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Abstract

Climate change is predicted to have adverse effects on the agricultural sector of the poorer parts of the world especially sub-Saharan Africa. Most of the crop production in that part of the world are low-technology based and are therefore heavily susceptible to environmental factors.  The study from which this paper emerges combines crop yield statistics obtained from the Ministries of Agriculture in the region and statistics from the southeast rainforest agro-climatic region of Nigeria (long-term climatic variables for thirty years (1978-2007)) obtained from a meteorological station (Agromet Division of National Root Crops Research Institute (NRCRI), Umudike, Abia State, Nigeria) to predict the future effect of climate change. This shows decreasing trends for rainfall and relative humidity and increasing trend for temperature and sunshine hours. There emerge significant effects on major crop (maize, yam, and cassava) yields. In the near future, growing the major crops in the zone may be unfavourable if the trend continues. This creates the basis for urgent intervention for researches and projects which generate lessons for adaptation in order cushion colossal potential human tragedy in form of food insecurity, poverty and social conflict.

1.0 Introduction

Climate change refers to the variation in the global or regional climates over time. It describes changes in the variability or average state of the atmosphere over time scales ranging from a decade to millions of years (Adejuwon, 2004). The term refers to both natural and human-induced changes. The United Nations Framework Convention on Climate Change (UNFCCC) defines climate change as: “a change of climate which is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and which is in addition to natural climate variability observed over comparable time periods”. 

Broad scientific agreement now exists that continued accumulation of heat-trapping “greenhouse” gases in the atmosphere is contributing to changes in the global climate, and in the climates of regions around the world (Crosson, 1997). An analysis of temperature records shows that the earth has warmed an average of 0.60C over the past 100 years (Environment Canada, 2008). The warming is real and significant though its intensity has varied from decade to decade, from region to region and from season to season, and been mainly caused by greenhouse gases (Crosson, 1997). 

For Nigeria, agriculture is important. About 42 percent of the country’s GDP comes from agriculture and related activities, and about 80% of the country’s poor live in rural areas and work primarily in agriculture (NBS, 2006a). Nigeria’s economy is therefore predominantly agrarian and the exploitation of natural resources remains the driving force for the country’s economic development. Nigeria’s agriculture therefore depends highly on climate, because temperature, sunlight, water, relative humidity are the main drivers of crop growth and yield (Adejuwon, 2004). Climate change is also predicted to have adverse effects on the agricultural sector of the poorer parts of the world especially sub-Saharan Africa. Most of the crop production in that part of the world are low-technology based and are therefore heavily susceptible to environmental factors.
There are comparatively a few published works that have focused on the trend of climate change in the rainforest zone of Nigeria (Munonye and Okoli, 2008; Nnaji and Duruji, 2008; Nwajiuba et al., 2008). However, these attempts fail to provide critical simultaneous insights of the trend of climatic variables in the zone (temperature, rainfall, relative humidity and sunshine hours) affecting crop growth and yield. This leaves a void in research and literature. 

There is a growing consensus in the scientific literature that over the coming decades, higher temperatures and changing precipitation levels caused by climate change will be unfavourable for crop growth and yield in many regions and countries (Yesuf et al., 2008). To what extent this will be the case in Nigeria particularly in the southeast rainforest zone where both temperature and precipitation approach extremes has not received much research interest.

There have been numerous studies of climate change, the bulk of these were conducted in temperate and highly industrialized countries (Mendelsohn, 2000). Most of the empirical work to date on the effect of climate change on crop production has focused on Europe, the United States, Canada and Australia (Molua and Lambi, 2007). Most of the physical and economic modeling and analysis has focused on the northern latitudes and high-income countries. Worldwide little research has focused on developing regions such as those in the tropical rainforest where the poor who may be most vulnerable to adverse changes live. Scientists fear that the most adverse effects are likely to occur in this region (Molua and Lambi, 2007).


Some of the studies in developing regions (Winters, 1999; Deressa et al., 2008a; 2008b; Akpalu et al., 2008; Adejuwon, 2004) considered the effects of one or two aspects of climate change on maize. None has been for major crops in the agro-ecological zones of many developing countries especially that of the rainforest zone of Nigeria where the most vulnerable group live (Molua and Lambi, 2007). The major crops in the rainforest zone of Nigeria are cassava, yam and maize (NBS, 2006b). Filling these gaps in knowledge is the objective of this paper.

