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    Abstract: The aim of this paper was to study the general 

direction in which the rainfall of Northern Anambra State 

appears to be moving over 36 years (1975 – 2010), and 

determine its effects on the reoccurrence of annual flooding in 

the area. Rainfall data for the study were collected from both 

the Synoptic Meteorological Station at Amawbia and two 

Agro-Meteorological Stations in the area, while the number of 

occurrence of large flood events for 36 years was collected 

from both the Anambra State Ministry of Agriculture and the 

State Emergency Management Agency (SEMA). Data were 

analysed with the use of Trends Analytical Technique in 

which the bivariate regression was employed to produce the 

equation which summarises the linear relationship between 

rainfall amounts (the dependent variable (Y)) and the year 

(the independent variable (X)). With the equation we were able 

to determine the rate of rainfall change. Furthermore, the 

technique was used to ascertain the contributions of rainfall to 

flooding in the area as well as achieved an ANOVA table used 

in determining the significance of the trend. Result shows that 

there is an increasing trend in rainfall as could be seen in the 

regression equation Y = 1711.0 + 6.86X, meaning that the area 

is getting wetter at the rate of 6.86mm. With thisincrease, there 

is enough water for the ground water storage and river flow 

which will increase flooding. It was also found that rainfall 

contributed 58.2% to flooding in the area. The p-value of 0.03 

led us to reject our null hypothesis that there is no significant 

relationship between rainfall and annual flooding. It was, 

however, suggested that early flood warnings, building of high 

foundation houses, onset and cessation of rainfall periods in 

crop cultivation, integrated flood management etc. are 

necessary adaptation measures to be employed by the people to 

ameliorate the negative effects of flooding in the area. 
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I. INTRODUCTION 

The heavy rainfall amounts recorded in Nigeria 

between May and October 2012 have given rise to 

flooding of unbelievable magnitude all over the country. 

Settlements along the courses of major rivers have been 

ravaged by rampaging floods. Anuforom (2012) opined 

that rainfall amounts of the year all over the country were 

generally higher than long term mean values except in 

places in and around Kwara State. This according to him 

has led to serious flooding and opening of dams erected 

across rivers especially in rivers Niger and Benue. The 

flooding events have led to the dislocation of families, 

destruction of farmlands and houses and loss of lives. 

However, over 90% of Nigeria is wetter than the normal 

conditions and this was the major reason for the 

unprecedented flooding being observed almost 

everywhere. Quite expectedly very early in the year 

(2012) the Nigerian Meteorological Agency (NIMET) 

issued a warning that the year would be very wet which 

would result in serious flooding in most parts of Nigeria 

especially between the months August and October 2012. 

It further noted that the flooding be generated by the 

rainfall will be very serious in 12 States (NIMET, 2012). 

It was later seen that in the affected State, those worse hit 

were as expected, the riparian communities located in the 

flood plains of rivers Niger and Benue and their major 

tributaries. 

In Anambra State, rainfall figures recorded so far in 

2012 show a clear departure from the normal (Abbey and 

Nwankwo, 2012, Anambra State Ministry of Agriculture, 

2012). Just recently, some communities in Anambra State 

including Umuodu, Ossomala, Ochuche, AkiliOgidi, 

AkiliOzizor and Atani in Ogbaru Local Government Area 

(L.G.A) and Oroma-Etiti, Umuikwu, Umuem, Umudora, 

Nzam and other communities in Anambra West L.G.A 

were overran by flood causing serious damage to lives 

and properties. The same situation was found in Otuocha, 

Enugu Otu, EziaguluOtu and Nkpunando in Anambra 

East and Anaku in Ayamelum. These mishaps provoked 

the State Government to call on the Federal Government 

to declare the areas affected, disaster zones. Although we 

are aware that there are many causes of flooding 

including socio-economic and anthropogenic activities 

(Ahman, 1997; Offiong and Eni 2008), topography and 

geological composition (Ministry of Environment 

Anambra State 2006 and Abbas, 2012), it is generally 

acceptable that rainfall is the most common cause of 

flooding worldwide (Nwagbara, Ijeoma and Chima 2010 

and Agrawal 2010). The paper therefore seeks to examine 

the rainfall trends and its implication for flooding in the 

three Local government Areas of Anambra East, 

Anambra West and Ayamelum. Therefore, our hypothesis 

is formulated that there is no significant relationship 

between rainfall and flooding in the area. 

