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Abstract 
This study was carried out in Southeast Nigeria. Multi-stage sampling technique was used to select a sample of 312 cassava producer 
farmers from whom primary data were collected. Data bothering on the farmers socio-economic characteristics, number of man-
hours agreed between employers and labourers for a day’s work, time spent from this man-hours to rest, eat, smoke, etc;  and their 
perception on how climate element change were collected. Secondary data for the study were collected from agro-metrological 
institution like the National Root Crop Research Institute Umudike. These included data on mean annual climate elements for a 
period of forty (40) years (1972-2011). Data were analysed with the use of descriptive statistical tools like mean, frequency polygon or 
line graph and ordinary least square multiple regression analytical tools. Results show that the mean age, annual income, household 
size and level of education of farmers in the study area were 51.3years, ₦391530.64, 8persons, and 9.6years respectively. 
Temperature and Hours of sunshine indicated a statistically significant increasing trend over the period studied while Number of 
rain-days showed a statistically significant decreasing trend. The result also showed that climate indicators such as excessive heat or 
temperature (Eh), volume of rainfall (Rv) and frequency of dry spell(Ds) significantly and negatively affected labour time allocation. 
More efficient time allocation approaches were recommended to farmers while calling on government and all stakeholders to 
synergize and help to improve on the existing adaptive and resilient capacities of farmers. 
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Introduction 
The risks associated with increasing climate variability pose technological and economic challenges to societies which are 
dependent on agriculture for their livelihood. There is a general consensus among scientists, economists, and policy makers that 
the entire globe is facing a real and serious long-term threat from climate change (Buckland, 1997; Hansen et al, 2007; Matarira et 
al, 1995). Projections suggest that, by the end of the 21st century, climate change would have had substantial impact on 
agricultural production and, hence, on the scope for reducing poverty (Slater et al, 2007). Evidence has shown that changing 
climate is already affecting crop yields in many countries (IPCC, 2007; Deressa et al, 2008; BNRCC, 2008). This is particularly 
true in low-income countries like Nigeria where climate is the primary determinant of agricultural productivity and adaptive 
capacities are low (SPORE, 2008; Apata et al, 2009). Many African countries including Nigeria, which have their economies 
largely dependent on weather-sensitive agricultural production systems, are particularly vulnerable to climate change (Dinar et al, 
2006). Rough estimates suggest that over the next 50 years, climate change may likely have a serious threat to meeting global 
food needs than other constraints on agricultural systems (IPCC, 2007; BNRCC, 2008). This threat is multidimensional in the 
sense that climate  change will affect the  growth and yields of crops, and also  encourage the  preponderance of pests and diseases 
which not only inhibit the performance of crops but the health and availability of human labour resource. 
 
Since climate change has been confirmed to increase the intensity of sunshine, higher temperature and highly erratic rainfall 
pattern which is also occasionally torrential, it is believed that it inhibits the effective and efficient performance of on-farm labour 
used in crop production. This assertion is supported by Kovats et al, (2008) who opined that global climate change will increase 
outdoor and indoor heat loads, and may impair health and productivity for millions of working people. Agriculture in Nigeria is 
heavily affected by this menace because mechanization level is low and most activities are done by manual labour.  In fact, in sub-
Saharan Africa, 65 percent of the power for land preparation is provided by people, with 25 percent by draft animals and only 10 
percent from engines (Sims and Kienzle, 2006). 
 