2.0
Research Method


The study was carried out in the Southeast Rainforest Zone of Nigeria. The zone consists of the following States Imo, Abia, Anambra, and Ebonyi (Microsoft Corporation, 2009). The zone is located on latitudes 5006’N to 6034’N of the Equator and longitudes 6038’E and 8008’E of the Greenwich (Prime) Meridian (Microsoft Corporation, 2009). The Southeast rainforest zone of Nigeria is a belt of tall trees with dense undergrowth of shorter species dominated by climbing plants. The prolonged rainy season, resulting in high annual rainfall above 1,800mm, humidity of above 80% during the rainy season, and temperature of 270C annually in this area; ensures adequate supply of water and promotes perennial tree growth (Http://www.onlinenigeria.com/links/adv.asp?blurb=69). The inhabitants of this area are farmers producing mainly food crops like cassava, yam, and maize. Data for the study was secondary data. The secondary data collected were climatic data, market price and crops yield data and optimal climatic conditions for growth yam, maize, and cassava. Data on climatic variables such as annual temperature means, annual rainfall means, annual relative humidity means, and annual sunshine duration means were collected for a period of thirty years (1978-2007) from the National Root Crops Research Institute, Umudike. Data on annual crop yields (maize, yam, and cassava) for a period of thirty years (1978-2007) were collected from Imo State Agricultural Development Programme and Abia State Agricultural Development Programme. Data on optimal climatic conditions for the growth of the crops were collected from textbooks and from the internet. Maize, yam and cassava were chosen because they are the major crops grown in the zone (NBS, 2006b). All secondary data obtained were time series data and were collected for a period of thirty years (1978-2007). Data were analyzed with regression analysis and trend analysis. The regression model in implicit form is Y=f(X1, X2, X3, X4, e) where,
Y=
Annual Crop yield (Kg/Ha)

X1=
Annual Precipitation mean (mm)

X2=
Annual Temperature mean (oC)

X3=
Annual Relative Humidity mean (%)

X4=
Annual Sunshine Duration mean (Hours)

e=
error term

The a priori expectation of the regression model is as follows:

X1, precipitation is theorized to affect crop production positively. The basis for this theoretical expectation is justified with the fact that precipitation increase affects crop yield positively (IPCC, 2001a; IPCC, 2001b; Rosenzweig and Hillel, 1995) by readily dissolving the nutrients for easy soil absorption by plants.


X2, temperature is hypothesized to be positively related to crop production. The basis for this is that temperature benefits crop production by enhancing photosynthesis thereby increasing crop yield as it increases (Sombroek and Gommes, 1996; Rosenzweig and Hillel, 1995).


X3, relative humidity should be positively related to crop production. The basis for this assumption is that crops tend absorb soil nutrients for optimum yield when there is sufficient humid air (Adejuwon, 2004).


X4, sunshine duration should be positively related to crop production. The basis for this a priori expectation lies in the fact that tropical crops require higher photoperiods (day lengths) for their vegetative and reproductive growth and development (Adejuwon, 2004).
3.0 Results and Discussion

3.1 Trend of Climatic Elements

3.1.1 Trend of Rainfall

Statistical record of rainfall in the Southeast rainforest zone of Nigeria between 1978 and 2007 shows an decreasing trend with the highest in 1996 and lowest in 1983 (Figure 1 and Table 1). The value of the highest volume of rainfall which was recorded in 1996 was 2292.4mm while the lowest was recorded in 1983 (Figure 1) with value of 1259.50 and the mean and standard deviation of the rainfall data in the zone from 1978-2007 are 1778.575mm and 250.34mm respectively (Table 1). Indeed there is a large variability in the amount of rainfall from year to year. The coefficient of correlation between rainfall and time has a value of 0.043 implying that there is a weak positive relationship between rainfall and time (Table 1). The correlation between rainfall and time is insignificant.

Table 1:  Analysis of rainfall data from 1978-2007
	Rainfall
	Value

	Mean (mm)
	1778.575

	Standard deviation (mm)
	250.34

	Maximum rainfall (mm)
	2292.40

	Minimum rainfall (mm)
	1259.50

	Trend (mm/year)
	-1.361

	Correlation
	0.043


Source: NRCRI, Umudike and Computer printout of SPSS result.