 

II. MATERIALS AND METHODS 

A. Area of the Study 

The three Local Government Areas that make up the 

Northern Anambra State are located between latitudes 

6°.13`N and 6°.45`N , then longitudes 6°.43`E and  

7°.13`E  and cover 1,029sqkms which is about 21.6% of 

4,762sqkms, the total land area of the State (Fig. 1). The 

area is richly drained by the Anambra, Ezu and Ezechi 

rivers while the river Niger form its western border. 
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The area has three geological formations namely; 

alluvium in the North West parts, Imo clay shale in the 

eastern parts, then the Bende-Ameki in the south 

(Orajiaka, 1975). Topographically the area has a general 

low relief ranging from 50 – 100m. The climate is humid 

tropic with an annual rainfall ranging from 1,500mm – 

2,000mm. Temperature hovers around 29°C during the 

rainy season but rises above this value in the dry season. 

The population of the area in 2006 is 294,400 (NPC, 

2006) but has increased to 312,630 in 2011. 

B. Data Collection and Analysis 

36 years (1975 – 2010) rainfall data for the study were 

collected from the Synoptic Meteorological Station, 

Amawbia and two Agro Meteorological Stations in 

IfiteOgwari and Umueze – Anam, while the number of 

occurrence of large flood events were collected from the 

Anambra State Ministry of Agriculture and State 

Emergency Agency (SEMA). Data were analysed with 

the use of Trends Analytical Technique as well as 

regression statistical analysis. All statistical calculations 

were performed with the aid of SPSS version 16 

statistical package.  

 

III. RESULTS AND DISCUSSION 

A. Result   

The result of the analysis is presented in Tables, 1, 2 

and 3 as well Figs. 2 and 3 as presented here under. Table 

1 is shown in Appendix. 

Table 2: Result of Yearly Forecasts 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Trend Analysis Plot for Rainfall of the Study Area 

 

 

 

 

 

 

Table 3: Result of the 4-Year Moving Average 

Time  rainfall       MA  Predict    Error 

1975      1322        *        *        * 

1976      2021        *        *        * 

1977      1781        *        *        * 

1978      1790  1728.50        *        * 

1979      1832  1856.00  1728.50   103.50 

1980      1679  1770.50  1856.00  -177.00 

1981      1840  1785.25  1770.50    69.50 

1982      1719  1767.50  1785.25   -66.25 

1983      1383  1655.25  1767.50  -384.50 

1984      1682  1656.00  1655.25    26.75 

1985      1795  1644.75  1656.00   139.00 

1986      1618  1619.50  1644.75   -26.75 

1987      1507  1650.50  1619.50  -112.50 

1988      2006  1731.50  1650.50   355.50 

1989      1790  1730.25  1731.50    58.50 

1990      2012  1828.75  1730.25   281.75 

1991      2080  1972.00  1828.75   251.25 

1992      1810  1923.00  1972.00  -162.00 

1993      1605  1876.75  1923.00  -318.00 

1994      2090  1896.25  1876.75   213.25 

1995      2469  1993.50  1896.25   572.75 

1996      1825  1997.25  1993.50  -168.50 

1997      1907  2072.75  1997.25   -90.25 

1998      2081  2070.50  2072.75     8.25 

1999      1989  1950.50  2070.50   -81.50 

2000      2059  2009.00  1950.50   108.50 

2001      1551  1920.00  2009.00  -458.00 

2002      1778  1844.25  1920.00  -142.00 

2003      1882  1817.50  1844.25    37.75 

2004      2084  1823.75  1817.50   266.50 

2005      1863  1901.75  1823.75    39.25  

2006      2016  1961.25  1901.75   114.25 

2007      2031  1998.50  1961.25    69.75 

2008      1660  1892.50  1998.50  -338.50 

2009      1849  1889.00  1892.50   -43.50 

2010      1760  1825.00  1889.00  -129.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Moving Average Plot for the rainfall of the area 

