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ABSTRACT

Rainfall, evaporation and temperature data of Owerri for ten years (Figure 1) (1998-2007) were acquired. The data
were analyzed using standard statistical measures and climatological normal (Figure 2). The results show that the rain-
fall pattern exhibits some oscillations indicating annual bimodal distribution of rainfall. The temperature reached its
lowest value of 27.75°C in 1999. Thereafter, a steady increase in temperature was noticed. From 2002, some variation
in evaporation data was observed. The potential evapotranspiration shows some correlation with temperature. This
variation in weather parameters may be attributed to climate change.
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1. Introduction

The study area, Owerri Nigeria, lies within Latitude
5°45'N - 5°20'N and Longitude 6°45'E - 7°05'E, (Figure
3). It is experiencing rapid population growth which has
caused and will continue to cause great stress on the
groundwater resources. The water balance of a place, be
it an agricultural field, watershed or urbanized area can
be determined by calculating the input, output and stor-
age changes of water on the ground surface. The major
input of water is from precipitation and the major output
is by evapotranspiration [1]. Thornthwaite and Mather
(1962) pioneered the water balance approach to water
resources analysis which includes availability, sustain-
ability and the underlying hydrologic processes which
provide planning and management. Observed changes in
water balance of an area over a given time can be used to
assess the effect of climate variability and human activi-
ties on water resources. Also the comparison of water
balance from different areas allows the effect of factors
such as geology, soil, vegetation and land use on the hy-
drologic cycle to be quantified.

2. Climatology and Geology of the Area

The study area is within the rain forest belt of Nigeria.
Two distinct conditions (i.e. wet and dry seasons) exit.
These two regimes are derived from the different air
masses prevailing over the country at different times of
the year namely; the dry northeasterly air mass of Saha-
ran origin and the humid maritime air mass originating
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from the South Atlantic. The rainfall pattern in the area is
oscillatory and usually has two peaks within the year.
The peaks vary between June and September. The annual
rainfall ranges from 1600 to 2900 mm. The wet season
begins in April and ends in October with a short recess in
August usually referred to as August break. The dry sea-
son starts in November and ends in March. Monthly
temperature is highest in February with a value of 30.1°C
while the lowest is 26.7°C which is recorded in August.
The study area, Owerri, lies geologically within the Be-
nin Formation (Figure 3). This formation is made up of
friable sands with intercalations of clay and shale. The
sand units are mostly coarse grained pebbly, poorly sorted
and contains lenses of fine-grained sands [2] (Short and
Stauble 1967).

3. Basic Theory

The study of hydrological cycle deals with the transfer of
water from one state to another [3] (Ward, 1967). The
transformation involved in the various stages includes
evaporation and transpiration, moisture transport, con-
densation, precipitation and runoff [4] (Oguntoyinbo
1987). Hydrologic cycle is evaluated by means of a water
balance studies (Figure 4) and (Figure 5) which have
four components namely: Precipitation, Evapotranspira-
tion (i.e. the return of water to the atmosphere by surface
evaporation and plant transpiration) surface runoff (neg-
ligible in areas of negligible slopes) and lastly, ground-
water recharge. These components may add water to an
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Figure 3. Location/geology map.

Rainfall vs potential evapotranspiration for 2000
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Figure 4. Rainfall vs potential evapotranspiration for 2000.
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Rainfall vs potential evapotranspiration for 2001
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Figure 5. Rainfall vs potential evapotranspiration for 2001.

environment, these are called inputs (rainfall). They may
remove water from an environment, these are called
outputs (evaporation). Water may be held in an environ-
ment, these are called storage. The water balance of a
particular environment for a set period of time is ex-
pressed mathematically as the continuity equation:

Input — Output = Change in Storage.

A decrease in storage is called a deficit while an in-
crease in storage is called a surplus. A general study of
the water balance in Nigeria [5] (Obasi, 1972) shows that
water deficit provides measure of drought and gives ba-
sic information relevant to irrigation. The water surplus
data provide essential information relating to ground wa-
ter levels and runoff to stream [1]. Thornthwaite and
Mather (1962) published a set of water balance data for
104 West African Stations.