[image: image1.png]0.043

VAV NEAAVA VN

LNM=-17.680-1.361LNT, R

2500

2000

1500
1000

(ww) ejurey

500

£00T
900
500C
00T
€00C
00T
T00T
000
666T
8661
L66T
9661
S66T
66T
€66T
66T
T66T
0661
686T
8861
£L861
9861
S86T
86T
€86T
86T
86T
0861
66T
8L6T





Figure 1: Trend of Rainfall Data for the Southeast Rainforest Zone of Nigeria from 1978-2007
3.1.2   Trend of Temperature

Data on temperature from 1978-2007 shows an increasing trend with the minimum temperature (26.15oC) recorded in 1980 and maximum temperature (27.57oC) recorded in 2000 (Figure 2 and Table 2). The mean value of temperature and its standard deviation over the period are 26.78mm and 0.37mm implying that there is a slim variability in temperature values from year to year (Table 2). The trend coefficient is 2.148 and is statistically significant (Table 2). The coefficient of correlation of temperature and time is 0.685 and is statistically significant implying that temperature has significant positive relationship with time (Table 2). Therefore, temperature changes with time significantly. The warming is real and significant. 

Table 2: Analysis of temperature record from 1978-2007

	Temperature
	Value

	Mean (oC)
	26.78

	Standard deviation (oC)
	0.37

	Maximum temperature (oC)
	27.57

	Minimum temperature (oC)
	26.15

	Trend (oC/year)
	2.148xxx

	Correlation
	0.685xxx


xxx Significant at 1% level

Source: NRCRI, Umudike and Computer printout of SPSS result.
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Figure 2: Trend of Temperature Data for the Southeast Rainforest Zone of Nigeria from 1978-2007

3.1.3    Trend of Relative Humidity

Relative humidity record from the Southeast rainforest zone of Nigeria between 1978-2007 shows a decreasing trend with its highest value for the period (80.83%) recorded in 1990 and lowest value (69.00%) recorded in 2007 (Figure 3 and Table 3). The mean and standard deviation values of the relative humidity over the period are 72.81% and 2.87% implying that relative humidity has a narrow variability with time (Table 3). The trend coefficient is – 0.0006 % per year confirming the decreasing trend of relative humidity but it is statistically insignificant (Table 3). The coefficient of correlation has a value of 0.143 showing a weak relationship between relative humidity and time; also it is statistically insignificant.
Table 3: Analysis of relative humidity record from 1978-2007

	Relative Humidity
	Value

	Mean (%)
	72.81

	Standard deviation (%)
	2.87

	Maximum relative humidity (%)
	80.83

	Minimum relative humidity (%)
	69.00

	Trend (%/year)
	-0.0006

	Correlation
	0.143


Source: NRCRI, Umudike and Computer printout of SPSS result
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Figure 3: Trend of Relative Humidity Data for the Southeast Rainforest Zone of Nigeria from 1978-2007
3.1.4 Trend of Sunshine Hours

Sunshine duration data from the Southeast rainforest zone of Nigeria between 1978 and 2007 shows an increasing trend with a trend coefficient of 2.433 hours per year (Table 4) and is statistically insignificant. The maximum value of sunshine hours (5.2 hours) was recorded in 1995 while the minimum (3.3 hours) was recorded in 1992 (Figure 4 and Table 4). The mean and standard deviation values over the period are 4.37 hours and 0.33 hour (Table 4) implying that there is a narrow variability between sunshine hours and time. The coefficient of correlation is 0.033 indicating that there is a weak relationship between time and sunshine hours; also it is statistically insignificant. The equation for the trend is D= -14.119+2.433LNT (Figure 4). 

Table 4: Analysis of sunshine hours data from 1978-2007

	Sunshine Hours
	Yearly

	Mean (hours)
	4.37

	Standard deviation (hours)
	0.33

	Maximum sunshine hours  (hours)
	5.20

	Minimum sunshine hours  (hours)
	3.30

	Trend (hours/year)
	2.433

	Correlation
	0.033


Source: NRCRI Umudike and Computer printout of SPSS result
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Figure 4: Trend of Sunshine Duration Data for the Southeast Rainforest Zone of Nigeria from 1978-2007
3.2 Effect of Climate Change on Major Crops

3.2.1 Effect of Climate Change on Cassava Yield

In order to determine the effect of climate change on cassava yield, a model was subjected to regression analysis in three functional forms (linear, semi-log and double-log functional form. The linear function was chosen as the lead equation (Y= -355311 +7.449X1 + 13500.7X2 - 257.335X3 + 2902.720X4) for further discussion because it has the highest R2 value (0.567), and also has the highest F – ratio value (4.868). The result of the linear form shows that the coefficient of multiple determination (R2) is 0.567 (56.7%) implying that the independent variables (X1…. X4) jointly explained 56.7% of variation in cassava yield. Consequently, the interpretation of the results of the regression indicates the following:

Rainfall (X1) is positively related to cassava yield implying that as rainfall increases cassava yield increases, and vice versa. This is in line with the a priori expectation. This effect is statistically significant of 10% level as t-calculated value (1.922) is greater than t-tabulated value (1.699).