According to Olayide and Heady (1982), labour is the second most important resource in farm production and constitutes a serious 
limiting input in the production process. Olayide and Heady (1982) and Upton (1997) also posit that labour and entrepreneurship 
are the most important resources next to land in traditional agriculture because it is in them that the decision making power in any 
production process resides. Labour with respect to agriculture means the available human effort for use in production (FAO, 1986-
1995). Its availability or supply is a function of economically active proportion of the population released into agriculture (FAO, 
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1986-1995) and its quality is a function of the level of education and training attained.  Clearly, adequate agricultural production 
depends on available power, especially human labour in regions with fewer technological inputs. Here two key issues of major 
concern have been raised to be associated with climate change. One is the implication on efficiency of labour resource use and the 
other is its effect on sustainable food crop production approaches/systems.  The concept, efficiency indicates how well an 
organization uses its resources to produce goods and services. Thus, it focuses on resources (inputs), goods and services (outputs), 
and the rates (productivity) at which inputs are used to produce or deliver the outputs. Finally efficiency measurement could be 
categorised into three, namely; technical efficiency, price or allocative efficiency and economic efficiency. Therefore labour use 
efficiency in crop production can be measured as a ratio of the output of labour  to the number of hours worked (time input), in 
value terms; or as the ratio of actual number of hours worked to the expected number of hours the labourer is hired for (OAGC, 
2007). This study addresses the labour efficiency from the perspective of climate change effects on actual time allocation to 
productive activities in  the farm.  
 
Material and Methods 
The study was carried out in Southeast Nigeria located in within latitudes 5oN to 6o N of the equator and longitudes 6oE and 8oE of 
the Greenwich (prime) meridian (M.S corporation, 2009). Southeast Nigeria is made up of five (5) states namely Abia, Anambra, 
Ebonyi, Enugu and Imo. The zone occupies a total land mass of 10,952,400 hectares with a population of 16,381,729 people 
(NPC, 2006). There are two major seasons experienced in this zone. These are the Dry season and the Rainy season. The dry 
season occurs between November and March while the rainy season occurs between April and October. Although over the recent 
decades, it appears very difficult to create a clear cut distinction between the periods we refer to as rainy season and dry season 
due to climate change. This is epitomized by heavy rains that fall during the supposed dry spells and obvious dry spells suffered 
during seasons that heavy rains are expected.  
 
The zone experiences an average annual temperature, rainfall, relative humidity, number of rain-days and hours of sunshine per 
day, of 27oC, 1800mm, 72%, 4.4hours, and 142days respectively. Despite the observed erratic nature of both rainfall and dry 
spells, the location of the zone within the tropical rainforest belt of the country encourages and allows the growth and survival of 
most tropical food crops like yam, cassava, vegetables, rice, etc, and livestock production.  Hence about 60-70% of the inhabitants 
of this zone are observed to engage in agriculture, mainly crop farming and animal rearing (Okoye et al, 2010).  
 
The multi-stage sampling technique was adopted in the process of sample selection. The topographic distinction of the southeast 
states enabled the clear division of the states into two distinct categories namely the relatively hilly terrain  states (Enugu, Ebonyi 
and Anambra) and the relatively flat terrain states(Imo and Abia). Consequently, one state was purposively selected from each 
category based on typical hilly or flat nature of the state. This gave rise to Imo and Ebonyi states as the two states of interest. 
Secondly, two agricultural zones were chosen from each of these states to get a total of four agricultural zones for the study. 
Thirdly, three Local Government Areas (L.G.As) were randomly selected from each of these agricultural zones to get twelve (12) 
L.G.As. In the fourth stage, three communities were purposively selected from each of the 12 L.G.As to get a total of 36 
communities. These were purposive due to the fact that the selections were based on the high proportion of food crop contact 
farmers (cassava farmers) as contained in the register of each L.G.A Extension Department. Finally one village was randomly 
selected from each community to get a total of 36 villages used for the study. To ensure that adequate and representative sample 
was drawn at this stage, a pre-survey sampling frame was determined by compiling a list of the cassava producer households 
available in the chosen 36 villages. This was done with the assistance of village heads and extension agents. When this frame was 
determined,(331 from Imo state and 195 from Ebonyi state),  the adequate sample size from each state was computed using the 
model; 
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(Yamane, 1967)  
 
Where   n = sample size 
            N = population (sample frame) 
            e = level of precision in percent. 
 
Following this model,  the total sample size used for the study was 312; 181 from Imo state and 131 from Ebonyi state at (e 
=0.05). These were randomly selected from the sample frame. 
 