4. Methodology

The rainfall data were acquired using the rain gauge
equipment installed at the Owerri Municipal Meteoro-
logical Station. Likewise the temperature data for the
period under study (1998-2007) were recorded with the
maximum and minimum thermometers at the same me-
teorological station (Figures 6 and 7). The thermometers
were kept in a standard Shelf known as Stephenson
screen. The most standard method of measuring evapora-
tion is by using a class “A” Pan with a diameter of 1.2 m
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kept within the soil at a depth of 250 mm. It protruded
above the ground to a height of 150mm. The water level
in the pan was kept at 50 mm - 75 mm from the rim. All
the data acquired viz; rainfall, temperature and evapora-
tion are shown in Tables 1-3 respectively.

5. Data Analysis and Interpretation

Potential evaporation estimation involved the use of some
known empirical techniques. The potential evapotranspi-
ration was estimated by considering the number of day-
light hours and number of days in the month [1] (Thorn-
thwaite and Mather 1962). Statistical analysis of the data
was carried out. An estimate of the potential evapotran-
spiration, calculated on a monthly basis, is given by:

P, =16N, (IOTTJ

mm

where m is the months 1, 2, 3,---, 12;

N, is the monthly adjustment factor related to hours of
daylight;

T, is the monthly mean temperature (C);

I is the heat index for the year;

a is an empirical constant.

Given the monthly mean temperatures from the meas-
urements at a climatological station, an estimate of the
potential evaporation for each month of the year was cal-
culated.
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Rainfall vs potential evapotranspiration for 2002
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Figure 6. Rainfall vs potential evapotranspiration for 2002.
Rainfall vs potential evapotranspiration for 2003
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Figure 7. Rainfall vs potential evapotranspiration for 2003.
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Table 1. Rainfall data 1998-2007.

201

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Jan 14.6 49.1 39.1 5.5 0 42.3 53 38.3 89.6 0 283.8
Feb 0 73.9 0 62 27.9 92.6 73.5 84.3 1.8 46.8 462.8
Mar 48.7 118.7 53.2 206.4 90.4 136.9 324 103.1 167 199.5 1156.3
Apr 130.5 161.5 354.2 172.2 241.7 73.3 173.3 182.2 81.9 135.2 1706
May 253.7 256.7 473 140.8 265.6 278.1 163.5 469.8 358.2 393.3 2627
Jun 289.4 2183 391.8 385.4 513.1 2774 225.2 500.7 454.7 407.6 3663.6
Jul 290.3 270.5 382.7 301.7 391.5 439.5 240.4 260 625.5 311.2 35133
Aug 168.5 302.7 356.4 348.7 358.7 379.2 185.4 190.5 286.7 246.7 2823.1
Sep 2542 609 344 430.8 293.5 476.4 309.1 490.6 479.4 472.7 4959.7
Oct 179.2 3443 246.5 2134 3724 123.8 322.9 194.3 360.6 165 2522.4
Nov 12.4 100.5 116.5 22.6 40.9 50.6 37 21.5 9.2 85.8 497
Dec 0 0 5.5 14.8 0 0.2 0 10.2 0 19.7 50.4

23465.4
7635.5 8502.2 8337.2 8307.3 8601.7 8379.3 7780 8560.5 8932.6 8504.1 83540.4
Table 2. Temperature data 1998-2007.

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Jan 26.95 28.3 28.75 28.55 28.45 29.05 28.95 31.65 29.7 29.4 29.0
Feb 30.65 29.05 29.25 30 29.65 30.35 30.45 30.35 30.2 30.7 30.1
Mar 30.6 29.1 30.45 29.15 29.4 29.85 30.95 29.6 29.6 30.5 29.9
Apr 30.05 28.65 28.7 29.2 28.55 29.45 28.85 29.85 30.25 29 29.3
May 30.1 28.15 28.45 27.15 28.1 28.45 28 28.45 28.35 28.7 28.4
Jun 28 27.55 27.2 27.2 27.3 27 27.15 27.75 28.1 27.75 275
Jul 26.95 26.45 26.3 26.25 26.65 26.8 26.3 26.6 27.15 27.35 26.7
Aug 27 26.65 26 25.7 26.4 26.7 26.3 26.75 26.55 27.05 26.5
Sep 27.1 26.2 26.8 26.6 26.8 26.8 27.1 27.35 26.65 28.2 27.0
Oct 27.5 26.45 27.15 27.75 27.15 28.2 279 27.95 27.65 27.45 275
Nov 28.85 27.85 28.1 28.7 28.7 28.55 28.55 29.6 29.65 28.2 28.7
Dec 28.2 28.55 27.7 29.65 29 28.85 29.5 32.35 29.2 31.25 29.4

