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Abstract

:

Africa’s rapidly growing population is exerting a lot of pressure on agricultural resources including maize yields and harvest area. Across Africa, access to advanced options for increasing maize yields are inadequate. This is daunting as most of the cultivation of maize is in the hands of smallholder farmers who have inadequate access to modern methods of farming. This has resulted in an increase in dependency on harvest area to increase yields. However, it is still unclear how this maize-yield-harvest-area dynamic plays out across different regions of Africa. This study uses crop yield and harvest area time series data from FAOSTAT for the period 1961–2019. The data are analyzed using linear interpolation, the normalization technique, the rate of change, the Pearson correlation coefficient, the coefficient of determination and regression analysis. The results show that maize yields and harvest area have increased by 71.35% and 60.12%, respectively across Africa. Regionally, West, Middle and East Africa witnessed a positive relationship between maize yields and harvest area while in North and Southern Africa, maize yields and harvest area have an inverse relationship. For example, in assessing the relationship between maize yield and harvest area in Africa, this work observes that North Africa has a correlation of −35% and an R2 of 12%, while Southern Africa has a correlation of −36% and R2 of 13%. On the other hand, West Africa has a correlation of 87% and an R2 of 76%, while Middle Africa recorded a correlation of 66% and an R2 of 42%. East Africa recorded a correlation of 76% and R2 of 61%. These results confirm that maize yield and harvest area have a positive relationship in West, Middle and East Africa and a negative relationship in North and Southern Africa. These results underscore the fact that in North and Southern Africa, maize production is less dependent on harvest area as is the case in the other regions of Africa. Such findings have implications for adaptation planning especially in sub-Saharan Africa where food insecurity is closely related to land and forest degradation.
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1. Introduction


Mankind is currently challenged by the global need to produce enough food to feed a rapidly growing world population and thereby reduce hunger and malnutrition [1]. Parallel to this major challenge is that of an increasing population and the situation is daunting as climate change, climate variability and related patterns of land use are rendering the task of producing more food very difficult [2,3,4]. Regarding these issues, Africa is one of the most severely impacted regions of the world, as most crop yields in general and maize yields continue to be affected by climatic and non-climatic drivers, thereby affecting the continent’s food security [4,5].



To grapple with these challenges, farmers have resorted to actions which have triggered further environmental repercussions on the environment and in other sectors of the economy in Africa (maladaptation). Indeed, many farmers have resorted to increasing their harvest area with the aim of enhancing maize yield [6]. The repercussions of this are a short-term increase in maize production, and parallel long-term damages caused to the environment such as increased deforestation, soil erosion, reduced soil organic carbon and reduced carbon dioxide sequestration [6].



In Africa, maize production is peculiar because maize is the second most cultivated crop on the continent [7]. Additionally, maize is peculiar because in Africa, it is cultivated essentially by smallholder peasant farmers who do not have adequate access to capital to invest in modern yield improvement methods or adaptation options. As such, the smallholder farmers often depend on increasing harvest area in bids aimed at increasing production [8]. These current challenges are even more daunting and warrant a better understanding as the demand for increased food production is expected to double by 2050 [9]. This surge is being driven by increased consumption of meat and dairy products, and population growth [9,10,11].



In addition, it has been reported that the yields of maize and harvest area may be fluctuating across Africa [9]. However, there are currently no studies that have analyzed this dynamic in enough detail to show how maize yields and harvest area vary from one region of Africa to another. Some authors have attempted a global, regional, and national analysis on maize yield trends to identify areas where crops might have stagnated [11,12,13,14,15,16,17]. However, no spatially detailed assessment of the trends in maize yield and harvest area have been attempted to date across Africa. The only attempt to investigate the maize yield harvest area dynamics is based on a study by Santpoot [18] which examines the drivers of maize yield expansion in sub-Saharan Africa and policies to boost maize production. This current study considers the current patterns of maize yield and harvest area across different regions of Africa based on time series maize yield and harvest area data.