Data for this study were collected from both primary and secondary sources. Secondary data were collected from the records of 
research institutions, published works by government ministries, agencies and parastatals like National Root Crop Research 
Institute Umudike (NRCRI), Secondary data concerning the annual mean climate variables like temperature, rainfall, relative 
humidity, and sunshine duration for a period of forty years were collected from the Agro-metrological unit of the NRCRI, 
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Umudike. Primary data for this study were collected from the cassava farmers using both direct and indirect approaches. This 
implies that in some cases cost route approach were used by the researcher to collect some data while others were collected with 
the use of interview schedule. The type of data  collected included those that bother on the socio-economic characteristics of 
farmers like (age, sex, level of education, household size, annual income, etc.). Data concerning the man-days or man-hours of 
work usually agreed upon between labourers and employers and the actual man-hours engaged in the work (i.e. effectively utilized 
in the work) were collected. Furthermore, farmers perceptions on how some climate indicators have varied in the last few years 
were elicited and recorded. Data were analysed using appropriate descriptive statistical tools and the ordinary least square (OLS)  
multiple regression analytical tools. The socioeconomic characteristics of farmers were analysed using mean, frequencies and 
percentages; the trend of change in climate variables were analysed with the use of frequency polygon or line graphs while the 
effect of climate change on labour time allocation was analysed by regressing actual time allocation with the identifiable changes 
in climate indicators using the model given below; 
 
ATAi = f(  Hss, Ds, Eh,Fd, Re,Rv, e)                       …………………….2.2 
Where ATAi = Actual time allocation in hours/man-day by the ith farmer and 
Ds = Frequency of dry spell, Eh = Excessive heat/temperature, Hss = hours of sunshine, Fd = frequency or incidence of flooding, 
Re = Erratic nature of rainfall,  and Rv = volume or amount of rainfall,  are indicators of climate change and were measured using 
ordinal scale values ((0 = no change, 1= low, 2 = moderate, 3 = high) to elicit from the farmers their various perceptions on these 
indicators and   e = stochastic error term.( Etiosa and Agho, 2007; Okon and Egbon, 1999; French et al, 1995; Awosika, et 
al,1992; and Oladipo,1995). 
It is expected a priori that the coefficients of  Hss, Fd, Rv, Eh and Re < 0 while the coefficients of Ds, >0 
 
Results and Discussion  
Socioeconomic Characteristics of the Respondents 
Table 3.1 shows the distribution of respondents according to their socio-economic characteristics. 
 
Table 3.1: Distribution of Respondents According to their Socio-economic Characteristics 

Socio-economic  
Characteristic 

Mean 
 

Standard deviation Range  

Age(years) 51.3 9.65 28-75 
Household size(persons) 8 2.86 2-8 
Annual Income(₦) 391,530.64 0.000022 113290-1634271 
Level of Education(yrs) 9.6 5.94 0 – 22 
Farming experience(yrs) 20.96 9.28 2-60 
Farm size(hectares) 0.84 0.83 0.05- 5.00 
Number of extension  
Contact( no. of visits) 

 
0.73 

 
1.2 

 
0.00- 12.00            

Source: Field Survey Data, 2012. 
 
According Table 3.1, the mean age of cassava producer farmers in southeast Nigeria was 51.3 years with a standard deviation of 
9.65years. This implies that there was  high variability in the ages of farmers, however they were still within the productive age 
limit during which they could fully and efficiently engage in all forms of productive labour especially farm labour. The mean 
household size of farmers in the study area  was 8 persons per home, mean annual household income of ₦391,530.64 and mean 
farm size of 0.84 hectares.  These categorise the farmers in the study area as smallholder  and resource poor farmers because they 
farm on land between 0.1-5.99 hectares (Olayide,1980; Ogungbile and Olukosi, 1999, and Nwaiwu, 2007). This implies that they 
were  mainly subsistence farmers who have very limited capacity to practice commercial farming. Consequently, they were also 
expected to have very weak capacity to adapt to the fast changing climate which has very adverse effects on agriculture and food 
production, if some abatement strategies are not strictly adopted. Furthermore, the farmers were said to be food insecure because 
according to the world Health Organization WHO, an individual is said to be food insecure if that person subsists on below $1.25 
dollars per day (Todaro and Smith, 2011). Obviously $1 dollar is currently equivalent to about one hundred and sixty (₦160.00) 
Nigerian naira. From Table 3.1 the per capita income of the farmers per day was about one hundred and thirty-four naira 
(₦134.00). This implies that they leave below $1.25 USA dollar per day. The Table also shows that  the mean frequency of 
extension visits to the farmers was 0.73 times. This implies that extension education in the study area was very poor as such 
farmer would lacked a lot in terms of availability and use of innovations including climate change adaptive and mitigation 
strategies that would  have helped them overcome the dangers of climate change. Finally, the mean level of education of farmers 
in the study area was approximately ten (10) years. This implies that they would have acquired post-primary education which 
makes them enlightened enough to be able to adopt available innovations when introduced to them. 
 