Temperature (X2) is positively related to cassava yield implying that as temperature increases cassava yield increases and vice versa. This is in line with the a priori expectation. This relationship is statistically significant because the value of t-calculated (4.285) is greater than the t-tabulated value (2.756) at 1% level.

Relative humidity (X3) has a negative relationship with cassava yield but it is not statistically significant as the t-calculated value (0.653) is less than t-tabulated value (1.699) at 10% level of probability. 

Sunshine (X​4) has a positive relationship with cassava yield but it is statistically insignificant as the t-calculated value (0.830) is less than t-tabulated value (1.699) at 10% level of probability. 

The F-ratio which determines the overall significance of the regression is statistically significant at the 1% level as F-calculated value (4.868) is greater than F-tabulated value (4.180). We therefore conclude that there is a significant relationship between climate change and cassava yield.

Table 5: Regression estimates of climatic elements and cassava yield

	Variables
	Linear Form
	Semi Log Form
	Double Log Form

	
	Coefficients
	t-ratio
	Coefficients
	t-ratio
	Coefficients
	t-ratio

	Constant
	-355311
	-3.805xxx
	-805852.3
	-4.008 xxx
	-114.566
	-3.632xxx

	Rainfall (X1)
	7.449
	1.992x
	11099.203
	2.126xx
	1.431
	1.746x

	Temperature(X2)
	13500.7
	4.264xxx
	199421.56
	3.765 xxx
	33.833
	4.071xxx

	Humidity(X3)
	-257.335
	-0.653
	18387.522
	0.992
	0.155
	0.053

	Sunshine(X4)
	2902.720
	0.830
	-316.736
	-0.005
	0.873
	0.604

	R2
	0.567
	
	0.407
	
	0.407
	

	R-2
	0.498
	
	0.313
	
	0.312
	

	F-Ratio
	4.868xxx
	
	4.298xxx
	
	4.287xxx
	


xxx       Significant at 1% level

xx  
Significant at 5% level

x
Significant at 10% level

Source: Y= Mean of Cassava Yield Data from Imo ADP and Abia ADP

X1....X4= Climatic Variables from NRCRI, Umudike

Source: Computer printout of SPSS Result

3.2.2 Effect of Climate Change on Maize Yield

The regression analysis was subjected to three functional forms – semi log, double log and linear forms. The semi log form was chosen as the lead equation (Y= -34606.8 + 1362.496LNX1 + 14310.913LNX2 - 4237.374LNX3 - 1186.707LNX4) for further discussion because of it has the highest R2 value (0.515), and also has the highest F-calculated value (4.851). The interpretation of the regression result is as follows:

The coefficient of multiple determination (R2) has a value of 0.515 (51.5%) implying that the independent variables (X1…. X2) jointly accounted for 51.5% of the variation in maize yield.

Rainfall (X1) has positive coefficient with maize yield. The positive sign of the coefficient means that as rainfall increases maize yield increases as well, and vice versa. This is in line with the a priori expectation. The effect is statistically significant because the t-calculated value (1.971) is greater than the expected value of t (1.677) at 10% level of probability. 

Temperature (X2) is positively related to maize yield meaning that as temperature increases maize yield also does, and vice versa. This relationship is statistically significant at 1% level of probability because the t-calculated value (3.542) is greater than the theoretical value of t (2.756). This agrees with the a priori expectation.

Relative humidity (X3) is negatively related to maize yield meaning that as relative humidity increases maize yield decreases, and vice versa. The effect is not statistically significant as t-calculated value (1.339) is less than t-tabulated value (1.677) at the 10% level of probability.

Sunshine (X4) has a negative relationship with maize yield implying that as hours of sunshine decreases maize yield increases, and vice versa. The relationship is not statistically significant because the t-calculated value (0.754) is less than the critical value of t (1.677) at the 10% level of probability.