 

Period Forecast 

2011 1993.93 

2012 2120.79 

2013 2127.66 

2014 2134.02 

2015 2141.39 
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The entire analysis produced a fitted trend equation 

(Eq. 1) of the manner shown below 

Y =  1711.0 + 6.86X    (1) 

The accuracy measure of the fit of the model was 

calculated with three different measures namely; Mean 

Absolute Percentage Error (MAPE), Mean Absolute 

Deviation (MAD) and Mean Square Deviation (MSD). It 

could be understood that for all the three measures, the 

smaller the value, the better the fit of the model. The 

result of the accuracy measures are as follows MAPE – 

9.1%; MAD – 163.2 and MSD – 43,902.8. Another 

bivariate regression analysis was performed to determine 

the contribution of rainfall to flooding in the area and was 

found that 58.2% of rainfall is attributed to flooding in the 

area. 

B. Discussion 

It could be seen that the model overestimated the 

values of rainfall in 18 years while at same time it was 

underestimated in another 18 years (Table 1). The above 

was the product of our MAPE (9.1%), MAD (163.2) and 

MSD (43,902.8). The small sizes of our MAPE and MAD 

indicate that the margin of error for the estimates was 

low. It actually means that the forecast has a 9.1% margin 

of error. This is in line with earlier studies (Ugwuaba, 

2011 and Onwuakpaoke, 2012) that found in their various 

investigations that estimates that fall with 0 – 10% margin 

of error could be regarded as a reliable estimate. Also 

163.2 (MAD) means that in absolute terms 163.2 rainfall 

value estimated from the regression model will have 95% 

chance of falling within ± 163.2mm of the actual value, 

showing that our model could be adequately employed to 

predict the rainfall trend of the area. The unusually large 

MSD value is expected as it deals with the square of the 

mean values of our somewhat large size observations. 

The trend plot of rainfall achieved is shown in Fig. 2 

indicating that the movement of the time series of our 

data is sporadic. The high irregular nature left us with no 

other option than to apply a modulation technique which 

is the moving average. Table 3 shows the result of the 4 

year moving average on our data which was applied the 

fluctuations of the annual rainfall of our study area with 

which a smoothed sequence was achieved from the fig., it 

could be seen that the trend is rising as was indicated in 

equation 1. The interpretation of the equation is that a unit 

increase in the number of years will result in 6.86mm of 

rainfall. Another regression analysis performed shows 

that the proportion of the variation in flood occurrences 

determined by variation in rainfall is 58.2%. The p-value 

of 0.03 led us to reject our hypothesis that there is no 

significant relationship between rainfall and annual 

flooding. The entire result shows that as time progresses 

as indicated in the number of years, rainfall also 

increases. Although Fig. 2 shows that rainfall was less 

than normal in 2010, but Table 2, shows an increasing 

trend translating in 58.2% contribution of rainfall to 

flooding. Only the annual rainfall amount in 1995 which 

was the highest in the period under study was above the 

forecast figures of 2011 – 2015. This shows that we shall 

continue to live with the rampaging floods for years to 

come as the rate of rainfall continues to increase. 

 

IV. CONCLUSION AND RECOMMENDATION 

A. Conclusion 

The paper has examined the 36-year rainfall trend of 

one of the riverine areas of Anambra State presently 

ravaged by floods. We were able to determine that 

rainfall has a major contribution to flooding in the area. 