Describing the Trend of  Climate Variables. 
Table 3.2 shows the analysis of climate records in southeast Nigeria between the periods of 1972 through 2011. 
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Table 3.2 Analysis of climate Records from  1972-2011. 
Climate Element Mean Standard 

deviation 
Range Trend Correlation 

coefficient 
Temperature(0C) 26.77 0.444 25.95-27.65 1.192* 0.425* 
Rainfall(MM) 
 

1794.05 239.94 
 

1250.95-2290.33 2.074 
 

0.091 

Number of rain-
days (days) 

141.80 
 

10.99 
 

110.00-167.00 -6.717* 
 
 

0.497* 

Relative humidity 
(%) 

71.98 
 

1.44 
 

68.50-74.00 
 

-0.900 
 

0.138 

Sunshine duration 
(hrs) 

4.35 
  
 

0.35 
 

3.80-5.20 
 

0.008 
 

0.253 

*Significant at 1% 
Source: Author with data from NRCRI, Umudike 
 

 
 

Figure 3.1a. Trend  of temperature of Southeast Nigeria between 1972-2011. 
Source: Author with data from NRCRI, Umudike. 
 
 

 

According to the statistical records of  temperature in Southeast Nigeria as recorded by the Agromet unit of the NRCRI, 
Unlike dike from 1972-2011, temperature showed an increasing trend  with the highest temperature occurring in 2009 at 
27.65oC and the lowest occurring in 1975 at 25.95 oC (Table 3.2 and Fig.3.1a).  Also the mean and standard deviation of  the 
temperature record were 26.77 oC and 0.441 oC  respectively (Table 3.2).  This shows that there is a very small variability in 
temperature from year to year. The trend coefficient is 1.192 and is statistically  significant at 1% level ( Table 3.2). The 
correlation coefficient was 0.425 and is statistically significant at 1% level implying that temperature has a significant positive 
relationship with time. This therefore indicates that climate with respect to temperature is really changing and increasing, 
hence there is indeed global warming.  
 

 
 
Figure 3.1b. Trend in Volume of Rainfall of Southeast Nigeria between 1972-2011. 
Source: Author with data from NRCRI, Umudike . 
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Statistics of rainfall volume in Southeast Nigeria between the periods of 1972-2011 showed an increasing trend with the highest 
occurring in 1996 and lowest occurring in 1983 with values of 2290.33mm and 1250.95mm respectively (Table 3.2, Fig.3.1b). 
The mean and standard deviation were 1794.05mm and 239.94mm respectively(Table 3.2). This implies that there is a high 
variability in rainfall within this period hence the observed  positive trend though not statistically significant. The coefficient of 
correlation  was 0.091(Table 3.2), which is not statistically significant also. This indicates that there is a weak positive relationship 
between rainfall and time. 

 
Figure 3.1c Trend  of Number of Rain-days in Southeast Nigeria between 1972-2011. 
Source: Author with data from NRCRI, Umudike. 
 
Analysis of number of rain-days as recorded by the Agromet unit of the NRCRI, Umudike showed a decreasing trend in the 
number of rain-days in Southeast Nigeria with a trend coefficient of -6.717 which is statistically significant at 1%. The maximum 
and minimum number of rain-days occurred in 1976 and 1987 with the values of 167days and 110days respectively (Table 3.1 and 
Fig.3.1c).The mean and standard deviation were 141.8days and 10.99days. This indicates a high variability in number of rain-days 
from year to year. The coefficient of correlation between number of rain-days and time was 0.497 and is statistically significant at 
1% implying that the number of rain-days is strongly correlated with time and since a negative trend is observed, it means that the 
region and indeed Nigeria is tending toward a dryer period which portends an imminent doom for the life of the flora and fauna.  
Furthermore, the negative correlation between number of rain-days and time vis- a-vis the positive correlation between volume of 
rainfall and time provides a clearer explanation about the  torrential rainfall that are usually observed in recent times.    
 