This study proceeds by identifying the changes that these variables have witnessed over time as well as examining the relationship between these two variables as it has been often observed that farmers in the least developed parts of Africa focus their production improvement strategies on bringing more land into production; a practice that triggers maladaptation in the long-term [9]. The fact that agricultural production in most of Africa is in the hands of smallholder farmers makes resorting to more advanced methods of improving yields such as extension workers’ services, agronomic changes, high yielding varieties, soil amendments, fertilizers, machines, and pesticides, among others less accessible. These farmers depend on the false assertion that cultivating more land by increasing harvest area will enhance their yields, but this is not often the case [18]. Bringing more land into production may imply planting more seeds resulting in short term production gains. The fact that maize is the main cereal crop in Africa, and that it is an important staple crop further depicts the importance of maize. Since these dynamics have not been investigated in detail across Africa, this work aims to fill that research gap by identifying recent patterns in maize yield and harvest area across Africa.




2. Materials and Methods


2.1. Data Collection


Maize yield data (hg/ha) and maize harvest area data (ha) were collected from FAOSTAT [8]. These time series data cover the period 1961–2019. The data were first collected for various African countries from which regional annual trends were derived. These data were collected to track maize yield and maize harvest area trends across different African countries. The national time series data were then categorized and aggregated into regional time series for maize and maize harvest area. The aggregated country data were consistent with the regional data for these two variables reported by [8]. The regions included were: North Africa, West Africa, Middle Africa, East Africa, and Southern Africa (Table 1).



The data were normalized and commuted into yield and harvest area data for the various regions (see Equation (1)). This is a process of rescaling the data from the original to ease handling, comparison, and interpretation. Values are often within the range 0–1. This is pertinent when using data that have input values and differing scales to ease comparison and computation. It is also important to be able to identify the minimum and the maximum values.


Y = (x − min)/(max − min)



(1)




where Y is the normalized output, x is the value to be normalized and max and min are the maximum and minimum values of the time series.



In conducting this research, some data availability constraints were observed. Some countries such as Tunisia, Lesotho, Cape Verde, Comoros, and Swaziland had no data, while others such as Eritrea and Djibouti had no maize yield and harvest area data before 1993 and 1983 respectively. Missing data values were common during the early years of the data compilation series. To complete the missing data, a 5-year linear interpolation average window was used to interpolate the missing data (see Equation (2)). In some countries such as Somalia and Sudan, data quality might be poor due to incomplete information, political strife, unstable institutions, misrepresentation of data and absence of access to proprietary data. Linear interpolation was used to estimate the unknown values or missing data through the known values or available data. Other possible estimation approaches are the regression approach based on ordinary least squared (OLS), method of moments (MOM) or maximum likelihood (MLH) approaches. The parameters estimation approach is also tenable as it uses data assimilation techniques [19]. However, linear interpolation is preferred because it uses the 5-year average to estimate the missing data and thus provides a more realistic estimate.


Y = y1 + ((x − x1)/(x2 − x1)) * (y2 − y1)



(2)




where x is the known value, Y is the unknown value or missing data, x1 and y1 are the coordinates that are below the known x value and x2 and y2 are the coordinates that are above the x value.




2.2. Data Analysis


To better understand the trends in maize yield and maize harvest area over time, the data were subjected to further analysis. This was based on the use of the approach for the computation of the rate of change, correlation analysis, coefficient of determination and regression analysis. Previously, normalization and linear interpolation were used to treat the data. These approaches are like those used by [9,20,21,22]. The choice of the regression approach was based on the Akaike Information Criterion (AIC). This was used to decide what model among several (intercept only, linear regression, quadratic and cubic) best fit the data. This criterion was initially proposed by Akaike (1974) [23]. In this case, this work settled for the linear regression model which had the minimum AIC. The equation (Equation (3)) used to compute the AIC is given as:


AIC = nlog (ss/n) + 2p



(3)




where ss is the residual sum of squares, n is the sample size (58, i.e., number of years of time series data) and p is the parameters (in this case 2 for maize yield and maize harvest area).



To better understand the changes in yields and maize harvest area, the rate of change approach based on moving averages was employed (Equation (4)). In addition, correlation coefficients between maize yield and harvest area were computed to provide an understanding of the relationship between maize yield and maize harvest area. The correlation coefficient helps to determine if an increase or decrease in maize harvest area is associated with an increase or decrease in maize yield. Equation (5) was used to compute this.


  R C y / h a = 100 ×   V 2 − V 1   V 1      



(4)




where RCy/ha represents the rate of change in maize yield and harvest area, and V1 and V2 are the yield or harvest area time series at the beginning of the time series and at the end, respectively.