The model also indicated that the entire area is getting 

wetter by 6.86mm per year. We are aware that rainfall 

generates runoff which empties into basins and rivers 

where they exist, but in an area which is poorly drained, 

flooding will result. Even when the basins and rivers exist 

to carry the flood, heavy rainfall often causes their 

carrying capacities to be exceeded, result in flooding 

(Nwagbara, Ijeoma and Chima 2010). The heavy flooding 

into the water channels often generate pressure on dams 

where they are located which sometimes force the 

authorities to open the water control structure to release 

some water downstream or risk the pulling down of the 

dam by water pressure in the reservoir section of the dam. 

The current flooding of almost everywhere in the country 

including areas in northern Anambra State is as a result of 

this problem. 

B. Recommendations 

Based on the foregoing, the following 

recommendations are made; 

1. Early Flood Warning 

This work has provided the basic information to 

authorities to embark on flood warning. Early flood 

warning for all the forecast years (2012 – 2015) is 

necessary to inform the people on the magnitude of flood 

expected every year based on the rate of rainfall already 

determined. 

2. Building of High Foundation Houses 

Since the inhabitants of the area must continue to live 

in their ancestral homes, it is now important for them to 

adjust the way they build their houses. The recent 

submerging of bungalows and even one storey buildings 

with low foundation has revealed the need for the 

inhabitants to start building houses with higher 

foundations than what they have now. 

3 .Use of onset and cessation of annual rainfall in crop 

cultivation 

The authority’s should ensure that the period of the 

onset and cessation of rainfall in the area are published 

quite early in the year to enable farmers adjust to rainfall 

regime. This will enable them to cultivate early enough 

with a view to harvesting before the coming of floods. 

4 .Integrated Flood management (IFM) 

Integrated Flood Management should be a long-term 

measure since it requires good planning. When it is 

employed, then it means that all other measures suggest 
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in 4.2.1 – 4.2.3) will be minimised since they are 

traditional, fragmented and localized (GWP, 2012). IFM 

encourages the use of river basin as a whole, employing 

strategies to maintain or augment the productivity of 

flood plains, while at the same time maintaining measures 

against losses due to flooding. Our ultimate objective in 

IFM is to reduce losses and promote regional 

development. 
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APPENDIX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Map showing the Study Area 
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Table 1: Result of the Trend Analysis 

 

Time rainfall_1 Trend Detrend 

1975 1322 1717.82 -395.823 

1976 2021 1724.69 296.313 

1977 1781 1731.55 49.449 

1978 1790 1738.42 51.585 

1979 1832 1745.28 86.721 

1980 1679 1752.14 -73.143 

1981 1840 1759.01 80.993 

1982 1719 1765.87 -46.871 

1983 1383 1772.74 -389.736 

1984 1682 1779.60 -97.600 

1985 1795 1786.46 8.536 

1986 1618 1793.33 -175.328 

1987 1507 1800.19 -293.192 

1988 2006 1807.06 198.944 

1989 1790 1813.92 -23.920 

1990 2012 1820.78 191.216 

1991 2080 1827.65 252.352 

1992 1810 1834.51 -24.512 

1993 1605 1841.38 -236.376 

1994 2090 1848.24 241.759 

1995 2469 1855.10 613.895 

1996 1825 1861.97 -36.969 

1997 1907 1868.83 38.167 

1998 2081 1875.70 205.303 

1999 1989 1882.56 106.439 

2000 2059 1889.43 169.575 

2001 1551 1896.29 -345.289 

2002 1778 1903.15 -125.153 

2003 1882 1910.02 -28.017 

2004 2084 1916.88 167.118 

2005 1863 1923.75 -60.746 

2006 1893 1930.61 85.390 

2007 2004 1937.47 93.526 

2008 1660 1944.34 -284.338 

2009 1849 1951.20 -102.202 

2010 1760 1958.07 -198.066 