 
Figure 3.1d Trend  of Relative Humidity in Southeast Nigeria between 1991-2011. 
Source: Author with data from NRCRI, Umudike  
 
Relative humidity records from Southeast Nigeria between 1991-2011 showed a decreasing trend with a coefficient of -0.900 
though not statistically significant. The highest occurred in 1996 and 1997 and the lowest occurred in 2008 with values of (74%) 
and (68.5%) respectively (Table 3.2 and Fig.3.1d). The mean and standard deviation were 71.98% and 1.44% implying that 
relative humidity has a very small variability with time. The coefficient of correlation between relative humidity and time was 
0.138. This indicates a weak relationship between relative humidity and time because the coefficient is insignificant.  
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Figure 3.1e. Trend in Sunshine Duration in Southeast Nigeria between 1972-2011. 
Source: Author with data from NRCRI, Umudike.  
 
Table 3.2 and figure 3.1e show that the hours of sunshine indicates an increasing trend with time with a coefficient of 0.008hrs. 
This positive trend in sunshine duration  could be linked to the increasing trend in temperature as observed in Table 3.2 and figure 
3.1a. It is agreeable that the higher the hours of sunshine the greater is the temperature. The mean and standard deviation were 
4.35hrs and 0.35hrs respectively. This implies a narrow variability between sunshine duration and time over the period under 
review. The maximum and minimum hours of sunshine per day were 5.20 hours and 3.80 hours and were recorded in 1995 and 
1978 respectively. The coefficient of correlation (r) was 0.253 and is not statistically significant. This indicates that there is a 
weak relationship between sunshine duration and time      
 
The Effects of Climate Change on Labour Time Allocation. 
Table 3.3 shows the multiple regression result of effects of climate change on actual time allocation by Farm labourers engaged in 
food crop production. 
 
Table 3.3: Multiple Regression Result showing the Effects of Climate Change on Labour Time Allocation. 

Predictor Variables Linear  
function 

Semi-log 
function 

Double-log 
Function 

Exponential 
Function 

Vol/amt of Rainfall(Rv) -0.016 
(-2.267)** 

-0.146 
(-3.149)* 

-0.028 
(-3.271)* 

-0.003 
(-2.507)** 

Rainfall 
Erraticity(Re) 

-0.013 
(-0.928) 

-0.095 
(-1.330) 

-0.024 
(-1.803) 

-0.003 
(-1.298) 

Frequency of 
Dry spell(Ds)   

0.069 
(7.471)* 

0.398 
(6.468)*  

0.083 
(7.177)* 

0.013 
(7.774)* 

Freq./Inci.of 
Flood/eros(Fd  

0.002 
(0.081) 

0.046 
(0.625) 

0.004 
(0.260)  

-0.001 
(-0.205) 

Excessive heat or 
Temp.(Eh) 

-0.267 
(-15.793)* 

-1.033 
(-14.769)* 

-0.192 
(-14.642)* 

-0.051 
(-16.287)* 

Hours of Sunshine(Hss)
  

0.009 
(-0.943)  

-0.098 
(-1.767) 

-0.019 
(-1.825) 

-0.002 
(-1.103) 

R2   0.623 0.594 0.605 0.642 
F-Value 83.932* 74.364* 77.876* 91.018* 
R-2 0.615 0.586 0.597 0.635 
Std.err. 0.70382 0.73022 0.13709 0.13059 
Tss 
N 

400.549 
312 

400.549 
312 

14.514 
312 

14.514 
312 

Note: Figures in parenthesis are t-ratios. 
* Significant at 1%,  ** Significant at 5%  
Source: SPSS Analysis of the Field Survey Data, (2012). 
 