  ρ x y =   Cov   x , y     σ x σ y      



(5)




where ρxy is the Pearson product-moment correlation coefficient, Cov(x,y) represents the covariance of variables x and y, σx is the standard deviation of x and σy is the standard deviation of y.



The coefficient of determination, or R2, was also used to compute how well the regression model fits the observed data. In other words, it enhances the evaluation of the extent to which the observed changes in maize yield are accounted for by the linear relationship between maize yield and harvest area. This was computed using Equation (6). To determine the trends in maize yield and harvest area, a regression model was used. This model was selected because it fit the observed data as defined in the Akaike [23] information criterion, used to decide which model fit the observed data best. A similar approach was also used by [20]. The resultant model parameters were used to guide the classification of yields and harvest area trends as follows. If the model was linear with a positive slope/coefficient, then yield and harvest area were increasing. However, if the linear model had a negative slope/coefficient, it showed that the yield or harvest area were declining. Equation (7) was used to fit the regression model.


   R ² =   S S r e g r e s s i o n   S S t o t a l     



(6)




where SSregression represents the sum squared regression error; SStotal represents the sum squared total error.


  Y m   o r   H a = bx + a  



(7)




where Ym and Ha are maize yield (hg/ha) and harvest area (ha), respectively, b is the slope or coefficient of regression, x is the year and a is the intercept.



To assess the relationship between actual and expected maize yields and maize harvest area, this work had to simulate to estimations of the expected yields and expected harvest areas for each observed yield and harvest level. To accomplish this, the regression approach was employed as specified below:


Sim.ExpY.Ha = i + sx



(8)




where Sim.ExpY.Ha represents the simulated maize yield and maize harvest area, i is the intercept and s is the slope while x is the year. For details on the excel functions/codes used in computing the regressions, intercepts, and slopes, see the Supplementary Materials S1 & S2.





3. Results


3.1. Maize Yield Harvest Area Trends in Africa


In Africa, maize yields have assumed an overall rising trend between 1961 and 2019. In fact, they have increased from 499,210 hg/ha in 1961 to 855,422 hg/ha in 2019 (Table 2). Overall, there has been a 71.35% increase in maize yield across Africa. As concerns harvest area, Africa has witnessed a 60.12% increase in harvest area from 23,637,839 ha in 1961 to 37,847,719 ha in 2019 (Figure 1a,b). These findings show that in Africa, there is a strong correlation between maize yields and harvest area, meaning that maize production is strongly tied to harvest area changes. This is evident as most farmers in Africa use extensive farming through harvest area expansion as a means of increasing their crop production.



These results show a very strong correlation of 92% between maize yield and harvest area. This is an indication of a very strong linear relationship between maize yield and harvest area in Africa (Table. 3). Therefore, maize production in Africa highly correlates with harvest area. Additionally, these results show a coefficient of determination (R2) of 85% (Figure 1c, Table 2). This relatively high R2 is an indication that much of the variability in maize yields in Africa can be explained by its linear relationship with harvest area. The scatter plots of the relationship between maize yield and harvest area show that for Africa in general, when harvest area increases, maize yield also increases. The latter is justified by the strong correlation and R2 previously reported. The coefficient of the scatter plot is a positive number, and it stands at 0.0189, indicating increasing maize yield and harvest area across most of Africa (Figure 1c).




3.2. Maize Yield Harvest Area Trends in North Africa


In North Africa, maize yields have also assumed an overall increasing trend between 1961 and 2019. They have increased from 52,316 hg/ha in 1961 to 145,706 hg/ha in 2019. The region has witnessed a 178.51% increase in maize yield. In the context of harvest area, North Africa has witnessed a −2.69% decrease in harvest area from 1,090,536 ha in 1961 to 1,061,222 ha in 2019 (Table 2). Unlike the observations obtained at the African scale in general, it can be observed that in North Africa, while maize yields are increasing, harvest area is decreasing. This negative relationship is supported by a correlation of −35% between maize yield and harvest area (Table 2 and Figure 2).