The F-ratio which determines the overall significance of a regression is statistically significant at the 1% level of probability as F-calculated value (4.851) is greater than F-tabulated value (4.180). We therefore conclude that climate change significantly affected maize yield.
Table 6: Regression estimates of climatic elements and maize yield
	Variables
	Semi Log Form
	Linear Form
	Double Log Form

	
	Coefficients
	t-ratio
	Coefficients
	t-ratio
	Coefficients
	t-ratio

	Constant
	-34606.8
	-1.037
	-8342.253
	-0.829
	-6.520
	-0.280

	Rainfall (X1)
	1362.496
	1.971x
	0.685
	1.353
	0.829
	1.369

	Temperature(X2)
	14310.913
	3.542xxx
	521.145
	1.528
	6.486
	1.056

	Humidity(X3)
	-4237.374
	-1.339
	-55.328
	-1.303
	-3.053
	-1.420

	Sunshine(X4)
	-1186.707
	-0.754
	-249.843
	-0.663
	-0.371
	-0.347

	R2
	0.515
	
	0.178
	
	0.145
	

	R-2
	0.437
	
	0.047
	
	0.008
	

	F-Ratio
	4.851xxx
	
	1.355
	
	1.057
	


xxx  
Significant at 1% level

x
Significant at 10% level

Source: Y= Mean of Maize Yield Data from Imo ADP and Abia ADP

X1....X4= Climatic Variables from NRCRI, Umudike

Source: Computer printout of SPSS Result

3.2.3 Effect of Climate Change on Yam Yield

The model was subjected to regression analysis with three functional forms (semi-log, double-log and linear functional forms). The semi-log form was chosen as the lead equation (Y= -601554 - 12113.3LNX1 + 187255.9LNX2 - 20200.9LNX3 - 4758.372LNX4) because it has the highest R2 value (0.548), and also has the highest F-calculated (2.574). The coefficient of multiple determination (R2) has a value of 0.548 (54.8%) implying that the independent variables accounted for 54.8% of the variation in yam yield. 

Rainfall (X1) is negatively related with yam yield implying that as rainfall decreases yam yield increases, and vice versa. This effect is not in agreement with the a priori expectation. It could be because of the high inter-annual variability of rainfall volume in the area which may not be favourable for growth and yield of yam. The effect is statistically significant at the 10% level of probability as t-calculated value (1.867) is greater t-tabulated value (1.677).

Temperature (X2) has a positive relationship with yam yield implying that temperature increase will result to corresponding yam yield increase, and vice versa. This relationship is in line with the a priori expectation. The relationship is statistically significant as the value of t-calculated (2.845) is greater than t-tabulated value (2.756) at the 1% level of probability.

Relative Humidity (X3) is negatively related to yam yield. This effect is statistically insignificant as t-calculated value (0.877) is less than t-tabulated value (1.677) at 10% level of probability.

Sunshine duration (X4) has a negative relationship with yam yield. This relationship is not statistically significant as t-calculated value (0.416) is less than t-tabulated value (1.677) at 10% level of probability.

The F-ratio which determines the overall significance of a regression is statistically significant at 10% level of probability as F-calculated value (2.574) is greater than F-tabulated value (2.18). We therefore conclude that climate change significantly affected yam yield.

Table 7: Regression estimates of climatic elements and yam yield

	Variables
	Semi Log Form
	Linear Form
	Double Log Form

	
	Coefficients
	t-ratio
	Coefficients
	t-ratio
	Coefficients
	t-ratio

	Constant
	-601554
	-2.408xx
	-162822
	-2.223xx
	-73.507
	-2.117xx

	Rainfall (X1)
	-12113.3
	-1.867x
	6.316
	1.714x
	1.679
	1.862x

	Temperature(X2)
	187255.9
	2.845xxx
	6907.379
	2.781xxx
	23.483
	2.567xx

	Humidity(X3)
	-20200.9
	-0.877
	-256.962
	-0.831
	-1.576
	-0.492

	Sunshine(X4)
	-4758.372
	-0.416
	-845.275
	-0.308
	-0.249
	-0.156

	R2
	0.548
	
	0.276
	
	0.248
	

	R-2
	0.476
	
	0.160
	
	0.128
	

	F-Ratio
	2.574x
	
	2.383x
	
	2.063
	


xxx Significant at the 1% level

xx  
Significant at 5% level

x
Significant at 10% level

Source: Y= Mean of Yam Yield Data from Imo ADP and Abia ADP

X1....X4= Climatic Variables from NRCRI, Umudike

Source: Computer printout of SPSS Result
3.3 Predicted Future Values of Climatic Variables