According to table 3.3, four functional forms were also tried and exponential function proved the best goodness of fit with R2 of 
0.642. This implies that 64% of the variations in the endogenous variable have been explained by the explanatory variables. The 
magnitude of this explained variation is also statistically significant at 1% level as shown by the F-statistic of 91.02. The 
unexplained variation value as represented by the Total sum of squares (TSS) of 14.51 is also low and same value with double-log 
function which is comparable with it. The standard error is lowest and adjusted R-square(R-2) also highest. 
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The Table also shows that the coefficient of the volume of rainfall(Rv), frequency of dry spell(Ds), and excessive heat 
/temperature(Eh) were statistically significant at 5%. This implies that changes in these variable greatly influences labour time 
allocation. They are also seen  to be inversely related to labour time allocation, which implies that the higher the volume of 
rainfall, frequency of dry spell, and excessive heat/temperature, the lower the actual time used in crop production activities. Other 
variables like rainfall erraticity, frequency /incidence of flooding and hours of sunshine though not significant, were also 
negatively related to labour  time allocation. These patterns of relationship except that of frequency of dry spell(Ds) are in 
concordance with the a priori theoretical expectation that the Rv, Eh, Re, Fd, and Hss will be negatively related. The volume or 
amount of rainfall(Rv) reduces labour time allocation because the more there are rains, the higher the tendency of farm  workers to 
be disrupted by the rains while in their farm work. Consequently, the lesser the time actually used in the farm work to the time 
agreed by the labourer and the employer. Similarly, erratic nature of rainfall, makes rains highly unpredictable, thereby disrupting 
farm plans and the time scheduled for work by the labourers, hence loss of man-hours agreed when labourers leave their duty post 
for sheds to avoid being beaten by rains. Excessive heat or high temperatures also weakens labourers in the farm. They therefore 
rest more frequently while in scheduled farm operations thereby losing some man-hours. This is similar to longer hours of 
sunshine which makes labourers look for sheds more often during work periods. This also leads to loss of man-hours and time 
allocation. Floods disrupt and reduce the rate of certain farm operations like weeding, making of planting structures, and even 
planting proper. Therefore when the incidence of flooding and erosion increases, work rate reduces, therefore loss of time in a 
scheduled work activity. 
 
It would be agreed that the movement of Ds against a priori theoretical expectation could be attributed to the fact that higher 
frequency of dry spell is accompanied by higher temperatures and higher heat waves in the tropics and rainforest zones like 
southeast Nigeria. Hence, when there is dry season, the accompanied high temperatures and heat waves, affects the health of farm 
labour adversely thereby leading to higher frequency of staying out of work and taking cover under sheds of trees and ‘make-shift’ 
farm houses. This action invariably reduces labour time allocation and subsequently, lower labour productivity and agricultural 
productivity. 
 
Conclusion 
The above analogies suggest that indeed climate change seriously reduces labour time allocation to food production, hence lower 
labour use efficiency and low agricultural productivity. The obvious increases in temperature accompanied by heavy heat waves 
and longer hours of sunshine debilitate farm workers thereby making them to rest more than they work within the scheduled and 
agreed time work period. The decreasing trend in number of rain-days epitomised by the increasing erratic nature of rainfalls, 
disrupts labour time allocation and loss of man-hours. Consequent upon these, climate change abatement measures like increase in 
awareness on potential changes in climate should be strengthened by metrological stations in Nigeria to enable farmers plan their 
routine operations with higher level of precision so to avoid loss of time. Farmers are therefore advised to plan their operations in 
such a way that will suit the changing climate conditions. These include breakage of time work such that there would be early 
morning schedule (between 6.00am and 12.00pm) and late evening schedule ranging ( between 4.00pm -6.30pm). These periods 
will enable them avoid working under scorching heats of the sun during mid-days. Furthermore, farmers are advised to have 
alternative routine work operations per day so that they could easily adjust their programmes to suit the weather situation of each 
day. Above all, government should provide incentives like health facilities, improved varieties of crops and other amenities that 
could increase the adaptive and resilient capacities of farmers to the ravaging menace of climate change.  
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