In addition, an R2 of 12% is recorded for the relationship between maize yields and harvest area (Table 3 and Figure 2). The implication of this is that the relationship between maize yields and harvest area in North Africa is inverse, as seen in the fact that when maize yields are increasing, harvest area is declining (Figure 3). The R2 of 12% shows that maize harvest area only accounts for 12% of the variability in maize yields in North Africa. Unlike in most other parts of Africa, maize production is not often strongly associated with harvest area expansion. It is important to note that even though the increase in maize yield in North Africa is the highest in the continent of Africa, the region is witnessing a decrease in harvest area (Figure 4), which is equally the lowest in Africa throughout most of the series (Figure 4). This underscores the fact that maize yields in North Africa are not highly correlated with harvest area, as is the general trend across Africa. The coefficient of the scatter plot is a negative number, and it stands at −0.1513, underscoring that maize yields and harvest area have an inverse relationship.




3.3. Maize Yield Harvest Area Trends in West Africa


In West Africa, maize yield witnessed the second largest increase after North Africa from 96,090 ha/hg to 231,815 ha/hg between 1961 and 2019, respectively (Figure 6, Table 2). This increase in maize yields is equivalent to an about 141.25% increase in maize yields, which is the second largest in Africa. In the context of harvest area, West Africa witnessed an increase from 2,332,309 ha in 1961 to 12,972,300 ha in 2019 (Figure 4, Table 2). The latter is equivalent to an increase of about 456.2%.



On the other hand, West Africa is witnessing the highest increase in harvest area in Africa. In West Africa, the correlation between maize yield and harvest area is the highest of all the regions and it stands at about 87% (Table 3 and Figure 2) backed by an R2 of 76% (Table 3 and Figure 2). The high R2 also shows that about 76% of the variability in maize yields in West Africa can be explained by its linear relationship with harvest area. The resultant scatter plots shows that maize yield increases as harvest area increases (Figure 5). This underscores the importance of harvest area expansion as a means of enhancing production in Africa. The coefficient of the scatter plot is a positive number, and it stands at 0.0101 indicating that maize yield and harvest area have a direct relationship.




3.4. Maize Yield Harvest Area Trends in Middle Africa


In Middle Africa, maize yields have also increased by 29.62%. This includes a shift from 76,482 hg/ha in 1961 to 99,143 hg/ha in 2019 (Figure 6, Table 2). Additionally, harvest area has increased by 353.09%. This has also involved a change from 1,621,270 ha in 1961 to 7,345,883 in 2019 (Figure 4, Table 2). As can be observed, Middle Africa has the fourth largest increase in maize yield in Africa and the second largest increase in harvest area.



The relationship between maize yield and harvest area is reflected in a correlation of about 66% and an R2 of 43% (Table 3). The correlation of 66% depicts an above average positive relationship which is further consolidated by the fact that both maize yields and harvest area are increasing (Figure 7 and Figure 2). The R2 of 43% shows that the observed trends in maize yields can only be explained by 43% of the variations in harvest area. In a nutshell, the positive relationship between maize yields and harvest area shows that maize production in Middle Africa is anchored on increases in harvest area. The coefficient of the scatter plot is a positive number, and it stands at 0.0048 indicating that maize yields and harvest area have a direct relationship.




3.5. Maize Yield Harvest Area Trends in East Africa


In East Africa, maize yield has increased from about 103,338 hg/ha in 1961 to 175,248 hg/ha in 2019. This is associated with a 69% change in maize yields (Figure 2, Table 2). Based on these results, East Africa witnesses an increase in maize yields. In terms of harvest area, East Africa witnessed the third largest increase in harvest area after West Africa, and Middle Africa. Harvest area increased from 2,789,143 ha in 1961 to 9,553,576 ha in 2019, a 242.53% increase (Figure 4, Table 1).



The scatter plot of the relationship between maize yield and forest area shows that as maize yield increases, so also does harvest area. As in West and Middle Africa, there is a positive correlation between maize yield and harvest area (78%) and an R2 of 61% (Figure 8 and Figure 2, Table 3) depicting that 61% of the variations in maize yields can be explained by its linear relationship with harvest area. The R2 and coefficient of the scatter plot are positive numbers, and they stand at about 61% and 0.0079, respectively, indicating that maize yield and harvest area have a direct relationship.