The projection made here is derived from the equations in figures 1, 2, 3, and 4 for rainfall, temperature, relative humidity, and sunshine respectively. Table 8 reveals that by 2020 the temperature of the zone is projected to have a value of 26.68oC and by 2030, 2040, 2050 temperature values are expected to be increasing from 26.960C to 27.260C and to 27.540C respectively. The table also reveals that rainfall in the zone is predicted to have the following values from 1512.67mm, 1502.53mm, 1492.52mm, and 1482.62mm in 2020, 2030, 2040, and 2050 respectively. This implies that values of rainfall are projected to be decreasing signifying that drought could be experienced in the zone in the future if the trend continues. Relative humidity will have values decreasing from 74.89% in 2020, 74.44% in 2030, 74.00% in 2040, and 73.55% in 2050 (Table 8). For sunshine hours, the values are expected to be increasing from 4.40 hours in 2020, 4.41 hours in 2030, 4.42 hours in 2040, and 4.43 hours in 2050.

Table 9 reveals that the optimal range of rainfall for the growth of yam, maize, and cassava are 1700 - 3000mm, 1000 – 2500mm, and 1700 - 2500mm respectively. The table also shows that the optimal range of temperature for the growth of the crops is 25 – 30oC for yam and cassava, and 26-30oC maize. The optimal range of relative humidity for the growth of the crops is 75-80% for yam and cassava, and 65-80% for maize while the optimal range of sunlight hours for the growth of the crops is 4-5 hours (Table 9).

Comparing table 8 and table 9, it can be inferred that the projected values of the climatic variables in the future still fall within the optimal conditions for the growth of maize but do not fall within optimal range for growth of yam and cassava. This implies that up to 2050 maize can still be grown in the zone, but the projected climatic conditions then will not be favourable for optimal growth of yam and cassava. This is consistent with the findings of Molua and Lambi (2007) in Cameroon, Deressa et al. (2008a and 2008b) and Yesuf et al. (2008) in Ethiopia, Adejuwon (2004) in Nigeria. 
Table 8: Predicted future values of climatic variables

	
	2020
	2030
	2040
	2050

	Temperature (oC)
	26.68
	26.96
	27.26
	27.54

	Rainfall (mm)
	1512.67
	1502.53
	1492.52
	1482.62

	Humidity (%)
	74.89
	74.44
	74.00
	73.55

	Sunshine (Hours)
	4.40
	4.41
	4.42
	4.43


Source: Derived by the Researchers
Table 9: Optimal Climatic conditions for the growth of maize, yam and cassava

	
	Rainfall (mm)
	Temperature     (oC)
	Humidity (%)
	Sunshine (Hrs)

	Yam
	1700 – 3000
	25 – 30
	  75 – 80
	     4 – 5

	Cassava
	1700 – 2500
	25 – 30
	  75 – 80
	     4 – 5

	Maize
	1000 – 2500
	26 – 30
	  65 – 80
	     4 - 5


Source: Norman et al., 1984; Lumpkin and Plucknett, 1982; Rehm and Espig, 1991; Watson, 1983; Skinner, 1989; www.infonet-biovison.org/default/ct/146/crops
4.0 Conclusion

The statistical analysis of temperature and sunshine duration data, from 1978 to 2007 in the Rainforest Zone of Nigeria show an increasing trend, with a slim variation in temperature and sunshine duration. On the contrary, rainfall and relative humidity showed decreasing trend with a negligible variability. The decreasing trend of rainfall and relative humidity implies that the zone could experience drought in the future which will not be favourable for the growth of crops especially yam and maize. This is reflected in the comparison of the optimal growing conditions for the crops and the projection of their future climatic values which reveals that in the near future the crops could not thrive in the zone.
A statistical significant relationship existed between climatic variables and crop yields. This goes a long way indicating the importance climate to crop production. This makes climate an important determinant and resource for crop production in the rainforest zone of Nigeria. This means that climatic variables like rainfall and temperature are very important to agriculture in this zone. There changes beyond optimum or far below optimum will be very disastrous to agriculture in the area. Since agriculture is the main means of livelihood for the inhabitants, livelihood, income, food security and employment will be drastically affected too. The case will be same for Nigeria and Africa as a whole. This creates the basis for urgent intervention for researches and projects which generate lessons for adaptation in order cushion colossal potential human tragedy in form of food insecurity, poverty and social conflict.
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