28.50 27.75 27.75 27.99 28.01 28.34 28.33 29.02 28.59 28.80

Table 3. Evaporation data 1998-2007.

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Jan 6.7 4 3.7 4.9 6.1 6.3 6.23 6.2 6.04 6.12 5.6
Feb 44 33 6 5.8 53 5.43 3.77 4 3.9 391 4.6
Mar 4.6 3.4 5.1 33 33 3.47 3.43 3.5 3.36 3.33 3.7
Apr 3.5 3 3 33 3.1 3.29 3.97 33 3.19 3.09 33
May 2.9 2.8 2.7 24 2.5 2.7 238 2.5 2.51 2.64 26
Jun 24 1.9 1.8 2 225 1.9 2.05 22 221 2.34 21
Jul 1.8 1.5 1.4 1.8 1.4 1.8 1.32 1.4 1.45 1.58 15
Aug 24 1.75 1.4 1.2 13 1.7 1.896 1.9 1.74 1.89 1.7
Sep 2 1.6 1.7 1.7 1.7 2 1.8 1.82 1.79 1.9 1.8
Oct 2.2 1.6 1.8 2.3 1.8 22 23 2.25 2.35 1.83 21
Nov 2.9 2.3 23 2.8 2.9 23 2.9 2.96 2.84 2.84 2.7
Dec 39 4.4 4.5 4 5.5 3.8 4.1 4.53 4.03 5.78 4.5

331 2.63 3.31 2.96 3.10 3.07 3.01 3.05 2.95 2.86
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5.1. Rainfall

The mean monthly rainfall over the years consists of two
peaks i.e. June and September with a drop in the precipi-
tation around August. While November, December, Jan-
uary, February and March indicate dry season (Figure 5).

The rainfall pattern in the area over the period of ten
years is oscillating, (Figure 5).

5.2. Potential Evapotranspiration

The mean annual potential evapotranspiration for the
period of study is convex shaped upward with July and
August having the lowest evapotranspiration. April to
October are usually wet period and they indicate period
of ground water recharge. The mean annual rainfall is
2346 mm while mean annual potential evapotranspiration
is 1300 mm. January, February, March, November and De-
cember are usually periods of water deficit with a mean
annual value of 340 mm of water being evaporated annually.

A mean annual value of 1385.78 mm of water is sur-
plus (See Tables 1-3).

The time series/moving average method was applied to
the data and the results are presented in Tables 4-6.

Table 4. Evaporation time series.

3 Year Moving 4 Year Moving

SIN Years Actual Data

Average Average
1 1998 3.31 - -
2 1999 2.63 3.08 -
3 2000 3.31 2.97 3.05
4 2001 2.96 3.12 3.05
5 2002 3.10 3.04 3.07
6 2003 3.07 3.06 3.04
7 2004 3.01 3.04 3.01
8 2005 3.05 3.00 -
9 2006 2.95 2.95 -
10 2007 2.85 - -

Table 5. Temperature time series.

3 Year Moving 4 Year Moving

SIN Years Actual Data Average Average
1 1998 28.50 - -
2 1999 27.75 28.05 -
3 2000 27.90 27.88 28.00
4 2001 27.99 27.97 28.05
5 2002 28.01 28.11 28.22
6 2003 28.34 28.23 28.39
7 2004 28.33 28.56 28.56
8 2005 29.02 28.65 -
9 2006 28.59 28.80 -
10 2007 28.80 - -
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Table 6. Rainfall time series.