3.6. Maize Yield Harvest Area Trends in Southern Africa


After North Africa, Southern Africa witnessed the second largest increase in maize yields of about 126.27%, from 89,938 hg/ha in 1961 to 203,510 hg/ha in 2019 (Figure 3, Table 1). Like North Africa, South Africa also witnessed a decrease in harvest area from 6,615,495 ha in 1961 to about 5,915,291 ha in 2019 (Figure 4, Table 2), this represents a decrease of −10.58%. The correlation between maize yields and harvest area is also negative at −36% showing that an increase in harvest does not necessarily result in an increase in maize yields (Figure 9 and Figure 2). The R2 of 13% further shows that the variations in maize yield can only be explained by 13% of its linear relationship with harvest area (Table 3). Therefore, it can be observed here that most of the increases observed in maize yields in Southern Africa can only be attributed to about 13% of the changes in harvest area. The coefficient of the scatter plot is a negative number, and it stands at −0.0294, indicating that maize yield and harvest area have an inverse relationship.




3.7. Regional Scatter Plots of Actual Yield vs. Expected Yield and Actual Harvest Area vs. Expected Harvest Area


The scatter plots of the relationship between actual maize yield and expected maize yield are presented in Figure 10. It can be observed that most of the regions have a positive relationship. Within this, West Africa has the highest R2 of 93% followed by North Africa (79%) and Southern Africa (75%). The lowest R2 are recorded in East Africa (52%) and Middle Africa (0.9%) (Figure 10). Except for Middle Africa, all the other regions experience an above-average positive relationship between actual and expected maize yield in Africa. In the context of harvest area, it is observed that there is a strong positive relationship between actual and expected maize harvest area for West Africa, East Africa, and Middle Africa, as depicted by their R2 of 82%, 85% and 73%, respectively. North and Southern Africa record R2 of 4% and 5%, respectively; indicating low dependence on harvest area in these parts of Africa (Figure 11). This is indeed consistent with the negative relationship between maize yield and maize harvest area reported earlier. Additionally, the strong positive relationship depicted in West Africa, East Africa and Middle Africa is also consistent with the strong positive relationship between maize yield and harvest area reported in previous sections.





4. Discussion


In general, this study has found that there is a positive correlation between maize yields and harvest area in some parts of Africa. This shows that in parts of Africa such as West Africa, Middle Africa and East Africa, maize production is tied to harvest area as efforts to increase maize yields are often associated with increasing maize harvest area. The dependence on extensive farming or harvest area expansion is due mainly to inadequate access to other options of improving maize yields such as extension and agronomic changes, high yielding varieties, soil types, tractors, combined harvesters, and fertilizers [20,21,22,23,24]. Extensive harvest area expansion to increase maize yields in Africa is often associated with maladaptation options such as shifting cultivation, and slash and burn cultivation. In the short term, these land use practices provide more land for cultivation and improve production due to the increase in the net area under cultivation [19,20,21,22]. However, in the long run, these land use practices result in the depletion of soil nutrients, increased exposure to soil erosion, loss of soil organic carbon and land degradation [18,23,25]. In fact, maize harvest area expansion across Africa is often at the expense of forests and grasslands which are increasingly degraded and thus having long-term environmental effects such as reduced carbon dioxide sequestration potential, accentuating climate change. In Africa, West Africa records some of the highest rates in deforestation [19,20,21,22,23,24,25].



Across Africa, this phenomenon of associating maize yields with increased harvest area does, however, vary. For example, in West, Middle and East Africa, the maize yields and harvest area dynamics are consistent with the phenomenon in which maize yield increase is closely related to increasing harvest area [20,22]. This is evident in the positive correlation between maize yield and harvest area. This is associated with the fact that most of the farmers in these regions of Africa are smallholder farmers with inadequate access to high yielding varieties, machines, and fertilizers. As such, they depend on harvest area expansion to increase their crop production [20,22,24].



The phenomenon of enhancing maize production based on increasing harvest area or cutting up more forests that is observed in Africa in general is valid in West, Middle and East Africa but is not consistent with observations in North and Southern Africa [20,22]. Here, maize production and yields are not strongly dependent on harvest area. In the results section, it is observed that in North and Southern Africa, maize yield has an inverse correlation with harvest area. This indicates that maize yields in these regions are not too dependent on expanding harvest area. These regions are the more developed regions of Africa, with more agriculturally intensive sectors that provide better access to high yielding varieties, tractors, pesticides, irrigation, and fertilizers [24]. In fact, maize yields are often complex and are generally determined by climate, soil types, agronomic and extension services, systems of production and crop inputs, among others. The influence of harvest area is often a very minor factor in the entire equation as countries or regions with lower harvest areas such as North and Southern Africa have still recorded high yields.



