of Nigeria. Zaria Nigeria: Ahmadu
Bello University Press

Ojo O (1977) The climates of West Africa. London, Ibadan,
Nairobi, Lusaka: Heinemann

Olaniran OJ (1983) The onset of the rains and the start of the
growing season in Nigeria. Nigerian Geographical Journal
26(1 and 2): 81-88

Omotosho JB (1990) in Omotosho (2002) Synoptic meteor-
ology: pathway to seasonal rainfall prediction for sus-
tainable agriculture and effective water resources
management in West Africa but Nigeria in particular.
Journal of the Nigerian Meteorological Society (NMS)
3(2): 81-86

Omotosho JB (2002) Synoptic meteorology: pathway to
seasonal rainfall prediction for sustainable agriculture
and effective water resources management in West Africa
but Nigeria in particular. Journal of the Nigerian Meteo-
rological Society (NMS) 3(2): 81-86

Rao YP (1976) Southwest monsoon. India meteorological
department, meteorological monographs synoptic meteo-
rology, NO 1, Delhi, 367 pp

Walter MW (1967) Length of the rainy season in Nigeria.
Nigerian Geographical Journal 10: 123-128

Author’s address: T. O. Odekunle (e-mail:
odeyemitheophilus@yahoo.com), Department of Geography,
Obafemi Awolowo University, Ile-Ife, Nigeria.