3 Year Moving 4 Year Moving

SIN Years Actual Data Average Average
1 1998 1614.5 - -
2 1999 2505.5 2152.4 -
3 2000 2337.2 2382.2 2342.55
4 2001 2304.0 2412.3 2365.62
5 2002 2595.7 24233 2327.05
6 2003 2370.3 22447 2326.33
7 2004 1768.0 22279 2382.43
8 2005 2545.5 2409.4 -
9 2006 2914.6 2647.7 -
10 2007 2483.1 - -

6. Result and Discussion

6.1. Rainfall

The analysis of the rainfall results shows that the mean
annual rainfall for Owerri, ranges from 1641.5 mm to
2914.6 mm. The climatological normal rainfall for Ow-
erri was computed to be 2346.0 mm, (Figure 3). Four
years fell below the normal. From 2004, the rainfall was
constantly above the normal. The rainfall pattern exhib-
ited some oscillation between 1998 and 2007 with a peak
value in 2006, (Figure 5). June, July and September are
usually the peak of rainfall within the study. It then looks
like a bimodal distribution, (Figure 4).

6.2. Temperature

The climatological normal for temperature within this
period was computed and estimated to be 28.32°C, (Fig-
ure 9). The mean annual temperature within this period
of study varied between 28.50°C in 1998 and 29.80°C in
2007, (Figure 8). It can be observed that from 2001, the
mean annual temperature was above the climatological
normal temperature (Figure 9). This implied that the
temperature of the area was increasing at the rate of
0.17°C per year, (Figure 8).

The lowest temperature of 27.75°C was recorded in
1999. Since then a steady increase has been observed,
(Figure 9). Climatological normal value was reached in
2003. From subsequent years, the temperature had been
above normal and in fact on the increase. The constant
increase in temperature above the climatological normal
has been attributed to human impact on the climate and
the environment which includes increase in population,
urbanization and deforestation.

6.3. Evapotranspiration

The climatological normal for evaporation within this
period of study was computed as 3.02 +ml. The class A
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Rainfall vs potential evapotranspiration for 2004
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Figure 8. Rainfall vs potential evapotranspiration for 2004.
Rainfall vs potential evapotranspiration for 2005
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Figure 9. Rainfall vs potential evapotranspiration for 2005.
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Rainfall vs potential evapotranspiration for 2006
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Figure 10. Rainfall vs potential evapotranspiration for 2006.
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Figure 11. Rainfall vs potential evapotranspiration for 2007.
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pan evaporation within this period ranges from 2.63 +ml
to 3.31 +ml. The fairly constant variation in evaporation
from 2002 indicates deforestation. This can also be seen
from the correlation coefficient, that the evaporation was
poorly correlated. Over the years a correlation coefficient
of 0.27 was calculated. The monthly evaporation over the
years is convex upward showing that evaporation de-
creases from January to July and increases from August
to December, (Figure 10).

The empirical determination of potential evapotran-
spiration using temperature values and the estimation of
the climatological normal showed that the climatological
normal for potential evapotranspiration was 109.5 mm.
Five values fall below the normal. This shows that the
potential evapotranspiration was increasing over the
years. Analysis using correlation coefficient shows that
the correlation coefficient between potential evapotran-
spiration and temperature is 0.96 indicating that it is
strongly correlated. The continuous rise in potential eva-
potranspiration from 2003 above the climatological nor-
mal (Figure 11) shows an increase in temperature and
thus a very high evaporation and transpiration from
plants.

7. Conclusions and Recommendation

From the results of this study, the period of water surplus
within this study area extended from March to October.
Rain water is available for recharge of aquifers. Urbani-
zation could increase surface runoff by creating more
impervious surfaces such as highways etc. Temperature
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also increased due to urbanization which increased the
carbon dioxide emitted into the atmosphere. Attempts
should be made to improve on the drainage system so as
to cater for the increasing runoff caused by urbanization.
This will minimize flooding disaster.

Flowers and trees should be planted within the me-
tropolis to compensate for the amount of carbon dioxide
emitted into the atmosphere. The amount of green house
gases emitted through human activities should be che-
cked in order to reduce unnecessary warming of the at-
mosphere.
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