In sub-Saharan Africa, increased maize production has been associated with an increase in harvest area [26,27]. The harvest area of maize in sub-Saharan Africa excluding Southern Africa, increased by 60% over the past decade [26,28], while during the last 6 decades, the harvest area in the entire African continent increased by 60.12% [29]. Between 1961 and 2019, over 14,209,880 million hectares of land were brought under maize cultivation in Africa [29]. During this same period, Africa witnessed a total increase in maize production of about 356,212 hg/ha. However, it is important to note that in most sub-Saharan African countries, maize cultivation is essentially in the hands of smallholder farmers. Despite this, more large-scale land-based investments have been made to produce maize [26,27,28,29]. According to the land matrix, a global land acquisition observatory, maize is among the crops for which most large-scale land deals have been made [27,28,29,30]. Of the over 538 land deals made, 174 were in sub-Saharan Africa [29]. While the intentions of these land deals are to increase maize production, it has been argued that in the long term, continual expansion of harvest area across sub-Saharan Africa will result in unsustainable food systems as long-term yields will stagnate or even decline due to a reduction in the natural cover of land use [29,31,32].



It is now clear that from these results, considerable investments in maize production are needed in the coming decades to meet the twin challenges of sustaining maize yields and slowing the further expansion of cropland through more intensive methods of cultivation [33]. Ensuring that emphasis is not placed on further harvest area expansion but rather on increasing access to high-yielding varieties, pesticides, fertilizers, irrigation, agronomic and extension services, and machines [34]. These will create room for more intensive farming systems across Africa. More intensive farming systems will go a long way in increasing maize yields as well as in combating deforestation and its effects on the environment, enhancing carbon dioxide sequestration, reducing erosion, and improving soil organic carbon. However, pesticides and fertilizers should be treated with caution as they have the negative potential of degrading the environment [33,35,36,37,38,39]. Maize yields are complex, and their improvement cannot be based on harvest area expansion alone but on several drivers such precipitation, temperature, high-yielding varieties, mechanization, soil types, fertilizers, and pesticides, among others. That some regions of Africa depend heavily on cutting up more forest to increase production should be discouraged through adequate policies that support intensification. When people grow crops on a wider surface area, they are likely to plant more seeds but are not likely to enhance their crop yields if the other considerations listed above are not taken into consideration.



One of the major challenges of carrying out research in Africa has to do with the availability of data and issues of data quality. Carletto et al. [26] remarked that the quality of agricultural statistics in most developing world regions, especially Africa, is low. This is due mainly to a low level of research, extensive fallow lands and inadequate system of data storage, exchange, and transparency. In this work, data were missing for some years for countries such as Eritrea and Djibouti and the linear interpolation approach was used to estimate these missing data. Linear interpolation has been described as a good approach in improving on data quality in many cases of inadequate data [25,40,41,42,43]. In some countries such as Somalia, and Sudan, data quality might be poor due to incomplete information, political strife, unstable institutions, misrepresentation of data and absence of access to proprietary data.




5. Conclusions


This work has found that, except for North and Southern Africa, Africa in general and all other regions witness a strong relationship between maize yield and maize harvest area. In other words, many smallholder farmers depend on expanding their harvest area in attempts to ensure a better harvest. This accounts for high rates of shifting cultivation and bush fallowing in West Africa. This is often associated with inadequate knowledge of and access to other possible farm inputs. As mentioned earlier, maize production is a complex system influenced by several factors that go beyond harvest area. In fact, regions with smaller harvest areas are observed to have higher yields, as seen in the case of North and Southern Africa, due to increased dependence on other aspects of farming inputs, such as fertilizers, irrigation, high-yielding varieties, drought, and pest-resistant varieties inter alia. The increased dependence on harvest area in the other regions is often tied to several challenges such as: 1. Production is essentially in the hands of smallholder peasant farmers who have inadequate access to other options of increasing yields, 2. Additionally, in the face of inadequate farm inputs, farmers often have the perception that the more land they bring into production the higher the yields; while this is true in the short run in terms of maize production, it is often not the case when it comes to maize yields in the long-run. In fact, it is believed that if maize production in West Africa, for example, is intensified, it is very likely that yield will increase beyond the current levels, and this is likely going to impact food security in the region. Going forward, all stakeholders in maize production across Africa must consider empowering farmers such that they can have access to more sustainable intensive farming options rather than depending mostly on harvest area expansion. Access to extension and agronomic services, organic fertilizers, high-yielding varieties and drought tolerant varieties, as well as climate smart information that enhances their access to information related to changes in growing season precipitation, among others, must be enhanced. While these measures can be very pertinent, this work recommends other studies that evaluate the perceptions of maize farmers across sub-national scales to further understand their perceptions on possible ways forward. This work is the first to perform such an assessment at the African scale; it has also attempted to verify the relationship between the observed and simulated maize yield and maize harvest area. However, it is also suggested that satellite imaging of harvest areas be used to verify the connections between yield and harvest area. The current challenge is to be able to access imaging at scales that can provide reliable information, as most of the host satellites are foreign.
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Figure 1. Time series of (a) maize yield and (b) maize harvest area and (c) a scatter plot of maize yield and harvest area in Africa. 
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Figure 2. Correlation between maize yield and harvest area across different regions of Africa. 
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Figure 3. Scatter plot of the relationship between maize yield and harvest area in North Africa. 
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Figure 4. Harvest area evolution across different African regions between 1961 and 2019. 
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Figure 5. Scatter plot of the relationship between maize yield and harvest area in West Africa. 
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Figure 6. Maize yield evolution across different African regions between 1961 to 2019. 
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Figure 7. Scatter plot of the relationship between maize yield and harvest area in Middle Africa. 
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Figure 8. Scatter plot of the relationship between maize yield and harvest area in East Africa. 
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Figure 9. Scatter plot of the relationship between maize yield and harvest area in South Africa. 
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Figure 10. Scatter plots of actual and expected maize yield in (a) North Africa, (b), West Africa (c), Middle Africa, (d) East Africa, & (e) Southern Africa. 
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Figure 11. Scatter plots of actual and expected maize harvest area in (a) North Africa, (b), West Africa (c), Middle Africa, (d) East Africa, & (e) Southern Africa. 
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Table 1. Countries included in this analysis.
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	North Africa
	West Africa
	Middle Africa
	East Africa
	Southern Africa





	Morocco
	Mauritania
	Cameroon
	Sudan *
	Namibia



	Algeria
	Senegal
	Central African Republic
	Eritrea *
	Zambia



	Libya
	Gambia
	Congo
	Ethiopia
	Malawi



	Egypt
	Guinea Bissau
	Democratic Republic of Congo
	Somalia *
	Zimbabwe



	Tunisia **
	Guinea
	Angola
	Uganda
	Botswana



	
	Sierra Leone
	Gabon
	Kenya
	Mozambique **



	
	Liberia **
	Sao Tome and Principe

Chad
	Tanzania
	Lesotho **



	
	Cote D’Ivoire
	
	Rwanda
	Swaziland **



	
	Ghana
	
	Burundi
	South Africa



	
	Togo
	
	Djibouti *
	Madagascar



	
	Benin
	
	
	Mauritius

Comoros **



	
	Nigeria
	
	
	



	
	Niger
	
	
	



	
	Mali
	
	
	



	
	Burkina Faso

Cape Verde **
	
	
	







** No data, * Incomplete data.
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Table 2. Change in maize yield and harvest area from 1961 to 2019 across Africa.
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	Change in Maize Yield (1961–2019) (%)
	Change in Harvest Area (1961–2019) (%)





	Africa Total
	71.35
	60.12



	North Africa
	178.51
	−2.69



	West Africa
	141.25
	456.2



	Middle Africa
	29.63
	353.09



	East Africa
	69
	242.53



	Southern Africa
	126.28
	−10.58
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Table 3. Correlation and coefficient of determination (R2) between maize yield and harvest area.
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	Correlation between Maize Yield and Harvest Area (%)
	Coefficient of Determination (R2) between Maize Yield and Harvest Area (%)





	Africa Total
	92
	85



	North Africa
	−35
	12



	West Africa
	87
	76



	Middle Africa
	66
	43



	East Africa
	78
	61



	Southern Africa
	−36
	13
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